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Important Notice Regarding

Contents ofTbis Report

Please Read CarefuOy

t

This report was prepared by General Electric Company (GE) solely forTennessee Valley
Authority for TVA's use in defining operating limits for the Browns Ferry Unit 3. The in-
forrnation contained in this report is believed by GE to be an accurate and true represen-
tation of the facts known or obtained or provided to GE at the time this report was pre-
pared.

The only undertakings of GE respecting information in this document are contained in
Contract between Tennessee Valley Authority and General Electric Company forFuel Bundks
and Services forBrowns Ferry 9, and nothing contained in this document shall be construed
as changing said contract. The use of this information except as definedby said contract,
or for any purpose other than that for which it is intended, is not authorized; and with re-
spect to any such unauthorized use, neither GF nor any of the contributors to this docu-
ment makes any representation or warranty (expressed or implied) as to the complete-
ness, accuracy or usefulness of the information contained in this document or tnat such
use of such information may not infringe privately owned rights; nor do they assume any
responsibility for liabilityor damage of any kind which may result from such use of such
information.
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Thebasis for this report is Gmeml Electric Standanl ApplicationforReactor Fuel, NEDE-24011-P-A-13,
Aug;. 1996, and the U.S. Supplement, NEDE-24011-P-A-13-US. August 1996.

1. Plant-muque Items

Appendix A: Analysis Conditions
Appendix B: First Time Application of New Operating FlexibiHty Options

? Reload Fuel Bundles

Fuel Type

Imdiaud;

PSDRB284Z (PSxSR)
P8DRB299 (P8x8R)
P8DRB283 (LTA-P8x8R)
P8DRB314 (LTA-PSx8R)
BP8DRB284L (BPSx8R>
GE1 1-P9HUB325-14GZ looT-146-T (GE11)

Cyde
Loaded Number

5 64
5 152
5 4
5 4
6 248
7 32

GE11-P9HUB323-8G4.0-1 OOT-146-T (GEl 1)
GE11-P9HUB323-5G5.0/4G4.0-100T-146-T (GE11)

Total

8 124
8 136

3. Reference Core Loading Pattern

Nominal previous cycle core average exposure at end ofcycle:

Minimum previous cycle core average exposure at end ofcycle
from cold shutdown considerations:

Assumed reload cycle core average exposure at beginning of
cycle:

Assumed reload cycle core average exposure at end ofcycle:

Reference core loading pattern:

21220 MWd/MT
( 19250 MWd/ST)

20866 MWd/MT
( 18929 MWd/ST)

11692 MWd/MI'
10607 MWd/ST)

23293 MWd/MT
( 21132 MWd/ST)

Figure 1

N.3-1
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d. 'alculated Core Effective Multiplication and Control System Worth —No Voids, 20'C '

Beginning of Cycle, k,lfective

Uncontrolled

Fully controlled

Strongest control rod out

R, Maximum increase in cold core reactivity with
exposure into cycle, rttk

0.970

0.990

0.000

5. Standby LitluidControl System Shutdown CapabiTity

Boron
(ppm)

Shutdown Maqm (Ak)
(20 C, Xenon Free)

0.048

6. Reload Unique GETAB Anticipated Operational Occurrences (AOO) Analysis
Initial Condition Parameterst

Exposure: BOCS to EOC8 Increased Core Flow —Hard Bottom Burn

Peaking Factors

Fuel
Design Load Radial R-Factor

Bundle
Power
gvfwt)

Bundle
Flow

(1000 Ib/hr)

Initial
MCPR

GE11 1.45 1A2 1.60 1.035 5.949 116.1 1.30

BP/PSx8R 120 1.56 1.40 1.051 6.581 114.6 1.26

Exposure: BOCS to EOCS Increased Core Flow - Haling

Peaking Factors

Fuel
Design

GE11

Local Radird

1.45 1.57 1.18 1.035

Axial R-Factor
Bundle
Power
(MWt)
6.587

Bundle
Flow

(1000 ib/hr)
108.8

Inithl
MCPR

1.30

BP/PSxSR 1.20 1.63 1.40 1.051 6.847 112.9 1.21

I. EOC is thc assumed reload cycle core average ca posure used for tkcnsing thc nominal Cyck B. and is specified in Seaion 3. EEOC identi-
fies thc rated power operation point ausinshk using lncreascd Core Row with Final Fecdwatcr Temperature Reduaion. For Cyck B, thc
EEOC core average ex posute is 23514 Mwd/MTU.

N.3-2
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Exposure: BOCS to KEOCS Incramd Core Flow with Final Feedwater Temperature
Reduction —Hard Bottom Burn

Peaking Factors

Fuel
Design Radial Axial R-Factor

Bundle
Power
(MWt)

Bundle
Flow

(1000 lb/hr)

Initial
MCPR

GEI1 1.45 1.45 1.59 1.035 ~ 6.067 115.6 1.29

BP/P8xSR 1.20 1.5S 1AO 1.051 6.631 114.3 127

Exposure: BOCS to EEOCS Incralsed Core Flow with Final Feedwater Temperature
Reduction —Haling

Peaking Factors

Fuel
Design

GE11 1.45 1.61 1.20

R-Factor

1.035

Bundle
Power
(MWt)
6.753

Bundle
Flow

(1000 lb/hr)
107.9

Initial
MCPR

1.28

BP/P8xSR 1.20 1.63 1.051 6.852 112.8 1.22

Exposure: BOCS to EOC8 Extended Load Line Limit«Hard Bottom Burn

Peaking Factors

Fuel
Design Axial R-Factor

Bundle
Power
(MWt)

Bundle
Flow

(1000 lh/hr)

Initial
MCPR

GE11 1.45 1.37 1.53 1.035 5.749 95.7 1.31

BP/PSxSR 120 1.$0 1AO 1.051 6.309 94.7 1.25

Exposure: BOCS to EOCS Extended Load Line Limit—Haling

Peaking Factors

Fuel
Design

GE11 1.45 1.51 1.24

R-Factor

1.035

Bundle
Power
(MWt)

6.327

Bundle
Flow

{1000 lb/hr)

89.3

Initial
MCPR

1.30

BP/PSxSR 120 1.40 1.051 6.685 92.5 1.17

Exposure: BOC8 to EOCS Extended Load Line Limitwith Fanal Feedwater Temperature
Reduction —Hard Bottom Burn

Peaking Factors

Fuel
Design

GE11

BP/PSx8R

1.45

1.20 1.51

153

R-Factor

1.035

1.051

Bundle
Power
(MWt)

5.869

6.325

Bundle
Flow

(1000 lb/hr)

95.1

94.5

initial
MCPR

1.30

1.27

N.3-3
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Exposure: BOC8 to EOCS Extended Load Line Limitwith Final Feedwater Temperature
Reduction - Haling

Peaking Factors

Fuel
Design Radial Axial R-Factor

Bundle
Power
(MWt)

Bundle
Flow

(1000 lb/hr)

Initial
MCPR

GE11 1.45

BP/PSx8R 1.20

1.55 1.19

1.58 1.40

1.035

1.051

~ 6.470

6.652

885

92.6

-1.28

1.20

Exposure: BOC8 to EEOCS lacteal Core Flow with Final Feedwater Temperature
Reduction and %+bine Bypass Out-of-Service —Hard Bottom Burn

Fuel
Design

Peaking Factors

Local Radial Axial R-Factor
Bundle
Power
(MWt)

Bundle
Flow

(1000 Ib/hr)

Initial
MCPR

GE11 1.45 1.39 1.59 1.035 5.823 117.0 1.35

BP/PSx8R 1.20 1.52 1AO 1.051 6.413 115.7 1.32

Exposure: BOCS to EEOCS Increased Core Flow with Final Feedwater %mperature
Reduction and Turbine Bypass Out-of-Service —Haling

Peaking Factors

Fuel
Design Axial R-Factor

Bundle
Power
(MWt)

Bundle
Flow

(1000 lb/hr)

Initial
MCPR

GE11

BP/PSx8R

1.45

1.20

1.53

159

1.20 1.035

1.051

6.427 110.0

114.0

1.35

1.26

Exposure: BOCS to EOCS Incramd Core Flow with EOC RPT Out-of-Service —Hard
Bottom Burn

Peaking Factors

Fuel
Design

GE11 1.45 1.37 1.60

R-Factor

1.035

Bundle
Power
(MWt)
5.738

Bundle
Flow

(1000 lb/hr)

117.3

Initial
MAR

1.35

BP/P8xSR 1.20 1.52 1.40 1.051 6.383 115.9 1.30

N.3-4
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Expoaue: BOC:- to EOCS Increased Core Flow with EOC RPT Out-of-Service —Haling

Peaking Factors

Fuel
Design

GE11

BP/P8xSR

1.45

1.20 1.58

1.18

1.40

R-Factor

1.035

1.051

Bundle
Power
(MWt)

, 6.350

'.641

Bundle
Flow

(1000 Ib/hr)

110.3

114.3

Initial
MCPR

1.35

Exposure: BOCS to EEOC8 Increased Core Flow with Final Feedwater Temperature
Reduction and EOC RPT Out-of-Service - Hard Bottom Burn

Peaking Factors

Fue)
Design

GE11

BP/P8xSR

1.45

1.20

1AO

1.53

1.59

1AO

R-Factor

1.035

1.051

Bundle
Power
(MWt)

5.882

6A48

Bundle
Flow

(1000 lb/hr)

116.7

115.5

Initial
MCPR

133

1.31

Exposure: BOC8 to EKOCS Increased Core Flow with Final Feedwater Temperature
Reduction and ROC RPT Out-of-Service —Haling

Peaking Factors

Fuel
Design Local Radial Axial R-Factor

Bundle
Power
(MWt)

Bundle
Flow

(1000 lb/hr)

Initial
MCPR

GEl1 1A5 156 1.20 1.035 6.529 109.3 1.33

BP/P8x8R 1.20 139 1AO 1.051 6.699 113.8 1.25

Exposure: BOC8 to EOCS Extended Load Line Limitwith Final Feedwater Temperature
Reduction and %u+ine Bypass Out-of-Service —Hard Bottom Burn

Peaking Factors

Fuel
Design Local Radial Axial R-Factor

Bundle
Power
(MWt)

Bundle
Flow

(1000 lb/hr)

Initial
MCPR

GEI 1 1.45 1.35 1.53 1.035 5.673 96.3 1.35

BP/P8x8R 120 1.47 1.40 1.051 6.175 95.5 1.30

N.3-5
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Exposure: BOC8 to EOC8 Extended Load Line Limitwith Final Feedwater Temperature
Reduction and Turbine Bypass Out-of-Service —Haling

Peaking Factors

Fuel
Design Radial Axial R-Factor

Bundle
Power
(MWt)

Bundle
Flow

(1000 lb/hr)

Initial
MCPR

GE11

BP/P8x8R

1.45

1.20

1.48 1.19

1.40

1.035

1.051

~ 6.184

6.481 93.6

1.35

1.23

7. Selected Margin Improvement Options

Recirculation pump trip:

Rod withdrawal limiter:

Thermal power monitor.

Improved scram time:

Measujed scram time:

Exposure dependent limits:

Exposure points analyzed:

No

Yes2

Yes (ODYN Option B)

No

No

8. Operating FlexibilityOptions

Single-loop operation:

Load line limit:

Extended load line limit:

Maximum extended load line limit:

Increased core flow throughout cycle:

Flow point analyzed:

Increased core flow at EOC:

Feedwater temperature reduction throughout cycle:

Temperature reduction:

Final feedwater temperature reduction:

Yes

Yes

No

Yes

105.0 %

Yes

47 OoF

Yes

2. No credit taken for tbnmal power roonitor.

N.3-6
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ARTS Program:

Maximum extended operating domain:

Moisture separator reheater OOS:

Turbine bypass system OOS:

Safety/relief valves OOS:
(credit taken for 12 of 13 valves)

ADS OOS:

EOC RPT OOS:

Main steam isolation valves OOS:

No

No

No

Yes3

', Yes

No

Yes3

No

9. Core-wide AOO Analysis Results

Methods used: GEMS; GEXL:Pl US

Exposure range: BOCS to EOCS Increased Core Flow —Hard Bottom Burn

Uncorrtxted b,CPR

Event

FW Controller Failure

Flux Q/A
(%NBR) (%NBR)

125

GE11

0.19

BP/PSxSR Fig.

0.17

Load Reject w/o Bypass

Loss of Feedwater Heating

565

114 114

0.20

0,11

0.16

0.11

Exposure range: BOCS to EOCS Increased Core Flow- Haling
Uncorrected tat.CPR

Event

FW Controller Failure

Load Reject w/o Bypass

Flux
(%NBR)

262

374

Q/A
(%NBR)

117

117

GEI1

0.17

0.20

BP/PSxSR

0.11

0.10

Fig.

Exposure range: BOCS to EEOCS Increased Core Flow with Final Feedwater Temperature
Reduction —Hard Bottom Burn

Uncorrected b,CPR

Event

FW Controller Failure

'lux
(%NBR)

414

Q/A
(%NBR)

125

GE11

0.19

BP/PSxSR

0.17

Fig.

3. The nubinc bypass systctn OOS (Turbine Bypass Out-of-Service) and ROC RFF OOS ficxibiTityoptions ate analyzed for this reload,

pending cornplaion ofinitialapplication analyses. These initialapplicatioo analyses are required in order to place these flcsibtTtty options in

thc tcchnical specification. Sce hppendix B for further details.

N.3-7
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Exposure range: BOCS to EEOCS Increased Core Flow with Final Feedwater Temperature
Reduction —Haling

Uncorrected b,CPR

Event

FW Controller Failure

Flux
(%NBR)

268

Q/A
(%NBR)

119

GE11

, 0.18

BP/PSxSR

0.12

Fige

Exposure range: BOC8 to EOCS Extended Load Line Limit—Hard Bottom Burn

Uncorrected BCPR

Event

FW Controller Failure

Load Reject w/o Bypass

Flux
(%NBR)

552

Q/A
(%NBR)

GE11

0.19

0.21

BP/PSxSR Fig.

0.16

0.15

Exposure range: BOC8 to EOCS Extended Load Line Limit—Haling

Uncorrected ACPR

Event Flux Q/A
(%NBR) (%NBR)

GE11 BP/PSxSR Fig.

FW Controller Failure

Load Reject w/o Bypass

191 112

112

0.17

0.20

0.08

0.07

10

Exposure range: BOCS to EOCS Extended Load Line Limitwith Final Feedwater Temperature
Reduction —Hard Bottom Burn

Uncorrected hCPR
Event

FW Controller Failure

Flux
(%NBR)

425

Q/A
(%NBR)

126

GEil

0.20

BP/PSxSR

0.17

Fig.

12

Exposure range: BOCS to EOCS Extended Load Line Limitwith Final Feedwater Temperature
Reduction —Haling

Uncorrected hCPR
Event Flux

(%NBR)
Q/A

(%NBR)
GE11 BP/PSxSR Fig.

FW Controller Failure 207 114 0.18 0.09 13

Exposure range: BOC8 to EKOCS Increased Core Flow with Final Feedwater Temperature
Reduction and Turbine Bypass Out-of-Service —Hard Bottom Burn

Uncorrected h,CPR

Event Flux Q/A
(%NBR) (%NBR)

GE11 BP/PSxSR Fig.

FW Controller Failure 569 132 0.24 0.22 14

N.3-8
Page 11



BROWNS FERRY 3
Reload 7

BFN-16 J11-02967 SRLR
Rev. 0

Exposure range: BOCS to EEOCS Increased Core Flow with Final Feedwater Temperature
Reduction and Turbine Bypass Out-of~rvice - Haling

Uncorrected b,CPR

Event Flux
(%NBR)

Q/A
(%NBR)

GE11 BP/PSx8R Fig.

FW Controller Failure 386 126 025 0.16 15

Exposure range: BOCS to EOCS Increased Core Flow with EOC RPT Out-of-Service —Hard
Bottom Burn

Uncorrected b,CPR

Event Flux
(%NBR)

Q/A
(%NBR)

GE11 BP/PSxSR Fig.

FW Controller Failure

Load Reject w/o Bypass

130

128

0.23

0.24

0.21

0.20

l6
17

Exposure range: BOCS to EOCS Increased Core Flow with EOC RPT Out-of Service —Haling

Uncorrected hCPR

Event

FW Controller Failure

Load Reject w/o Bypass

Flux Q/A
(%NBR) (%NBR)

122

GE11

0.22

0.25

BP/P8xSR

0.14

0.15

Fig.

18

19

Exposure range: BOCS to KEOCS Increased Core Flow with Final Feedwater Temperature
Reduction and EOC RPT Out-of-Service- Hard Bottom Burn

Uncorrected ECPR

Event

FW Controller Failure

Flux Q/A
(%NBR) (%NBR)

GE11

0.24

BP/P8xSR

0.21

Fige

20'xposure

range: BOCS to EEOC8 Increased Core Flovr with Final Feedwater Temperature
Reduction and EOC RPT Out-of-Service - Haling

Uncorrected b,CPR

Event Flux Q/A
(%NBR) (%NBR)

GE11 BP/P8x8R Fig.

FW Controller Failure 329 123 022 0.15 21

Exposure range: BOCS to EOC8 Extended Load Line Limitwith Final Feedwater Temperature
Reduction and Turbine Bypass Out-of-Service - Hard Bottom Burn

Uncorrected h.CPR

Event

FW Controller Failure

(%NBR)
Q/A

(%NBR)

133

GE11

0.25

BP/PSxSR Fig.

0.20

H.3-9
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Exposure range: BOCS to EOCS Extended Load Line Limitwith Final Feedwater &mperature
Reduction and %carbine Bypass Out-of-Service —Haling

Uncorrected 8 CPR

Event

PV Controller Failure

Flux
(%NBR)

294

Q/A
(SoNBR)

121

GE11

0.25

BP/PSxSR

0.13

Fig.

23

10. Local Rod withdrawal Error (KithLimitingInstrument Failure) AOO Suntntary

Rod Block

Reading, %NTSP

105

107

108

110

Rod Position

(ft wlthdravrn)

3.5

3.5

4.0

5.0

4.0

0.10

0.10

0.14

0.16

0.17

0.18

b,CPR

BP/PSxSR

0.10

0.10

0.14

0.16

0.17

0.18

0.20

Setpoint selected: 110% (NTSP)

Limitingrod pattern: Figure 24

D. Cycle MCPR Values

In agreement withcommitments to the NRC (letter fromM.A.Smith to the Document Control Desk, lOCFR
Pan 21, Reponable Condition, Safety LimitMCPR Evaluation, May 24, 1996) a cycle-specific Safety Limit
MCPR calcuhtion was performed, and has been reported in both the Safety LimitMCPR and the Operating
LimitMCPR shown below. This cycle specific SLMCPR was determined using the analysis basis docu-
mented in GESTAR with the followingexceptions:
1. The planned core loading was analyzed.
2. The actual bundle parameters (e.g. local peaking) werc used.
3. 'Ihe fullcycle exposure range was analyzed.

Safety limit:
Single-loop operation safety limit:

1.10
1.11

4. h 'rcchnical Specificatio its) allowable vahe or II2% is supported by this analysis with onc RBMchannel operable and 5% MCPR rnar-
gin. or both RBM channeh operable. Tbc reported results are a cornporrre ot the Iirniang points from rhe rwo separate analyses: one with both
RBM operable, and tbc other with ooc RBM operable and S% morc MCPR rnaqjn.

Y.3-l0
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V

Exposure Range: BOCS to EOC8

Rod Withdrawal Error (for RBM setpoint to 110% NTSP)

Loss ofFeedwater Heating

Fuel Loading Error

GE11

1.30

1.21

1.30

BP/PSxSR

1.30

1.21

107

Exposure range: BOCS to EOCS Increased Core Flow - Hard Bottom Burn
Exposure point: EOCS

Option A Option B

BP/PSx8R GE11 BP/P8xSR

FW Controller Failure

Load Reject w/o Bypass

1.33

1.34

1.33

1.32

1.30

1.31

1.29

1.28

Exposure range: BOCS to EOCS Increased Core Plow - Haling
Exposure point: EOC8

Option A Option B

FW Controller Failure

Load Reject w/o Bypass

GE11

134

BP/PSxSR

126

GE11

1.28

1.31

BPJP8xSR

1.22

Exposure range: BOCS to EEOCS Increased Core Flow with Final Feedwater Temperature
Reduction —Hard Bottom Burn
Exposure point: EEOCS

Option A Option B

GE11 BP/PSxSR GE11 BP/PSxSR

FW Controller Failure 1.33 1.33 1.30 1.29

Exposure range: BOC8 to EEOCS Increased Core Flow with Final Feedwater Temperature
Reduction —Haling
Exposure pomt EEOCS

Option A Option B

GE11 BP/PSxSR GE11 BPJPSxSR

FW Controller Failure 1.32 128 1.29 1.24
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Exposure range: BOCS to EOCS Extended Load Line Limit—Hard Bottom Burn
Exposure point: EOCS

Option A Option B

GE11 BP/P8x&R GE11 BP/P8x&R

FW Controller Failure

Load Reject w/o Bypass 1.35

1.32

1.31

1.31

1.32

1.28

1.27

Exposure range: BOCS to EOCS Extended Load Line Limit—Haling
Exposure point: EOC8

Option A Option B

GE11 BP/P8xSR GE11 BP/PSxSR

FW Controller Failure

Load Reject w/o Bypass

1.31

1.34

1.23

1.22

1.2&

1.31

1.19

1.18

Exposure range: BOCS to KOCS Extended Load Line Limitwith Final Feedwater Temperature
Reduction —Hard Bottom Burn
Exposure point: EOCS

FW Controller Failure

Option A
GER BP/P8xSR

L34 133

Option B

GE11 BP/PSxSR

131 - 129

Exposure range: BOCS to EOCS Extended Load Line Limitwith Final Feedwater Temperature
Reduction —Haling
Exposure point: EOC8

FW Controller Failure

Option A
GEQ BP/PSxSR

1.32 1.25

Option B

GE11 BP/P8xSR

1.29 123

Exposure range: BOCS to EEOCS Increased Core Flow with Final Feedwater Temperature
Reduction and Turbine Bypass Outmf-Service-Hard Bottom Burn
Exposure point: EEOC&

Option A
GE11 BP/PSx SR

Option B

GE11 BP/PSxSR

FW Controller Failure 1.39 1.3& 1.36 L34

Exposure range: BOCS to EEOCS Increa!ad Core Flow with Final Feedwater Temperature
Reduction and Turbine Bypass Out-of-Service —Haling
Exposure point: EKOCS

Option A Option B

GEQ BP/PSxSR GE11 BP/PSxSR

FW Controller Failure 1.39 192 1.36 128

N.3-12
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Exposure range: BOC8 to EOCS hosed Core Flow with EOC RPT Out-of-Service —Hard
Bottom Burn
Exposrrre point: EOCS

Option A Option B

FW Controller Failure

Load Reject w/o Bypass

GE11

1.43

BP/PSx8R

1.40

GE11

1.35

1.36

BP/PSx8R

1.32

1.32

Exposure range: BOCS to EOCS increased Core Flow with EOC RPT Outwf-Service —Haling
Exposure point: EOCS

Option A Option B

GE11 BP/P8xSR GE11 BP/PSxSR

FW Controller Failure

Load Reject w/o Bypass

1.42

1.45

1.33 1.34

1.37

125

1.26

Exposure range: BOCS to EEOC8 Increased Core Flow with Final Feedwater Temperature
Reduction and EOC RPT Out-of-Service —Hard Bottom Burn
Exposure pomt EEOCS

FW Controller Failure

Option A
GE11 BP/PSxSR

1 A4 1AO

Option B

GE11 BP/P8xSR

1.36 1.32

Exposure range: BOCS to EEOCS Increased Core Flow with Final Feedwater Temperature
Reduction and EOC RPT Out-of-Service- Haling
Exposure point: EEOC8

FW Controller Failure

Option A

GE11 BP/P8xSR

1.42 1.34

Option B

GE11 BP/PSx8R

1.34 1.26

Exposure range: BOCS to EOC8 Extended Load Line Limitwith Final Feedwater Temperature
Reduction and %u bine Bypass Out-of-Service —Hard Bottom Burn
Exposure point: EOCS

FW Controller Failure

Option A

GE11 BP/PSxSR

1.39 1.36 1.36 1.32

Option B

GE11 BP/P8xSR

Exposure range: BOCS to EOCS Extended Load Line Limitwith Final Feedwater Temperature
Reduction and Turbine Bypass Outmf-Service —Haling
Exposure point: EOCS

Option A Option B

GEll BP/PSx SR GE11 BP/PSx8R

FW Controller Failure 1.40 1.29 1.37 1.25

N.3-13
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1? Overpressurization Analysis Summary

Event

MSIV Closure (Flux Scram)

Psl
(psig)
1234

(pslg)
1267

Plant
Response

Figure 25

13. Loading Error Results

Variable water gap rnisoriented bundle analysis: Yes5

Msoriented Fuel Bundle

GEI I-P9HUB323-5G5.0/4G4.0-100T-146-T (GE11)

GEI I-P9HUB323-&G4.0-100T-146-T (GEI I)
GE11-P9HUB325-14GZ-1007-146-T (GEI I)

BP&DRB284L (BP&x&R)

b,CPR

0.20

0.19

0.11

0.15

Mslocated Fuel Bundle

Fuel Loading Error (rnislocated)

hCPR

0.17

14. Control Rod Drop Analysis Results

This is a banked position withdrawal sequence plant, therefore, the control rod drop accident analysis is not
required. NRC approval is documented in NEDE-24011-P-A-US.

15. Stability Analysis Results

GE SIL-380 recommendations have been included in the operating procedures; therefore, no stability analy-
sis is required. NRC approval for deletion of a cycle-specific stability analysis is documented in
NEDE-24011-P-A-US. Browns Ferry Nuclear Plant Unit 3 recognizes the issuance ofNRC Bulletin No.
88-07, Supplement I, Power Oscillarionsin Boiling Water Reactors(BWRs), and willcomply with the rec-
ommendations contained therein.

5. lncbrdcr a 0.02 penahy drrc to variable water gap R-facror nnoenaisuy.
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16. Loss-of-Coolant Accident Results

LOCAmethod used: SAFER/GESTR-LOCA

Reference LOCA Analyses: Bnnvns Feny Nuclear Plant Units I, 2 and 3 Safer/GE$ 7Z-LOCA Loss-of-
Coolant Accident Analysis, S.K. Rhow and C.T. Young, NEDC-32484P, Rev. 1, February 1996, and Relax-
ation ofEmergency Core Cooling System Parameters forBrogans Ferry Nuclear Plant Units I, 2, and 3 (Per-
form Program Phase I), S.K. Rhow and TA. Chuang, GF NE-B13-01755-2, Rev. I, February 1996.

An analysis consistent with Browns Ferry Nuclear Plant Units I, 2 and 3 Single Loop Operation,
NEDO-24236, resulted in a single loop operation MAPLHGR multiplierof0.90 for all of the fuel designs
in the current cycle. The MAPLHGR limits for the lattices of each of the new fuel bundles are provided in
Lattice-Dependent hfAPLHGR Report forBnnvns Ferry Nuclear Plant Unit 3 Reload 7 Cycle 8, January
1997, Jl 1-02967MAPL. The least limitingand the most limitingMAPLHGRs for the new fuel are provided
in the table on the next page. The PCTire < 1591'F (BP/PSxSR) and ( 1581'F (GEII), the peak oxidation
fraction is < 0.4%, and the core-wide metal water reactton ts c0.1%.

N.3-15

Page 18



BROWNS FERRY 3
Reload 7

BFN-16 311~9 67SRLR
Rev. 0

16. Loss-of-Coolant Accident Results (cont)

Bundle 7ype: GEI I-P9HUB323-5G5.0/4G4.0-100T-146-T

Average Pianar Exposure MAPLHGR(kW/ft)

(GWd/ST)

0.00

0.20

7.00

8.00

12.50

15.00

17.50

20.00

25.00

30.00

35.00

40.00

45.00

50.00

55.00

57.70

57.85

(GWd/MT)
0.00

0.22

1.10

2.20

3.31

4.41

5.51

6.61

7.72

8.82

9.92

11.02

13.78

1653

19.29

22.05

27.56

33.07

38.58

49.60

55.12

63.60

63.77

Most Limiting

10.41'OA4

1094

10.75

11.01

11.30

11.62

11.95

1221

12.42

12.64

12.82

12.70

12.38

12.06

11.73

10.97

10.25

937

8.93

8.24

7.49

6.55

6.08

Least Limiting
10.68

10.72

10.86

I I AO

11.74

12.02

12.26

12.51

12.77

12.94

13.01

12.89

12.51

12.12

11.74

11.10

10.35

9.63

8.93

8.30

7.67

6.52

6.05
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16. Loss-of-Coolant Accident Results (cont)

Bundle Type: GE11-P9HUB323-&G4.0-AFOOT-146-T

Average Planar Exposure MAPLHGR(kW/ft)

(GWd/ST)

0.00

0.20

1.00

2.00

6.00

&.00

10.00

12.50

15.00

17.50

20.00

30.00

35.00

45.00

50.00

55.00

57.72

57.85

(GWdMT)
0.00

022

1.10

3.31

4.41

551

6.61

7.72

8.82

9,92

11.02

13.78

1653

1929

22.05

2756

33.07

3858

49.60

55.12

60.63

63.62

63.77

Most Limiting
10.81 ~

10.83

10.91

11.36

11.63

11.93

1225

12,38

1251

12.65

12.79

12.71

1239

12.07

11.72

10.97

1025

957

8.93

7.51

658

6.10

10.96

11.02

11.19

11.43

11.68

11.95

1223

1253

12.68

12.84

13.00

13.04

12.90

1251

12.12

11.75

10.36

9.63

8.93

&.31

7.68

7.02

6.54

6.08

N. 3-17

Page 20



BROWNS FERRY 3
Reload 7

BFN-16 J1 1-02967SRLR
Rev. 0

Oh 0" QO Dc+ ON+Oh pc 06+OF +El 0F+Qs pc+ 0»+ON KIKIQG+0» E+
Qs KlE D<~g glgo DIDO KIIOG Oh~Oh DGIOA DG~O 0+KI E~lp< E+OA Cc3 Qe

Qe OA QH QG QA Q6 OA QH OH p. Os p. Qs pc p. Dh R gh Qe

Pi+ON E+E De+ps 0+E pe+Os 0+pi Do+pe Q»+gh 0+Oh gc

zpcpp»KID»0»QADAOADAQNDNDApc ps
Qe QiI Oh~0» QAIOH 0»~0» OHIQA QH~KI ph~g» ps

DS~ Ccspc De~pc De+)@ +Oe + Pc+Qe

I I I I I I I I I I I I I I

12

10

8

6

2

I 3 5 7 9 11 13 15 17 1921232527 2931333537 39 91 13%5 471951535557 59

60 Os pc,gc ps~pc pe~pe pc~pe @pc ~pe ~

58 gs 0»~Oh Qh~g» 0»~0» Qi QN Qi QN Qi ph' Qe

56 Qe Ipc DNIKIEIpc Elph Oh~0» Oh~OH +ON pi+OH pc+Cc3 De

5q pi+QH pA+QH 06 06 QA QH QB+Oe p+pi Os Qe QH Oi QH Qi

52 Q» Q» Q» Q» P» K P»)P» P»QA PI~IQn Q~QG [g~C63 Pc~Os P»+Q»P»+P»

so p»p»p»+p»p»+Q»Q»+QGQ»QGQ»p»Q»Q»Q»QGKQ»p»@II QEQ»QAQ»

s s—Zl P» K Q» Ccl K P» P» CcliCcl P»~KI @C<3 ID'» ~K P»~P» K~lp»@K@
s6 ps +DN 0»+ OA+ pi+ON +ph Oh+ pc+ 0»~OA 0+Dc p» Qh ~DA DN'Qh D»' Os

ss —Oelgi QNIOA QGIOA OHIO» DIO» QsIOF DSIOA Os~ps K~lgs OF~OS Oh~ps K~lg» Oh+ps Oh+ON +Qe

12— QA ON Q6 QA QN OA Qo QA Qh OG Qh Oi QG Oh DG Qh QG E OA 06 pc 0» OA

Pc,KI Elge QGIO Pclpc PGIg» QcGc ps~OF ~gc OF~PS ~gc Oh+DO ~gc OF+ps P
58 ON QG QA 06 pc QF QG QA QG pc QG Qi @~pc QF QA pc Q6 QA ps QH

56—Oelph Q»IOA IQA DGI QGIpA Oslgh Qslph p»~pH ~ps 0»~06 Oh~ps QgG Qgs +0» p+Cs3

8~—pc+0 0+0 0+06 pj+D 0+{8+06 IZ+OG IZ+Oh go+Oh 06+0 I+ID»0+OF 06+KIE KlZ Zl
52—Qs+Qi p+Os Q+gi + ps+ + Q+Qi Qe+ge Q+Q» + 0+QG + Q+Q» Qs+gi p+pe
50—Qs pi 0 ps O» Oh QG QN Qi Qe Qe Q» Qi Qo Qi QN Qe Qi 06

28— p» 0> 0» QA 'Qs QF OH QG OF~KG pA QG ph~ Do~Oh QG~QF QG~ ON~El ps~pi Qg» QN~

26—06+0» 0»+Oh QG+Qh QG+Oh QG+Ph Qs QA P6+Qi DN PN fg Ps QA Q6 OA PG DA 06 QA PG QA ON QAIOB

21 10» Qcl'Os Ohqps pc1 OFIOG phyps ~ pslph ~ OS~OF QA~ ps~pi ps~pc Q»~

22—~Oh I» ~ ~~» OF ~pc peg Igloo OS~OF ~pc DF~QG pc~pc Oh~Os Dc~pc OFIDG pBI I
20 —Igh Qa17~» Oc Oh~ON OAIOG QAIQG Oh~06 QAIOA QG~QA Os~Oh Os~pi 0»~QA ps~pc QH+Qi Qgc
18 06+0 0 I 'G 0 QH+Qh QO+QA Qs+QF QS+pA DO~OS ~06 [@~Os QA+QG ph+QN QA+QG QA pH +OB

16 QB O Oh E Oh Oh OH Dh Q» ON Dc ON OA Kl DH Qh ph QN KIQH pc ge

Fuel Type
A=BPSDRB284L (BPSxSR)
B~RB2842 (PSxSR)
C=P8DRB299 (PSxSR)
D=P8DRB283 (LTA-P8xSR)

(Cycle 6)
(Cycle 5)
(Cycle 5)
(Cycle 5)

~DRB314 (LTA-PSxSR)-
~E11-P9HUB325-14GZ-100T-146-T~El 1-P9HUB323-5GS.O/4G4.0-1 Ml'-146-T
HWE1 I-P9HUB323-8G4.0-100T-146-T

(Cycle 5)
(Cycle 7)
(Cycle 8)
(Cycle 8)

Figure 1 Reference Core Loading Pattern
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Figure 2 Plant Response to FW Controller Failure (BOCS to EOCS Increased Core Flow
'- Hard Bottom Burn)
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Figure 3 Plant Response to Load Reject w/o Bypass (BOCS to EOC8 Increased Core Flow
«Hard Bottom Burn)
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Figure 4 Plant Response to FW Controller Failure (BOCS to EOCS Increased Core Flow
—Haling)

N.3-21
Page 24



BROWNS FERRY 3
Reload 7

BFN-16 3l l-02967SRLR
Rev. 0

150.0

Neutron Rux
- - - Ave Surface Heat Rux

—Core Inlet Row 300.0

—Vessel Press Rise (psl)
- - - - - Safety Valve Row———Flelief Valve Flow

Bypass Valvo Row

~ 100.0

K
o~0

'

~200.0

C5K
0
nO

100.0

0.0
0.0 3.0

Time (sec)
6.0

0.0
0.0 3.0

Time (sec)

6.0

200.0

—Lace l (inch-REF-REPORT)
- - - - - Vessel Steam Row———Tulane Steam Row—"—Feedwater Row

1.0

—V'

tan Reactivity-—Total Reactivity
\

g 100.0

Ee
K
~O0

0.0

~ ~

I I
I ~

I ~

~ ~ I I ~

I ~

~ ~

I ~

I

I
~ h

~ r '

3 0.0

E
O

Ee -1.0
K

—.100.0
0.0 3.0

Time (sec)

6.0 0.0 3.0

Time (sec)

6.0

Figure 5 Plant Response to Load Reject w/o Bypass (BOC8 to EOC8 Increased Core Flow
—Haling)
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Figure 7 Plant Response to FW Controller Failure (BOC8 to EEOC8 Increased Core Flow
with Final Feedwater Temperature Reduction —Haling)
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Figure 8 Plant Responder to FW Controller Failure (BOC8 to EOC8 Extended Load Line
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N.3-25
Page 28



BROWNS FERRY 3
Reload 7

BFN-16 J11-02967SRLR
Rev. 0

150.0

Neutron Flux
- - - Ave Surface Heat Flux——Core Inlet Row 300.0

—Vessel Press Rise (psi)
Safety Valve Row———Relief Valve Row———Bypass Valve Row

~ 100.0

K
~O

~ 200.0

K
g

50.0

0.0
0.0 3.0

Time (sec)
6.0

100.0

0.0
0.0

I
I
I
I

3.0

Time (sec)

6.0

Levelfrnch-REF-6EP-SKRT)
- - - - - Vessel Steam Row———Turtrine Ream Row—-—Feedwater Row

1.0

m 100.0

K
~O0

0.0

~ I
I ~

~ ~ I ~ ~

~ y

~ ~

s >

~ I

I t r
r

3 0.0

E
O

ctr -1.0
K

~ '

-100.0
0.0 3.0

Time (sec)

6.0
-2.0

0.0 3.0

Time (sec)

6.0

Figure 9 Plant Response to Load Reject w/o Bypass (BOC8 to EOC8 Extended Load Line
Limit—Hard Bottom Burn)
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Figure 10 Plant Response to FW Controller Failure (BOCS to EOCS Extended Load Line
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Figure 11 Plant Response to Load Reject w/o Bypass (BOC8 to EOC8 Extended Load Line
Limit—Haling)
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Appencfix A
Analysis Conditions

To reflect actual plant parameters accurately, the values shown in Table A-1 were used this cycle.

Table A-1

Normal Feedwater Tem-
perature

Fmal Fecdwater Temper-
ature Reduction

Parameter

Thermal power. h9Vt

Core flow, Mlb/hr

Reactor pressure, psia

Inlet enthalpy, BTU/lb

Non-fuel power fraction

Steam flowanalysis, Mlb/hr

Dome pressure, psig

Turbine pressure, psig

No. of Safety/Relief Valves
(Analysis assumes that one of 13
S/RVs is out-of-service)

Relief mode lowest setpoint, psig

Safety mode lowest setpoint, psig

IncrmLsed
core Qow

Ana)ysis
Value

3293.0

107.6

1036.0

522.9

0.037

13.39

1005,0

944.8

12

1138.2

Extended
load line

hmit

Analysis
Value

3293.0

89.2

1032.6

517.7

0.037

13.37

1005.0

945.0

12

))382

Increased
core tlovr

Analysis
Value

3293.0

107.6

1028.4

5)79
0.037

12.65

998.0

944.0

12

))382

Extended
load line

limit
Analysis

Value

3293.0

89.2

1025.1

5)1.5

0.037

12.63

998.0

944.2

12

1138.2
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Appendix 8
First-lime Application of New Operating Rexibility Options

This reload licensing analysis contains the following operating flexibilityoptions for the first time at this

plant: Single-Loop Operation, EOC RPT Out-of-Service, and Turbine Bypass System Out-of-Service. For

Single-Loop Operation, all necessaty analyses have been performed to permit thc mclusion ofthis flexibility
option into the Technical Specifications. We initial application analyses (which include non-fuel-related

impacts on FSAR events) have not been completed forEOC RPl'ut-of-Service and thc Turbine Bypass

System Out of-Service. 'Ihese operating flexibilityoptions are provided in this reload licensing analysis to

allow implementation of these options at a later time during Cycle 8, once these initial application analyses

are complete. The initialapplication analyses must be completedprior to implementing a Technical S pecifica-
tion change to include these flexibilityoptions.

The S/RV setpoints (the lowest valve setpoint is presented in Table A-1)for this reload licensing analysis are
based on a 3% driftfrom the NTSP Technical Specification (TS) values. This tcsprcsents a departure from
previous analyses forthis Unit, and from the TS tolerances, which allow a 1% drift. This 3% driftis conserva-
tive relative to the current TS limits, and is chosen to provide additional flexibilityin case additional drift
needs to bc incorporated in tbc future.

'h
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Figures 3.3-1 through 3.3-1 0
Figure 3.3-11 (Deleted Sheet)

16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16

16
16
16
16
16
16
16
16
16
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EFFECTIVE PAGE LISTING

Amendment Number

3.4-1 through 3.4-33
Figures 3.4-1 through 3.4-7
Figure 3.4-8a, Sheets 1 and 2
Figures 3.4-8b through 3.4-8d
figure 3.4-9
Figure 3.4-9a
Figure 3.4-1 0 (Deleted Sheet)
Figures 3.4-11 through 3.4-12
3.5-1 through 3.5-3
Figure 3.5-1
3.6-1 through 3.6-9
Table 3.6-1
Figures 3.6-1 through 3.6-13 (Deleted Sheet)
3.7-1 through 3.7-26
Figures 3.7-1 through 3.7-2
Figure 3.7-3 (Deleted Sheet)
3.8-1 through 3.8-8
Figures 3.8-1 through 3.8-2
Figure 3.8-3 (Deleted Sheet)
Figure 3.8-4
Figures 3.8-5 through 3.8-6 (Deleted Sheets)

Chapter 4

4.0-i through v
4.1-1 through 4.1-3
4.2-1 through 4.2-15
Tables 4.2-1 through 4.2-3
Figures 4.2-1 through 4.2-2
4.3-1 through 4.3-8
Table 4.3-1
Figure 4.3-1.
Figure 4.3-2a, Sheets 1 through 3
Figure 4.3-2b (Deleted Sheet)
Figures 4.3-3 through 4.3-4
4.4-1 through 4.4-11
Table 4.4-1
Figures 4.4-1 through 4.4-3
Figures 4.4-4 through 4.4-5 (Deleted Sheets)

16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16

16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
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EFFECTIVE PAGE LISTING

Amendment Number

Figure 4.4-6
4.5-1 through 4.5-3
Figure 4.5-1
4.6-1 through 4.6-9
Figure 4.6-1
4.7-1 through 4.7-4
Table 4.7-1
Figures 4.7-1 a through 4.7-1 b
Figures 4.7-2a through 4.7-2d
4.8-1 through 4.8-8
Table 4.8-1
Figure 4.8-1
4.9-1 through 4.9-3
Table 4.9-1
Figures 4.9-1 through 4.9-3
Figure 4.9-4 (Deleted Sheet)
Figures 4.9-4a through 4.9-4b
4.10-1 through 4.10-7
Figure 4.10-1
Figure 4.10-2 (Deleted Sheet)
Figure 4.10-3
4.11-1 through 4.11-3
Figure 4.11-1
4.12-1 through 4.12-2

Chapter 5

16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16

5.0-i through 5.0-iv
5.1-1
5.2-1 through 5.2-50
Table 5.2-1
Table 5.2-2, Sheets 1-12
Tables 5.2-3 through 5.2-4
Figure 5.2-1 a
Figures 5.2-1b through 5.2-1c (Deleted Sheet)
Figure 5.2-2 (Deleted Sheet)
Figure 5.2-2a, Sheets 1 through 3
Figures 5.2-2b through 5.2-2c
Figures 5.2-3 through 5.2-4a

16
16
16
16
16
16
16
16
16
16
16
16
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EFFECTIVE PAGE LISTING
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Figure 5.2-5
Figure 5.2-5b
Figure 5.2-6a, Sheets 1 through 3
Figures 5.2-6b through 5.2-6c (Deleted Sheet)
Figures 5.2-6d through 5.2-6g
Figure 5.2-7, Sheets 1 and 2
Figure 5.2-8, Sheets 1 and 2
Figures 5.2-9 through 5.2-10 (Deleted Sheet)
Figure 5.2-1 1

Figure 5.2-12 (Deleted Sheet)
Figures 5.2-1 3 through 5.2-21
Figure 5.2-22, Sheets 1 through 3 (Deleted Sheet)
5.3-1 through 5.3-29
Figures 5.3-1 through 5.3-2
Figures 5.3-2a through 5.3-2d
Figures 5.3-3a through 5.3-3c
Figure 5.3-4 (Deleted Sheet)
Figure 5.3-5
Figures 5.3-6 through 5.3-8 (Deleted Sheet)
Figures 5.3-9 through 5.3-10

Chapter 6

6.0-i through 6.0-v
6.1-1
6.2-1 through 6.2-2
6.3-1 through 6.3-2
Table 6.3-1
Figure 6.3-1 (Deleted Sheet)
6.4-1 through 6.4-11
Table 6.4-1 (Deleted Sheet)
Figures 6.4-1 through 6.4-2
6.5-1 through 6.5-17
Tables 6.5-1 through 6.5-3
Table 6.5-4 (Deleted Sheet)
Table 6.5-5
Table 6.5-6 (Deleted Sheet)
Figures 6.5-1 through 6.5-2 (Deleted Sheets)
Figures 6.5-3 through 6.5-5

16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16

16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
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Figures 6.5-6 through 6.5-43 (Deleted Sheets)
6.6-1 through 6.6-4

Chapter 7

16
16

7.0-i through 7.0-ix
7.1-1 through 7.1-6
Figure 7.1-1
7.2-1 through 7.2-22
Table 7.2-1
Table 7.2-2 (Deleted Sheet)
Figures 7.2-1 through 7.2-2
Figure 7.2-3 (Deleted Sheet)
Figures 7.2-3a through 7.2-3j
Figures 7.2-4 through 7.2-6
Figure 7.2-7 (Deleted Sheet)
Figures 7.2-7a through 7.2-7b
Figures 7.2-8 through 7.2-9 (Deleted Sheets)
Figures 7.2-10 through 7.2-12
Figure 7.2-13 (Deleted Sheet)
7.3-1 through 7.3-30
Table 7.3-1 (Deleted Sheet)
Table 7.3-2, Sheets 1 and 2
Figure 7.3-1, Sheets 1 through 3
Figures 7.3-2a through 7.3-2f
7.4-1 through 7.4-31
Table 7.4-1 (Deleted Sheet)
Tables 7.4-2 through 7.4-4
Figures 7.4-1 a through 7.4-1b
Figures 7.4-2a through 7.4-2d
Figures 7.4-3 through 7.4-4
Figures 7.4-5a through 7.4-5d
Figure 7.4-6a, Sheets 1 and 2
Figure 7.4-6b, Sheets 1 through 3
Figures 7.4-7a through 7.4-7g
Figure 7.4-8 (Deleted Sheet)
Figures 7.4-8a through 7.4-8b
7.5-1 through 7.5-28

16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
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Amendment Number

Tables 7.5-1 through 7.5-3
Tables 7.5-4a through 7.5-4b
Figure 7.5-1 (Deleted Sheet)
Figures 7.5-1 a through 7.5-1b
Figure 7.5-2
Figures 7.5-3a through 7.5-3b
Figure 7.5-4
Figure 7.5-5 (Deleted Sheet)
Figures 7.5-6 through 7.5-1 0
Figure 7.5-11 (Deleted Sheet)
Figure 7.5-11a through 7.5-11b
Figure 7.5-12
Figure 7.5-1 3
Figures 7.5-14a through 7.5-14c
Figures 7.5-15 through 7.5-16
Figure 7.5-17 (Deleted Sheet)
Figures 7.5-17a through 7.5-17b
Figures 7.5-1 8 through 7.5-22
Figures 7.5-23a through 7.5-23b
Figure 7.5-24 (Deleted Sheet)
Figures 7.5-24a through 7.5-24c
Figures 7.5-25 through 7.5-28
7.6-1 through 7.6-5
Table 7.6-1, Sheets 1 and 2
Figure 7.6-1
Figure 7.6-2 (Deleted Sheet)
7.7-1 through 7.7-14
Table 7.7-1, Sheets 1 and 2
Figures 7.7-1 a through 7.7-1b
Figures 7.7-1 c through 7.7-1f (Deleted Sheet)
Figures 7.7-2 through 7.7-5
Figure 7.7-6 (Deleted Sheet)
Figures 7.7-6a through 7.7-6b
Appendix 7.7A (Deleted Sheet)
Appendix 7.7B (Deleted Sheet)
7.7B-i through 7.7B-ii (Deleted Sheets)
7.8-1 through 7.8-8
Table 7.8-1, Sheets 1 and 2
Table 7.8-2,. Sheets 1 and 2

16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
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Sheets)

d Sheet)
ed Sheet)

Figure 7.8-1, Sheets 1 and 2
Figure 7.8-1, Sheet 3 (Deleted Sheet)
Figure 7.8-2, Sheets 1 through 3
Figure 7.8-3
7.9-1 through 7.9-12
Figure 7.9-1 (Deleted Sheet)
Figure 7.9-2
Figure 7.9-3 (Deleted Sheet)
Figures 7.9-4a through 7.9-4c
7.10-1 through 7.10-1 0
Figure 7.10-1 (Deleted Sheet)
Figures 7.10-2 through 7.10-4
7.11-1 through 7.11-7
Figure 7.11-1
7.12-1 through 7.12-13
Table 7.12-1

'able7.12-2 (Deleted Sheet)
figure 7.12-1 (Deleted Sheet)
Figure 7.12-2a, Sheets 1 through 4
Figure 7.12-2b, Sheets I through 4
7.13-1 through 7.13-3
Table 7.13-1 (Deleted Sheet)
Table 7.13-2, Sheets 1 through 7
Figure 7.13-1 (Deleted Sheet)
7.14-1 through 7.14-2
7.15-1
7.16-1 through 7.16-9
Tables 7.16-1 through 7.16-2 (Deleted
Figure 7.16-1 (Deleted Sheet)
7.17-1 (Deleted Sheet)
Tables 7.17-1 through 7.17-2 (Delete
Figures 7.17-1 through 7.17-9d (Delet
7.18-1 through 7.18-5
7.19-1 through 7.19-5

Amendment Number

16
16
16
16
16
'I6
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16

,16
16
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Chapter 8

Amendment Number

8.0-i through 8.0-vii
8.1-1 through 8.1-3
8.2-1 through 8.2-2
8.3-1 through 8.3-6
Figure 8.3-1 (Deleted Sheet)
Figures 8.3-2 through 8.3-2a
Figures 8.3-3 through 8.3-6a
Figure 8.3-7 (Deleted Sheet)
Figures 8.3-7a through 8.3-7b
Figure 8.3-8 (Deleted Sheet)
Figures 8.3-8a through 8.3-8b
Figure 8.3-9 (Deleted Sheet)
Figures 8.3-9a through 8.3-9b
Figure 8.3-10 (Deleted Sheet)
Figures 8.3-10a through 8.3-10b
Figure 8.3-11 (Deleted Sheet)
Figures 8.3-11a through 8.3-11b
Figures 8.3-12a through 8.3-12b
Figures 8.3-1 3a through 8.3-1 3b
Figures 8.3-14a through 8.3-14b
Figures 8.3-15a through 8.3-15c
Figures 8.3-16 through 8.3-17
8.4-1 through 8.4-20
Table 8.4-1, Sheets 1 through 19
Tables 8.4-2 through 8.4-14 (Deleted Sheets)
Figures 8.4-1a through 8.4-1b
Figures 8.4-2 though 8.4-4
8.5-1 through 8.5-20
Table 8.5-1
Tables 8.5-2 through 8.5-2a (Deleted Sheets)
Tables 8.5-3 through 8.5-4 (Deleted Sheets)
Tables 8.5-5 through 8.5-6
Tables 8.5-7 through 8.5-9 (Deleted Sheets)
Figure 8.5-1
Figure 8.5-2, Sheets 1 through 3
Figures 8.5-3a through 8.5-3b
Figures 8.5-4a through 8.5-4b
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16
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Figures 8.5-5 through 8.5-6
Figure 8.5-7 (Deleted Sheet)
Figures 8.5-7a through 8.5-7b
Figure 8.5-8 (Deleted Sheet)
Figures 8.5-8a through 8.5-8b
Figures 8.5-9a through 8.5-9b
Figures 8.5-1 0 through 8.5-11
Figures 8.5-11a through 8.5-11b (Deleted Sheets)
Figures 8.5-11c through 8.5-11d
Figures 8.5-12a through 8.5-12c
Figures 8.5-1 3a through 8.5-1 3e
Figure 8.5-14 (Deleted Sheet)
Figure 8.5-14a through 8.5-14c
Figure 8.5-1 5
Figures 8.5-16a through 8.5-16c
Figures 8.5-1 7 through 8.5-1 8
Figures 8.5-1 9 through 8.5-21 (Deleted Sheets)
Figure 8.5-22
Figure 8.5-23 (Deleted Sheet)
Figure 8.5-24
8.6-1 through 8.6-5
Table 8.6-1
Table 8.6-3 (Deleted Sheet)
Figure 8.6-1 a through 8.6-1f
Figure 8.6-2a through 8.6-2c
Figure 8.6-3
Figure 8.6-4 (Deleted Sheet)
Figures 8.6-5 through 8.6-6
8.7-1 through 8.7-4
Figure 8.7-1
Figure 8.7-2 (Deleted Sheet)
Figure 8.7-3
Figure 8.7-4a
Figure 8.7-4b, Sheets 1 and 2
Figure 8.7-4c, Sheets 1 through 3
Figure 8.74d
8.8-1 through 8.8Q
Table 8.8-1 through 8.8-2(Deleted Sheet)
Table 8.8-3

Amendment Number

16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16

.16
16
16
16
16
16
16
16
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Figure 8.8-1 (Deleted Sheet)
Figure 8.8-2
Figure 8.8-3 (Deleted Sheet)
8.9-1 through 8.9-13
Table 8.9-1 (Deleted Sheet)
Figure 8.9-1 (Deleted Sheet)
8.10-1

BFN-16

EFFECTIVE PAGE LISTING

Amendment Number

16
16
16
16
16
16
16

0

Chapter 9

9.0-i through 9.0-iii
9.1-1
9.2-1 through 9.2-7
Tables 9.2-1 through 9.2-4, Sheets 1 and 2
Figures 9.2-1 a through 9.2-1b
Figure 9.2-2 (Deleted Sheet)
Figure 9.2-3a through 9.2-3t
Figure 9.2-4
Figures 9.2-4a through 9.2-4f (Deleted Sheet)
9.3-1 through 9.3-5
Figures 9.3-1 a through 9.31b
Figure 9.3-2a through 9.3-2b
9.4-1 (Deleted Sheet)
9.5-1 through 9.5-11
Tables 9.5-1, Sheets 1 and 2 through 9.5-2
Table 9.5-3, Sheets 1 and 2
Table 9.5-4, Sheets 1 through 3
Table 9.5-5, Sheets 1 through 5
Table 9.5-6 through 9.5-7
Figure 9.5-1, Sheets 1 and 2
Figure 9.5-2 (Deleted Sheet)
Figure 9.5-3

Chapter 10

10.0-i through 10.0-viii
10.1-1
10.2-1 through 10.2-3
Figures 10.2-1 a through 10.2-1 b

16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16

16
16
16
16
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Figure 10.2-2
10.3-1 through 10.3-5
Figure 10.3-1 (Deleted Sheet)
Figure 10.3-2
10.4-1 through 10.4-7
Table 10.4-1
Figures 10.4-1 through 10.4-6 (Deleted Sheets)
Figure 10.4-7
10.5-1 through 10.5-7
Table 10.5-1
Figures 10.5-1 a through 10.5-1b, Sheet 2
Figure 10.5-2, Sheets 1 and 2
Figure 10.5-3 through 10.5-4 (Deleted Sheets)
Figures 10.5-4a through 10.5-4b
10.6-1 through 10.6-3
Tables 10.6-1 through 10.6-3
Figures 10.6-1 a through 10.6-1b
Figures 10.6-2a through 10.6-2b
Figures 10.6-2c through 10.6-2d (Deleted Sheet)
10.7-1 through 10.7-2
Figure 10.7-1a, Sheets 1 and 2
Figure 10.7-1b, Sheets 1 through 3
Figure 10.7-2, Sheets 1 through 3
10.8-1 through 10.8-2
10.9-1 through 10.9-3
Figure 10.9-1 a, Sheets 1 and 2
Figure 10.9-1b
Figures 10.9-2a through 10.9-2c
Figures 10.9-3 through 10.9-4
10.10-1 through 10.10-4
Figures 10.10-1 a through 10.10-1 c
Figure 10.10-2
Figure 10.10-3, Sheets 1 through 4
Figure 10.10-4 (Deleted Sheet)
Figures 10.10-4a through 10.10-4b
10.11-1
Figure 10.11-1 (Deleted Sheet)
Figures 10.11-1 a through 10.11-1b (Deleted Sheet)
Figures 10.11-2 through 10.11-1 2 (Deleted Sheet)

13
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16
16
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Amendment Number

10.12-1 through 10.12-11
Figure 10.12-1
Figure 10.12-2 (Deleted Sheet)
Figures 10.12-2a through 10.12-2b
Figures 10.12-3 through 10.12-6
10.13-1 through 10.13-2
Figure 10.13-1, Sheets 1 and 2
10.14-1 through 10.14-6
Figure 10.14-1, Sheets 1 through 3
Figures 10.14-2a through 10.14-2b
Figure 10.14-3 through 10.14-4, Sheet 2
10.15-1
10.16-1 through 10.16-3
10.17-1 through 10.17-5
Table 10.17-1, Sheets 1 through 3
Table 10.17-2
Figures 10.17-1a through 10.17-1c, Sheets 1 and 2
Figure 10.17-2
10.18-1 through 10.18-8
Figures 10.18-1 through 10.18-2
Figure 10.18-3 (Deleted Sheet)
Figure 10.18-4
Figures 10.18-5a through 10.18-5b (Deleted Sheet)
Figure 10.18-6 (Deleted Sheet)
10.19-1
10.20-1 through 10.20-2
10.21-1 through 10.21-3
Table 10.21-1
Figure 10.21-1 through 10.21-2

Chapter 11

11.0-i through 11.0-iii
11.1-1
Figures 11.1-1 a through 11.1-1 b
11.2-1 through 11.2-3
11.3-1 through 11.3-2
11.4-1
11.5-1

16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16

16
16
16
16
16
16
16
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Amendment Number

11.6-1 through 11.6-7
Figures 11.6-1 through 11.6-2
Figure 11.6-3, Sheets 1 through 4
11.7-1 through 11.7-3
Figure 11.7-1
11.8-1 through 11.8-5
Figure 11.8-1, Sheets 1 through 3
11.9-1 through 11.9-5
Table 11.9-1
Figures 11.9-1 a through 11.9-1b, Sheets 1 through 3
Figures 11.9-2 through 11.9-3

Chapter 12

12.0-i through 12.0-vi
12.1-1
12.2-1 through 12.2-83
Tables 12.2-1 through 12.2-1 6
Tables 12.2-1 6.1 through 12.2-1 6.4 (Deleted Sheets)
Table 12.2-1 7
Tables 12.2-1 7.1A through 12.2-1 7.1C
Tables 12.2-1 8 through 12.2-22 (Deleted Sheets)
Tables 12.2-23 through 12.2-30, Sheet 2
Table 12.2-31 (Deleted Sheet)
Tables 12.2-32 through 12.2-39, Sheet 2
Tables 12.2-40 through 12.2-45
Figures 12.2-1 through 12.2-2
Figure 12.2-2a (Deleted Sheet)
Figures 12.2-2b through 12.2-2d
Figures 12.2-3 through 12.2-8
Figures 12.2-9 through 12.2-20 (Deleted Sheet)
Figures 12.2-21 through 12.2-22d
Figures 12.2-23 through 12.2-24, Sheets 1 through 3
Figure 12.2-25, Sheets 1 through 3
Figure 12.2-26
Figure 12.2-27 (Deleted Sheet)
Figures 12.2-27A through 12.2-27C
Figures 12.2-28 through 12.2-39 (Deleted Sheet)
Figures 12.2-40 through 12.2-56
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Figures 12.2-57 through 12.2-59 (Deleted Sheet)
Figures 12.2-60 through 12.2-71c
Figures 12.2-72A through 12.2-72c
Figures 12.2-73 through 12.2-75b, sheet 3
Figure 12.2-76 through 12.2-83
12.3-1 through 12.3-4
Table 12.3-1

Chapter 13

13.0-i through 13.0-iii
13.1-1 through 13.1-2
13.2-1 through 13.2-5
Figures 13.2-1 through 13.2-8 (Deleted Sheets)
13.3-1 through 13.3-2
13.4-1 through 13.4-57
Figure 13.4-1
13.5-1 through 13.5-75
Tables 13.5-1 through 13.5-6
Figure 13.5-1, Sheets 1 and 2
Figure 13.5-2, Sheets 1 through 3
13.6-1 through 13.6-5
Figure 13.6-1, Sheets 1 and 2
13.7-1
13.8-1 through 13.8-3
13.9-1
13.10-1 through 13.10-1 0

Chapter 14

14.0-i through 14.0-vii
14.1-1
14.2-1
14.3-1
14.4-1 through 14.4-7
Table 14.4-1, Sheets 1 and 2
Table 14.4-2
Figures 14.4-1 through 14.4-2
14.5-1 through 14.5-20

16
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16

16
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Amendment Number

Figures 14.5-1 through 14.5-1 Ob
Figures 14.5-1 1 through 14.5-20
14.6-1 through 14.6-44
Tables 14.6-1 through 14.6-8
Table 14.6-9 through 14.6-1 0 (Deleted Sheets)
Table 14.6-11
Figures 14.6-1 through 14.6-5
Figures 14.6-6 through 14.6-9 (Deleted Sheet)
Figures 14.6-1 0 through 14.6-1 2
Figure 14.6-13 (Deleted Sheet)

'igures 14.6-14 through 14.6-18
14.7-1
14.8-1 through 14.8-26
Tables 14.8-1 through 14.8-6
Figure 14.8-1
14.9-1 through 14.9-4
Tables 14.9-1 through 14.9-2, Sheets 1 through 4
14.10 (Deleted Sheet)
Tables 14.10-1 through 14.10-4 (Deleted Sheets)
Figure 14.10-1 (Deleted Sheet)

AppendixA

A.O-i through A.O-ii
A.0-1 through A.0-11
A-1 through A-35
Tables A.0-1 through A.0-7, Sheets 1 through 3
Tables A.0-8 through A.0-9

Appendix B

B.0-1/B.0-2 (Submitted Under Separate Cover)

Appendix C

C.O.i through C.O-ii
C.0-1 through C.0-46
Table C.2-1 through C.2-2, Sheets 1 through 3
Table C.2-3 through C.2-4

17
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Table C.3-1A, Sheets 1 and 2
Table C.3-1B, Sheets 3 and 4
Table C.3-1 C, Sheets 5 and 6
Table C.3-1A, 1B, 1C, Sheets 7 and 8
Table C.3-2, Sheets 1 through 5
Table C.4-1, Sheets 1 through 9
Table C.4-2, Sheets 1 through 37
Table C.5-1
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INTRODUCTION AND SUMMARY

1.1 PROJECT IDENTIFICATION

This Final Safety Analysis Report is in support of the application of the Tennessee
Valley Authority (TVA), herein designated as the applicant, for facility operating
licenses for a three-unit nuclear power plant located at the Browns Ferry site in
Limestone County, Alabama, for initial power levels up to 3293 MWt each, under
Section 104(b) of the Atomic Energy Act of 1954, as amended, and the regulations
of the Atomic Energy Commission set forth in Part 50 of Title 10 of the Code of
Federal Regulations (10 CFR 50). The FSAR is now maintained up-to-date and
used as a complete and accurate description of the Browns Ferry Nuclear Plant as
constructed and as modified since.

The facility is designated as the Browns Ferry Nuclear Plant, hereinafter referred to
as the plant.

Commercial operation of each unit began on the following dates: unit one on
August 1, 1974, unit two on March 1, 1975, and unit three on March 1, 1977.

As used throughout this document, Atomic Energy Commission (AEC) is equivalent
to the Nuclear Regulatory Commission (NRC) formed under the Energy
Reorganization Act of 1974.

1.1.1 Identification and uglification of Contractors

Irrespective of any contractual responsibilities with any suppliers, the Tennessee
Valley Authority is the sole applicant for the facility licenses and as owner and
applicant, is responsible for the design, construction, and operation of the plant.

1,1.1.1 A~licant

The TVApower system is one of the largest in the United States. TVA is primarily a

wholesaler of power, operating generating plants, and transmission facilities, but no
retail distribution systems. The TVAtransmission system contains over 17,000
miles of lines. TVAsupplies power over an area of about 80,000 square miles in

parts of seven southeastern states, containing more than 2.3 million residential,
farm, commercial, and industrial customers.

TVAhas pioneered in erecting large generating units. Examples are the
1,150-megawatt unit at the Paradise Steam Plant; the 1,300-megawatt units at the
Cumberland Steam Plant; and the two 1,170-megawatt units at the Sequoyah
Nuclear Plant; and one 1,170-megawatt unit at the Watts Bar Nuclear Plant. A total
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of over 67 individual steam generating units have been designed, constructed, and
placed in operation by TVA in the past 35 years.

Much of TVA's experience has been gained from early and continuing participation
in nuclear power studies. In 1946, TVAparticipated in the Daniels power pile study
at Oak Ridge and the work of the Parker Committee, which surveyed prospects of
nuclear power application. In 1953, TVAstarted developing a nuclear power staff
and began a more detailed study of possible uses of nuclear power on its own
system. In 1960, TVAagreed to operate the Experimental Gas-Cooled Reactor for
AEC at Oak Ridge, and developed a technical and operating staff. Many of these
trained and experienced people were assigned to TVAengineering and operating
organizations that have been or are directly involved in the planning, design,
construction, and operation of the Browns Ferry Nuclear Plant.

1.1.1.2 En ineer-Constructor

TVAacts as its own engineer-constructor.

Since 1949, TVAhas designed and constructed a number of projects including
twelve major coal-fired steam plants, consisting of 63 individual generating units.

TVAhas an experienced, competent nuclear plant design organization, including a
large number of engineers with many years of steam plant experience. TVAalso
has a similarly experienced construction organization which has had extensive
experience in the construction of large steam plants. A comprehensive quality
assurance program has been developed to assure that the plant has been designed
and constructed and will be operated to adequate standards of quality.

1.1.1.3 Nuclear Steam Su I S stem Su lier

General Electric Company was awarded a contract to design, fabricate, and deliver
the nuclear steam supply system and nuclear fuel for the plant, as well as to provide
technical direction for installation and startup of this equipment. General Electric
(GE) has been engaged in the development, design, construction, and operation of
boiling water reactors since 1955. Operating boiling water reactors designed and
built by General Electric include the Vallecitos Boiling Water Reactor, Dresden Unit
1, Humboldt Bay, Big Rock Point, KRB (Germany), KAHL(Germany), JPDR
(Japan), SENN (Italy), Oyster Creek Unit 1, and Dresden Unit 2. Among the
domestic reactors of General Electric design are Millstone Point Unit 1, Dresden
Unit 3, Quad-Cities Units 1 and 2, Monticello Unit 1, Vermont Yankee Unit 1, Peach
Bottom Units 2 and 3, Pilgram, Hatch Units 1 and 2, Brunswick Units 1 and 2,
Cooper, Duane Arnold, and Fitzpatrick. Thus, General Electric has substantial
experience, knowledge, and capability to design, manufacture, and furnish technical
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assistance for the installation, startup, and support of the normal operation of the
reactor.

1.1.1.4 Turbine-Generator Su lier

The applicant awarded a contract to General Electric to design, fabricate, and
deliver the turbine generators for the plant as well as to provide technical
assistance for installation and startup of this equipment. General Electric has a

long history in the application of turbine generators in nuclear power stations going
back to the inception of nuclear facilities for the production of electrical power and
has furnished the turbine-generator units for most of its BWR nuclear steam supply
contracted stations. General Electric was competent to design, fabricate and
deliver the turbine-generator units and to provide technical assistance for the
installation and startup of this equipment.

1.1-3
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1.2 DEFINITIONS

The following definitions apply to the terms used in the Safety Analysis Report.

Radioactive Material Barrier - A'radioactive material barrier includes the
systems, structures, or equipment that, together, physically prevent the
uncontrolled release of radioactive materials. The four barriers are identified
as follows:

a. Reactor Fuel Barrier - The uranium dioxide fuel is sealed in a zirconium
cladding tube.

b. Nuclear System Process Barrier - The nuclear system process barrier
includes the systems of vessels, pipes, pumps, tubes, and similar
process equipment that contain the steam, water, gases, and
radioactive materials coming from, going to, or in communication with
the reactor core. The actual boundaries of the nuclear system process
barrier depend upon the status of plant operation.

For example, process system isolation valves, when closed, form part of
the barrier. The steam-jet ejector offgas path forms a planned process
opening in the barrier during power operation.

Because the nuclear system process barrier is designed to be divided
by isolation valve action into two major sections under certain
conditions, this barrier is considered in two parts as follows:

(1) Nuclear system primary barrier - This barrier includes the reactor
vessel and attached piping out to and including the second
isolation valve in each attached pipe. In various codes and
standards used in the industry, this barrier is sometimes referred
to as the "primary system pressure boundary,"

(2) Nuclear system secondary barrier - This barrier is that portion of
the nuclear system process barrier not inclded in the nuclear
system primary barrier.

Primary Containment - The primary containment is defined as the
drywell in which the reactor vessel is located, the pressure suppression
chamber, and process line reinforcements out to the outermost
containment isolation valve outside valve outside the containment wall.
Portions of the nuclear system process barrier may become part of the
primary containment, depending upon the location of a postulated
failure. For example, a closed main steam isolation valve is part of the
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primary containment barrier when the postulated failure of the main
steam line is inside the primary containment.

d. Secondary Containment - The secondary containment is the reactor
building, which completely encloses the primary containment. The
reactor building ventilation system and the standby gas treatment
system constitute controlled process openings in this barrier.

2. Radioactive Material Barrier Damage-Radioactive material barrier damage is
defined as an unplanned, undesirable breach in a barrier, except that the
operation of a main steam relief valve does not constitute barrier damage.

3. Nuclear System - The nuclear system generally includes those systems most
closely associated with the reactor vessel which are designed to contain or
be in communication with the water and steam coming from or going to the
reactor core. The nuclear system includes the following:

Reactor vessel
Reactor vessel internals
Main steam lines from reactor vessel to the isolation
valves outside the primary containment

'eutron monitoring system
Reactor recirculation system
Control rod drive system
Residual heat removal system
Reactor core isolation cooling system
Core standby cooling systems
Reactor water cleanup system
Feedwater system piping between the reactor vessel and the first valve
outside the primary containment.

4. Safety - The word "safety," when used to modify such words as objective,
design basis, action, and system, indicates that the objective, design basis,
action, or system is related to concerns considered to be of primary safety
significance, as opposed to the plant mission to generate electrical power.
Thus, the word "safety" is used to identify aspects of the plant which are
considered to be of primary importance with respect to safety.

5. Power Generation - The phrase "power generation," when used to modify
such words as objective, design basis, action, and system, indicates that the
objective, design basis, action, or system is related to the mission of the plant
- to generate electrical power - as opposed to concerns considered to be of
primary safety importance. Thus, the phrase "power generation" is used to
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identify aspects of the plant which are not considered to be primary
importance with respect to safety.

Operational - The adjective "operational," along with its noun and verb forms,
is used in reference to the working or functioning of the plant, in contrast to
the design of the plant.

Scram - Scram refers to the automatic rapid insertion of control rods in
response to the detection of undesirable conditions.

Limiting Safety System Setting (LSSS) - The limiting safety system setting is
a setting on instrumentation which initiates the automatic protective action at
a level such that the safety limits will not be exceeded. The region between
the safety limitand these settings represent margin with normal operation
lying below these settings. The margin has been established so that with
proper operation of the instrumentation the safety limits will never be
exceeded.

Limiting Conditions for Operation (LCO) - The limiting conditions for
operation specify the minimum acceptable levels of system performance
necessary to assure safe startup and operation of the facility. When these
conditions are met, the plant can be operated safely and abnormal situations
can be safely controlled.

Safety Limit - The safety limits are limits below which the reasonable
maintenance of the cladding and primary systems are assured. Exceeding
such a limit requires unit shutdown and review by the Nuclear Regulatory
Commission before resumption of the unit operation. Operation beyond such
a limit may not in itself result in serious consequences but it indicates an
operational deficiency subject to regulatory review.

Normal Operation - Normal operation is normal plant operation under
planned conditions in absence of significant abnormalities. Operations
subsequent to an incident (transient, accident, or special event) are not
considered planned operations until the actions taken in the plant are
identical to those which would be used had the incident not occurred. The
established planned operations can be considered as a chronological
sequence: refueling outage, achieving criticality, heatup, power operation,
achieving shutdown, cooldown, and refueling outage.

The following planned operations are identified:

a. Refueling Outage - Refueling outage is the period of time between the
shutdown of the unit prior to a refueling and the startup of the unit after
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that refueling. For the purpose of designating frequency of testing and
surveillance, a refueling outage shall mean a regularly scheduled
outage; however, where such outages occur within 8 months of the
completion of the previous refueling outage, the required surveillance
testing need not be performed until the next scheduled outage.

b. Achieving Criticality - Achieving criticality includes all the plant actions
which are normally accomplished in bringing the plant from a condition
in which all control rods are fully inserted to a condition in which
nuclear criticality is achieved and maintained.

c. Heatup - Heatup begins where achieving criticality ends and includes
all plant actions which are normally accomplished in approaching
nuclear system rated temperature and pressure by using nuclear power
(reactor critical). Heatup extends through warmup and synchronization
of the turbine generator.

d. Power Operation - Power operation begins where heatup ends and
includes continued operation of the plant at power levels in excess of
heatup power.

e. Achieving Shutdown - Achieving shutdown begins where power
operation ends and includes all plant actions normally accomplished in
achieving nuclear shutdown (more than one rod subcritical) following
power operation.

f. Cooldown - Cooldown begins where achieving shutdown ends and
includes all plant actions normally accomplished in the continued
removal of decay heat and the reduction of nuclear system temperature
and pressure.

12. Incident - An incident is any event-abnormal operational transient, accident,
special event, or other event, not considered as part of planned operation.

13. Abnormal Operational Transient - An abnormal operational transient includes
the events following a single equipment malfunction or a single operator error
that is reasonably expected during the course of plant operations. Power
failures, pump trips, and rod withdrawal errors are typical of the single
malfunctions or errors initiating the events in this category.
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26. Protection System - Protection system is a generic term that may be applied
to nuclear safety systems and engineered safeguards. See Figure 1.2-3 and
Table 1.4-2A and 1.4-28.

27.

28.

Special Safety System - A special safety system is a safety system the
actions of which are essential to a safety action required in response to a
special event. See Figure 1.2-3 and Table 1.4-2A and 1.4-28.

Power Generation System - A power generation system is any system the
actions of which are not essential to a safety action, but which are essential
to a power generation action. Power generation systems are provided for
any of the following purposes:

a. To carry out the mission of the plant-generate electrical
power-through planned operation,

b. To avoid conditions which would limit the ability of the plant to generate
electrical power, and

c. To facilitate and expedite the return to conditions permitting the use of
the plant to generate electrical power following an abnormal
operational ransient, accident, or special event.

See Figure 1.2-3 and Table 1.4-2A and 1.4-28.

29. Safety Objective - A safety objective describes in functional terms the
purpose of a system or component as it relates to conditions considered to
be of primary significance to the protection of the public. This relationship is
stated in terms of radioactive material barriers or radioactive material
release. The only systems that have objectives are safety systems. See
Figure 1.2-3.

30. Power Generation Objective - A power generation objective describes in
functional terms the purpose of a system or component as it relates to the
mission of the plant. This includes objectives that are specifically
established so the plant can fulfillthe following purposes:

a. The generation of electrical power through planned operation,

b. The avoidance of conditions that would limit the ability of the plant to
generate electrical power, and
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c. The avoidance of conditions that would prevent or hinder the return to
conditions permitting the use of the plant to generate electrical power
following an abnormal operational transient, accident, or special event.
See Figure 1.2-3.

A system or piece of equipment has a power generation objective if it is a
power generation system. A safety system can have a power generation
objective, in addition to a safety objective, if parts of the system are intended
to function for power generation purposes.

31. Analytical Objective - An analytical objective describes the purpose or intent
of a portion of the Safety Analysis Report presenting an analysis.

32. Safety Design Basis - The safety design basis for a safety system states in
functional terms the unique design requirements which establish the limits
within which the safety objective shall be met. A power generation system
may have a safety design basis which states in functional terms the unique
design requirements that ensure that neither planned operation nor
operational failure by the system results in conditions for which plant safety
actions would be inadequate.

33. Power Generation Design Basis - The power generation design basis for a
power generation system states in functional terms the unique design
requirements that establish the limits within the power generation objective
shall be met. A safety system may have a power generation design basis
which states in functional terms the unique design requirements which
establish the limits within which the power generation objective for the
system shall be met.

Safety Evaluation - A safety evaluation is an evaluation that shows how the
system satisfies the safety design basis. A safety evaluation is performed
only for those systems having a safety design basis. Safety evaluations
form the bases for the technical specifications and establish why specific
safety limitations are imposed.

35. Power Generation Evaluation - A power generation evaluation is an
evaluation that shows how the system satisfies some or all of the power
generation design bases. Because power generation evaluations are not
directly pertinent to public safety, they are generally not included. However,
where a system or component has both safety and power generation
objectives, a power generation evaluation can be used to clarify the safety
versus power generation capabilities.
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36 Operational Nuclear Safety Requirements - An operational nuclear safety
requirement is a limitation or restriction on either the value of a process
variable or the operability of a plant system. Such operational nuclear safety
requirements must be observed in the operation (not necessarily at power) of
the plant to satisfy specified operational nuclear safety criteria. The
aggregate of all operational nuclear safety requirements defines an
operational framework within which actual plant operations must remain.

37. Rated Power - Rated power refers to operation at a reactor power of
3293 MWt; this is also termed 100 percent power and is the maximum power
level authorized by the operating license. Rated steam flow, rated coolant
flow, rated neutron flux, and rated nuclear system pressure refer to the
values of these parameters when the reactor is at rated power.

38 Design Power - Design power, the power to which the safety analysis
applies, corresponds to 3,440 MWt.

39 Single Failure - A single failure is a failure that can be ascribed to a single
causal event. Single failures are considered in the design of certain systems
and are presumed in the evaluations of incidents to investigate the ability of
the plant to respond in the required manner under degraded conditions. The
nature of single causal event to be presumed depends on the risk of the
event being evaluated. Reasonably expected single failures are presumed
as the cause of abnormal operational transients. Single. failures of passive
equipment are assumed sometimes to be the causes of accidents. Safety
actions essential in response to abnormal operational transients and
accidents must be carried out in spite of single failures in active equipment.
In any case, a single failure includes the multiple effects resulting from the
single causal event.

40. Operable - Operability - A system, subsystem, train, component, or device
shall be Operable or have operability when it is capable of performing its
specified function(s). Implicit in this definition shall be the assumption that all
necessary attendant instrumentation, controls, normal and emergency
electrical power sources, cooling or seal water, lubrication or other auxiliary
equipment that are required for the system, subsystem, train, component, or
device to perform its function(s) are also capable of performing their related
support function(s).

41. Operating - A system or component is operating when it is performing its
intended functions in its required manner.
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42. Operating Cycle - Interval between the end of one refueling outage for a
particular unit and the end of the next subsequent refueling outage for the
same unit.

43. Shutdown - The reactor is in a shutdown condition when the reactor mode
switch is in the shutdown mode position and no core alterations are being
performed.

44. Shutdown Mode - The reactor is in the shutdown mode when the reactor
mode switch is in the "Shutdown" position, except as follows:

(A) The reactor mode switch may be placed in any position to perform
required tests or maintenance authorized by the Shift Manager,
provided that the control rods are verified to remain fully inserted by a
second licensed operator or other technically qualiTied member of the
unit technical staff.

(B) The reactor mode switch may be placed in the "Refuel" position while
a single control rod drive is being removed from the reactor pressure
vessel per Specification 3.10.A.5 provided that reactor coolant
temperature is equal to or less than 212'F.

(C) The reactor mode switch may be placed in the "Refuel" position while
a single control rod is being recoupled or withdrawn provided that the
one-rod-out interlock is operable.

(D) The reactor mode switch may be placed in the "Startup/Hot" Standby
position and withdrawal of selected control rods is permitted for the
purpose of determining the operability of the RWM prior to withdrawal
of control rods for the purpose of bringing the reactor to criticality.

45. Cold Shutdown Condition - The reactor is in the cold shutdown condition
when the reactor coolant is equal to or at less than 212'F, and the reactor is
in the shutdown condition.

46. Place in Shutdown Mode - Place in the shutdown mode means conduct an
uninterrupted normal plant shutdown operation until the shutdown mode is
attained.

47. Place in the Cold Shutdown Condition - Place in the cold shutdown condition
means conduct an uninterrupted normal plant shutdown operation until the
cold shutdown condition is attained.
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48. Refuel Mode - The reactor is in the refuel mode whenever the reactor mode
switch is in the refuel position, except as follows:

(A) The reactor mode switch may be placed in any position to perform
required tests or maintenance authorized by the Shift Manager,
provided that the control rods are verified to remain fully inserted by a
second licensed operator or other technically qualified member of the
unit technical staff.

49. Startup/Hot Standby Mode - The reactor is in the Startup/Hot Standby mode
whenever the reactor mode switch is in the Startup/Hot Standby mode
position. This is often referred to as just the startup mode.

50. Run Mode - The reactor is in the run mode whenever the reactor mode
switch is in the run position.

51. Place in Isolated Condition - Place in isolated condition means conduct an
uninterrupted normal isolation of the reactor from the main (turbine)
condenser including the closure of the main steam isolation valves.

52. Primary Containment Integrity - Primary containment integrity means that the
drywell and pressure suppression chamber are intact and all of the following
conditions are satisfied:

a. All nonautomatic containment isolation valves on lines connected to the
reactor coolant systems or containment which are not required to be
open during accident conditions are closed, except for valves that are
open under administrative control as permitted by Technical
Specification, Section 3.7.D.

b. At least one door in each airlock is closed and sealed.

c. All automatic containment isolation valves are OPERABLE or each line
which contains an inoperable isolation valve is isolated as required by
Technical Specification, Section 3.7.D.2.

d. All blind flanges and manways are closed.

53. Secondary Containment Integrity

A. Secondary containment integrity means that the required unit reactor
zones and refueling zone are intact and the following conditions are
met:

1.2-11



1) At least one door in each access opening to the turbine building,
control bay and out-of-doors is closed.

2) The standby gas treatment system is OPERABLE and can
maintain 0.25 inches of water negative pressure in those areas
where secondary containment integrity is stated to exist.

3) All secondary containment penetrations required to be closed
during accident conditions are either:

a. Capable of being closed by an OPERABLE secondary
containment automatic isolation system, or

b. Closed by at least one secondary containment automatic
isolation valve deactivated in the isolated position.

B. Reactor zone secondary containment integrity means the unit reactor
building is intact and the following conditions are met:

1) At least one door between any opening to the turbine building,
control bay and out-of-doors is closed.

2) The standby gas treatment system is OPERABLE and can
maintain 0.25 inches water negative pressure on the unit zone.

3) All the unit reactor building ventilation system penetrations
required to be closed during accident conditions are either:

a. Capable of being closed by an OPERABLE reactor building
ventilation system automatic isolation system, or

b. Closed by at least one reactor building ventilation system
automatic isolation valve deactivated in the isolated position.

If it is desirable for operational considerations, a reactor zone may be
isolated from the other reactor zones and the refuel zone by maintaining at
least one closed door in each common passageway between zones.*
Reactor zone safety-related features are not compromised by openings
between adjacent units or refuel zone, unless it is desired to isolate a given
zone.
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C. Refuel zone secondary containment integrity means the refuel zone is intact
and the following conditions are met:

1) At least one door in each access opening to the out-of-doors is closed.

2) The Standby Gas Treatment System is OPERABLE and can maintain
0.25 inches water negative pressure on the refuel zone.

3) All refuel zone ventilation system penetrations required to be closed
during accident conditions are either:

a. Capable of being closed by an OPERABLE refuel zone ventilation
system automatic isolation system, or

b. Closed by at least one refuel zone ventilation system automatic
isolation valve deactivated in the isolated position.

If it is desirable for operational considerations, the refuel zone may be
isolated from the reactor zones by maintaining all hatches in place between
the refuel floor and reactor zones and at least one closed door in each
access between the refuel zone and the reactor building.* Refuel zone
safety-related features are not compromised by openings between the
reactor building unless it is desired to isolate a given zone.

"To effectively control zone isolation, all accesses to the affected zone will be
locked or guarded to prevent uncontrolled passage to the unaffected zones.

54. Core Fuel to Water Total Power - The core fuel to water total power is the
sum (a) the instantaneous integral, over the entire fuel clad outer surface, of
the product of heat transfer area increment and position dependent heat flux
and (b) the instantaneous rate of energy deposition by neutron and gamma
reactions in all the water and core components except fuel rods in the
cylindrical volume defined by the active core height and the inner surface of
the core shroud.

55. Refueling Outage - Refueling outage is a period of time between the
shutdown of the unit prior to a refueling and the startup of the unit after that
refueling. For the purpose of designating frequency of testing and
surveillance, a refueling outage shall mean a regular scheduled refueling
outage; however, where such outages occur within eight months of the
completion of the previous refueling outage, th'e required surveillance testing
need not be performed until the next regularly scheduled outage.
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56. Core Alteration - A core alteration is the movement of any fuel, sources,
reactivity control components, or other components affecting reactivity within
the reactor vessel with the vessel head removed and fuel in the vessel.
Movement of source range monitors, intermediate range monitors, traversing
in-core probes, or special movable detectors (including undervessel
replacement) is not considered a core alteration. Suspension of core
alterations shall not preclude completion of movement of a component to a
safe location.

57. Risk - Risk is the product of the probability of an event and the adverse
consequences of the event.

58. Reliability - Reliability is the probability that an item will perform its specified
function without failure for a specified time period in a specified environment.

59. Unreliability - Unreliability is the probability that a component or system will
fail to perform its specified action for a specified time period in a specified
environment. (The sum of reliability and unreliability equals unity.)

60. Availability- Availability is the probability that a system will be operational at
any randomly selected instant.

61. Unavailability - Unavailability is the probability that component or system will
be inoperable at any randomly selected instant. (The sum of availability and
unavailability equals unity.)

62. Repair Rate - The repair rate is the number of repairs completed per unit
time.

63. Failure Rate - The failure rate is the number of failures per unit time.

64. Test Duration - The test duration is the elapsed time between test initiation
and test termination.

65. Test Interval - The test interval is the elapsed time between the initiation of
identical tests.

66. Active Component -A device characterized by an expected significant
change of state or discernible mechanical motion in response to an imposed
design basis load demand upon the system. Examples are: switch, relay,
valve not remaining in a stationary position, pressure switch, turbine,
transistor, motor, damper, pump, and analog meter.

1.2-14



BFN-16

67. Passive Component - A device characterized by an expected negligible
change of state or negligible mechanical motion in response to an imposed
design basis load demand upon the system. Examples are: cable, piping,
valve in stationary position, resistor, capacitor, fluid filter, indicator lamp,
cabinet, and case.

68. Operating Basis Earthquake - That earthquake which produces the vibratory
ground motion for which those features of the nuclear power plant necessary
for continued operation without undue risk to the health and safety of the
public are designed to remain functional.

69. Design Basis Earthquake - That earthquake which produces the vibratory
ground motion for which those features of the nuclear power plant necessary
to shut down the reactor and maintain the plant in a safe condition without
undue risk to the health and safety of the public are designed to remain
functional.

70. Functional Test - The manual operation or initiation of a system, subsystem
or component to verify that it functions within design tolerance. For example,
the manual start of a core spray pump to verify that it runs and that it pumps
the required volume of water.

71. Automatic Actuation Test - The automatic initiation of a system that normally
operates automatically in response to an accident or transient signal, by
simulation of one or more of its actuation signals. For example, the initiation
of a core spray system by simulating high drywell pressure or low water level
to verify that the system response is adequate.

72. Probable Maximum Flood - The Probable Maximum Flood (PMF) is the
hypothetical flood (peak discharge, volume, and hydrograph shape) that is
considered to be the most severe reasonable possible, based on
comprehensive hydrometerological application of probable maximum
precipitation, and other hydrologic factors favorable for maximum flood
runoff, such as sequential storms and snowmelt. The PMF design level at
the Browns Ferry site is 572.5 feet.

The term Maximum Possible Flood (MPF) has also been used in Browns
Ferry design documents, however the preferred term for all Browns Ferry
design is PMF. (See also Appendix 2.4.A, Maximum Possible Flood).
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1.4 CLASSIFICATION OF BWR SYSTEMS CRITERIA AND REQUIREMENTS
FOR SAFETY EVALUATION

1.4.1 Introduction

To fully evaluate the many aspects of the design and operation of the boiling water
reactor plant, it is necessary to classify the various systems, criteria, design bases,
and operating requirements in light of specified personnel (including the public)
hazard considerations. A system has been developed which allows classification of
any BWR aspect-criterion, system, design basis, or operating requirement-relative
to either personnel hazard or the plant mission (the generation of electrical power).

Table 1.4-1 illustrates the concept used in the classification process. The concept
applies to the total plant: design and operation. A major distinction is made
between those BWR aspects which are most pertinent to personnel hazard and
those which are most pertinent to the plant mission-the generation of electrical
power. Those aspects most pertinent to personnel hazard would appear under the
"safety consideration" side (left side) of the table, and the aspects most pertinent to
the plant mission would appear under the "power generation" side (right). All plant
components contribute in some measure to safety, but those classified under
"power generation" considerations are considerably less important to safety than
those items classified under "safety" considerations. Therefore, the right and left
sides of the table represent a major difference in importance to safety.

Down the left side of Table 1.4-1 are listed the various types of plant operation,
including events resulting in transients and accidents. An allowance is made for a
special event in the left column to enable the classification of criteria, systems, and
operational requirements not otherwise classifiable. The left-hand column is
actually a gross probability scale. Planned operation is certain, abnormal
operational transients are reasonably expected, and accidents are very improbable.
Any special events would have to be fitted into the probability scale as appropriate.
The left-hand column might ultimately develop into a quantified probability scale.

The rectangular spaces formed under the safety considerations heading and the
power generation heading represent potential classification categories for BWR
criteria, systems, and operational requirements. This classification concept, when
applied, allows an accurate distinction between the importances of the various
aspects of BWR design and operation.

1.4.2 Classification Basis

Tables 1.4-2A and 1.4-28 present the basis for classifying various BWR items. The
format of the tables is similar to that used in Table 1.4-1, which presented the
classification concept. A list of unacceptable results is given within each

1.4-1
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classification category. The unacceptable results represent a set of master criteria,
from which the design and operation of the BWR can be consistently evaluated.

The only unacceptable results listed for the power generation consideration (Table
1.4-28) are those that are more restrictive than those for the safety consideration
(Table 1.4-2A).

In the various columns inside each classification category, generic labels are
assigned to the specific elements which appear or would appear, if listed, in the
column. A generic label is given only to facilitate discussion and identification of a
group of elements united by their common classification. Beneath the generic
names are listed some of the more illustrative BWR items which can be classified in
the different columns. Some of the listed items are the limits and restrictions found
in the proposed technical specifications. Technical specifications are limited to
those concerns that are only on Table 1.4-2A.

Classification analyses have been performed to establish the essentiality of the
various BWR systems to the avoidance or prevention of the listed unacceptable
results. Such analyses consider any applicable criteria requiring redundancy or
specified levels of functional reliability in the avoidance of unacceptable results.
Once a system is classified, it is evaluated with reference to the criteria applicable
to the group in which it performs an essential action. A classification analysis is not
the same as a plant safety analysis. A classification analysis takes no credit
whatever for the system under study; whereas, a plant safety analysis represents
the true response of the whole plant to an event under specified analytical
assumptions.

1.4.3 Use of the Classification Plan

Because Tables 1.4-2A and B permits the classification of any BWR criterion,
system, or operational requirement into one or more of the classification categories,
the plan facilitates a plantwide safety overview. The plan explains the reasons for
the differences in the designs of apparently similar systems by relating the actions
of the systems to specified unacceptable results. With the design complete, the
classification plan is used to establish operational requirements and procedures
whose differences are consistent with the different importances of unacceptable
results.

It should be noted that a system may be classified in several categories. This
occurs because classification is the result of a functional analysis of the plant.
When classified in more than one category, a system must satisfy all of the
requirements for each category with regard to its contributions to the various safety
actions within each of the categories.-

1.4-2
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TABLE 1.4-1

BWR SAFETY ENGINEERING CONCEPT FOR CLASSIFICATIONOF BWR SYSTEMS,
CRITERIA AND REQUIREMENTS FOR SAFETY EVALUATION

ACTUALPLANT DESIGN AND OPERATION

Type of Operation
or Event

Safe Considerations Power Generation Considerations

1. Planned Operation

2. Abnormal Operational
Transients

In this category are classified the unacceptable safety results,
criteria, plant actions, systems, and operational requirements
pertinent to safety during planned operation. This space
represents the aspects of the BWR which must be considered
to assure that the BWR operator can operate the plant within
specified safety limitations. Certain process indicators, process
variable limits and limits on the release of radioactive material
would be classified here.

In this category are classified the unacceptable safety results,
criteria, plant actions, systems and operational requirements
pertinent to safety in regard to abnormal operational transients.
Certain protection systems, safety limits, and limiting safety
system settings would be classified here.

In this category are classified the unacceptable results for
power generation, criteria, plant actions, systems and
operational requirements pertinent to the production of
electrical power during planned operation. Process
systems and normal operational procedures would be
classified here.

In this category are classified the unacceptable results for
power generation, criteria, plant actions, systems and
operational requirements pertinent to the ability to produce
electrical power as that ability is affected by abnormal
operational transients. Certain systems not used for
planned operation would be classified here.

3. Accidents In this category are classified the unacceptable safety results,
criteria, plant actions, systems and operational requirements
pertinent to safety in regard to accidents. Engineered
safeguards would be classified here.

In this category are classified the unacceptable results for
power generation, criteria, plant actions, systems and
operational requirements pertinent to the ability to produce
electrical power as that ability is affected by accidents.
Design considerations and post-accident procedures
provided to enable the plant to be used for power
generation after an accident would be classified here.

4. Special Event In this category are classified the unacceptable safety results,
criteria, plant actions, systems and operational requirements
pertinent to safety in regard to the stated special event. Safety
systems provided especially for the special event would be
classified here.

In this category are classified the unacceptable results for
power generation, criteria, plant actions, systems and
operational requirements pertinent to the ability to produce
electrical power as that ability is affected by the stated
special event. Systems and procedures provided to
enable the plant to be returned to power operation
following the special event would be classified here.
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Table 1A-2A

(Shee(1)

BROWNS FERRY NUCLEAR PLANT
CLASSIFICATIONOF BWR SYSTEMS, CRITERIA,

AND REQUIREMENTS FOR SAFETY EVALUATION

ACTUALPLANT DESIGN AND OPERATION
SAF CO SI 0 S

Type of Operation
or event

1. Phnned
Operation

U acce table Safe esults

1-1 The release of
radioactive material
to the environs to such
an extent that the
limits of 10CFR20
are exceeded.

1-2 Fuel failure to such an
extent that were the
freed fission products
to the environs via the
normal discharge paths
for radioactive material.
The limits of 10CFR20
would be exceeded.

14 Nuclear System stress
ln excess of that
allowed for planned
operation by applicable
industry codes.

1A The exislence of a phnt
condition not considered
by plant safety analysis.

Types ofApphcable
CCC

Nuclear Safety Design
Criterh-Type S-1

Nuclear Safety
Operational Crllerla
Type S-1

Process Safety
Design Criterh

Process Safety
Operathnal Criteri

Various Industry
Codes

Radwaste Criteria

Loading Criterh
(Normal Conditions)

Types of Actions Required
to Avoid Unacceptable

esults

Safety Action-
Type S-1

Process Safety Action
(ACategory of Safety
Action)

Indication of Process
Variables

Rod Worlh Monitoring

Rod Pat!em Control

Control of Process
Variables

Control Rod Control
Refueling Block

Control Rod Control

Refueling Block

Core Shutdcvm Control

Radwaste

Isolation

Types ofgems Required
Ca 0 ion

Safety Systems-
Type S-1

Process Safety Systems
(A Category of Safety
Systems)

Indicators

Rod Worth Minimizer
Program of Process Computer

Radwaste Systems

Process Radhtion Monitors

Control Rod Orive System

Reactor Manual
Control System

Refueling Interiocks

Reactor Protection System
(Manual Scram)

Condensate Storage System

Neutron Monitoring System

Types of Requirements to
be Observed in Operation

of Plant to Avoid
Unacce table esults

Operational Nuclear Safety
Requirements-Type S-1

Operational Nuclear Safety
Umits-Type S-1

Technical Specifications-
Type S-1

Process Safety Limits

LimitingConditions for
for Operation for Indicators

Radioactive Materhl
Release Umits

Rod Pat!em Limits

LimitingConditions for
Operation for Radwaste
~tems

Nuclear System Leakage
Umits
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Table 1.42A (Sheet 2)
BROWNS FERRY NUCLEAR PLANT

CLASSIFICATIONOF BWR SYSTEMS, CRITERIA,
AND REQUIREMENTS FOR SAFETY EVALUATION

ACTUALPLANT DESIGN AND OPERATION
SF COS R IOS

Type of Operation
~er Even

2. Abnormal
Operational
Transients

acce abl Safe esu s

2.1 The release of radioactive
material to the environs
to such an extent that
the limits of 10CFR20
are exceeded.

2.2 Fuel failure to such an
extent that were the freed
fission products released
to the environs via the
normal discharge paths for
radioactive material, the
limits of 10CFR20 would be
exceeded.

Types of Applicable
Criteria

Nuclear Safety Design
Criteria-Type S-2

Nuclear Safety
Operational Criteria-
Type S-2

Various Industry Codes

IEEE-279

AvailabilityGoals

Loading Criteria
(Upset Conditions)

Types of Actions Required
to Avoid Unacceptable

esu s

Safety Action-Type S-2

Scram

Pressure Relief

Core Cooling

Types of Systems Required
to Ca 0 cio

Safety Systems-Type S-2

Protection System (Generic
Term)

Nuclear Safety Systems
(A Category of Protection
Systems)

Reactor Protection System
(Scram)

Control Rod Drive System
(Scram)

Neutron Monitoring System
(IRM, APRM)

Pressure Relief System

Types of Requirements to
be Observed in Operation

of Plant to Avoid
Unacc able Results

Operational Nuclear
Safety Requirements-
Type S-2

Operational Nuclear Safety
Umits-Type S-2

Technical Specifications-
Type S-2

Safety Limits

Limiting Safety System
Settings

2.3 Nuclear system stress in
excess of that allowed for Single Failure
transients by applicable Criterion
industry codes.

Testability Criteria

Reactor Vessel Isolation
Control System

High Pressure Coolant
Injection System

D-C Power System

Standby A-C Power

Liming Conditions for
Operation for Protection
Systems

Surveillance Requirements
for Protection Systems
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Table 1A-2A (Sheet 3)
BROWNS FERRY NUCLEAR PLANT

CLASSIFICATIONOF BWR SYSTEMS, CRITERIA,
AND REQUIREMENTS FOR SAFETY EVALUATION

ACTUALPLANT DESIGN AND OPERATION
SA CO E A IO S

Type of Operation
or vent

3. Accidents

U cce table Safe esul

3-1 Radioactive
material release
to such an extent
that the guideline
values of 10CFR100
would be exceeded.

3-2 Fuel clad melting

34 Nuclear system
pressure in excess
of that a!!owed for
accidents by applicable
industry codes.

Containment stresses
sufficient to produce
containment failure
when containment is
required.

Overexposure to
radiauon of operating
personnel in the
control room.

Types of Applicable
C'e'a

Nuclear Safety Design
Criteria-Type S4

Nuclear Safety
Operational Criteria
Type S4

Various Industry Codes

IEEE-279

AvailabilityGoals

Loading Criteria
(Emergency and
Faulted Conditions)

Single Failure Criteria

Testability Criteria

Types of Actions Required
to Avoid Unacceptable

Safety Action-Type S-3

Scram

Core Cooling

Containment

Containment Cooling

Stop Control Rod
Ejection

Umit Reactivity
Insertion Rate

Pressure Relief

Reactor Vessel
Isolation

Primary Containment
Isolation

Types of Systems Required
to Ca Out Aetio

Safety Systems-Type SN

Protection Systems (Generic
Term)

Engineered Safeguards

Reactor Protection System
Control Rod Drive System
Neutron Monitoring System
Pressure Relief System (Main
Steam Relief Valves)
Reactor Vessel Isolation
Control System

Primary Containment Isolation
Control System

Primary Containment
Secondary Containment
Main Steam Line Isolation
Valves
Main Steam Une Flow Restrictor
High Pressure Coolant Injection
System

Automatic Depressurizatton
System
Low Pressure Coolant Injection
Core Spray System
RHRS (Containment Cooling)
Control Rod Velocity Limiter

Types of Requirements to
be Observed in Operation

of Plant to Avoid
Unacce table esuits

Operational Nuclear Safety
Requirement-Type S4

Operational Nuclear Safety
Umits-Type SQ

Technical Specifications-
Type S-3

Umiting Safety System
Settings

Umiting Conditions for
Operation for Protection
Systems

Surveillance Requirements
for Nuclear System
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Table t.4-2A (Sheet 4)
BROWNS FERRY NUCLEAR PlANT

CLASSIFICATIONOF BWR SYSTEMS, CRITERIA,
AND REQUIREMENTS FOR SAFETY EVALUATION

ACTUALPlANT DESIGN AND OPERATION
SAFE CO S D ATIONS

Type of Operation
or ven

3. Accidents
(Cont.)

Unacce table Sa e esults

3.5 Overexposure
to radiation
of operating
personnel in
the control
room.

Types of Applicable
C 'eria

Testability Criteria

Types of Actions Required
to Avoid Unacceptable

esu s

Secondary Containment
Isohtion

Treatment of Fission
Products

Restriction of Coolant
Loss Rate

Control Room Isolation

Types of Systems Required
to Ca Out Action

Control Rod Drive Housing
Supports
Standby Gas Treatment System
Standby A-C Power System
D-C Power System
Main Steam Line Radiation

Monitoring System
Reactor Building Ventilator
Radiation Monitoring System
RHR Service Water System

Types of Requirements to
be Observed in Operation

of Plant to Avoid
Unacce table esuits

Surveillance requirements
for nuclear systems
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Table 1.42A (Sheet 5)
BROWNS FERRY NUCLEAR PLANT

CLASSIFICATIONOF BWR SYSTEMS, CRITERIA,
AND REQUIREMENTS FOR SAFETY EVALUATION

ACTUALPLANT DESIGN AND OPERATION
SA CO S R 0

Type of Operation
or vent

4. Special Event
Loss of
Habitability
of the Control
Room

Unacce table Safe Results

4-1 The inability to
bring the reactor
to the shutdovm
condmon by manip-
ulation of the local
controls and
equipment which
are available out-
side the control
room.

4-2 The inability to
bring the reactor
to the cold shut-
down condition from
outside the control
room.

Types of Applicable
rl

Nuclear Safety Design
Criteria-Type SC

Nuclear Safety
Operational Criterla-
Type S4

Special Safety Design
Criteria

Special Safety
Operational Criteria

Types of Actions Required
to Avoid Unacceptable

ul

Safety Action Type S-4

Special Safety Action

Shutdovm From Outside
Control Room

Cooldown from Outside
Control Room

Types of Systems Required
o Ca 0 Action

Safety Systems-Type SQ

Special Safety Systems

Local Controls Outside
Control Room

Local Indicators Outside
Control Room

Condensate Storage System

Reactor Core Isolation
Cooling System

Pressure Relief System

Reactor Protection System

Control Rod Drive System

RHR (containment Coobng)

Types of Requirements to
be Observed in Operation

of Plant to Avoid
Unacce tab'ie esults

Operational Nuclear Safety
Requirements-Type S4

Operational Nuclear Safety
Limits-Type SC

Technical Specifications-
Type SR

Limiting Conditions for
Operation for Special Safety
Systems

Surveillance Requirements for
Special Safety Systems
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Table 1A-2A (Sheet 6)
BROWNS FERRY NUCLEAR PLANT

CLASSIFICATIONOF BWR SYSTEMS, CRITERIA,
AND REQUIREMENTS FOR SAFETY EVALUATION

ACTUALPLANT DESIGN AND OPERATION
SA CO SI IO S

Type of Operation
or e

5. Special Event-
Inabilityto
Shut Dovm
Reactor With
Control Rods

U a able afe

5-1 The inability to
shut dovm the
reactor independent
of control rods

Nuclear Safety Design
Criteria-Type S4

Safety Action-Type S4

Special Safety Action

Types of Actions Required
Types of Applicable to Avoid Unacceptable

ul s Criteria esu
Types of Systems Required

o Ca 0 etio

Safety Systems-Type S4

Special Safety Systems

Types of Requirements to
be Observed in Operation

of Plant to Avoid
Una e table esu s

Operational Nuclear Safety
Requirements-Type S-S

Operational Nuclear Safety
Umits-Type S-S

5-2 The inabilityto
maintain the
reactor in the
shutdown condition
independent of
control rods

Nuclear Safety
Operational Criteria
Type S4

Special Safety Design
Criteria

Spechl Safety
Operational Criteria

Shutdown Without Control
Rods

Maintain Shutdown During
Reactor Cooldown

Standby Uquid Control
System

Technical Specifications-
Type S-5

Umiting Conditions for
Operation for Special Safety
Systems

Sunreillance Requirements for
Special Safety Systems
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Table 1A-2B (Sheet 1)
BROWNS FERRY NUCLEAR PLANT

CLASSIFICATIONOF BWR SYSTEMS, CRITERIA,
AND REQUIREMENTS FOR SAFETY EVALUATION

ACTUALPLANT DESIGN AND OPERATION
OW G 0 CO S ATONS

Type of Operation
o en

Unacceptable Results for
Power Generation (Where

More Restrictive Than
Unacceptable Safety

esuits
Types ofApplicable

C 'ria

Types of Actions
Required to Avoid

Unacceptable Results
(Where Not Required

sa a e etio

Types of Systems
Required to Avoid

Unacceptable Results
(Where Not Required

Types of Requirements
to be Observed in
Operation of Plant

to Avoid Unacceptable
Results

1. Phnned Operation 1-1 Inabilityto generate
electrical power

1-2 Fuel Failure

14 Inability to Perform
Routine Maintenance
with Plant at Power

1A Inability to Optimize
Fuel Performance

14 Inabilityto Respond
to Changes In Power
Demand

1% Inability to Shut Down
Reactor with Control
Rods in the Normal
Manner

Power Generator Design
Criteria-Typo PG-1

Power Generator
Operational Criterh
Type PG-1

Process Design Criteria

Process Operational
Criteria

Power Generation Action-
Type PG-1

Process Action
(A Category of Power
Generation Action)

Indications of Process
Variables

Process Operations

Fuel Performance
Calculations

Power Level Conbol

Consideration of Exhaust
Steam

Power Generator Systems-
Type PG-1

Process Systems
(A Category of Power
Generator Systems)

Indicators

Process Computer System

Recirculation Flow Control
System

Reactor Manual Control
System

Control Rod Drive System

Feedwater System

Turbin~enerator

Main Condenser

Operational Power Generator
Requirements-Type PG-1

Operational Power Generator
Limits-Type PG-1

Normal Operating Procedures

Maintenance Procedures

Calibration Procedures

Refueling Procedures
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Table 1A-2B (Sheet 2)
BROWNS FERRY NUCLEAR PLANT

CLASSIFICATIONOF BWR SYSTEMS, CRITERIA,
AND REQUIREMENTS FOR SAFETY EVALUATION

ACTUALPLANT DESIGN AND OPERATION
OW G N I CO SI RATIONS.

Type of Operation
or ven

Unacceptable Results for
Power Generation (Where

More Restrictive Than
Unacceptable Safety

esu s
Types of Applicable

C 'a

Types of Actions
Required to Avoid

Unacceptable Results
(Where Not Required

Types of Systems
Required to Avoid

Unacceptable Results
(Where Not Required

as a Safe c ion

Types of Requirements
to be Observed in
Operation of Plant

to Avoid Unacceptable
esults

2. Abnormal
Operational
Transients

2-1 Fuel Failure

2-2 The Ufting of Main Steam
Relief Valves

2-3 Conditions Requiring the
Opening of the Reactor
Vessel for Inspection or
Repair

2-4 Inability to Return to
» Power Operation

2W Inadvertent Criticality
During Refueling

Power Generation Design
Criteria-Type PG-2

Power Generation
Operational Criteria
Type PG-2

Power Generation Action
Type PG-2

Rod Block

Pressure Relief

Refueling Block

Power Generation Systems
Type PG-2

Reactor Manual Control
System (Rod Block)

Pressure Relief System

Refueling Interlocks

Operational Power Generation
Requirements-Type PG-2

Operational Power Generation
Limits-Type PG-2

Normal 0perating Procedures

Post Transient Recovery
Procedures

Refueling Restrictions
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Table 1A-2B (Sheet 3)
BROWNS FERRY NUCLEAR PLANT

CLASSIFICATIONOF BWR SYSTEMS, CRITERIA,
AND REQUIREMENTS FOR SAFETY EVALUATION

ACTUALPLANT DESIGN AND OPERATION
OW RG N RATONCO SD 0 S

Type of Operation
or en

Unacceptable Results for
Power Generation

(Where More Restrictive
Than Unacceptable

Safe esul s
Types of Applicable

C 'eria

Types of Actions
Required to Avoid

Unacceptable Results
(Where Not Required
as a Safe c ion

Types of Systems
Required to Avoid

Unacceptable Results
(Where Not Required

as a Sa e ction

Types of Requirements
to be Observed in Operation

of Plant to Avoid
Unacce table Results

3. Accidents

4. Spechl Event
Loss of
Habitability
of the Control
Room

3-1 Inabilityto Return
to Power Operation

41 Inabilityto Return
to Power Operation

Power Generation Design
Criteria-Type PG4

Power Generation
Operational Criteria
Type P~

Power Generation Design
Criterh-Type P &4

Power Generation
Operational Criteria
Type PGP

Power Generation Action
Type PG4

Power Generation Actlon-
Type PGQ

Power Generation Systems
Type PG-3

Power Generation Systems-
Type PGQ

Operational Power Generation
Requirements-Type PG-3

Operational Power Generation
Limits-Type PG-3

Post Accident Recovery
Procedures

Operational Power Generation
Requirements-Type PG4

Operational Power Generation
Limits-Type PG-4

Post Event Recovery
Procedures

5. Special Event 5-1 Inability to Return
Inabilityto to Power Operation
Shut Down Reactor
With Control Rods

Power Generation Design
Criteria-Type PG-5

Power Generation
Operational Criteria
Type PG4

Power Generation Action
Type PG-5

Power Generation Systems-
Type PG4

Operational Power Generation
Requirements-Type PG4

Operational Power Generation
Limits-Type PG-5

Post Event Recovery
Procedures
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time to prevent radiological effects from exceeding the guideline values of
applicable regulations.

18. Core Standby Cooling Systems shall be provided to prevent excessive fuel
clad temperatures as a result of a loss-of-coolant accident.

19. The Core Standby Cooling Systems shall provide for continuity of core cooling
over the complete range of postulated break sizes in the nuclear system
process barrier.

20. The Core Standby Cooling Systems shall be diverse, reliable and redundant.

21. Operation of the Core Standby Cooling Systems shall be initiated
automatically when required, regardless of the availability of offsite power
supplies and the normal generating system of the plant.

22. Standby electrical power sources shall have sufficient capacity to power all
engineered safeguards requiring electrical power.

23. The control room shall be shielded against radiation so that occupancy under
accident conditions is possible.

1.5.1.7 Nuclear Safet Desi n Criteria T e S-4 S ecial Event

In the event that the control room becomes inaccessible, it shall be possible to bring
the reactor from power range operation to a cold shutdown condition by
manipulation of the local controls and equipment which are available outside the
control room.

1.5.1.8 Nuclear Safet Desi n Criteria T e S-5 S ecial Event

Backup reactor shutdown capability shall be provided independent of normal
reactivity control provisions. This backup system shall have the capability to shut
down the reactor from any normal operating condition, and subsequently to
maintain the shutdown condition.

1.5.2 Princi al Desi n Criteria S stem-B -S stem

The principal architectural and engineering criteria for design are summarized below
on a system-by-system or system group basis. The system-by-system presentation
facilitates the understanding of the actual design of any one system, but significant
distinctions in the importance to safety of different criteria pertaining to a system
cannot be made clear, as they are in the classification-by-classification presentation.

1.5-7
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To make consistent judgments regarding plant safety, the classification-by-
classification approach to criteria must be used.

In the system-by-system presentation of criteria, only the most restrictive of any
related criteria are stated for a system. Where the most restrictive criterion is one
which is classified as a power generation consideration in Table 1.4-2, less
restrictive, but more important, safety criteria may be hidden (not stated) in the
system-by-system presentation.

1.5.2.1 General Criteria

1. The plant shall be designed so that it can be fabricated, erected, and operated
to produce electric power in a safe and reliable manner. The plant design
shall be in accordance with applicable codes and regulations.

2. The plant shall be designed in such a way that the release of radioactive
materials to the environment is limited, so that the limits and guideline values
of applicable regulations pertaining to the release of radioactive materials are
not exceeded.

1.5.2.2 Nuclear S stem Criteria

1. The nuclear system shall employ a General Electric boiling water reactor to
produce steam for direct use in a turbine-generator.

2. The fuel cladding shall be designed to retain integrity as a radioactive material
barrier for the design power range and for any abnormal operational transient.

3. Those portions of the nuclear system which form part of the nuclear system
process barrier shall be designed to retain integrity as a radioactive material
barrier following abnormal operational transients and accidents. For
accidents in which one breach in the nuclear system process barrier is
postulated, such breach shall not cause additional breaches in the nuclear
system process barrier.

4. The fuel cladding shall be designed to accommodate, without loss of integrity,
the pressures generated by the fission gases released from the fuel material
throughout the design life of the fuel.

5. Heat removal systems shall be provided in sufficient capacity and operational
adequacy to remove heat generated in the reactor core for the full range of
normal operational conditions from plant shutdown to design power, and for
any abnormal operational transient. The capacity of such systems shall be
adequate to prevent fuel clad damage.

1.5-8
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1.5.2.6.2 Containment and Isolation Criteria

A primary containment shall be provided that completely encloses the reactor
vessel.

The primary containment shall be designed to retain integrity as a radioactive
material barrier during and following accidents that release radioactive
material into the primary containment volume.

It shall be possible to test primary containment integrity and leak tightness at
periodic intervals.

4. A secondary containment shall be provided that completely encloses both the
primary containment and fuel storage areas.

The secondary containment shall be designed to act as a radioactive material
barrier under the same conditions that require the primary containment to act
as a radioactive material barrier.

The secondary containment shall be designed to act as a radioactive material
barrier, if required, whenever the primary containment is open for expected
operational purposes.

The primary and secondary containments, in conjunction with other
engineered safeguards, shall act to prevent the radiological effects of
accidents resulting in the release of radioactive material to the containment
volumes from exceeding the guideline values of applicable regulations.

Provisions shall be made for the removal of energy from within the primary
containment as necessary to maintain the integrity of the containment system
following accidents that release energy to the primary containment.

Piping that penetrates the primary containment structure, and could serve as a
path for the uncontrolled release of radioactive material to the environs, shall
be automatically isolated whenever such uncontrolled radioactive material
release is threatened. Such isolation shall be effected in time to prevent
radiological effects from exceeding the guideline values of applicable
regulations.

1.5.2.6.3 Core Standb Coolin Criteria

I'oreStandby Cooling Systems shall be provided to prevent excessive fuel
clad temperatures as a result of a loss-of-coolant accident.

1.5-11
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2. The Core Standby Cooling Systems shall provide for continuity of core cooling
over the complete range of postulated break sizes in the nuclear system
process barrier.

3. The Core Standby Cooling Systems shall be diverse, reliable, and redundant.

4. Operation of the Core Standby Cooling systems shall be initiated
automatically when required, regardless of the availability of offsite power
supplies and the normal generating system of the plant.

1.5.2.6A Standb Power Criteria

1. Standby electrical power sources shall be provided to allow prompt reactor
shutdown and removal of decay heat under circumstances where normal
auxiliary power is not available.

2. Standby electrical power sources shall have sufficient capacity to power all
engineered safeguards requiring electrical power.

1.5.2.7 Reactivit Control Criteria

1. Backup reactor shutdown capability shall be provided independent of normal
reactivity control provisions. This backup system shall have the capability to
shut down the reactor from any operating condition, and subsequently to
maintain the shutdown condition.

2. In the event that the control room is inaccessible, it shall be possible to bring
the reactor from power range operation to a cold shutdown condition by
manipulation of the local controls and equipment which are available outside
the control room.

1.5.2.8 Process Control S stems Criteria

1.5.2.8.1 Nuclear S stem Process Control Criteria

It shall be possible to manually control the reactor power level.

2. Control of the nuclear system shall be possible from a single location.

3. Nuclear system process controls shall be arranged to allow the operator to
rapidly assess the condition of the nuclear system and to locate process
system malfunctions.

1.5-12
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1.6 PLANT DESCRIPTION

1.6.1 General

1.6.1.1 Site and Environs

1.6.1.1.1 Location and Size of Site

The site contains approximately 840 acres and is located on the north shore of
Wheeler Lake at Tennessee River Mile 294 in Limestone County, Alabama. It is

approximately 30 miles west of Huntsville, Alabama.

1,6,1 1,2 ~SQ

The plant is located on property owned by the United States and in the custody of
TVA.

1.6.1.1.3 Activities at the Site

Activities at the site are those performed by TVA in operating the three-unit nuclear
plant to produce electric power.

1.6.1.1.4 Access to the Site See Fi ure 2.2-4

The three-unit plant, including the intake and discharge canals, is enclosed by a

security fence. Primary access to the plant area is by way of an access road
through a security gate.

1.6.1.1.5 Descri tion of the Environs See Table 2.2-6

The Browns Ferry site is located in an area where the land is used primarily for
agriculture. Population densities are low, with a projected population of 33,340
within ten miles for the year 2020. There are no population centers of significance
within ten miles of the plant. The low population zone is determined to be seven
miles.

1.6.1.1.6 ~Geolo

The site is underlain by massive formations of nearly horizontal bedrock.
Historically, this region has been one of little structural deformation, and major folds
and faults are entirely absent.

1.6-1
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There is no known seismic activity originating in or near the site area. The major
seismic activity experienced at the site has been caused by distant major
earthquakes.

1.6.1.1.8 ~HdroiocO

Groundwater movement in the area is from the plant site to the Tennessee River. A
thick mantle of residuum in the site area retards the movement of shallow
groundwater.

1.6.1.169 Re ional and Site Meteorolo

The meteorology of the Browns Ferry site provides generally favorable atmospheric
conditions for dispersion of plant emissions. The immediate terrain is flat and
slightly undulating, with scattered 400- to 600-foot foothills. Thus, local entrapment
or accumulation of emissions should not occur.

1.6.1.1.10 Desi n Bases De endent U on the Site and Environs

a. Offgas Systems

The plant offgas systems are designed to maintain gaseous waste releases to
the environment, during normal operation, at levels which assure that
concentrations at the site boundary will be within the limits of 10 CFR 20. The
effects of releases at or beyond the site boundary resulting from the design
basis accidents will be within the reference values of 10 CFR 100.

b. Liquid Waste Effluents

The plant Liquid Radwaste System is designed to maintain liquid waste
releases to the environment at levels which comply with the plant's National
Pollutant Discharge Elimination System (NPDES) permit limitations and
assure that concentrations at the site boundary will be within the limits of
10 CFR 20.

c. Wind Loading Design

A structural design capable of withstanding loadings resulting from a 100-mph
sustained wind is considered appropriate. All Class I structures and
equipment are designed to maintain their integrity when subjected to loading
resulting from a 300-mph tornado.

1.6-2



d. Seismic Design

The design of all Class I structures is based on a ground motion due to an
acceleration of 0.10g (Operating Basis Earthquake). In addition, the design is
such that the plant can be safely shut down during a ground acceleration of
0.20g (Design Basis Earthquake).

e. Flooding

Plant grade is established at 565 feet above mean sea level. The probable
maximum flood at Browns Ferry would reach El. 572.5, plus wind wave runup
produced by a coincidental 45 MPH sustained wind speed.

f. Loss of Normal Heat Sinks (Downstream Dam Failure)

IfWheeler Dam downstream from the plant site were to fail, a pool of water
approximately 1,000 feet wide and 7 miles long, containing a volume of about
69.6 x 10'ubic feet of water, would be available at the plant intake. Pumps
necessary to supply shutdown cooling water to the three units are designed to
take suction from this pool.

g. Environmental Radiation Monitoring System

The availability of past wind direction and persistence data and river flow
records, along with knowing the location of population centers, has aided in
the selection of monitoring locations and frequency of sampling.

1.6.1.2 Facilit Arran ement

The facility arrangement is shown in Figures 2.2-4 and 12.2-1. Plan and elevation
views of the major buildings are shown in Figures 1.6-1 through 1.6-27.

Each nuclear system includes a single-cycle, forced-circulation, General Electric
boiling water reactor producing steam for direct use in a steam turbine. A typical
heat balance showing the major parameters of the nuclear system for the rated
power condition is shown in Figure 1.6-28.

1.6.1.3.1 Reactor Core and Control Rods

The fuel for the reactor core consists of uranium dioxide pellets made from slightly
enriched uranium. These pellets are contained in sealed Zircaloy-2 tubes. These

1.6-3
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fuel rods are assembled into individual fuel bundles. The detailed description of
fuel in the reactor core is given in Section 3.2 of the FSAR.

The description of the core for each unit is given in the current reload licensing
document for that unit as described in FSAR Appendix N.

1.6.1.3.2 Reactor Vessel and Internals

The reactor vessel contains the core and supporting structure, the steam separators
and dryers, the jet pumps, the control rod guide tubes, distribution lines for the
feedwater, core spray, and standby liquid control, the incore instrumentation, and
other components. The main connections to the vessel include the steam lines, the
coolant recirculation lines, feedwater lines, control rod drive housings, and core
standby cooling lines.

Each reactor vessel is designed and fabricated in accordance with applicable codes
for a pressure of 1250 psig. The nominal operating pressure is 1020 psia in the
steam space above the separators. The vessel is fabricated of carbon steel and is
clad internally (except for the top head) with weld overlay.

The reactor core is cooled by demineralized water which enters the lower portion of
the core and boils as it flows upward around the fuel rods. The steam leaving the
core is dried by steam separators and dryers, located in the upper portion of the
reactor vessel. The steam is then directed to the turbine through the main steam
lines. Each steam line is provided with two isolation valves in series-one on each
side of the primary containment barrier.

1.6.1.3.3 Reactor Recirculation S stem

The Reactor Recirculation System pumps reactor coolant through the core to
remove the energy generated in the fuel. This is accomplished by two recirculation
loops external to the reactor vessel but inside the primary containment. Each loop
has one motor-driven recirculation pump. Recirculation pump speed can be varied
to allow control of reactor power level through the effects of coolant flow rate on
moderator void content. For Units 1 and 2 only, the two recirculation loops have a
cross-connect line with one normally closed valve and one normally open valve to
prevent pressure buildup between the valves.

1.6.1.3.4 Residual Heat Removal S stem

The Residual Heat Removal System (RHRS) is a system of pumps, heat
exchangers, and piping that fulfillsthe following functions.

a. Removal of decay heat during and after plant shutdown.

1.6-4



C.

Injection of water into the reactor vessel following a loss-of-coolant accident
rapidly enough to reflood the core and prevent excessive fuel clad
temperatures independent of other core cooling systems. This is discussed in
paragraph 1.6.2 (Nuclear Safety Systems and Engineered Safeguards).

Removal of heat from the primary containment following a loss-of-coolant
accident to limit the increase in primary containment pressure. This is
accomplished by cooling and recirculating the water inside the primary
containment. The redundancy of the equipment provided for containment
cooling is further extended by a separate part of the RHRS which sprays
cooling water into the drywell and suppression pool.

d. Provide standby cooling.

e. Provide assistance for fuel pool cooling when required.

1.6.1.3.5 Reactor Water Cleanu S stem

A Reactor Water Cleanup System, which includes a demineralizer arrangement, is
provided to clean up the reactor cooling water, to reduce the amounts of activated
corrosion products in the water, and to remove reactor coolant from the nuclear
system under controlled conditions.

1.6.1.3.6 Reactor Core Isolation Coolin S stem

The Reactor Core Isolation Cooling System (RCICS) provides makeup water to the
reactor vessel whenever the vessel is isolated. The RCICS uses a steam-driven,
turbine-pump unit and operates automatically to maintain adequate reactor vessel
water level.

1.6.1.4 Power Conversion S stems

The Power Conversion Systems use the steam produced in the reactor vessel to
produce electrical power. Figure 1.6-29, Sheet 1 and Sheet 2 shows the turbine
generator heat balance for rated power conditions. Figure 1.6-30 is a flow diagram
for general plant systems.

1.6.1.4.1 Turbine Generator

Each turbine is an 1800-rpm, tandem-compound, six-flow, nonreheat unit nominally
rated at 1,098 Mw. It has a double-flow, high-pressure cylinder and three
double-flow, low-pressure cylinders. The unit is designed for initial steam
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conditions of 965 psia at a maximum moisture content of 0.28 percent and a
backpressure of 2.0 inches of mercury absolute.

1.6.1.4.2 Turbine B ass S stem

The Turbine Bypass System is provided to pass steam directly to the main
condenser under the control of the pressure regulator. Steam is bypassed to the
condenser whenever the reactor steaming rate exceeds the load permitted to pass
to the turbine generator (such as during generator synchronization or following
sudden load changes). The bypass system is capable of accepting up to
approximately 25 percent of the wide open steam flow of the turbine valves.

1.6.1.4.3 Main Condenser

Three deaerating, single-pass, single-pressure, radial-flow-type surface condensers
provide the primary heat sinks for each turbine-generator. Each condenser is
located beneath one of the low-pressure turbines with the tubes oriented transverse
to the turbine-generator axis. Baffling in the hotwell is arranged to ensure
two-minute retention time for the condensate.

1.6.1.4.4 Main Condenser Gas Removal and Turbine Sealin S stems

Two 100-percent capacity steam jet air ejectors are provided for each unit to
remove air and noncondensables from the main condensers during normal
operation. A mechanical vacuum pump is provided for startup operation.

The Turbine Sealing System is provided to prevent steam leakage and air inleakage
at the turbine seals.

1.6.1.4.5 Condenser Circulatin Water S stem

Four mechanical-draft cooling towers are provided to dissipate waste heat to the
atmosphere. Water is pumped through the main condenser to an open channel
going to the towers of the circulating water pumps for each unit. Water is pumped
to each cooling tower by liftpumps. The system is designed for open and helper
modes of operation.

In the open mode, water is drawn into the circulating water pumping station forebay
from Wheeler reservoir, pumped through the main condenser, and discharged back
into the reservoir through a diffuser discharge system consisting of perforated
metal pipes which extend across the reservoir channel to diffuse the warmer water
from the plant. In the helper mode, the water is pumped from the reservoir, through
the plant, and into an open channel going to the cooling towers where it is pumped
through the towers and is returned to the reservoir through the diffusers.
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1.6.1.4.6 Condensate Filter/Demineralizer S stem

This full-flowsystem removes dissolved and suspended solids from the condensate,
providing high-quality water for the nuclear system. It consists of
filter/demineralizer vessels containing filter elements which are coated with a
mixture of powdered cation and anion exchange resins. These resins perform both
the filtration and deionization functions.

1.6.1.4.7 Condensate and Reactor Feedwater S stems

The Condensate and Reactor Feedwater Systems take suction from the main
condensers and deliver demineralized water to the reactor vessel at an elevated
temperature and pressure. Three vertical, centrifugal, motor-driven condensate
pumps; three horizontal, centrifugal, motor-driven condensate booster pumps; and
three horizontal, centrifugal, single-stage reactor feedwater pumps with
variable-speed steam turbines are provided for these systems. Feedwater is
controlled by varying the speed of the reactor feedwater-pump turbine-drives.

Five stages of feedwater heating are provided for each of the three feedwater
streams. All heaters are of the two-pass, U-tube type.

1.6.1.5 Electrical Power S stems

Each generator produces electrical power at 22-kV. This 22-kV generator output is
transmitted through isolated-phase buses to a bank of three single-phase main
power transformers, where the voltage is stepped up to 500-kV and transmitted to
the 500-kV switchyard. The 500-kV switchyard connects the plant to the TVA
500-kV system. The plant has generator breakers so that startup and shutdown are
from the 500-kV system. The 161-kV system is also available to provide plant
startup and shutdown power.

1.6.1.6 Radioactive Waste S stems

The Radioactive Waste Systems are designed to control the release of
plant-produced radioactive material to within the limits specified in the ODCM and
NPDES permits. The methods employed for the controlled release of those
contaminants are dependent primarily upon the state of the material: liquid, solid, or
gaseous.

1.6.1.6.1 Li uid Radwaste S stem

The Liquid Radioactive Waste Control System collects, treats, stores, and disposes
of all radioactive liquid wastes. These wastes are collected in sumps and drain
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tanks at various locations throughout the plant and then transferred to the
appropriate collection tanks in the Radwaste Building for treatment, storage, and
disposal. Wastes to be discharged from the system are processed on a batch
basis, with each batch being processed by such method or methods appropriate for
the quality and quantity of materials determined to be present. Processed liquid
wastes may be returned to the condensate system or discharged to the environs
through the circulating water discharge canal. The liquid wastes in the discharge
canal are diluted with condenser effluent circulating water to achieve a permissible
concentration at the site boundary.

Batches of low-conductivity liquid waste are processed through a filter and a waste
demineralizer. Demineralizer effluent is sent to a waste sample tank. Depending
upon the conductivity and level of radioactivity, the liquid may then be discharged to
the circulating-water discharge canal or the cooling tower blowdown line,
transferred to condensate storage tanks, returned for further processing through the
waste demineralizer, or transferred to a waste surge tank for storage.

High-conductivity liquids are processed through a filter and are collected in a floor
drain sample tank. If the concentration after dilution is less than or equal to the
applicable limits, the filtered liquid may be discharged.

An alternate method of processing low and high conductivity liquid is the use of
vendor supplied skid mounted equipment, interconnected to the permanent
Radwaste System. Depending on effluent quality and plant needs, the water can be
sent to either the waste surge tank or floor drain sample tank. Processing from the
waste surge tank or floor drain sample tank is identical as described above.

Equipment is selected, arranged, and shielded to permit operation, inspection, and
maintenance with minimum personnel exposure. For example, tanks and
processing equipment which will contain significant radiation sources are located
behind shielding; and sumps, pumps, instruments, and valves are located in
controlled access rooms or spaces. Processing equipment is selected and
designed to require a minimum of maintenance.

Protection against accidental discharge of liquid radioactive waste is provided by
valving redundance, instrumentation for detection with alarms of abnormal
conditions, procedural controls, interlocks, and radiation-controlled valves.

1.6.1.6.2 Solid Radwaste S stem

With the Solid Radwaste System, solid radioactive wastes are collected, processed,
and packaged for storage. Generally, these wastes are stored onsite until the short
half-lived activities are insignificant. Solid wastes from equipment originating in the
nuclear system are stored for radioactive decay in the fuel storage pool and

1.6-8



prepared for reprocessing or offsite storage. Examples of these wastes are spent
fuel, spent control rods, incore ion chambers, etc. Process solid wastes are
collected, dewatered, and loaded in shielded containers for storage and shipping.
Examples of these solid wastes are spent demineralizer resins and filter aid.
Wastes such as paper, rags, and used clothing are placed into containers for
storage and shipment.

1.6.1.6.3 Gaseous Radwaste S stem

The Gaseous Radwaste System collects, processes, and delivers to the plant stack,
for elevated release to the atmosphere, gases from each main condenser air
ejector, startup vacuum pump, and steam packing exhauster. Gases from each
main condenser air ejector are passed through a preheater, a catalytic recombiner,
a condenser, a moisture separator, and a dehumidiTication coil. The gases then
enter a decay pipe which provides a retention time of approximately 6 hours, during
which N-16 and 0-19 decay to negligible levels. The gases are then passed
through a cooler-condenser, a moisture separator, a reheater, a prefilter, six
charcoal beds, an afterfilter, and mixed with dilution air, after which they are
exhausted to the stack. The charcoal beds provide about 9.7 hours retention for
krypton isotopes and 7.3 days retention for xenon isotopes. Gland seal and startup
vacuum-pump gases are held up for approximately 1 3/4 minutes, to allow sufficient
decay of N-16 and 0-19, and then passed directly to the stack for release.

1.6.2 Nuclear Safet S stems and En ineered Safe uards

1.6.2.1 Reactor Protection S stem

The Reactor Protection System initiates a rapid, automatic shutdown (scram) of the
reactor. This action is taken in time to prevent excessive fuel cladding damage and
any nuclear system process barrier damage following abnormal operational
transients. The Reactor Protection System overrides all operator actions and
process controls.

1.6.2.2 Neutron Monitorin S stem

Although not all of the Neutron Monitoring System qualifies as a nuclear safety
system, those portions that provide high neutron flux signals to the Reactor
Protection System do. The intermediate range monitors (IRM) and average power
range monitors (APRM), which monitor neutron flux via incore detectors, signal the
Reactor Protection System to scram in time to prevent excessive fuel cladding
damage as a result of overpower transients.
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1.6.2.3 Control Rod Drive S stem

When a scram is initiated by the Reactor Protection System, it is the Control Rod
Drive System that inserts the negative reactivity necessary to shut down the reactor.
Each control rod is controlled individually by a hydraulic control unit. When a scram
signal is received, high pressure water from an accumulator for each rod forces
each control rod rapidly into the core.

1.6.2.4 Nuclear S stem Pressure Relief S stem

A pressure relief system consisting of relief valves mounted on the main steam lines
is provided to prevent excessive pressure inside the nuclear system following either
abnormal operational transients or accidents.

1.6.2.5 [Deleted]

1.6.2.6 Prima Containment

The design employs a pressure suppression primary containment which houses the
reactor vessel, the reactor coolant recirculating loops, and other branch
connections of the Reactor Primary System. The pressure suppression system
consists of a drywell, a pressure suppression chamber which stores a large volume
of water, connecting vents between the drywell and the water pool, isolation valves,
containment cooling systems, and other service equipment. In the event of a
process system piping failure within the drywell, reactor water and steam would be
released into the drywell air space. The resulting increased drywell pressure would
then force a mixture of air, steam, and water through the vents into the pool of water
in the suppression chamber. The steam would condense in the suppression pool,
resulting in a rapid pressure reduction in the drywell. Air that was transferred to the
suppression chamber pressurizes the suppression chamber, and is subsequently
vented back to the drywell to equalize the pressure between the two vessels.
Cooling systems are provided to remove heat from the reactor core, the drywell, and
from the water in the suppression chamber, and thus provide continuous cooling of
the primary containment under accident conditions. Appropriate isolation valves
are actuated during this period to ensure containment of radioactive material, which
might otherwise be released from the reactor containment during the course of the
accident.

1.6.2.7 Prima Containment and Reactor Vessel Isolation Control S stem

The Primary Containment and Reactor Vessel Isolation Control System
automatically initiates closure of isolation valves to close offall potential leakage
paths for radioactive material to the environs. This action is taken upon indication
of a potential breach in the nuclear system process barrier.
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1.6.2.8 Seconda Containment

The secondary containment substructure consists of poured-in-place, reinforced
concrete exterior walls that extend up to the refueling floor. The refueling room
floor is also constructed of reinforced, poured-in-place concrete. The
superstructure of the secondary containment above the refueling floor is a structural
steel frame which supports metal roof decking, foamwall-stepped fascia panels, and
insulated metal siding panels. The secondary containment structure completely
encloses the primary containment drywells, fuel storage and handling facilities, and
essentially all of the Core Standby Cooling Systems for the three units.

During normal operation and when isolated, the secondary containment is
maintained at a negative pressure relative to the building exterior. Excessive
pressure differentials are relieved by blowout panels in the metal siding.

1.6.2.9 Main Steam Line Isolation Valves

Although all pipelines that both penetrate the primary containment and offer a
potential release path for radioactive material are provided with redundant isolation
capabilities, the main steam lines, because of their large size, are given special
isolation consideration. Two automatic isolation valves, each powered by both air
pressure and spring force, are provided in each main steam line. These valves
fulfillthe following objectives:

a. Prevent excessive damage to the fuel barrier by limiting the loss of reactor
coolant from the reactor vessel resulting from either a major leak from the
steam piping outside the primary containment or a malfunction of the pressure
control system resulting in excessive steam flow from the reactor vessel, and

b. Limit the release of radioactive materials by closing the primary containment
barrier in case of a major leak from the nuclear system inside the primary
containment.

1.6.2.10 Main Steam Line Flow Restrictors

A venturi-type flow restrictor is installed in each steam line close to the reactor
vessel. These devices limit the loss of coolant from the reactor vessel before the
main steam line isolation valves are closed in case of a main steam line break
outside the primary containment.
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1.6.2.11 Core Standb Coolin S stems

A number of standby cooling systems are provided to prevent excessive fuel clad
temperatures in the event of a breach in the nuclear system process barrier that
results in a loss of reactor coolant. The four Core Standby Cooling Systems are:

1. High Pressure Coolant Injection System (HPCI),

2. Automatic Depressurization System,

3. Core Spray System, and

4. Low Pressure Coolant Injection System (an operating mode of the Residual
Heat Removal System) (LPCI).

1.6.2.11.1 Hi h Pressure Coolant In'ection S stem

The HPCI System provides and maintains an adequate coolant inventory inside the
reactor vessel to prevent fuel clad melting as a result of postulated small breaks in
the nuclear system process barrier. A high-pressure system is needed for such
breaks because the reactor vessel depressurizes slowly, preventing low-pressure
systems from injecting coolant. The HPCI includes a turbine-pump powered by
reactor steam. The system is designed to accomplish its function on a short-term
basis without reliance on plant auxiliary power supplies other than the DC power
supply.

1.6.2.11.2 Automatic De ressurization S stem

The Automatic Depressurization System acts to rapidly reduce reactor vessel
pressure in a loss-of-coolant accident situation in which the HPCI fails to
automatically maintain reactor vessel water level. The depressurization provided by
the system enables the low pressure standby cooling systems to deliver cooling
water to the reactor vessel. The Automatic Depressurization System uses some of
the main steam relief valves which are part of the nuclear system pressure relief
system. The automatic main steam relief valves are arranged to open upon
conditions indicating both that a break in the nuclear system process barrier has
occurred and that the HPCI System is not delivering sufficient cooling water to the
reactor vessel to maintain the water level above a preselected value. The
Automatic Depressurization System will not be automatically activated unless either
the core spray or LPCI system is operating.
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1.6.2.11.3 Core S ra S stem

The Core Spray System consists of two independent pump loops that deliver
cooling water to spray spargers over the core. The system is actuated by
conditions indicating that a breach exists in the nuclear system process barrier, but
water is delivered to the core only after reactor vessel pressure is reduced. This
system provides the capability to cool the fuel by spraying water onto the core and
preventing excessive fuel clad temperatures following a loss-of-coolant accident.

1.6.2.11.4 Low Pressure Coolant In'ection

Low pressure coolant injection is an operating mode of the Residual Heat Removal
System (RHR) but is discussed here because the, LPCI mode acts as an engineered
safeguard in conjunction with the other standby cooling systems. LPCI uses the
pump loops of the RHR to inject cooling water at low pressure into the reactor
recirculation loops. LPCI is actuated by conditions indicating a breach in the
nuclear system process barrier, but water is delivered to the core only after reactor
vessel pressure is reduced. LPCI operation, together with the core shroud and jet
pump arrangement, provides the capability of core reflooding, following a
loss-of-coolant accident, in time to prevent excessive fuel clad temperatures.

1.6.2.12 Residual Heat Removal S stem Containment Coolin

The containment cooling subsystem is placed in operation to limit the temperature
of the water in the suppression pool following a design basis loss-of-coolant
accident. In the containment cooling mode of operation, the RHR main system
pumps take suction from the suppression pool and pump the water through the RHR
heat exchangers, where cooling takes place by transferring heat to the RHR service
water system. The fluid is then discharged back to the suppression pool.

Another portion of the RHR is provided to spray water into the primary containment
as an augmented means of removing energy from the containment following a
loss-of-coolant accident. This capability is placed into service as required by
manual operator action.

1.6.2.13 Control Rod Velocit Limiter

A control rod velocity limiter is attached to each control rod to limit the velocity at
which a control rod can fall out of the core should it become detached from its
control rod drive.

The rate of reactivity insertion resulting from a rod drop accident is limited by this
action. The limiters are passive components.
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1.6.2.14 Control Rod Drive Housin Su orts

Control rod drive housing supports are located underneath the reactor vessel near
the control rod housings. The supports limit the travel of a control rod in the event
that a control rod housing is ruptured. The supports prevent a nuclear excursion as
a result of a housing failure, thus protecting the fuel barrier.

1.6.2.15 Standb Gas Treatment S stem

The system provides a means of removing radioactive material from the secondary
containment by filtration and exhausting to the atmosphere through the plant stack
in the event of accidental release. Three trains, any 2 of which can provide 100
percent design flow, consisting of a moisture separator, heater, particulate and
charcoal filters, and blower, are provided. The results of laboratory carbon sample
analysis shall show a 90 percent radioactive methyl iodide removal when tested in
accordance with ASTIVI D3803. The blowers are powered from independent, safety-
related power supplies. The SGTS is a Class I system.

1.6.2.16 Standi AC Power Su I

The standby AC power supply consists of eight diesel generator sets. The diesel
generators are sized so that they can supply all necessary power requirements for
one unit under design basis accident conditions, plus necessary loads for safe
shutdown of the other unit. The diesel generators are specified to start up and
reach rated speed within ten seconds. The diesel generator system is arranged
with eight independent 4160-V load buses, each connected to one diesel generator.

1.6.2.17 DC Power Su I

Eleven 250-V batteries, associated chargers, and distribution systems (3 unit
batteries, 3 station batteries, and 5 batteries supplying control power for the 4160-V
and 480-V shutdown boards) are provided for the plant. The various safety-related
loads derive normal power from the batteries or their associated battery charger
through distribution boards.

1.6.2.18 RHR Service Water S stem

The RHR Service Water System is a Class I system that consists of four pairs of
pumps located on the intake structure for pumping raw river water to the heat
exchangers in the RHR system and four pumps for supplying water to the
Emergency Equipment Cooling Water System.
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1.6.2.19 Emer enc E ui ment Coolin Water S stem

This Class I system distributes cooling water supplied by the RHR Service Water
System to essential equipment duiing normal and accident conditions.

1.6.2.20 Deleted

1.6.2.21 Reactor Buildin Ventilation Radiation Monitorin S stem

The Reactor Building Ventilation Radiation Monitoring System consists of a number
of radiation monitors arranged to monitor the activity level of the ventilation exhaust
from the Reactor Building. Upon detection of high radiation, the Reactor Building is
automatically isolated and the Standby Gas Treatment System is started.

1.6.3 S ecial Safet S stems

1.6.3.1 Standb Li uid Control S stem

Although not intended to provide prompt reactor shutdown, the standby liquid
control system provides a redundant, independent, and different way from the
control rods to bring the nuclear fission reaction to subcriticality and to maintain
subcriticality as the reactor cools. The system makes possible an orderly and safe
shutdown in the event that not enough control rods can be inserted into the reactor
core to accomplish shutdown in the normal manner. The system is sized to
counteract the positive reactivity effect from rated power to the cold shutdown
condition.

1.6.3.2 Plant E ui ment Outside the Control Room

Sufficient local controls are provided to allow the plant to be brought to the
shutdown condition from outside the control room. The plant design does not
preclude bringing the plant to the cold shutdown condition from outside the control
room.

1.6.4 Process Control and Instrumentation

1.6.4.1 Nuclear S stem Process Control and Instrumentation

1.6.4.1.1 Reactor Manual Control S stem

The Reactor Manual Control System provides the means by which control rods are
manipulated from the control room for gross power control. Only one control rod
can be manipulated at a time. The Reactor Manual Control System includes the
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controls that restrict control rod movement (rod block) under certain condition as a

backup to procedural controls.

1.6 4.1.2 Recirculation Flow Control S stem

The Recirculation Flow Control System controls the speed of the reactor
recirculation pumps. Adjusting the pump speed changes the coolant flow rate
through the core. This effects changes in core power level.

1.6.4.1.3 Neutron Monitorin S stem

The Neutron Monitoring System is a system of incore neutron detectors and out of
core electronic monitoring equipment. The system provides indication of neutron
flux, which can be correlated to thermal power level, for the entire range of flux
conditions that may exist in the core. The source range monitors (SRM) and the
intermediate range monitors (IRM) provide flux level indications during reactor
startup and low power operation. The local power range monitors (LPRM) and
average power range monitors (APRIVI) allow assessment of local and overall flux
conditions during power range operation. Rod block monitors (RBM) are provided
to prevent rod withdrawal when reactor power should not be increased at the
existing reactor coolant flow rate. The Traversing Incore Probe System (TIPS)
provides a means for calibrating the LPRM portion of the neutron monitoring
sensors.

1.6.4.1.4 Refuelin Interlocks

A system of interlocks that restricts the movements of refueling equipment and
control rods when the reactor is in the refuel mode is provided to prevent an
inadvertent criticality during refueling operations. The interlocks back up
procedural controls that have the same objective. The interlocks affect the refueling
bridge, the refueling bridge hoists, the fuel grapple, control rods, and the service
platform hoist.

1.6.4.1.5 Reactor Vessel Instrumentation

In addition to instrumentation provided for the Nuclear Safety Systems and
engineered safeguards, instrumentation is provided to monitor and transmit
information that can be used to assess conditions existing inside the reactor vessel
and the physical condition of the vessel itself. The instrumentation provided
monitors reactor vessel pressure, water level, surface temperature, internal
differential pressures and coolant flow rates, and top head flange leakage.
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1.6.4.1.6 Process Com uter S stem

An online process computer is provided to monitor and log process variables, and
to make certain analytical computations. The rodworth minimizer function of the
computer prevents rod withdrawal under low power conditions, if the rod to be
withdrawn is not in accordance with a preplanned pattern. The effect of the rod
block is to limit the reactivity worth of the control rods by enforcing adherence to the
preplanned rod pattern.

1.6.4.2 Power Conversion S stems Process Control and Instrumentation

1.6.4.2.1 Pressure Re ulator and Turbine Generator Control

The pressure regulator maintains control of turbine control valves to regulate
pressure at the turbine inlet and therefore the pressure of the entire nuclear system.
The turbine control system is an electrohydraulic control (EHC) system and is

integrally connected to the pressure regulator to maintain a fixed load or speed of
the turbine and to provide overspeed protection for large load rejections.

1.6.4.2.2 Feedwater Control S stem

The three element controller is used to regulate the feedwater system so that proper
water level is maintained in the reactor vessel. The controller uses main steam flow
rate, reactor vessel water level, and feedwater flow rate signals. The feedwater
control signal is used to control the speed of the steam turbine driven feedwater
pumps.

1.6.4.3 Electrical Power S stems Process Control and Instrumentation

Each generator neutral is grounded through a distribution transformer and a
secondary loading resistor. Each generator is equipped with a shaftdriven
alternator exciter, an exciter field circuit breaker, silicon rectifiers, and solidstate
voltage regulating equipment. Current transformers are provided on the generator
main and neutral terminals for relaying and metering.

Highspeed relays provide protection for the generator stator windings against faults.

Incoming power is received from the 500-kV and 161-kV systems. The TVA161-kV
network receives power via the 161-kV switchyard. Two 161-kV lines terminate at
separate buses which are connected by a circuit breaker. Two common station
service transformers are energized from these buses. Normally, the switchyard will
be operated with the breaker closed and both transformers energized. Disconnect
switches are provided to permit either incoming line to be isolated from the
switchyard and both transformers supplied from the remaining line.
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Output from the generators is fed into the TVAsystem by seven 500-kV lines via the
500-kV switchyard. The switchyard has a main and transfer zigzag bus
arrangement. The two main bus sections are physically separated, and the transfer
bus sections are separated from the main bus section by sectionalizing disconnect
switches. Normally, the main and transfer bus sections are tied together through
their respective disconnect switches.

1.6.4.4 Radiation Monitorin and Control

1.6.4.4.1 Process Radiation Monitorin

Radiation monitors are provided on various lines to monitor either for radioactive
materials released to the environs via process liquids and gases or for process
system malfunctions. The following monitors are provided:

Main Stack Radiation Monitors,

Air Ejector Offgas Radiation Monitor,

Raw Cooling Water System Discharge Radiation Monitor,

Reactor Building Closed Cooling Water System Radiation Monitor,

Liquid Radwaste System Radiation Monitor,

RHR Service Water System Radiation Monitors, and

Plant Ventilation Exhaust Radiation Monitors.

1.6.4 4.2 Area Radiation Monitors

A number of radiation monitors are provided to monitor for abnormal radiation at
various locations in the Reactor Building, Turbine Building, and Radwaste Building.
These monitors annunciate alarms when abnormal radiation levels are detected.

1.6.4.4.3 Site Environs Radiation Monitors

Radiation monitoring stations are provided to monitor the natural and other radiation
background levels outside the plant building. The stations monitor the
concentration of radioactive material in the air to provide an early indication of any
changes in the environmental radioactivity levels.
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1.6.4.4.4 Li uid Radwaste S stem Control

Liquid wastes to be discharged are handled on a batch basis, with protection
against accidental discharge provided by procedural controls. Instrumentation with
alarms to detect abnormal concentration and terminate release of liquid waste is
provided.

1.6.4.4.5 Solid Radwaste Control

The Solid Radwaste System collects, processes, stores, and prepares solid
radioactive waste materials for offsite shipment. Wastes are handled on a batch
basis, and radiation levels of the various batches are determined by the operating
personnel.

1.6.4.4.6 Gaseous Radwaste S stem Control

The Gaseous Radwaste System is continuously monitored by a radiation monitor
located downstream of the recombiner system water separator, a monitor located
downstream of the charcoal/absorbers but upstream of the afterfilters, and the
main stack radiation monitor. Each of these monitors alarms on high radiation level.
In addition, a high level signal from the monitor downstream of the air ejectors
automatically isolates the Gaseous Radwaste System by closing a valve in the line
between the after-filters and the stack. This action causes an increase in
condenser pressure, which results in shutdown of the reactor.

Hydrogen concentration in the gas downstream of the recombiners is continuously
monitored. Although an explosion is not likely, temperature and pressure
instrumentation in the line upstream of the decay pipe, in response to an explosion,
causes valves downstream of the air ejectors to automatically isolate. These
actions stop the supply of hydrogencontaining gas, and minimize release of
radioactivity from a damaged filter. A main steamline high radiation condition will
automatically close a valve between the main condensers and the mechanical
vacuum pump. In addition, the mechanical vacuum pump is stopped.

1.6.5 ~Alii 6

1.6.5.1 Normal Auxilia AC Power S stem

The normal power source for unit auxiliaries is the 20.7- to 4.16-kV unit station
service transformers. This source is connected to each unit generator's output
leads. The startup power source for unit auxiliaries is the 500 kV system, with
backup from the 161 kV switchyard through the common station service
transformers.
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1.6.5.2 Reactor Buildin Closed Coolin Water S stem

The Reactor Building Closed Cooling Water System (RBCCWS) provides cooling
water to designated auxiliary plant equipment located in the primary and secondary
containments. The cooling water is available to the nuclear system auxiliaries
under normal and accident conditions.

1.6.5.3 Raw Water S stems

The Raw Cooling Water System is provided to remove heat from turbine associated
equipment and accessories located in and adjacent to the Turbine Building, from
the Reactor Building Closed Cooling Water System heat exchangers, and from
other reactor associated equipment. The Raw Cooling Water System pumps are
located in the Turbine Building and are supplied with river water from the condenser
circulating water conduits. Three pumps are provided for each unit, with one spare
provided for Units 1 and 2 and two spares for Unit 3.

A Raw Service Water System, consisting of four pumps, supplies river water from
the condenser circulating water conduits for yard watering, cooling for
miscellaneous plant equipment requiring small quantities of cooling water,
washdown services in unlimited access areas, and provides a means of
pressurizing the raw water Fire Protection System. The Raw Service Water System
also serves as a charging source for the RHR Service Water and Emergency
Equipment Cooling Water Systems.

1.6.5.4 Fire Protection S stems

A high pressure, raw water Fire Protection System provides water for fixed water
spray, water sprinkler, aqueous film forming foam, and water fog systems, and to
fire hoses and hydrants located throughout plant buildings and the surrounding
yard. Fixed CO> and portable fire extinguishers furnish protection for hazards
where use of water is not desirable. Fire detection, annunciation, and initiation
systems are installed in selected areas of the Reactor Building, Control Building,
intake pumping station, cable tunnel to intake pumping station, Diesel Generator
Buildings, and Turbine Building.

1.6.5.5 Heatin Ventilatin and AirConditionin S stems

Heating, Ventilating, and AirConditioning Systems are provided for the Reactor
Building, Turbine Building, Radwaste Building, and Control Building. The design of
these systems varies; but in all cases, they maintain the indoor environment
necessary for equipment protection and personnel comfort. In areas where
significant airborne activity is expected, these systems limit the spread of
contamination and filter the exhaust air before discharge.
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1.6.5.6 Newand S ent Fuel Stora e

A dry vault in the Reactor Building is provided for storage of new fuel. The new fuel
is normally transferred directly to the spent fuel storage pool upon receipt. Fuel
transfer during refueling is conducted underwater. Irradiated (spent) fuel is stored
underwater in the Reactor Building until prepared for shipment from the site.

1.6.5.7 Fuel Pool Coolin and Cleanu S stem

A Fuel Pool Cooling and Cleanup System is provided to remove decay heat from
spent fuel stored in the fuel pool and to maintain a specified water temperature,
purity, clarity, and level.

1.6.5.8 Control and Service Air S stems

Clean, dry, control air is provided to pneumaticallyoperated instruments and
controls throughout the plant and yard. Each reactor unit has a drywell control air
system that provides control air for the equipment inside its drywell. Service air
outlets are provided throughout the plant.

1.6.5.9 Demineralized Water S stem

Portable demineralized water treatment equipment is used to furnish a supply of
high purity water for makeup of the primary coolant systems, the Reactor Building
Closed Cooling Water Systems, the suppression chambers, and the Standby Liquid
Control Systems. The water is also used for radioactive decontamination work and
preoperational cleaning of reactor and piping systems.

1.6.5.10 Potable Water and Sanita S stems

These systems provide potable water from a nearby municipal water system for use
in the plant plumbing systems and sewage treatment in a 65,000 gallon per day
biological treatment system.

1.6.5.11 E ui mentand Floor Draina e S stem

Radioactive drainage from equipment leaks and from areas which may contain
radioactive materials is collected and routed to shielded sumps. This waste is then
pumped to drain collection tanks in the Radwaste Building, where it is treated and
returned for reuse in the plant or discharged to the river.

Nonradioactive drainage is collected in drain sumps and discharged to the
condenser circulating water discharge tunnels.
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1.6.5.12 Process Sam lin S stems

These systems provide samples of process liquids and gases to obtain data from
which the performance of the plant, items of equipment, and systems may be
determined. Sampling is continuous or periodic as appropriate. These systems will
function at all times and under all operating conditions.

1.6.5.13 Communications S stems

An extensive, private telephone system, along with a paging system, sound
powered telephone systems, and closed circuit television systems, provides
complete communications throughout the plant.

1.6.6 ~Shieldin

Plant shielding allows personnel access to the plant to perform maintenance and
carry out operational duties, with personnel exposures limited to the values given in
Table 12.3-1.

1.6.7 Im lementation of Loadin Criteria

When correctly installed in a suitable facility, structures, and equipment are
designed to substantially resist mechanical damage due to loads produced by
mechanical and thermal forces. For the purpose of categorizing mechanical
strength designs for these loads, the following definitions are established.

a. Class I

This class includes those structures, equipment, and components whose
failure or malfunction might cause, or increase the severity of, an accident
which would endanger the public health and safety. This category includes
those structures, equipment, and components required for safe shutdown and
isolation of the reactor.

b. Class II

This class includes those structures, equipment, and components which are
important to reactor operation, but are not essential for preventing an accident
which would endanger the public health and safety, and are not essential for
the mitigation of the consequences of these accidents. A Class II designated
item shall not degrade the integrity of any item designated Class I.
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The loading conditions may be divided into four categories: (1) normal, (2) upset,
(3) emergency, and (4) faulted conditions. These categories are generically
described, and their meaning is expanded in quantitative, probabilistic language in
Appendix C. The purpose of this expansion is to clarify the classification of any
hypothesized accident or sequence of loading events. Event probability is used to
establish meaningful and adequate safety factors for structural design so that the
appropriate structural safety margins are applied.
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1.7 COMPARISON OF PRINCIPAL DESIGN CHARACTERISTICS

This section highlights the principal design features of the plant and provides a
comparison of the major features with other boiling water reactor facilities.

The design of this facility is based upon proven technology attained during the
development, design, construction and operation of boiling water reactors of similar
or identical types. The data, performance characteristics, and other information
presented herein are historical and represent the plant as originally designed.

The parameter values presented in Tables 1.7-1 to 1.7-5 for the various nuclear
plants are the values used in the design of these plants. Since the various
owner-utilities were not contacted, no guarantee is given that these parameter
values are current.

1.7.1 Nuclear S stem Desi n Characteristics

Table 1.7-1 summarizes the design and operating characteristics for Browns Ferry
Nuclear Plant. The same characteristics are presented for the nuclear system of
Duane Arnold Energy Center, Cooper Nuclear Station, Vermont Yankee Nuclear
Power Station, and Hatch Nuclear Plant Unit 1.

1.7.2 Power Conversion S stems Desi n Characteristics

Table 1.7-2 presents a summary of the power conversion systems design
characteristics for the plant and compares these with Duane Arnold Energy Center,
Cooper Nuclear Station, Vermont Yankee Nuclear Power Station, and Hatch
Nuclear Plant Unit 1.

1.7.3 Electrical Power S stems Desi n Characteristics

Table 1.7-3 is a summary and comparison of the electrical power systems design
characteristics of the plant and the same four similar facilities.

1.7.4 Containment Desi n Characteristics

Table 1.7-4 summarizes the design characteristics for the primary and secondary
containments of the Browns Ferry Nuclear Plant. Design characteristics are also
presented for the primary and secondary containment systems employed for Hatch
Unit 1, Vermont Yankee Nuclear Power Station, Cooper Station, and Duane Arnold
Energy Center. In addition, data is given for the type, construction, and height of
the elevated release point for the above plants.
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1.7.5 Structural Desi n Characteristics

Table 1.7-5 is a summary and comparison of the seismic and wind design factors
considered in the structural design of Browns Ferry Nuclear Plant and the above
similar plants.

1.7.6 Discussion of Core Desi n Im rovement

Numerous improvements have been made to the core design of Browns Ferry
subsequent to receipt of the operating license for each of the three units. A general
description of reload fuel designs presently used in Browns Ferry is given in
Chapter 3. The specific fuel types loaded in each unit along with analytical results
of the cycle-specific reload core design and licensing analyses are given in the
applicable Supplemental Reload Licensing Report (SRLR). The current SRLR for
each BFN unit is included in Appendix N of the FSAR.
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TABLE1.7-1

(Sheet 1)

OMP ISON OF U AR S STEM DESIGN CHARACT RISTICS

(Parameters are rehted to Rated Power Output for a single plant unless otherwise noted)

U IC SIG

BROWNS FERRY

~U~6/3 Q~CU
COOPER

~SA

DUANEARNOLD

gN¹Y~CgQ

Rated Power, MWI

Design Power, MWt

Steam Row Ra!e, Ib/hr

Core Coolant Flow Rate, Ib/hr

Feedwater Row Rate, Ib/hr

Feedwater Temperature, 'F

System Pressure, Nominal In Steam Dome, psh

Average Power Density, kW/liter

ivkodmum Thermal Output, kW/It

Average Thermal Output, kW//I

Average Heat Rux, Btu/hr-ft

Maximum UO2 Temperature, 'F

Average Vo!urnetrlc Fuel Temperature, 'F

Average Fuel Rod Surface Temperature, 'F
Minimum Critical Power Ratio (MCPR)( )

Coolant Enthalpy at Core Inlet, Btu/Ib

Core Ivkuamum Exit Voids WilhinAssemblies

Core Average Exit Quality, 9o Steam

3440

1327 x 106

102.5 x 106

13.845 x 10

378.4

1020

49.69/49.46/

49.2

18.5 (Txy)/13.4

(8x8)

7.050 (Tx7)/

559 (8x8)

148937/1 42007/

143635

4430

1210

560

«1.07

5213

79

132

2436

2537

10.03 x10

75.5 x106

10.445 x 10

387.4

1020

51.2

183

7.114

164,734

1210

560

«19

5262

79

13ct

1593

1665

6.43 x 106

485 x 106

6.43 x 106

372

1020

50.8

18.37

7.1

163,900

4430

1210

560

«1.9

522.9

79

13.6

2381

2500

9.81 x 10

74.5 x 106

9.81 x 10

367

1020

51.2

18.5

7.079

164,500

4430

1210

560

«1.9

520.1

79

13.2

1593

1670

6.847 x 10

48.5 x 106

6.77 x 106

420

1020

509

18.5

7.079

163,933

4430

1210

560

«1.9

525.6

79

14.3
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TABLE 1.7-1 (Cont'd)

(Sheet 2)

C ISO OF C S S M SIG CT IS CS

(Parameters are related to Rated Power Output for a single plant unless otherwise noted)

E AND RAU IC D SIG (Cont<I)

Desf n rP 'kin Fa rs

Transverse Peaking Factor
Local Peaking Factor
Axial Peaking Factor
Total Peaking Factor

BROWNS FERRY
I~IITS I IS

1.4
5 1.24
1.5
s2.63

~CH~UNIT

1.4
1.24
15
2.6

VERMONT
~YNK

1.4
1.24
1.5
2.6

COOPER
S~TTIO

1.4
1.24
15
2.6

DUANEARNOLD
~NAGGY CI<~NTE

1.405
1.24
1.5
2.6

NUC SG

Water/UO2 Volume Ratio (Cold)

ReactiVity viith Strongest Control Rod
Out, keff

Moderator Temperature Coeflicient
At68'F,hk/k-4F Water
Hot, no voids,itk/k-'F Water

Moderator Void CoefIicfent
Hot, no vofds,itk/k-% Void
At Rated Output,/tk/k-% Void

Fuel Temperature Doppler Coeflicfent
At 68'F, /tk/k -'F Fuel
Hot, No Void,/tk/k-4F Fuel
At Rated Output,/tk/k-4F Fuel

InitialAverage U-235 Enrichment, W/0

Fuel Average Discharge Exposure, MWD/Ton

2.43 Type I
2.53 Type II 8 III

<0 of9

DSx tty
-11.6x tiy

4I.7 x10
-1.05x10

4I.9 x 10
-1.0 x 10
%.9 x 10

2.19'yo

19,000

2.41

«099

D5x10
-11.6x10

%.7 x10
-1.05 x 1ty

-1.3 x 1ty
-12x tty
-1.3x10

230'yo

19,000

2.41

<0.99

%.0 x 10
-17.0 x 10

-1.0 x 1ty
-1.5 x10

-1.3 x 10
-12xtty
-1.3 x 1ty

19,000

2.41

<0.99

4.5 x 10
-11.6 x 10

4I.7 x 10
-1.05x 10

-1.3 x 10
-1.2 x 10
-19x10

2.15'Yo

19,000

2.41

<0.99

-35xt0
-11.6 x 10

4I.7 x 10
-1.05 x 10

-13 x 10
-1.2 x10
-1.3 x 10

2.25'Yo

18,350

Nuctear Destgn (Reload Core) See applicable Nuclear Design Reports.
(6)
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TABLE 1.7-1 (Cont'd)

(Sheet 3)

COMPARiSO 0 C AR SYS D SIG ACT RISTICS

(Parameters are related to Rated Power Output for a single plant unless otherwise noted)

COR CHANI S

~u~s~eb

Number of Fuel Assemblies
Fuel Rod Array
Overall Dimensions, inches

Weight of UO2 per Assembly, pounds

Weight of Fuel Assembly, pounds

Quet
Number per Fuel Assembly

Outside Diameter, Inch
Chd Thickness, inch
Ga p - Pellet to Clad, inch
Length of Gas Plenum, inches
Clad Material
Cladding Process

BROWNS FERRY
U~f LSS/2/3

764
7xyor8x8
175 ri8

See applicable
Nuclear Design
(6) Reports

49 or
64'mixed cores)

1 483
0.563
0.032
0.006/0.009
16/9.48
Zircaloy-2
Free standing
loaded tubes

/~CUBIT

560
7x7
175 rl8

Undished-
49035
Dished-
483.42

Undished-
681.48
Dished-
674.55

49

0.563
0.032
0.006
16
Zircaioy-2
Free standing
loaded tubes

368
7x7
175ri8

Undished-
487.4

Undished-
682

49

0.563
0.032
0.006
16
Zircaloy-2
Free Standing
loaded tubes

COOPER
g3 ~ION

548
7x7
175.98

487.4

49

0.563
0.032
0.006
16
Zircaloy-2
Free Standing
loaded tubes

DUANEARNOLD
~~GHENTI)

368
7x7
175.98

Undished-
490.35
Dished-
483.42

Undished-
681.48
Dished-
674.55

49

0.563
0.032
0.006
16
Zircaloy-2
Free Standing
loaded tubes

'Two different 8 x 8 fuel bundle arrangements are used. One uses 63 fuel rods and 1 water rod; the other uses 62 fuel rods and 2 water rods.
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TABLE 1.7-1 (Cont'd)

(Sheet 4)

S S M SIG CH RISTICS

(Parameters are related to Rated Power Output for a single plant unless otherwise noted)

0 CK ICA G (Confd)
BROWNS FERRY
~U~TS l~ Q~CHU ~1

VERMONT
~YAN E

COOPER
~S~O

DUANE ARNOLD
~E~GC~NT R

Material
Density, 9o of theorebcal
Diameter, Inch
Length, inch

~urbane

Overall Dimension, inches (length)
Thickness, inch
Cr~ection Dimensions, inches
Material

Cgfeetssg~b

Fuel Weight as UO2, pounds
Zirconium Weight, pounds
(Zr2+ Zr.4 Spacers)

Cora Diameter (equivalent), inches
Core Height (Active Fuel), inches

ea r n rol

Method ofVarhtion of Reactor Power

Number of Movable Control Rods

Shape of Movable Control Rods

Pitch of Movable Control Rods

Uranium Dioxide
94'Yo

0.410
0.410

166 rI06
0.080
SA38 x 5.438
Ztrcal~

361,837
140,397

187.1
144 - 150

Movable Control
Rods and Variable
Coolant Pumping

Cruciform

12.0

Uranium Dioxide
93%
0.487
0.75

166906
0.080
5 438 x 5.438
Zircatoyd

272,849
96,370

160.2
144

Movable Control
Rods and Variable
Coolant Pumping

137

Cruciform

12.0

Uranium Dioxide
93'yo

OA87
0.75

166 rt06
0.080
5.438 x 5.438
Zircal~

179370
63,300

1299
144

Movable Control
Rods and Variable
Coolant Pumping

89

Cruciform

12.0

Uranium Dioxide
93/o
0.487
0.75

166.096
0.080
5.438 x 5.438
ZircatoyQ

267,095
94,305

158$
144

Movable Control
Rods and Variable
Coolant Pumping

137

Cruciform

12.0

Uranium Dioxide
93'lo
0.487
0.75

166.906
0.080
5.438 x 5.438
Zircatoy4

179,298
63,300

129.9
144

Movable Control
Rods and Vanable
Coolant Pumping

89

Cruciform

12.0
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TABLE 1.7-1 (Confd)

(Sheet 5)

COMP ISON F NUCL SYST M DES GN CHARAC RIS CS

(Parameters are related to Rated Power Output for a single plant unless otherwise noted)

CHANI IG (Cont'd)
BROWNS FERRY
~UITS ~CIRCUIT

VERMONT~K COOPER
~SIO

DUANEARNOLD
g~EG~O~E

t e (Cont'd)

Control Material in Movable Rods

Type ofControl Rod Drives

Supplementary Reactivity Control

e e r nln trumenation

Number of i~re Neutron Detectors (Fhed)
Number of i~re Detector Assemblies
Number of Detectors Per Assembly
Number of fluxMapping Neutron Detectors
Range (and Number) of Detectors
Source Range Monitor

84C granules

Compacted
in SS Tubes

Bottom Entry,
Locking Piston

Grandolinla
Burnable Poison

172
43
4
5

Source to
0.001% power
(4)

84C granules

Compacted
in SS Tubes

Bottom Entry,
Locking Piston

124
31
4
4

Source to
0.001% power
(4)

84C granules

Compacted
in SS Tubes

Bottom Entry,
Locking Piston

156
Flat, boron-
stainless steel
control curlains

— 80
20
4
3

Source to
0.001% power
(4)

84C granules

Compacted
in SS Tubes

Bottom Entry,
Locking Piston

124
31
4
4

Source to
0.001% power
(4)

84C granules

Compacted
in SS Tubes

Bottom Entry,
Locking Piston

80
20
4
3

Source to
0.001'Yo povrer
(4)

Intermediate Range Monitor

Local Power Range Monitor

Average Power Range Monitor

0.0001'Yo to 10%
power (8)

5% to 125'Yo

power (172)

25'Yo to 125'Yo

power (6)

0.0001% to 10%
power (8)

5% to 125%
power (124)

2$Vo to 125%
power (6)

0.0001% to 10'Yo

power (8)

5'Yo to 125%
power (80)

2.5% to 125%
power (6)

0.0001% to 10'Yo

power (8)

5'Yo to 125%
power (124)

2.5% to 125'Yo

power (6)

0.0001% to 10%
power (8)

5'Yo to 125%
power (80)

2.5'Yo to 125%
power (6)



TABLE 1.7-1 (Conpd)

(Sheet 6)

OMP IS F UC S S MD SG C CT RIS CS

(Parameters are related to Rated Power Output for a single plant unless otherwise noted)

ACTO SS SIGN
BROWNS FERRY
~U~Sg

VERMONT
~N

COOPER
H&XLH

DUANEARNOLD
gNF~GY ~Of gQ

Matedat
Design pressure, psh
Design Temperature, 'F
Inside Diameter flAn.
Inside Height, fl-in.
Skfe Thickness (Including chd)
Minimum Clad Thickness, Inches

0 COO CI 0 I

1265
575
20-11
73- 11-1/2
6313
1/8

Carbon Steel/Clad Stainless Steel (ASME SA~6 8 SA402B)
1265 1265 1265
575 575 575
18-2 17-2 18-2
69-4 63- 1.5 69-4
5.531 5.187 5.531
1/8 1/8 1/8

1265
575
15-3
66-4
5.625
1/8

Number of Recirculation Loops
Design Pressure

Inlet Leg. pslg
Outlet Leg. psig

CO C

Design Temperature, 'F
Pipe Diameter Max. inches
Pipe Material
Recircuhtion Pump flowRate, GPM
Number of Jet Pumps in Reaclor

N T IN

1148
1326

562
28
304/316
45,200
20

1148
1274

562
28
30431 6
45,200
20

1175
1274

562
28
304/316
32,500
20

1148
1274

562
28
304/316
45,200
20

1148
1268

562
22
304/316
27,100
16

Number ofSteam Uncs
Design Pressure, psig
Design Temperature, 'F
Pipe Diameter, inches
Pipe Material

4
1146
563
26

4 4 4
1146 1146 1146
563 563 563
24 20 24
Carbon Steel (ASTM A155 KC70 or ASTM A106 Grade B)

4
1146
563
20
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Table 1.7-1 (Confd)

(Sheet 7)

COMP ISON OF UCLE S ST M SIG CHARA RIS CS

(Parameters are related to Rated Power Output for a single plant unless otherwise noted)

COR STAND YCOO I GS

(These systems are sized on design power)

~rra~~te I

Number of Loops
Row Rate (gpm)

i ess e I i te o.

Number of Loops
Row Rate (gpm)
Automatic Depressurization system (No.)

ressu Coo n n i

Number of Pumps
Row Rate (gpm/pump)

UI SS

esldual e

Reactor Shutdown Coollgtt (number of pumps)
Row Rate (gpm/pump)< >

Capacity (Btu/hr/heat exchanger)( )

Number of heat exchangers

Primary Containmenl Cooling

R rate (gpm)(')

BROWNS FERRY
~UNITS IS

2
6250 at
105 pskl

1

5000
1

4
10,800 gpm
(1 pump per loop)
20,000 gpm
(2 pumps per loop)

4
10,000
70 x 106

32,000

~C~UI

2
4625 at
120 psid

1

4250
1

4
7700 at
20 psid

4
7,700
32 x 106

30,8N

VERMONT
~YANKE

2
3000 at
136 psid

1

4250
1

4
4800 at
20 psld

4
7,000
57$ x 106

28,0N

COOPER
H8ZM

2
450Oat
115 psid

1

4220
1

4
7OOOat
20 psid

4
7,700
70 x 106

30,8N

DUANE ARNOLD
~EG ~CENT

2
3020 at
127 psid

1

2980
1

4
48OOat
20 psid

4
4,800
35 x 106

19,200
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TABLE 1.7-1 (Confd)

(Sheet 8)

C ISO OF U S S M SIG C IS CS

(Parameters are rehted to Rated Power Output for a single plant unless othentvtse noted)

H S 'ce ate te

Flow Rate (gpm/pump)

Number of pumps

Core Ialio Coolin tern

Row Rate (gpm)

BROWNS FERRY

4,500
12(5)

616 at
1120 psld

~TCH UNIT I

8,000

4

400at
1120 paid

2,700

4

COOPER
STAT~0

8,000

4

416 at
1120 psid

DUANE ARNOLD
gN¹EGY~NT

2,500

4

416

ue I in adCI u te

Capacity (BTU/hr)
6

8.8x10
6

33x10
6

237x10
6

3.4x10
6

2.37 x 10

The operating AMCPR limits are subject to change from one cycle to the next and also from one part of the current cycle to lhe next. The
approprhrte value for MCPR may be obtained by consulting the appticable current Reload ucensing AmendmenL

Capacity during reactor flooding mode with three of four pumps running.

Capacity during post-accident cooling mode with 165'F shell side Intel temperature, maximum service water temperature, and 1 RHR pump and
1 RHR service water pump in operation.

The existing design requires 16,000 gpm (2 pumps, 1 loop) to ensure torus water temperature is maintained mthln acceptable limits for
following all postulated events.

For all three units.

See Appendix N
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TABLE1.7-2

COMP ISO 0 PO CON SION ST MS SIGN C ARACT RISTICS

Design Power, MWt

Design Power, MWe

Generator Speed, rpm

Design Steam Flow, Ib/hr

Turbine Inlet Pressure, psia

Brovms Ferry
/~cd

3440

1152

1800

6
14.035 x 10

965

~ay~Unit
2537

849

1800

1048x10

970

~eonl~an'kee

1665

564

1800

6
6.423 x 10

950

~Cto r Statio

2487

836

1800

10.049 x 10

970

Duane Arnold
goer C~ente

1670

597

1800

6.696 x 10

950

UR IN BYP SSS S E

Capacity, percent of turbine

design steam flow 25 25 25 25

CO S

Heat removal capacity, Btu/hr 7,770 x 10
6

5,800 x10
6

3,500 x10
6

5,367 x 10
6

3,681 x10
6

C CU G

Number of Pumps

Flow Rate gpm/pump

SY

220,000 185,000 117,000 162,500

2 or more

130,000 or less

0 D SAT

Design Flow Rate, Ib/hr

Number Condensate Pumps

Number Condensate Booster Pumps

Number Feedwater Pumps

Condensate Pump Drive

Condensate Booster Pump Drive

Feedwater Pump Drive

S ST

13.845 x 10

3

3

AC power

AC power

Turbine

10.096 x 10

AC power

Turbine

6.4x10

AC power

AC power

9.773 x 10

3

AC power

Turbine

7.146 x 10

2

AC power

AC power
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TABLE 1.7-3

COMPARISON OF ELECTRICAL POWER SYSTEM DESIGN CHARACTERISTICS

TRANSMISSION SYSTEM
BROWNS FERRY VERMONT
NUCLEAR PLANT HATCH UNIT 1 YANKEE

COOPER
STATION

DUANEARNOLD
ENERGY CENTER

Outgoing lines (numbermting) 7-500 kV 2-230 kV 2-345kV 4-345 kv 2-345 kV

NORMALAUXILIARYAC POWER

Incoming lines (numbermting) 2-161kv 2-230 kV 2-345 kV

1-230 kV

1-115kv

1-4160kV

1-115kv

1-69kV

2-345 kv

3-161kV

AeaTiary transformers

Startup transformers

STANDBYAC POWER SUPPLY

Number diesel generators

Number of 41 60V Shutdown buses

Number of 480V Shutdown buses

DC POWER SUPPLY

Number of 125V or 250V battenes*

Number of 125V or 250V buses

3 of the 6 250V systems are qualified
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TABLE 1.7%

Sheet 1

COMP RISON 0 CO I E GN A CT IS CS

I CO

Type

Construction
Drywall

Pressure Suppression Chamber

BROWNS FERRY
sAACUN T

Pressure
Suppression

Ught bulb
shape; steel
vessel

Torus; steel
vessel

~~Cl Uh)~1

Pressure
Suppression

Ught bulb
shape; steel
vessel

Torus; steel
vessel

VERMONT~Nfl
Pressure
Suppression

Ught bulb
shape; steel
vessel

Torus; steel
vessel

COOPER
~S~O

Pressure
Suppression

Light bulb
shape; steel
vessel

Torus; steel
vessel

Duane Arnold
oner ~Ce +er

Pressure
Suppression

Ught bulb
shape; steel
vessel

Torus; steel
vessel

Pressure Suppression Chamber
Internal Design Pressure (pslg)

Pressure Suppression chamber-
Extemal Design Pressure (psig)

Drywall-Internal Design Pressure (pslg)

Drywall-External Design Pressure (pslg)

Drywall Free Volume (ft )

Pressure Suppression chamber

Free Volume (ft ), minimum

Pressure Suppression Pool Water

Volume (ft ), maximum

Submergence of Vent Pipe Below
Pressure Pool Surhce (ft), nominal

Design Temperature of Drywall ('Fj

Design Temperature of Pressure
Suppression Chamber ('F)

159,000

119,000

128,700

281

281

146,400

101,410

86,660

281

281

56

134,000

99,000

78,000

281

281

56

145,430

109,810

87,660

281

281

56

130,930

94,630

61.500

281

281

'here applicable, containment parameters are based on design power.



TABLE 1.74 (Cont'd)

Sheet 2

0 P ISO 0 CONTAI D SGNC A AC STICS

MA YC NT INME

T'ovmcomerVent Pressure Loss Factor
Break Area/total Vent Area
Calculated Maximum Pressure After Blow-
down Drywell (psig)
Pressure Suppression chamber (psig)
Initial Pressure Suppression Pool
Temperature Rise ('F)
Leakage Rate (% Free VoiumeJDay
at 56 psig and 281'F

BROWNS FERRY
~AC I~U

4.1
0.017
49.6

27
40

0.5

~ATC ~U

6.21
0.019
45

28
50

0.5

VERMONT
~N(~
6.21
0.019
35

0.5

COOPER
~SA ~O

6.21
0.019

28
50

0.5

DUANE ARNOLD
N G C T R

6.21
0.019
45

0.5

S CO D CO T I

Type

Construction

Upper Levels

Roof

Internal Design Pressure (pslg)

Controlled Leakage,
Elevated Release

Reinforced
Concrete

Steel Super-
structure and
Siding

Steel Decking
with Builtup
Composition
Roof

+7 to-5 In. H20

Controlled Leakage,
Elevated Release

Reinforced
Concrete

Steel Super-
structure and
Siding

Steel
Sheeting

0.25

Controlled Leakage,
Elevated Release

Reinforced
Concrete

Steel Super-
structure and
Siding

Steel
Sheeting

0.25

Controlled Leakage,
Elevated Release

Reinforced
Concrete

Steel Super-
structure and
Siding

Steel
Sheeting

0.25

Controlled Leakage,
Elevated Release

Reinforced
Concrete

Steel Super-
structure and
Siding

Steel
Sheeting

0.25

Design Inleakage Rate (% Free
Volume/Day at 0.25 Inches H20)

'here applicable, containment parameters are based on design power.
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TABLE1.7C (Cont'd)

Sheet 3

0 I 0 0 A M T G CHA AC I ICS

S CO A YC TAINM
T'ROWNS FERRY

g~C~UIT ~AT ~UN T
VERMONT
Y~gg

COOPER
~S~ ~ON

Duane Arnold
~Ener Center

TYpe

0 L P IT
Stack Stack Stack Stack Stack

Construction

Height (above ground)

Reinforced
Concrete

600 feet

Steel

150 meters

Steel

318 feet

Steel

100 meters

Steel

100 meters

'Where applicable, containment parameters are based on design power.
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CO P ISO OF CO

TABLE 1.74

G C A SI S

S S ICD SIG

Operating Basis Earthquake (horizontal g)

Design Basis Earthquake (horizontal g)

BROWNS FERRY
UC A P

0.10

0.20

~~Cl~l
0.08

0.15

VERMONT
~AN (~E

0.07

0.14

COOPER
~S~T

0.10

0.20

DUANE ARNOLD
NE GYC T

0.06

0.12

~ID D~SGN

Maximum sustained (mph)

Tornadoes (mph)
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1.8 SUMMARYOF RADIATIONEFFECTS

1.8.1 Normal 0 eration

The gaseous and liquid radioactive waste systems are designed so that dose to any
offsite person will not exceed that permitted within the limits specified in the Offsite
Dose Calculation Manual (ODCM) and applicable limits in the plant technical
specifications. The expectancy, based on operating experience, is that dose to any
off-site person from gaseous waste discharge will not average more than a small
fraction of the permissible dose, and that concentrations of liquid waste at the point
of discharge will average less than 1% of the concentrations permitted by
10 CFR 20. Both effects are only a small fraction of the effect of natural
background radiation.

1.8.2 Abnormal 0 erational Transients

A design objective is to avoid fuel damage as a result of abnormal operational
transients. Analyses of these events, which are described in the "Plant Safety
Analysis", show that abnormal operational transients do not result in any significant
increase of radioactive material release to the environs over that experienced
during normal operation.

1.8.3 Accidents

The ability of the plant to withstand the consequences of accidents without posing a
hazard to the health and safety of the public is evaluated by analyzing a variety of
postulated accidents. The calculated consequences of the design basis accidents,
which result in the greatest potential off-site radiation exposures, are presented in
Section 14.6. These doses are substantially below the guideline doses given in
10 CFR 100.

1.8-1
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1.9 PLANT MANAGEMENT

The summary of information originally presented in this section was superfluous
and has been deleted. An up-to-date and comprehensive discussion of Plant
Management is presented in Chapter 13 of this Final Safety Analysis Report.

1.9-1
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2.3 METEOROLOGY

2.3.1 General

The Browns Ferry site is adjacent to the Tennessee River (Wheeler Lake) which
flows northwest at this location. There are no local physiographical features to
cause significant climatological anomalies at the site, as the immediate terrain is flat
or slightly undulating, with scattered 400- to 600-foot foothills and ridges located 20
to 25 miles to the east through south and southwest. Wheeler Lake adjoins the site
and averages 1 to 1-1/2 miles in width. Normally, discontinuities in ambient thermal
structure from differential surface heating between land and water should not cause
detectable lake breeze circulation at the site

area.'imited

air mass modification may occur within the lower few hundred feet,
particularly with southeast winds, when the over-water trajectory may approach 10

miles.

2.3.2 3~Ii

The site is in a temperate latitude about 300 miles north of the Gulf of Mexico. The
area is dominated in winter and spring by alternating cool, dry continental air from
the north and warm, moist maritime air from the south. During this period, migratory
cyclonic disturbances with numerous thundershowers and thunderstorms pass
through the area, with frequent precipitation. Storms, including tornadoes, reach
severest intensity in March and Aprilwhen maximum air mass contrast generally
occurs.

Persistent and unstable maritime air in the summer results in frequent
thundershower and thunderstorm activity. Stagnating anticyclones sometimes
dominate the area in the fall, with extended periods of low wind speeds and poor
dispersion conditions.

Climatological appraisal of the Browns Ferry site is based primarily upon data
collected at (1) the plant site during the three-year period, January 1, 1977 through
December 31, 1979, (2) Volunteer Weather Observation Stations in Decatur,
Alabama, about 13 miles southeast of the Browns Ferry site, for the 80-year period,
1879-1958, and (3) The National Weather Service Station near Huntsville,
Alabama, about 20 miles east of the site, for the 13-year period, 1968-1980.
Climatological features affecting the atmospheric dispersion of plant emissions are
discussed later in this subsection.

2.3-1



2.3.3 Atmos heric Stabilit

Temperature data from the Browns Ferry meteorological tower were used to
determine atmospheric stability. The Pasquill seven category (A-G) classification
scheme, based on temperature change with height, was used. Table 2.3-1 gives
the percent occurrences of the Pasquill stabilities classified by lapse rates between
33 and 150 feet (10 and 45 meters), and based on wind speeds at 33 feet (10
meters). Table 2.3-2 gives the percent occurrences of the stabilities classified by
lapse rates between l50 and 300 feet (45 and 90 meters), and based on wind
speeds at 300 feet (93 meters).

For the lower layer (Table 2.3-I), Classes D and E each occurred about 32 percent
of the time. Unstable conditions (Classes A, B, and C) occurred least often, only
about 15 percent of the time.

In the upper layer (Table 2.3-2), Classes D and E combined occurred about 88
percent of the time. Unstable classes were much less frequent, occurring less than
one percent of the time.

During the three-year period of record, low-level inversion conditions (temperature
increases with height) occurred during about 38 percent of the total hours. This
compares well with an inversion frequency of about 37 percent obtained from a
study by Hosier'f two years of data from selected NWS stations. Seasonally, the
greatest occurrence of inversion conditions is during the fall.

2.3.4 Wind

Wind data from the Browns Ferry meteorological tower were used to represent
airflow at the site. Tables 2.3-3 through 2.3-9 are joint percentage frequency
distributions of wind speed by wind direction for Pasquill stability classes A-G,
respectively. These are classified by lapse rates between 33 and 150 feet and
based on wind data at 33 feet. Table 2.3-10 is a distribution of wind speed by wind
direction based on wind data at 33 feet, disregarding stability class. Tables 2.3-11
through 2.3-22 are monthly distributions of wind data at 33 feet, based on the
three-year period. A corresponding set of tables for lapse rates between 150 and
300 feet, and wind data at 300 feet, is given in Tables 2.3-23 through 2.3-42.

2.3.4.1 Wind Direction

Lower Level

From Tables 2.3-3 through 2.3-10, it can be seen that the highest frequency of
winds at the 33-foot level was generally in the southeast sector. The only exception
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was under Class G stability conditions when the highest frequency was in the
north-northeast sector.

The monthly distributions (Tables 2.3-11 through 2.3-22) show a similar high
frequency of winds in the southeast sector. Exceptions are the distributions for
January, February, and September, which reveal a high frequency of winds in the
north-northwest, north-northeast, and north-northeast sectors, respectively.

Annual and monthly wind direction patterns at the 33-foot level are shown in wind
rose plots, Figures 2.3-1 through 2.3-20.

U er Level

At the 300-foot wind sensor level, the distributions (Tables 2.3-23 through 2.3-30)
reveal that the maximum frequency of winds is generally in the southeast sector..
Under stabilities A, B, and C, the highest frequencies of winds were in the west or
southwest sector, but these combined frequencies occurred less than one percent
of the total time. For Class G stability conditions, the highest frequency was in the
south-southeast sector.

The monthly distributions (Tables 2.3-31 through 2.3-42) show a high frequency of
winds in the southeast and south-southeast sectors.

Exceptions are the distributions for January and February, which reveal a maximum
frequency of winds in the northwest'and north sectors, respectively.

Annual and monthly wind direction patterns at the 300-foot level are given in wind
rose plots, Figures 2.3-21 through 2.3-40.

2.3.4.2 Wind Direction Persistence

Persistent wind is defined in this analysis as a continuous wind from one of the
22-1/2 degree sectors (e.g., north-northeast). The persistence is not considered to
be interrupted if the wind departs from the sector for one hour and then returns, or if
there are up to two hours of missing data followed by a continuation of the same
directional persistence.

Tables 2.3-43 and 2.3-44 are summaries of the wind direction persistence durations
at the 33 and 300-foot levels, respectively. From these tables, it can be seen that
the wind directions which were the most persistent were in the southeast and
south-southeast sectors.

At the lower level, about 20 percent of the persistence cases were equal to 6 hours
or more, about 4 percent were equal to 12 hours or more, and about 0.2 percent
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were equal to 24 hours or more. The four highest persistence durations at this level
were 36, 33, 32, and 32 hours with southeast, southeast, south, and
north-northwest winds, respectively.

At the upper level, about 22 percent of the persistence cases were equ'al to 6 hours
or more, about 4 percent were equal to 12 hours or more, and about 0.4 percent
were equal to 24 hours or more. The four highest persistence durations at the
300-foot level were 38, 36, 33, and 32 hours with south-southeast, southeast,
southeast and south winds, respectively.

2.3.4.3 W~id 3 d

Lower Level

Average wind speeds at the 33-foot level under different stability conditions (Tables
2.3-3 through 2.3-9) ranged from a low of 3.2,mph under G stability to a high of 7.2
mph under B stability. The highest occurrence of wind speeds was in the 3.5-5.4
mph range under unstable and neutral conditions (Classes A, B, C, and D), and in
the 1.5-3.4 mph range under stable conditions (Classes E, F, and G).

The overall mean wind speed, disregarding stability, was 5.7 mph (Table 2.3-10).
The highest occurrence of wind speeds for this distribution was in the 3.5-5.4 mph
range with winds primarily in the southeast sector.

From the monthly distributions (Tables 2.3-11 through 2.3-22), it is observed that
the highest average wind speeds occurred in the winter and early spring (December
through March) and the lowest values occurred in late spring to late fall (May
through October). The highest occurrence of wind speeds was in the 7.5-12.4 mph
range for January; in the 1.5-3.4 mph range for May, June, and November; and in
the 3.5-5.4 mph range for the remaining months.

Annual and monthly wind speed patterns at the 33-foot level are also shown in wind
rose plots, Figures 2.3-1 through 2.3-20.

U er Level

Average wind speeds at the 300-foot level, under different stability conditions
(Tables 2.3-23 through 2.3-29), ranged from a low of 9.5 mph under A stability to a
high of 12.1 mph under D and F stabilities. The highest occurrence of wind speeds
was in the 5.5-7.4 mph range under A stability, in the 7.5-1234 mph range under C,
D, and G stabilities, and in the 12.5-18.4 mph range under B, E, and F stabilities.
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Tornado data compiled by the severe local storms (SELS) unit of the National
Weather Service'" for the period 1955-67 were used for evaluating the tornado
probability for the Browns Ferry site. In the 1-degree latitude/longitude square
containing the site (about 3,930 mi'), there were 31 tornadoes reported during the
13-year period, or about 2.38 tornadoes per year. Thorn's value" for the mean
tornado path area (2.82 mi') was used in calculating an annual point probability for
the site of 1.71 x 10'; this is equivalent to a mean recurrence interval of about 600
years.

The National Severe Storms Forecast Center in Kansas City, Missouri calculated
the tornado return probability for the Browns Ferry site based on tornado
occurrences within a 30 nautical mile (nm) radius during 1950-1 986." A circle of 30
nm radius has an area comparable to a one degree latitude-longitude square.
Based on 48 tornado occurrences having path size estimates in the 37-year period,
the return probability is 6.979x10 and the mean return interval is 1,433 years. The
annual tornado occurrence in the 30 nm radius circle is 1.81,(based on 67
tornadoes reported).

2.3.7 Onsite Meteorolo ical Measurement Pro ram

2.3.7.1 Sitin and Descri tion of Instruments

Collection of onsite meteorological data at the Browns Ferry Nuclear Plant
commenced in February 1967 from a meteorological tower located about 0.5 mile
north-northeast of the reactor building and about 25 feet above plant grade. This
facilitywas moved in early 1970 to a new location approximately 0.7 mile north-
northwest of the reactor building and about 10 feet above plant grade. In March
1973, the facilitywas moved to its present location about 0.5 mile east-southeast of
the reactor building and about 30 feet above plant grade.

The permanent meteorological facility consists of a 91-meter (300-foot)
instrumented tower for wind and temperature measurements, a separate 10-meter
(33-foot) tower for dewpoint measurements, ground based instruments for solar
radiation and rainfall measurements, and a data collection system in an instrument
building (Environmental Data Station or EDS). The data collected include: wind
speeds and directions at the 33-, 150-, and 300-foot levels (wind data collection at
150 feet began on April 23, 1976); temperatures at the 33-, 150-, and 300-foot
levels (temperature data collection at four feet ended on May 24, 1979); and
dewpoint temperatures at the 33-foot level (dewpoint data collection at 150 and 300
feet ended on March 6, 1978 and the 4-foot dewpoint data collection ended on
November 15, 1978). Atmospheric pressure data collection ended on April 2, 1981.
The dewpoint sensor was moved to a separate tower on September 27, 1994. More
exact heights for wind and temperature sensors are given in the "Instrument
Description" subsection.
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A solar radiation sensor is located about four feet above ground level, and is about
70 feet from the meteorological tower. Rainfall is monitored from a rain gage also
located about 70 feet from the tower. The meteorological sensors are connected by
cable to the data collection and recording equipment in„the EDS.

EDS grounding is provided by three ground rods at the base of the meteorological
tower and one ground rod at each of the three guy wire anchors. The grounding
system is connected by 2/0 copper wire. The three tower base rods are connected
together, to each of the three tower legs, to each guy wire ground rod, and to the
guy wire assembly at each guy wire anchor. The tower base rods are also
connected to the building ground, to the building AC power ground, and to the data
logger equipment grounds. Lightning protection is provided by a lightning rod at the
top of the tower connected by a 2/0 copper cable along one or more tower legs to
the tower base ground network. Lightning arrestors are provided for the building
AC main supply and each AC power circuit to the ground level and tower mounted
instruments. Voltage surge suppressors are provided on each signal conductor
from each instrument (ground level and tower mounted). Telephone and modem
lines are protected by standard fuse and carbon gap protectors. Fuses and carbon
gap protectors are provided on each conductor of the 25-pair cable to the plant.

Instrument Description

A description of the meteorological sensors follows. More detailed sensor
specifications are included in the EDS manual.'" Replacement sensors, which may
be of a different manufacturer or model, will satisfy Regulatory Guide 1.23 (Revision
0) specifications."

SENSOR HEIGHT (feet) DESCRIPTION

Wind Direction 34.2, 149.8,
and 303.8'limet Instruments,

Inc., Model 012-16';
threshold, 0.75 mph;
accuracy, + 3 .

Wind Speed 34.2, 149.8,
and 303.8'

Climet Instruments,
Inc., Model 011-4',
threshold, 0.6 mph;
accuracy, 2 1%

Prior to making precise measurements of the sensor heights, they were assumed to be 33 feet,
150 feet, and 300 feet. Consequently, these values are used elsewhere in the text.
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or 0.15 mph, whichever is
greater.

Temperature 32.9, 'I 48.6,
and 293.8'eed Instrument Co.,

Model 101'; accuracy, +
0.06'F; Climet
Instruments, Inc., Model
016-1'spirated
radiation shield; error,
O'F to 0.2'F.

Dewpoint 33.5 Protimeter Inc., Model DPS-100;
accuracy, 2 0.9'F.

Solar Radiation Eppley Laboratories,
Inc., Model 8-48';
accuracy, 2 6%.

Rainfall Belfort Instrument Co.,
Model 5915-1 2'; accuracy,
2 0.06 inch.

2.3.7.2 Data Ac uisition S stem

The previous data collection system, which included a NOVA minicomputer, was
replaced by a new system on September 28, 1988. This data acquisition system is

located at the EDS and consists of meteorological sensors, cables, signal
conditioners, a micro-VAXminicomputer with peripherals (keyboard, monitor,
printer, disk memory), digital voltmeter (analog voltage and ohms to digital
converter), switch controller (reed relay scanner), chart recorders, and various
interface devices. These devices send meteorological data to the plant and to the
Central Emergency Control Center (CECC) in Chattanooga and enable callup for
data validation and archiving offsite. In addition, this system collects water
temperature data from remote sensing stations as required by the NPDES permit.

Prior to making a precise measurement of the sensor height, it was assumed to be 33 feet.
Consequently, this value is used elsewhere in the text.

A replacement sensor of a different manufacturer or model willsatisfy R.G. 1.23 (Revision 0)

specifications.
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S stem Accuracies

The meteorological data collection system is designed and replacement
components are chosen to meet or exceed specifications for accuracy identified in

NRC Regulatory Guide 1.23 (Revision 0).

The table below lists, by parameter, the Regulatory Guide 1.23 specification. The
meteorological data collection system satisfies the Regulatory Guide 1.23 accuracy
requirements. A detailed listing of error sources for each parameter is included in

the EDS manual, and TVAanalysis of the system accuracies has been performed."

Parameter Units
RG 1.23
S ecification

Wind Speed
Wind Direction
AirTemperature
Vertical Temperature

Difference
Dewpoint
Temperature

Rainfall
Solar Radiation

miles/hour
degrees
QF

oF

OF

inches
Lang Icy/minute

k 0.50
2 5.0
2 0.90

+ 0.18

2 0.90
+ 0.10
not specified

2.3.7.3 Data Recordin and Dis la

The data acquisition is under control of the computer program. The output of each
meteorological sensor, connected by cable to the logger, is scanned periodically,
scaled, and the data values are stored in the computer.

Meteorological sensor outputs are measured at the following rates: horizontal wind
direction and wind speed, every five seconds (720 per hour); solar radiation, every
15 seconds (240 per hour); temperature and dewpoint, every minute (60 per hour);
rainfall, every hour (one per hour). Software data processing routines within the
computer accumulate output and perform data calculations to generate 15-minute
and hourly averages of wind speed and temperature, 15-minute and hourly vector
wind speed and direction, hourly averages of dewpoint and solar radiation, hourly
horizontal wind direction sigmas, and hourly total precipitation. Prior to April 1987,
a prevailing wind direction calculation method was used. Subsequently, vector wind
speed and direction have been calculated along with arithmetic average wind
speed.
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Selected data each 15 minutes and all data each hour is printed out on the station
printer, recorded on the computer magnetic disk, and stored for remote data access.
Instantaneous wind speed, wind direction, and dewpoint data are recorded on

analog strip charts in the EDS.

Data sent to the plant control room every 15 minutes includes 33-, 150-, and 300-

foot wind direction, average wind speed, and temperature values. Hourly data sent
includes all of these plus the precipitation amount.

Data sent to the CECC computer in Chattanooga every 15 minutes includes 33-,

150-, and 300-foot wind direction, wind speed, and temperature values. AII data is

sent to the CECC every hour. This data is available from the CECC computer to

other TVAand the State emergency centers in support of the Radiological
Emergency Plan, including the technical support center at Browns Ferry. Remote

access of meteorological data by the Nuclear Regulatory Commission during
emergency situations is available through the CECC computer.

Data are sent from the EDS to a data collection computer in Knoxville for validation,
reporting, and archiving.

2.3.7.4 E ui ment Servicin Maintenance and Calibration

The meteorological equipment at the EDS is serviced by either engineering aides,
instrument technicians, or engineers. Maintenance and calibrations are performed by
either instrument technicians, electrical engineering associates, or electrical
engineers.

A schedule of calibration dates is maintained for all meteorological facility
components - sensors, recorders, electronics, DVM, data loggers, etc. Components
are field calibrated or removed and replaced with components that have been
calibrated in the laboratory. All components are calibrated at least every six months.

An exception is the solar radiation sensor which is replaced every twelve months.

More frequent intervals for individual components may be specified, in the station

manual, on the basis of the operational history of the component-type, in order to

assure the maximum practicable data recovery rate. Detailed, standardized
procedures are included or referenced in the station manual. Overall quality
assurance functions for meteorological monitoring are described and referenced in
TVA's Quality Assurance Program - Meteorological Monitoring.'"

2.3.7.5 0 erationalMeteorolo ical Pro ram

The operational phase of the meteorological program includes those procedures and

responsibilities related to activities beginning with the initial fuel loading and

continuing through the life of the plant. The meteorological data collection program is
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continuous without major interruptions. Operational system checks on the
meteorological facility are made once a week. The meteorological program has been
developed to be consistent with the guidance given in NRC Regulatory Guide 1.23
(Revision 0) and the reporting procedures in Regulatory Guide 1.21 (Revision 1)."
The basic objective is to maintain data collection performance to assure at least 90%
joint recoverability and availability of data needed for assessing the relative
concentrations and doses resulting from accidental or routine releases.

The restoration of the data collection capability of the meteorological facility in the
event of equipment failure or malfunction will be accomplished by prompt
replacement or repair of affected equipment. A stock of spare parts and equipment is
maintained at the environmental data station to minimize and shorten the periods of
outages. Equipment malfunctions or outages are detected by field personnel during
routine or special checks. Equipment outages that affect the data transmitted to the
plant can be detected by review of data displays in the reactor control room. Also,
checks of data availability to the emergency centers are performed each work day.
When an outage of one or more of the critical data items occurs, the appropriate
maintenance personnel will be notified.

In the event that the onsite meteorological facility is rendered inoperable, and there
is no fully representative offsite source of meteorological data for identification of
atmospheric dispersion conditions, TVAhas prepared objective backup procedures
to provide estimates for missing or garbled data. These procedures incorporate
available onsite data (for a partial loss of data), offsite data, and conditional
climatology. The CECC meteorologist providing emergency support will apply
appropriate backup procedures for use in an emergency situation.

2.3.8 Conclusions

The meteorology of the Browns Ferry site provides generally favorable atmospheric
conditions for transport and dispersion of plant emissions (see Section 14 and
Appendix E). There are no physiographical features in the area to cause local
entrapment or accumulation of emissions, particularly during extended periods of
anticyclonic circulation or atmospheric stagnation. Limited air mass modification
may occur within the lower few hundred feet, particularly with southeast winds when
the over-water trajectory may approach 10 miles. Evaluation of the site
meteorological information collected since preparation of the Design and Analysis
Report confirms earlier judgment that the protective features for provision of routine
atmospheric discharge of radioactive material will be adequate.

The Browns Ferry site is located in an area occasionally traversed by cyclonic
storms. Wind speeds in excess of 40 mph are occasionally reported, but wind
speeds in excess of 75 mph are rare. The estimated probability of a tornado
occurrence at the Browns Ferry site in any one year is 6.979 x 10, or about one
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occurrence in 1,433 years should be expected. In spite of the low probability, the
plant is designed to withstand tornado forces. (See section 12 for design wind and
tornado loadings.)

Because of the suitable physiographical features and adequate atmospheric
diffusion conditions, it is anticipated that routine emission rates for atmospheric
release of radioactive material will be favorable as compared with calculated
maximum permissible emission rates (see Appendix E).
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2.4.4 Water Use

The public and industrial water supplies which withdraw surface water from the
Tennessee River in the 61-river mile reach from Decatur, Alabama to Colbert Steam

Plant, not including Browns Ferry Nuclear Plant, are listed in Table 2.4-4.

2.4.4.1 Industrial

Major industrial water users are located both upstream and downstream of the
Browns Ferry project. These users, not including Browns Ferry, withdraw
approximately 196 million gallons of water from Wheeler Reservoir each day for
process and cooling needs. Most of this water is subsequently returned to the
reservoir.

2.4,4.2 Public

The major public uses of the reservoir are for water supplies, recreation, and waste
disposal. Six public water supplies are taken directly from the Tennessee River
portion of Wheeler, Wilson, and Pickwick Reservoirs within the reach from Decatur,
Alabama, about 12 river miles upstream from the plant, to Colbert Steam Plant,
about 49 river miles downstream from the plant. Eleven industrial supplies also
withdraw water from the reservoirs in this same reach, and some use a portion of
their withdrawal for potable water within the plant.

2.4.4.3 Browns Fer Nuclear Plant

The Browns Ferry Nuclear Plant will use a large volume of water. When all three
units are in operation, river water will be pumped through the plant at the rate of
about 4,400 cfs. The temperature of this water will be elevated above its natural
temperature. Heated condenser cooling water will be diffused into the main
channel flow of the Tennessee River by a Diffuser System consisting of three
perforated pipes laid side by side on the bottom of the channel near TRM 293.5.
The Diffuser System is detailed in paragraph 12.2.7.5.

The containment, treatment, storage (including quantities), and pathways for
release of liquid radiological effluents at BFN are detailed in Section 9.2 Liquid
Radwaste System.

The nearest community surface water supply is at Decatur, Alabama, on Wheeler
Reservoir 12 miles upstream from the Browns Ferry site. With normal operation of
Guntersville and Wheeler Dams, there would be no flow upstream from Browns
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Ferry that would reach Decatur. Should a slug release (i.e., a finite volume of
contaminant released nearly instantaneously into a receiving waterway) occur at a

time when upstream flow to Decatur could conceivably occur, the river control
system would be operated to prevent the upstream flow.

The first downstream water intake is the West Morgan-East Lawrence Water
Authority intake located at TRM 286.5 on the left bank of Wheeler Reservoir. An
analysis was made to determine the minimum dilution to be expected between the
diffusers and the intake at West Morgan-East Lawrence for both accidental slug
and continuous plane source releases. The following assumptions were used in the
analysis.

1. Because the water intake is located on the bank opposite the plant, minimum
dilution would occur when the release is fully mixed over the cross section of
the reservoir. This is accomplished by configuring the release as a plane
source placed vertically across the width of the channel.

2. Mixing calculations are based on steady flow conditions in the reservoir.
River flow is assumed to be 33000 ft'/sec. This is the flowwhich is equaled
or exceeded in the reservoir approximately 50 percent of the time.

3. The concentration profile from an instantaneous (i.e. slug) release of
contaminant is assumed to be Gaussian in the longitudinal direction.

The calculated contaminant concentration is conservative. Material
discharged into the river does not degrade through radioactive decay,
chemical or biological processes, nor is contaminant removed from the
reservoir by adsorption to sediments or by evaporation.

All results are given in units of relative concentration, expressed as C/Co where C
represents the concentration of contaminant at the point of interest, and Co is the
concentration of contaminant at the point where it enters the reservoir. Dilution is
the reciprocal of relative concentration.

The maximum relative concentration at the West Morgan-East Lawrence Water
Authority intake due to a continuous plane source release rate Q (ft'/sec) of
contaminant is 3.0 Q x 10'. The maximum relative concentration at this location
due to an instantaneous plant source release of a volume V (ft') of contaminant is
3.3 V x 10". For the instantaneous relative concentration, the following parameter
values were used:

channel width = 6000 ft,
channel depth = 35 ft,
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TABLE2.44

PUBLIC AND INDUSTRIALSURFACE WATER SUPPLIES WITHDRAWNFROM THE 61 MILE REACH OF THE
TENNESSEE RIVER BETWEEN DECATUR ALABAMAAND TVACOLBERT STEAM PLANT

~la ~a

Decatur, (Ala.)
Monsanto Company (Ala.)
3M Company (Ala.)
Amaco Chemicals Corp. (Ala.)

Brovms Ferry Nuclear Plant (Ala.)

West Morgan-East Lawrence
Water Authority (Ala.)

Champion International (Ala.)
TVA-Wheeler Dam

(Ala)'eynoldsMetals Company (Ala.)
Florence (Ala.)-

Muscle Shoals (Ala.)

TVA-Environmental Research
Center ERC (Ala.)

TVAWilson Dam (Ala.)
-'ccidentalChemical Co. (A!a.)

Sheffield (Ala.)
TVAColbert Steam Plant (Ala.)
Cherokee (Ala.)
Laroche Industries

Average
Daily

~Ue ~GD

26.92
120.30

12.96
6.63

4
55.90

3.11
6.70

3.61

¹
14AO
2.10

1250.00
12.80
39.60

Location

TRM 306
TRM 302
TRM 299.7
TRM 299.5

TRM 293.6R

TRM 286.5L
TRM 282.8L
TRM 274.9
TRM 261L
TRM 259.8R
and Cypress Cr 8.4

TRM 259.6L
Fleet Hollow
Embayment Mi.0.4

TRM 259.5L
Fleet Hollow
Embayment Mi.0.5
TRM 259.4
TRM 258.4L
TRM 254.3L
TRM 245
TRM 239.3L
TRM 238L

Approximate
Distance
From Site
(aliveI~iles

12.4 (Upstream)
8.4 (Upstream)
6.1 (Upstream)
5.9 (Upstream)

0.0

7.1 (Downstream)
10.8 (Dovmstream)
18.7 (Dovmstream)
32.6 (Dovmstream)
33.8 (Dovmstream)

34.0 (Dovmstream)

34.1 (Dovmstream)

34.2 (Dovmstream)
35.2 (Dovmstream)
39.3 (Dovmstream)
48.6 (Downstream)
54.3 (Downstream)
SS.6 (Downstream)

Municipal
Industrial
Industrial
Industrial

Municipal
Industrial
Industrial
Industdal
Municipal

Municipal

Industrial
& Potable

Industrial
Industrial
Municipal
Industrial
Municipal
Industrial

Water used for industrial purposes only. Potable water is purchased from
East Lauderdale County Water District.

Florence has two water treatment plants. The Cypress Creek Plant h not included in this number.

Water used for Industrial purposes only. Potable water is from TVA-Property Services and Property Operation (PS&PO).

Water usage is not metered.



BFN-16

stream has now been diverted to flow along the west boundary of the plant as
shown in Figure 22. The channel is designed with capacity sufficient to carry the
maximum possible (probable maximum) flood without flooding the plant.

The peak flood discharge was estimated using a 1-hour unit hydrograph developed
synthetically by comparison with gaged watersheds in the region. The adopted unit
hydrograph is shown on Figure 23.

The maximum possible (probable maximum) peak discharge is 17,200 cfs. This
compares with 14,000 cfs determined in the original analysis. The maximum
possible (probable maximum) flood hydrograph for this stream and the site PMP
hyetograph are shown on Figure 24.

The alignment of the relocated channel is shown on Figure 22, typical sections are
shown on Figure 25, and plan and profiles, including water surface profiles and
minimum grade levels between the channel and plant, are shown on Figure 26.
Maximum water surface elevations were completed using standard step backwater
methods. As shown on Figure 26, the channel will pass 17,200 cfs with maximum
water surface elevations below the ground, the dike, and the road which protect the
plant and cooling tower areas from flooding.

SWITCHYARD DRAINAGE CHANNEL

The 100-acre area draining to the switchyard drainage channel is shown on Figure
22 (Area 2). Runoff from this area is diverted through the channel to the Tennessee
River southeast of the plant. Two inflow hydrographs were developed: (1) a lateral
inflow hydrograph from the 35-acre area adjacent to the channel, distributed
uniformly along the length of the channel, and (2) a point inflow hydrograph from the
65-acre area draining to the upstream end of the channel. The lateral inflow
hydrograph is equivalent to the PMP hyetograph using 5-minute intervals. The
point inflow hydrograph was developed by considering overland flow travel time for
a number of discrete points within the 65-acre area. Travel times were estimated
for runoff from each respective point to the channel. Peak flood elevations in the
channel were computed using unsteady flow routing methods. In the routing it was
conservatively assumed that the three culverts at the oil skimmer structure at the
downstream end of the channel would be clogged with debris and would provide no
discharge capacity during the flood. The channel can pass the maximum possible
(probable maximum) flood without flooding safety-related structures. The maximum
water surface elevation at the holding pond at the downstream end of the channel
would be 574.8. The maximum water surface elevation at the north corner of the
switchyard would be 577.8. The switchyard is higher than the maximum water
surface, preventing flow from entering the plant.
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Main Plant Area

Plant buildings could possibly be flooded by an intense local storm which would
exceed the capacity of the yard drainage system. The main plant area drains
41 acres and is shown on Figure 22 (Area 3). Plant surface drainage was,
investigated to determine ifa plant maximum possible (probable maximum) storm
would exceed plant grade El. 565 and cause flooding of safety-related plant
structures. All underground drains were assumed to be clogged.

All surface drainage with the exception of that between the office building and
service building (patio plaza area) is adequate. Flow from the 3.3-acre patio plaza
area northwest of the service building will drain to the employee courtyard west of
the service building. Flooding at this location results from runoff collecting in a low
point in the area with flood elevations controlled by the narrow opening between the
temporary plant engineering building and the radwaste evaporator building. The
peak elevation was determined to be 566.6, which is 1.6 feet above plant grade
El. 565. The elevation was computed by storage routing the inflow hydrograph
equivalent to the PMP hyetograph using 5-minute intervals. The time available
between the start of the most intense rainfall and the time flood levels exceed plant
grade El. 565 varies from 5 to 21 minutes, depending on the assumed distribution
within the critical local PMP 6-hour storm.

In the vicinityof the radioactive waste, reactor, and diesel generator buildings,
water-surface elevations will not exceed El. 565. Peak water-surface elevations
were determined by storage routing the inflow hydrograph using standard weir
formulas and flat pool assumptions. The control section was taken to be the
perimeter road south of the reactor building with elevation at 564. The total inflow
hydrograph was determined by considering overland flow travel time for a number
of discrete points within the 41-acre area. Travel times were determined for runoff
from each respective point to the perimeter road. The total area was then divided
into subareas of equal travel time, with the longest travel times for those areas
farthest from the perimeter road. Each subarea contributes to total flow, with
respective subarea inflow hydrographs equivalent to the PMP hyetograph using
5-minute time intervals. The total inflow hydrograph was then computed by
summing the respective subarea inflowhydrographs, with each lagged by an
amount equal to its travel time. Travel times ranged from 0 to 20 minutes, with 0
reflecting instantaneous watershed response.

Water-surface elevations at the radioactive waste, reactor, and diesel generator
buildings at the time of maximum possible (probable maximum) floodflow would be
increased ifmaximum water levels in the cooling water discharge channel
downstream were to exceed El. 564. Maximum water-surface levels in this channel
for combined condenser water and peak maximum possible (probable maximum)

2.4A-14



BFN-16

the site area is very low on the southeastern flank of the Nashville structural dome,
it has undergone no tectonic movement except simple uplift. This movement
probably ceased at the close of the Paleozoic Era.

2.5.3.4 ~si t5 4

An updated list of seismic events within a 200-mile radius of the plant site is

presented in Table 2.5-1. Epicenters of earthquakes within a 200-mile radius of the
plant site are shown on Figure 2.5-6.

2.5.3.5 Seismicit of the Area

Although the seismic history of the southeastern states has been known for only a

century and a half, there is no indication of seismicity in the Decatur area. Light
shocks have been centered near Huntsville, Hazel Green, Anniston, Cullman,
Easonville, and Birmingham, but most of them were felt as low intensity shocks or
not at all in the Decatur area. The shocks felt most strongly in the area have been
major earthquakes centered at distant points, especially in the Mississippi Valley.
There is continuing seismic activity in the Mississippi Valley, and the possibility of
another great earthquake in the New Madrid region of Missouri, Arkansas,
Tennessee, and Kentucky cannot be discounted. An earthquake of intensity XI or
XII at New Madrid might be felt in the Decatur area with an intensity of VII.

2.534 Conclusions

The site is underlain by massive formations of bedrock, thus providing adequate
foundations for all plant structures.

Information provided in Section 2.5.3 indicates no known seismic activity originating
in or near the site area. The major seismic activity experienced at the site has been
caused by distant major earthquakes, especially those at New Madrid and
Charleston. For design purposes, a conservative assumption was made that a
seismic event at an unstated location could cause an intensity of Vll at the plant
site. Thus, the design of structures and equipment important to the plant safety
features was based on a horizontal ground motion due to a peak acceleration of
0.10g. In addition, the design is such that the plant can be safely shut down during
a peak horizontal ground acceleration of 0.20g. Vertical accelerations are two
thirds of the horizontal accelerations. Details of the earthquake design of these
structures are given in Chapter 12. Design based upon these ground accelerations
provides a margin of protection against either minor shocks originating near the site
or major shocks originating at New Madrid or Charleston.

Since the site is located in an area of extremely low seismicity, it has been
principally affected, if at all, by distant, strong earthquakes. The response spectra
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chosen for the site are shown in Figures 2.5-8 and 2.5-9 for the OBE and DBE,
respectively. The time-history method was used in analyzing all structures; and the
EI Centro, May 1940, N-S component was chosen for this purpose. This record was
felt to adequately represent any potential threat to the site. A comparison of the
response spectrum produced by this record and the spectrum used for design is
shown in Figure 2.5-10. As an alternate basis for design of subsystems, an artificial
acceleration time history input ground motion was used. Figure 2.5-11 depicts the
acceleration, velocity, and displacement time history of this record. Figures 2.5-12
through 2.5-16 compare the response spectra of this time history to the site design
spectra for the various damping levels. The artificial time history meets the
enveloping requirements of Section 3.7.1, "Standard Review Plan."

2.5.5 Seismic Instrumentation Pro ram

In order to assess the effects on the plant of earthquakes which may occur that
exceed the ground acceleration for the Operating Basis Earthquake (OBE = 0.10g
ground acceleration), seismic instrumentation is provided as described in the
following sections.

2.5.5.1 Location and Descri tion of Instrumentation

The seismic instrumentation locations are shown in Figure 2.5-17. The
instrumentation consists of the following:

1. A strong-motion triaxial time-history accelerograph at each of the following
locations:

a. El. 519.5, Unit 1 Reactor Building, on the base slab adjacent to the
entrance of the torus,

b. El. 621.75, Unit 1 Reactor Building, upper level in Electrical Board Room
A1, and

c. El. 566.0, Unit 1 and 2 Diesel Generator Building, on the base slab in
Room B.

These accelerographs are battery operated and each contains three internal
Force Balance Accelerometers (longitudinal, transverse and vertical) and a
triggered event digital recording system. All three accelerographs are
oriented with their longitudinal axes parallel with plant assumed north. The
full scale range of the accelerometers in from -1.0g to+1.0g with a bandwidth
of DC to 50 Hz. Three accelerometers initiate operation of the digital
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recording system when an acceleration of 0.01g or greater is sensed. The
digital recording system using static RAM and is capable of recording
approximately 40 minutes of acceleration data on three channels.
Maintenance consists of periodic checks of calibration and battery voltage.

2. Three biaxial seismic switches, A, B, and C, on the base slab of the Unit 1

Reactor Building, El. 519.5. These seismic switches are set to actuate
contact closure at 0.10g, the horizontal OBE acceleration for the site. The
switches will not be actuated by disturbances with a frequency greater than
25 Hz.

3. A triaxial peak accelerograph at each of the following locations:

a. El. 544.0, Unit 1 Reactor Building, on the 14-inch core spray system pipe,

b. El. 580.0, Unit 1 Reactor Building, on the 16-inch residual heat removal
service water pipe, and

c. El. 625.75, Unit 1 Reactor Building, on the 10-inch condenser
cooling water pipe.

The location of each triaxial peak accelerograph was selected based on the
following guidelines:

Accelerographs are located on seismically qualified pipes,

Accelerographs are located at different building elevations,

Accelerographs are located on vertical runs of pipe which will respond to
any direction of earthquake motion and at different natural frequencies,

The pipes were selected to be free as possible from operational
transients such as pump starts, fast acting valves, erratic thermal induced
movements, accidental shocks, etc, and

~ The mass of the recorder is insignificant relative to the pipe and
installation will not jeopardize the pipe's safety function.

4. An IBM PC (or 100% compatible) is located at the site for direct or remote
RS-232C connection to the time-history accelerographs. The PC is used to
control the time-history accelerographs and to retrieve recorded data. The
event and header data can be displayed on the CRT and analyzed using
appropriate software.
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5. Annunciator lights on panel 1-XA-55-4B in the Unit 1 Main Control Room:

a. Window 29: START OF STRONG-MOTION ACCELEROGRAPH - Any
one of the three strong-motion accelerographs (Item 1) will activate this
window if an acceleration greater than or equal to 0.01g is sensed.

b. Windows 22, 23, and 30: SEISMIC TRIGGER A (B) (C) REACTOR
BUILDINGEl. 519- each biaxial seismic switch (Item 2) will activate its
respective window ifan acceleration greater than or equal to 0.10g is
sensed by that instrument. NOTE: Annunicator windows 22, 23, and 30
use the term "Seismic Trigger," which is based on terminology used in the
original purchase of these instruments. The currently accepted term for
this type of instrument, however, is "Seismic Switch."

The basis for selecting the Reactor Building for installation of seismic instruments is
that it is the rock-supported building most important to safety. The basis for
selecting the Diesel Generator Building is that it is the soil-supported building most
important to safety.

2.5.5.2 Control Room 0 erator Notification

Each of the seismic triggers, internal to the triaxial time-history accelerographs
described in Item 1, Section 2.5.5.1, actuates its respective internal recorder and an
annunciator in the Main Control Room informing the operator that an acceleration
equal to or exceeding 0.01g has been sensed.

Each of the biaxial seismic switches described in Item 2, Section 2.5.5.1, actuates
its respective annunciator in the Main Control Room informing the operator that an
acceleration equal to or exceeding 0.10g (horizontal OBE) has been sensed.

2.5.5.3 Com arison of Measured and Predicted Res onses

The procedure to be followed in using the data from the seismic instrumentation is
discussed below.

If any one or more of the three seismic switches are activated, the operator will
initiate a controlled shutdown, provided the operator can verify that an earthquake
has occurred and provided a shutdown has not already been initiated. The
operator may use the annunciator for the time-history accelerographs to aid in his
judgment as to whether or not an earthquake has occurred. If none of the
annunciators have actuated, the operator will not initiate a controlled shutdown.
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2.6 ENVIRONMENTALRADIOLOGICALMONITORING PROGRAM

2.6.1 General

The preoperational environmental radiological monitoring program established a
baseline of data on the distribution of natural and manmade radioactivity in the
environment near the plant site. By comparing data from the operational program
with this background information and with data from control monitoring stations,
accumulation or buildup of radioactivity in the environment can be identified.

Sample collection and analysis was initiated in April 1968 and will continue
indefinitely.

TVAparticipates in an approved Interlaboratory Comparison Program. Samples
supplied by the comparison laboratory are analyzed by TVAand the results
submitted to the laboratory for comparison.

Reports describing the results of the environmental radiological monitoring activities
are submitted routinely to the Nuclear Regulatory Commission as required by the
plant Technical Specifications.

2.6.2 Monitorin Pro ram

A general discussion of the environmental radiological monitoring program follows.
More specific information can be found in the BFN Offsite Dose Calculation Manual.

2.6.2.1 Atmos heric Monitorin

The atmospheric monitoring network is divided into three subgroups. Local air
monitors are located on or adjacent to the plant site. Perimeter monitors are
located in areas of high population density out to approximately 10 miles from the
plant. Remote air monitors are located at distances greater than 15 miles.

Each monitor is capable of continuously sampling air through a particulate filter. In
series with, but downstream of the particulate filter, is a charcoal filter used to
collect iodine.

2.6.2.2 Terrestrial Monitorin

External gamma radiation levels are monitored at selected locations near the site
boundary in different sectors around the plant.
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Samples of fresh milk are collected routinely from selected dairy farms in the vicinity
of the plant. In addition, vegetation grown near the plant is sampled during the
growing season. Municipal water systems downstream from the plant as specified
in the BFN Offsite Dose Calculation Manual are also sampled on a routine basis.

Six groundwater monitoring wells near the Low-Level Radwaste Storage Area were
sampled quarterly for one year (9/82 to 6/83) to obtain baseline radiological data.
The wells are all hydrologically downgradient from the storage area. Parameters
analyzed were: gamma scan, gross beta count, strontium 89 and 90, and tritium.
Results show very low background levels of radioactivity.

'.6.2.3Reservoir Monitorin

Reservoir water samples are collected from sampling locations upstream and
downstream from the plant. In addition, samples of sediment and biological media
are also taken from the reservoir in the vicinity of the plant.

Due to the expected low concentrations of radioisotopes in the plant effluent and
the dilution provided by the streamf low past the plant site, it is expected that the
radioactivity levels in the reservoir will be well below the limits established in Plant
Technical Specifications. Radioactivity levels in the river at the nearest
downstream water supply intake resulting from accidental slug release are expected
to be well below the effluent concentration limits in 10 CFR 20, particularly since
public water supplies are located at considerable distances from the site. Adequate
environmental monitoring shall be provided to ensure the potable water supplies will
not exceed regulatory limits for radioactivity due to operations at Browns Ferry
Nuclear Plant. Both public and private potable water supplies taking water from the
Tennessee River downstream from the plant will be monitored periodically. One
upstream water supply will also be monitored and used as a control station.

2.6.2.4 Other Monitorin

Samples of terrestrial biological specimens may be collected and analyzed at
periodic intervals as required to aid in the evaluation of overall radiological control
programs. Types and frequencies of such samples shall be determined by TVA.
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3.0 REACTOR

3.1 SUMMARYDESCRIPTION

The subsections included in the "Reactor" section describe and evaluate those
systems most pertinent to the fuel barrier and the control of core reactivity. The
"Fuel Mechanical Design" subsection describes the mechanical aspects of the fuel
material (uranium dioxide), the fuel cladding, the fuel rods, and the arrangement of
fuel rods in bundles. Of particular interest is the ability of the fuel to serve as the
initial barrier to the release of radioactive material. The mechanical design of the
fuel is sufficient to prevent the escape of significant amounts of radioactive material
during normal modes of reactor operation.

The "Reactor Vessel Internals Mechanical Design" subsection describes both the
arrangements of the supporting structure for the core and the reactor vessel internal
components which are provided to properly distribute the coolant delivered to the
reactor vessel. In addition to their main function of coolant distribution, the reactor
vessel internals separate the moisture from the steam leaving the vessel and
provide a floodable inner volume inside the reactor vessel that allows sufficient
submergence of the core under accident conditions to prevent additional damage to
the fuel and the gross release of fission products from the fuel. The reactor vessel
internals are designed to allow the control rods and Core Standby Cooling Systems
to perform their safety functions during abnormal operational transients and
accidents.

The "Reactivity Control Mechanical Design" subsection describes the mechanical
aspects of the moveable control rods. They are provided to control core reactivity.
The Control Rod Drive Hydraulic System is designed so that sufficient energy is
available to force the control rods into the core under conditions associated with
abnormal operational transients and accidents. Control rod insertion speed is
sufficient to prevent fuel damage as a result of any abnormal operational transient.

Control Rod Housing Supports are located underneath the reactor vessel near the
control rod housings. These supports limit the travel of a control rod in the event
that a control rod housing is ruptured. They prevent a significant nuclear excursion
as a result of the housing failure, thus protecting the fuel barrier and the primary
system.

The "Nuclear Design" subsection describes the nuclear aspects of the reactor. The
design of the boiling water reactor core and fuel is based on a proper combination
of design variables, such as moderator-to-fuel volume ratio, core power density,
thermal-hydraulic characteristics, fuel exposure level, nuclear characteristics of the
core and fuel, heat transfer, flow distribution, void content, heat flux, and operating
pressure. All of these conditions are dynamic functions of operating conditions.
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However, design analyses and calculations, verified by comparison with data from
operating plants, are performed for specific steady state, transient, and accident
conditions. Included in the "Nuclear Design" subsection are summaries of results of
the steady-state analyses for the fuel cycle, reactivity control, and control rod
worths. Also included are discussions of the reactivity coefficients and xenon
characteristics of the core. Transient and accident analysis results are presented in
Section 14, "Plant Safety Analysis." (Information for current reload fuel designs is
contained or referenced in Appendix N and NEDE-24011-P-A).

The "Thermal and Hydraulic Design" subsection describes the thermal and
hydraulic characteristics of the core. The low coolant saturation temperature, high
heat transfer coefficient, and neutral water chemistry of the boiling water reactor are
significant advantages in minimizing Zircaloy temperatures and associated
temperature-dependent hydride pickup. This results in improved cladding
performance at long exposures. The relatively uniform fuel cladding temperatures
throughout the boiling water reactor core minimize migration of the hydrides to cold
cladding zones and reduce the thermal stresses. A discussion of fuel failure
mechanisms and the parameters associated with fuel damage is included in the
subsection.

The "Standby Liquid Control System" provides a redundant, independent, and
different way from the control rods to make the reactor subcritical, even in the cold
condition. The insertion of control rods is expected always to assure prompt
shutdown of the reactor; hot shutdown can be achieved by insertion of only a few of
the many independent control rods. The Standby Liquid Control System can
maintain subcriticality as the reactor cools without reliance upon insertion of any
control rods.
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a. The jet pumps from the jet pump nozzles down to the shroud support.

b. The shroud support, which forms a barrier between the outside of the shroud
and the inside of the reactor vessel.

c. The reactor vessel wall below the shroud support.

d. The core shroud up to the level of the jet pump nozzles.

3.3.4.1 Core Structure

The core structure surrounds the active core of the reactor and consists of the core
shroud, shroud head and steam separator assembly, core support, and top guide.
This structure is used to form partitions within the reactor vessel to sustain pressure
differentials across the partitions, to direct the flow of the coolant water, and to
laterally locate and support the fuel assemblies, control rod guide tubes, and steam
separators. Figure 3.3-2 shows the reactor vessel internal flow paths. The core
structure is designed in accordance with the structural loading criteria of
Appendix C.

3.3.4.1.1 Core Shroud

The core shroud is a stainless steel cylindrical assembly which provides a partition
to separate the upward flow of coolant through the core from the downward
recirculation flow. This partition separates the core region from the downcomer
annulus thus providing a floodable region following a recirculation line break. The
volume enclosed by the core shroud is characterized by three regions each with a
different shroud diameter. The upper shroud has the largest diameter and
surrounds the core discharge plenum which is bounded by the shroud head on top
and the top guide below. The central portion of the shroud surrounds the active fuel
and forms the longest section of the shroud. This section has the intermediate
diameter and is bounded at the bottom by the core support assembly. The lower
shroud, surrounding part of the lower plenum, has the smallest diameter and at the
bottom is welded to the reactor vessel shroud support (see Subsection 4.2 "Reactor
Vessel and Appurtenances Mechanical Design" ).

3.3.4.1.2 Shroud Head and Steam Se arator Assembl

The shroud head and steam separator assembly is bolted to the top of the upper
shroud to form the top of the core discharge plenum. This plenum provides a
mixing chamber for the steam-water mixture before it enters the steam separators.
Long holddown bolts are used for easy access during removal. The individual
stainless steel axial flow steam separators shown in Figure 3.3-3 are attached to
the top of standpipes which are welded into the shroud head.
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The centrifugal type steam separators have no moving parts. In each separator, the
steam-water mixture rising through the standpipe passes vanes which impart a spin
to establish a vortex separating the water from the steam. The steam exits from the
top of the separator and rises up to the dryers. The separated water exits from
under the separator cap and flows out between the standpipes, draining into the
recirculation flow downcomer annulus.

3.3.4.1.3 Core Su ort Core Plate

The core support consists of a circular stainless steel plate stiffened with a rim and
beam structure. Perforations in the plate provide lateral support and guidance for
the control rod guide tubes, peripheral fuel support pieces, incore flux monitor guide
tubes, and startup neutron sources. The entire assembly is bolted to a support
ledge between the central and lower portions of the core shroud after proper
positioning has been assured by alignment pins which fit into slots in the ledge.

3.3.4.1.4 ~To Guide

The top guide is formed by a series of stainless steel beams joined at right angles
to form square openings. Each opening provides lateral support and guidance for
four fuel assemblies. Holes are provided in the bottom of the beams to anchor the
incore flux monitor guide tubes and startup neutron sources. The top guide is
positioned by alignment pins which fit into radial slots in the top of the shroud.

3.3.4.2 Fuel Su ort Pieces

The fuel support pieces, shown in Figure 3.3-4, are of two basic types-peripheral
and four-lobed. The peripheral fuel support pieces, which are welded to the core
support, are located at the outer edge of the active core and are not adjacent to
control rods. Each peripheral fuel support piece will support one fuel assembly and
contains a replaceable orifice assembly designed to assure proper coolant flow to
the fuel assembly. The four-lobed fuel support pieces will each support four fuel
assemblies and are provided with orifice plates to assure proper coolant flow
distribution to each fuel assembly. The four-lobed fuel support pieces rest in the
top of the control rod guide tubes and are supported laterally by the core support.
The control rod blades pass through slots in the center of the four-lobed fuel
support pieces. A control rod and the four fuel assemblies which immediately
surround it represent a core cell (see Subsection 3.2, "Fuel Mechanical Design" ).

3.3.4.3 Control Rod Guide Tubes

The control rod guide tubes, located inside the vessel, (see Figure 3.3-1) extend
from the top of the control rod drive housings up through holes in the core support.
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Each tube is designed as the lateral guide for a control rod and as the vertical
support for a four-lobed fuel support piece and the four fuel assemblies surrounding
the control rod. The bottom of the guide tube is supported by the control rod drive
housing (see Subsection 4.2, "Reactor Vessel and Appurtenances Mechanical
Design" ) which in turn transmits the weight of the guide tube, fuel support piece,
and fuel assemblies to the reactor vessel bottom head. A thermal sleeve is inserted
into the control rod drive housing from below and is rotated to lock the control rod
drive tube in place. A key is inserted into a locking slot in the bottom of the control
rod drive housing to hold the thermal sleeve in position.

3.3.4.4 Jet Pum Assemblies

The jet pump assemblies are located in two semicircular groups in the downcomer
annulus between the core shroud and the reactor vessel wall. Each stainless steel
jet pump consists of a driving nozzle, suction inlet, throat or mixing section, and
diffuser (Figure 3.3-5). The driving nozzle, suction inlet, and throat are joined
together as a removable unit and the diffuser is permanently installed. High
pressure water from the recirculation pumps (see Subsection 4.3, "Reactor
Recirculation System" ) is supplied to each pair of jet pumps through a riser pipe
welded to the recirculation inlet nozzle thermal sleeve. A riser brace is welded to
cantilever beams extending from pads on the reactor vessel wall.

The jet pump diffuser is a gradual conical section changing to a straight cylindrical
section at the lower end. The diffuser is supported vertically by the shroud support,
a flat ring which is welded to the reactor vessel wall and to which is welded the
shroud support cylinder. The joint between the throat and the diffuser is a slip fit. A
metal-to-metal spherical to conical seal joint is used between the nozzle entry
section and riser with firm contact maintained by a clamp arrangement which fits
under posts on the riser and utilizes a bolt to provide a downward force on a pad on
top of the nozzle entry section. The throat section is supported laterally by a
bracket attached to the riser. The jet pump diffuser section is welded to the shroud
support and provides a positive seal. This permits reflooding the core to the top of
the jet pump inlet following a design basis loss-of-coolant accident."

3.3.4.5 ~St 5

The steam dryers remove moisture from the wet steam which exits from the steam
separators. The wet steam leaving the steam separators flows across the dryer
vanes and the moisture flows down through collecting troughs and tubes to the
water above the downcomer annulus (see Figure 3.3-6). A skirt extends down into
the water to form a seal between the wet steam plenum and the dry steam flowing

"Design and Performance of GE BWR Jet Pumps," General Electric Co., Atomic Power
Equipment Department, July 1968. (APED-5460).
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out the top of the dryers to the steam outlet nozzles. Vertical guide rods facilitate
positioning the dryer and shroud head in the vessel. The dryers rest on steam dryer
support brackets attached to the reactor vessel wall and are restricted from lifting by
steam dryer holddown brackets which are attached to the reactor vessel closure
head over the top of the steam dryer lifting lugs when the head is in place.

3.3.4.6 Feedwater S ar ers

As a result of cracks discovered in the feedwater nozzle bend radius, nozzle bore
regions, and around the sparger flow holes, the General Electric Company (GE)
developed an improved nozzle/sparger design which would reduce this cracking.
This new design has been installed in all three units. A separate sparger is fitted to
each feedwater nozzle (6) with a double piston ring thermal sleeve. Each sparger is
shaped to conform to the curve of the vessel wall and is attached to the wall with
two end brackets. These end brackets are bolted to the vessel wall brackets which
support the weight of the spargers and position the sparger away from the vessel
wall. Flow nozzles are welded to the inner radii of the sparger. Feedwater flow
enters the center of the sparger and is discharged radially inward and downward
through the nozzles to mix the cooler feedwater with the downcomer flow from the
steam separators before it contacts the vessel wall. The feedwater also serves to
collapse the steam voids and to subcool the water flowing to the jet pumps and
recirculation pumps.

This improved nozzle/sparger design, in conjunction with an ultrasonic testing
inspection program, will preclude the possibility of any crack growing to a depth
which would endanger the pressure vessel integrity.

3.34.7 Core S ra Lines

The two 100-percent capacity core spray lines separately enter the reactor vessel
through the two core spray nozzles as shown in Figure 4.2-1 (see Subsection 4.2,
"Reactor Vessel and Appurtenances Mechanical Design" ). The lines divide
immediately inside the reactor vessel. The two halves are routed to opposite sides
of the reactor vessel and are supported by clamps attached to the vessel wall. The
header halves are then routed downward into the downcomer annulus and pass
through the upper shroud immediately below the flange. The flow divides again as
it enters the center of the semicircular sparger ring which is routed halfway around
the inside of the upper shroud. The ends of the two sparger rings for each line are
supported by slip-fit brackets designed to accommodate thermal expansion of the
rings. The header routings and supports are designed to accommodate differential
movement between the shroud and the vessel. The other core spray line is
identical except that the header enters the opposite side of the vessel and the
sparger rings are at a slightly different elevation in the shroud. The proper spray
distribution pattern is provided by a combination of distribution nozzles pointed

3.3-6



BFN-16

radially inward and downward from the sparger rings (see Section 6, "Core Standby
Cooling Systems" ).

3.3.4.8 Vessel Head Coolin S ra Nozzle

The vessel head cooling spray nozzle is mounted to a short length of pipe and a

flange, which is bolted to a mating flange above a reactor vessel head nozzle for
Unit 1 only. Units 2 and 3 vessel head cooling spray nozzle are still installed but
are not functional since blind flanges are permanently installed at the mating flange.

3.3.4.9 Differential Pressure and Li uid Control Line

The differential pressure and liquid control line serves a dual function within the
reactor vessel to inject liquid control solution into the coolant stream (discussed in
Subsection 3.8, "Standby Liquid Control System" ) and to sense the differential
pressure across the core support assembly (see Subsection 4.2, "Reactor Vessel
and Appurtenances Mechanical Design" ). The line enters the reactor vessel at a

point below the core shroud as two concentric pipes. In the lower plenum, the two
pipes separate. The inner pipe terminates near the lower shroud with a perforated
length below the core support assembly. It is used to sense the pressure below the
core support during normal operation and to inject liquid control solution when
required. This location assures that good mixing and dispersion are facilitated.
The use of the inner pipe also reduces the thermal shock to the vessel nozzle
should the Standby Liquid Control System ever be used. The outer pipe terminates
immediately above the core support assembly and senses the pressure in the
region outside the fuel assembly channels.

3.3.4.10 Incore Flux Monitor Guide Tubes

The incore flux monitor guide tubes are welded to the top of the incore flux monitor
housings (see Subsection 4.2, "Reactor Vessel and Appurtenances Mechanical
Design" ) in the lower plenum and extend up to the top of the core support. The
power range detectors for the power range monitoring units and the dry tubes for
the source range monitoring/intermediate range monitoring (SRM/IRM) detectors
are inserted through the guide tubes and are held in place below the top guide by
spring tension. A lattice work of clamps, tie bars, and spacers is bolted around the
guide tubes at the approximate level of the reactor vessel shroud support to give
lateral support and rigidity to the guide tubes. The bolts and clamps are welded
after assembly to prevent loosening during reactor operation.

3.3.4.11 Startu Neutron Sources

Startup neutron sources are used to provide a sufficient neutron population to
assure that the core neutron flux is detectable by installed neutron monitors and to
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assure that significant changes in core reactivity are readily detectable by installed
neutron flux instrumentation. Antimony-beryllium neutron sources were used for
cycle 1. Antimony-beryllium or californium neutron sources may be used in later
cycles if spent fuel alone cannot provide the required neutron population. (See
Subsection 7.5, "Neutron Monitoring System" ).

3.3.4.12 Surveillance Sam le Holders

The surveillance sample holders are welded baskets containing impact and tensile
specimens capsules (see Subsection 4.2, "Reactor Vessel and Appurtenances
Mechanical Design" ). The baskets hang from brackets on the inside diameter of the
reactor vessel at the mid height of the active core and at radial positions of 30',
120', and 300'. These locations are chosen to expose the specimens to the same
environment and maximum neutron fluxes experienced by the reactor vessel itself
while at the same time avoiding jet pump removal interfe'rence or damage.

3.3.5 Safet Evaluation

3.3.5.1 Evaluation Methods

To determine that the safety design basis is satisfied, the responses of the reactor
vessel internals to loads imposed during normal operation, abnormal operational
transients, and accidents were examined. Determination of these effects on the
ability to insert control rods, cool the core, and flood the inner volume of the reactor
vessel was made. The various structural loading combinations assumed to be
imposed on the reactor vessel internals are as described in Appendix C for Class I

equipment. These loading combinations include upset loads, emergency loads,
and faulted loads.

The ASME Boiler and Pressure Code, Section III for Class A vessels, is used as a
guide to determine limiting stress intensities and cyclic loadings for the reactor
vessel internals. For those components, for which buckling is not a possible failure
mode and stresses are within those stated in the ASME Code, it was concluded that
the safety design basis is satisfied. For those components, for which either
buckling is a possible failure mode or stresses exceed those presented in the ASME
Code, then either the elastic stability of the structure or the resulting deformation
was examined to determine if the safety design basis was satisfied.

3.3.5.1.1 S ecific Events to be Evaluated

Examination of the spectrum of conditions for which the safety design basis must be
satisfied reveals four significant events as follows:
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a. Loss-of-coolant accident. This accident is a break in a recirculation line. The
accident results in some pressure differentials across the reactor vessel
internals which exceed normal loads.

b. Steamline break accident. This accident is a break in one main steamline
between the reactor vessel and the flow restrictor. The accident results in
significant pressure differentials across the reactor vessel internals.

c. Thermal shock. The most severe thermal shocks to the reactor vessel
internals occur when low pressure coolant injection or high pressure coolant
injection (LPCI or HPCI) operations reflood the reactor vessel inner volume
following either a recirculation line break or a main steamline break (see
Section 6, "Core Standby Cooling System" ).

d. Earthquake. This event subjects the reactor vessel internals to significant
forces as a result of ground motion.

Analysis of other conditions existing during normal operation, abnormal operational
transients, and accidents showed that the loads affecting the reactor vessel
internals are less severe than the four postulated events.

3.3.5.1.2 Pressure Differentials Durin Ra id
De ressurization

A digital computer code'as used to analyze the transient conditions in the reactor
vessel following the loss-of-coolant accident and the design basis steamline break
accident. The analytical model of the vessel (Figure 3.3-7) consists of five nodes,
which are connected to the necessary adjoining nodes by flow paths having the
required resistance and inertial characteristics. The program solves the energy and
mass conservation equations for each node to give the depressurization rates in the
various regions of the reactor.

The five nodes are: (1) the subcooled lower plenum, (2) the core, (3) the upper
plenum, (4) the mixing region, (5) the steam dome. The subcooled liquid in the
downcomer region is added to the mixing region inventory when reactor vessel
pressure drops to the saturation value of the downcomer liquid.

The flow resistances are evaluated from the irreversible pressure drops associated
with known flow rates. If the accident being considered is a rupture in the

Rockwell, D. A., "RIP-2 A Computer Program for Calculation of Reactor Internal Pressures During
Accident Conditions," General Electric Company. Atomic Power Equipment Department,
October 1966 (APED-5296).
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recirculation loop, an additional flow path exists through the diffusers of the
inoperative jet pumps.

Momentum effects are considered for the core inlet, core outlet, separator, and jet
pump flows; it is not a significant effect in the other reactor vessel internal flow
paths.

Figure 3.3-7 shows the reactor nodes; the pressure differentials acting on major
components are designated as follows:

Component
Pressure
Loading

Normal
Pressure
Load,
PS I

Shroud Support
Guide Tube
Core Support (core plate)
Lower Shroud
Upper Shroud and Separators
Jet Pump Diffuser
Fuel Channel

P1-P4
P1-P3
P1-P3
P1-P4
P3-P4
P1-P4
P2-P3

27
20
20
27

8
27
10

3.3.5.2 Recirculation Line Break

This accident is the same design basis loss-of-coolant accident as described in
Section 6, "Core Standby Cooling Systems," and Section 14, "Plant Safety
Analysis." It is assumed that an instantaneous, circumferential break occurs in one
recirculation loop. The reactor is assumed to be operating at design power with
rated circulation flow at the time of the break. The initial values of key nuclear
system parameters are as follows:

Core Power
Steam Rate
Recirculation Flow
Core Inlet Enthalpy
Core Differential Pressure

(excluding elevation)

3440
14.0 x 10
102.5 x 10
521
20

MWt
Ib/hr
Ib/hr
Btu/Ib
PSI
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The maximum differential pressures across the reactor vessel internals resulting
from the accident are as follows:

Shroud Support
Guide Tubes
Core Support (core plate)
Lower Shroud
Upper Shroud and Separators
Jet Pump Diffusers
Fuel Channel

27 psI
. 20 psi
20 psi
27 psI

. 10 psi
27 psI

. 10 psi

Note that these loads are no higher than normal plant operation, except for the load
across the upper shroud. This load is only slightly above the normal load.
Therefore, the postulated recirculation line break accident is not the design basis
with respect to internal pressure loads. Maximum loads occur following the
postulated steamline break and are discussed in paragraph 3.3.5.3.

An analysis has been performed to evaluate the potential leakage from within the
floodable inner volume of the reactor vessel during the recirculation line break and
subsequent LPCI reflooding. The two possible sources of leakage are:

a. Jet pump throat to diffuser joint.

b. Jet pump nozzle to riser joint.

The jet pump to shroud support joint is welded and therefore is not a possible
source of leakage. The throat to diffuser joints for all jet pumps by analysis are
shown to leak no more than a total of 225 gpm. The jet pump nozzle to riser joint by
analysis is shown to leak no more than 582 gpm for the pumps through which the
vessel is being flooded. The summary of maximum leakage is then:

225 gpm Total leakage through all throat-to-diffuser joints
582 gpm Total leakage through all nozzle-to-riser joints
807 gpm Total maximum rate

LPCI capacity is sized to accommodate 3000 gpm leakage at these locations. It is
concluded that the reactor vessel internals retain sufficient integrity during the
recirculation line break accident to allow refloading the inner volume of the reactor
vessel.

3.3.5.3 Steamline Break Accident

The analysis of this accident assumes an instantaneous circumferential break of
one main steamline between the reactor vessel and the main steamline flow
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restrictor. This is not the same accident as that described in Section 14, "Plant
Safety Analysis," because greater differential pressures across the reactor vessel
internals result from this accident. It is noteworthy that this accident results in
greater loading of the reactor vessel internals and a higher depressurization rate
than does the recirculation line break. This is because the depressurization rate is
proportional to the mass flow rate and the excess of fluid escape enthalpy above
saturated water enthalpy. However, mass flow rate is inversely proportional to
escape enthalpy, h.; therefore, depressurization rate is proportional to 1-h</h,
Consequently, depressurization rate decreases as h decreases, that is,
depressurization is less for mixture flow than for steam flow.

The reactor is assumed to be at 20 percent of rated power with 110 percent of rated
recirculation flow at the time of the break. The initial values of key nuclear system
parameters are as follows:

Core Power
Steam Rate
Recirculation Flow
Core Inlet Enthalpy
Core Differential Pressure

(excluding elevation)

658
2.4 x 10
113 x

10'40

16

MWt
Ib/hr
Ib/hr
Btu/Ib
psI

For this accident a low initial power level results in the most severe transient
because the difference between energy removal through the break and the energy
addition to the reactor vessel water from the core is high. This causes the most
rapid depressurization of the reactor vessel. The fuel channel, however, has a
higher differential pressure when the accident occurs at design power. The initial
conditions assumed represent an unlikely but possible situation. If a steamline
break accident occurred during a reactor startup, at low power and low recirculation
flow, the results could be similar but less severe. It should be noted that whenever
feedwater flow is less than 20 percent of rated, the recirculation pumps are
automatically switched to 28 percent of rated speed. Thus, a condition with the
reactor at less than 20 percent power and recirculation flow at or greater
than rated flow is prevented. To add further conservatism to the analysis it is
assumed that only steam is discharged through the break; this maximizes the
vessel depressurization rate.
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Figure 3.3-8 shows the variation of differential pressures for various internals as a
function of time. The maximum differential pressures across the reactor vessel
internals resulting from the accident are as follows:

(refer to Figure 3.3-7)

Lower Shroud Support .

Guide Tubes .

Core Support (core plate)
Lower Shroud
Upper Shroud and Separators
Jet Pump Diffusers
Fuel Channel (20 percent power) .

Fuel Channel (105 percent power)

45 psi
30 psi

..30 psi
45 psi
25 psi
45 psi
12 psI
14 psi

These maximum differential pressures are used, in combination with other assumed
structural loads as described in Appendix C, to determine the total loading on the
various reactor vessel internals. The various internals are then examined to assess
the extent of deformation and collapse, if any. Of particular interest are the
responses of the fuel bundle, the core support, the guide tubes, and the metal
channels around the fuel bundles.

3.3,5,3,1 ~CS ~

The core support can be divided into two areas, the holddown bolts and the
structure of the core support. The stress analysis for the core support is done at a
pressure differential of 30 psi. A deflection limit is imposed on the structure and,
therefore, at this pressure it has very low stresses: on the order of 13,000 psi
maximum in bending. The preload on the holddown bolts is such that the total of all
stresses (preload, pressure, and bending) for the highest loaded bolt is allowed to

go to the yield strength of the material at temperature. This indicates that the core
support can withstand the effects of the accident.

3.3.5.3.2 Guide Tubes

Because the guide tube experiences external-to-internal pressure differentials, the
guide tubes were examined for stress under these conditions. For a guide tube with
minimum wall thickness and maximum allowed ovality, the pressure which causes
allowable stress is 95.6 psi compared to the design pressure of 30 psi. The design
pressure is, in all cases, greater than any pressure differential that the guide tube
will experience, including accident conditions. The maximum stress the guide tube
could experience would be approximately 4700 psi, due to external pressure (30
psi) and an equivalent static load Design Basis Earthquake (includes dead weight
loading), while allowable stress at 575'F is 25,400 psi.
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It is concluded that the guide tube will not fail under the assumed conditions.

3.3.5.3.3 Fuel Channels

The description of the testing and analysis performed for initial core channels is
provided in this section. The NRC approval of the channels used with current
reloads is provided in NEDE-24011-P-A and revisions thereto.

The fuel channel load due to an internally applied pressure was examined utilizing
a fixed-fixed beam analytical model under a uniform load. Tests were conducted to
verify the applicability of the analytical model. The results indicate that the
analytical model is conservative. The fuel channels may deform sufficiently outward
to cause some interference with movement of the control rod blade. There are
about 15 factors such as fuel channel deformation, core support hole tolerance, top
guide beam location, etc., that determine the clearance between the control rod
blade and fuel channel. Ifeach of these tolerance factors are assumed to be at the
worst extreme of the tolerance range, then a slight interference would develop
under an 18 psi pressure difference across the channel wall. At the top of the
control rod there is a roller or spacer pad to guide the blade as it is inserted. The
clearance between channels is 70 mils less than the diameter of the roller or spacer
pad, causing it to slide or skid instead of roll. As the rod is inserted about halfway
there is a tendency for the control rod sheath to push inward on the channel. This
is a control rod surface to channel surface contact. A "worst case" study indicates a
possibility of a 50-mil interference.

The possibility of a worst case developing is extremely remote. A statistical
analysis utilizing a normal distribution for each of the 15 variables indicates that no
interference occurs within 3 sigma limits, where sigma is the standard deviation in a
point distribution of events. Three sigma lies in the 0.995 percentile of probability of
nonoccurrence. However, even if interference occurs, the result is negligible.
About 1 pound of lateral force is required to deflect the channel inboard 1 mil. The
friction force developed is an extremely small percentage of the total force available
to the control rod drives.

The above discussion presupposes the control'rod has not moved when the fuel
channel experiences the largest magnitude of pressure drop. Analysis indicates
that the rod is about 70 percent to 90 percent inserted. If the rod is beyond 70
percent inserted, then no interference is likely to develop because all the channel
deformation is in the lower portion of the fuel channel, whereas the roller or spacer
pad is at the top of the rod. It is concluded that the main steamline break accident
can pose no significant interference to the movement of control rods. Also, the
calculated maximum pressure differential across the core is approximately 12 psi
below the 42 psi required to lifta fuel bundle.
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3.3.5.4 Thermal Shock

The most severe thermal shock effects for the reactor vessel internals result from
the reflooding of the reactor vessel inner volume. For some vessel internals, the
limiting thermal shock occurs from LPCI operation and for others HPCI operation is
controlling, dependent upon the location of the component. These effects occur as
a result of any large loss-of-coolant accident, such as the recirculation line break
and the steamline break accidents previously described.

Three specific locations are of particular interest, as shown in Figure 3.3-9. The
locations are as follows:

a. Shroud support plate,

b. Shroud-to-shroud support plate discontinuity, and

c. Shroud inner surface at highest irradiation zone.

The peak strain resulting in the shroud support plate is about 6.5 percent. This
strain is higher than the 5.0 percent strain permitted by the ASME Code, Section III,
for ten cycles, but for one cycle, peak strain corresponds to about six allowable
cycles of an extended ASME Code as applied to less than ten cycles.

Figure 3.3-10 illustrates both the ASME Code curve and the basic material curves
from which it was established (with the safety factor of 2 on strain or 20 on cycles,
whichever is more conservative). The extension of the ASME Code curve
represents a similar criteria to that used in the ASME Code, Section III, but applied
to fewer than ten cycles of loading. For this type 304 stainless steel material, a 10
percent peak strain corresponds to one allowable cycle of loading. Even a 10
percent strain for a single-cycle loading represents a very conservative suggested
limit because this has a large safety margin below the point at which even minor
cracking is expected to begin. Because the conditions which lead to the
calculated peak strain of 6.5 percent are not expected to occur even once during
the entire reactor lifetime, the peak strain is considered tolerable.

The results of the analysis of the shroud-to-shroud support plate discontinuity
region are as follows:

Amplitude of Alternating Stress ..

Peak Strain
180,000 psi
1 34 percent

The ASME Code, Section III, allows 220 cycles of this loading, thus no significant
deformations result. The most irradiated point on the inner surface of the shroud is
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subjected to a total integrated neutron flux of 2.7 x 10" nvt (>1 MeV) by the end of
plant life. The peak thermal shock stress is 155,700 psi, corresponding to a peak
strain of 0.57 percent. The shroud material is type 304 stainless steel, which is not
significantly affected by irradiation. The material does experience some hardening
and an apparent loss in uniform elongation, but it does not experience a loss in
reduction of area. Because reduction of area is the property which determines
tolerable local strain, irradiation effects can be neglected. The peak strain resulting
from thermal shock at the inside of the shroud represents no loss of integrity of the
reactor vessel inner volume.

3.3.5.5 ~Eh 3

The seismic loads on the RPV and RPV internals are determined from dynamic
earthquake analysis described in Section 12.2 using the mathematical models of
the RPV and internals shown in Figures 12.2-27B and 12.2-27C. The design of the
RPV and internals are described in Section C.4 of Appendix C and Appendices J, K,
and L.

3.3.5.6 Conclusions

The analyses of the responses of the reactor vessel internals to situations imposing
various loading combinations on the internals show that deformations are
sufficiently limited to allow both adequate control rod insertion and proper operation
of the Core Standby Cooling Systems. Sufficient integrity of the internals is
retained in such situations to allow successful reflooding of the reactor vessel inner
volume. The analyses considered various loading combinations, including loads
imposed by external forces. Thus, safety design bases 1, 2, and 3 are satisfied.

3.3.6 Ins ection and Testin

Quality control methods were used during the fabrication and assembly of reactor
vessel internals to assure that the design specifications were met.

The reactor coolant system, which includes the reactor vessel internals, was
thoroughly cleaned and flushed before fuel was loaded initially.

During the preoperational test program, operational readiness tests are performed
on various systems. In the course of these tests such reactor vessel internals as
the feedwater spargers, the core spray lines, the vessel head cooling spray nozzle,
and the Standby Liquid Control System line are functionally tested.

Steam separator-dryer performance tests were run to determine carryunder and
carryover characteristics on the first 1098 MWe boiling water reactor plant to go into
operation. Samples were taken from the inlet and outlet of the steam dryers and
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from the inlet to the main steamlines at various reactor power levels, water levels,
and recirculation flow rates. Moisture carryover was determined from sodium-24
activity in these samples and in reactor water samples. Carryunder was determined
from measured flows and temperatures determined by heat balances.

Vibration analysis of reactor vessel internals is included in the design to reduce
failures due to vibration. When necessary, vibration measurements are made
during startup tests to determine the vibration characteristics of the reactor vessel
internals and the recirculation loops under forced recirculation flow. Vibratory
responses are recorded at various recirculation flow rates using strain gauges on
fuel channels and control rod guide tubes, accelerometers on the shroud support
plate and recirculation loops, and linear differential transducers on the upper
shroud and shroud head-steam separator assembly. The vibration analyses and
tests are designed to determine any potential, hydraulically induced equipment
vibrations and to check that the structures will not fail due to fatigue. The structures
were analyzed for natural frequencies, mode shapes, and vibrational magnitudes
that could lead to fatigue at these frequencies. With this analysis as a guide, the
reactor internals were instrumented and tested to ascertain that there were no gross
instabilities. The cyclic loadings are evaluated using as a guide the cyclic stress
criteria of the ASME Code, Section III. These field tests were performed only on
reactor vessel internals that represented a significant departure from design
configurations previously tested and found to be acceptable. Field test data were
correlated with the analyses to ensure validity of the analytical techniques on a

continuing
basis.'he

reactor vessel and internals are designed to assure adequate working space
and access for inspection of selected components and locations.'he criteria for
selecting the components and locations to be inspected are based on the
probability of a defect occurring or enlarging at a given location and includes areas
of known stress concentrations and locations where cyclic strain or thermal stress
might occur. The reactor vessel internals inspection program is detailed in
Subsection 4.12, "Inservice Inspection and Testing."

Quad-Cities Station Units 1 and 2 Docket No.'s 50-254 and 265, Amendment 19

Brandt, F.A., "Design Provision for In-Service Inspection," General Electric Company. Atomic
Power Equipment Department, April 1967 (APED-5450)
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3.4 REACTIVITYCONTROL MECHANICALDESIGN

3,4,1 ~Sf Ob

The safety objective of the reactivity control mechanical design is to provide a

means to quickly terminate the nuclear fission process in the core so that damage
to the fuel barrier is limited. The objective is met by inserting reactivity control
devices into the reactor core.

3.4.2 Power Generation Ob'ective

The power generation objective of the reactivity control mechanical design is to

provide a means to control power generation in the fuel. This objective is met by
positioning reactivity control devices in the reactor core.

3.4.3 Safet Desi n Basis

1. The reactivity control mechanical design shall include control rods.

a. The control rods shall be so designed and have sufficient mechanical
strength to prevent the displacement of their reactivity control material.

b. The control rods shall have sufficient strength and be of such design as to
prevent deformation that could inhibit their motion.

c. Each control rod shall include a device to limit its free fall velocity to such
a rate that the nuclear system process barrier is not damaged due to a

pressure increase caused by the rapid reactivity increase resulting from
the free fall of a control rod from its fully inserted position.

2. The reactivity control mechanical design shall provide for a sufficiently rapid
insertion of control rods so that no fuel damage results from any abnormal
operating transient.

3. The reactivity control mechanical design shall include positioning devices
each of which individually support and position a control rod.

4. Each positioning device shall:

a. Prevent its control rod from withdrawing as a result of a single
malfunction.

b. Avoid conditions which could prevent its control rod from being inserted.
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c. Be individually operated such that a failure in one positioning device does
not affect the operation of any other positioning device.

d. Be individually energized when rapid control rod insertion (scram) is
signaled so that failure of a power source external to the positioning
device does not prevent other control rods from being inserted.

e. Be locked to its control rod to prevent undesirable separation.

f. Provide positive indication of control rod position to the operator.

3.4.4 Power Generation Desi n Basis

1. The reactivity control mechanical design shall include reactivity control
devices (control rods) which shall contain and hold the reactivity control
material necessary to control the excess reactivity in the core.

2. The reactivity control mechanical design shall include provisions for
adjustment of the control rods to permit control of power generation in the
core.

3. The reactivity control mechanical design shall provide indication of the CRDM
temperature to the operator.

3.4.5 ~0

The reactivity control mechanical design consists of control rods which can be
positioned in the core, during power operation, by individual control rod drive (CRD)
mechanisms.

The CRD mechanisms are part of the CRD System. The CRD System hydraulically
operates the CRD mechanisms using water from the condensate storage tank as a
hydraulic fluid. The CRD mechanisms are used to manually position individual
control rods during normal operation but act automatically to rapidly insert all
control rods during abnormal (scram) conditions.

The control rods, CRD mechanisms, and that part of the CRD Hydraulic System
necessary for scram operation are designed as Class l equipment in accordance
with Appendix C, "Structural Qualification of Subsystems and Components."
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3.4.5.1 Reactivit Control Devices

3.4.5.1.1 Control Rods

The control rods perform the dual function of power shaping and reactivity
control.'ower

distribution in the core is controlled during operation of the reactor by.
manipulation of selected patterns of control rods. The control rods are positioned in
a manner which counterbalances steam void effects at the top of the core and
results in significant power flattening.

Four General Electric control rod designs are currently approved for use in BFN
reactors: (1) Original Equipment, (2) Modified BWR/6, (3) Hybrid l, and (4)
Marathon. All of these control rods are "Matched Worth" designs. The reactivity
worth of the replacement control rods is nearly identical to the Original Equipment
control rod design so that all the designs can be used interchangeably without
affecting lattice physics and core reload analyses or core monitoring software.
These control rods are also designed to be interchangeable considering system
performance and mechanical fit. A brief description of each design follows.

Ori inal E ui ment Control Rod

The Original Equipment control rod consists of a sheathed cruciform array of
neutron absorber rods consisting of stainless steel tubes filled with boron-carbide
powder. The control rods are 9.75 inches in total span and are located uniformly
through the core on a 12-inch pitch. Each control rod is surrounded by four fuel
assemblies.

The main structural member of a control rod is made of type 304 stainless steel and
consists of a top casting which incorporates a handle, a bottom casting which
incorporates a velocity limiter and control rod drive coupling, a vertical cruciform
center post, and four U-shaped absorber tube sheaths. The two end castings and
the center post are welded into a single skeletal structure. The U-shaped sheaths
are resistance welded to the center post and castings to form a rigid housing to
contain the neutron absorber rods. Rollers or spacer pads at the top and the rollers
at the bottom of the control rod provide guidance for the control rod as it is inserted
and withdrawn from the core. The control rods are cooled by the fuel assembly
bypass flow. The U-shaped sheaths are perforated to allow the coolant to freely
circulate about the absorber tubes. Operating experience has shown that control
rods constructed as described above are not susceptible to dimensional distortions,
as required by safety design basis 1.b.

The boron-carbide (B<C) powder in the stainless steel absorber tubes is compacted
to about 70 percent of its theoretical density; the boron-carbide contains a minimum
of 76.5 percent by weight natural boron. The Boron-10 (B-10) content of the boron
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is 18.0 percent by weight minimum. The absorber tubes are made of type 304 or a

high purity type 348 stainless steel. An absorber tube is 0.188 inch in outside
diameter and has a 0.025 inch wall thickness (Figure 3.4-2). An absorber tube is
sealed by a plug welded into each end. The boron-carbide is separated
longitudinally into individual compartments by stainless steel balls at approximately
16-inch intervals. The steel balls are held in place by a slight crimp of the tube.
Should the boron-carbide tend to compact further in service, the steel balls will
distribute the resulting voids over the length of the absorber tube.

The end of control blade life occurs when any quarter segment of the control blade
reaches a 10-percent reduction in relative reactivity worth. The reduction in blade
worth is due to a combination of Boron-10 depletion and boron carbide loss
resulting from cracking of the absorber rod tubes. The mechanism identified as
causing the tube failures is B~C swelling resulting in stress corrosion cracking.
Given sufficient exposure, the B~C swelling may initiate small stress corrosion
cracks on the tube surface. Examinations of high exposure blades have shown that
these surface cracks may exist at average segment Boron-10 depletions greater
than 20 percent. Ultimately, the cracks will propagate through the tube wall
allowing reactor coolant to enter the tube. In this condition, B<C can be leached out
slowly by the reactor coolant, resulting in a loss of control blade worth.
Examinations have shown that the combination of Boron-10 depletion and loss of
B~C result in a 10-percent reduction in relative control blade worth at approximately
34 percent average Boron-10 depletion. This is the defined end of useful blade life
for standard all B<C control

blades.'odified

BWR/6 Control Rod

The Modified BWR/6 control rods differ from the Original Equipment blades by
having increased wing thickness, increased neutron absorber, and a double bail
handle (Figure 3.4-1). The absorber tubes have a 0.220 inch outside diameter and
a 0.027 inch wall thickness. The BWR/6 control rods have been modified with
replacement pins and rollers made from low-cobalt materials and sized for BWR/4
application. Cobalt reduction is desirable to reduce activation products within the
reactor system and to reduce radiation levels of spent control rods. The design
blade life for the BWR/6 control rods is 34 percent average Boron-10 depletion,
which is the same as for the Original Equipment blades.

"Control Blade Lifetime Evaluations Accounting for Potential Loss of B~C," NEDO-24232, January
1980.
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3.4.5.2 Control Rod Drive Mechanisms Fi ures 3.4-3 3.4-5 3.4-6 and 3.4-9

The CRD mechanism (drive), used for positioning the control rod in the reactor
core, is a double-acting, mechanically latched, hydraulic cylinder using water from
the condensate storage tank as its operating fluid. The individual drives are
mounted on the bottom head of the reactor pressure vessel. Each drive is an
integral unit contained in a housing extending below the reactor vessel. The lower
end of each drive housing terminates in a flange to which the drive is bolted. The
drives do not interfere with refueling and are operative even when the head is

removed from the reactor vessel. The bottom location makes maximum utilization of
the water in the reactor as a neutron shield giving the least possible neutron
exposure to the drive components. The use of reactor water from the condensate
storage tank as the operating fluid eliminates the need for special hydraulic fluid.
Drives utilize simple piston seals whose leakage does not contaminate the reactor
vessel and helps cool the drive mechanisms.

The drives are capable of inserting or withdrawing a control rod at a slow controlled
rate for reactor power level adjustment, as well as providing rapid insertion when
required. A locking mechanism on the drive allows the control rod to be locked at

every six inches of stroke over the twelve foot length of the core.

A coupling at the top end of the drive index tube (piston rod) engages and locks into
a mating socket at the base of the control rod. The weight of the control rod is

sufficient to engage and lock this coupling. Once locked, the drive and rod form an

integral unit which must be manually unlocked by specific procedures before a drive
and its rod can be separated; this prevents accidental separation of a control rod

from its drive.

Each drive positions its control rod in 6-inch increments of stroke and holds it in

these distinct latch positions until actuated by the hydraulic system for movement to
a new position. Indication is provided for each rod that shows when the insert travel
limitor withdraw travel limit is reached.

An alarm annunciates when withdraw overtravel limit on the drive is reached.

Normally, the control rod seating at the lower end of its stroke prevents the drive
withdraw overtravel limitfrom being reached. If the drive can reach the withdrawal
overtravel limit, it indicates that the control rod is uncoupled from its drive. The
overtravel limit alarm allows the coupling to be checked.

Individual rod position indicators are grouped together on the control panel in one

display and correspond to the relative rod location in the core. Each rod indicator
gives continuous rod position indication in digital form. A separate, smaller display
is located just below the large display on the vertical part of the bench board. This
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display presents the positions of the control rod selected for movement and the
other rods in the rod group. For display purposes the control rods are considered in

groups of four adjacent rods centered around a common core volume monitored by
four LPRM strings. Rod groups at the periphery of the core may have less than four
rods. The small rod display shows the positions in digital form of the rods in the
group to which the selected rod belongs. A white light indicates which of the four
rods is the one selected for movement.

5.4.5.2.1 5~
Figure 3.4-5 illustrates the principles of operation of a drive. Figures 3.4-6, 3.4-9
and 3.4-9a illustrate the drive in more detail. Currently BWR/6 drives
(Figure 3.4-9a) obtained from Hartsville Nuclear Plant and modified by General
Electric are acceptable replacements for BWR/4 drives (Figures 3.4-6 and 3.4-9).
Both BWR/6 and BWR/4 drives are currently in use at Browns Ferry Nuclear Plant.

Following is a description of the main components of the drive and their functions.

Drive Piston and Index Tube

The drive piston is mounted at the lower end of the index tube which functions as a

piston rod. The drive piston and index tube make up the main moving assembly in
the drive. The drive piston operates between positive end stops, with a hydraulic
cushion provided at the upper end only. The piston has both inside and outside
seal rings and operates in an annular space between an inner cylinder (fixed piston
tube) and an outer cylinder (drive cylinder).

The effective piston area for down-travel or withdraw is about 142 square inches
versus 4.0 square inches for up-travel or insertion. This difference in driving area
tends to balance out the control rod weight and makes it possible to always have a
higher insertion force than withdrawal force.

The index tube is a long hollow shaft made of nitrided type 304 stainless steel
(XM-19 for BWR/6 drives). Any index tubes which are found to need replacing
during normal CRD maintenance are replaced by index tubes of identical design
made of Grade XM-19 stainless steel. This tube has circumferential locking
grooves spaced every 6 inches along the outer surface. These grooves transmit
the weight of the control rod to the collet assembly.

~CI I 4 51

The collet assembly serves as the index tube locking mechanism. It is located in
the upper part of the drive unit. The collet assembly prevents the index tube from
accidentally moving downward. The collet assembly consists of the collet fingers, a
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passages in the flange. A screen is provided to intercept foreign material at this
point. A cooling water orifice, adjacent to the insert port of the flange, permits
cooling water flow from the CRD through the annulus formed by the CRD outer tube
and the thermal sleeve in the CRD housing.

Water used to operate the collet piston passes between the outer tube and the
cylinder tube. The inside of the cylinder tube is honed to provide the surface
required for the drive piston seals.

Cou lin S ud Plu and Unlockin Tube

The upper end of the index tube is threaded to receive a coupling spud. The
coupling (Figure 3 4-3) is designed to accommodate a small amount of angular
misalignment between the drive and the control rod. Six spring fingers allow the
coupling spud to enter the mating socket on the control rod. The control rod weight
(approximately 250 pounds) is sufficient to force the spud fingers to enter the socket
and push the lock plug up, allowing the spud to enter the socket completely and the
plug to snap back into place. However, with the lock plug in place, a force in
excess of 50,000 pounds is required to pull the coupling apart.

Two means of uncoupling are provided. With the reactor vessel head removed, the
lock plug may be raised against the spring force of approximately 50 pounds by a
rod extending up through the center of the control rod to an unlocking handle
located above the control rod velocity limiter. The control rod, with the lock plug
raised, can then be separated from the drive. The lock plug may also be pushed up
from below, if it is desired to uncouple a drive without removing the reactor pressure
vessel head for access. In this case, the central portion of the drive mechanism is
pushed up against the uncoupling rod assembly which raises the lock plug and
allows the coupling spud to disengage the socket as the drive piston and index tube
are driven down.

The coupling spud and locking tube meet the requirements of safety design basis
4.e.

3.4.5.2.2 Materials of Construction

Factors determining the choice of materials are listed below:

a. The index tube must withstand the locking and unlocking action of the collet
fingers. A compatible bearing combination must be provided which is able to
withstand moderate misalignment forces. The reactor environment limits the
choice of materials suitable for corrosion resistance. The column and tensile
loads can be satisfied by an annealed 300 series stainless steel. The wear
and bearing requirements are provided by Malcomizing the completed tube.
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To obtain suitable corrosion resistance, a carefully controlled'process of
surface preparation is employed. Index tubes'for BWR/6 drives and
replacement index tubes are made of XM-19.

The coupling spud is made of Inconel 750 which is aged to produce maximum
physical strength and also provide the required corrosion resistance. As
misalignment tends to produce a chafing in the semispherical contact area,
the entire part is protected by a thin vapor-deposited chromium plating
(Electrolyzing). This plating also serves to prevent galling of the threads
attaching the coupling spud to the index tube.

Inconel 750 is used for the collet fingers, which must function as leaf springs
when cammed open to the unlocked position. Colmonoy 6 hard facing is
applied to the area contacting the index tube and unlocking cam surface of the
guide cap to provide a long-wearing surface adequate for design life.

Graphitar 14 is selected for seals and bushings on the drive piston and stop
piston. The material is inert and has a low friction coefficient when water,
lubricated. Since loss of strength is experienced at higher temperatures, the
drive is supplied with cooling water to hold temperatures below 250'F.

The Graphitar is relatively soft, which is advantageous when an occasional
particle of foreign matter reaches a seal. The resulting scratches in the seal
reduce sealing efficiency until worn smooth, but the drive design can tolerate
considerable water leakage past the seals into the reactor vessel. These
seals determine the service life of the CRDM.

For later model BWR/6 CRDs, a composite material of nickel, chrome,
graphite and resin is selected for seals and bushings on the drive piston and
stop piston. The material reduces the leakage due to excessive wear or
premature breakage.

All drive components exposed to reactor vessel water are made of AISI 300 series
stainless steel except the following:

Seals and bushings on the drive piston and stop piston are Graphitar 14. For
later model BWR/6 CRDs, seals and bushings on the drive piston and stop
piston are a composite material of nickel, chrome, graphite and resin.

b. All springs and members requiring spring-action (collet fingers, coupling spud,
and spring washers) are made of Inconel 750.

The ball check valve is a Haynes Stellite cobalt-base alloy.
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d. Elastometric 0-ring seals are ethylene propylene.

e. Collet piston rings are Haynes 25 alloy.

f. Certain wear surfaces are hard faced with Colmonoy 6.

g. Nitriding by a proprietary New Malcomizing process, Electrolyzing (a vapor
deposition of chromium), and chromium plating are used in certain areas
where resistance to abrasion is necessary.

h. The drive piston head is made of Armco 17-4Ph.

i. Replacement index tubes and piston tubes are made of grade XM-19 stainless
steel.

j. BWR/6 drives also use XM-19 for the index tubes and piston tubes.

k. The buffer assembly for BWR/6 CRDs consists of the stop piston, buffer
piston, seal ring, nut, locking cup and the buffer shaft which is secured to the
top of the piston tube assembly. The materials used to fabricate these
components are Inconel X-750, Inconel-600, Armco 17-4PH and Haynes 25.

Pressure containing portions of the drives are designed and built in accordance with
the requirements of Section III of the ASME Boiler and Pressure Vessel Code.

3.4.5.3 Control Rod Drive H draulic S stem Fi ures 3.4-8a 3.4-8b and 3.4-8c

The Control Rod Drive Hydraulic System supplies and controls the pressure and
flow requirements to the drives.

There is one supply subsystem which supplies water at the proper pressures and
sufficient flow to the hydraulic control units (HCU's). Each HCU controls the flow to
and from a drive. The water discharged from the drives during a scram flows
through the HCU's to the scram discharge volume. The water discharged from a
drive, during a normal control rod positioning operation, flows through its HCU and
into the exhaust header. The discharged water then backflows through the other
184 CRD exhaust valves into the reactor vessel via the cooling water header.

3.4.5.3.1 CRD H draulic Su I and Dischar e Subs stems Fi ures 3.4-7 3.4-8a
~8d -Sd

The CRD hydraulic supply and discharge subsystems control the pressure and
flows required for the operation of the control rod drive mechanisms. These
hydraulic requirements identified by the function they perform are as follows:
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a. An accumulator charging pressure of approximately 1400 to 1500 psig is
required. Flow is required only during scram reset or during system startup.

b. Drive pressure of about 260 psi above reactor vessel pressure is required at a
flow rate of approximately 4 gpm to insert a control rod and 2 gpm to withdraw
a control rod during normal operation.

c. Cooling water to the drives is normally supplied at pressures greater than
reactor pressure and at adequate flow rate to prevent drive component
degradation due to elevated temperatures.

d. The exhaust water header is maintained at a pressure about 20 psig above
vessel pressure to direct the flow of the water displaced during normal control
operation of the drives back into the reactor vessel by backflowing through the
other 184 CRD exhaust valves.

A scram discharge volume of approximately 3.3 gallons per drive to receive
the water displaced from the drives during a scram is required. The scram
discharge volume is vented and drained except during scram when it is
isolated and filled with scram water until the scram signal is cleared and the
scram reset. The scram discharge volume will reach reactor pressure
following a scram.

The CRD hydraulic supply and discharge subsystems provide the required
functions with the pumps, filters, valves, instrumentation, and piping shown in
Figure 3 4-Sa and described in the following paragraphs. Duplicate components
are included, where necessary, to assure continuous system operation if an
in-service component requires maintenance.

~Pum s

One 100 percent capacity supply pump is provided for each unit to pressurize the
system with water from the condensate storage tank. One common 100 percent
capacity spare pump is provided for Units 1 and 2. It can supply water to either
control rod drive hydraulic systems. Unit 3's system is separate and has one spare
100 percent capacity pump. Change over (or selection) of the pumps is performed
manually, either locally or from the main control room. Each pump is installed with
a suction strainer and a discharge check valve to prevent bypassing flow backwards
through the nonoperating pump.

A minimum flow bypass connection between the discharge of the pumps and the
condensate storage tank prevents overheating of the pumps in the event that the
pump discharge is inadvertently closed. In addition, a portion of the CRD flow is
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directed to the recirculation pump seals for pump seal cooling. Pump discharge
pressure is indicated locally at the inlet to the drive water filters by a pressure
indicator.

Filters

Two parallel filters remove foreign material larger than 50 microns absolute (25
microns nominal) from the hydraulic supply subsystem water. The isolated filter can
be drained, cleaned, and vented for reuse while the other is in service. A
differential pressure indicator monitors the filter element as it collects foreign
material. A strainer in the filter discharge line guards the hydraulic system in the
event of filter element failure.

Accumulator Char in Pressure

The accumulator charging pressure is maintained automatically by a flow-sensing
element, controller, and an air-operated flow control valve. During normal
operation, the accumulator charging pressure is established upstream from the flow
control valve by the restriction of the flow control valve. During scram, the
flow-sensing system upstream of the accumulator charging header detects high flow
in the charging header and closes the flow control valve. The flow control valve is
closed so that the proper flow to recharge the accumulators is diverted from the
hydraulic supply header to the accumulator charging header. The parallel spare
valve is provided with isolation valves to permit maintenance of the noncontrolling
valve.

The pressure in the'charging header is monitored in the control room with a
pressure indicator and high pressure alarm.

During normal operation, the constant flow established through the flow control
valve is the sum of the maximum water required to cool all the drives and that
amount of water needed to provide a stable hydraulic system for insertion and
withdrawal of the mechanism.

Drive Water Pressure

The drive water pressure control valve, which is manually adjusted from the control
'oom, maintains the required pressure in the drive water header.

A flow rate of approximately 6 gpm (the sum of the flow rates required to insert and
to withdraw a control rod) normally passes from the drive water pressure header
through two solenoid-operated stabilizing valves (arranged in parallel) and then
goes into the line downstream from the cooling pressure control valve. One
stabilizing valve passes flow equal to the drive insert flow; the other passes flow
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equal to the drive withdrawal flow. The appropriate stabilizing valve is closed when
operating a drive to divert the required flow to the drive. Thus, the flow through the
drive pressure control valve is always constant.

Flow indicators are provided in the drive water header and in the line downstream
from the stabilizing valves, so that flow rate through the stabilizing valves can be
adjusted. Differential pressure between the reactor vessel and the drive water
pressure header is indicated in the control room.

Coolin Water Pressure

The cooling water header passes the flow from the drive water pressure control
valve through the control rod drives and into the vessel. At normal flow rates, the
cooling water header pressure will be approximately 20 psi above reactor vessel
pressure.

A differential pressure indicator in the control room indicates the difference between
reactor vessel pressure and the drive cooling water pressure. Although the drives
can function without cooling, the life of their seals is shortened by exposure to
reactor temperatures.

Exhaust Water Header

The exhaust water header takes water discharged during a normal control rod
positioning operation and directs it through the other CRD exhaust valves into the
reactor vessel. Ifnecessary, the exhaust water may be directed into the reactor
vessel via the RWCU system by opening a normally closed valve.

Scram Dischar e S stem

The scram discharge system is used to contain the reactor vessel water from all the
drives during a scram. This system is provided in the two scram discharge volumes
(SDVs) which each drain to a scram discharge instrument volume (SDIV). Water
level monitors on the SDIVs provide an alarm ifwater is retained in the system.
During normal plant operation, the volumes are empty with their drain and vent
valves open.

Upon receipt of a scram signal, the drain and vent valves close. Position indicator
switches on the drain and vent valves indicate valve position by lights in the control
room.

During a scram, the scram discharge volume partially fillswith water which is
discharged from above the drive pistons. While scrammed, the control rod drive
seal leakage continues to flow to the discharge volume until the discharge volume
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pressure equals reactor vessel pressure. There is a check valve in each HCU
which prevents reverse flow from the scram discharge volume to the drive. When
the initial scram signal is cleared from the reactor protection system, the scram
discharge volume scram signal may be overridden with the override switch and the
scram discharge system drained. A control system interlock will not allow the drives
to be withdrawn until the discharge system is emptied to a safe level.

A test pilot valve allows the discharge volume valves to be tested without disturbing
the reactor protection system. Closing the discharge volume valves allows the
outlet scram valve seats to be leak tested by timing the accumulation of leakage
inside the scram discharge volume. As an alternative to the test pilot valve in
Units 2 and 3, a key-lock test switch is provided to de-energize each of the SDV
Drain and Vent Pilot Solenoid valves. This will allow stroke time testing of SDV
Drain and Vent Valves to be performed.

Six level switches on the scram discharge instrument volume, set at three different
water levels, guard against operation of the reactor without sufficient free volume
present in the scram discharge volume to receive the scram discharge water in the
event of a scram. At the first (lowest) level, one level switch initiates an alarm for
operator action. At the second level, one level switch initiates a rod withdrawal
block to prevent further withdrawal of any control rod. At the third (highest) level,
the four level switches (two for each reactor protection system trip system) initiate a
scram to shut down the reactor while sufficient free volume is still present to receive
the scram discharge. After a scram, these same level switches must be cleared by
draining the scram discharge volume before reactor operation can be resumed.

The piping and equipment pressure parts in the CRD hydraulic supply and
discharge subsystems are designed in accordance with USAS B 31.1.0.

3.4.5.3.2 H draulic Control Units Fi ures 3.4-7 3.4-8a 3.4-8c and 3.4-11

Each hydraulic control unit controls a single CRD. The basic components in each
hydraulic control unit are manual, pneumatic and electrically operated valves, an
accumulator, filters, related piping, and electrical connections.

Each hydraulic control unit furnishes pressurized water, upon signal, to a control
rod drive. The drive then positions its control rod as required. Operation of the
electrical system which supplies scram and normal control rod positioning signals to
the hydraulic control unit is described in Subsection 7.7, "Reactor Manual Control
System."

The basic components contained in each hydraulic control unit and their functions
are as follows:
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Insert Drive Valve

The insert drive valve is a solenoid-operated valve which opens on an insert or
withdrawal signal to supply drive water to the bottom side of the main drive piston.

Insert Exhaust Valve

The insert exhaust valve is a solenoid-operated valve which opens on an insert or
withdrawal signal to discharge water from above the drive piston to the exhaust
header.

Withdrawal Drive Valve

The withdrawal drive valve is a solenoid-operated valve which opens on a
withdrawal signal to supply drive water to the top side of the drive piston.

Withdrawal Exhaust Valve

The withdrawal exhaust valve is a solenoid-operated valve which opens on a
withdrawal signal to discharge water from below the main drive piston to the
exhaust header.

S eed Control Valves

The speed control valves, which regulate the control rod insertion and withdrawal
rates during normal operation, are manually adjustable flow control valves used to
regulate the water flow to and from the volume beneath the main drive piston. Once
a speed control valve is properly adjusted, it is not necessary to readjust the valve
except to compensate for changes in piston seal leakage.

Scram Pilot Valves

The scram pilot valves are operated from the Reactor Protection System Trip
System. Two scram pilot valves control both the scram inlet valve and the scram
exhaust valve. The scram pilot valves are identical, 3-way, solenoid-operated,
normally energized valves. On loss of electrical signal to the pilot valves, the inlet
ports are closed and the exhaust ports are opened on both pilot valves. The pilot
valves are arranged as shown in Figures 3.4-7, 3.4-8a, and 3.4-8c so that the trip
system signal must be removed from both valves before air pressure is discharged
from the scram valve operators. Low air pressure in the header supplying the
scram pilot valves will also cause a scram through the Reactor Protection System.
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Scram Inlet Valve

The scram inlet valve is opened to supply scram water pressure to the bottom of the
drive piston. The scram inlet valve is a globe valve which is opened by the force of
an internal spring and system pressure and closed by air pressure applied to the
top of its diaphragm operator. The opening force of the spring is approximately 700
pounds. The valve opening time is approximately 0.1 second from start to full open.

Scram Exhaust Valve

The scram exhaust valve opens slightly before the scram inlet valve, exhausting
water from above the drive piston during a scram. Quicker opening times are
achieved because of a greater spring force in the valve operator. Otherwise this
valve is similar to the scram inlet valve.

The scram inlet and scram exhaust valves have a position indicator switch which
energizes a light in the control room as soon as both valves open.

Scram Accumulator

The scram accumulator stores sufficient energy to insert a control rod to the fully
inserted position during a scram independent of any other source of energy. The
accumulator consists of a water volume pressurized by a volume of nitrogen. The
accumulator has a'piston separating the water on top from the nitrogen below. A
check valve in the charging line to each accumulator retains the water in the
accumulator in the event supply pressure is lost.

During normal plant operation, the accumulator piston has a differential pressure
across it which is equal to the difference in the charging water pressure and the
nitrogen cylinder pressure.

Loss of nitrogen causes a decrease in the nitrogen pressure which actuates the
pressure switch and sounds an alarm in the control room.

Also, to ensure that the accumulator is always capable of producing a scram it is

continuously monitored for water leakage. A float-type level switch actuates an
alarm ifwater leaks past the barrier and collects in the accumulator instrumentation
block. The accumulator instrumentation block is located below the accumulator
(nitrogen side) in such a way that it will receive any water which leaks past the
accumulator piston.

The scram accumulator meets the requirements of safety design basis 4.d.
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3.4.5.4 Control Rod Drive S stem 0 eration

The control rod drive system performs three operational functions: rod insertion,
row withdrawal, and scram. The functions are described below.

Rod Insertion

Rod insertion is initiated by a signal from the operator to the insert valve solenoids
which opens both insert valves. The insert drive valve applies reactor pressure pIus
approximately 90 psig to the bottom of the drive piston. The insert exhaust valve
allows water from above the drive piston to discharge to the exhaust header.

As is illustrated in Figure 3.4-6, the locking mechanism is a ratchet-type device and
does not interfere with rod insertion. The speed at which the drive moves is
determined by the pressure drop through the insert speed control valve which is
approximately 4 gpm for a shim speed (nonscram operation) of 3 inches per
second. During normal insertion, the pressure on the downstream side of the speed
control valve is 90 to 100 psi above reactor vessel pressure. However, if the drive
slows down for any reason, the flow through and pressure drop across the insert
speed control valve will decrease and the full drive water differential pressure will
be available to cause continued insertion. With 250 psi differential pressure acting
on the drive piston, the piston exerts an upward force of 1000 pounds.

Rod Withdrawal

Drive withdrawal is, by design, more involved. First the collet fingers (latch) must
be raised to reach the unlocked position as in Figure 3.4-5. The notches in the
index tube and the collet fingers are shaped so that the downward force on the
index tube holds the collet fingers in place. The index tube must be lifted before the
collet fingers can be released. This is done by opening the drive insert valves (in
the manner described in the preceding paragraph) for approximately 1 second
using an automatic sequence timer. The withdraw valves are then opened (by the
sequence timer mechanism), applying driving pressure above the drive piston and
opening the area below the piston to the exhaust header. Pressure is
simultaneously applied to the collet piston. As the collet piston raises, the collet
fingers are cammed outward, away from the index tube, by the guide cap.

The pressure required to release the latch is set and maintained high enough to
overcome the force of the latch return spring plus the force of reactor pressure
opposing movement of the collet piston. When this occurs, the index tube is
unlatched and free to move in the withdrawal direction. Water displaced by the
drive piston flows out through the withdrawal speed control valve which is set to
give the control rod a shim withdrawal of 3 inches per second. The entire valving
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sequence is automatically controlled and is initiated by a single operation of the rod
withdraw switch.

Rod Scram

During a scram the scram pilot valves and scram valves are operated as previously
described. With the scram valves open, accumulator pressure is admitted under
the drive piston and the area over the drive piston is vented to the scram discharge
volume.

The large differential pressure (initiallyabout 1400 psi and always several hundred
psi depending on reactor vessel pressure) produces a large upward force on the
index tube and control rod, giving the rod a high initial acceleration and providing a

large margin of force to overcome any possible friction. The characteristics of the
hydraulic system are such that, after the initial acceleration is achieved
(approximately 30 milliseconds after start of motion), the drive continues at a fairly
constant velocity of approximately 5 feet per second. This characteristic provides a

high initial rod insertion rate. As the drive piston nears the top of its stroke, the
piston seals close off the large passage in the stop piston tube and the drive slows
down. In the BWR/6 design a buffer piston is included between the drive piston and
the stop piston. This isolates the higher pressures from the drive piston seals
during the deceleration phase of the scram stroke.

Each drive requires about 2.5 gallons of water during the scram stroke. There is

adequate water capacity in each drive's accumulator to complete a scram in the
required time at low reactor vessel pressure. At higher reactor vessel pressures,
the accumulator is assisted on the upper end of the stroke by reactor vessel
pressure acting on the drive via the ball check (shuttle) valve. As water is forced
from the accumulator, the accumulator discharge pressure falls below reactor
vessel pressure. This 'causes the check valve to shift its position to admit reactor
pressure under the drive piston. Thus, reactor vessel pressure furnishes the force
needed to complete the scram stroke at higher reactor vessel pressures. When the
reactor vessel is up to full operating pressure, the accumulator is actually not
needed to meet scram time requirements. With the reactor at 1000 psig and the
scram discharge volume at atmospheric pressure, the scram force without an
accumulator is over 1000 pounds.
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The Control Rod Drive System, with accumulators, will meet the following average
scram performances at any reactor pressure:

Percentage of Full
Control Rod Stroke

Stroke
in Inches

Time* in
Seconds, Max

5
20
50
90

7.2
28.8
72.0

129.6

0.375
0.90
2.0
3.5

*Elapsed time after deenergizing of the scram solenoids for the mean rod, in the hot
reactor configuration with accumulators, to attain the average scram strokes listed.

3.4.6 Safet Evaluation

3.4.6.1 Evaluation of Control Rods

As discussed above, it has been determined that the control rods meet the design
basis requirements. The description also indicates how the control rod-to-drive
coupling unit meets design basis requirements.

3.4.6.2 Evaluation of Control Rod Velocit Limiter

The control rod velocity limiter limits the free fall velocity of the control rod to a
value which cannot result in nuclear system process barrier damage, as required by
safety design basis 1.c. This velocity is evaluated by the rod drop accident analysis
in Section 14, "Plant Safety Analysis."

The following sequence of events is necessary to postulate an accident in which the
control rod velocity limiter is required:

The rod-to-drive coupling fails.

2. The control rod sticks near the top of the core.

3. The drive is withdrawn and the control rod does not follow.

4. The operator fails to notice the lack of plant response as the control rod drive
is withdrawn.

5. The control rod later becomes loose and falls freely to the fullywithdrawn
position.
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3.4.6.3 Evaluation of Scram Time

The rod scram function of the Control Rod Drive System provides the negative
reactivity insertion which is required by safety design basis 2. The scram time
shown in the description is adequate as shown by the transient analyses of
Section 14, "Plant Safety Analysis."

3.4.6.4 Anal sis of Malfunctions Relatin to Rod Withdrawal

There are no known single malfunctions which could cause even a single rod to
withdraw. The following malfunctions have been postulated and the results
analyzed:

a. Drive Housin Fails at Attachment Weld

The bottom head of the reactor vessel has a penetration with an internal nozzle for
each control rod drive location. A drive housing is raised into position inside each
penetration and fastened to the top of the internal nozzle with a J-weld. The drive is
raised into the drive housing and bolted to a flange at the bottom of the housing. The
basic failure considered is a complete circumferential crack through the housing wall
at an elevation just below the J-weld. The housing material is seamless type 304
stainless steel pipe with a minimum tensile strength of 75,000 psi.

Static loads on the housing wall include the weight of the drive and control rod, the
weight of the housing below the attachment weld to the vessel nozzle, and reactor
pressure acting on the 6-inch diameter cross-sectional area of the housing and the
drive. Dynamic loading is due to the reaction force during drive operation.

If the housing were to fail, as described above, the following sequence of events is
foreseen. The housing would separate from the vessel and the control rod, the drive
and the housing would be blown downward against the support structure by reactor
pressure acting on the cross-sectional area of the housing and the drive. The amount
of downward motion of the drive and associated parts would be determined by the
gap between the bottom of the drive and the support structure and by the amount the
support structure deflects under load. In the current design, maximum deflection is
approximately 3 inches. If the collet were to remain latched, no further control rod
ejection would occur.'he housing would not drop far enough to clear the vessel
penetration. Reactor water would leak through the 0.06-inch diametral clearance

Benecki, J. E., "Impact Testing on Collet Assembly for Control Rod Drive Mechanism
7RDB144A," General Electric Co.,a Atomic Power Equipment Department, November 1967,
(APED-555).
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between the housing o.d. and the vessel penetration i.d. at a rate of approximately
440 gprn.

If the basic housing failure were to occur at the same time the control rod is being
withdrawn (this is a small fraction of the total drive operating time), and if the collet
were to stay unlatched, the housing would separate from the vessel, the drive and
housing would be blown downward against the control rod drive housing support and
calculations indicate that the steady state rod withdrawal velocity would be 0.3 ft/sec.
During withdraw, pressure under the collet piston would be approximately 250 psi
greater than the pressure over it. Therefore, the collet would be held in the unlatched
position until driving pressure is removed from the pressure-over port.

b. Ru tureofEitheror Both H draulicLinestoa Drive Housin Flan e

(1) Pressure-Under Line Breaks

In this case, a partial or complete circumferential opening is postulated at
or near the point where the line enters the housing flange. Failure is more
likely to occur after another basic failure wherein the drive housing, or
housing flange, separates from the reactor vessel. Failure of the housing,
however, does not necessarily lead directly to failure of the hydraulic lines.

If the pressure-under line were to fail, and if the collet were latched, no
control rod withdrawal would occur. There would be no pressure
differential across the collet piston in this case, and therefore no tendency
to unlatch the collet. Consequently, it would not be possible to either insert
or withdraw the control rod involved.

If reactor pressure were to shift the drive ball check valve against its upper
seat, the broken pressure-under line would be sealed off. If the ball check
valve were to be prevented from seating, reactor water would leak to the
atmosphere. Cooling water could not be supplied to the drive involved
because of the broken line. Loss of cooling water would cause no
immediate damage to the drive. However, prolonged drive exposure to
temperatures at or near reactor temperature could lead to deterioration of
material in the seals. High temperature would be indicated to the operator
by the thermocouple in the position indicator probe.

If the basic line failure were to occur at the same time the control rod is
being withdrawn, and ifthe collet were to remain open, calculations indicate
that the steady state control rod withdrawal velocity would be 2 ft/sec. In
this case, however, there would not be sufficient hydraulic force to hold the
collet open and spring force would normally cause the collet to latch,
stopping rod withdrawal.

3.4-24



BFN-16

(2) Pressure-Over Line Breaks

The failure considered is complete breakage of the pressure-over line at or
near the point where the line enters the housing flange. If the line were to
break, pressure over the drive piston would drop from reactor pressure to
atmospheric pressure. If there were any significant reactor pressure
(approximately 500 psig or greater) it would act on the bottom of the drive
piston, and the drive would insert to the fully inserted position. Drive
insertion would occur regardless of the operational mode at the time of the
failure. After full insertion, reactor water would leak past the stop piston
seals, the contracting seals on the drive piston and the collet piston seals.
This leakage would exhaust to atmosphere through the broken
pressure-over line. In an experiment to simulate this failure, a leakage rate
of 80 gpm has been measured with reactor pressure at 1000 psi. If the
reactor were hot, drive temperature would increase. The reactor operator
would be apprised of the situation by indication of the fully inserted drive,
by high drive temperature indicated and printed out on a recorder in the
control room, and by operation of the drywell sump pump.

(3) Coincident Breaka e of Both Pressure-Over and Pressure-Under Lines

This failure would require simultaneous occurrence of the failures
described above. Pressures above and below the drive piston would drop
to zero and the ball check valve would shift to close off the broken
pressure-under line. Reactor water would flow from the annulus outside of
the drive through the vessel ports to the space below the drive piston. As
in the pressure-over line break case, the drive would then insert at a speed
dependent on reactor pressure. Full insertion would occur regardless of
the operational mode at the time of failure. Reactor water would leak past
the drive seals and out of the broken pressure-over line to the atmosphere
as described above. Drive temperature would increase. The reactor
operator would be apprised of the situation by indication of the fully
inserted drive, high drive temperature printed out and alarmed by a
recorder in the control room, and by operation of the drywell sump pump.

c. All Drive Flan e Bolts Fail in Tension

Each control rod drive is bolted by eight cap screws to a flange at the bottom of a drive
housing which is welded to the reactor vessel. Bolts are made of AISI-4140 steel.
Replacement cap screws are made of AISI-4340 steel which is more resistant to stress
corrosion cracking.
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In the event that progressive or simultaneous failure of all the bolts were to occur, the
drive would separate from the housing and the control rod and the drive would be
blown downward against the support structure due to reactor pressure acting on the
cross-sectional area of the drive. Impact velocity and support structure loading would
be slightly less than in drive housing failure, since reactor pressure would act on the
drive cross sectional area only and the housing would remain attached to the reactor
vessel. The drive would be isolated from the cooling water supply. Reactor water
would flow downward past the velocity limiter piston and through the large drive filter
into the annular space between the thermal sleeve and the drive. For worst case
leakage calculations, it is assumed that the large filterwould be deformed or swept out
of the way so that it would offer no significant flow restriction. At a point near the top of
the annulus, where pressure has dropped to 350 psi, the water would flash to steam
and choke-flow conditions would exist. Steam would flow down the annulus and out
the space between the housing and the drive flanges to the atmosphere. Steam
formation would limit the leakage rate to approximately 840 gpm.

If the collet were latched, control rod ejection would be limited to the distance the drive
can drop before coming to rest on the support structure. Since pressure below the
collet piston would drop to zero, there would be no tendency for the collet to unlatch.
Pressure forces, in fact, exert 1435 pounds to hold the collet in the latched position.

If the bolt failure were to occur while the control rod is being withdrawn, pressure below
the collet piston would drop to zero and the collet, with 1650 pounds return force,
would latch, stopping rod withdrawal.

d. Weld Joinin Flan e to Housin Fails in Tension

The failure considered is a crack in or near the weld joining the flange to the housing
that extends through the wall and completely around the circumference of the housing
so that the flange can separate from the housing. The flange material is a forged type
304 stainless steel and the housing material is seamless type 304 stainless steel pipe.
A conventional full penetration weld of type 308 stainless steel is used to join the
flange to the housing. Minimum tensile strength is approximately the same as the
parent metal. The design pressure is 1250 psig and the design temperature is 575'F.
A combination of reactor pressure acting downward on the cross-sectional area of the
drive; the weight of the control rod, drive and flange; and the dynamic reaction force
during drive operation result in a maximum tensile stress at the weld of approximately
6,000 psi.

In the event that the basic failure described above were to occur, the flange and the
attached drive would be blown downward against the support structure. The support
structure loading would be slightly less severe than in drive housing failure, since
reactor pressure would act only on the drive cross-sectional area. Since there would
be no differential pressure across the collet piston, the collet would remain latched and
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control rod motion would be limited to approximately 3 inches. Downward drive
movement would be small; therefore, most of the drive would remain inside the
housing. The pressure-under and pressure-over lines are flexible enough to withstand
the small downward displacement and remain attached to the flange. Reactor water
would follow the same leakage path described in c, above, except that the exit to the
atmosphere would be through the gap between the lower end of the housing and the
top of the flange. Water would flash to steam in the annulus surrounding the drive.
The leakage rate would be approximately 840 gpm.

If the basic flange-to-housing joint failure were to occur at the same time the control rod
is being withdrawn (a small fraction of the total operating time), and if the collet were
held unlatched, the flange would separate from the housing, the drive and flange would
be blown downward against the support structure, and the calculated steady state rod
withdrawal velocity would be 0.13 ft/sec. Since the pressure-under and pressure-over
lines remain intact, driving water pressure would continue to be supplied to the drive
and the normal exhaust line restriction would exist. The pressure below the velocity
limiter piston would decrease below normal due to leakage out of the gap between the
housing and the flange to the atmosphere. This differential pressure across the
velocity limiter piston would result in a net downward force of approximately 70 pounds.
However, leakage out of the housing would greatly reduce the pressure in the annulus
surrounding the drive so that the net downward force on the drive piston would be less
than normal. The overall effect would be a reduction of rod withdrawal speed to a
value approximately one-half of normal speed. The collet would remain unlatched with
a 560-psi differential across the collet piston, but should relatch as soon as the drive
signal is removed.

e. Housin Wall Ru tures

The failure considered in this case is a vertical split in the drive housing wall just below
the bottom head of the reactor vessel. The hole was considered to have a flow area
equivalent to the annular area between the drive and the thermal sleeve so that flow
through this annular area, rather than flow through the hole in the housing, would
govern leakage flow. The housing is made from type 304 stainless steel seamless
pipe.

If the housing wall rupture described above were to occur, reactor water would flash to
steam and leak to the atmosphere at approximately 1030 gpm through the hole in the
housing. Choke flow conditions described in c, above would exist. In this case,
however, the leakage flowwould be greater because the flow resistance is less; that is,
the leaking water and steam would not have to flow down the length of the housing to
reach the atmosphere. Critical pressure at which the water would flash to steam is
350 psi.
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There would be no pressure differential across the collet piston tending to cause collet
unlatching, but the drive would insert due to loss of pressure in the drive housing and,
therefore, in the space above the drive piston.

If the basic housing wall failure were to occur at the same time the control rod is being
withdrawn (a small fraction of the total operating time), the drive would stop
withdrawing, but the collet would remain unlatched. The drive stoppage would be
caused by a reduction in the net downward force acting on the drive line. This would
occur when the leakage flow of 1030 gpm reduces the pressure in the annulus outside
the drive approximately 540 psig and therefore reduces the pressure acting on the top
of the drive piston to this value. There would be a pressure differential of
approximately 710 psi across the collet piston, holding the collet unlatched as long as
the operator held the withdraw signal.

f. Flan e Plu Blows Out

A 3/4-inch-diameter hole is drilled in the drive flange to connect the vessel ports with
the bottom of the ball check valve. The outer end of this hole is sealed with an
0.812-inch-diameter plug 0.250 inch thick. The plug is held in place with a
full-penetration weld of type 308 stainless steel. The failure considered is a full
circumferential crack in this weld and subsequent blow-out of the plug.

If the weld were to fail and the plug were to blow out, there would be no control rod
motion provided the collet were latched. There would be no pressure differential
across the collet piston tending to cause collet unlatching. Reactor water would leak
past the velocity limiter piston, down the annulus between the drive and the thermal
sleeve through the vessel ports and drilled passage and out the open plug hole to the
atmosphere at approximately 320 gpm. This leakage calculation is based on liquid
only exhausting from the flange as a worst case. Actually, hot reactor water would
flash to steam, and choke-flow conditions would exist, so that the expected leakage
rate would be lower than the calculated value. Drive temperature would rise, and the
alarm would signal the operator.

If the basic plug weld failure were to occur at the same time the control rod is being
withdrawn (a small percentage of the total operating time), and if the collet were to stay
unlatched, calculations indicate that control rod withdrawal speed would be
approximately 0.24 ft/sec. Leakage out of the open plug hole in the flange would cause
reactor water to flow downward past the velocity limiter piston. The small differential
pressure across the piston would result in an insignificant driving force of
approximately 10 pounds tending to increase withdraw velocity.

The collet would be held unlatched by a 295 psi pressure differential across the collet
piston as long as the driving signal was maintained.
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The exhaust path from the drive would have normal flow resistance since the ball check
valve would be seated at the lower end of its travel by pressure under the drive piston.

g. Pressure Re ulator and B ass Valves Fail Closed Reactor Pressure 0 si

Pressure in the drive water header supplying all drives is controlled by regulating the
amount of water from the supply pump that is bypassed back to the reactor. This is
accomplished primarily with the drive water control valves, and secondarily with the
pressure stabilizing valves. There are two drive water control valves arranged in
parallel. One is a motor-operated valve that can be adjusted from the control room.
This valve is normally in service and is partially open to maintain a pressure of reactor
pressure plus 260 psig in the header just upstream from the valve. The other is a
hand-operated valve that is normally closed but that can be valved in and operated
locally whenever the motor-operated valve is out of service.

The pressure stabilizing valves are solenoid-operated and have built-in needle valves
for adjusting flow. The two valves are arranged in parallel between the drive water
header and the cooling water header. One valve is set to bypass 2 gpm, and closes
when any drive is given a withdraw signal, so that flow is diverted to the drive being
operated rather than back to the reactor. Relatively constant header pressure is thus
maintained. Similarly, the other valve is set to bypass 4 gpm, and closes when any
drive is given an insert signal. The failure considered is when all of these valves are
closed so that maximum supply pump head of 1700 psi builds up in the drive water
header. The major portion of the bypass flow normally passes through the
motor-operated valve; therefore, closure of this valve is most critical.

Since lowest exhaust line pressure exists when reactor pressure is zero, this reactor
condition is also assumed.

If the valve closure failure described above were to occur at the same time the control
rod is being withdrawn, calculations indicate that steady-state withdrawal speed would
be approximately 0.5 ft/sec or twice normal velocity. The collet would be held
unlatched by a 1670-psi pressure differential across the collet piston. Flow would be
upward past the velocity limiter piston, but retarding force would be negligible.

h. Ball Check Valve Fails to Close Off Passa e to Vessel Ports

The failure considered in this case depends upon the following sequence of events. If
the ball check valve were to seal off the passage to the vessel ports during the
"up"-signal portion of the job withdraw cycle, the collet would be unlatched. This is the
normal withdrawal sequence. Then if the ball were to move up and become jammed in
the ball cage by foreign material or prevented from reseating at the bottom by foreign
material that settles out on the seat surface, water from below the drive piston would
return to the reactor through the vessel ports and the annulus between the drive and
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the housing. Since this return path would have lower than normal flow resistance, the
calculated withdrawal speed would be 2 ft/sec. During withdrawal, there would be
differential pressure across the collet piston of approximately 40 psi. Therefore, the
collet would tend to latch and would have to stick open before continuous withdrawal at
2 ft/sec could occur. Water would flow upward past the velocity limiter piston and a
small retarding force would be generated (approximately 120 pounds).

H draulic Control Unit Valve Failures

Various failures of the valves in the HCU can be postulated, but none are capable of
producing differential pressures which approach those described in the preceding
paragraphs and none are capable alone of producing a high velocity withdrawal.
Leakage through either or both of the scram valves produces a pressure which tends to
insert the control rod rather than withdraw it. If the pressure in the scram discharge
volume should exceed reactor pressure following a scram, a check valve in the line to
the scram discharge header prevents this pressure from operating the drive
mechanisms.

j. Failure of the Collet Fin ers to Latch

The drive continues to withdraw (after removal of the signal) at a fraction of its normal
withdrawal speed. There is no known means for the collet fingers to become unlocked
without some initiating signal. Failure of the withdrawal drive valve to close following a
rod withdrawal has the same effect as failure of the collet fingers to latch in the index
tube and is immediately apparent to the operator. Accidental opening of the withdrawal
drive valve normally does not unlock the collet fingers because of the characteristic of
the collet fingers to remain locked until unloaded.

k. Withdrawal S eed Control Valve Failure

Normal withdrawal speed is determined by differential pressures at the drive and set for
a nominal value at 3 in./sec. The characteristics of the pressure regulating system are
such that withdrawal speed is maintained independent of reactor vessel pressure.
Tests have determined that accidental opening of the speed control valve to the full
open position produces a velocity of approximately 6 in./sec.

The Control Rod Drive System prevents rod withdrawal as required by safety design
basis 4.a. It is shown above that only multiple failures in a drive unit and its control unit
could cause an unplanned rod withdrawal.

3.4.6.5 Scram Reliabilit

High scram reliability is the result of a number of features of the CRD System, such as
the following:
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There are two sources of scram energy to insert each control rod when the
reactor is operating: accumulator pressure and reactor vessel pressure.

Each drive mechanism has its own scram and pilot valve so that only one drive
can be affected by failure of a scram valve to open. Two pilot valves are
provided for each drive. Both pilot valves must be vented to initiate a scram.

The Reactor Protection System and HCU's are designed so that the scram
signal and mode of operation override all others.

The collet assembly and index tube are designed so that they will not restrain or
prevent control rod insertion during scram.

The scram discharge volume is monitored for accumulated water and will scram
the reactor before the volume is filled to a point that could interfere with a
scram.

The pressure in the control air header supplying the scram pilot valves, vent
valves, and drain valves is monitored and will cause a scram prior to reaching a

pressure that could cause the scram outlet valves to leak into the scram
discharge volume.

The scram reliability meets the requirements of safety design basis 4.b and 4.c.

3.4.6.6 Control Rod Su ort and 0 eiation

As shown in the description, each control rod is independently supported and
controlled as required by safety design basis 3.

3.4.7 Ins ection and Testin

3.4.7.1 Develo ment Tests

The development drive (one prototype) testing included over 5000 scrams and
approximately 100,000 latching cycles during 5000 hours of exposure to simulated
operating conditions. These tests have demonstrated the following:

That the drive withstands the forces, pressures, and temperatures imposed
without difficulty.

b. That wear, abrasion, and corrosion of the nitrided type 304 stainless parts are
negligible. That mechanical performance of the nitrided surface is superior to
materials used in earlier operating reactors.
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That the basic scram speed of the drive has a satisfactory margin above
minimum plant requirements at any reactor vessel pressure.

That usable seal lifetimes greater than 1000 scram cycles may be expected.

3.4.7.2 Facto Qualit Control Tests

Quality control of welding, heat treatment, dimensional tolerances, material verification,
etc., was maintained throughout the manufacturing process to assure reliable
performance of the mechanical reactivity control components. Some of the quality
control tests on the control rods, control rod drive mechanisms, and hydraulic control
units were as follows:

Control Rod Absorber Tube Tests

a. The tubing and end plug material integrity was verified by ultrasonic inspection.

b. Boron content of the Boron-1 0 fraction of each lot of boron-carbide was verified.

The weld integrity of the finished absorber tubes was verified by helium leak
testing.

CRD Mechanism Tests

Hydrostatic testing of the drives to check pressure welds was in accordance
with ASME codes.

Electrical components were checked for electrical continuity and resistance to
ground.

c. All drive parts which could not be visually inspected for dirt were flushed with
filtered water at high velocity. No significant foreign material was permissible in
effluent water.

d. Seal leakage tests were performed to demonstrate proper seal operation.

Each drive was tested for shim motion, latching, and control rod position
indicating.

Each drive was subjected to cold scram tests at various reactor pressures to
verify proper scram performance.
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H draulic Control Unit Tests

Each HCU received the following tests:

All hydraulic systems were hydrostatically tested in accordance with USAS B

31.1.10.

b. All electrical components and systems were tested for electrical continuity and
resistance to ground.

The correct operation of the accumulator pressure and level switches was
verified.

The unit's ability to perform its part of a scram was demonstrated.

Proper operation and adjustment of the insert and withdrawal valves was
demonstrated.

3.4.7.3 0 erational Tests

After installation, all rods, hydraulic control units, and drive mechanisms were tested
through their full range for operability. Details of the preoperational test are given in
Subsection 13.4.

During normal operation, each time a control rod is withdrawn a notch, the operator can
observe the in-core monitor indications to verify that the control rod is following the
drive mechanism. All control rods that are partially withdrawn from the core can be
tested for rod following by inserting or withdrawing the rod one notch and returning it to
its original position, while the operator observes the in-core monitor indications.

To make a positive test of control rod to control rod drive coupling integrity, the
operator can withdraw a control rod to the end of its travel and then attempt to withdraw
the drive to the overtravel position. Failure of the drive to overtravel demonstrates
rod-to-drive coupling integrity.

Hydraulic supply subsystem pressures can be observed from instrumentation in the
control room. Scram accumulator pressures can be observed on the nitrogen pressure
gages.
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3.5 CONTROL ROD DRIVE HOUSING SUPPORTS

3,5,1 ~Sf t Ob

The control rod drive housing supports protect against additional damage to the
nuclear system process barrier or damage to the fuel barrier by preventing any
significant nuclear transient in the event a drive housing breaks or separates from
the bottom of the reactor vessel.

3.5.2 Safet Desi n Basis

Control rod downward motion shall be limited, following a postulated control
rod drive (CRD) housing failure, so that any resulting nuclear transient could
not be sufficient to cause fuel damage or additional damage to the process
barrier.

2. Clearance shall be provided between the housings and the supports to
prevent vertical contact stresses due to their respective thermal expansion
during plant operation.

3.5.3 Descri tion

The control rod drive housing supports are illustrated in Figure 3.5-1. Horizontal
beams are installed immediately below the bottom head of the reactor vessel
between the rows of control rod housings, and are bolted to brackets welded to the
steel form liner of the reactor support pedestal.

Hanger rods, about 10 feet long by 1-3/4 inches in diameter, are supported from the
beams on stacks of disc springs which compress about 2 inches under the design
load.

The support bars are bolted between the bottom ends of the hanger rods. The
spring pivots at the top and the beveled loose-fitting ends on the support bars
prevent substantial bending moment in the hanger rods if the support bars are ever
loaded.

Individual grids rest on the support bars between adjacent beams. Because a
single-piece grid would be difficultto handle in the limited work space and because
it is necessary that control rod drive, position indicators, and in-core instrumentation
components be accessible for inspection and maintenance, each grid is designed to
be assembled or disassembled in place. Each grid assembly is made from two grid
plates, a clamp and a bolt. The top part of the clamp acts as a guide to assure that
each grid is correctly positioned directly below the respective CRD housing which it
would support in the postulated accident.
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When the support bars and grids are installed, a gap of about 1 inch at room
temperature (approximately 70') is provided between the grid and the bottom
contact surface of the control rod drive flange. During system heatup this gap is
reduced by a net downward expansion of the housings with respect to the supports.
In the hot operating condition, the gap is approximately 1/4 inch.

In the postulated CRD housing failure, the CRD housing supports are loaded when
the lower contact surface of the CRD flange contacts the grid. The resulting load is
then carried by two grid plates, two support bars, four hanger rods, their disc
springs, and two adjacent beams.

The American Institute of Steel Construction (AISC), "Specification for the Design,
Fabrication, and Erection of Structural Steel for Building," was used in the design of
the CRD housing support system. However, to provide a structure that absorbs as
much energy as practical without yielding, the allowable tension and bending
stresses were taken as 90 percent of yield, and the shear stress as 60 percent of
yield. These are 1.5 times the corresponding AISC allowable stresses of 60
percent and 40 percent of yield.

This stress criterion is considered desirable for this application and adequate for
the "once in a lifetime" loading condition.

For mechanical design purposes, the postulated failure resulting in the highest
forces is an instantaneous circumferential separation of the CRD housing from the
reactor vessel, with an internal pressure of 1250 psig (reactor vessel design
pressure) acting on the area of the separated housing. The weight of the separated
housing, control rod drive, and blade, plus the force of 1250 psig pressure acting on
the area of the separated housing, gives a force of approximately 35,000 pounds.
This force is multiplied by a factor of 3 for impact, conservatively assuming the
housing travels through a 1-inch gap before contacting the supports. The total
force (10.5 x 10" pounds) is then treated as a static load in design formulas. The
control rod drive housing supports are designed as Class I equipment in
accordance with Appendix C, "Structural Qualification of Subsystems and
Components".

All control rod drive housing support subassemblies are fabricated of ASTM-A-36
structural steel, except for the following:

Grid

Disc springs

Hex bolts and nuts

ASTM-A-441

Schnorr Type BS-125-71-8

ASTM-A-307

3.5-2



BFN-16

3.5.4 Safet Evaluation

Downward travel of a CRD housing and its control rod following the postulated
housing failure is the sum of the compression of the disc springs under dynamic
loading and the initial gap between the grid and the bottom contact surface of the
CRD flange. If the reactor were cold and pressurized, the downward motion of the
control rod would be limited to the approximate 2-inch spring compression plus
approximately a 1-inch gap. If the reactor were hot and pressurized, the gap would
be approximately 1/4 inch and the spring compression slightly less than in the cold
condition. In either case, the control rod movement following a housing failure is
limited substantially below one drive "notch" movement (6 inches). The nuclear
transient from sudden withdrawal of any control rod through a distance of one drive
notch at any position in the core does not result in a transient sufficient to cause
damage to any radioactive material barrier. This meets the fuel damage limitation
of safety design basis 1.

The control rod drive housing supports are in place any time the reactor is to be
operated.

At plant operating temperature a gap of approximately 1/4 inch is maintained
between the CRD housing and the supports, at lower temperatures the gap is
greater. Because the supports do not come in contact with any of the CRD
housings, except during the postulated accident condition, vertical contact stresses
are prevented as required by safety design basis 2.

3.5.5 Ins ection and Testin

The control rod drive housing supports were inspected after initial installation.
When the reactor is in the shutdown mode, the control rod drive housing supports
may be removed to permit inspection and maintenance of the control rod drives.
When the support structure is reinstalled, it is inspected for proper assembly,
particular attention being given to assure that the correct gap between the CRD
flange lower contact surface and the grid is maintained.
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Analyses and experiments conducted in this area are reported in Reference 8.

3.6.4.6.2 Thermal H draulic Stabilit

The compliance of GE fuel designs to the criteria set forth in General Design
Criterion 12 is demonstrated provided that the following stability compliance criteria
are satisfied using approved methods:

(1) Neutron flux limit cycles, which oscillate up to 120% APRM high neutron
flux scram setpoint or up to the LPRM upscale alarm trip (without initiating
scram) prior to operator mitigating action shall not result in exceeding
specified acceptable fuel design limits.

(2) The individual channels shall be designed and operated to be
hydrodynamically stable or more stable than the reactor core for all
expected operating conditions (analytically demonstrated).

The GE methodology for demonstrating the above has been reviewed and approved
by the NRC in Reference 9. The stability compliance of the fuel designs described
in Subsection 3.2, "Fuel Mechanical Design," has been demonstrated on a generic
basis and approved by the NRC in Reference 9. See Subsection 3.7.6.2, "Thermal
Hydraulic Stability Performance," for additional information regarding core thermal-
hydraulic stability.

3.6.5 Anal tical Methods

The nuclear evaluations of all General Electric BWR cores are performed using the
analytical tools and methods described in Reference 4.

The lattice analyses are performed during the bundle design process. The results
of these single bundle calculations are reduced to "libraries" of lattice reactivities,
relative rod powers, and few group cross-sections as functions of instantaneous
void, exposure, exposure-void history, control state, and fuel and moderator
temperature, for use in the core analysis. These analyses are dependent upon fuel
lattice parameters only and are, therefore, valid for all plants and cycles to which
they are applied.

The core analysis is unique for each cycle. It is performed in the months preceding
the cycle loading to demonstrate that the core meets all applicable safety limits.
The principal tool used in the core analysis is the three-dimensional BWR simulator
code, which computes power distributions, exposure, and reactor thermal-hydraulic
characteristics, with spatially varying voids, control rods, burnable poisons, and
other variables.
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3.6.6 Reactivit of Fuel in Stora e

The basic criterion associated with the storage of irradiated (spent) and new fuel is
that the effective multiplication factor of fuel stored under normal conditions will be
<0.95 for high density racks. For storage of new fuel in the new fuel storage vaults,
the effective multiplication factor will be <0.90 for dry conditions and <0.95 for
flooded conditions. [Note: Placement of fuel in the new fuel storage vaults is
currently prohibited at Browns Ferry. This restriction is administratively controlled
by BFN Site Procedures.] These storage criteria will be satisfied if the uncontrolled
lattice k„calculated in the normal reactor core configuration meets the following
condition for General Electric designed fuel storage racks:

a) k„s 1.33 for 20'C to 100'C for high density spent fuel storage racks.
b) k„z 1.31 for 20'C to 100'C for regular new fuel vault storage racks with an

interrack spacing a1 0.50 inches.

The above storage criteria are applied during the bundle design process for all GE
fuel product lines. All fuel designs currently in operation or in storage at Browns
Ferry (including the initial core 7x7 and 8x8 fuel) were verified by the fuel vendor to
meet required storage criteria at the time they were loaded.

3.6.7 References

1. "General Electric Standard Application for Reactor Fuel," NEDE-24011-P-A,
(See Appendix N for applicable revision).

2. J. F. Carew, "Process Computer Performance Evaluation Accuracy," NEDO-
20340, June 1974.

3. C. L. Martin, "Lattice Physics Methods Verification," NEDO-20939-A, January
1977.

4. "Steady-State Nuclear Methods," NEDE-30130-P-A (Proprietary) and NEDO-
30130-A, April 1985.

5. R. C. Stirn, "Generation of Void and Doppler Reactivity Feedback for Application
to BWR Design," NEDO-20964, December 1975.

6. G. R. Parkos, "BWR Simulator Methods Verification," NEDO-20946-A, January
1977.

7. "BWR/4,5,6 Standard Safety Analysis Report, Revision 2," Chapter 4, June
1977.
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8. R. L. Crowther, "Xenon Considerations in Design of Boiling Water Reactors,"
APED-5640, June 1968.

9. G. A. Watford, "Compliance of the General Electric Boiling Water Reactor Fuel
Designs to Stability Licensing Criteria," December 1982 (NEDE-22277-P-1).
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20 Percent Pum S eed Line

The operating state for the reactor follows this line for the normal control rod
withdrawal sequence with recirculation pumps operating at approximately 20
percent speed.

Desi n Flow Control Line

The design flow control line passes through 100 percent power at 100 percent
flow. The operating state for the reactor follows this line (or one parallel to it)
for recirculation flow changes with a fixed control rod pattern. The line is
based on constant xenon concentration.

APRM Rod Block Line,

The line shown on the graph limits control rod withdrawal to within the
constraint of the control rod block line.

Pum Constant S eed Line

This line shows the change in flow associated with power reduction from 100
percent power, 100 percent flow, while maintaining constant recirculation
pump speed.

Minimum Ex ected Flow Control Line

This line represents the flow control line for plant startup in which the
recirculation pump speed is increased above 20 percent speed before control
rod withdrawal is continued.

Increased Core Flow ICF Re ion

The plant is licensed for Increased Core Flow (ICF) operation up to a
maximum of 105% of rated core flow at 100% rated power. At core thermal
powers less than rated, the maximum allowable core flow is set by the
constant recirculation pump speed line that passes through the 100% power
and 105% flow point on the Power/Flow operating map. ICF can be used to
extend full power operation beyond the point where all rods are out at rated
power and flow conditions (End Of Full Power Life - EOFPL). ICF may be
used prior to reaching EOFPL for operating flexibility.
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Extended Load Line LimitAnal sis ELLLA Re ion [BFN Unit 3 (Figure
3.7-2)]

The plant is licensed for Extended Load Line LimitAnalysis (ELLLA)which
allows operation at full power down to 87% rated flow conditions. The ELLLA
region may be used to set target rod patterns on a higher rod line to
accommodate xenon accumulation. The ELLLAregion also increases the
allowance for flowwindow operation such as compensating for small core
reactivity changes with burnup by adjusting core flow. This reduces the need
to continually adjust rod patterns.

Maximum Extended Load Line LimitAnal sis MELLLA Re ion [BFN Unit2
(Figure 3.7-1 )]

I

The plant is licensed for Maximum Extended Load Line LimitAnalysis
(MELLLA)which allows operation at full power down to 75% rated flow
conditions. The MELLLAregion may be used to set target rod patterns on a
higher rod line to accommodate xenon accumulation. The MELLLAregion
also increases the allowance for flowwindow operation such as compensating
for small core reactivity changes with burnup by adjusting core flow. This
reduces the need to continually adjust rod patterns.

3.7.6.1.2 Flow Control

The following simple description of boiling water reactor operation with
recirculation flow control summarizes the principal modes of normal power
range operation. Assuming the plant to be initiallyhot with the reactor critical,
full power operation can be approached following the sequence shown as
points 1 to 7 in Figure 3.7-1. The first part of the sequence (1 to 3) is
achieved with control rod withdrawal and manual, individual recirculation
pump control. Individual pump startup procedures are provided which
achieve 28 percent of full pump speed in each loop. The natural circulation
characteristics of the boiling water reactor are still influential at this pump
speed level as shown in the appropriate curve. Power, steam flow, and
feedwater flow are increased as control rods are manually withdrawn until the
feedwater flow has reached approximately 20 percent. An interlock on
feedwater flow prevents low power-high recirculation flow combinations which
may create recirculation pump NPSH problems.

Once the feedwater interlock is cleared, the operator can manually increase
recirculation flow in each loop until the operating state reaches point 3.
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The recirculation system master controller is limited, and these limits establish
the operating state (see Subsection 7.9, "Recirculation Flow Control System" ).
An example power flow map is shown in Figure 3.7-1.

Reactor power increases as the operating state moves from point 2 to 3 due
to the inherent flow control characteristics of the boiling water reactor. At
point 3 the operator can switch to simultaneous recirculation pump control.
Thermal output can then be increased by either control rod withdrawal or
recirculation flow increase. For example, the operator can reach
approximately 50 percent power in the ways indicated by points 4 and 5. With
an increase of recirculation pump speed to rated flow, point 4 can be
achieved.

The curves labeled "Minimum Expected Flow Control Line" and "Design Flow
Control Line" represent typical steady-state power-flow characteristics for
fixed rod patterns. They are slightly affected by xenon, differences in core
leakage flow assumptions, and reactor vessel pressure variations. However,
for this example, these effects have been neglected.

Normal power range operation is along or parallel to the "Design Flow Control
Line". If load following response is desired in either direction, plant operation
near 90 percent power provides the most capability. If maximum load pickup
capability is desired, the nuclear system can be operated near point 6, with
fast load response available all the way up to rated power near point 7.
The large negative operating coefficients, which are inherent in the boiling
water reactor, provide important advantages as follows:

a. Good load following with well damped behavior and little undershoot or
overshoot in the heat transfer response.

b. Load following with recirculation flow control.

c. Strong damping of spatial power disturbances.

Load following is accomplished by manually varying the recirculation flow to
the reactor. This method of power level control takes advantage of the
reactor negative void coefficient. To increase reactor power, it is necessary
only to increase the recirculation flow rate which sweeps some of the voids
from the moderator, causing an increase in core reactivity. As the reactor
power increases, more steam is formed and the reactor stabilizes at a new
power level with the transient excess reactivity balanced by the new void
formation. No control rods are moved to accomplish this power level change.
Conversely, when a power reduction is required, it is necessary only to
reduce the recirculation flow rate. When this is done, more voids are formed
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in the moderator, and the reactor power output automatically decreases to a
new power level commensurate with the new recirculation flow rate. No
control rods are moved to accomplish the power reduction.

Load following through the use of variations in the recirculation flow rate (flow
control) is advantageous relative to load following by control rod positioning.
Flow variations perturb the reactor uniformly in the horizontal planes, and thus
allow operation with flatter power distribution and reduced transient
allowances. As the flow is varied, the power and void distributions remain
approximately constant at the steady-state end points for a wide range of flow
variations. These constant distributions provide the important advantage that
the operator can adjust the power distribution at a reduced power and flow by
movement of control rods and then bring the reactor to rated conditions by
increasing flow, with the assurance that the power distribution will remain
approximately constant. Subsection 7.9, "Recirculation Flow Control System,"
describes the means by which recirculation flow is varied.

3.7.6.2 Thermal-H draulic Stabilit Performance

The GE analytical methodology for demonstrating stability compliance for GE
fuel designs on a generic basis is described in Subsection 3.6.4.6, "Stability."
To provide additional assurance that regional instabilities will not occur, the
plant adheres to specific power/flow surveillance and exclusion zones as
required by NRC (Reference 12). GE analyses (Reference 10) show that
these exclusion zones are applicable to all the fuel designs described in
Reference 10 (General Electric Fuel Bundle Designs).

The exclusion zones are specified in the plant Technical Specifications. A
power/flow map included in the Technical Specifications indicates 2 regions in
the high power/low flow area where operation is restricted. Entry into Region
I, which has the minimum margin to the onset of thermal-hydraulic instability,
requires an immediate manual scram. This action is sufficient to preclude
core oscillations which could challenge the IVICPR safety limit. Entry into
Region II requires immediate action to exit the region and an immediate
manual scram ifevidence of thermal-hydraulic instability is observed.

Clear indications of thermal-hydraulic instability are APRM oscillations which
exceed 10 percent peak-to-peak or LPRM oscillations which exceed 30
percent peak-to-peak (approximately equivalent to APRM oscillations of 10
percent during regional oscillations). Periodic LPRM upscale or downscale
alarms may also be indicators of thermal-hydraulic instability and will be
immediately investigated.
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Periodic upscale or downscale LPRM alarms will occur before regional
oscillations are large enough to threaten the MCPR safety limit. Therefore,
the criteria for initiating a manual scram described in the preceding paragraph
are sufficient to ensure that the MCPR safety limitwill not be violated in the
event that core oscillations initiate while exiting Region II.
Normal operation of the reactor is restricted to thermal power and core flow
conditions where thermal-hydraulic instabilities are very unlikely to occur (i.e.,
outside Regions I and II).

3.7.7 Evaluation

The thermal-hydraulic design of the reactor core and reactor coolant system is
based upon an objective of no fuel damage during normal operation or during
abnormal operational transients. This design objective is demonstrated by
analysis as described in the following sections.

3.7.7.1 Critical Power

The objective for normal operation and AOTs is to maintain nucleate boiling
and thus avoid a transition to film boiling. Operating limits are specified to
maintain adequate margin to the onset of the boiling transition. The figure of
merit utilized for plant operation is the critical power ratio (CPR). This is
defined as the ratio of the critical power (bundle power at which some point
within the assembly experiences onset of boiling transition) to the operating
bundle power. The critical power is determined at the same mass flux, inlet
temperature, and pressure which exists at the specified reactor condition.
Thermal margin is stated in terms of the minimum value of the critical power
ratio (MCPR), which corresponds to the most limiting fuel assembly in the
core. To ensure that adequate margin is maintained, a design requirement
based on a statistical analysis was selected as follows:

Moderate frequency AOTs caused by a single operator error or
equipment malfunction shall be limited such that, considering
uncertainties in manufacturing and monitoring the core operating
state, at least 99.9% of the fuel rods would be expected to avoid
boiling transition (Reference 13).

Both the transient (safety) and normal operating thermal limits in terms of
MCPR are derived from this basis.

3.7.7.1.1 Fuel Claddin Inte rit Safet Limit

The generation of the Minimum Critical Power Ratio (MCPR) limit requires a
statistical analysis of each reload core near the limiting MCPR condition. The
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MCPR Fuel Cladding Integrity Safety Limit applies not only for core wide
AOTs, but is also applied to the localized rod withdrawal error AOT. The
cycle-specific Safety Limit MCPR is derived based on criteria documented in
GESTAR II (Reference 1). The resulting safety limit MCPR for each cycle is
given in the Supplemental Reload Licensing Report (SRLR). The current
SRLR for each BFN unit is included in Appendix N of the FSAR.

Statistical Model

The statistical analysis utilizes a model of the BWR core which simulates the
process computer function. This code produces a critical power ratio (CPR)
map of the core based on inputs of power distribution, flow, and heat balance
information. Details of the procedure are documented in Appendix IV of
Reference 13 and Section 4 of Reference 14. Random Monte Carlo
selections of all operating parameters based on the uncertainty ranges of
manufacturing tolerances, uncertainties in measurement of core operating
parameters, calculational uncertainties, and statistical uncertainty associated
with the critical power correlations are imposed upon the analytical
representation of the core and the resulting bundle critical power ratios are
calculated. Uncertainties used in the cycle-specific statistical analysis are
presented in References 10, 14, and 15.

The minimum allowable critical power ratio is set to correspond to the criterion
that 99.9% of the rods are expected to avoid boiling transition by interpolation
among the means of the distributions formed by all the trials.

BWR Statistical Anal sis

Statistical analyses are performed for each operating cycle that provide the
fuel cladding integrity safety limit MCPR. This safety limit MCPR is derived
based on criteria documented in GESTAR II (Reference 1).

3.7.7.1.2 MCPR 0 eratin Limit Calculational Procedure

A plant-unique MCPR operating limit is established to provide adequate
assurance that the cycle-specific fuel cladding integrity safety limitfor the
plant is not exceeded for any moderate frequency AOT. This operating
requirement is obtained by addition of the maximum d CPR value for the most
limiting AOT (including any imposed adjustment factors) from conditions
postulated to occur at the plant to the cycle-specific fuel cladding integrity
safety limit.
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Low Flow and Low Power Effects on MCPR

The operating limit MCPR must be increased for low flow and, for plants with
ARTS, low power conditions. This is because, in the BWR, power increases
as core flow increases which results in a corresponding lower MCPR. If the
MCPR at a reduced flow condition were at the 100% power and flow MCPR
operating limit, a sufficiently large inadvertent flow increase could cause the
MCPR to decrease below the Fuel Cladding Integrity Safety Limit MCPR.

[BFN Unit 3 (Without ARTS)]

To account for low flow effects on MCPR, the required operating limit MCPR
is increased at reduced core flow rates by a flow factor, 4, such that:

Required MCPR = 4 x MCPR Operating Limit
Operating Limit at 100% core flow

The flow factor, g, is given in Reference 10 as a function of the core flow rate.

[BFN Unit 2 (With ARTS)]

Plants licensed for the Average Power Range Monitor, Rod Block Monitor,
and Technical Specification (ARTS) Improvement Program have both power-
and flow-dependent limits imposed on the operating limit MCPR (OLMCPR).
The flow-dependent required OLMCPR, MCPR~, is defined as a function of the
core flow rate and positioning of the scoop tube on the recirculation pump
motor. For powers between 100% of rated and the bypass point for the
turbine stop valve/turbine control valve fast closure scram signal (about 30%
of rated), the power-dependent OLMCPR, MCPR,, is determined from the
product of the OLMCPR at 100% of rated and a power-dependent multiplier,
K,. For powers between 25% rated and the bypass point, the MCPR, limits
are absolute values and are defined separately for high core flows (>50% of
rated, flow) and for low core flows (s50% of rated flow) conditions. There is no
thermal limits monitoring required below 25% of rated power. The OLMCPR
to be used at powers less than 100% becomes the most limiting value of
either MCPR< or MCPR„.

End-of-C cle Coastdown Considerations

AOT analyses are performed at the full power, EOC, all-rods-out condition.
Once an individual plant reaches this condition, it may shutdown for refueling
or it may be placed in a coastdown mode of operation. In the end-of-cycle
coastdown type of operation the control rods are held in the all-rods-out
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position and the plant is allowed to coastdown to a lower percent of rated
power while maintaining core flow at the constant pump speed line
corresponding to rated core flow at rated core thermal power. The power
profile during this period is assumed to be a linear function with respect to
exposure. It is expected that the actual profile will be a slow, exponential
curve. An analysis to the linear approximation, however, will be conservative,
since it overpredicts the power level for any given exposure.

In Reference 29, evaluations were made at 90%, 80%, and 70% power level
points on the linear curve. The results show that the pressure and MCPR
from the limiting pressurization AOT exhibit a larger margin for each of these
points than the EOC full power, full flow case. MAPLHGR limits for the full
power, rated flow case are conservative for the coastdown period, since the
power will be decreasing and rated core flowwill be maintained. Therefore, it
can be concluded that the coastdown operation beyond full power operation is
conservatively bounded by the analysis at the EOC conditions. In Reference
30, this conclusion is confirmed for coastdown operation down to 40% power
and is shown to hold for analyses performed with ODYN.

3.7.7.2 A~li 3

3.7.7.2.1 MCPR Mar in lm rovement 0 tions

Several MCPR margin improvement options have been developed for
operating BWRs. The following options are utilized at Browns Ferry:

(1) Recirculation Pump Trip
(2) Thermal Power Monitor
(3) Exposure-Dependent Limits
(4) Improved Scram Times

The exposure-dependent limits option is used on an as-needed basis. The
Supplemental Reload Licensing Report for each unit indicates which options
are currently analyzed.

Recirculation Pum Tri

For many of the plant operating cycles, the limiting AOTs are the turbine trip,
generator load rejection, or other AOTs which result in a turbine trip. A
significant improvement in thermal margin can be realized if the severity of
these transients is reduced. The Recirculation Pump Trip (RPT) feature
accomplishes this by cutting off power to the recirculation pump motors
anytime that the turbine control valve or turbine stop valve fast closure occurs.
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This rapid reduction in recirculation flow increases the core void content
during the AOT, thereby reducing the peak AOT power and heat flux.

Basically, the RPT consists of switches installed in both the turbine control
valves and the turbine stop valves. When these valves close, breakers are
tripped between the MG sets and the recirculation pump motors; this releases
the recirculation pumps to coast down under their own inertia.

Thermal Power Monitor

The APRM simulated thermal power trip (APRM thermal power monitor) is a
minor modification to the APRM system. The modified APRM system
generates two upscale trips. On one, the APRM signal (which is proportional
to the thermal neutron flux) is compared with a reference which is not
dependent on flow rate.

'uringnormal reactor operations, neutron flux spikes may occur due to
conditions such as transients in the recirculation system, transients during
large flow control load maneuvers, or transients during turbine stop valve
tests. The neutron flux leads the heat flux during transients because of the
fuel time constant. And the neutron flux for these transients trips upscale
before the heat flux increases significantly. (High heat flux is the precursor of
fuel damage.) Thus, increased availability can be achieved without fuel
jeopardy by adding a trip dependent on heat flux (thermal power).

For this trip, the APRM signal is passed through a low pass RC filter. It is
compared with a recirculation flow rate dependent reference which decreases
approximately parallel to the flow control lines.

In addition to increased availability, another benefit is that with the minor
operational spikes filtered out, the heat flux trip setpoint is lower than the
neutron flux trip setpoint. For long, slow AOTs such as the loss-of-feedwater
heater, the heat flux and neutron flux are almost in equilibrium. For these
AOTs, the lower trip setpoint results in an earlier scram with a smaller
increase in heat flux and a corresponding reduction in the consequences.

The APRM Simulated Thermal Power Trip at Browns Ferry is non-safety
grade and is not taken credit for in any of the licensing transient analyses.

Ex osure-De endent Limits

The severity of any plant AOT pressurization event is worst at the end of the
cycle primarily because the EOC all-rods-out scram curve gives the worst
possible scram response. It follows that some limits relief may be obtained by
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analyzing the AOTs at other interim points in the cycle and administering the
resulting limits on an "exposure dependent" basis.

This technique is straightforward and consists merely of repeating certain
elements of the AOT analyses for selected midcycle exposures. Because the
scram reactivity function monotonically deteriorates with exposure (after the
reactivity peak), the limit determined for an exposure E> is administered for all
exposures in the interval E~.> < E < E~ where E;.~ is the next lower exposure
point for which a limitwas determined. This results in a table of MCPR limits
to be applied through different exposure intervals of the cycle.

Im roved Scram Times

GE has developed a generic statistical scram time distribution for the
purposes of generating the AOT hCPR adjustment factors required for ODYN
Option B (see Subsection 3.7.7.1.2, "MCPR Operating Limit Calculational
Procedure" ). By operating under Option B MCPR operating limits the plant is
taking advantage of the improved scram time benefits on the AOT
performance, by demonstrating that actual scram speeds conform with the
generic statistical scram times assumed.

3.7.7.2.2 0 eratin Flexibilit 0 tions

A number of operating flexibilityoptions have been developed for BWRs. The
following options are utilized at Browns Ferry:

(1) Load Line Limit
(2) Extended Load Line Limit
(3) Maximum Extended Load Line Limit
(4) Increased Core Flow
(5) Feedwater Temperature Reduction
(6) Turbine Bypass Out of Service
(7) ARTS Program

The Supplemental Reload Licensing Report for each unit indicates which
options are currently analyzed.

Load Line Limit

The capability to operate above the rated load line of the power-flow map
offers the plant several definite operational advantages resulting in an
increased overall plant capacity factor. The primary advantage is in the areas
of plant startup with additional benefits in rated power operation and load-

3.7-20



following assistance. By operating above the rated load line during power
ascension, increasing xenon inventory can be countered with increases in
core flow allowing rated power to be achieved without additional control rod
adjustments. During rated power operation, rated power conditions can be
maintained for longer periods of time without control rod adjustments by using
flow control to compensate for reactivity changes due to fuel depletion. An
arialysis referred to as the Load Line LimitAnalysis (LLLA)is performed to
determine if the safety consequences of operation above the rated load line,
but within a defined region of the power flow map, are bounded by the
respective consequences of operation at the licensing basis conditions.

The region above the rated load line is known as the extended operating
region and is defined by the locus of power/flow points bounded by:

(1) the rated load line;
(2) the APRM rod block line; and
(3) the rod block intercept line and the rated power line.

LLLAis performed on a plant/cycle-specific basis. However, after the LLLAis
initiallyperformed for a plant and cycle, on subsequent cycles only the
following checks need to be made in addition to the standard reload analyses
to support operation in the extended operation region:

(1) LOCA - The applicability of previous LOCA*analyses to the extended
operating region must be verified each cycle.

(2) AOTs - The consequences of AOTs are evaluated to determine if
operating limit adjustments are necessary for operation in the
extended operating range.

Extended Load Line Limit

The Extended Load Line LimitAnalysis (ELLLA)is similar to the LLLA
described above. However, the extended operating domain for ELLLA,
instead, has an upper bound of the APRM rod block line to rated power.

Once ELLLAhas been performed for a specific plant and cycle, it is reverified
for applicability to subsequent cycles as described in the LLLAdiscussion.
Because of the different extended operating regions for ELLLAand LLLA, the
power/flow points chosen for analysis may be different.

Maximum Extended Load Line Limit

The Maximum Extended Load Line LimitAnalysis (MELLLA)further expands
the operating domain to allow operation at full power down to 75% rated flow
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conditions. Addition of the MELLLAregion provides improved power
ascension capability to full power and additional flow range at rated power.
Evaluations performed for MELLLAconditions include normal and AOTs,
LOCA analysis, containment responses, and stability. The results of these
analyses are re-evaluated each cycle.

Increased Core Flow 0 eration

Analyses are performed in order to justify operation at core flow rates in
excess of the 100% rated flow condition. The limiting AOTs that are analyzed
at rated flow as part of a standard supplemental reload licensing report are
reanalyzed for increased core flow operation. In addition, the loss-of-coolant
accident (LOCA), fuel loading error, rod drop accident, and rod withdrawal
error are also re-evaluated for increased flow operation.

The effects of the increased pressure differences on the reactor internal
components, fuel channels, and fuel bundles as a result of the increased flow
are analyzed in order to ensure that the design limits will not be exceeded.

The thermal-hydraulic stability is re-evaluated for increased core flow
operation, and the effects of flow-induced vibration are also evaluated to
assure that the vibration criteria will not be exceeded.

Feedwater Tem erature Reduction

Analyses are performed in order to justify operation at a reduced feedwater
temperature at rated thermal power. Usually, the analyses are performed for
end-of-cycle operation with the last-stage feedwater heaters valved out of
service. However, throughout cycle operation, an additional feedwater
temperature reduction can be justified by analyses at the appropriate
operating conditions.

The limiting AOTs are reanalyzed for operation at a reduced feedwater
temperature. In addition, the loss-of-coolant accident (LOCA), fuel loading
error, rod drop accident, and rod withdrawal error are also re-evaluated for
operation at a reduced feedwater temperature.

Turbine B ass Out of Service

Operation of the turbine bypass system is assumed in the analysis of the
Feedwater Controller Failure (FWCF)-maximum demand event. If this event
is limiting or near limiting, the operating limit MCPR basis may be invalid if the
bypass system cannot be demonstrated as fullyfunctional. Reload
evaluations may incorporate a FWCF without credit for bypass operation
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calculation as a provision when temporary factors render the system
unavailable. Additionally, for extended operation with degraded bypass
system operation, evaluations in support of this condition are augmented with
the appropriate limiting events, such as the FWCF, for the applicable cycle.

ARTS Pro ram

The ARTS program is a comprehensive project involving the Average Power
Range Monitor (APRM), the Rod Block Monitor (RBM), and Technical
Specification improvements.

Implementing the ARTS program provides for the following improvements
which enhance the flexibilityof the BWR during power level monitoring.

(1) The Average Power Range Monitor (APRM) trip setdown requirement
is replaced by power-dependent and flow-dependent MCPR operating
limits to reduce the need for manual setpoint adjustments. In addition,
another set of IVIAPLHGRpower- and flow-dependent limits are also
specified for more rigorous fuel thermal protection during postulated
transients at off-rated conditions. These power- and flow-dependent
limits are verified for plant-specific application during the initial ARTS
licensing implementation and are applicable to subsequent cycles
provided that there are no changes to the plant configuration as
assumed in the licensing analyses.

(2) The RBM system is modified from flow-biased to power-dependent
trips to allow the use of a new generic non-limiting analysis for the
Rod Withdrawal Error (RWE) and to improve response predictability to
reduce the frequency of nonessential alarms. The applicability of the
generic RWE analysis to GE fuel designs is discussed in
Reference 10.

The resulting improvements in the flexibilityof the BWR provided by ARTS
are designed to significantly minimize the time to achieve full power from
startup conditions.

3.7.7.3 ~Cli d

Core hydraulics models and correlations are discussed in Subsection 3.7.5,
"Description of Thermal-Hydraulic Design of the Reactor Core".
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3.7.7.4 Influence of Power Distributions

The influence of power distributions on the thermal-hydraulic design is
discussed in Reference 13.

3.7.7.5 Core Thermal Res onse

The thermal response of the core for accidents and expected AOT conditions
is given in Chapter 14, "Plant Safety Analysis".

3.7.7.6 Anal tical Methods

The analytical methods, thermodynamic data, and hydrodynamic data used in
determining the thermal and hydraulic characteristics of the core are
documented in Subsection 3.7.7.1.2, "MCPR Operating Limit Calculational
Procedure," and in the U.S. supplement to GESTAR (Reference 6).
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3.8 STANDBY LI UID CONTROL SYSTEM

3,8,1 ~Sf Qb

The safety objective of the Standby Liquid Control System is to provide a backup
method, which is independent of the control rods, to make the reactor subcritical
over its full range of operating conditions. Making the reactor subcritical is
essential to permit the nuclear system to cool to the point where corrective actions
can be carried out. The system is designed for the normal modes of cooldown only;
it is not intended to function after a loss-of-coolant accident.

3.8.2 Safet Desi n Basis

Backup capability for reactivity control shall be provided, independent of
normal reactivity control provisions in the nuclear reactor, to shut down the
reactor if the normal control is impaired so that cold shutdown cannot be
obtained with control rods alone.

2. The backup system shall have the capacity for controlling the reactivity
difference between the steady-state rated operating condition of the reactor
and the cold shutdown condition, including shutdown margin, to assure
complete shutdown from the most reactive condition at any time in the core
life.

3. The time required for actuation and effectiveness of the backup reactivity
control shall be consistent with the nuclear reactivity rate of change predicted
between rated operating and cold shutdown conditions. A scram of the
reactor or operational control of fast reactivity transients is not specified to be
accomplished by this system.

4. Means shall be provided by which the functional performance capability of
, the backup control system components can be verified periodically under
conditions approaching actual use requirements. Demineralized water,
rather than the actual neutron absorber solution, is injected into the reactor
to test the operation of all components of the redundant control system.

5. The neutron absorber shall be dispersed within the reactor core in sufficient
quantity to provide a reasonable margin for leakage, dilution, or imperfect
mixing.

6. The system shall be reliable to a degree consistent with its role as a special
safety system.
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7. The possibility of unintentional or accidental shutdown of the reactor by this
system shall be minimized.

3.8.3 Descri tion Fi ures 3.8-1 and 3.8-2

The Standby Liquid Control System is manually initiated from the Main Control
Room to pump a boron neutron absorber solution into the reactor if the operator
determines the reactor cannot be shut down or kept shut down with the control rods.

The Standby Liquid Control System is required only to shut down the reactor at a
steady rate within the capacity of the shutdown cooling systems and to keep the
reactor from going critical again as it cools.

The Standby Liquid Control System is needed only in the improbable event that not
enough control rods can be inserted in the reactor core to accomplish subcriticality
in the normal manner.

The system consists of a boron solution tank, a test water tank, two
positive-displacement pumps, two explosive-actuated valves, and associated local
valves and controls. They are mounted in the Reactor Building outside the primary
containment. The liquid is piped into the reactor vessel via the differential pressure
and liquid control line and discharged near the bottom of the core lower support
plate through a standpipe so it mixes with the cooling water rising through the core
(see Sections 4.2, "Reactor Vessel and Appurtenances Mechanical Design," and
3.3, "Reactor Vessel Internals IVlechanical Design" ).

The Boron-10 isotope absorbs thermal neutrons and thereby terminates the'uclear
fission chain reaction in the uranium fuel.

The specified neutron absorber solution is enriched sodium pentaborate
(NagBqpOig-10HgO). It consists of a mixture of borax, enriched boric acid, and
demineralized water prepared in accordance with approved plant procedures to
ensure the proper volume and enriched sodium pentaborate concentration is
present in the standby liquid control tank. A sparger is provided in the tank for
mixing, using air. To prevent system plugging, the tank outlet is raised above the
bottom of the tank and is fitted with a strainer.
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At all times when it is possible to make the reactor critical, the configuration of the
Standby Liquid Control System shall satisfy the following equation:

( C )( Q )( ~ )

( 13 WT% ) ( 86 GPM ) ( 19.8 ATOM% )

C = sodium pentaborate solution weight percent concentration
Q = SLCS pump flow rate in gpm
E = Boron-10 atom percent enrichment in the sodium pentaborate solution

The solution concentration is limited to a maximum of 9.2 weight percent to
preclude unwanted precipitation of the sodium pentaborate. The saturation
temperature of the 9.2 percent solution is 40'F which provides a 10'F thermal
margin below the lowest temperature predicted for the SLCS equipment area. Tank
heating components provide backup assurance that the sodium pentaborate
solution temperature will never fall below 50'. High or low temperature, high or low
liquid level, or a shorted heater causes an alarm in the control room. Tank level
indication is also provided in the control room.

Each positive displacement pump is sized to inject the solution into the reactor in 50
to 125 minutes (approximately 50 gpm), depending on the amount of solution in the
tank, at the reactor vessel maximum operating pressure. The pump and system
design pressure is 1500 psig. The two relief valves are set at approximately 1425
psig to exceed the reactor operating pressure by a sufficient margin to avoid valve
leakage. To prevent bypass flow from one pump in case of relief valve failure in the
line from the other pump, a check valve is installed downstream of each relief valve
line in the pump discharge pipe.

A bladder-type pneumatic-hydraulic accumulator is installed on the piping near
each relief valve to dampen pulsations from the pumps to protect the system.

The two explosive-actuated injection valves provide high assurance of opening
when needed and ensure that the boron solution will not leak into the reactor even
when the pumps are being tested. The valves have a demonstrated firing reliability
in excess of 99.99 percent. Each explosive valve is closed by a plug in the inlet
chamber. The plug is circumscribed with a deep groove so the end will readily
shear offwhen pushed with the valve plunger. This opens the inlet hole through the
plug. The sheared end is pushed out of the way in the chamber and is shaped so it
will not block the ports after release.

The shearing plunger is actuated by an explosive charge with dual ignition primers
inserted in the side chamber of the valve. Ignition circuit continuity is monitored by
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a trickle current, and an alarm occurs in the control room ifeither circuit opens.
Indicator lights show which primer circuit is opened. To service a valve after firing,
a 6-inch length of pipe (spool piece) must be removed immediately upstream of the
valve to gain access to the shear plug.

The Standby Liquid Control System is actuated by a five-position spring return to
"normal" keylock switch located on the control room console. The keylock feature
ensures that switching from the "stop" position is a deliberate act (safety design
basis 7). Momentarily placing the switch to either "start A" or "start B" position
starts the respective injection pump, opens both explosive valves, and closes the
Reactor Water Cleanup System isolation valves to prevent loss or dilution of the
boron solution.

A green light in the control room indicates that power is available to the pump motor
contactor, but that the contactor is open (pump not running). A red light indicates
the contactor is closed (pump running). A white light indicates that the motor has
tripped or the local handswitch is in the test position.

A red light beside the switch turns on when liquid is flowing through an orifice flow
switch downstream of the explosive valves. If the flow light or pump lights indicate
that the liquid may not be flowing, the operator can immediately turn the switch to
the other side, which actuates the alternate pump. Crosspiping and check valves
assure a flow path through either pump and either explosive valve. The chosen
pump will start even though its local switch at the pump is in the "stop" position for
test or maintenance. Pump discharge pressure indication is also provided in the
control room.

Equipment drains and tank overflow are piped not to the waste system but to
separate containers (such as 55-gallon drums) that can be removed and disposed
of independently to prevent any trace of the boron solution from inadvertently
reaching the reactor.

Instrumentation is provided locally at the standby liquid control tank consisting of
solution temperature indication and control, tank level, and heater status.
Instrumentation and control logic is presented in Figure 3.8-4, Mechanical Logic
Diagram.

3.8.4 Safet Evaluation

The Standby Liquid Control System is a special safety system not required for
normal plant operation, and is never expected to be needed for reactor shutdown
because of the large number of independent control rods available to shut down the
reactor.
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To assure the availability of the Standby Liquid Control System, two sets of the
components required to actuate —the pumps and explosive valves —are provided in
parallel redundancy (safety design basis 6).

The system is designed to make the reactor subcritical from rated power to a cold
shutdown at any time in core life. The reactivity compensation provided will reduce
reactor power from rated to the after-heat level and allow cooling the nuclear
system to normal temperature with the control rods remaining withdrawn in the rated
power pattern. It includes the reactivity gains due to complete decay of the rated
power xenon inventory. It also includes the positive reactivity effects from
eliminating steam voids, changing water density from hot to cold, reduced Doppler
effect in uranium, reduction of neutron leakage from the boiling to cold condition,
and decreasing control rod worth as the moderator cools. A licensing analysis is
performed each cycle to verify adequate SLCS shutdown capacity. The analysis
assumes the specified minimum final concentration of boron in the reactor core and
allows for calculational uncertainties. The SLCS shutdown capacity is reported in
Appendix N.

The specified minimum average concentration of natural boron in the reactor to
provide the specified shutdown margin, after operation of the Standby Liquid
Control System, is 660 ppm (parts per million). The minimum quantity of sodium
pentaborate to be injected into the reactor is calculated based on the required
660 ppm average concentration in the reactor coolant, Boron-10 enrichment, the
quantity of reactor coolant in the reactor vessel, recirculation loops, and the entire
RHR system in the shutdown cooling mode, at 70'F and reactor normal water level.
The result is increased by 25 percent to allow for imperfect mixing, leakage, and
volume in other piping connected to the reactor. This minimum concentration is
achieved by preparing the solution as defined in paragraph 3.8.3 and maintaining it
above saturation temperature. This satisfies safety design basis 5.

Cooldown of the nuclear system will take several hours, at a minimum, to remove
the thermal energy stored in the reactor, cooling water, and associated equipment,
and to remove most of the radioactive decay heat. The controlled limitfor the
reactor vessel cooldown is 100'F per hour. Normal operating temperature is about
550'F. Usually, shutting down the plant with the main condenser and various
shutdown cooling systems will take 10 to 24 hours before the reactor vessel is
opened, and much longer to reach room temperature (70'F). Room temperature is
the condition of maximum reactivity and, therefore, the condition which requires the
maximum boron concentration. Thus safety design basis 2 is met.

The specified boron injection rate is limited to the range of 7 to 40 ppm per minute
change of boron concentration in the reactor pressure, vessel and recirculation loop
piping water volumes. The lower rate ensures that the boron is injected into the
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reactor in less than 2 hours, which is considerably faster than the cooldown rate.
The upper limit injection rate insures that there is sufficient mixing such that the
boron does not recirculate through the core in uneven concentrations which could
possibly cause asymmetric power oscillations in the core. This satisfies safety
design basis 3.

The Standby Liquid Control System is designed as a Class I system for
withstanding the specified earthquake loadings (see Appendix C). Nonprocess
equipment such as the test tank is designed as Class II. The system piping and
equipment are designed, installed, and tested in accordance with USAS B31.1.0,
Section I.

The Standby Liquid Control System is not required to be designed to meet the
single failure criterion because it serves as a backup to the control rods. System
reliability is enhanced by providing redundancy of pumps and valves. Hence,
redundancy is not required for the tank heater or the heating cable.

The Standby Liquid Control System is required to be operable in the event of a
station power failure so the pumps, valves, and controls are powered from the
standby AC power supply in the absence of normal power. The pumps and valves
are powered and controlled from separate buses and circuits so that a single failure
will not prevent system operation. The essential instruments and lights are
powered from the 120-V AC instrument power supply.

The Standby Liquid Control System and pumps have sufficient pressure margin, up
to the system relief valve setting of approximately 1425 psig, to assure solution
injection into the reactor above the normal pressure of about 1030 psig in the
bottom of the reactor. The nuclear system main steam relief valves begin to relieve
pressure above about 1100 psig; therefore, the Standby Liquid Control System
positive displacement pumps cannot overpressurize the nuclear system.

Only one of the two standby liquid control pumps is needed for proper system
operation. Ifone pump is inoperable, there is no immediate threat to shutdown
capability, and reactor operation may continue while repairs are being made. The
system pumps are powered by a diesel backed source and are not load shed. The
period during which one redundant component upstream of the explosive valves
may be out of operation will be consistent with the very small probability of failure of
both the control rod shutdown capability and the alternate component in the
Standby Liquid Control System, together with the fact that nuclear system cooldown
takes 10 or more hours while liquid control solution injection takes about 2 hours.
This indicates the considerable time available for testing and restoring the Standby
Liquid Control System to operable condition after testing while reactor operation
continues. Assurance that the system will still fulfillits function during repairs is
obtained by demonstrating operation of the operable pump.
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It can be seen that the Standby Liquid Control System satisfies safety design
basis 1.

3.8.5 Ins ection and Testin

Operational testing of the Standby Liquid Control System is performed in at least
two parts to avoid injecting boron into the reactor inadvertently. By opening two
closed valves to the solution tank, the boron solution may be recirculated by turning
on either pump with its local switch. With the valves to and from the solution tank
closed and the three valves opened to and from the test tank, the demineralized
water in the test tank can be recirculated by turning on either pump locally. After
pumping boron solution, demineralized water is pumped to flush out the pumps and
pipes. Functional testing of the injection portion of the system is accomplished by
closing the open valve from the solution tank, opening the closed valve from the test
tank, and actuating the switch in the control room to either the A or B circuit. This
starts one pump and ignites the explosive actuated injection valves to open. The
lights and alarms in the control room indicate that the system is functioning. This
satisfies safety design basis 4.

After the functional tests, the injection valves and explosive charges must be
replaced and all the valves returned to their normal positions as indicated in Figures
3.8-1 and 3.8-2.

By closing a local normally open valve to the reactor in the containment, leakage
through the injection valves can be detected at a test connection in the line between
the containment isolation check valves. (A position indicator light in the control
room indicates when the local valve is full open and ready for operation.) Leakage
from the reactor through the first check valve can be detected by opening the same
test connection whenever the reactor is pressurized.

The test tank contains sufficient demineralized water for testing pump operation.
Demineralized water from the makeup or condensate storage system is available at
30 gpm for refilling or flushing the system.

Should the boron solution ever be injected into the reactor, either intentionally or
inadvertently, then after making certain that the normal reactivity controls will keep
the reactor subcritical, the boron is removed from the reactor coolant system by
flushing for gross dilution followed by operation of the reactor cleanup system.
There is practically no effect on reactor operations when the boron concentration
has been reduced below about 50 ppm.

The sodium pentaborate solution weight percent in the SLCS storage tank is
periodically determined by titration or equivalent chemical analysis. The Boron-10
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isotopic atom percent concentration of the solution is also determined periodically,
utilizing mass spectrometry or equivalent technology.

The gas pressure in the two accumulators is measured periodically to detect
leakage. A pressure gauge and portable nitrogen supply are required to test and
recharge the accumulators.
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required over its interior surfaces. Exterior, exposed ferritic surfaces of
pressure-containing parts have a minimum corrosion allowance of 1/16 inch. The
interior surfaces of the top head and all carbon and low-alloy steel nozzles exposed
to the reactor coolant have a corrosion allowance of 1/16 inch. The vessel shape is
designed to limit coolant retention pockets and crevices.

The nil-ductilitytransition (NDT) temperature is defined as the temperature below
which ferritic steel breaks in a brittle, rather than ductile, manner. The NDT
temperature increases as a function of neutron exposure at integrated neutron
exposures greater than about 1 x 10" nvt with neutrons of energies in excess of 1

MeV. Since the material NDT temperature dictates the minimum operating
temperature at which the reactor vessel can be pressurized, it is desirable to keep
the NDT temperature as low as possible. One way that this is accomplished is by
selecting fine-grained steels and by using advanced fabrication techniques to
minimize radiation effects. The as-fabricated initial NDT temperature for all carbon
and low-alloy steel used in the main closure flanges, closure bolting material, and
the shell and head materials connecting to these flanges, including the connecting
circumferential weld material, is limited to a maximum of 10'F as determined by
ASTM E208. For each main closure flange forging, a minimum of 1 tensile, 3

Charpy V-notch, and 2 drop weight test specimens have been tested from each of
two locations about 180'part on the flange. For all other carbon and low-alloy
steel pressure-containing materials, including weld materials and the vessel support
skirt material, the as-fabricated initial NDT temperature is no higher than 40'F. A
grain size of 5 or finer, as determined by the method in ASTM E112, is maintained.

Another way of minimizing any changes (elevating) to the NDT temperature is by
reducing the integrated neutron exposure at the inner surface of the reactor vessel.
The coolant annulus between the vessel and core shroud and the core location in
the vessel limit the integrated neutron exposure of reactor vessel material to less
than 1 x 10" nvt from neutrons with energy levels greater than 1 MeV, within the
40-year design lifetime of the vessel. This is not the expected exposure, nor is it
the absolute limitof safe exposure; it is an exposure value that can be
demonstrated to be safe and practical to maintain. The maximum calculated
exposure for neutrons of 1 MeV or greater is 3.8 X 10" nvt.

The vessel top head is secured to the reactor vessel by studs and nuts which are
designed to be tightened with a stud tensioner. The vessel flanges are sealed by
two concentric stainless steel seal-rings designed for no detectable leakage through
the inner or outer seal at any operating condition, including: (a) cold hydrostatic
pressure test at the hydro-pressure specified in the ASME code, and (b) heating to

operating pressure and temperature at a maximum rate of 100'F/hr. To detect lack
of seal integrity, a 1-inch vent tap is provided in the area between the two
seal-rings, and a monitor line is attached to the tap to provide an indication of
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leakage from the inner seal-ring seal (see Subsection 7.8). A 1-inch tap is also
provided in the area outside the outer seal-ring for use in monitoring leakage. This
tap is used only if the inner seal fails and is piped to an accessible place in the
drywell and capped.

The head and vessel flanges are low-alloy steel forgings. The sealing surfaces of
the reactor vessel head and shell flanges are weld-overlay clad with austenitic
stainless steel similar to the vessel, which consists of a minimum of two layers and
a minimum of 0.25-inch total thickness after all machining, including the area under
the seal grooves. The first layer is deposited with a composition equivalent to
ASTM A371, Type ER309; and the second layer has a composition equivalent to
ASTM A371, Type ER308, except that the carbon content does not exceed 0.08
percent.

All sensitized austenitic stainless steel has been replaced on the Browns Ferry
pressure vessels, except the Unit 1 recirculation system suction safe ends and the
jet pump riser brace pads on all units. These components have been clad with
nonfurnace-sensitized stainless steel weld overlay. Austenitic stainless steel used
in other component parts of the reactor coolant pressure boundary, including relief
and safety valves, is fullyannealed to preclude sensitization.

Welding processes were limited to 110,000 joules per inch and the interpass
temperature limited to 350'F to avoid local sensitization of stainless steel.
Stainless steel with deliberate additions of nitrogen for enhancing the material
strength has not been used.

The vessel nozzles (Figure 4.2-2) are low-alloy steel forgings made in accordance
with ASTM A508 CL2 as modified by ASME code case 1332-2, paragraph 5.
Nozzles of 3-inch nominal size or larger are full-penetration welded to the vessel.
Nozzles of less than 3-inch nominal size may be partial-penetration-welded as
permitted by ASME Boiler and Pressure Vessel Code, Section III. Nozzles which
are partial-penetration welded are nickel-chromium-iron forgings made in
accordance with ASME SB166 as modified by code case 1336.

The vessel top head nozzles are provided with flanges with small groove facing.
The drain nozzle is of the full-penetration weld design and extends 16 inches below
the bottom outside surface of the vessel. The recirculation inlet nozzles are located
as shown in Figure 4.2-1; feedwater inlet nozzles, core spray inlet nozzles, and the
control rod drive hydraulic system return nozzle have thermal sleeves similar to
those shown in the detail of Figure 4.2-2.

As a result of cracks discovered in the feedwater nozzle blend and nozzle bore
regions of several operating reactors, General Electric and the NRC performed an
extensive study of the problem. The program, the solutions, and NRC acceptance
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of the modifications are fully described in NEDE 21821-A, "Boiling Water Reactor
Feedwater Nozzle/Sparger - Final Report," February 1980 (proprietary version).
The modifications to the BFNP feedwater nozzles included: (1) removal of the
stainless-steel-clad and heat affected zone of the feedwater nozzle bore and nozzle
bend radius, and (2) machining the safe end and nozzle bore and inner bend radius
to accept the improved double piston ring seal, interference fit spargers with forged
tee design, and orificed elbow discharges. Implementing these modifications
increased the assurance of maintaining vessel integrity by minimizing the potential
for crack initiation due to thermal cycling.

The nozzle for the core differential pressure and standby liquid control pipe is

designed with a transition so that the stainless steel outer pipe of the differential
pressure and standby liquid control line (see Subsection 3.3, "Reactor Vessel
Internals Mechanical Design" ) can be socket-welded to the inner end of the nozzle
and so that the inner pipe passes through the nozzle. This design provides an
annular region between the nozzle and the inner standby liquid control line to
minimize thermal shock effects on the reactor vessel in the event that use of the
Standby Liquid Control System is required.

The jet pump instrumentation penetration seal is welded directly to the outer end of
the jet pump instrumentation nozzle. The stainless steel recirculation loop piping
(see Subsection 4.3, "Reactor Recirculation System" ) is welded to the outer end of
the recirculation outlet nozzle. The main steam line piping is welded to the outer
end of the steam outlet nozzle. The piping attached to the vessel nozzle is

designed, installed, and tested in accordance with the requirements of USAS
B31.1.0, 1967 edition and the applicable GE design and procurement
specifications, which were implemented in lieu of the outdated B31 Nuclear Code
Cases-N2, N7, N9, and N10.

Thermocouple pads are located on the exterior of the vessel (see Table 4.2-3). At
each thermocouple location, two 3/4-inch-diameter pads are provided: an end pad
to hold the end of a 3/16-inch-diameter thermocouple and a clamp pad equipped
with a set screw to secure the thermocouple.

The reactor vessel is laterally and vertically supported and braced to make it as

rigid as possible without impairing the movements required for thermal expansion.
Where thermal requirements prohibit the use of rigid supports, spring anchors or
hydraulic snubbers are employed to resist earthquake forces, while allowing
sufficient flexibilityfor thermal expansion.

4242 ~SI SS

The reactor vessel shroud support is a radial, cylindrical shell that surrounds the
reactor core assembly and is designed so that stresses due to reactions at the
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shroud support are within ASME code, Section III, requirements for normal, upset,
emergency, and faulted loading conditions. The design of the shroud support also
takes into account the restraining effect of the components attached to the support
and weight and earthquake loadings. The vessel shroud support and other internal
attachments Oet pump riser support pads, diffuser brackets, guide rod brackets,
steam dryer support brackets, dryer holddown brackets, feedwater sparger
brackets, and core spray brackets) are as shown in Figure 4.2-1 and Table 4.2-3.

4.2.4.3 Reactor Vessel Su ort Assembl

The reactor vessel support assembly consists of a ring girder, sole plates, and the
various bolts, shims, and set screws necessary to position and secure the assembly
between the reactor vessel support skirt and the support pedestal. The concrete
and steel support pedestal is constructed integrally with the building foundation.
Steel anchor bolts are set in the concrete with the threads extending above the
surface. The sole plates are set flat and level on the concrete, and the lower flange
of the ring girder is set on top of the sole plates and shimmed as necessary to level
the ring girder. The anchor bolts extend through both the sole plates and the ring
girder bottom flange. High strength bolts are used to bolt the flange of the reactor
vessel support skirt to the top flange of the ring girder. The ring girder and sole
plates are fabricated of ASTM A36 structural steel according to AISC specifications.

4.2.4.4 Vessel Stabilizers

The vessel stabilizers are connected between the reactor vessel and the top of the
shield wall surrounding the vessel to provide lateral stability for the upper part of the
vessel. Eight stabilizer brackets are attached by full-penetration welds to the
reactor vessel at evenly spaced locations around the vessel below the flange. Each
vessel stabilizer consists of a stabilizer rod, threaded at the ends, springs, washers,
nut, a plate, and a bumper bracket with tapered shims. The stabilizers are attached
to each bracket and apply tension in opposite directions. The stabilizers are evenly
preloaded with tensioners to the values of the residual loads. The stabilizers are
designed to permit radial and axial vessel expansion, to limit horizontal vibration,
and to resist seismic and jet reaction forces.

4.2.4.5 Refuelin Bellows

The refueling bellows form a seal between the reactor vessel and the surrounding
primary containment drywell to permit flooding of the space (reactor well) above the
vessel during refueling operations. The refueling bellows assembly (see Figure
4.2-1) consists of a Type 304 stainless steel bellows, a backing plate, a spring seal,
and a removable guard ring. The backing plate surrounds the outer circumference
of the bellows to protect it and is equipped with a tap for testing and for monitoring
leakage. The self-energizing spring seal is located in the area between the bellows
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and the backing plate and is designed to limitwater loss in the event of a bellows
rupture by yielding to make a tight fit to the backing plate when subjected to full
hydrostatic pressure. The guard ring attaches to the assembly and protects the
inner circumference of the bellows. The guard ring can be removed from above to
inspect the bellows. The assembly is welded to the reactor bellows support skirt
and the reactor well seal bulkhead plate. The reactor bellows support skirt is
welded to the reactor vessel shell flange, and the reactor well seal bulkhead plate
bridges the distance to the primary containment drywell wall. Six watertight, hinged
covers are bolted in place for normal refueling operation. For normal operation,
these covers are opened and removable air supply ducts and air return ducts permit
circulation of ventilation air in the region above the reactor well seal.

4.2.4.6 Control Rod Drive Housin s

The control rod drive housings are inserted through the control rod drive
penetrations in the reactor vessel bottom head and are welded to the stub tubes
extending into the reactor vessel'Figure 4.2-2).

Each housing transmits a number of loads to the bottom head of the reactor. These
loads include the weight of a control rod and control rod drive, which are bolted to
the housing from below (see Subsection 3.4, "Reactivity Control Mechanical
Design" ), the weight of a control rod guide tube, one four-lobed fuel support piece,
and the four fuel assemblies which rest on the top of the fuel support piece (see
Subsection 3.3, "Reactor Vessel Internal Mechanical Design" ). The housings are
fabricated of Type 304 austenitic stainless steel.

4.2.4.7 Control Rod Drive Housin Su orts

The control rod drive housing support is designed to prevent a nuclear transient in

the unlikely event that there is a control rod drive housing failure. This device
consists of a grid structure located below the reactor vessel from which housing
supports are suspended. The supports allow only slight movement of the control
rod drive or housing in the event of failure. The control rod drive housing support is

treated in detail in Subsection 3.5, "Control Rod Drive Housing Supports."

4.2.4.8, In-Core Neutron Flux Monitor Housin

The in-core neutron flux monitor housings are inserted up through the in-core
penetrations in the bottom head of the reactor vessel and are welded to the inner

Kobsa, I. R., and Wetzerl, V. R., "Design and Analysis of Control Rod Drive Reactor Vessel
Penetrations," General Electric Co., Atomic Power Equipment Department, November 1968
(APED-5703).
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surface of the bottom head (Figure 4.2-2). An in-core flux monitor guide tube is
welded to the top of each housing (see Subsection 3.3, "Reactor Vessel Internals
Mechanical Design" ), and either a source range monitor/intermediate range monitor
(SRM/IRM) drive. unit or a local power range monitor (LPRM) is bolted to the
seal-ring flange at the bottom of the housing (see Subsection 7.5, "Neutron
Monitoring System" ).

4.2.4.9 Reactor Vessel Insulation

The reactor vessel insulation is an all-metal, reflective insulation having an average
maximum heat transfer rate of approximately 80 Btu/hr-ft't the operating
conditions of 550'F for the vessel and 135'F for the outside air. The maximum
insulation thicknesses are 4 inches for the upper head, 3-1/2 inches for the
cylindrical shell and nozzles, and 3 inches for the bottom head. The'insulation is
designed to permit complete submersion in water without loss of insulating material,
contamination from the water, or adverse effect on the insulation efficiency of the
insulation assembly after draining and drying. The lower head and cylindrical shell
insulation is permanently installed for the 40-year design life of the vessel. The
insulation panels for the cylindrical shell of the vessel are held in place by vessel
insulation supports located at two elevations on the vessel. The support brackets
for each support are full-penetration-welded to the vessel at 12 evenly spaced
locations around the circumference. Provisions are made for removing insulation
during inservice inspection.

4.2.4.10 Other Reactor Coolant Pressure Bounda Ferritic Com onents

The fracture or notch-toughness properties and the operating temperature of ferritic
materials are controlled to ensure adequate toughness when the system is
pressurized to more than 20 percent of the design pressure. Such assurance is
provided by maintaining the lowest service metal temperature, when the system
pressure exceeds 20 percent of design pressure, at least 60'F above the
nil-ductilitytransition temperature (NDTT). The lowest service-metal temperature is
the lowest temperature which the metal will experience in service while the plant is
in operation. It is established by appropriate calculations considering atmosphere

'mbienttemperatures, the insulation or enclosure provided, and the minimum
temperature maintained. Further interpretations and requirements are as follows:

A. Charpy V-notch (American Society for Testing and Material Standard A370
Type A) or drop weight (per ASTM E208) tests have been performed to
demonstrate that all materials and weld metal meet brittle fracture
requirements at test temperature. Test specimens were prepared and tested
with minimum impact energy requirements in accordance with Table N-421
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and the general provisions of N-313, N-331, N-332, and N-511 of Section III of
the ASME Boiler and Pressure Vessel Code. Prior to the Summer 1972
Addenda of the 1971 ASME Section III Boiler and Pressure Vessel Code,
impact testing was not required on materials with a nominal section thickness
of 1/2 inch or less. However, this 1/2 inch thickness exclusion was increased
to 5/8 inch by the ASME Boiler and Pressure Vessel Code, Section III, 1971

Edition, Summer 1972 Addenda. Therefore, after issuance of the Summer
1972 Addenda, impact testing is not required on materials with a nominal
section thickness of 5/8 inch or less. The welding procedures used were
qualified by impact testing of weld metal and heat affected zone to the same

requirements as the base metal in accordance with N-541.

Impact tests were not required for the following:

1. Bolting, including nuts, 1-inch nominal diameter or less,

2. Bars with a nominal cross-sectional area not exceeding 1 square inch,

3. IVlaterials with a nominal (section) wall thickness of less than 1/2 inch or
5/8 inch (refer to paragraph 4.2.4.10.A),

4. Components including pumps, valves, piping, and fittings with a nominal
inlet pipe size of 6-inch-diameter and less, regardless of thickness, and

5. Consumable insert material, austenitic stainless steel, and nonferrous
materials.

Impact testing was not required on components or equipment pressure parts

having a minimum service temperature of 250'F or more when pressured over
20 percent of the design pressure. Example: Steam line is excluded from
brittle fracture test requirement since the steam temperature will be over
250'F when the steam line pressure is at the 20 percent design pressure.

Impact testing was not required on components or equipment pressure parts
whose rupture could not result in a loss of coolant exceeding the capability of
normal makeup systems to maintain adequate core cooling for the duration of
a reactor shutdown and orderly cooldown.

These criteria apply to components and equipment pressure parts, including
flange bolts of the reactor coolant pressure boundary, and do not apply to
related components such as anchors, anchor bolts, hangers, suppressors,
and restraints.
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All components for the Browns Ferry plant were designed and fabricated giving
consideration to brittle-fracture control requirements as stated above. However,
these specific conditions were not a part of the initial Browns Ferry Units 1 and 2
plant requirements, and due to the status of fabrication on two items, the
requirements could not be imposed without scrapping all materials. Qn Browns
Ferry Units 1 and 2 these two items are: (1) feedwater piping through the second
containment isolation valve, and (2) the 14-inch HPCI testable check valve (HPCI
pump return into feedwater pipe outside the containment). Charpy V-notch impact
tests were performed on these items where possible, and results indicate they
generally would not meet the conditions under A, above, if they had been imposed.

4.2.5 Safet Evaluation

The reactor vessel design pressure of 1250 psig is determined by an analysis of
margins required to provide a reasonable range for maneuvering during operation,
with additional allowances to accommodate transients above the operating pressure
(1005 psig at the level of the top head flange) without causing operation of the
safety valves. The design temperature for the reactor vessel (575'F) is based on
the saturation temperature of water corresponding to the design pressure.

To withstand external and internal loadings while maintaining a high degree of
corrosion resistance, a high-strength, carbon-alloy steel is used as the base metal
with an internal cladding applied by weld overlay to the cylindrical shell and bottom
head. Use of the ASME Boiler and Pressure Vessel Code, Section III, Class A,
pressure vessel code design criteria provides assurance that a vessel designed,
built, and operated within its design limits has an extremely low probability of failure
due to any known failure mechanism.

The reactor vessel is designed for a 40-year life and will not be exposed to more
than 1 X 10" nvt of neutrons with energies exceeding 1 MeV. The reactor vessel is
also designed for the transients which could occur during the 40-year life as
indicated below.

T eofC cle
No. of

~Cclee

Boltup
Design hydrostatic test at 1250 psig
Startup (100'F/hr heatup rate)
Daily reduction to 75 percent power
Weekly reduction to 50 percent power
Control rod worth test
Loss of feedwater heaters (80 cycles total)

Turbine trip at 25 percent power
Feedwater heater bypass

123
130
120

10,000
2,000

400

10
70
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Scram (200 cycles total)
Loss of feedwater pumps, isolation valves close
Turbine trip, feedwater on,

isolation valves stay open
Reactor overpressure with delayed scram,

feedwater stays on, isolation valves stay open
Single safety relief valve blowdown
All other scrams

Improper start, of cold recirculation loop
Sudden start of pump in cold recirculation loop
Shutdown (100'F/hr cooldown rate)
Hydrostatic test at 1563 psig
Unbolt

10

40

1

2
147

5
5

118
3

123

Stress analysis and load combinations for the reactor vessel are evaluated for the
cycles listed above, with the conclusion that ASME code limits are satisfied. The
details of assumed loading combinations are described in Appendix C for Class 1

equipment. It is possible that the specified number of cycles for some of the events
listed above may be exceeded over the life of the plant. A plant procedure has
been implemented at Browns Ferry to maintain surveillance on the number of cycles
which have occurred and the resulting fatigue usage factors. When the fatigue
usage factor reaches a value of 0.7, the procedure requires a reevaluation to be
completed in a timely manner to assure that the allowable fatigue usage factor of
1.0 is not exceeded. Operating limits on pressure and temperature during inservice
hydrostatic testing were established using as a guide Appendix G to the ASME
Boiler and Pressure Vessel Code, Section III, 1971, which was first added to the
code in the summer 1972 addenda. The intent of Appendix G is to set criteria
based on fracture toughness to provide a margin of safety against a nonductile
failure. The resulting operating limits ensure that a large postulated surface flaw,
having a depth of one-quarter of the material thickness and a length of one and
one-half of the material thickness, can be safely accommodated in regions of the
reactor vessel shell remote from discontinuities. Operating limits on temperature
and pressure when the core is critical were established by using 10 CFR 50,
Appendix G, "Fracture Toughness Requirements," paragraph IV.A.2.C. The
operating limits are provided in the technical specifications for Browns Ferry. For
the purpose of setting these operating limits, the initial RTNo~ (nil-ductilityreference
temperature) was determined from the impact test data taken in accordance with the
requirements of the code to which the reactor vessels were designed and
manufactured. The maximum NDT temperature allowed by the vessel
specifications was 40'F. Although test data on beltline base material show lower
NDT temperatures, an assumed RTNpy of 40'F was used in the vessel beltline area,
as well as the areas remote from the beltline because the generally accepted NDT
temperature for electroslag welds used in the beltline longitudinal seams is 40'F.
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The current operating limits on the pressure/temperature (P/T) curves in the
technical specifications are based on the following (RT~p~) values. Unit 1 has used
20'F for the (RT>p>) value, Unit 2 has used 22'F for the (RT<o>) value, and Unit 3

has used 10'F for the (RT~p~) value.

In addition to the minimum requirements of the ASME Boiler and Pressure Vessel
Code, the following precautions were taken and tests made either to ensure that the
initial NDT temperature of the reactor vessel material is low or to reduce the
sensitivity of the material to irradiation effects.

a. The material was selected and fabrication procedures were controlled to
produce as fine a grain size as practical. It is an objective in fabrication to
maintain a grain size of 5 or finer.

b. Drop weight impact tests were performed on each heat and heat treatment
charge of all low-alloy steel-plate material in its "as-fabricated" condition.

Drop weight impact tests were made on the weld metal, the heat-affected zone
of the base metal, and the base metal of the weld test plates simulating
seams. Ifdifferent welding procedures were used for nozzle welds, drop
weight tests of similarly prepared coupons were made. The NDT temperature
test criteria for the weld and heat-affected zone of the base material are the
same as for the unaffected base metal.

d. The actual NDT temperature of the plates opposite the center of the reactor
core was determined. In other areas it was=sufficient to demonstrate that the
two drop weight test specimens did not break at 10'F above the design NDT
temperatures. The area of the vessel located opposite the core was
fabricated entirely of plate and was not penetrated by nozzles, nor were there
any other structural discontinuities in this area which would act as stress
risers.

The reactor assembly is designed such that the average annular distance from the
outermost fuel assemblies to the inner surface of the reactor vessel is
approximately 80 centimeters. This annular volume, which contains the core
shroud, the jet pump assemblies, and reactor coolant, serves to attenuate the fast
neutron flux incident upon the reactor vessel wall. Using assumptions of plant
operation at 3440 Mw(t), 100 percent plant availability, and 40-year plant life, the
neutron fluence at the inner surface of the vessel was calculated to be 3.8 X 10"
nvt for neutrons having energies greater than 1 MeV. The results of the analyses of
the vessel wall neutron dosimeters which were removed from the Browns Ferry
reactor vessels at the end of the first core cycle indicated that the neutron fluence at
the inner surfaces of the vessels at the end of 40-year plant life would be 1.56 x
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10', 1.34 x 10', and 1.31 x 10'vt for Units 1, 2, and 3, respectively. These
results ranged from 3-1/2 to 4 times the calculated fluence of 3.8 x 10" nvt. Thus,
additional analyses were required to predict the shifts in RTgp~ based on fluence
obtained from the analyses of the vessel wall neutron dosimeters. The procedures
in Regulatory Guide 1.99, "Effects of Residual Elements on Predicted Radiation
Damage to Reactor Vessel Materials," Revision 1, April 1977 were used to predict
the Ropy shifts. Response to Generic Letter 92-01 provides updated fluence data.

Quality control methods were used during the fabrication and assembly of the
reactor vessel and appurtenances to ensure that the design specifications were
met.

The fabrication test program was carried out by the reactor vessel vendors on
material representative of the formed, heat-treated, and fullyfabricated vessel.
Tests of base metal and welded joint were performed, and the results were reported
during the early stages of vessel construction. Tensile specimens (of 0.505 inch in
diameter) from the shell plate material were prepared for various thickness levels of
the plate material. These specimens were tested at various temperatures per
ASTM Specifications E8 and E21 to determine tensile strength, yield strength,
elongation, and reduction of area. Tensile specimens whose gauge diameter is at
least 80 percent of the reactor vessel wall thickness were prepared from base metal
and weld material. These specimens were tested at room temperature per ASTM
Specification E8 to provide stress-strain curves, tensile strength, yield strength,
elongation, reduction of area, and macrophotographs of the breaks. Charpy
V-notch impact specimens were prepared from base metal and tested per ASTM
Specification E23, Type A, to establish curves for determining the transition
temperature at which 30 ft-Ib of absorbed energy result in ductile fracture for
various thickness levels of the plate material.

The Reactor Coolant System was cleaned and flushed before fuel was loaded
initially. During the preoperational test program, the reactor vessel and Reactor
Coolant System were given a hydrostatic test in accordance with code requirements
at 125 percent of design pressure. The vessel temperature is maintained at a
minimum of 60'F above the NDT temperature prior to pressurizing the vessel for a
hydrostatic test. A hydrostatic test at a pressure not to exceed system operating
pressure is made following each removal and replacement of the reactor vessel
head. Other preoperational tests included calibrating and testing the reactor vessel
flange seal-ring leakage detection instrumentation, adjusting reactor vessel
stabilizers, checking all vessel thermocouples, and checking the operation of the
vessel flange stud tensioner.

During the startup test program, the reactor vessel temperatures were monitored
during vessel heatup and cooldown to assure that thermal stress on the reactor
vessel was not excessive during startup and/or shutdown.
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The average rate of reactor coolant temperature change during normal heatup and
cooldown is limited to 100'F in any 1-hour period. Only during some postulated
events, or in local areas, would this rate of fluid temperature change be exceeded
as a result of rapid blowdown, valve operation, or rupture accident.

4.2.6 Ins ection and Testin

The inservice inspection and testing program for the reactor vessel and
appurtenances is outlined and detailed in Subsection 4.12. Extent and areas of
examination, inspection methods, and frequency of examination are established
therein.

The surveillance test program provides for the preparation of a series of Charpy
V-notch impact specimens and tensile specimens from the base metal of the reactor
vessel, weld heat-affected zone metal, and weld metal from a reactor steel joint
which simulates a welded joint in the reactor vessel.

The reactor vessel material surveillance program is described in report
NEDO-1 0115, Mechanical Property Surveillance of General Electric BWR Vessels,
by J. P. Higgins and F. A. Brant. It describes the specimens, specimen inventory,
capsule design, associated equipment, material selection and instructions for
handling the specimens. All the requirements of paragraphs 3.1 through 3.3 of
ASTM E-1 85-66 are met. All the requirements of paragraphs 4, 5, 6, 7, and 8 of
ASTM E-1 85-66 are met, except that thermal control specimens discussed in
paragraph 4.3 are not used. NEDO-10115, paragraph 5.7 states, "Because the
BWR is a constant-temperature device, no special temperature monitoring devices
are required." It is felt paragraph 4.3 of E-185-66 is a recommendation rather than a
requirement.

The vessel surveillance samples were prepared in accordance with GE purchase
specification 21A1111, Rev. No. 9, Attachment B.

The NDT temperatures for the three core region plates were as follows.

Heat No. Plate No. ~NDTT F

C2884-2
C2868-2
C2753-1

6-139-19
6-139-20
6-1 39-21

0
0
-20

The two test plates furnished by Babcock 8 Wilcox under the requirements of
paragraph 3.1.1 of attachment B to specification 21A1111 were fabricated from heat
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No. C2884-2 and C2868-2. The two plates were electroslag-welded (BBW Weld
Procedure WR-12-4) and heat-treated the same as the core region plates. Tensile
and Charpy impact specimen samples were removed as indicated in Figures 3, 4, 5,

6, and 7 of attachment B to 21A1111. (See FSAR Appendices J, K, and L.)

The surveillance test plate 610-0127 was 139'in. long and 60 in. wide, and all
excess material is under TVAcontrol in the event that additional material is needed.
It is estimated that enough extra material is available for several hundred additional
Charpy specimens.

No weak direction specimens were included in the reactor vessel material
surveillance program. All Charpy V-notch specimens were taken parallel to the
direction of rolling. The majority of developmental work on radiation effects has
been with longitudinal specimens. This is considered the best specimen to be used
for determination of changes in transition temperature. At the low neutron fluence
levels of BWR plants, no change in transverse shelf level is expected and transition
temperature changes are minimal.

The specimens and neutron monitor wires were placed near core midheight
adjacent to the reactor vessel wall where the neutron exposure is similar to that of
the vessel wall (see Subsection 3.3). The specimens were installed at startup or
just prior to full-power operation. Selected groups of specimens may be removed at
intervals over the lifetime of the reactor and can be tested to compare mechanical
properties with the properties of control specimens which are not irradiated.
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4.3 REACTOR RECIRCULATION SYSTEM

4.3.1 Power Generation Ob'ective

The objective of the Reactor Recirculation System is to provide forced cooling of the
core and a variable moderator (coolant) flow to the reactor core for adjusting reactor
power level.

4.3.2 Power Generation Desi n Basis

a. The Reactor Recirculation System shall provide sufficient subcooled water to
the core during normal power operation to maintain normal operating
temperatures.

b. The Reactor Recirculation System shall operate over a flow control range of
20 percent to 100 percent flow to allow power variation.

c. The Reactor Recirculation System shall be designed to minimize maintenance
situations that would require core disassembly and fuel removal.

4.3.3 Safet Desi n Basis

a. The Reactor Recirculation System, including the recirculation pump trip (RPT)
feature, shall be designed so that adequate fuel barrier thermal margin is
assured following recirculation pump system malfunctions and postulated
transients (such as turbine-generator trip or load rejection).

b. The Reactor Recirculation System shall be designed so that failure of piping
integrity does not compromise the ability of the reactor vessel internals to
provide a refloodable volume.

4.3.4 ~Oi I

The Reactor Recirculation System consists of the two recirculation pump loops
external to the reactor vessel which provide the driving flow of water to the reactor
vessel jet pumps (see Figures 4.3-1 and 4.3-2a). Each external loop contains one
high-capacity motor-driven recirculation pump and two motor-operated gate valves
for pump maintenance. Each pump discharge line contains a venturi-type flowmeter
nozzle. The recirculation loops are a part of the nuclear system process barrier and
are located inside the drywell containment structure. The jet pumps are reactor
vessel internals and their location and mechanical design are discussed in
Subsection 3.3, "Reactor Vessel Internals Mechanical Design." However, certain
operational characteristics of the jet pumps are discussed in this subsection. A
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summary of the characteristics of the Reactor Recirculation System is presented in
Table 4.3-1.

The recirculated coolant consists of saturated water from the steam separators and
dryers which has been subcooled by incoming feedwater. This water passes down
the annulus between the reactor vessel wall and the core shroud. A portion of the
coolant exits from the vessel and passes through the two external recirculation
loops to become the driving flow for the jet pumps. The two external recirculation
loops each discharge high pressure flow into an external manifold from which
individual recirculation inlet lines are routed to the jet pump risers within the reactor
vessel. The remaining portion of the coolant mixture in the annulus becomes the
driven flow for the jet pumps. This flow enters the jet pumps at the suction inlet and
is accelerated by the driving flow. The driving and driven flows are mixed in the jet
pump throat section resulting in partial pressure recovery. The balance of recovery
is obtained in the jet pump diffusing section (see Figure 4.3-3). The adequacy of
the total flow to the core is discussed in Subsection 3.7, "Thermal and Hydraulic
Design." Tests have been conducted and documented'o show that the jet pump
design is sound and that jet pump operation is stable and predictable.

The pump is started at slow speed with the discharge valve closed. Pump speed is
not increased until after the discharge valve has been opened utilizing the jogging
circuit that opens the valve in steps. There is actually a very low probability that a
recirculation loop that has been allowed to cool would need to be placed in service
again with the nuclear system hot. The only valid reason for closing both the pump
discharge valve and the suction valve is to prevent leakage out of that portion of the
recirculation loop between the valves, e.g., excessive leakage through the pump
mechanical seal. A leak of this nature cannot be repaired without shutting the plant
down to permit access to the drywell; the nuclear system would in all probability
have been cooled prior to repairing the leak.

Since the removal of Reactor Recirculation System valve internals requires
unloading of the nuclear fuel, the valves are provided with high-quality back seats
and trim to facilitate stem packing renewal without draining the vessel and to
provide adequate leak tightness during normal operation.

The Reactor Recirculation System valves are designed and constructed to meet the
requirements of USAS 831.1.0, 1967 edition, with added GE requirements which
were implemented in lieu of the outdated 831 Nuclear Code Cases-N2, N7, N9, and
N10. The valves are designed to operate under maximum prevailing operating
conditions and postulated accident conditions in the drywell.

1 "Design and Performance of G.E. BWR Jet Pumps," General Electric Company, Atomic Power
Equipment Department, Sept. 1968 (APED-5460).
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The Unit 3 Reactor Recirculation Header equalizer valves were removed by the
recirculation piping replacement during Unit 3 Cycle 5 outage, in order to reduce
the number of welds and, therefore, minimize susceptibility to Intergranular Stress
Corrosion Cracking (IGSCC).

Under all operating conditions (Units 1 and 2 only), one equalizer valve in the line
between the two pump discharge lines shall be open and the other valve shall be
closed (both valves having motive power removed). This is to prevent pressure
buildup due to ambient and conduction heating of the water between the equalizer
line valves.

The idle pump loop is not completely valved off if it is desired to return the idle loop
to service prior to the next reactor cooldown (such as pump shutdown for MG set

repair). The recirculation pump casing allowable heatup rate is 100'F per hour, the
same as the reactor vessel. It is possible to keep the idle loop hot with the
equalizer line valved off (Units 1 and 2 only) and the idle loop valves left open,
permitting the pressure head created by reverse flow through the idle jet pumps to
cause reverse flow through the idle loop. However, it is first necessary to stop the

pump rotation by closing either the pump suction or discharge valve until pump
rotation stops. Once the oil film is squeezed out of the pump thrust bearing, the

pump will not rotate even with both the suction and discharge valves open.

The feedwater flowing into the reactor vessel annulus during operation provides
subcooling for the fluid passing to the recirculation pumps, thus determining the
additional net positive suction head (NPSH) available beyond that provided by the
pump location below the reactor vessel water level. Iffeedwater flow is below 20
percent, the recirculation pump speed is automatically limited.

The recirculation pumps can be operated during nuclear system heatup for
hydrostatic tests. At this time, they act in conjunction with any contribution from
reactor core decay heat to raise nuclear system temperature above the limit
imposed on the reactor vessel by nil-ductilitytransition temperature (NDTT)
considerations so that the hydrostatic test can be conducted.

A decontamination connection is provided in the piping on the suction side of the

pump to permit flushing and decontamination of the pump and adjacent piping. This
connection is arranged for convenient and rapid connection of temporary piping.
The piping low point drain is used during flushing or decontamination to conduct
crud away from the piping low point and is also designed for connection of
temporary piping.

Each recirculation pump is a single-stage, variable-speed, vertical, centrifugal pump
equipped with mechanical shaft seal assemblies. The pump is capable of stable
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and satisfactory performance while operating continuously at any speed
corresponding to a power supply frequency range of 11.5 to 57.5 cps. For loop
startup, each pump operates at a speed corresponding to a power supply frequency
of 11.5 cps with the discharge gate valve closed.

The recirculation pump shaft seal assembly consists of two seals built into a
cartridge which can be readily replaced without removing the motor from the pump.
The seal assembly is designed to require minimum maintenance over a long period
of time, regardless of whether the pump is stopped or operating, and it must seal
over a wide range of pressures and temperatures. Each seal is designed for a life
of 18 months based on a 90 percent probability factor. Each individual seal in the
cartridge is capable of sealing against pump design pressure so that any one seal
can adequately limit leakage in the event that the other seal should fail. A
breakdown annulus is provided along the pump shaft to reduce leakage in the event
of a gross failure of both shaft seals. Provision is made for monitoring the pressure
drop across each individual seal as well as the cavity temperature of each seal.
Provision is also made for piping the seal leakage to a flow measuring device.
Various control room alarms indicate improper seal performance.

The Reactor Building Closed Cooling Water System and the Control Rod Drive
Hydraulic System provide cooling to the recirculation pump seals. Ifeither one of
these systems is operating, recirculation pump operation without the second cooling
system may continue with no harm to the seals. If both seal cooling systems are
inoperable (e.g., due to a loss of AC power), the pump seals will overheat
approximately 7 minutes after the total loss of cooling and seal deterioration may
begin.

Based on fluid loss analysis of extremely degraded seals, the leakage is less than
70 gpm. This amount of leakage will not lead to a safety concern but may degrade
the seals such that they would have to be repaired prior to resuming operation.

Each recirculation pump motor is a variable-speed AC, electric motor which can
drive the pump over a controlled range of 20 percent to 102 percent of rated pump
speed. The motor is designed to operate continuously at any speed within the
power supply frequency range of 11.5 cps to 57.5 cps. Recirculation pump motors
are designed, constructed, and tested in accordance with the applicable sections of
the NEMAStandards.

A variable-frequency, AC motor-generator set located outside the drywell supplies
power to each recirculation pump motor. The pump motor is electrically connected
to the generator and is started by engaging the variable-speed coupling between
the generator and the motor. Minimum speed corresponds to a frequency of 11.5,
cps.
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The combined rotating inertia of the recirculation pump and motor, motor-generator
set, and the variable-speed coupling are chosen to provide a slow coastdown of
flow following loss of power to the drive motors, so that the core is adequately
cooled during the loss-of-power transient. The effective inertia of these devices are
specified in the following form, which takes into account the torque and speed
conditions on each rotating shaft.

Jm = Time
gTQ

where

J = inertia (Ib-ft )

e = rated speed (rad/sec)
g = gravitational constant (32.3 ft/sec')

To = torque at rated speed (ft-lb).

From this equation, the required inertia (J) is calculated.

The recirculation pumps are Classified as machinery, and, as such, are specifically
exempt from the jurisdiction of any section of the ASME Boiler and Pressure Vessel
Code or of the USA Standard Code for Pressure Piping. The standards of the
Hydraulic Institute are the only standards which are applicable; however, they are
more pertinent to the testing and performance of the pump and consequently
provide little or no guidance in the areas of casing quality and structural integrity.

To assure that the pump casing can withstand a pressure equivalent to that inside
the reactor vessel, the pump casing is designed in accordance with the ASME
Boiler and Pressure Vessel Code, Section III, Class C, as far as this code can be
applied. The requirements of Section III of the ASME Boiler and Pressure Vessel
Code for Class C vessels (1965 edition) are used as a guide in calculating the
thickness of pressure-retaining parts of the recirculation pumps. The casings and
forgings are fabricated from austenitic stainless steel. Class C is used because the

pump casing does not experience temperature transients as severe as those that
portions of the reactor vessel and certain piping connections experience; therefore,
it is not necessary to make the cyclic analysis required for Class A equipment.

The design objective for the recirculation pump casing is a useful life of 40 years,
accounting for corrosion, erosion, and material fatigue. The pump-drive motor,
impeller, and wear rings are designed for as long a life as is practical. The design
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objective is to provide a unit which will not require removal from the system for
rework or overhaul at intervals of less than 5 years.

The recirculation system piping is of stainless steel construction and is designed
and constructed to meet the requirements of the USA Standard Code for Pressure
Piping, Power Piping, USAS B31.1.0, 1967 edition, and the additional requirements
of GE design and procurement specifications which were implemented in lieu of the
outdated B31 Nuclear Code Cases-N2, N7, N9, and N10. The suction and
discharge pipes are welded to the pump casing.

The coolant in the nuclear process system is at high pressure and contains a large
amount of energy. Substantial failure of the nuclear process system could result in
a rapid loss of coolant. Although loss of the moderator (coolant) would render the
reactor core subcritical, lack of cooling could cause overheating of the reactor core
from residual and decay heat, leading to fuel damage and fission product release.
The Core Standby Cooling Systems (which adequately cool the reactor core
following a design basis loss-of-coolant accident) and the primary containment and
containment cooling systems (which control the release of fission products and
absorb the energy released by the accident) are not intended to diminish the overall
design objective of the entire nuclear system (to design and construct a nuclear
system which will not fail). The intent of using Section III of the ASME Boiler and
Pressure Vessel Code and USAS B31.1.0, with added GE requirements for the
recirculation system, is to design piping systems of high quality.

The Reactor Recirculation System, except for the MG sets, is designed as Class I

equipment (see Appendix C) to resist sufficiently the response motion at the
installed location within the supporting structure for the Design Basis Earthquake,
with the pump assumed filled with water for the analysis. Vibration snubbers
located at the top of the motor and at the bottom of the pump casing are designed to
resist the horizontal reactions.

The recirculation piping, valves, and pumps are supported by constant support
hangers and by sway braces to avoid the use of piping expansion loops which
would be required if the pumps were anchored. In addition, the recirculation loops
are provided with a system of restraints designed to limit pipe motion so that
reaction forces associated with any split or circumferential break do not jeopardize
containment integrity. This restraint system provides adequate clearance for
normal thermal expansion movement of the loop. The spacing between limit stops
is set on the basis that a split pipe retains its structural load-resisting
characteristics. Impact loading is negligible on limit stops, since possible pipe
movement is limited to slightly more than the clearance required for thermal
expansion movement.

4.3-6



BFN-16

The recirculation system piping, valves, and pump casings are covered with
all-metal, reflective, thermal insulation having an average maximum heat transfer
rate of 80 Btu/hr-ft'ith the system at rated operating conditions.. The insulation is
prefabricated into components for field installation. Removable insulation is
provided at various locations to allow for periodic inspection of the insulated
equipment.

4.3.5 Safet Evaluation

Reactor Recirculation System pump malfunctions that pose threats of damage to
the fuel barrier are described and evaluated in Chapter 14.0, "Plant Safety
Analysis." There it is shown that none of the malfunctions results in fuel damage;
thus, the recirculation system has sufficient flow coastdown characteristics to
maintain fuel thermal margins during abnormal operational transients. In addition,
in order to achieve a more rapid core reactivity reduction in the event of a turbine or
generator trip (thereby limiting the magnitude of the fuel thermal transient), a
recirculation pump trip (RPT) feature has been added. By utilizing the recirculation
pump trip in response to a turbine-generator trip or load rejection, the MCPR margin
is reduced, allowing normal operation at higher power than without the RPT feature.
This satisfies safety design basis a. The RPT feature is described in Subsection
7.9.

The core-flooding capability which is provided by a jet pump design is pictured in
Figure 4.3-4. There is no postulated recirculation line break which can prevent
reflooding of the core to the level of the jet pump suction inlet. The core-flooding
capability of a jet pump design is discussed in detail in the Core Standby Cooling
Systems document filed with the AEC as a GE Topical Report.'his satisfies safety
design basis b.

The Reactor Recirculation System piping and pump design pressures (see Table
4.3-1) are based on peak steam pressure in the reactor dome, plus the static head
above the lowest point in the recirculation loop, plus dynamic head due to system
operation. Piping and related equipment pressure parts are chosen and analyzed
in accordance with applicable codes. Use of the listed code design criteria provides
assurance that a system designed, built, and operated within design limits has an
extremely low probability of failure due to any known failure mechanism.

lanni, P.W., "Core Standby Cooling Systems for Boiling Water Reactors," General Electric
Company, Atomic Power Equipment
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4.3.6 Ins ection and Testin

Quality control methods were used during the fabrication and assembly of the
Reactor Recirculation System to assure that the design specifications were met.
Inspection and testing were carried out in accordance with USAS 831.1.0. The
reactor coolant system was thoroughly cleaned and flushed before fuel was loaded
initially.

During the preoperational test program, the Reactor Recirculation System was
given a hydrostatic test at 125 percent of reactor vessel design pressure. A
hydrostatic test at a pressure not to exceed system operational pressure is made
following each removal and replacement of the reactor vessel head. Other
preoperational tests on the Reactor Recirculation System included operating valves
and verifying that seal leakage was small enough to permit pump maintenance
work, operating pumps and motor-generator sets, and checking flow control
transient operation.

During heatup in the startup test program, the horizontal and vertical motions of the
Reactor Recirculation System piping and equipment were observed and
adjustments of supports were made, as necessary, to assure that components were
free to move as designed. Nuclear system responses to recirculation pump trips at
rated temperatures and pressure were evaluated during the startup tests, and the
plant power response to recirculation flow control was determined.

Inservice inspection is considered in the design of the Reactor Recirculation
System to assure adequate working space and access for inspection of selected
components. The criteria for selecting the components and locations to be
inspected are based on the probability of a defect occurring or enlarging at a given
location, including areas of known stress concentrations and locations where cyclic
strain or thermal stress might occur. The recirculation pump casing and valve
bodies can'be examined when the pump or valve is disassembled for normal
maintenance. The piping connection welds can be examined to the extent practical
within the limitations of design, geometry, and materials of construction of the
components. The inservice inspection and testing program for the recirculation
system is detailed in Subsection 4.12.
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Table 4.3-1

REACTOR RECIRCULATION SYSTEM
DESIGN CHARACTERISTICS

External Loops
Number of Loops...........
Pipe Sizes (nominal o.d.)

Pump Suction, in.
Pump Discharge, in..
Discharge Manifold,in..
Recirculation Inlet Line, in
Equalizer Line, in (Units 1 & 2 only).

Design Pressure (psig)/Design Temperature('F)
Suction Piping.
Discharge Piping..
Pumps

Operation at Warranted Conditions
Recirculation Pump

Flow gpm (approximate) .

Flow, Ib/hr.
Total Developed Head,ft.
Suction Pressure (static),psia..
Available NPSH'(min.),ft.
Water Temperature (max.),'F
Pump Hydraulic HP (min.),hp..
Flow Velocity at Pump Suction, fps (approximate).

Drive Motor and Power Supply
Frequency (at warranted),cps..
Frequency (operating range),cps.

Total Required Power to MG Sets
kW/set.
kW total ..

Jet Pumps
Number.
Total Jet pump flow,lb/hr.
Throat I.D.,in..
Diffuser I.D.,in..
Nozzle I.D.,in. (representative) .

Diffuser Exit Velocity,ft/sec.
Jet Pump Head,ft.

28
28

22(Units1 &2),128 22(Unit3)
12
22

1148/562
1326/562
1500/575

45,200
17.1 X 10

710
1,032

500
528

6,130
27.5

56
11.5-57.5

6,730
13,460

20
102.5 X 10

8.18
19.0
3.14
15.3
76.1

* Includes velocity head.
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4.4 NUCLEAR SYSTEM PRESSURE RELIEF SYSTEM

44.1 ~Sf t
Qb'he

safety objective of the Nuclear System Pressure Relief System is to prevent
overpressurization of the nuclear system; this protects the nuclear system process
barrier from failure which could result in the uncontrolled release of fission products.
In addition, the automatic depressurization feature of the Nuclear System Pressure
Relief System acts in conjunction with the Emergency Core Cooling Systems for
reflooding the core following breaks in the nuclear system process barrier; this
protects the reactor fuel barrier (UO> sealed in cladding) from failure due to
overheating, which would result in the uncontrolled release of fission products from
the reactor fuel barrier.

4.4.2 Power Generation Ob'ective

The power generation objective of the Nuclear System Pressure Relief System is to
relieve normal overpressure transients occurring during normal plant isolations and
load rejections.

4.4.3 Safet Desi n Basis

1. The Nuclear System Pressure Relief System shall prevent overpressurization
of the nuclear system in order to prevent failure of the nuclear system process
barrier.

The Nuclear System Pressure Relief System shall provide automatic nuclear
system depressurization, if needed, for breaks in the nuclear system so that
the Low Pressure Coolant Injection (LPCI) and the Core Spray Systems can
operate to protect the fuel barrier. This depressurization is permissive on: (1)
concurrent high drywell pressure and low reactor water level, or (2) sustained
reactor low water level, and (3) availability of one of the RHR pumps in the
LPCI mode or two of the appropriate core spray pumps. I

The main steam relief valve (MSRV) discharge piping shall be designed to
accommodate forces resulting from relief action and shall be supported for
reactions due to flow at maximum MSRV discharge capacity so that system
integrity is maintained. The MSRV discharge piping shall be routed to the
suppression pool.

4. The Nuclear System Pressure Relief System shall be designed for testing
prior to nuclear system operation and for periodic verification of the operability
of the Nuclear System Pressure Relief System.

4.4-1
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4.4.4 Power Generation Desi n Basis

1. The nuclear system main steam relief valves shall not discharge to the
primary containment drywell.

2. The main steam relief valves shall properly reclose following a plant isolation
or load rejection, so that normal operation can be resumed as soon as
possible.

3. The capacity of the main steam relief valves shall be sufficient to prevent
reactor pressure from exceeding the allowable overpressure of ASME Boiler
and Pressure Vessel Code, Section III, during an isolation transient with
indirect scram.

4,4,5 ~05
The Nuclear System Pressure Relief System includes 13 main steam relief valves,
all of which are located on the main steam lines within the drywell between the
reactor vessel and the flow restrictors. I

The main steam relief valves provide three main protection functions:

1. Overpressure relief operation. All 13 main steam relief valves can be opened
manually from the main control room or are self-actuated to limit the pressure
rise.

2. Overpressure safety operation. The valves are opened (self-actuated) to
prevent exceeding the design allowable stress limits on the reactor vessel and
associated piping.

3. Depressurization operation. Six of the 13 valves are available to be opened
automatically as part of the Emergency Core Cooling System (ECCS). I

The main steam lines, in which the main steam relief valves are installed, are I

designed, installed, and tested in accordance with USAS B31.1.0, 1967 edition, and
the applicable GE design and procurement specifications, which were implemented
in lieu of the outdated B31 Nuclear Code Cases-N2, N7, N9, and N10. The main
steam relief valves are distributed among the four main steam lines so that an
accident cannot completely disable a safety, relief, or automatic depressurization
function. (See Figure 4.3-2a of Subsection 4.3 for schematic location, and Figure
4.5-1 of Subsection 4.5 for layout details of the valves and piping.)
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The design and installation of the main steam relief valves include the following:

a. Clearance of at least 6 in. is provided between valves and other equipment
(excluding MSRV pilot solenoid valves),

b. Space is provided between all welds on the header for inspection greater than
2t + 2" (where t is minimum wall thickness),

'.

Clearance is provided between header and bottom of flange for bolt removal
when valve is installed,

d. A flange rating of 1500 lb. was provided for structural stability instead of a 900
lb.-rated flange required for pressure-temperature rating,

e. An inlet pipe Schedule 160 was used for structural stability instead of
Schedule 80 required for pressure-temperature rating, and

f. The discharge piping provides for equalization of discharge thrust forces.

For analysis, the special loadings listed below are considered in addition to the
usual design loads such as weight, pressure, temperature, and earthquake:

1. The jet force exerted on the main steam relief valves during the first
millisecond when the valve is open and steady-state flow has not yet been
established. (With steady-state flow, the dynamic flow reaction forces will be
self-equilibrated by the discharge piping.)

2. The dynamic effects of the kinetic energy of the piston disc assembly when it
impacts on the internals of the valve.

All code-allowable stresses are met with these special loads acting concurrently
with other design loads. The highest stress is at the branch connection to the
header. The results of this analysis are contained in Appendix C, Table C.0-7.

The main steam relief valves are designed, constructed, and marked with data in
accordance with the ASME Boiler and Pressure Vessel Code, Section III, 1968
edition and addenda through summer 1970 for the two-stage valves. Setpoint
tolerance (pressure at which valve "pops" wide open) is in accordance with ASME
Boiler and Pressure Vessel Code, Section I, paragraph PG-72(c).
Pressure-containing parts of the valve body are fabricated of ASTM A216, Grade
WCB. The main steam relief valve is designed for operation with saturated steam
containing less than 1 percent moisture. The relieving pressures for overpressure
relief and safety operating modes are adjustable between 1060 and 1125 psig, with
a maximum backpressure of 40 percent of the set pressure. The lowest MSRV
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setpoint has been raised to 1105 psig. This serves to alleviate the "simmering"
problems that contribute to valve failures. Also, the bore size of the valves has
been increased slightly (from 4.94 or 5.03 inches to 5.125 inches) to accommodate
more relief capacity. The delay time (maximum elapsed time between overpressure
signal and actual valve motion) and the response time (maximum valve stroke time)
are less than 0.5 second total.

Each valve is self-actuating at the set relieving pressure, but may also be actuated
by remotely-operated devices to permit remote-manual or automatic opening at
lower pressures. The remote air actuators are controlled by DC powered solenoid
valves. The power actuated device is capable of opening the valve at any steam
pressure above 50 psig and is capable of holding the valve open until the steam
pressure decreased to about 20 psig. The solenoid valves are normally closed,
fail-closed valves, and a power or valve malfunction will prevent the main steam
relief valve from operating for Automatic Depressurization System (ADS). Abnormal
solenoid-valve operation would be detected during the operational tests of the main
steam relief valve. A complete rupture of the solenoid valve would result in a low air
pressure/accumulator alarm. Since ADS criteria are met with two main steam relief
valves inoperative, failure of more than two main steam relief valves would be
required to violate the ADS criteria.

Each of the six main steam relief valves provided for automatic depressurization is
equipped with an air accumulator and check valve arrangement. These
accumulators are provided to assure that the valves can be held open following
failure of the air supply to the accumulators, and they are sized to contain sufficient
air for a minimum of five valve operations. To ensure an emergency supply of air is
available to provide for the five valve operations under accident conditions, an
accumulator leak test is performed once per operating cycle. The first and second
actuations are assumed to occur with drywell pressure at 35 psig and subsequent
actuations with the drywell at 0 psig. Redundant sources of pneumatic pressure are
provided by the Drywell Control Air (DCA) and Containment Atmospheric Dilution
(CAD) systems for Units 2 and 3 only. Accumulators are not required for the main
steam relief valves not used for automatic depressurization. The main steam relief
valves which are a part of the ADS normally receive their motive air from the drywell
control air system. The air pressure in each accumulator is continuously monitored

)

by a pressure switch which annunciates in the control room on low air pressure.
The pressure switch, in order to ensure operability, is calibrated and functionally
tested once per operating cycle. The drywell control air system is also continuously
monitored for low air pressure by means of a pressure switch located in the system
downstream of the receivers and which annunciates in the control room. A manual
transfer can also be made to the plant control air system as another backup for
control air. The main steam relief valves are designed to operate under maximum
prevailing operating conditions and postulated accident conditions in the drywell. In
addition, the ADS accumulators and piping up to and including the isolation check
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valves are seismically qualified and capable of performing their functions during
and following an accident.

The automatic depressurization feature of the Nuclear System Pressure Relief
System serves as a backup to the High Pressure Coolant Injection (HPCI) System
under loss-of-coolant accident conditions. If high drywell pressure and low water
level persist and one of the low pressure coolant injection (LPCI) pumps or two of
the appropriate core spray pumps are available, the nuclear system is
depressurized sufficiently to permit the LPCI and Core Spray Systems to operate to
protect the fuel barrier. Depressurization is accomplished through automatic
opening of some of the main steam relief valves to vent steam to the suppression
pool. For small line breaks, if the HPCI system fails, the nuclear system is
depressurized in sufficient time to allow the Core Spray or LPCI Systems to provide
core cooling to prevent excessive fuel clad temperatures. Only four of the six ADS
valves are required to meet the requirements for ADS. For large breaks, the vessel
depressurizes rapidly through the break without assistance from ADS. Discharge
pressure indication of one LPCI pump or two core spray pumps combined with one
of the following initiation paths will cause the main steam relief valves to open: (I)
reactor vessel low water level and primary containment (drywell) high pressure in
conjunction with a 150 seconds timer timed out; or (2) sustained reactor low water
level for 360 seconds. Further descriptions of the operation of the automatic
depressurization feature are found in Section 6:-0, "Emergency Core Cooling
Systems," and Subsection 7.4, "Emergency Core Cooling System Control and
Instrumentation." The Automatic Depressurization System is designed as seismic
Class I equipment in accordance with Appendix C.

A manual depressurization of the nuclear system can be effected in the event the
main condenser is not available as a heat sink after reactor shutdown. The steam
generated by core decay heat is discharged to the suppression pool. The main
steam relief valves are operated by remote manual controls from the Main Control
Room to control nuclear system pressure.

The number, set pressures, and capacities of the main steam relief valves are
shown in Table 4.4-1.

The original three-stage Target Rock valves (Model 67F) have been changed to
two-stage valves (Target Rock MSRV model No. 7567F) to minimize spurious
openings and to respond to NUREG 0737, Item II.K.3.16.

Two-Sta e Valve 0 eration

The Target Rock pilot-operated main steam relief valve (Model 7567F) consists of
two principal assemblies: a pilot stage assembly and the main stage assembly
(refer to Figure 4.4-1). These two assemblies are directly coupled to provide a
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unitized, self-actuated safety/relief valve. The pilot stage assembly is the pressure
sensing and control element and the main stage assembly is a hydraulically (system
fluid) actuated follower valve which provides the pressure relief function.
Self-actuation of the pilot assembly at set pressure vents the main piston chamber,
permitting the system pressure to fully open the main assembly. The pilot assembly
consists of two relatively small, low-flow, pressure-sensing elements. The spring
loaded pilot disc senses the set pressure, and the pressure-loaded stabilizer disc
senses the reseat pressure. Spring force (preload force) is applied to the pilot disc
by means of the pilot rod. Thus, the adjustment of the spring preload force will
determine the set pressure of the valve.

The main assembly of the Target Rock main steam relief valve is a reverse-seated,
hydraulically-actuated angle globe valve. Actuation of the main assembly permits
discharge of fluid from the protected system at the valve's rated flow capacity and
provides the system pressure-relief function of the valve. The major components of
the main stage are the valve body, disc/piston assembly, and preload spring.

A typical sequence of operation for overpressure relief self-actuation can be
described as follows (refer to Figures 4.4-1 and 4.4-2).

1. In its normally closed position, the main stage disc is tightly seated by the
combined forces exerted by the system internal pressure acting on the area of
the disc and the preload spring. Note that in the closed, no-flow position, the
static pressures will be equal in the valve inlet nozzle and in the chamber over
the main stage piston. This pressure equalization is made possible by
leakage past the piston, via the ring gap and drain and vent grooves.

2. When system pressure increases to the valve set pressure, pilot stage
operation will vent the chamber over the main stage piston to downstream of
the valve via internal porting. This venting action creates a differential
pressure across the main stage piston in a direction tending to open the valve.
The main stage piston is sized such that the resultant opening force is greater
than the combined spring preload and hydraulic seating force.

3. Once the main stage disc starts to open, the hydraulic seating force is
reduced, causing a significant increase in opening force and the characteristic
full opening or "popping" action.

4. When system pressure has been reduced sufficiently, the pilot disc reseats
and precludes depressurization of the main piston chamber. Leakage of
system fluid, past the main stage piston and stabilizer seat, repressurizes the
chamber over the piston, canceling the hydraulic opening force and permitting
the preload spring and flow forces to close the main stage. Once closed, the
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additional hydraulic seating force, due to system pressure acting on the main
stage disc, seats the main stage tightly and prevents leakage.

A remotely-controlled air operator is fitted to the pilot stage assembly to provide
selective operation of the valve at system pressure other than set pressure. This is
a diaphragm-type, pneumatic actuator which must be actuated to open the valve. It

is actuated by means of a solenoid control valve which admits drywell control air to
the air-operator piston chamber and strokes the air operator stem, in turn stroking
the pilot disc via the pilot rod. The main stage then opens as described in previous
paragraphs. Deenergizing the solenoid vents the air operator and permits the pilot
disc to reseat. The main stage then reseats as previously described.

Main Steam Relief Valve Position Indication

The main steam relief valve position is monitored by two systems. A single-train
acoustic monitoring system has been installed on all the main steam relief valves to
provide unambiguous Main Control Room indication (and alarm) of valve position.
The system responds to NRC requirements of NUREG 0578, item 2.1.3.a. The
system is qualified as seismic Class I and is powered by a Class 1E power supply.
There also exists a temperature sensor in the discharge piping of each valve which
can be used to determine individual valve positions. Temperature indications are
also provided in the control room. The acoustic monitor satisfies the valve position
alarm and annunciation requirements. Refer to Paragraph 7.4.3.3.4 for additional
details. (High-temperature alarm and annunciation is removed for Unit 3)

Non Safet RelatedAlternateAutomaticMeansofO enin the MSRVs U on
Over ressurization

During inservice pressure transient events in the relief mode, safety grade pressure
sensors (found in Section 7 4.3, "Automatic Depressurization System" ) actuate the
MSRVs. This method of automatically opening the MSRV permits application of the
full main steam line pressure to break the corrosion bonds that may have developed
between the pilot/disc interface. When the relief mode is actuated, the setpoint
spring preload is removed from the pilot disc, and a rapidly applied full differential
pressure is seen across the pilot disc. This alternate means of actuation is capable
of opening the MSRVs.

Main Steam Relief Valve MSRV Dischar e

The main steam relief valves are installed so that each valve discharge. is piped
through its own uniform-diameter discharge line to a point below the minimum water
level in the primary containment suppression pool to permit the steam to condense
in the pool. Thermal mixing in the pool during main steam relief valve blowdown is
enhanced by T-quencher discharge devices at the suppression pool end of the
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main steam relief valve discharge lines. Water in the line above suppression pool
water level would cause excessive pressure at the valve discharge when it is again
opened. For this reason, one small check valve and one large check valve venting
to the drywell are provided on each main steam relief valve discharge line to I

prevent drawing water up into the line, due to steam condensation, following
termination of main steam relief valve operation. The main steam relief valves are )

located on the main steamline piping, rather than on the reactor vessel top head,
primarily to simplify the discharge piping to the pool and to avoid the necessity for
removing sections of this piping when the reactor head is removed for refueling. In
addition, the main steam relief valves are more accessible during a quick shutdown
to correct possible valve malfunctions when located on the steam lines.

The discharge piping has been modified as part of the torus integrity program. This
modification has been described in a letter from L. M. Mills to Harold R. Denton
dated May 22, 1981. A submittal by GE (NEDO-21888, "Mark I Containment
Program Load Definition Report," December, 1980), on behalf of TVA, describes the
reassessment of the torus design to include suppression pool hydrodynamic loads
due to MSRV discharge and suppression pool response.

The reassessment of Mark I containments was precipitated from the large-scale
testing of the Mark III containment system. Suppression pool hydrodynamic loads
resulting from the effect of drywell air and steam being rapidly forced into the
suppression pool during a postulated LOCA and/or MSRV discharge were
identified, which had not been considered in the original design. The Mark I

Owners Group, of which TVA is a member, and GE responded by submitting the
Mark I Containment Program Load Definition Report (described above) and the
Mark I Containment Program Structural Acceptance Criteria Plant Unique Analysis
Application Guide (NEDO-24538). These reports describe the generic
suppression-pool hydrodynamic-load definition and assessment procedures for use
in plant-unique suppression-chamber design analyses. TVAhas applied the load
definitions and approved structural acceptance criteria to the entire torus, torus
internals, MSRV piping, and attached piping of Browns Ferry Nuclear Plant. I

A plant-unique main steam relief valve discharge test was performed as part of the
Browns Ferry Nuclear Plant Unit 2 unique analysis, as requested by the NRC in
NUREG-0661. This test did confirm the methods used to calculate containment
loads from the various MSRV discharge cases. For the results of this test to be
completely acceptable, all modifications which significantly influence torus motion
had to be in their final configuration.

The magnitude of the MSRV discharge related loads is a function of the type of
discharge device used. The device found to substantially reduce the hydrodynamic
discharge loads, compared to other devices, is the T-quencher developed
specifically for the Mark I torus (see Figure 4.4-6). The devices have been added to
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the MSRV discharge lines at Browns Ferry Nuclear Plant. Discharge piping and
relief valves were analyzed for deadweight, thermal, seismic and relief valve
blowdown loads. The support locations, orientation, and design loads satisfy ASME
Boiler and Pressure Vessel Code, Section III, Class 2, equations and stress
allowables. One main steam safety valve (1-501 from line B) and one safety valve
(1-537 from line C) were removed and the connections blanked offwith blind
flanges and a relief valve was added to Main Steam Line A and Main Steam Line D.

Additionally, the valve throat diameters were increased from 5" nominal size to
5.125" nominal size. These modifications increased the installed relief from 61

percent of rated steam flow to 84.1 percent. The addition of these MSRVs do not
adversely affect the stresses imposed on the headers to which the valves are
attached. The torus shell is also adequate for the larger discharge loads.

4.4.6 Safet Evaluation

The ASME Boiler and Pressure Vessel Code requires that each vessel designed to
meet Section III be protected from pressure in excess of the vessel design pressure.
A peak-allowable pressure of 110 percent of the vessel design pressure is allowed
by the code.

The main steam relief valves are set to open by self-actuation (overpressure safety
mode) in the range from 1105 to 1125 psig. This satisfies the ASME code
specifications for safety valves, since the lowest-set valve opens below the 1250
psig nuclear system design pressure, and the highest-set valve opens below 1313
psig (105 percent of nuclear system design pressure). The setpoints are also set
high enough to avoid MSRV simmering problems. I

Main steam relief valve capacity is determined by analyzing the pressure rise
accompanying the main steam flow stoppage resulting from a 3-second main steam
isolation valve closure initiated from turbine-generator design operating conditions
with a turbine admission pressure of 1020 psig. The analysis hypothetically
assumes the reactor is shut down by an indirect scram. For the analysis, the
self-actuated setpoints of the 13 main steam relief valves are assumed to be as
shown in Table 4.4-1. The analysis indicates that the main steam relief valve
capacities shown in Table 4.4-1 provide sufficient flow to maintain an adequate
margin below the peak ASME code-allowable pressure in the nuclear system (1375
psig). Figure 4.4-3 is representative of the nuclear system response which might be
expected during such a transient. The results of the specific analysis for each unit
can be found in the current reload licensing analysis for that unit. The sequence of
events assumed in this analysis was investigated only to meet code requirements
for pressure-relief-system evaluation.

Evaluations of the automatic depressurization capability of the Nuclear System
Pressure Relief System are presented in Section 6.0, "Emergency Core Cooling
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Systems" and Subsection 7.4, "Emergency Core Cooling System Controls and
Instrumentation."

The piping attached to the main steam relief valve discharges was initially I

designed, installed, and tested in accordance with USAS B31.1.0, 1967 edition and
the applicable GE design and procurement specifications, which were implemented
in lieu of the outdated B31 Nuclear Code Cases-N2, N7, N9, and N10. New
analyses of the main steam system and MSRV discharge piping have been I

performed in accordance with ANSI B31.1, 1973 edition, with Addenda up to
Summer 1975. This analysis included deadweight, thermal, seismic, and main
steam relief valve blowdown loadings. Snubbers have been added to reduce
stresses in the main steam and main steam relief valve piping.

4.4.7 Ins ection and Testin

The main steam relief valves were tested in accordance with the manufacturer's
quality control procedures to detect defects and prove operability prior to
installation. The following final tests were witnessed by a representative of the
purchaser:

a. Test at USAS-specified hydrotest pressure using nitrogen, and

b. Nitrogen leakage test at design pressure with a maximum permitted leakage of
2cc per inch of seat diameter per hour.

The main steam relief valves were installed as received from the factory. The
setpoints were adjusted, verified, and indicated on the valves by the vendor prior to
shipment. Proper manual and automatic actuation of the main steam relief valves
was verified during the preoperational test program.

It is recognized that it is not feasible to test the main steam relief valve setpoints
while the valves are in place or during normal plant operation. The valves are
mounted on 6-inch-diameter, 1500-pound, primary service rating flanges so that
they may be removed for maintenance or bench checks and reinstalled during
normal plant shutdowns. The external surface and seating surface of all main
steam relief valves are 100 percent visually inspected when the valves are removed
for maintenance or bench checks.

Operational tests of the main steam relief valves are performed once per operating
cycle by means of a (1) simulated automatic actuation of the ADS valve logic
circuitry and by means of a (2) manual actuation of all the main steam relief valves.

Main steam relief valves are removed and bench-tested following each fuel cycle in
accordance with technical specifications. The testing procedures include criteria for
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set pressure and seat leakage to determine valve acceptability. Monitoring and
recording of valve stroke time, disc lift, and blowdown reseat pressure are included
in the test to determine proper valve operation. Bench-testing is also required
following any activity that will affect valve operability or set pressure prior to
installing the valve.

During unit operation, discharge tailpipe temperatures and acoustic monitors are
monitored and evaluated to determine if the valves are leaking excessively.

In response to NUREG-0578, Item 2.1.2, "Performance Testing for Relief and
Safety Valves," TVAelected to participate in the BWR Owners Group Test Program
of the safety/relief valves. The test program addressed those conditions that could
result in single-phase liquid or two-phase flow through the safety/relief valves at
low-pressure conditions.

The results of the tests are summarized in the BWR Owners Group S/RV Test
Program Final Report, entitled "Analysis of Generic BWR Safety/Relief Valve
Operability Test Results," NEDO-24988, submitted to D. G. Eisenhut by T. J. Dente,
September 25, 1981.

The tested valves satisfy the acceptance criteria for operability; and therefore, the
operational adequacy of the Browns Ferry MSRVs has been demonstrated.
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TABLE 4.4-1

NUCLEAR SYSTEM MAINSTEAM RELIEF VALVES

Units 1 2 and 3

Number
of

Valves

Set
Pressure
~si

Capacity at Set
Pressure each Ib/hr

Main Steam Relief

Valves

1105 g 1%

1115 2 1%

1125 g 1%

865,000

873,000

880,000
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4.5 MAINSTEAM LINE FLOW RESTRICTOR

4.5.1 ~Sf 1 53

To protect the fuel barrier, the main steam line flow restrictors limit the loss of water
from the reactor vessel before main steam isolation valve closure in case of a main j

steam line rupture outside the primary containment.

4.5.2 Safet Desi n Basis

1. The main steam line flow restrictor shall be designed to limit the loss of
coolant from the reactor vessel following a steam line rupture outside the
primary containment to the extent that the reactor vessel water level does not
fall below the top of the core within the time required to close the main steam
isolation valves. I

2. The main steam line flow restrictor shall be designed to withstand the
maximum pressure difference expected across the restrictor following
complete severance of a main steam line.

4.5.3 ~OI
A main steam line flow restrictor (shown in Figure 4.5-1) is provided for each of the
four main steam lines. The restrictor is a complete assembly welded into the main
steam line between reactor vessel and the first main steam isolation valve, and
downstream of the main steam relief valves. The restrictor limits the coolant flow
rate from the reactor vessel in the event of a main steam line break outside the
primary containment to the maximum (choke) flow specified. The restrictor
assembly consists of a venturi-type nozzle insert welded into a carbon steel pipe.
The venturi-type nozzle insert is constructed utilizing all austenitic stainless steel
and is held in place with a full circumferential filletweld. The restrictor assembly is

self draining (low point pockets are internally drained to steam line).

The flow restrictor is designed and fabricated in accordance with USAS 831.1.0,
1967 edition and the applicable GE design and procurement specifications, which
were implemented in lieu of the outdated B31 Nuclear Code Cases-N2, N7, N9, and
N10. Preinstallation inspection and testing are in accordance with the ASME Boiler
and Pressure Vessel Code, Sections I, III, and IX, 1965 edition. The container pipe
is also designed and fabricated in accordance with USAS B31.1.0, 1967 edition, the
applicable GE design and procurement specifications, and with the ASME Boiler
and Pressure Vessel Code, Sections I, III, and IX, 1965 edition. The flow restrictor
has no moving parts, and the mechanical structure of the restrictor is capable of
withstanding the velocities and forces under main steam line break conditions
where maximum differential pressure is approximately 1375 psi.
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The ratio of the venturi throat diameter to a steam line diameter is approximately
0.6. This results in less than a 9 psi pressure difference at rated flow. This design
limits the steam flow in a severed line to about 200 percent of its rated flow, yet it

results in negligible increase in steam moisture content during normal operation.
The restrictor is also used in the measurement of steam flow to provide indication in

the control room, to provide input to the feedwater level control system, and to
initiate closure of the main steam isolation valves when steam flow exceeds
preselected operational limits.

4.5.4 Safet Evaluation

In the event of a main steam line break outside the primary containment, steam flow
rate is restricted in the venturi throat by a two-phase mechanism similar to the
critical flow phenomenon in gas dynamics. This limits the steam quantity flow rate,
thereby reducing the reactor vessel coolant blowdown and the fuel clad temperature
increase subsequent to the blowdown. The probability of fuel failure and its
consequences are therefore decreased.

Analysis of the steam line rupture accident (see Section 14.0, "Plant Safety
Analysis") shows that the core remains covered and that the amount of radioactive
materials released to the environs through the main steam line break does not
exceed the values of 10 CFR 100.

Pressure surges caused by a two-phase mixture impinging on the flow restrictor
result in stresses which do not exceed code-allowable limits. There is adequate
margin in the code for withstanding the pressure load due to impact pressure from
the possible oncoming two-phase mixture predicted during main steam line break
accident conditions.

Tests were conducted on a scale model to determine final design and performance
characteristics of the flow restrictor, including maximum flow rate of the restrictor
corresponding to the accident conditions, irreversible losses under normal plant
operating conditions, and discharge moisture level. The tests showed that the flow
restrictor operation at critical throat velocities is stable and predictable.
Unrecovered differential pressure across scale model restrictor is consistently about
10 percent of the total nozzle pressure differentials, and the restrictor performance
is in agreement with existing ASME correlation. Full size restrictors have slightly
different hydraulic shape and a differential pressure loss of approximately 15
percent.
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4.6 MAIN STEAM ISOLATIONVALVES

4.6.1 Safet Ob'ectives

Two isolation valves, one on each side of the primary containment barrier, in each
of the main steam pipes close automatically to:

a. Prevent damage to the fuel barrier by limiting the loss of reactor coolant water
in case of a major leak from the steam piping outside the primary containment,
and

b. Limit release of radioactive materials by closing the primary containment
barrier in case of a major leak from the nuclear system inside the primary
containment.

4.6.2 Safet Desi n Basis

The main steam isolation valves, individually or collectively, shall:

a. Close the pipelines within the time established by design basis accidents to
limit the release of reactor coolant or radioactive materials,

b., Close the pipelines at a speed slow enough so that simultaneous (inadvertent)
closure of all steam lines will not induce a more severe transient on the
nuclear system than closure of the turbine stop valves while the bypass valves
remain closed,

c. Close the pipeline when required despite single failure in either valve or the
attached controls, to provide a high level of reliability for the safety function,

d. Use separate energy sources, as the motive force, to independently close the
redundant isolation valves in an individual steam line,

e. Use local stored energy (compressed air or springs) to close at least one
isolation valve in each steam pipeline without relying on continuity of any
variety of electrical power for the motive force to achieve closure,

f. Be able to close the pipelines during or after seismic loadings to ensure
isolation if the nuclear system is breached by an earthquake, and

g. Be testable during normal operating conditions, to demonstrate that the valves
willfunction.
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4.6.3 ~D

Two isolation valves are welded in a horizontal run of each of the four main steam
pipes, with one valve inside the primary containment barrier and the other as close
as practical to the outside of the primary containment barrier (see Figure 4.5-1 of
Subsection 4.5). The valves, when closed, form part of the nuclear system process
barrier for openings outside the primary containment, and part of the primary
containment barrier for nuclear system breaks inside the containment.

The description and testing of the controls for the main steam isolation valves are
included in Subsection 7.3, "Primary Containment and Reactor Vessel Isolation
Control Systems."

A drawing of a main steam isolation valve is shown in Figure 4.6-1.

Each valve is a 'Y"-pattern, 26-inch globe valve connected to matching 26-inch,
schedule 80 (I.D. 23.647 in.) pipe. A rate of steam flow of 3.51 x 10'b/hr is
specified at 1000 psig for saturated steam. The main disc or poppet is attached to
the lower end of the stem and moves in guides at a 45-degree angle from the inlet
pipe. Normal steam flow tends to close the valve and higher inlet pressure tends to
hold the valve closed. The bottom end of the valve stem closes a small
pressure-balancing hole in the poppet; when open, it acts as a pilot valve to relieve
differential pressure forces on the poppet. The valve stroke for a 26-inch valve has
approximately a 10-inch stem travel; the main disc travels 9 inches and the last 1.0
inch closes the pilot hole. A helical spring between the stem and the poppet keeps
the pilot hole open when the poppet is off its seat, but failure of the spring will not
prevent closure of the valve. The air cylinder can open the poppet with a maximum
of 200 psi differential pressure across the isolation valve in a direction tending to
hold the valve closed.

The diameter of the poppet seat is approximately the same size as the inside
diameter of the pipe, and the 45-degree angle permits stream lining of the inlet and
outlet passage to minimize pressure drop during normal steam flow and to avoid
blockage by debris. The valve stem penetrates the valve bonnet through a stuffing
box having a set of replaceable packing. The valve backseats in the fullyopen
position to prevent leakage through the stem packing. The bonnet has provisions
for seal welding in case leaks develop after the valve has extensive service.

The upper end of the stem is attached to a combination air cylinder and hydraulic
dashpot that are used for opening and closing the valve and for speed control,
respectively. Speed is adjusted by a valve in the hydraulic return line alongside the
dashpot; the valve closing time is adjustable between 3 and 10 seconds.
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The cylinder is supported on large shafts screwed and pinned into the valve bonnet.
The shafts are also used as guides for the helical springs used to close the valve in
the event that air pressure is not available. The springs exert downward force on
the spring seat member which is attached to the stem. Spring guides prevent
scoring in normal operation and prevent binding if a spring breaks. The spring seat
member is also closely guided on the support shafts and rigidly attached to the stem
to control any eccentric force in case of a broken spring.

Switches at full-open, 90-percent-open, 85-percent-open (Units 2 and 3 only), and
full closed positions are actuated by the motion of the spring seat member. For Unit
1, 90-percent open switches turn on the closed lights for valve testing. For Units 2
and 3, 85-percent-open switches turn on the closed lights for valve testing.
90-percent-open switches initiate reactor scram if several valves close
simultaneously (see Subsection 7.2, "Reactor Protection System" ).

The valve is operated by pneumatic pressure and action of compressed springs.
The control unit is attached to the air cylinder, and contains the pneumatic, AC and
DC control valves for opening, closing, and slow-speed exercising of the main
valve. The control power available is 120-V AC, 60 cycles, 0.5 amps control, and
250-V DC, 0.5 amps control. Remote manual switches in the control room enable
the operator to operate or close each valve at fast speed (3 to 10 seconds), or at
the slow speed (45 to 60 seconds) for exercising or testing.

Valve-operating air is supplied at approximately 92 psig (plant air pressure
available = 79 psig to 105 psig) from the plant air system through a check valve. An
air tank between the control valve and the check valve provides backup operating
air.

This accumulator is designed to provide for one closing actuation following loss of
air supply. Once closed, the valve is held closed by the springs.

The valve is designed for saturated steam flow at 1250 psig and 575'F, with a
moisture content of approximately 0.23 percent, an oxygen content of 30 ppm, and
a hydrogen content of 4 ppm.

In the event that the main steam line should rupture downstream from the valve, the
steam flow quickly increases to no more than 200 percent of rated, flow being
limited from further increase by the venturi flow restrictor upstream of the valves.

During approximately the first 75 percent of closing, the valve has little effect in
reducing flow because the flow is choked by the venturi restrictor upstream from the
valves. After the valve is more than about 75 percent closed, flow is reduced as a
function of the valve area versus travel characteristic.
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The design objective for the valve is a minimum of 40 years'ervice at the specified
operating conditions. The estimated operating cycles per year is 100 cycles during
the first year and 50 cycles per year thereafter. In addition to minimum wall
thickness required by applicable codes, a corrosion allowance of 0.120-inch
minimum is added to provide for 40 years'ervice.

Design specification ambient operating conditions are 135'F normal, 150'F
maximum, at 100 percent humidity, in a radiation field of 15 R/hr gamma and 25
Rad/hr neutron plus gamma, continuous for design life. In fact, the inside valves
are not exposed to maximum conditions continuously, particularly during reactor
shutdown, and the valves outside the primary containment and shielding are in
much less severe ambient conditions.

The main steam line valve installations are designed as Class I equipment to resist
sufficiently the response motion at the installed location within the supporting
building from the Design Basis Earthquake (see Appendix C). The valve assembly
is manufactured to withstand the design basis seismic forces. The stresses caused
by horizontal and vertical seismic forces are considered to act simultaneously and
are added directly. The seismic coefficients are specified as 0.73g horizontal and
0.07g vertical. The stresses in the actuator supports caused by seismic loads are
combined with the stresses caused by other live and dead loads including the
operating loads. The allowable stress for this combination of loads is based on the
ordinary allowable stress as set forth in the applicable codes. The parts of the main
steam isolation valves which constitute a process fluid boundary are designed,
fabricated, inspected, and tested as required by USAS B31.1.0, 1967 edition and
the applicable GE design and procurement specifications, which were implemented
in lieu of the outdated B31 Nuclear Code Cases-N2, N7, N9, and N10. The control
valves and other equipment provided in the valve assembly were designed,
manufactured, and shop-tested in accordance with the then-current revision of the
following codes and standards where applicable.

USA Standards Institute B31.1 and B16.5,
American Society for Testing Materials (ASTM),
American Society of Mechanical Engineers (ASME),
ASME Boiler and Pressure Vessel Code, Sections I, III, and Vill,
American Institute of Electrical Engineers,
Pipe Fabrication Institute, and
National Electrical Manufacturers Association.

4.6.4 Safet Evaluation

In a direct cycle nuclear power plant, the reactor steam goes to the turbine and
other equipment outside the reactor containments. The analysis of a complete
sudden steam line break outside the primary containment is described in Section
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14.0, "Plant Safety Analysis." It shows that the fuel barrier is protected against loss
of cooling if main steam isolation valve closure takes as long as 10.5 seconds
(including up to 0.5 second for the instrumentation to initiate valve closure after the
break). The calculated radiological effects of the radioactive material assumed
released with the steam are shown to be well within the guideline values for such an
accident. Thus, safety design basis "a" is shown to be satisfied with considerable
margin.

The shortest closing time (approximately 3 seconds) of the main steam isolation
valves is also shown to be satisfactory by Section 14.0, "Plant Safety Analysis."
The switches on the valves initiate reactor scram when several valves are more
than 10 percent closed. The pressure rise in the system, from stored and decay
heat, may cause the nuclear system main steam relief valves to open briefly, but the (

rise in fuel cladding temperature will be insignificant. The transient is less than that
from sudden closure of the turbine stop valves (in approximately 0.1 second),
coincident with postulated failure of the turbine bypass valves to open. No fuel
damage results. Thus, safety design basis "b" is shown to be satisfied with
considerable margin.

The ability of this 45', Y-design globe valve to close in a few seconds after a steam
line break, under conditions of high pressure differentials and fluid flows, with fluid
mixtures ranging from mostly steam to mostly water, has been demonstrated in a
series of tests in dynamic test facilities. Dynamic tests with a 1-inch valve show that
the analytical method is valid. A large size, 20-inch valve was tested in a range of
steam/water blowdown conditions simulating postulated accident

conditions.'he

following specified hydrostatic, leakage, and stroking tests, as a minimum, were
performed by the valve manufacturer in shop tests.

a. Each valve was tested at rated pressure (1,000 psig) and no flow to verify
capability to close between 3 and 10 seconds. The valve was stroked several
times and the closing time recorded. The valve is closed by the air cylinder
and springs, and may also be closed by the springs only. The closing time is
usually slightly greater when closed by springs only.

b. At least the first valve of each size was tested to demonstrate that the valve
willclose at rated pressure and no flow in the specified time after the valve
had been held open (energized) for 1 week.

E. Van Zylstra, W. Sutherland, and D. Rockwell, "Design and Performance of GE BWR Main
Steam Isolation Valves," General Electric Co., Atomic Power Equipment Department, March
1969 (APED-5750).
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Leakage with the valve seated and backseated was measured. Seat leakage
was measured by pressurizing the upstream side of the valve to 1250 psig.
The specified maximum seat leakage, using cold water at design pressure,
was 2cc per hour per inch of seat diameter. In addition, an air seat leakage
test was conducted using 50 psi pressure upstream. Maximum permissible
leak was 1/10 SCFH per inch of seat diameter. No visible leakage from the
stem packing at design pressure was allowed. The valve stem was operated
a minimum of three times from the closed to open position, and the packing
leakage was verified to still be zero by visual examination.

d. Each valve was hydrostatically tested at USAS B16.5-specified test pressure
(2,380 psig) with cold water.

e. During valve fabrication, extensive nondestructive tests and examinations
were made, including radiographic, liquid penetrant, or magnetic particle
examinations of castings, forgings, welds, hardfacings, and bolts.

The spring guides, the guiding of the spring seat member on the support shafts, and
rigid attachment of the seat member ensure proper alignment of actuating
components. Binding of the valve poppet in the internal guides is prevented by
making the poppet in the form of a cylinder longer than its diameter, and by
applying the stem force near the bottom of the poppet. Clearance is provided
between the poppet and its guides so that some cocking of the poppet or warpage
of the seat can be tolerated and still achieve a seal.

After the valves are installed in the nuclear system, each valve is tested several
times in accordance with the extensive "Preoperational Test Procedures," and
"Startup Test Procedures." The startup tests are performed at several reactor
operating conditions.

During the startup tests, the isolation valve leak tightness is determined. When
nuclear system pressure has reached 800 psig, or as soon as convenient, the leak
tightness is checked by closing the isolation valves, evacuating the steam lines
downstream and the turbine steam chest to the condenser, closing the steam chest
valves, and recording the steam chest pressure. No pressure rise means the
valves are tight. If leakage is indicated, each valve may be checked individually by
opening the other valve in the same steam line with all other isolation valves closed,
evacuating and closing the steam chest, and checking for pressure rise.

Redundancy is provided by two isolation valves in each steam line so that either
can perform the isolation function, and either can be tested for leakage after closing
the other. The inside valve, the outside valve and their control systems are
physically separated. Considering the redundancy, the mechanical strength, the
closing forces, and the leakage tests discussed above, the main steam isolation
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valves satisfy safety design bases "c", "d", and "e" to limit the release of reactor
coolant or radioactive materials, within the margins evaluated in Section 14.0,
"Plant Safety Analysis."

The isolation valves and their installation are designed as Class I equipment for
inclusion of seismic loadings, as delineated in Appendix C.

The design of the isolation valve for seismic loadings is discussed in paragraph
4.6.3 above. These loads are small compared with the pressure and operating
loads the valve components are designed to withstand. The cantilevered support of
the air cylinder, hydraulic cylinder, springs, and controls is the key area. The
increase in loading at the joints between the support shafts and the valve bonnet
caused by the specified earthquake loading is negligible. Therefore, the seismic
loading requirement of design basis 'f" is met.

Electrical equipment, associated with the isolation valves, that operates in an
accident environment is limited to the wiring, solenoid valves, and position switches
on the isolation valves. The design and purchase specifications for environment
are severe (see paragraph 4.6.3); i.e., ambient temperature 135'F normally, 150'F
maximum; humidity 100 percent; design life at operating conditions 40 years; 2,000
operating cycles; with radiation during nuclear system operation of 15 R/hr gamma
and 25 Rad/hr neutron plus gamma. Under the accident conditions, ambient
pressure and temperature increase to approximately 50 psig and 325'F; each valve
is required to operate following a 20-second exposure to these conditions. The
valve closing (3 to 10 seconds after the accident) is completed well before higher
pressure and temperature might impair the ability of the valves to close.

Operation of the valves in the normal operating conditions and postulated accident
environments is ensured by the requirements of the purchase specifications, review
and approval of equipment design and vendor drawings, extensive control of
materials, fabrication procedures, fabrication tests, nondestructive examinations,
shop tests, preoperational and startup tests of the installed valves, and prescribed
periodic inspections and tests during the plant life.

Safety design basis "g" is met, as described in paragraph 4.6.5.

4.6.5 Ins ection and Testin

The main steam isolation valves may be tested during plant operation, and tested
and inspected during refueling outages. The test operations are listed below.
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The main steam isolation valves may be tested and exercised individually to the
90-percent-open (85-percent-open for Units 2 and 3 only) position in the following
manner. A minimum amount of load reduction may be required during testing.

a. Press the test pushbutton until the closed light goes on (90-percent open [85-
percent-open for Units 2 and 3 only] position). The valve moves at the slow
speed.

b. Release the test pushbutton and the valve will automatically reopen, turning
off the closed light.

c. Repeat the test on each isolation valve.

The main steam isolation valves may be tested and exercised individually to the
fullyclosed position in the following manner.

a. Reduce reactor power to 75 percent of full power.

b. Turn the valve control switch to the closed position, observing the time interval
between switch closure and the open light going off. The closing time should
be within the established limits of 3 to 10 seconds.

c. Return the valve control switch to the automatic (open) position.

d. Repeat the test on each isolation valve.

e. After all the steam isolation valves have been tested, reactor power may be
returned to the normal level.

During reactor shutdowns for refueling, the main steam isolation valves are tested
and visually inspected as necessary.

Leakage from the valve stem packing may become suspect, during reactor
operation, from measurements of leakage into the primary containment or from
observations or similar measurements in the secondary containment. During
shutdown, while the nuclear system is pressurized, the leak rate through the
packing can be observed by visual inspection.

The leak rate through the pipeline valve seats (pilot and poppet seats) can be
measured accurately during shutdown by pressurizing between the closed valves
with compressed gas.
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During pre-startup tests following a refueling outage or MSIV disassembly, the
valves will receive the same hydrostatic tests (1,000 psi) which are imposed on the
primary system.

This test and leakage measurement program will ensure that the valves are
operating properly, and that a leakage trend is detected.

4.6-9
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4.7 REACTOR CORE ISOLATION COOLING SYSTEM

4.7.1 Power Generation Ob'ective

The Reactor Core Isolation Cooling System (RCICS) provides makeup water to the
reactor vessel during shutdown and isolation from the main heat sink to supplement
or replace the normal makeup sources and operates automatically in time to obviate
any requirement for the Core Standby Cooling Systems.

4.7.2 [Deleted]

4.7.3 Power Generation Desi n Basis

1. The system shall operate automatically in time to maintain sufficient coolant in
the reactor vessel so that the Core Standby Cooling Systems are not required.

2. Provision shall be made for remote-manual operation of the system by an
operator.

3. The power supply for the system shall be provided by immediately-available
energy sources of high reliability in order to provide a high degree of
assurance that the system shall operate when necessary.

4. Provision shall be made so that periodic testing can be performed during plant
operation, in order to provide a high degree of assurance that the system shall
operate when necessary.

4.7.4 Safet Desi n Basis

Piping and equipment, including support structures, shall be designed to
withstand the effects of an earthquake without a failure which could lead to a
release of radioactivity in excess of the guideline values given in 10 CFR 100.

4.7,5 ~0

The RCICS consists of a steam-driven, turbine-pump unit and associated valves
and piping capable of delivering makeup water to the reactor vessel. A summary of
the design requirements of the turbine-pump unit is shown on Table 4.7-1. The
transient analyses are based on a RCIC flow rate of 540 gpm. A system diagram is
shown in Figure 4.7-1 a.

The steam supply to the turbine comes from the main steam line from the reactor
vessel. The steam exhaust from the turbine dumps to the suppression pool. The
pump takes suction from the condensate header, or from the suppression pool
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header. The pump discharges either to the feedwater line or to a full-flowreturn
test line to the condensate storage tanks. A minimum-flow bypass line to the
suppression pool is provided for pump protection. The makeup water is delivered
into the reactor vessel through a connection to the feedwater line and is distributed
within the reactor vessel through the feedwater sparger. The connection to the
feedwater line is provided with a thermal sleeve. Cooling water for the RCICS
turbine lube-oil cooler and gland-seal condenser is supplied from the discharge of
the pump (see Figure 4.7-1b).

Following any reactor shutdown, steam generation continues due to heat produced
by the radioactive decay of fission products. Initiallythe rate of steam generation
can be as much as approximately 6 percent of rated flow, and is augmented during
the first few seconds by delayed neutrons and some of the residual energy stored in
the fuel. The steam normally flows to the main condenser through the turbine
bypass or, if the condenser is isolated, through the main steam relief valves to the
suppression pool. The fluid removed from the reactor vessel can be entirely made
up by the feedwater pumps if the main steam line isolation valves are open or
partially made up from the Control Rod Drive System which is supplied by the
control rod drive feed pumps. If makeup water is required to supplement these
sources of water, the RCICS turbine-pump unit either starts automatically upon
receipt of a reactor vessel water level 2 signal (see Figure 4.7-2a) or is started by
the operator from the control room by remote-manual controls. The RCICS delivers
its design flowwithin 30 seconds after actuation. To limit the amount of fluid
leaving the reactor vessel, a reactor vessel water level 1 signal also actuates the
closure of the main steam isolation valves.

For events other than pipe breaks, RCICS has a makeup capacity sufficient to
prevent the reactor vessel water level from decreasing to the level where the core is
uncovered without the use of Core Standby Cooling Systems (see Section 14.0,
"Plant Safety Analysis"). The pump suction is normally lined up to the condensate
storage tanks through the condensate supply header. Other systems which use the
same tanks for condensate, and could jeopardize the availability of this reserve
quantity, are restricted by a standpipe to the use of water in the upper portion of the
tanks. About 135,000 gallons are below the standpipe in each condensate tank.
This quantity represents the conservatively calculated amount of water required to
maintain reactor vessel level for at least 8 hours in hot shutdown conditions.

The backup supply of cooling water for the RCICS is the suppression pool. The
turbine-pump assembly is located below the level of the condensate storage tank
and below the minimum water level in the suppression pool to ensure positive
suction head to the pump. Pump NPSH requirements are met by providing
adequate suction head and adequate suction line size.
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All components normally required for initiating operation of the RCICS are
completely independent of auxiliary AC power, plant service air, and external
cooling water systems, requiring only DC power from a unit battery to operate the
valves, vacuum pump, and condensate pumps. The power source for the
turbine-pump unit is the steam generated in the reactor pressure vessel by the
decay heat in the core. The steam is piped directly to the turbine, and the turbine
exhaust is piped to the suppression pool.

Iffor any reason the reactor vessel is isolated from the main condenser, pressure in
the reactor vessel increases but is limited by automatic or remote-manual actuation
of the main steam relief valves. Main steam relief valve discharge is piped to the
suppression pool. Throughout the period of RCICS operation, the exhaust from the
RCICS turbine and main steam relief valve discharge being condensed in the
suppression pool results in a temperature rise in the pool. During this period RHR
heat exchangers are used to control pool water temperature, if normal AC power is
available for operation of the RHR system. Assuming a 1/2-hour delay in initiating
pool cooling, the maximum pool temperature of 162'F would be reached at about 4
hours into the event.

The RCICS turbine-pump unit is located in a shielded area to ensure that personnel
access areas are not restricted during RCICS operation. An analysis of the
possibility of the failure of the RCIC turbine has been performed. Stresses in the
turbines are sufficiently low, such that wheel failure is not predicted, even at the
theoretical run-away condition of twice rated speed. Even though similar results
were obtained for the analysis of the HPCI turbine, the HPCI and RCIC turbines are
located in separate concrete rooms within the Reactor Building. An assumed failure
of either turbine could not cause sufficient damage to prevent safe shutdown of the
plant. The turbine controls (see Figure-4.7-2a) provide for automatic trip of the
RCICS turbine upon receiving any of the following signals:

a. Turbine overspeed-to prevent damage to the turbine and turbine casing,

b. Pump low-suction pressure-to prevent damage to the turbine-pump unit due
to loss of cooling water,

c. Turbine high-exhaust pressure-indicating turbine or turbine control
malfunction, and

d. Automatic isolation signal-indicating RCIC steam line rupture.

Since the steam supply line to the RCICS turbine is a primary containment
boundary, certain signals automatically isolate this line causing shutdown of the
RCICS turbine. Automatic shutdown of the steam supply (see Figure 4.7-2a) is
described in Subsection 7.3, "Primary Containment and Reactor Vessel Isolation
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Control System." Operating logic for all other valves is shown in Figures 4.7-2a,
4.7-2b, and 4.7-2c.

The turbine control system is positioned by the demand signal from a flow
controller, and satisfies a twofold purpose:

a. Limit the turbine pump speed to its maximum normal operating value, and

b. Position the turbine governor valve(s) as required to maintain constant pump
discharge flow over the pressure range of system operation.

The RCICS piping within the drywell up to and including the outer isolation valve is
designed in accordance with the USA Standard Code for Pressure Piping, USAS
831.1.0, 1967 edition, and the applicable GE design and procurement
specifications, which were implemented in lieu of the out dated B31 Nuclear Code
Cases-N2, N7, N9, and N10, plus ASME Boiler and Pressure Vessel Code, Section
I, 1965 edition. Other piping is designed in accordance with the USAS B31.1.0,
1967 edition, as applicable. The thermal sleeve (liner) in the feedwater line is
designed as a nonpressure-containing liner and is provided to protect the
pressure-containing piping tee from excessive thermal stress.

4.7.6 Safet Evaluation

The safety design basis is satisfied by design of the RCICS containment function to
seismic Class I specifications (see Appendix C).

4.7.7 Ins ection and Testin

A design flowfunctional test of the RCICS is performed during plant operation by
taking suction from the condensate header and discharging through the full flow test
return line back to the condensate storage tank. The discharge valve to the feed
line remains closed during the test and reactor operation is undisturbed. Testing of
the pump discharge valve and air-operated check valve is accomplished by first
shutting the upstream discharge valve. Control system design provides automatic
return from test to operating mode if system initiation is required during testing.
Periodic inspection and maintenance of the turbine-pump unit are based on
manufacturer's recommendations and sound maintenance practices. Valve position
indication, as well as instrumentation alarms, is displayed in the control room (see
Figure 4.7-2d).
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Table 4.7-1

REACTOR CORE ISOLATIONCOOLING SYSTEM TURBINE - PUMP DESIGN DATA

PUMP

Number required - 1 Design Temperature - 40'F to 140'F

Capacity - 100% Design Pressure -1500 psig
NPSH - 20 ft (minimum)

Developed Head - 2800 ft
525 ft

@ 1135 psia reactor pressure

@ 165 psia reactor pressure

Flow Rate Injection Flow 600 gpm
Cooling Water Flow 16 gpm
Total Pump Discharge 616 gpm

TURBINE

Number required - 1

Capacity - 100%

Steam Inlet Pressure range (psia)

Steam Exhaust Pressure (psia)

150 to 1120 (saturated)

25
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4.8 RESIDUAL HEAT REMOVALSYSTEM RHRS

4.8.1 ~Sf t Qb

The safety objectives of the Residual Heat Removal System (RHRS) are as follows:

To restore and maintain the coolant inventory in the reactor vessel so that the
core is adequately cooled after a loss-of-coolant accident. The Residual Heat
Removal System also provides cooling for the suppression pool so that
condensation of the steam resulting from the blowdown due to the design
basis loss-of-coolant accident is ensured.

b. The Residual Heat Removal System further extends the redundancy of the
Core Standby Cooling Systems by providing for containment cooling.

4.8.2 Power Generation Ob'ective

The Residual Heat Removal System provides the means to meet the following
power generation objectives:

a. Remove decay heat and residual heat from the nuclear system so that
refueling and nuclear system servicing can be performed.

b. Supplement the Fuel Pool Cooling and Cleanup System capacity when
necessary to provide additional pool cooling capacity.

4.8.3 Safet Desi n Basis

1. The RHRS shall act automatically (except when in the shutdown cooling
mode), in combination with other Core Standby Cooling Systems, to restore
and maintain the coolant inventory in the reactor vessel such that the core is

adequately cooled to preclude fuel clad temperatures in excess of 2200'F
following a design basis loss-of-coolant accident.

2. The RHRS, in conjunction with other Core Standby Cooling Systems, shall
have such diversity and redundancy that only a highly improbable combination
of events could result in their failure to provide adequate core cooling.

3. The source of water for restoration of reactor vessel coolant inventory shall be
located within the primary containment in such a manner that a closed cooling
water path is established.

4. To provide a high degree of assurance that the RHRS operates satisfactorily
during a loss-of-coolant accident, each active component shall be capable of
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being tested during operation of the nuclear system. The inboard isolation
check valve can only be tested during cold shutdown.

5. To provide an additional source of water for post-accident containment
flooding a crosstie shall be provided between the RHR Service Water System
and RHRS.

4.8.4 Power Generation Desi n Basis

1. The RHRS shall be designed with enough capacity that the service water
outlet temperature can be limited during shutdown conditions to minimize
fouling.

4.8.5 Summa Descri tion

The RHRS is designed for four modes of operation to satisfy all the objectives and
bases:

1. Shutdown cooling (Units 1, 2, and 3),

2. Containment spray and pool cooling,

3. Low pressure coolant injection, and

4. Standby cooling.

To provide clarity to the information presented herein, each mode of operation is
defined as a subsystem of the RHRS and is discussed separately. It is shown how
each subsystem contributes toward satisfying all the objectives and bases of the
RHRS.

The major equipment of the RHRS consists of four heat exchangers and four main
system pumps for each unit, and twelve RHR service water pumps for the plant (see
Section 10.9, "RHR Service Water System" ), eight of which can be used for
RHRSW purposes. The equipment is connected by associated valves and piping,
and the controls and instrumentation are provided for proper system operation. A
process diagram of the RHRS is shown in Figure 7.4-6a of Section 7 4. A
description of the controls and instrumentation is presented in Section 7.4, "Core
Standby Cooling Control and Instrumentation." A description of how operation of
the equipment in the RHRS in conjunction with other Core Standby Cooling
Systems protects the core in case of a loss-of-coolant accident is presented in
Chapter 6.0, "Core Standby Cooling Systems."
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The main system pumps are sized on the basis of the flow required during the low
pressure coolant injection (LPCI) mode of operation, which is the mode requiring
the maximum flow rate. In addition, the system pumps are equipped with discharge
flow limiting orifice plates to prevent pump operation in "runout" conditions and to
prevent any damage that might occur in the case of a recirculation line break. The
heat exchangers are sized on the basis of their required duty for the suppression
pool cooling function. It is concluded that the power generation design objective is
met. A summary of the design requirements of the main system pumps and the
heat exchangers is presented in Table 4.8-1. See Section 6.5 for system
requirements utilized in the Emergency Core Cooling System analysis.

Permanent connections with normally closed valves are provided on the shutdown
cooling piping circuit for supplying cooling water to the Fuel Pool Cooling and
Cleanup System (see Figure 7.4-6a). This permits the RHRS heat exchangers to
be used to assist fuel pool cooling when required (see Section 10.5, "Fuel Pool
Cooling and Cleanup System" ).

One of the RHRS loops, consisting of two heat exchangers, two main system pumps
in parallel, and associated piping, is located in one area of the Reactor Building.
The other heat exchangers, pumps, and piping, forming a second loop, are located
in another area of the Reactor Building to minimize the possibility of a single
physical event causing the loss of the entire system. This arrangement satisfies the
safety design basis 2. In addition, the pump suction and heat exchanger discharge
lines of one loop in Unit 1 (Loop II) are cross-connected to the pump suction and
heat exchanger discharge lines of one loop in Unit 2. Unit 2 and Unit 3 systems are
cross-connected in a similar manner. Two normally closed isolation valves are
provided in each heat exchanger discharge cross-connection, and four normally
closed isolation valves are provided in each suction cross-connection (one at each
pump suction), as shown in Figure 4.8-1.

RHRS equipment is designed in accordance with Class I seismic criteria (see
Appendix C) to resist sufficiently the response motion at the installed location within
the supporting building from the Design Basis Earthquake.

The system piping and main system pumps are designed in accordance with the
requirements of USAS B31.1.0, 1967 edition, as augmented by GE specifications
which were implemented in lieu of the outdated B31 Nuclear Code Cases-N2, N7,
N9, and N10. The system is constructed and tested in accordance with TVA
construction specifications. The pumps are also designed and constructed in
accordance with the standards of the Hydraulic Institute. The shell side of the heat
exchangers is designed in accordance with the ASME Boiler and Pressure Vessel
Code, 1965 edition, Section III, Class C vessels, and TEMAClass C; and the tube
side is designed in accordance with Section Villand TEMA Class C. The
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provisions of the ASME Boiler and Pressure Vessel Code, Section III, Winter
Addenda of 1966, paragraph N2113, apply.

4,8,6 ~0

4.8.6.1 Shutdown Coolin

The shutdown cooling subsystem is an integral part of the RHRS and is placed in
operation during a normal shutdown and cooldown. The initial phase of nuclear
system cooldown is accomplished by dumping steam from the reactor vessel to the
main condenser with the main condenser acting as the heat sink. The RHRS is
typically placed in the shutdown cooling mode of operation when reactor vessel
pressure has decreased sufficiently to clear the interlocks associated with the
shutdown cooling suction valves. The shutdown cooling subsystem alone is
capable of completing cooldown to 125'F in less than 20 hours and maintaining the
nuclear system at 125'F so that the reactor can be refueled and serviced.

Reactor coolant is pumped by the RHRS main system pumps from one of the
recirculation loops through the RHRS heat exchangers, where cooling takes place
by transferring heat to the RHR service water system. Reactor coolant is returned
to the reactor vessel via either recirculation loop.

During a nuclear system shutdown and cooldown, when the shutdown cooling
subsystem is initiallyplaced in operation, decay heat levels can be high and
operation of two RHRS heat exchangers may be required to remove the heat.
When the decay heat level has decreased sufficiently, the entire shutdown cooling
load can be handled by one RHRS heat exchanger.

The RHRS is normally flushed with water of condensate quality or better in
preparation for shutdown cooling operation during the steam dumping phase of
plant cooldown. This flush is not required if 1) there is an immediate need for RHR
shutdown cooling to control reactor vessel level, temperature, or pressure, or 2)
RHR shutdown cooling is removed from and returned to service during an outage
and no activities have occurred which could result in water quality degradation
below acceptable limits for reactor vessel injection.

4.8.6.2 Containment Coolin

The containment cooling subsystem is an integral part of the RHRS and is placed in
operation to limit the temperature of the water in the suppression pool so that
immediately after the design basis loss-of-coolant accident has occurred, the
maximum bulk pool temperature does not exceed 177'F when reactor vessel
pressures are above approximately 555 psig. At reactor vessel pressures below
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approximately 240 psig, the bulk temperature may be as much as 177'F. At
intermediate pressures, linear interpolation of the bulk temperature is permitted.
The maximum permissible bulk pool temperature is limited by the potential for
stable and complete condensation of steam discharged from the main steam relief
valves as well as the design analyses of the torus attached piping (see Sections
5.2.3.3.2 and 5.2.4.3).

With the RHRS in the suppression pool cooling mode of operation, the RHRS main
system pumps are aligned to pump water from the suppression pool through the
RHRS heat exchangers where cooling takes place by transferring heat to the RHR
service water. For adequate containment cooling, a minimum of two RHR pumps
and associated heat exchangers must remain available for several hours after a
design basis loss-of-coolant accident. The flow returns to the suppression pool via
the flow test line (see Figure 7.4-6A).

The containment spray cooling mode of operation provides additional redundancy
to the Core Standby Cooling Systems for post-accident conditions. The water
pumped through the RHRS heat exchangers may be diverted to spray headers in
the drywell and above the suppression pool. The spray headers in the drywell
condense any steam that may exist in the drywell, thereby lowering containment
pressure. The spray collects in the bottom of the drywell until the water level rises
to the level of the pressure suppression vent lines, where it overflows and drains
back to the suppression pool. Approximately 5 percent of this flow may be directed
to the suppression chamber spray ring to cool any noncondensable gases collected
in the free volume above the suppression pool.

The spray headers of the RHRS cannot be placed in operation unless the core
cooling requirements of the low pressure coolant injection subsystem have been
satisfied. These requirements may be bypassed by the operator using a keylock
switch in the control room (see Section 7.4, "Core Standby Cooling Control and
Instrumentation" ).

4.8.6.3 Low Pressure Coolant In'ection

The low pressure coolant injection (LPCI) subsystem is an integral part of the
RHRS. It operates to restore and, if necessary, maintain the coolant inventory in
the reactor vessel after a loss-of-coolant accident so that the core is sufficiently
cooled to preclude fuel clad temperatures in excess of 2200'F and subsequent
energy release due to a metal-water reaction. A detailed discussion of the
requirements and response of the equipment which operates during LPCI for a
loss-of-coolant accident may be found in Chapter 6.0, "Core Standby Cooling
Systems." A detailed discussion of the requirements and response of the controls
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and instrumentation of LPCI during a loss-of-coolant accident may be found in
Section 7.4, "Core Standby Cooling Control and Instrumentation."

In general, LPCI operation involves restoring the water level in the reactor vessel to
a sufficient height for adequate cooling after a loss-of-coolant accident. The LPCI
subsystem operates in conjunction with the High Pressure Coolant Injection System
(HPCIS), the Auto Depressurization System and the Core Spray System to achieve
this goal (see Chapter 6.0, "Core Standby Cooling Systems" ). This capability
satisfies safety design basis 1.

The HPCIS is a high-head, low-flowsystem and pumps water into the reactor vessel
when the nuclear system is at high pressure. If the HPCIS fails to maintain the
required level of water in the reactor vessel, the automatic depressurization feature
of the Nuclear System Pressure Relief System functions to reduce nuclear system
pressure so that LPCI operates to inject water into the pressure vessel. LPCI is a
low-head, high-flow subsystem and delivers rated flow of 9000 gpm for each pump
to the reactor vessel against an indicated pressure of 125 psig. All these
operations are carried out automatically. LPCI is designed to reflood the reactor
vessel to at least two-thirds core height and to maintain this level. After the core
has been flooded to this height, the capacity of one RHR pump is more than
sufficient to maintain the level.

During LPCI operation, the RHRS pumps take suction from the suppression pool
and discharge to the reactor vessel into the core region through both of the
recirculation loops. Two pumps discharge to each injection header, assuring
flooding of the vessel through at least one loop. Any spillage through a break in the
lines within the primary containment returns to the suppression pool through the
pressure suppression vent lines. A bypass line to the suppression pool is provided
so that the pumps are not damaged ifoperating with the discharge valves shut.

Added resistance in the pump discharge lines prevents insufficient NPSH in the
LPCI mode of operation. It is concluded that safety design basis 3 is satisfied.

Service water flow to the RHRS heat exchangers is not required immediately after a
loss-of-coolant accident because heat rejection from the containment is not
necessary during the time it takes to flood the reactor.

Power for the RHRS pumps and the RHR service water pumps comes from the 4-kV
AC power shutdown boards. Power for these boards normally comes from the
auxiliary supply, but if this source is not available, power is available from the
standby (diesel) AC power source.
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Standby coolant supply connection and RHR crossties are provided to maintain a
long-term reactor core and primary containment cooling capability irrespective of
primary containment integrity or operability of the Residual Heat Removal System
associated with a given unit. The standby coolant supply connection and RHR
crossties provide added long-term redundancy to the other emergency core and
containment cooling systems and are designed to accommodate certain situations
which, although unlikely to occur, could jeopardize the functioning of these systems.

By proper valve alignment (see Figure 4.8-1), the network created by the RHR
crossties permits the B (or D) RHR pumps on Unit 1 to circulate Unit 2 suppression
pool or reactor vessel water through the B (or D) heat exchangers on Unit 1 in the
unlikely event that the Unit 2 RHR pumps are unavailable. The crosstie network is
sized for a minimum flow of 5,000 gpm, which will achieve about 91 percent of full
flow heat transfer capability of the RHR heat exchangers.

In a like fashion, the A (or C) RHR pumps on Unit 2 can be used to circulate Unit 1

suppression pool or reactor vessel water through the A (or C) heat exchangers on
Unit 2. The B (or D) RHR pumps on Unit 2 and theA(or C) RHR pumps on Unit 3
can be similarly utilized.

Suppression pool water which has been circulated through the RHR heat
exchangers on one unit can be used to flood the reactor core, spray the drywell and
suppression chamber, or returned to the suppression chamber of the adjacent unit.
In this way, decay heat and residual heat can be removed from the reactor core and
primary containment of the adjacent unit on a long-term basis. By proper valve
alignment (see Figure 4.8-1), the network created by the standby coolant supply
connection and RHR crossties permits the D2 (or D1) RHR service water pump and
header to supply raw water directly to the reactor core of Units 1 or 2 as the reactor
pressure approaches 50 psig. The service water pump and header can also be
valved to supply raw water to the drywell or suppression chamber spray headers or
directly to the suppression chamber of either unit. In a similar fashion, the B2 (or
B1) RHR service water pump and header can supply raw water to the reactor core
of Units 2 or 3 or into the respective drywell/suppression chamber spray headers or
directly to the suppression chambers.

The Standby Coolant Supply System is sized to supply a minimum raw water flow of
3,250 gpm, against a reactor pressure of 65 psig with a drywell pressure of 15 psig.
It is concluded that safety design basis 5 is satisfied.
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4.8.7 Safet Evaluation

Since the LPCI and containment cooling subsystems act with other Core Standby
Cooling Systems to satisfy the safety objective, they are properly evaluated in
conjunction with the other Core Standby Cooling Systems. This safety evaluation is
in Chapter 6.0, "Core Standby Cooling Systems." The safety evaluation of the
controls and instrumentation of the LPCI subsystem is in Section 7.4, "Core
Standby Cooling Control and Instrumentation."

4.8.8 Ins ection and Testin

A design flow functional test of the RHRS main system pumps is performed during
normal plant operation by taking suction from the suppression pool and discharging
through the test lines back to the suppression pool. The discharge valves to the
reactor recirculation loops remain closed during this test and reactor operation is
undisturbed.

An operational test of these discharge valves is performed by shutting the
downstream valve after it has been satisfactorily tested and then operating the
upstream valve. The discharge valves to the containment spray headers are
checked in a similar manner by operating the upstream and downstream valves
individually. All these valves can be actuated from the control room using remote
manual switches. Control system design provides automatic return from test to
operating mode if LPCI initiation is required during testing. It is concluded that
safety design basis 4 is satisfied.

Testing of the sequencing of the LPCI mode of operation is performed after the
reactor is shut down and the RHRS has been drained and flushed. Testing the
operation of the valves required for the remaining modes of operation of the RHRS
is performed at this time.

Periodic inspection and maintenance of the RHRS pumps, pump motors, valves and
valve motors, and heat exchangers are based on manufacturer's recommendations
and sound maintenance practices.

A discussion of the availability of engineered safeguards and frequency of testing of
equipment is presented in Chapter 6.0, "Core Standby Cooling Systems."
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TABLE 4.8-1

RESIDUAL HEAT REMOVALSYSTEM EQUIPMENT DESIGN DATA

RHRS PUMPS

Number Installed per Unit - 4
Capacity/Pump - 33-1/3% (LPCI)

Design Conditions/Pump 0 psid*
Discharge Flow (gpm)

Rated Pump Capacity
NPSH Required at 90'F (ft)
Operating Conditions/Pump

Discharge Flow (gpm)
Discharge Head (ft)
Differential Pressure (psid)
NPSH Required at 90'F (ft)

Design Temperature - 350'F
Design pressure - 450 psig
Shutoff Head - 780 ft

20,000 (2 in one loop)

10,800 (1 in one loop) Units 1„2, 3

10,000 gpm at 560 ft Total Dynamic Head
30

0-12,000
780-420
295-0
30-34

RHRS HEAT EXCHANGERS

Number Installed per Unit -4
Shell Side Fluid - Reactor Water or Suppression Pool Water
Tube Side Fluid - RHR Service Water (River Water)
Shell and Tube Side Design Pressure -450 psig and Design Temperature 40-350'F
Pressure Drop Design Conditions - shell side 10 psi

- tube side 6 psi

Su ression Pool Coolin Anal sis

Shell Side Flow (gpm)
Inlet Temperature Shell Side ('F)
Heat Exchanger Duty (Btu/hr)
Tube Side Flow (gpm)
Inlet Temperature Tube Side ('F)

6500
177

68.8 x 106
4500
954F

*psid - pounds per square inch difference between reactor vessel and drywell.
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4.9 REACTOR WATER CLEANUP SYSTEM

4.9.1 Power Generation Ob'ective

The Reactor Water Cleanup System maintains high reactor-water purity to limit
chemical and corrosive action, thereby limiting fouling and deposition on heat
transfer surfaces. The Reactor Water Cleanup System also removes corrosion
products to limit impurities available for activation by neutron flux and resultant
radiation from deposition of corrosion products. The system also provides a means
for removal of reactor water.

4.9.2 Power Generation Desi n Basis

1. Provision shall be made for the continuous mechanical and chemical filtration
and demineralization of reactor water to quality specifications.

2. Provision shall be made for discharge of reactor water at reduced activity
during startup and shutdown.

3. Provisions shall be made to limit the heat loss and the fluid loss from the
nuclear system.

4.9.3 Descri tion Fi ures4.9-1 4.9-2 and 4.9-3

The Reactor Water Cleanup System provides continuous purification of a portion of
the recirculation flow. The processed fluid is returned to the reactor vessel, to
radwaste, or to the main condenser. Regenerative heat exchangers are provided to
limit heat loss from the nuclear system. The system can be placed in service at any
time during normal reactor operation or shutdown conditions.

The major equipment of the Reactor Water Cleanup System is located in the
Reactor Building and consists of two pumps, regenerative and nonregenerative
heat exchangers, and two filter/demineralizers with supporting equipment. The
entire system is connected by associated valves and piping, and controls and
instrumentation are provided for proper system operation.

Design and construction of pressure-retaining piping and components of the
Reactor Water Cleanup System was initially in accordance with the requirements of
USAS B31.1.0, 1967 Edition, as supplemented by the requirements of the
applicable GE specifications, which were implemented in lieu of the outdated B31

Nuclear Code Cases-N2, N7, N9, and N10. Design data for the major pieces of
equipment are presented in Table 4.9-1.
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Reactor coolant is continuously removed from the Reactor Coolant Recirculation
System, cooled in the regenerative and nonregenerative heat exchangers, filtered
and demineralized, and returned to the feedwater system through the shell side of
the regenerative heat exchanger. The Unit 3 RWCU System returns process fluid
to the feedwater system through both reactor feedwater lines A and B. The Unit 2
RWCU System only has one return line through reactor feedwater line B.

Because the ion exchange resins used in the filter-demineralizer are
temperature-limited (Table 4.9-1), the reactor coolant must be cooled prior to
processing in the units. The regenerative heat exchanger transfers heat from the
influent water to the effluent water. The effluent returns to the feedwater system.
The nonregenerative heat exchanger cools the influent water further by transferring
heat to the Reactor Building Closed Cooling Water System. During startup and
shutdown, excess water in the primary system is sent to the main condenser or to
radwaste by diverting part or all of the filter-demineralizer effluent. This reduces the
effectiveness of the regenerative heat exchanger. The nonregenerative heat
exchanger has the capability of reducing the filter-demineralizer influent
temperature to the required level, while maintaining an adequate diversion flow
rate.

The filter-demineralizer units (Figures 4.9-2 and 4.9-3) are pressure precoat-type
filters which use either finely ground mixed ion exchange resins or a mixture of
powdered resins and fibrous material as a precoat medium, they serve as a
combination filter-ion exchange medium. Spent resins are not regenerable, but are
sluiced from a filter-demineralizer unit to a backwash receiver tank, (from which they
are pumped to the cleanup phase separators for dewatering, decay, and disposal).
A strainer is installed on the outlet of each filter-demineralizer unit to prevent resins
from entering the Reactor Coolant Recirculation System in the event of a resin
support failure. Each strainer is provided with an alarm which is energized by high
differential pressure (20 psi). A bypass line is provided around the
filter-demineralizer units for bypassing the units when necessary. Each unit has a
holding pump which starts in the event of low flow, in order to hold the resin in place
on the support elements.

Relief valves and instrumentation are provided to protect the equipment against
overpressurization and the resins against overheating. The system is automatically
isolated when signaled by any of the following occurrences.

a. High temperature downstream of the nonregenerative heat exchanger. To
protect the ion exchange resin from damage due to high temperature.

4

b. Reactor vessel low water level. To protect the core in case of a possible
break in the Reactor Water Cleanup System piping and equipment (see
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Subsection 7.3, "Primary Containment and Reactor Vessel Isolation Control
System" ).

c. Standby Liquid Control System actuation. To prevent removal of the boron by
the ion exchange resin.

d. High temperature indicative of a RWCU pipe break/critical crack in any of the
following areas: main steam valve vault, RWCU pipe trench, RWCU pump
rooms, or the RWCU heat exchanger room to isolate the system (see
subsection 7.3).

Sample points are provided upstream and downstream of each filter-demineralizer
unit. The sample analysis provides an indication of the effectiveness of the
filter-demineralizer units. The influent sample point is also used as the normal
source of reactor coolant samples.

Operation of the Reactor Water Cleanup System is controlled from the Main Control
Room. Resin-changing operations, which include backwashing and precoating, are
controlled from a local control panel in the Reactor Building.

Control and instrumentation logic is presented in Figures 4.9-4a and 4.9-4b,
Mechanical Logic Diagrams.

4.9.4 Ins ection and Testin

The Reactor Water Cleanup System is normally in service. Satisfactory operation
is demonstrated without the need for special testing. Periodic inspection and
maintenance are carried out based on manufacturer's recommendations and sound
maintenance practices.
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4.10 NUCLEAR SYSTEM LEAKAGE RATE LIMITS

4.10.1 Safet Ob'ective

Nuclear system leakage rate limits are established so that appropriate action can be
taken before the integrity of the nuclear system process barrier is unduly
compromised.

4.10.2 Safet Desi n Basis

1. The nuclear system leakage rate limit shall be set so that corrective action can
be taken:

a. Before the nuclear system process barrier is threatened with significant
compromise,

b. Before the rate of leakage exceeds the coolant makeup capability, and

c. Before the total leakage rate within the drywell exceeds the capability for
leakage removal from the drywell.

2. Means shall be provided for the detection of leakage rates so that corrective
action can be taken before the integrity of the nuclear system process barrier
is unduly compromised.

4.10.3 ~Oi I

This subsection describes the leakage detection systems which are provided to
detect abnormal leakage from the nuclear system process barrier inside the primary
containment. Also discussed in this subsection are nuclear system leakage rate
limits and how they are established.

The systems that detect gross leakage resulting from a pipe rupture outside the
primary containment (such as in the main steam lines, HPCI steam line, RCIC
steam line, and reactor water cleanup lines) and initiate automatic isolation are
considered as part of the Primary Containment and Reactor Vessel Isolation Control
System; and they are discussed in Section 7.3, "Primary Containment Isolation
System."

Collection and processing of leakage outside the primary containment in the
Reactor Building and in all other buildings are discussed in Section 10.16,
"Equipment and Floor Drainage Systems," and Section 9.2, "Liquid Radwaste
System."
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Figures 4.10-1 and 9.2-3j are diagrams of the drywell leak detection system and
drywell sumps, respectively. As shown in the figures, there are two drywell sumps.
One sump (drywell equipment drain sump) receives drainage from the pump seal
leak-off, reactor vessel head flange vent drain, and other equipment drains. The
second sump (floor drain collector sump) receives control rod drive, valve stem, and
flange leakages, floor drains, closed cooling water system drains and drywell
cooling unit condensation. Collection of leakage in excess of normal background
amounts is indicative of a process system leak. For anticipated leakage rates of
equipment and specific piping paths, see Section 9.2, "Liquid Radwaste System."

Leaks within the primary containment are detected by: (a) increased pressure and
temperature in the primary containment, (b) monitoring the flow in the equipment
drain sump and floor drain sump, (c) monitoring the cooling water temperature to
and from the drywell coolers, and (d) monitoring the drywell for airborne activity
(7.14).

The drywell cooling system recirculates the drywell atmosphere through heat
exchangers to maintain the drywell at its design operating temperature. With the
drywell atmospheric coolers operating inside a sealed drywell, an abnormal
temperature rise inside the drywell would indicate a coolant and/or steam leak.

The drywell radiation monitoring system consists of four sample points, two near the
top of the spherical portion of the drywell, 180'part, and two near the recirculation
pumps, 180'part. The two top samples are manifolded together and routed
through one line in an instrument drywell penetration. The two lower samples are
manifolded and routed through another line in the same instrument drywell
penetration. Two automatic isolation valves are provided in series in each line
outside the drywell. The two lines are manifolded together and routed to a radiation
monitor. The sample return from the radiation monitor is provided with two
automatic isolation valves and routed through another line in an instrument drywell
penetration. The inlet and return automatic isolation valves close on primary
containment isolation and are provided with override switches in the main control
room.

Detection, identification, and measurement of leakage in the drywell have been
separated into identified and unidentified leakage. Limits have been established for
unidentified and total leakage inside the drywell. Total leakage is defined as the
sum of the identified and unidentified leakage.

4.10.3.1 Identified Leaka e Rate

The identified leakage rate is the sum of all component leakage rates that input into
the drywell equipment drain sump.
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The pump packing glands and other seals in systems that are part of the nuclear
system process barrier, and from which normal design leakage is expected, are
provided with drains or auxiliary sealing systems. The valves and pumps in the
Reactor Recirculation System inside the drywell are equipped with double seals.
Leakage from the primary recirculation pump seals is piped to the equipment drain
sump as described in Section 4.3, "Reactor Recirculation System." Leakage from
the main steam relief valves is identified by temperature sensors which transmit to
the Main Control Room. Any temperature increase detected by these sensors
above the drywell ambient temperature indicates valve leakage. Unambiguous
Main Control Room indication and alarm of valve position is provided by use of an
acoustic monitoring system on the main steam relief valve tailpipes. Leakage from
the reactor vessel head flange gasket is piped to a collection chamber and then to
the equipment drain sump. A more detailed discussion is presented in Section 7.8,
"Reactor Vessel Instrumentation."

Thus, the leakage rates from pumps, valve seals, and the reactor vessel head seal
are measurable during operation of the plant. These leakage rates, plus any other
leakage rates that input into the drywell equipment drain sump, are defined as
identified leakage rates.

4.10.3.2 Unidentified Leaka e Rate

The unidentified leakage rate is the rate at which leakage enters the drywell floor
drain sumps. A threat of significant compromise to the nuclear system process
barrier exists if the barrier contains a crack that is large enough to propagate
rapidly. The unidentified leakage rate is limited because of the possibility that most
of the unidentified leakage rate might be emitted from a single crack in the nuclear
system process barrier.

A leakage rate of 150 gpm has been conservatively calculated to be the minimum
liquid leakage from a crack large enough to propagate rapidly. An allowance for
reasonable leakage that does not compromise barrier integrity, and is not
identifiable, is made for normal plant operation.

The unidentified leakage rate limit is established at 5 gpm, which is far enough
below the 150 gpm leakage rate to allow time for corrective action to be taken
before the process barrier is significantly compromised.

Both the GE (GEAP-5260, Failure Behavior in ASTM A106B Pipes Containing Axial
Through-wall Flows, by M. B. Reynolds, April 1968) and the BMI (Recent Work on

Flow Behavior in Pressure Vessels, by A. R. Duffy, R.'J. Eiber, and W. A. Maxey,
April 1969); also, Quarterly Progress Reports, "Investigation of the Initiation and
Extent of Ductile Pipe Rupture," by Eiber, et al, for the period May 1966 through
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1969) test results indicate that theoretical fracture mechanics formulas do not
predict critical crack length, but that satisfactory empirical expressions may be
developed to fit test results. A simple equation which fits the data in the range of
normal design stresses (for carbon steel pipe) is as follows.

(1) Crack Length.

15,000 D

(see data correlation on Figure 4.10-3),

where:

lc = critical crack length (inches)
D = mean pipe diameter (inches)
cz~ = nominal hoop stress (psi).

(2) Crack Opening Displacement. The theory of elasticity predicts a crack
opening displacement of

where:

I

E

crack length
applied nominal stress
Young's Modulus.

Measurements of crack opening displacement made by BMI show that local yielding
greatly increases the crack opening displacement as the applied stress approaches
the failure stress af. A suitable correction factor for plasticity effects is

a
c = sec —~—

2 G(
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The crack opening area is given by

7C Ã1 G CJ

A = C — m1 = —sec — x
4 2E 2 cz(

For a given crack length I, sf = 15,000 D/I.

(3) Leakage Flow Rate. The maximum flow rate for blowdown of saturated water
at 1000 psi is 55 Ib/sec-in.'nd for saturated steam the rate is 14.6

Ib/sec-in.'APED-4827,

Maximum Two-Phase Vessel Blowdown from Pipes, by F. J.

Moody, April 1965). Friction in the flow passage reduces this rate, but for
cracks leaking at 15 gpm (2.08 Ib/sec), the effect of friction is small. The
required leak size for 15 gpm flow is

A = 0.038 in.'saturated water)

A = 0.143 in.'saturated steam).

From this mathematical model, the critical crack length and the 15 gpm crack length
have been calculated for representative BWR pipe sizes (Schedule 80) and
pressure (1050 psi). The lengths of through-wall cracks that would leak at the rate
of 15 gpm as a function of nominal pipe size are as follows.

Nominal Pipe
Size Sch 80

Critical Crack
~Lth

15 gpm Crack
Steam Line

Length(inches)
Water Line

4
12
24

9.6
19.6
34.8

8.4
12.1
14.0

6.7
7.5
7.8

lt is important to recognize that the failure of ductile piping with a long, through-wall
crack is characterized by large crack opening displacements which precede
unstable rupture. Judging from observed crack behavior in the GE and BMI
experimental programs, involving both circumferential and axial cracks, it is
estimated that leak rates of hundreds of gpm will precede crack instability.
Measured crack-opening displacements for the BMI experiments were in the range
of 0.1 to 0.2 inches at the time of incipient rupture, corresponding to leaks of the
order of one square inch in size for plain carbon steel piping. For austenitic
stainless steel piping, even larger leaks are expected to precede crack instability,
although there is insufficient data to permit quantitative prediction.
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4.10.3.3 Total Leaka e Rate

Total leakage rate consists of all leakage, identified and unidentified, which flows to
the drywell floor drain and equipment drain sumps.

The criterion for establishing the total leakage rate limit is based on the makeup
capability of the Control Rod Drive (CRD) and the RCIC systems which are
independent of the feedwater system, normal AC power, and the Core Standby
Cooling Systems. The CRD system supplies 77 gpm into the reactor vessel; the
RCIC system can supply 600 gpm through the feedwater sparger to the reactor
vessel. The total leakage rate limit is established at 25 gpm, which is substantially
below the minimum normal inflowof 77 gpm.

The total leakage rate is also set low enough to prevent overflow of the drywell
sumps. The equipment drain sump (capacity 1,000 gallons) and the floor drain
sump (capacity 1,000 gallons), which collect all leakage, are each drained by two
50-gpm pumps. The total leakage rate limit is set below the removal capacity of the
two pumps in each sump because of the possibility that most of the total leakage
could flow into one sump.

Each sump has an alarm system and automatic pump-starting sequence as follows.
At the first high-water-level setting, the preselected pump is automatically started. If
the water level continues to rise, a higher water-level setting starts the standby
pump and actuates an alarm. The pumps are alternately selected for operation by
an automatic pump-selector switch. The alarm indicates that leakage into that sump
is equal to, or is exceeding, the capacity of one pump or that the preferred pump
failed to start.

As the water that has been collected in the drywell sumps is pumped out, the
discharge flowfrom each sump is individually metered by flow integrators. Total
leakage rate is periodically calculated from these flow integrators. A flow recorder
continually plots time-versus-discharge flow rate from each sump; an increase in
leakage rate is detectable by an increase in sump-discharge flow time and an
increased frequency in discharge flow cycles. Increases in total leakage rate are
also detectable from records kept of flow integrator readings.

A pump running timer records the actual amount of time each sump pump runs. By
utilizing the known capacity of the sump pump and a pump-run-time, real time
comparison on average leakage rate is established. Ifthis average leakage rate
exceeds a preestablished limit, an alarm sounds in the control room.
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4.10.4 Safet Evaluation

The unidentified leakage rate limit is based, with an adequate margin for
contingencies, on the crack size large enough to propagate rapidly. The
established limit is sufficiently low so that, even if the entire unidentified leakage
rate were coming from a single crack in the nuclear system process barrier,
corrective action could be taken before the integrity of the barrier is threatened with
significant compromise.

The limit on total leakage rate is established so that in the absence of normal AC
power and feedwater, and without using the Core Standby Cooling Systems, the
leakage loss from the nuclear system could be replaced. The CRD system
furnishes 77 gpm and the RCIC system can furnish 600 gpm to the reactor vessel,
both of which are independent of feedwater. The RCIC and two of five CRD pumps
for the plant are independent of normal AC power. The limit on total leakage also
allows a reasonable margin below the discharge capability of either the floor drain
or equipment drain sump pumps. Thus, the established, total-leakage rate limit
allows sufficient time for corrective action to be taken before either the nuclear
system coolant makeup or the drywell sump removal capabilities are exceeded.
Safety design basis 1 is therefore satisfied.

A discussion of the leakage detection instrumentation is provided in the description.
This information shows that means are provided for the detection of leakage so that
corrective action can be taken before the integrity of the nuclear system process
barrier is unduly compromised. This provision satisfies safety design basis 2.

4.10.5 Ins ection and Testin

Because the sump pumps are automatically started and their operation is verified by
the alarms and discharge flow instrumentation, no special inspection or testing
during power operation of the plant is necessary. The pumps and controls are
inspected and tested during scheduled shutdowns, using procedures based on
manufacturer's recommendations and sound maintenance practices.
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4.11 Main Steam Lines Feedwater Pi in and Drains

4.11.1 Power Generation Ob'ective

The power generation objective of the main steamlines is to conduct steam from the
reactor vessel through the primary containment to the steam turbine. The power
generation objective of the feedwater lines is to provide a piping path for delivery of
water through the primary containment to the reactor vessel.

4.11.2 Safet Desi n Basis

1. The main steam and feedwater lines shall be designed to accommodate
operational stresses, such as internal pressures, without a failure which could
lead to a release of radioactivity in excess of the guideline values in
10 CFR 100.

2. The main steam and feedwater lines within the primary containment shall be
designed to withstand the effects of an earthquake without a failure which
could lead to a release of radioactivity in excess of the guideline values in
10 CFR 100.

4.11.3 Power Generation Desi n Basis

1. The main steam and feedwater lines shall be designed to allow inservice
testing and inspections.

2. The main steam lines shall be designed to conduct steam from the reactor
vessel over the full range of reactor power operation.

3. The feedwater piping shall be designed to conduct water to the reactor vessel
over the full range of reactor power operation.

4.11.4 ~OI
The feedwater piping is designed to conduct water from sources outside the primary
containment to the reactor vessel ~ The general requirements of the feedwater
system are covered in Subsection 7.10, "Feedwater Control System," and 11.8,
"Condensate and Reactor Feedwater Systems." All main steam and feedwater
piping are classified according to service and location. A diagram of the feedwater
piping is shown in Figure 4.11-1.

The main steam piping is designed to conduct steam from the reactor vessel
through the primary containment to the steam turbine. Four steam lines are utilized
between the reactor and the turbine. The use of these multiple lines permits turbine
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stop valve and main steam isolation valve tests during plant operation with a
minimum amount of load reduction. To fully achieve this objective, the four steam
lines are connected to a header upstream of the turbine stop valves. This header
placement also ensures that the turbine bypass system is connected to the used
steam lines and not to idle lines. A diagram of the main steam piping is shown in
Figure 4.5-1 of Subsection 4.5, "Main Steam Line Flow Restrictors."

Design and construction of pressure retaining piping and components of the Main
Steam System and Feedwater System were initially in accordance with the
requirements of USAS B31.1.0, 1967 Edition, as supplemented by the requirements
of the applicable GE design and procurement specifications, which were
implemented in lieu of the outdated B31 Nuclear Code Cases-N2, N7, N9, and N10.
Quality control methods were used during the fabrication and assembly of main
steam and feedwater piping to ensure that the design specifications were met.

A drain line is connected to the low points of each main steam line, both inside and
outside the drywell. Both sets of drains are connected to a header and are
connected by valving to permit drainage to the main condenser hotwell. A vent line
is provided around the final valve to the condenser hotwell to permit continuous
draining of the steam line low points. The inside steam line drains slope downward
from the steam line low point to the orifice outside the drywell. The drain line from
the orifice to the condenser hotwell slopes down to the main condenser. An
additional drain is provided from the low point of the drains to clean-radwaste to
permit purging the lines for maintenance. During operations only the outside drain
valve is open allowing continuous drainage to the condenser through the orifice.

The inside and outside steam line drains are capable of being utilized to equalize
pressure across the main steam isolation valves prior to restart following a steam
line isolation. Assuming all steam line isolation valves have closed and the steam
lines outside the drywell have been depressurized, the isolation valves outside the
drywell are opened first; the drain lines are then used to warm up and pressurize
the outside steam lines. Finally, the main steam isolation valves inside the drywell
are opened.

Feedwater line breaks are isolated on the vessel inlet side by closure of the check
valves. The break continues to be fed by feedwater until low level in the reactor
vessel is detected and the low level instrumentation actuates the main steam
isolation valves and the valves then close. Temperature sensors are strategically
located in the steam tunnel near the feedwater lines in order to sense any rise in
ambient temperature. These sensors also initiate closure of the main steam
isolation valves if the ambient temperature in the steam tunnel rises too high. I
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4.12 INSERVICE INSPECTION AND TESTING

4.12.1 Introduction

The preservice examinations at Browns Ferry were conducted using the 1971

Edition, Summer 1971 Addenda, of ASME Section XI as a guideline. The inservice
examinations performed during the first 40-month cycle were in accordance with the
1971 Edition, Summer 1971 Addenda, of ASME Section XI for Units 1 and 2; and
the 1974 Edition, Summer 1975 Addenda, of ASME Section XI for Unit 3.

The three units at Browns Ferry were put on a concurrent inspection and test cycle
beginning July 1, 1980; therefore, all inservice examinations performed during the
80-month cycle and those exams to be performed during the 120-month cycle shall
be performed in accordance with the 1974 Edition, Summer 1975 Addenda of
ASME Section XI or as stated in Sl-4.6.G, Browns Ferry Nuclear Plant Surveillance
Instruction, Inservice Inspection Program, Section 4.0, Codes of Record.

The inservice inspection and testing programs for vessels, piping, pumps, valves,
and pressure tests shall be performed in accordance with Section XI of ASME
Boiler and Pressure Vessel Code and applicable addenda as required by 10 CFR
50, Section 50.55a(g) except where specific written relief has been identified.
Several ASME Code Cases have been approved for use in the inservice inspection
program and utilization of code cases accepted by NRC Regulatory Guide 1.147,
"Inservice Inspection Code Case Acceptability ASIVIE Section XI, Division 1," as
applicable to Browns Ferry.

The inservice pressure tests program for the first interval was prepared in
accordance with the 1974 Edition, Summer 1975 Addenda of ASME Section XI for
all units. The Inservice Pump and Valve Testing Program for the first interval was
prepared in accordance with the 1980 Edition, Winter 1980 Addenda ASME Section
XI for all units.

The inservice pressure test program, inservice examination program, and inservice
pump and valve test program for subsequent intervals will be prepared in
accordance with the edition of the ASME Section XI Code as specified by the 10
CFR 50.55a requirements at the time of the update, except where specific relief has
been granted.

The examinations are performed using TVAand/or contractor personnel.
Nondestructive examination personnel shall be certified in accordance with a
program meeting the requirements of SNT-TC-1A and/or ANSI N45.2.6.
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4.12.2 ~Scc e

Periodic inservice examinations for„8rowns Ferry ASME Class 1, Class 2, and
Class 3 components. are defined in Browns Ferry Nuclear Plant Surveillance
Instruction 1-, 2-, and 3-SI-4.6.G. Periodic pump, valve and pressure testing in
accordance with'',the applicable subsections of ASME Section XI Code are defined
in Plant Procedures.

4
~

4.12.3 ~R'ill
TVA is responsible. for the performance of the".inservice inspections and tests
outlined under the scope (4.12.2) of this program.

4.12.4 Area and Extent'df Examination

The area and e,",tentof examination are.given in the instructions listed under the
scope (4.12.2) of this program.
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drywell head are designed with double gaskets with intermediate leak taps and
are thus capable of being tested for leakage.

The drywell is not normally entered during power operation, but access is
permissible during hot standby with the reactor subcritical. Provisions are made
to supply breathing apparatus to personnel while in the drywell, if necessary.
Normal environment in the drywell during plant operation is essentially
atmospheric pressure and an average ambient temperature in the range of 135'F
to 150'F. This temperature is maintained by recirculating the drywell atmosphere
across forced draft air cooling units which, in turn, are cooled by the Reactor
Building Closed Cooling Water System. (See Subsection 10.6.)

Provisions made for protection of the drywell against missiles and pipe whipping
which could damage the primary containment are discussed in paragraph 5.2.4.6.

The primary containment vessels are designed to permit flooding as a means of
postaccident recovery following a loss-of-coolant accident. A water volume of
approximately 250,000 cubic feet is necessary to accomplish containment
flooding to above core level. It is necessary to vent the containment vessels
during the reflooding process to prevent overpressurization. The standby coolant
supply used to flood the primary containment is discussed in Subsection 4.8,
"Residual Heat Removal System."

The exposed portions of the interior of the drywell were sandblasted and provided
with a protective coating consisting of an inorganic zinc primer (Amercoat
Dimetcoat 6) with an epoxy topcoat (Amercoat 66).

It is expected that this coating system will satisfactorily withstand temperatures
and pressures of the steam environment postulated during a design basis
loss-of-coolant accident as described in Section 14.0 of the FSAR. Test panels
were exposed to steam-water atmospheres under comparable or greater
temperatures and pressures with negligible deterioration. In some cases
discoloration and small (<1/8 inch) blisters were observed.

5.2.3.3 Pressure Su ression Chamber and Vent S stem

5.2.3.3.1 General Descri tion

The vent system, which connects the drywell and suppression chamber, conducts
flow from the drywell to the suppression chamber without excessive resistance
and distributes this flow effectively and uniformly in the pool following a
postulated pipe rupture in the drywell.

5.2-5



BFN-16

The suppression chamber receives this flow, condenses the steam portion of this
flow, and contains noncondensable gases and fission products driven into the
chamber. The suppression chamber-to-drywell vacuum breakers limit the
pressure differential between the drywell and suppression chamber. The
suppression chamber is designed for the same leakage rate as the drywell.

Large vent pipes form a connection between the drywell and the pressure
suppression chamber. A total of eight circular vent pipes are provided, each
having a diameter of 6.75 feet.

The vent pipes are designed for an internal pressure of 56 psig (the ASME Boiler
and Pressure Vessel Code, Section III, allows a maximum internal pressure of 62
psig) coincident with a temperature of 281'F and are designed to withstand an
external pressure of 2 psi above internal pressure. Jet deflectors are provided in
the drywell at the entrance of each vent pipe to prevent possible damage to the
vent pipes from jet forces which might accompany a pipe break in the drywell.
The vent pipes are fabricated of SA-516 steel, and comply with requirements of
the ASME Boiler and Pressure Vessel Code, Section III, Subsection B.
Expansion joints are provided on each vent pipe to accommodate differential
motion between the drywell and suppression chamber.

The pressure suppression chamber is a steel pressure vessel in the shape of a
torus below and encircling the drywell, with a centerline diameter of
approximately 111 feet and a cross-sectional diameter of 31 feet. As a result of
the torus modifications on all three units, the maximum water volume in the torus
is 127,800 ft3. The suppression chamber is held on supports which transmit
vertical and seismic loading to the reinforced concrete foundation slab of the
Reactor Building. Space is provided outside the chamber for inspection and
maintenance. The eight drywell vents are connected to a 4-foot, 9-inch diameter
vent header in the form of a torus which is contained within the airspace of the
suppression chamber. Projecting downward from the header are 96 downcomer
pipes, 24 inches in diameter, and terminating approximately 3 feet below the
water surface of the pool. T-quenchers have been added to replace the
ramshead discharge devices at the end of the main steam relief valve discharge
pipes to assure the controlled release and condensation of steam and reduce
stresses on the torus and tailpipe assemblies. The vent header and vent pipes
have the same temperature and pressure design requirements as the
suppression chamber. Vacuum breakers discharge from the suppression
chamber into the drywell to equalize the pressure'differential and to prevent a
backflow of water from the suppression pool into the vent header system.
Vacuum breaker sizing is based on Moss Landing test configurations.
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The system to establish and maintain a controlled pressure differential between
the drywell and pressure suppression chamber during normal operations is
described in paragraph 5.2.3.9.

The toroidal suppression chamber is designed to the same material and code
requirements as the steel drywell vessel. All attachments to the torus are by full
penetration welds.

The HWNN can mitigate a severe accident that would cause the pressure of the
torus to exceed 56 psig. The HWVWconnects the torus of each unit to a
common header which discharges in the stack via a 14" pipe.

During each refueling and each shutdown for required maintenance inside the
containment, the containment is purged to restore a normal air atmosphere and to
reduce the amount of gaseous and airborne radioactivity present. These purges
are accomplished through the ventilation purge connections and are normally
passed through a containment purge filter train (HEPA and charcoal filters)
before release through the normal reactor building ventilation system. A vent
from the primary containment is provided which will normally be closed, but which
will permit the vent discharge to be routed to the Standby Gas Treatment System
so that release of gases from the primary containment is controlled, and so that
effluents are filtered and monitored before dispersal through the stack.

A 30-inch suction header with a wall thickness of 1/2-inch minimum circumscribes
the suppression chamber at El. 525 feet 4 inches. Four 30-inch tees are used to
connect the suction header to the suppression chamber. The suction header is
supported vertically and horizontally by brackets attached to the 16 cradles.

Four strainers on connecting lines between the suction header and the
suppression chamber have been provided. Sizing of the strainers and connecting
pipes was conservatively based on the assumption that at least one of the four
strainers was completely plugged during the postulated accident. In addition, the
curved surface and location of the strainer minimize the possibility of clogging.

The suction header and its connecting pipes are designed, constructed, tested,
and inspected in accordance with the same requirements as the suppression
chamber. Additional safety is provided by locating the four connecting pipes in
unused portions of the suppression chamber so that they will not be directly
subjected to the water jet issuing from the downcomers. The suction header is
designed to accommodate a temperature differential between itself and the
suppression chamber. Hydraulic snubbers are used to support the suction
header to provide seismic supports that will prevent any abrupt lateral movement
due to earthquake, but will not offer resistance to relatively slow thermal
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expansion. The suction lines from the RHR, HPCI, Core Spray and RCIC
systems are supplied from this header.

The interior carbon steel surface of the suppression chamber and all other
exposed carbon steel surfaces within the suppression chamber have been coated
for corrosion protection with Valspar Hi-Build Epoxy 78:00. This coating has
passed test criteria for a design basis accident (DBA) for carbon steel substrate
as outlined in ANSI N101.2-1972 and has the best record reported in the industry
for coatings in Mark I type containments.

Additionally the following stainless steel components and structures within the
Unit 2 and Unit 3 suppression chamber have been found to be coated:

1.
2.
3.

5.
6.

T-quenchers
Main Vent Bellows
Miscellaneous support steel on the torus walkway
Electrical Conduits
Electrical Junction Boxes
Small bore piping and valve bodies

Based on the qualification of the Valspar 78 coating, the controlled surface
preparation and application of the coating on the stainless steel components by
qualified individuals, the in-place adhesion testing of the coating, and the degree
of resiliency exhibited by the coating to different removal methods, TVAhas
concluded that Valspar 78 will behave the same on stainless steel as it will on
carbon steel when applied properly. Therefore, no disbonding of the coating is
expected during design basis accident conditions.

5.2.3.3.2 Descri tion of the Su ression Pool Torus
Modifications

The original design of the BFNP containment system considered postulated
accident loads previously associated with a loss-of-coolant accident (LOCA),
seismic loads, dead loads, jet-impingement loads, hydrostatic loads (due to water
in the suppression chamber), overload pressure test loads, and construction
loads.

However, since the establishment of the original design criteria, additional
loading conditions were identified. These conditions were discovered as a result
of GE performing large scale testing of the Mark III containment design and
in-plant testing of Mark I containments. New suppression pool loads which had
not explicitly been included in the containment design bases were identified.
These loads result from dynamic effects of drywell air and steam being rapidly
released to the suppression pool (torus) during a postulated LOCA and during
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main steam relief valve discharge associated with plant transient operating
conditions. As a result, the Mark I Owners Group was established, with GE
serving as the lead technical organization.

The efforts of the Owners Group were to be accomplished in two phases: a short
term program (STP) and a long term program (LTP). The objective of the STP
was to verify that the Mark I containment and related structures were capable of
sustaining the additional hydrodynamic loads before the more detailed results of
the LTP were available. The STP structural acceptance criteria used to evaluate
the design of the torus and related structures were based on providing adequate
margins of safety, i.e., a safety-to-failure factor of 2, to justify continued operation
of the plant. A report on torus main steam relief valve piping and vent header
support modifications (Kaiser Engineer Report No. 75-83-R, dated October,
1975) was submitted to the NRC on December 18, 1975.

The NRC staffs conclusions relative to the STP are documented in
NUREG-0408, dated December, 1977. Subsequently, exemptions relating to the
structural factor of safety requirements of 10 CFR 50.55(a) were granted by the
NRC, while the more comprehensive LTP was being conducted.

The Mark I Owners Group developed the "Mark I Containment Program, Program
Action Plan" and submitted it to the NRC in March, 1977. As a result of
discussions with NRC, Revision 1 to the Program Action Plan was submitted
February 11, 1977 (GE Topical Report EW 7610.09).

TVA initiated analysis activity for the BFNP torus integrity long term program in
March, 1977.

GE and the Mark I Owners Group members worked together to develop load
definitions and structural acceptance criteria (for the LTP) that were generically
acceptable to the NRC. A partially complete Load Definition Report was issued
by GE in December, 1978. In March, 1979, the initial Load Definition Report (GE
Topical Report NEDO-21888, "Mark I Containment Program Load Definition
Report" ) was submitted to the NRC for review. A series of experimental and
analytical programs were conducted by the Mark I Owners Group to provide the
bases for the generic load definition and structural acceptance criteria. The NRC
issued NUREG 0661 (Safety Evaluation Report for the Long Term Program) in
July, 1980.

This Safety Evaluation Report included Revision 1 of the NRC acceptance criteria
for the Mark I containment LTP. GE subsequently revised and published
application guides for load definitions in September, 1980 (including revisions to
NEDO-21888 and NEDO-24583). The approved structural acceptance criteria
(NUREG-0661, Appendix A), include 27 different load combinations for which the
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entire torus, vent system, torus internals, and attached piping must be analyzed.
BFN unique analyses have been completed and associated modifications to the
torus and related structures, systems, and components have been installed.
These modifications meet the requirements of NUREG-0661.

In addition, a plant-unique main steam relief valve (MSRV) discharge test has
been performed as part of the BFNP unique analysis, as requested by the NRC in
NUREG-0661. This test confirmed the methods used to calculate containment
loads from the various MSRV discharge cases. These tests were performed after
all torus modifications significantly affecting measured torus motion effects were
in their final configuration.

The final configuration of torus integrity modifications is described in the Browns
Ferry Nuclear Plant Torus Integrity Long Term Program Plant Unique Analysis
Report (submitted to NRC in January 1984).

The operation of the units in their partially modified state has been evaluated.
The modifications improve the margin of safety of the torus.

5.2.3.4 Penetrations

5.2.3 4.1 General

In order to maintain designed containment integrity, containment penetrations
have the following design characteristics:

a. They are capable of withstanding the peak transient pressure which could
occur due to the postulated rupture of any pipe inside the drywell.

b. They are capable of withstanding the forces caused by impingement of the
fluid from the rupture of the largest local pipe or connection without failure.

c. They are capable of accommodating the thermal and mechanical stresses
which may be encountered during all modes of operation without failure.

The number and size of these penetrations are shown in Table 5.2-2.

5.2.3.4.2 Pi e Penetrations

Four types of pipe penetrations are utilized as required by stress conditions.
Type A is used where stress levels would exceed the allowable design limits ifa
bellows were not used. The design permits leak-testing of the bellows during
plant operation. Type B is used where stress levels would not exceed the
allowable design limits ifa bellows were not used. These types of penetrations
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are illustrated in Figure 5.2-3. Where stress levels are within the allowable
design limits without the use of Types A or B, the penetration assemblies
illustrated in Figures 5.2-4 or 5.2-4a are suitable.

The piping penetrations for which movement provisions are made are the high
temperature lines such as the steam lines and other reactor system lines. The
penetration sleeve passes through the concrete and is welded in the primary
containment vessel. The process line that passes through the penetration is free
to move axially, and a bellows expansion joint is provided to accommodate the
movement. A guard pipe immediately surrounds the process line and is designed
to protect the bellows and maintain the penetration seal should the process line
fail within the penetration. Insulation and air gaps are provided to reduce thermal
stress.

If necessary, these lines are anchored outside the containment to limit the
movement of the line relative to the containment. The bellows accommodates the
relative movement between the pipe and the containment shell. This design is
utilized to assure reasonable integrity of the flexing penetration during plant
operation.

The steam line, as it passes through the drywell containment vessel and the
concrete biological shield, is enclosed in a guard pipe that is attached to the main
steam line through a multiple head fitting. This fitting is a one-piece forging with
integral flues or nozzles and is designed to meet all requirements of the ASME
Boiler and Pressure Vessel Code, Section III. The forging is radiographed and
ultrasonically tested as specified by this code. The guard pipe and fittings are
designed to the same pressure requirements as the steam line. The steam line
penetration sleeve is welded to the drywell and extends through the biological
shield, where it is welded to a bellows which, in turn, is welded to the guard pipe.
The bellows assembly accommodates the relative thermal expansion of the steam
pipe and drywell. The steam pipe is guided through pipe supports at each end of
the penetration assembly to allow steam pipe movement parallel to the
penetration and to limit pipe reactions of the penetration to allowable stress
levels. Two isolation valves are provided.

The external valve is located as close to the drywell penetration sleeve as
practical, and the inside valve is located downstream of the reactor vessel main
steam relief valves.

The design of the penetration takes into account the simultaneous stresses
associated with normal thermal expansion, live and dead loads, seismic loads,
and loads associated with a loss-of-coolant accident within the drywell. For
failure of the steam, pipe taken at random, the design takes into account the
loadings given above in addition to the jet force loadings resulting from the
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failure. For these conditions, the resultant stresses in the pipe and penetration
components do not exceed the code allowable design stress.

The cold piping and ventilation duct penetrations are welded directly to the
sleeves. (See Figure 5.2-4.) Bellows and guard pipes are not necessary in this
design, since the thermal stresses are small and are accounted for in the design
of the weld joints. Small, low-pressure lines which do not connect to the reactor
system are run through larger pipes sealed by welded end plates. The plates are
drilled, tapped, and equipped with compression fittings. (See Figure 5.2-4a.)
Connections are provided for leak testing of this type penetration.

5.2.3.4.3 Electrical Penetration

The electrical penetrations include electrical power, signal and instrument leads.
A typical penetration is shown in Figure 5.2-5. The penetration assembly
consists of header plates welded into the assembly at each end to form a double
pressure barrier.

The electrical conductors are hermetically sealed into the header plates with
insulating material to form a leak tight configuration which is leak tested after
installation and provides a means for periodic testing. The penetration assembly
is welded to the containment nozzle by a single weld ring.

5.2.3.4.4 TIP Penetrations

TIP guide tubes pass from the Reactor Building through the primary containment.
The insertion guide tubes pass through double 0-ring sealed, flanged
penetrations on the primary containment. The guide tubes are connected in the
flanged penetration by means of brazing, which meets the requirements of the
ASME Boiler and Pressure Vessel Code, Section Vill. These seals would also
meet the intent of Section III of the code, even though the code has no provisions
for qualifying the procedures or performances. The flanged TIP penetrations are
bolted to flanged nozzles which are welded to the primary containment.

5.2.3.4.5 Personnel and E ui ment Access Locks

One personnel access lock is provided for access to the drywell. The lock has
two gasketed doors in series, and the doors are designed and constructed to
withstand the drywell design pressure. The doors are mechanically interlocked to
ensure that at least one door is locked at all times when primary containment is
required. The locking mechanisms will hold the doors tight against the seals, and
door design will ensure a tight seal when the doors are subjected to design
accident pressure. The space between the air-lock doors can be pressurized to
test for leakage through the door seals.
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An access hatch with double testable seals is provided on the drywell head. This
hatch is bolted in place.

Two 12-foot diameter equipment access hatches with double, testable seals are
also provided. These hatches are bolted in place. One 2-foot diameter CRD
removal hatch with double, testable seals is provided. The hatch is bolted in
place.

5.2.3.4.6 Access to the Pressure Su ression Chamber

Access to the pressure suppression chamber is provided at three locations from
the Reactor Building. There are two 4-foot diameter and one about 3 1/2-foot
diameter hatches with double testable seals and bolted covers. The access
hatches will be bolted closed when primary containment is required and will be
opened only when the primary coolant temperature is below 212'F and the
pressure suppression system is not required to be operational.

5.2.3.4.7 Access for Refuelin 0 erations

The top portion of the drywell vessel is removed during refueling operations. The
head is held in place by bolts and is sealed with a double seal arrangement. The
head is bolted closed when primary containment is required, and will be opened
only when the primary coolant temperature is below 212'F and the pressure
suppression system is not required to be operational.

The double seal on the head flange provides a method for determining the leak
tightness after the drywell head has been replaced.

5.2.3.5 Isolation Valves

The criteria governing isolation valves for the various categories of penetrations
are as follows. (See Subsection 7.3, "Primary Containment and Reactor Vessel
Isolation Control System".)

Pipes or ducts which penetrate the primary containment and which connect
to the reactor primary system, or are open to the drywell free air space, are
provided with at least two isolation valves in series.

Excluding check valves and locked closed manual valves, valves in this
category are designed to close automatically from selected signals and
shall be capable of remote-manual actuation from the control room. (See
Table 5.2-2.)
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b.

C.

The two valves are physically separated. On lines connecting to the
reactor primary system, one valve is located inside the primary
containment and the second outside the primary containment as close to
the primary containment wall as practical.

e

Lines that penetrate the primary containment, and which neither connect to
the reactor primary system nor are open into the primary containment, are
provided with at least one valve which may be located outside the primary
containment. Valves in this category are capable of manual actuation from
the control room.

Motive power for the valves on process lines which require two valves are
physically independent sources to provide a high probability that no single
accidental event could interrupt motive power to both closure devices.
Loss of power to each electrical division is detected and annunciated.

For design basis breaks in a main steam line downstream of the outboard
main steam isolation valve, isolation valve closure time is such that the
valve will be closed prior to the start of uncovering the fuel.

Valves, sensors, and other automatic devices essential to the isolation of
the containment are provided with means to periodically test the functional
performance of the equipment. Such tests include demonstration. of proper
working conditions, correct setpoint of sensors, proper speed of
responses, and operability of fail-safe features.

The control circuits for the isolation valves are designed so as to prevent
the valves from automatically reopening when primary containment
isolation logic is reset.

The leakage from HWNN Primary Containment Isolation Valves FCV-064-
0221 and FCV-064-0222 is designed, tested, and maintained to ensure the
Control Room and offsite dose limits of 10 CFR 50 and 100 are not
exceeded following a design basis accident.

The following are exceptions to the above isolation valve criteria.

Automatic isolation valves are not provided on the outlet lines from the
pressure suppression chamber to the core spray and RHR pumps. These
lines return to the containment and are required to be open during
postaccident conditions for operation of these systems.
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b. No automatic isolation valves are provided on the Control Rod Drive
Hydraulic System lines. These lines are isolated by means of the normally
closed hydraulic system control valves located in the Reactor Building, and
by means of check valves comprising a part of the drive mechanisms.

c. TIP isolation valves and small diameter instrument lines.

Automatic isolation signals are not provided to the two isolation valves for
the HWWV. These valves are closed during all design basis
accidents/events. Both valves will be maintained closed by separate
remote key-locked permissive control switches in the Main Control Room
to prevent power from being supplied to the solenoid valves which serve
the valve operators. They fail closed on loss of electrical power and/or
pneumatic supply. These valves are only opened for surveillance or to
operate the HWWV (purposely violating primary containment) to preserve
the structural integrity of the torus.

Table 5.2-2 is a listing of the principal isolation valves. The table indicates the
number and service of the valves, the motive power which actuates the valve, and
the closure time of the valve.

The main steam lines have air-powered valves. Studies have shown this
arrangement to have a high reliabilitywith respect to functional performance.
These valves are closed automatically by the signals indicated in Table 5.2-2.
(See Subsection 4.6, "Main Steam line Isolation Valves.")

Influent lines, such as the feedwater lines which connect to the reactor vessel,
have one check valve inside and one check valve or motor-operated isolation
valve outside the primary containment. An AC operator is chosen for the
motor-operated valves, since the motor is simpler in construction and is assessed
as having higher overall reliability than a DC motor for the same service. The
check valves close automatically by reverse flow through the pipe.

TIP System guide tubes are provided with an isolation valve which closes
automatically upon receipt of proper signal and after the TIP cable and fission
chamber have been retracted. Manual operator intervention to reset the insertion
logic for the TIP system is required in the event a Group 8 isolation signal causes
the TIP ball valves to isolate upon withdrawal of the probe. This feature ensures
containment integrity is maintained in the event of design basis accident. In
series with this isolation valve, an additional, or back-up, isolation shear valve is
included. Both valves are located outside the drywell. The function of the shear
valve is to assure integrity of the containment even in the unlikely event that the
present isolation valve should fail to close or the chamber drive cable should fail
to retract, if it should be extended in the guide tube during the time that
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containment isolation is required. This valve is designed to shear the cable and
seal the guide tube, if necessary, upon a manual actuation signal. Valve position
(full open or full closed) of the automatic closing valves is indicated in the control
room. Closing of the shear valves will be performed by operator action from the
control room. Each shear valve will be operated independently. The valve is an
explosive-type valve, DC operated, with monitoring of each actuating circuit
provided.

In the event of a containment isolation signal, the TIP System receives a
command to retract the traveling probes for the five machines. Upon full
retraction, the isolation valves are then closed automatically. If a traveling probe
were jammed in the tube run such that it could not be retracted, this information
would be supplied to the operator who would, in turn, investigate the situation to
determine if the shear valve should be operated.

Lines such as the closed cooling water lines, which neither connect to the reactor
primary system nor are open into the primary containment, are provided with at
least one remotely operable valve located outside the primary containment, or a
check valve on the influent line outside the containment.

Instrumentation piping connecting to the reactor primary system which leaves the
primary containment is dead ended at instruments located in the Reactor Building
except for the reactor recirculation sample line for the PASS (see Section 10.21).
These lines are provided with manual is'olation valves and an excess flow check
valve. The reactor recirculation sample line for the PASS is taken from a jet
pump instrument line downstream of the excess flow check valve with integral
restricting orifice. This small (1/2-inch, schedule 80) line is normally isolated near
the tie-in point on the jet pump instrument line by a remote manual solenoid valve
controlled from the main control room. This solenoid valve would only be open
during periodic testing of the PASS or during PASS sampling operations, post-
accident, when the reactor is at high pressures. For large break LOCA's where
reactor vessel pressure may not be sufficient to provide sufficient head to obtain
a sample from this tie-in, the PASS connection on the RHR system (see Section
10.21) would be used. Although not performing a strict containment isolation
function, this solenoid valve will be local leak rate tested since the sample line
can communicate with the environment through the PASS sample panel located
in the turbine building.

Instrumentation piping, which opens into the drywell and suppression chamber
and whose external branches terminate in dead end service and are capable of
withstanding drywell design conditions, utilize one locally operated block valve.
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The Containment Atmospheric Dilution inlet lines to the drywell and suppression
chamber contain a solenoid operated valve and a check valve. Both valves are
located outside primary containment.

All isolation valves (except nontestable check valves, Units 2 and 3 RHR/LPCI
System I and System II inboard isolation testable check valves and H~O~ CAM
sampling isolation valves) are provided with limit switches which are used to
indicate in the control room that the valves are either open or closed. For the
isolation valves in the sampling and sample return lines in the H>O~ CAM System,
the valve position is identified in the control room by indication of energization of
the solenoid valves.

All power actuated isolation valves are capable of being actuated from the control
room. The ECCS inboard isolation check valves can only be actuated during cold
shutdown when control air is connected.

5.2.3.6. Prima Containment Ventin and Vacuum Relief
Fi ures 5.2-2a-Sheets1 2 and 3

It is necessary that pressure be approximately equal between the containment
and the outside atmosphere during normal plant operation in order to ensure that
containment pressures are maintained within design limits. Therefore, the
containment is periodically vented to eliminate pressure fluctuations caused by
temperature changes during various operating modes. This is accomplished
through ventilation purge connections, which are normally closed while the
reactor is at a temperature greater than 212'F. The purge valves leading to
ductwork on Units 1, 2, and 3 are designed to isolate within 2.5 seconds to allow
purging during operation, as limited by the technical specifications. (See FSAR,
paragraph 5.3.3.6.3.) The closure time for valve 76-24 is equal to or less than
five seconds. This valve is in a hard-piped system, and a five-second closure
time meets NRC Branch Technical Position CSB 6-4. The suppression chamber
is vented separately.

Protective screens have been installed before the first isolation valve outside
primary containment in the containment purge piping to comply with CSB 6-4, to
protect the valves from debris which might affect isolation.

Automatic vacuum relief devices are used to prevent the primary containment
from exceeding the external design pressure. The drywell vacuum relief valves
draw air from the pressure suppression chamber. The pressure suppression
chamber vacuum relief device draws air from the Reactor Building.

The pressure suppression chamber vacuum relief system consists of two vacuum
breakers in series in each of two lines to atmosphere. One valve is air-operated
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and is actuated by a differential pressure signal; upon loss of electrical power or
air, the valve will fail in the open position. The second valve is self-actuating.
The combined pressure drop at rated flow through both valves does not exceed
the difference between suppression chamber design external pressure and
maximum atmospheric pressure.

The drywell vacuum breakers, which connect the suppression chamber and
drywell, are sized on the basis of the Bodega Bay pressure suppression system
tests.'he vacuum breaker flow area is proportional to the flow area of the vents
connecting the drywell and suppression pool. Their chief purpose is to prevent
excessive water level increase in that portion of the vent discharge lines that is
submerged in suppression pool water, which results in a pressure differential
across the vent pipe. The Bodega Bay tests regarding vacuum breaker sizing
were conducted by simulating a small system rupture, which tended to cause vent
water level variation, as a preliminary step in the large rupture test sequence.
The vacuum breaker capacity (twelve 18-inch valves) selected on this test basis
is more than adequate to limit the pressure differential between the suppression
chamber and drywell during postaccident drywell cooling operations to a value
which is within suppression system design values.

The drywell vacuum breaker valves FCV-64-28A thr ough 28M, are located in the
pressure suppression chamber and use silicone rubber as the seat material.
These valves function to prevent steam from bypassing the pressure suppression
chamber, thus they assure pressure suppression. The silicone valve seats are
functional for the temperature and exposure dose for several hours. The material
approaches its radiation damage limit at 10'ad after several hours; however, by
this time the valves have performed their function of assuring pressure
suppression.

5.2.3.7 Prima Containment Normal Heatin Ventilation and
Air Conditionin S stems

Maintaining each drywell average ambient temperature below 150'F during
normal plant operation assures that the insulation on motors, isolation valves,
operators and sensors, instrument cable, electrical cable and gasket materials or
sealants used at the penetrations has a sustained life without deterioration.

Each drywell is cooled during normal operation of the unit by a closed loop
ventilation system designed to hold the temperature in the drywell to
approximately 150'F average. (See Subsection 10.6, "Reactor Building Closed
Cooling Water System".) The atmosphere is circulated in the drywell by ten fans

1
Bodega Bay Preliminary Hazards Summary Report, Appendix 1, Docket 50-205, December
28, 1962

5.2-18



BFN-16

assembled in two groups of five, with one spare in each group. Each fan has an
individual cooling coil associated with it. Water from the Reactor Building Closed
Cooling Water system is employed to remove heat from the coolers.

The drywell blowers and Reactor Building Closed Cooling Water System
(RBCCWS) are kept in service upon sustained loss of offsite power. This serves
to prevent high drywell temperatures and associated equipment damage in units
that have not sustained a loss-of-coolant accident (LOCA). Continued operation
of the RBCCWS is desirable because this system provides the preferred method
of cooling the drywell; however, the RBCCWS is not essential to safety. In the
event of failure of the RBCCWS and drywell blowers such that the drywell
temperature in non-LOCA units could exceed the design value, the operator has
sufficient time to manually initiate drywell cooling using torus water, the RHR
pumps, and containment spray headers.

The loss of offsite power leads to the conservative estimates of drywell
temperature and pressure shown in Figure 5.2-5b for the short term transients in
the drywell. Emergency power reactivates the cooling which immediately
terminates the temperature and pressure rises.

Separate fans located outside the drywell are used to purge the drywell prior to
entering this area for maintenance work. (See Subsection 5.3, "Secondary
Containment System.") The Primary Containment Ventilation System is shown in
Figures 5.2-2a - Sheets 1, 2, and 3.

5.2.3.8 Containment Inertin S stem

Following each startup (within the 24-hour period subsequent to placing the
reactor in the RUN MODE), the primary containment is purged of air with pure
nitrogen until the atmosphere contains less than 4 percent oxygen. The
Containment Inerting System is used during the initial purging of the primary
containment and provides a supply of makeup nitrogen. The system consists of a
liquid nitrogen storage tank, a purge vaporizer, a makeup vaporizer,
pressure-reducing valves and controllers, and instrumentation, valves, and piping
as shown in Figures 5.2-6a and -6d.

Nitrogen is supplied from the common onsite storage tank through the common
purge vaporizer or makeup vaporizer where the liquid nitrogen is converted to the
gaseous state. The gaseous nitrogen then flows through the purge or makeup
pressure-reducing valves and flow meters into each containment pressure
suppression chamber or drywell, where it mixes with the air. A safety valve in the
nitrogen supply system prevents overpressurization of the containment.

I
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The purge supply piping is configured such that it is possible to establish a large
bypass path from the drywell to the pressure suppression chamber. If this path is
established, then the pressure suppression function of the primary containment
could be compromised. Administrative controls prevent the simultaneous purging
or inerting of the drywell and the pressure suppression chamber except when the
unit is at cold shutdown.

The drywell ventilation blowers are normally operated during the purge operation
to maximize mixing of the nitrogen and air. Gases purged from the containment
are vented either through the Reactor Building Ventilation System (containment
purge) or the Standby Gas Treatment System.

The Reactor Building exhaust route will be used for radioactivity releases of low
concentration. When releasing drywell atmosphere through the building exhaust,
the radioactivity release is filtered by both HEPA and charcoal adsorbers,
monitored, and recorded by the plant ventilation exhaust radiation monitoring
system (FSAR paragraph 7.12.6). Radioactivity in the exhaust would also be
detected by the Reactor Building Ventilation Radiation Monitoring System (FSAR
paragraph 7.12.5). High radioactivity would result in primary and secondary
containment isolation and automatic startup of the Standby Gas Treatment
System. The stack exhaust route will result in the effluent being processed by the
HEPA filters and charcoal adsorbers in the Standby Gas Treatment System. The
processed stream is then monitored by the main stack radiation system (FSAR
paragraph 7.12.3) and released through the plant stack.

Purging continues until the oxygen content of the containment atmosphere is less
than 4 percent as measured by the oxygen analyzer (Figures 5.2-6a and -6d).
This takes approximately 4 hours and requires 3 to 5 containment atmosphere
volumetric changes.

The inerting system also continues to supply makeup gas, required by
temperature changes and leakage, during planned operations. The primary
containment is held at a slight positive pressure by the inerting system as a
means of leak-rate monitoring. The atmosphere is monitored and results are
recorded in the Main Control Room. Both the purge and makeup operations of
the inerting system are controlled from the control room. A high oxygen
concentration alarm is located in the control room.

5.2.3.9 D ell-Pressure Su ression Chamber Pressure Differential S stem

Each unit has a system to maintain a controlled pressure differential between the
drywell and the pressure suppression chamber. This system consists of a
compressor connected into the primary containment purge line to form a loop
connecting the drywell and the pressure suppression chamber. Nitrogen is
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pumped from the pressure suppression chamber to the drywell to create the
pressure differential. The compressor is an Ingersoll-Rand, nonlubricated type
capable of providing 136 SCFM at a maximum discharge pressure of 125 psig.
Details of the connections into the primary containment purge line showing the
associated isolation valves and location of the compressor within the system are
shown in Detail C12 of Figure 5.3-3c.

The system is set to establish an operating pressure difference between the
drywell and the pressure suppression chamber in the range of 1.1 to 1.35 psi,
with the drywell at the higher pressure. Pressure differential control is operated
by either of two independent channels. A 0-2 psid pressure transmitter provides
the determination of system pressure differential. Water level control within the
pressure suppression chamber is also conducted with either of two transmitters
and indicators.

The system is not a safety system and therefore is automatically isolated in the
event of a LOCA. The purpose of the drywell-pressure suppression chamber
pressure differential system is to reduce the thermo-hydrodynamic loads imposed
on the pressure suppression chamber during a blowdown following a LOCA.

5.2.4 Safet Evaluation

5.2.4.1 General

The primary containment and its associated safeguards systems are designed to
accomplish four principal functions, namely:

V

a. To accommodate the transient pressures and temperatures associated
with the equipment failures within the containment,

b. To accommodate and mitigate the effects of potential metal-water reaction
subsequent to postulated accidents involving loss of coolant,

c. To provide a high integrity barrier against leakage of any fission products
associated with these equipment failures, and

d. To provide containment protection against damaging effects of missiles.

These factors are considered in the following evaluation of the integrated Primary
Containment System.
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5.2.4.2 Prima Containment Characteristics Durin Reactor Blowdown

In order to establish a design basis for the pressure suppression containment
with regard to pressure rating and steam condensing capability, the maximum
rupture size of the reactor primary system must be defined. For this design, an
instantaneous, circumferential rupture of one 28-inch recirculation line has been
selected as a basis for determining the maximum gross drywell pressure and the
condensing capability of the pressure suppression system. The selection of an
equipment failure of this size for the design basis is entirely arbitrary, since
circumferential failure of a recirculation pipe is considered to be of such low
probability as to be considered incredible. Nevertheless, for design purposes
these failure conditions have been selected to establish the containment
parameters, but the failure modes and the magnitude of failures are assessed as
being incredible.

The design pressure is established on the basis of the Bodega Bay pressure
suppression tests. The design pressure is primarily a function of the postulated
rupture area, the drywell to suppression chamber vent area and configuration,
vent submergence below the water level in the suppression pool, and the final
equilibrium pressure in the pressure suppression chamber.

In establishing the containment design, circumferential pipe ruptures are
assumed with sufficient distance separation to allow full potential flow from each
end of the pipe. Normal pipeline flow losses are not considered in establishing
rupture flow rates.

The containment design parameters listed in Table 5.2-1 are concerned primarily
with the effects on the primary containment caused by the blowdown immediately
following the postulated double-ended rupture of the recirculation piping.

The parameters having the greatest effect on drywell design pressure are the
ratio of pipe break area to total vent area, the vent submergence below the water
level in the suppression pool, initial system pressure, and the equilibrium
pressure in the pressure suppression chamber before the postulated rupture.

Sufficient water is provided in the suppression pool to accommodate the initial
energy which can be transiently released into the drywell from the postulated pipe
failure. The suppression chamber is sized to contain this water, plus the water
displaced from the reactor primary system together with the free air initially
contained in the drywell.

The difference in the key parameters is either in the conservative direction or
results in second order effects on the peak pressure, leading to the conclusion
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that the design will result in significantly lower pressure peaks than those
measured.

The primary containment response analysis to the design basis loss-of-coolant
accident is presented in Section 14.0, "Plant Safety Analysis."

The break area assumed (for the purpose of calculating the containment peak
transient pressure and establishing the break vent area ratio) was 4.2 ft'. This is
equivalent to the total area of 10 jet pump injection nozzles, and the recirculation
suction line in the broken loop. This area gives a break-to-vent area ratio of
0.015, which is within the range tested during the Bodega Bay series of pressure
suppression tests. In calculating the peak pressures, no credit has been taken
for pipe friction, the pump, and flow nozzle which will significantly reduce the flow.
The equalizing line is valved at all times when ECCS is required to be operable.

5.2.4.3 Prima Containment Characteristics after Reactor Blowdown

During the blowdown of the primary coolant into the drywell immediately following
the recirculation line break, the temperature of the suppression chamber water
approaches 135'F and the maximum primary containment system pressure is
49.6 psig. Most of the noncondensable gases would be transported to the
suppression chamber during the blowdown. However, soon after initiation of the
drywell spray, they would redistribute between the drywell and suppression
chamber via the vacuum breaker system as the spray reduces drywell pressure.

Redundant drywell instrumentation is provided in the control room for the
operator. Drywell temperatures are printed out, and the readings of any two
separated sensors can be used to determine the temperature of the drywell
atmosphere to alleviate the problem of local variations. High drywell temperature
(160'F, Process Limit) is annunciated in the control room. Drywell pressure is
indicated and recorded in the control room and torus pressure (about 2 psi lower
reading, but considered redundant indication) is, indicated in the control room.
High drywell pressure (20 PSIG, Nominal Setpoint) is annunciated in the control
room. Annunciation is also provided if either of two criteria is exceeded: (1) high
drywell pressure (35 PSIG, Process Limit), or (2) high drywell pressure (2.5 PSIG,
Process Limit) exists for approximately 30 minutes coincident with high drywell
temperature (281'F, Process Limit). This information is provided to the operator,
through both indication and alarm, for manual initiation of containment spray in
accordance with the emergency operating instructions. Therefore, the
containment temperature will be limited to its design value for all loss of coolant
accidents.
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The Unit 2 and Unit 3 Torus Water Level Monitoring Instruments LT-64-159A and
LT-64-159B measure torus water level from 2 feet above the bottom of the torus
(below the lowest ECCS suction) to 5 feet above normal level. The torus level
monitors are to be used to supply information to the operator for use in
determining the nature of an accident and for better understanding of
postaccident conditions for Unit 2 and Unit 3.

The Core Spray System removes the decay heat and stored heat from the core,
thereby minimizing core heatup and any metal-water reaction. The core heat
would be removed from the reactor vessel through the broken recirculation line in
the form of hot liquid. This hot liquid would combine with liquid from the drywell
spray and flow into the suppression chamber via the drywell to suppression
chamber'onnecting vents.

Steam flowwould be negligible. The energy transported to the suppression
chamber water would be removed from the primary containment system by the
RHR system heat exchangers in the containment cooling mode.

In order to assess the primary containment response after the blowdown and to
demonstrate the adequacy and redundancy of the core and containment spray
cooling systems, an analysis has been made of the recirculation line break under
various conditions of core and primary containment cooling. The long-term
pressure and temperature response of the primary containment has been
analyzed for the following cooling conditions:

a. One reactor core spray loop and 2 RHRS loops with 4 RHRS pumps, 4
heat exchangers and 4 RHR service water pumps-with containment spray,

b. One reactor core spray loop and 2 RHRS loops with 1 RHRS pump, 1 heat
exchanger and 1 RHR service water pump per loop-with containment
spray, and

c. One reactor core spray loop and 1 RHRS loop with 2 RHRS pumps, 2 heat
exchangers and 2 RHR service water pumps-with containment spray.

These analyses are presented in Section 14.0, "Plant Safety Analysis."

5.2.4.4 Prima Containment Ca abilit

The pressure of the primary containment system depends on both the system
temperatures and the amount of noncondensable gases. Thus, the capability of
the system to house resulting gases from metal-water reaction varies with the rate
and extent of the reaction.
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Capability is defined as the maximum percent of fuel channels and fuel cladding
material which can enter into a metal-water reaction during a specified duration
without the design pressure of the containment structure being exceeded. The
analysis of the postulated loss-of-coolant accident, discussed in Section 14.0 and
Section 6.0, shows that the operation of either of the two Core Spray Systems will
maintain continuity of core cooling such that the extent of the resultant metal-
water reaction would be less than 0.1 percent. However, to evaluate the
containment system design capability, various percentages of metal-water
reaction were assumed to take place over various durations of time. This
analysis presents an arbitrary method of measuring system capability without
requiring prediction of the detailed events in a particular accident condition. The
results are presented in Section 14.0.

5.2.4.5 Prima Containment Leaka e Anal sis

The primary containment for each unit is constructed in such a manner that it can
be verified initially that, at the maximum pressure resulting from the design basis
accident, the leakage rate is not in excess of 2.0 percent per day of the free
volume of the primary containment (L,). Two tests were performed. The initial
test was performed at a reduced pressure of 25 psig (P<) to determine the leakage
rate (L< ). The second test was performed at 49.6 psig (P,) to measure the
leakage rate (L, ). The leakage characteristics yielded by measurements L< and
L, were used to establish the maximum allowable reduced pressure leakage rate
(L<). To verify primary containment integrity throughout the service life of the unit,
periodic leakage rate tests will be performed. Details of the leakage rate tests
are provided in the Primary Containment Leakage Rate Testing Program as
referenced by Technical Specification, Section 6.8.4.3.

5.2.4.6 Missile and Pi e Whi Prevention

In the design of the primary containment and of the components therein, special
consideration has been given to missile and pipe whip prevention under the
assumed accident conditions. The following summarizes the pertinent design
considerations.

All of the containment penetrations and isolation valves are protected from pipe
whip by anchors located at or near the isolation valves.

All large pipes that penetrate the containment are designed so that, if necessary,
they have anchors or limit stops located outside the containment to limit the
movement of the pipe. These stops are designed to withstand the jet forces
associated with the clean break of the pipe and thus maintain the integrity of the
containment.
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The space between the containment vessel and the concrete is controlled, so that
in areas which are not backed up by concrete and are subjected to jet forces the
integrity of the containment will not be violated. Concrete backing is not
available for the vent openings to the suppression chamber and jet deflectors are
put across these openings for jet protection.

The quality control of the fabrication of the pipe, the inspection of the pipe, and
the conservative design of the pipe is given a high degree of attention. This
approach to prevent pipe failure is substantiated by the long history in the utility
industry, during which time no such circumferential pipe failures have been
recorded for the piping materials to be used for this plarit.

If a pipe leak should occur, means for detecting even small leaks are available in
the design so that proper action could be taken before they could develop into an
appreciable break. Therefore, based upon the conservative piping design
utilizing proven engineering design practice, the proper choice of piping
materials, the use of conservative quality control standards and procedures for
piping fabrication and installation, and extensive studies of modes of pipe failure,
it is concluded that pipes will not break in such a manner as to bring about
movement of the pipes sufficient to damage the primary containment vessel.
Nevertheless, the recirculation lines within the primary containment are provided
with a system of pipe restraints designed to limit excessive motion associated
with pipe split or circumferential break. The design utilizes a number of supports
and limit stops which permit thermal expansion of the pipe. Both types of breaks,
the circumferential break or the longitudinal split, are considered in the support
and limit stop arrangement.

Even though the emphasis has been placed on the prevention of the occurrence
of a pipe whip, special care is also taken in component arrangements to see that
equipment associated with Engineered Safety Systems, such as the core spray
and the LPCI, are segregated in such a manner that the failure of one cannot
cause the failure of the other. Both core spray lines enter the upper cylindrical
portion of the drywell and are connected to the pressure vessel nozzles in an
arrangement that precludes whip in one line from affecting the other, line. In
addition, the arrangement prevents whip of one recirculation line from affecting
both core spray lines. Each LPCI injection loop injects coolant through separate
portions of the recirculation system 180'part. Each containment spray header
and support structure is designed to withstand a load equivalent to the jet forces
associated with a break of the largest pipe within the drywell. The containment
spray headers are physically separated by 25 feet. With the exception of the
incore monitoring detectors, sensors associated with the Reactor Protection
System, including the drywell pressure detectors, are located external to the
drywell and concrete structure, and are thus protected; however, the incore
monitoring detectors are physically separated in the drywell, as are the sensing
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lines to the other aforementioned instruments. The redundant channels of
reactor level and pressure sensing lines are located in the cylindrical section of
the drywell 180'part for maximum physical separation. The redundant channels
of sensing lines are physically separated to the maximum possible extent and exit
the drywell approximately 180'part. Additionally, the control rod drive
mechanisms are located in a concrete vault that provides protection.

In addition, the energy-absorbing material is added to the interior of the drywell
surface to the maximum possible extent, in those areas potentially subject to
damage from a circumferential break at a weld joint in mainsteam, feedwater, and
RHR piping, and limited only by existing installation. The extent of this coverage
is shown in Figure 5.2-6e.

The energy-absorbing system absorbs the initial impact of the pipe section and
distributes the force over a portion of the primary containment shell and biological
shield wall concrete. The material is manufactured by the H. H. Robertson
Company and is modified type "DFK"siding with 1/4-inch steel plate spot welded
to each face. This composite material has been referred to as "Tornado Siding."
The panel protection capability was tested by a dynamic method of striking the
panels with a wood plank (4-inches x 12-inches at 105 Ib), measuring its velocity
at impact, and calculating the average energy absorption capacity. This total
average energy was calculated to be 930,000 ft-Ib/sq ft. Therefore, this siding is
capable of absorbing approximately 1 x 10't-Ib of kinetic energy/ft'.

The siding (24-inches x 24-inches panels) is attached to (1/2-inch studs, welded)
the steel containment pressure vessel. The use of small panels permits the
material to follow the contour of the vessel. The material, or the design intent of
this method of attachment, should not restrict access to piping welds or
component welds for inservice inspection. The energy-absorbing system has a
negligible effect on the free containment volume and no effect on the accident
analysis.

Although it has been concluded that, with the application of conservative piping
design and proven engineering practices, pipes will not break in such a manner
as to bring about movement of pipes sufficient to damage the primary
containment vessel, the design of the containment and piping systems does
consider the possibility of missiles being generated from the failure of flanged
joints, such as valve bonnets, valve stems, and recirculation pumps, and from
instrumentation such as thermowells. The design philosophy is that there be no
missiles which will penetrate the containment. This is accomplished in practice
through the specific design of the containment and contained systems, which
takes into account the potential for generation of missiles and minimizes the
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possibility of containment violation. In considering potential missile sources of
this nature, none have been found against which further design action is required.

The most positive manner to achieve missile prevention is through basic
equipment arrangement such that, if failure should occur, the direction of flight of
the missile is away from the containment vessel. The arrangement of plant
components takes this possibility into account even though such missiles may not
have enough energy to penetrate the containment.

Analyses have led to the conclusion that if instruments, ejected thermowells, etc.,
should become missiles, they would not have sufficient energy to penetrate the
containment. It has also been concluded that large, massive rotating
components, such as the reactor recirculating pump motors, would not have
sufficient energy to move this mass to the containment wall.

The coolant flow from a double-ended break of the recirculation piping could
cause a recirculation pump and motor to overspeed. Due to this overspeed
possibility, a study was conducted by General Electric to assess the missile
possibilities that could result from pipe breaks at various locations. The results of
this study have been submitted to the AEC by General Electric in Licensing
Topical Report NED0-10677, Analysis of Recirculation Pump Overspeed in a
Typical.General Electric Boiling Water Reactor (October 1972). This report
recommends the installation of a decoupling device between the pump and motor
to prevent destructive motor overspeed. Such a decoupling device has been
installed in Units 1, 2, and 3.

A probability study was initiated by GE to see ifadditional restraints to maintain
pipe alignment after the pipe break in order to contain the pump missiles were
warranted. This study, "Probabilistic Analysis of the Effects of Missiles Formed in
the Recirculation System Following Postulated Pipe Rupture," has been
submitted as part of Docket No. 50-333 in FSAR Supplement 20 to the James A.

. FitzPatrick Nuclear Power Plant license application.

This study concluded that:

The cost would be prohibitive because of construction delays,
1

The combined probability of a LOCA and damage to the containment from
a recirculation pump missile is sufficiently low to be identified as a Class 9
accident, and, therefore, no specific action to prevent its occurrence is
required,
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3. The probability of releasing additional radioactive material is slightly
increased when recirculation pump missiles are considered, but the overall
probability of a radioactive release is still extremely small, and

Incorporation of additional restraints would not provide substantially
greater protection for the health and safety of the public, whereas the cost
is disproportionally increased for the concomitant minimal increase in
overall safety.

The assumptions in the analysis and the piping layout inside the containment are
such that this study is conservative for the Browns Ferry Nuclear Plant. Thus,
this probabilistic study is applicable without modifications. A similar study for
missile shields, to protect the containment and piping inside the containment, was
not conducted because it would not differ substantially from this study. It would
reach the same general conclusions previously reached for additional piping
restraints. Therefore, neither additional restraints nor missile shields are
warranted in the Browns Ferry Nuclear Plant; thus, no additional corrective
measures have been taken beyond adding the decoupling device.

Also, the pump impellers and motor rotors, upon failure, would be contained
within their housings and would not generate missiles. There is the potential for
valve bonnets to become missiles based on the assumption of failure of all
bonnet bolts. This requires instantaneous, clean severance of all bolts, without
any overturning motion. The damage potential is dependent upon the size of the
valve and system in which the valve is located. Therefore, valve arrangement is
important and is taken into consideration in the overall plant design.

In addition to the care with which equipment is oriented with regard to potential
missile generation, special care is taken in component arrangements to see that
equipment associated with Engineered Safety Systems, such as the core spray
and the containment spray, is segregated in such a manner that the failure of one
cannot cause the failure of the other, or that the failure of any component which
would bring about the need for these Engineered Safeguard Systems would not
render the safeguard system inoperable. In addition, each containment spray
header and support structure is designed to withstand a load equivalent to the jet
forces associated with a break of the largest pipe within the drywell. With the
exception of the incore monitoring detectors, sensors associated with the Reactor
Protection System, including the drywell pressure detectors, are located external
to the drywell and concrete structure, and are thus protected. Additionally, the
control rod drive mechanisms are located in a concrete vault that provides
protection. The suppression chamber has no source of internal or external
missile generation, and the vent pipes joining it with the drywell are protected by
the jet deflectors. The vent discharge headers and piping are designed to
withstand the jet reaction force caused by flow discharge into the suppression
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pool. Redundant subsections of vital systems are physically separated within the
primary containment to minimize the probability that more than one redundant
subsection could be damaged.

The primary containment vessels are completely enclosed in a reinforced
concrete structure having a thickness of 4 to 6 feet. This concrete structure, in
addition to serving as the basic biological shielding for the reactor system, also
provides a major mechanical barrier for the protection of the containment vessels
and reactor system against potential missiles generated external to the primary
containment, including pipeline failures of the main steam, feedwater, HPCI
steam, RCIC steam, and reactor water cleanup lines.

There are two segmented shield plugs above the drywell, each 3-ft thick, and
separated vertically by 1 inch. The top corner, edges, and bottom corner of the
plugs are formed by 1/2-inch steel plate anchored by headed concrete anchors.
Each plug is supported along the periphery by a ledge on the drywell concrete
structure. The ledges are formed by the stainless steel plate which lines the
reactor well cavity. Headed concrete anchors are used to anchor the plate at the
ledges.

The segmented, reinforced concrete shield plug above the drywell has been
analyzed for the impact of those missiles which have been postulated to reach
the refueling floor level. These missiles are identified in GE Topical Report GE
APED-5696, "Tornado Protection for the Spent Fuel Storage Pool." November
1968. The method of analysis is that given for structural design for impulsive
loads, Chapter 3, Section IV, Department of the Army Technical Manual, TM
5-855-1, Fundamentals of Protective Design, July 1965.

The analysis shows that the top 3-ft thick plug is capable of resisting the missile
having the greatest impact energy. None of the postulated missiles will penetrate
the top plug to a depth that will cause scabbing of the underside into the 1-inch
gap above the lower plug.

To provide for possible movement as a result of operating and accident loads,
1/2-inch clearance is provided between the shield plugs and the drywell concrete
structure. Frictional forces can be developed at the plug support points on the
steel plate surfaces which form the edges of the plugs and the supporting ledges.
The plugs and the ledges are capable of resisting the forces developed.

5.2.4.7 Penetrations

In order to minimize postaccident containment leakage, the containment
penetrations are designed to withstand the normal environmental conditions
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which may prevail during plant operation, and to retain their integrity during the
following postulated accidents.

Pipelines which penetrate the containment shell, and which are capable of
exerting a reaction force due to line thermal expansion or containment movement
which cannot be restrained by the containment shell, are provided with bellows
expansion seals, appropriate guards, limit stops, or anchors as required to
maintain stresses within allowable design limits. These design features are
utilized to ensure integrity of the penetration during plant operation and during
accident conditions.

Pipelines which penetrate the containment where the reactive forces can be
restrained by the containment shell are provided with full strength attachment
welds between the pipe and the containment shell. These penetrations are
designed for long-term integrity without the use of a bellows seal. Electrical
penetration assemblies require special design consideration to achieve zero
leakage because of the design restriction imposed by creepage characteristics of
electrical insulation.

TIP guide tubes and their penetrations also require special design
considerations, due to the fact that they are the means of passage from the
interior of the reactor vessel to the Reactor Building for the TIP fission chamber
and its electromechanical drive cable. The TIP guide tubes within the RPV are
designed to ASME Boiler and Pressure Vessel Code, Section III. The drywell
penetrations have double-seal testable flange, with the guide tube brazed to the
flange as described in paragraph 5.2.3.4.4.

A personnel access lock is provided with interlocked double doors, so that access
may be made to the containment while the reactor primary system is pressurized.
Double doors are provided to assure that containment integrity is effective while
access is being made.

Equipment access hatches are sealed in place, using flexible double seals or
gaskets to assure leak-tightness. These openings are closed at all times when
containment is required.

The containment shell, electrical penetrations, and piping penetrations are
metallic components (with a ceramic filler, or equivalent, in the electrical
penetrations) that are designed to pressure vessel standards; thus, no
degradation will occur from temperature, pressure, or radiation damage.

l

Inspection and surveillance provide additional assurance of integrity and
functional performance of the penetrations. or this reason, provisions are made
to leak-test individually all electrical penetrations, the personnel access lock, the
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access hatches, and those pipe penetrations having bellows seals. This can be
accomplished without pressurizing the entire containment system. Provisions are
made in the design of the integrated containment system to monitor the gross
leakage of the primary containment as a further indication that all penetrations
are sealed during plant operation. This function is performed by the containment
atmospheric control system, as described in paragraph 5.2.3.8.

5.2.4.8 Isolation Valves

One of the basic purposes of the Primary Containment System is to provide a
minimum of one protective barrier between the reactor core and the
environmental surroundings subsequent to an accident involving failure of the
piping components of the reactor primary system. To fulfillits role as an
insurance barrier, the primary containment is designed to remain intact before,
during, and subsequent to any design basis accident of the process system
installed either inside or outside the primary containment. The process system
and the primary containment are considered as separate systems, but where
process lines penetrate the containment, the penetration design achieves the
same integrity as the primary containment structure itself. The process line
isolation valves are designed to achieve the containment function inside the
process lines when required.

Since a rupture of a large line penetrating the containment and connecting to the
reactor coolant system may be postulated to take place at the containment
boundary, the isolation valve for that line is required to be located within the
containment. This inboard valve in each line is required to be closed
automatically on various indications of reactor coolant loss. A certain degree of
additional reliability is added ifa second valve, located outboard on the
containment and as close as practical to it, is included. This second valve also
closes automatically if the inboard valve is normally open during reactor
operation. If a failure involves one valve, the second valve is available to
function as the containment barrier. By physically separating the two valves,
there is less likelihood that a failure of one valve would cause a failure of the
second. The two valves in series are provided with independent power sources.

The ability of the steam line penetration and the associated steam line isolation
valves to fulfillthe containment safety design basis (paragraph 5.2.2), under
several postulated single-failure conditions of the steam line, is shown below by
consideration of various assumed steam line break locations.

The failure occurs within the drywell upstream of the inner isolation valve.
Steam from the reactor is released into the drywell and the resulting
sequence is similar to that of a loss-of-coolant accident, except that the
pressure transient is less severe since the blowdown rate is slower. Both
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isolation valves close upon receipt of the signal indicating low water level
in the reactor vessel. This action provides two barriers within the steam
pipe passing through the penetration and prevents further flow of steam to
the turbine. Thus, when the two isolation valves close subsequent to this
postulated failure, containment integrity is attained, and the reactor is
effectively isolated from the external environment.

The failure occurs within the drywell and renders the inner isolation valve
inoperable. Again, the reactor steam will blow down into the primary
containment. The outer isolation valve will close upon receipt of the low
water level signal, and the reactor becomes isolated within the primary
containment, as above.

The failure occurs downstream of the inner isolation valve either within the
drywell or within the guard pipe.

Both isolation valves will close upon receipt of a signal indicating low water
level in the reactor vessel. The guard pipe is designed to accommodate
such a failure without damage to the drywell penetration bellows, and the
design of the pipeline supports protects its welded juncture to the drywell
vessel. Thus, the reactor vessel is isolated within the primary containment
by means of the inner isolation valve, and the primary containment
integrity is maintained by closure of the outer isolation valve. It should be
noted that this condition provides two barriers between the reactor core
and the external environment.

The failure occurs outside the primary containment between the outer
isolation valve and the turbine.

The steam will blow down directly into the pipe tunnel or the Turbine
Building. Steam releases into the tunnel are detected by temperature
sensors. When these sensors detect a high temperature condition in the
steam tunnel, they initiate main steam isolation. This action isolates
the reactor, completes the containment integrity, and places two barriers in
series between the reactor core and the outside environment. Pipe,
supports prevent containment damage. The offsite consequences of this
failure are presented in the accident analysis as discussed in Section 14.0,
"Plant Safety Analysis."

It should be noted also that the turbine stop valves, located in the steam lines just
ahead of the turbine, will provide a backup containment barrier, in addition to the
outer isolation valves, for such breaks as a, b, and c as discussed above.

5.2-33



BFN-16

The exceptions to the arrangement of isolation valves described above (1

inboard, 1 outboard), for lines connecting directly to the containment or reactor
primary system, are made only in the cases where it leads to a less desirable
situation because of required operation or maintenance of the system in which
the valves are located. In the cases where, for example, the two isolation valves
are located outside the containment, special attention is given to assure that the
piping to the isolation valves has an integrity at least equal to the containment.

The TIP system isolation valves are normally closed. When the TIP system cable
is inserted, the valve of the selected tube opens automatically and the chamber
and cable are inserted. Insertion, calibration, and retraction of the chamber and
cable require approximately 5 minutes. Retraction requires a maximum of.1-1/2
minutes. If closure of the valve is required during calibration, the isolation signal
causes the cable to be retracted and the valve to close automatically on
completion of cable withdrawal. A manually actuated shear valve is also provided
in the event the cable cannot be withdrawn. Reinsertion of the TIP probe upon
clearing of the Group 8 isolation signal requires manual operator intervention to
reset the insertion logic.

It is not necessary, nor desirable, that every isolation valve close simultaneously
with a common isolation signal. For example, if a process pipe were to rupture in
the drywell, it would be important to close all lines which are open to the drywell,
and some effluent process lines. However, under these conditions, it is essential
that containment and Core Standby Cooling Systems be operable. For this
reason, specific signals are utilized for isolation of the various process and
safeguards systems (see Subsection 7.3).

Isolation valves must be closed before significant amounts of fission products are
released from the reactor core under design basis accident conditions. Because
the amount of radioactive materials in the reactor coolant is small, a sufficient
limitation of fission product release will be accomplished if the isolation valves are
closed before the coolant drops below the top of the core.

All of the primary containment system isolation valves, shown on FSAR Figure
5.2-2a, Sheet 2, utilize either elastomer or metal seats. All the valves with
elastomer seats are located outside the primary containment. The elastomer
valve seats are designed to withstand the temperature and exposure dose for
their locations. The elastomer seat isolation valves will maintain their structural
integrity and leak tightness following a DBA. The isolation valves which utilize
metal seats will maintain their structural integrity and leak tightness following a
DBA.

Valves, sensors, and other automatic devices essential to the isolation of the
containment are provided with means for periodically testing the functional
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performance of the equipment. Such tests are necessary to provide reasonable
assurance that the containment isolation devices perform as required when called
upon to do so.

5.2.4.9 Containment Inertin S stem

In the event of a loss-of-coolant accident, the Core Standby Cooling Systems
prevent generation of significant quantities of hydrogen capable of being ignited.
Maintaining the oxygen content of the primary containment atmosphere at less
than 4 percent ensures no combustion of the hydrogen and oxygen, thus assuring
containment integrity.

5.2.5 Ins ection and Testin

The following represents areas of surveillance and testing that are provided for
the various systems or components of the primary containments as they apply
during construction or plant operation. A summary of the Primary Containment
System access requirements for inservice inspection is presented in Table 5.2-3.

5.2.5.1 Primar Containment Inte rit and Leak Ti htness

Fabrication procedures, nondestructive testing, and sample coupon tests are in
accordance with the ASME Boiler and Pressure Vessel Code, Section III,
Subsection B. Provisions were made to test the integrity of the primary
containment systems during construction phases. These tests included a
pneumatic test of the drywell and suppression chamber at 1.25 times their design
pressure in accordance with code requirements.

After installation of new penetrations in the drywell and suppression chamber,
leakage tests will be conducted in accordance with applicable codes. Periodic
integrated leakage rate tests are performed as required by the plant technical
specifications. Since both the drywell and suppression chamber have the same
design pressure, it is possible to test the entire primary containment at the same
pressure and without the necessity of providing temporary closures to isolate the
suppression chamber from the drywell. Penetrations welded directly to the
primary containment are tested with the complete containment vessel. The
necessary instrumentation is installed in the containment vessel to provide the
data required to calculate and verify the leakage rate. Inspections during these
tests, periodic inservice inspections, and tests'throughout plant life ensure early
detection and repair of any leaks or other deterioration of the primary
containment.
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5.2.5.2 Penetrations

With the exception of the pipe penetrations which are welded directly to the
primary containment shell, it is possible to leak-test individual containment
penetrations without pressurizing the entire containment system. For those with
double seals, testing may be accomplished by pressurizing the penetration
between the double seals utilizing the pressure tap. Leak detection may then be
accomplished by use of a soap solution, pressure decay, displacement, mass
flow method, or volume flow method.

Pipe penetrations which must accommodate thermal movement are provided with
double expansion bellows. The bellows expansion joints are designed for the
containment system design pressure, and the inner bellows can be checked for
leak tightness when the containment system is pressurized. In addition, these
joints are provided with a test tap so that the space between the bellows can be
pressurized to the calculated peak accident pressure to permit testing the
individual penetrations for leakage.

The drywell vent pipe expansion bellows (penetrations X-201A through H) are not
designed to be separately tested to verify leak tightness. The leak tightness of
the drywell vent pipe expansion bellows is verified during the periodic integrated
leak-rate tests of the primary containment. These expansion bellows are an
integral part of the primary containment vessel and, therefore, are not considered
as penetrations per se. These bellows were designed as Class B vessels in
accordance with the 1968 edition of the ASME Boiler and Pressure Vessel Code,
Section III, Nuclear Vessels, and Code Cases 1177 and 1330. The
manufacturing process began with a 0.078-inch thick plate made of Type 304
stainless steel that was formed into tubing, 84 inches in diameter and 24 inches
in length, with two longitudinal seam welds. These welds were given a
100-percent radiography test prior to forming the convolutions, and a magnetic
particle examination was given to all the butt welds used in the assembly process.
After fabrication, cover plates were added to each bellows in order to conduct
leak-tightness tests with Freon-12 and hydrostatic tests with 95 psig externally
applied pressure. These tests and examinations verified the structural integrity of
the bellows before the cover plates were removed in preparation for installation of
the bellows in the Browns Ferry plant. An integrated leak-test was conducted on
the completed containment (with bellows installed) that verified the initial
structural integrity of the "as-built" primary containment. Periodic integrated leak
testing of these bellows is sufficient since their normal deflections are only a
small fraction of the design values and, also, the number of flexure cycles is only
a small fraction of the limiting value. Thus, the likelihood of these bellows
developing a leak is extremely small, and the test frequency proposed is the
same as for the containment vessel proper. Sketches of the drywell vent pipe
expansion bellows are provided in Figures 5.2-6f and -6g. The pneumatic test
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pressure is 49 psig. The design pressure is 56 psig, and the manufacturer's test
pressure is 70 psig.

Electrical penetrations are also provided with double seals and are separately
testable. The test taps and the seals are so located that the tests of the electrical
penetrations can be conducted without entering or pressurizing the drywell or
suppression chamber.

All containment closures which are fitted with resilient seals, gaskets, or bellows
are separately testable to verify leak tightness. The covers on flanged closures,
such as the equipment access hatch cover, the drywell head, access manholes
and personnel air lock compartment are provided with double seals and with a
test tap which will allow pressurizing the space between the seals without
pressurizing the entire containment system. In addition, provision is made so that
the space between the airlock doors can be pressurized to full drywell design
pressure. The double 0-ring seal type penetrations are designed to allow testing
between the seals up to the containment design pressure.

5.2.5.3 Isolation Valves

The test capabilities which are incorporated in the primary containment system to
permit leak detection testing of containment isolation valves are separated into
two categories.

The first category consists of those pipelines which open into the containment
and do not terminate in closed loops outside the containment but contain two
isolation valves in series.

Test taps are provided between the two valves which permit leakage monitoring
of the first valve when the containment is pressurized. The test tap can also be
used to pressurize between the two valves to permit leakage testing of both
valves simultaneously. The valves, associated sensors, and equipment which
will be subjected to containment pressures during the periodic leakage test are
designed to withstand containment design pressure without failure or loss of
functional. performance. The functional performance of these devices has been
verified by demonstration either during the leakage tests or subsequent to the
test but prior to startup.

The second category consists of those pipelines which connect to the reactor
system and contain two isolation valves in series. A leak-off line is provided
between the two valves, and a drain line is provided downstream of the outboard
valve. This arrangement permits monitoring of leakage on the inboard and
outboard valves during reactor system hydrostatic tests, which can be conducted
at pressures exceeding the reactor system operating pressure of 1000 psig.
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Surveillance requirements for primary containment isolation valves are given in
Subsection 4.7.D of the Technical Specifications.

5.2.5.4 Containment Inertin S stem

The Containment Inerting System is proven operable by its use during normal
plant operations. Portions of the system normally closed to flow can be tested to
ensure their operability and the integrity of the system.

5.2.6 Combustible Gas Control in Prima Containment

In normal operation, the primary containment atmosphere is maintained at less
than 4.0 percent oxygen by volume, with the balance nitrogen. Following a
loss-of-coolant accident, hydrogen is evolved within the containment from
metal-water reactions, and hydrogen and oxygen are produced by radiolysis of
water. These are the only significant sources of hydrogen and oxygen. If the
concentrations of hydrogen and oxygen were not controlled, a combustible gas
mixture could be produced. To ensure that a combustible gas mixture does not
form, the oxygen concentration is kept below 5 percent by volume, or the
hydrogen concentration is kept below 4 percent by volume.

The concentration of combustible gases in containment following a
loss-of-coolant accident is controlled by a Containment Atmosphere Dilution
(CAD) system. This system is capable of keeping the concentration of oxygen in
the containment atmosphere below 5 percent when hydrogen and oxygen
generation rates specified in Safety Guide 7, Control of Combustible Gas
Concentrations in Containment Following a Loss-of-Coolant Accident, are
assumed. In the event that postaccident monitoring showed that hydrogen and
oxygen generation rates were substantially below those specified in the guide,
the system could be operated to maintain either the hydrogen concentration
below 4 percent or the oxygen concentration below 5 percent.

The CAD system shall be a shared system, capable of supplying nitrogen
to the primary containment of Unit 2 and Unit 3.

b. The CAD system shall be capable of supplying nitrogen at a rate sufficient
to maintain the oxygen concentrations of both the drywell and suppression
chamber atmospheres below 5.0 percent by volume, based on hydrogen
and oxygen generation rates as set forth in AEC Safety Guide 7, Control of
Combustible Gas Concentrations in Containment Following a
Loss-of-Coolant Accident.
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c. The containment atmosphere dilution portion of the CAD system shall be
designed as an engineered safety feature. The system shall be operated
remote-manually from the Main Control Room and shall be designed for
possible startup 10 hours after a LOCA.

d. The Containment AirMonitoring (CAM) system provides redundant
monitors for measuring oxygen and hydrogen concentrations inside
primary containment. Equipment is also provided for sensor calibration.

The CAD system shall include means for releasing gas from either the
drywell or the suppression chamber in a controlled manner. The gas shall
be released via the Standby Gas Treatment System. The containment
vent portion of the CAD system is not an engineered safety feature since
the venting function is not required to maintain the containment oxygen
concentration below the 5 percent limit. However, redundant vent paths to
the Standby Gas Treatment System are provided. Under severe accident
conditions with loss of long term decay heat removal capability, the
HWVWmay be used in lieu of CAD system venting to control primary
containment pressure. The HWNN system shall release gas from the
pressure suppression chamber directly to the plant stack via an
independent vent path.

Nitrogen storage capacity sufficient for 7 days of post-LOCA operation
shall be provided.

g. The containment pressure shall not exceed 30 psig as a result of CAD
system operation.

For Unit 2 and Unit 3, the CAD system shall provide an emergency source
of nitrogen to the Automatic Depressurization System (ADS) main steam
relief valve accumulators. This capability meets the requirements of
NUREG-0737, Item II.K.3.28. The CAD system shall provide backup
supply of nitrogen to operate the HWVWvalves in the event control air is
not available.

5.2.6.2 CAD S stem Desi n

The CAD system design is similar among units. A flow diagram of the Unit 2 CAD
system is shown in Figure 5.2-7, Sheets 1 and 2, and a control diagram is shown
in Figure 5.2-8, Sheets 1 and 2. Based on similarities between units, Figures 5.2-
7, Sheet 2, and 5.2-8, Sheet 2 are typical for Unit 2 and Unit 3. The system
includes nitrogen supply facilities and gas release facilities.
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The CAD system nitrogen supply facilities include two trains, each of which is
capable of supplying nitrogen through separate piping systems to the drywell and
suppression chamber of Unit 2 and Unit 3. Each train includes a liquid nitrogen
supply tank, an ambient vaporizer, an electric heater, a manifold with branches to
each primary containment, and pressure, flow, and temperature controls.

The nitrogen storage tanks have a total volume of 4000 gallons each. The tanks
are filled to approximately 3400 gallons maximum level leaving a gas volume
above the liquid. A required minimum level of 2500 gallons is adequate for the
first 7 days of CAD operation. The gas above the liquid in the tank is maintained
at a minimum pressure of 100 psig. The nitrogen vaporizers use the ambient
atmosphere as the heat source. Each is capable of producing 100 SCFM of gas
when the atmospheric temperature is -20'F. The gas temperature is about

20'elowambient temperature.

Unqualified electric heaters are provided for use during cold weather to warm the
gas. This is done to avoid brittle fracture problems in the carbon steel lines to
which the stainless steel nitrogen supply piping connects at the drywell and
suppression chamber. The heaters have a capacity of 3 kilowatts each and are
thermostatically controlled to maintain an effluent temperature between 50'F and
60'F. The heater in train A is supplied from reactor MOV board 1C, and the
heater in train B is supplied'from reactor MOV board 3B.

With nitrogen-operated valve 0-FCV-84-5 (train A) or 0-FCV-84-1 6 (train B)
open, nitrogen is admitted to the drywell by opening solenoid-operated valve
FSV-84-8A or FSV-84-8D, and to the suppression chamber by opening
solenoid-operated valve FSV-84-8B or FSV-84-8C. An isolation bypass switch
around FSV-84-8A 8 8D and 8B & 8C is provided to permit possible operation of
the CAD system 10 hours after a LOCA. Manual valves 84-37 and 84-38 are
preset to limit the flow to 100 CFM.

The two nitrogen storage tanks and their associated vaporizers are located
outdoors at least 150 feet south of the Reactor Building. The A tank is positioned
in front of the far west end of the Unit'2 Reactor Building, and the B tank is
positioned past the east end of the Reactor Building and the Unit 3 Diesel
Generator Building. The tanks and vaporizers are located so as to permit free
circulation of air around the vaporizers.

Nitrogen supply lines run around the south side of the Reactor Building, and
branch lines to each unit enter the building through six large steel and concrete
pipe tunnels. Inside the building, each of the six branch lines is brought to a
location near primary containment where it branches into two lines, one of which
goes to the drywell and the other to the suppression chamber. The two branches
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serving the drywell are joined and connect into the drywell air purge line (refer to
Figure 5.2-2) at a point between the drywell and the first isolation valve. The two
branches serving the suppression chamber are joined and connect into the
suppression chamber air purge line (refer to Figures 5.2-2a - Sheets 1, 2 and 3)
at a point between the suppression chamber and the first isolation valve.

Thermocouple TE-84-32 is inserted into the nitrogen supply line that connects
into the drywell air purge lines. Thermocouple TE-84-31 is inserted into the
nitrogen supply line that connects into the suppression chamber air purge line. In
the event that the temperature sensed by any of these six thermocouples drops to
45'F, an alarm is actuated in the Main Control Room. This alarm (tight) alerts the
operator that the nitrogen supply valve which is open should be closed.

Dual paths are provided for releasing gas from the drywell or the suppression
chamber. Each path includes a butterfly valve, a throttle valve, a pressure switch,
and a flow element. The butterfly valves and throttle valve FCV-84-20
automatically close on a containment isolation signal. Key operated switches are
provided for bypassing the containment isolation signals for the butterfly valves
when the reactor mode switch is not in the RUN position. Except during
surveillance testing or a LOCA, throttle valve FCV-84-19 remains closed.

Depending on the path selected, the appropriate butterfly valve in the vent
system is opened and the CAD system flow control valve FCV-84-19 or
FCV-84-20 is opened. The flow rate is regulated at 100 CFM by the flow control
valve, which, in turn, is controlled by the associated flow transmitter, FT-84-19 or
FT-84-20. Pressure switch PS-84-21 or PS-84-22 closes the flow control valve
on Units 1 and 3 when the pressure downstream of the flow elements exceeds 1

psig. The flow control valve on Unit 2 is closed when the pressure downstream of
the flow elements approaches 1 psig.

Oxygen and hydrogen monitoring systems are described elsewhwere in this
section under the heading of "CAM System".

The CAD system, including nitrogen storage tanks, vaporizers, piping, and
valves, is an Engineered Safeguards System and is designed to meet seismic
Class I requirements. The system is designed in accordance with the following:

a. United States Atomic Energy Commission (USAEC), Safety Guides for
Water-Cooled Nuclear Power Plants, revised March 10, 1971, Safety
Guide No. 7, "Control of Combustible Gas Concentration in Containment
Following a Loss-of-Coolant Accident."

b. USA Standard Code for Pressure Piping, Power Piping, USAS B31.1.0,
1967 edition, as published by the American Society of Mechanical
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Engineers, as supplemented by the requirements of the applicable GE
specifications, which are implemented in lieu of the outdated B31 Nuclear
Code Cases - N2, N7, N9, and N10. The installation is in accordance with
existing plant construction specifications for the applicable TVApiping
classification.

c. Institute of Electrical and Electronics Engineers (IEEE), IEEE 279-1971,
Nuclear Power Plant Protection Systems.

The nitrogen storage tanks and vaporizers are constructed of stainless steel and
aluminum alloy. Nitrogen supply valves and piping are of stainless steel. Carbon
steel piping and valves are used in the gas release lines.

The minimum design pressure for the CAD system piping is 150 psig. Portions of
the system are designed to withstand higher pressures.

Valves in the system which are not hand-operated employ several means for
actuation and are operable from the IVlain Control Room. Flow control valves
0-FCV-84-5 and 0-FCV-84-16 are nitrogen operated. Valves FSV-84-8A through
FSV-84-8D are solenoid operated. Valves FCV-84-1 9 and FCV-84-20 are
operated with instrument air or with nitrogen. The containment isolation valves
used in CAD system operation (FCV-64-29, FCV-64-31, FCV-64-32, and
FCV-64-34 on Figure 5.2-8) are air- or nitrogen-operated valves which fail closed
on loss of air and nitrogen. Since the station air supply might not be available in
a post-LOCA situation, nitrogen from the CAD system supply manifolds is used as
a backup gas for actuating the valves. Nitrogen from the train A manifold
supplies valves FCV-64-29, FCV-64-32, and FCV-84-1 9, while nitrogen from the
train B manifold supplies valves FCV-64-31, FCV-64-34, and FCV-84-20.

Nitrogen from the CAD system train A manifold also is used as a backup gas for
actuating the torus vacuum breaker valves FCV-64-20 and FCV-64-21 in Unit 2
and Unit 3. No special provisions are made for mixing the added nitrogen with
the containment atmosphere. The CAD concept is based on maintaining the
oxygen concentration below the Safety Guide 7 limit of 5 percent; thus, the only
concern from a mixing viewpoint is the potential degree of nonuniformity in
oxygen concentration that would occur in the containment. There are three
mixing forces existing in the containment after a loss-of-coolant accident:
diffusion, natural convection, and forced convection. Forced convection is the
most difficultmixing force to quantitatively evaluate, and detailed calculations of
its effects on concentration gradients have not been done. However, detailed
calculations have been done on the other two mixing forces, that is, diffusion and
natural convection. The details of this analysis were presented in Amendment 2
of the Duane Arnold Energy Center FSAR in response to question G1.1(d). The
referenced calculations showed that the maximum oxygen concentration
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deviation would be 2 percent from the average at the surface of the suppression
pool using conservative assumptions relative to the natural convection driving
force. Less conservative assumptions for natural convection would result in a
maximum concentration deviation of only 0.3 percent. In other words, given an
average oxygen concentration of 5 percent, the maximum concentration at
the suppression pool surface would be 5.10 percent, or, less conservatively,
5.015 percent. Based on the results of this analysis, it has been concluded that
the assumption of a uniform oxygen concentration in the containment is
reasonable.

To promote mixing, containment sprays can be operated intermittently.

CAM System

Redundant Containment AirMonitoring (CAM) systems are provided to monitor
both hydrogen and oxygen in the drywell and torus. Measurement capability is
provided over the range of 0-20 percent hydrogen concentration in a containment
pressure range of 12 psia (vacuum) to 56 psig. Continuous indication of
hydrogen concentration in the containment atmosphere is provided in the control
room.

The system consists of redundant, physically separated sampling loops
comprised of piping, isolation valves and sample return pumps; an analyzer
located outside containment; and control room readout and control equipment.
All piping and valves from the containment to the analyzer cabinets are ASME III,
Class 2. All equipment necessary for post-LOCA operation is seismic Class I.

The analyzer, cabinets and associated electrical equipment meet IEEE-279-1971,
IEEE-344-1 971 and IEEE-384-1 971 criteria. The cabinets containing the sensors
are supplied from a 120 VAC IRC bus and the pumps are powered from a 480
VAC MOV board. The solenoid operated isolation valves can be remotely
operated from the control room by a key-locked switch which overrides the
primary containment isolation signal. The system is powered from onsite Class
1E power supplies. The valves will fail closed on loss of power. The pumps used
to pull an air sample are bellows type pumps with a capacity of approximately 15
cubic feet per hour. The samples are exhausted back into the torus.

The temperature and humidity of the sample gas are controlled to ensure reliable
and accurate readings. Less than two minutes is required to pull a sample from
either the drywell or the torus. The piping and pressure retaining components are
designed to withstarid at least 56 psig. The system is also capable of operating
when the drywell or the torus is under a vacuum down to 12 psia. The valves and
instruments cabinet package are qualified to withstand a post-accident radiation
exposure without mechanical failure or accuracy degradation. The system meets
the requirements for an Engineered Safeguards System.
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CAD System Operation

The CAD system is operated manually. Following a LOCA, records will be kept of
hydrogen and oxygen concentrations and pressures in the drywell and
suppression chamber, and calculations will be made of the production rates of
hydrogen and oxygen in each of these volumes. Nitrogen additions will be made .

periodically, as needed, to keep the oxygen content below 5 percent in each
volume. Additions will be made separately to the drywell and the suppression
chamber. The amount of nitrogen to be added may be determined by the
following equation:

where V> = volume of nitrogen to be added, SCF
V~ = volume of gas in drywell or suppression

chamber before nitrogen addition, SCF

Ci = initial concentration of oxygen or hydrogen
C( = desired final concentration of oxygen or hydrogen.

If hydrogen and oxygen production rates approach those assumed in Safety
Guide 7, the containment pressure will increase and may reach the
predetermined limit of 30 psig. Before this pressure is reached, containment
venting will be commenced.

Gas releases will be made periodically and will be made separately from the
drywell and suppression chamber. Releases will be made during periods when
meteorological conditions are most favorable. Gas will be released at a rate of
about IOO CFM until the desired volume has been released. Releases are
continued until the containment pressure has been reduced to atmospheric.
Nitrogen additions will be continued during the period in which the containment
pressure is being reduced to atmospheric. Additions and releases will be made
at different times.

The operator manually controls nitrogen venting time and frequency. Changes in
containment pressure are slow. To reduce containment pressure by one psi, for
example, 19,000 SCF of gas would be released. At 100 CFM, the release time
would be about 190 minutes.
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The operator will have available to him information on the pressure, temperature,
hydrogen content, oxygen content, radioactivity in the containment atmosphere,
and amount of nitrogen added for both the drywell and suppression chamber.
Meteorological information will be available also. Using this information, an
operator can safely follow the venting procedure without exceeding the IO CFR
IOO limits following a LOCA.

5.2.6.3 Desi n Evaluation

Figure 5.2-13 shows the concentrations of hydrogen and oxygen that would exist
in containment following a loss-of-coolant accident if no dilution nitrogen were
added. Curves based on both Safety Guide 7 assumptions and on more realistic
assumptions are presented. The curves are based on an initial oxygen
concentration of 4 percent.

Figure 5.2-14 gives hydrogen and oxygen concentrations in the drywell with
nitrogen addition. Zero containment leakage, initial oxygen concentration of 4
percent, and Safety Guide 7 production rates are assumed. Similar information is
presented for the suppression chamber in Figure 5.2-15. During the first 2 days
after a LOCA, water vapor in the drywell atmosphere and hydrogen produced by
the zirconium-water reaction are sufficient to keep the oxygen concentration in
the drywell below 5 percent. In the suppression chamber, the oxygen
concentration remains below 5 percent for more than one day. Figures 5.2-14
and 5.2-15 include the effect of dilution by water vapor as well as hydrogen. The
water vapor content is based on assumed post-LOCA conditions, which give
maximum containment pressure (1 RHR, 90'F cooling water, 90'F initial
suppression pool temperature, no containment sprays operating). However, if
conditions which minimize containment water vapor content are assumed (2
RHRs, 40'F cooling water, 70'F initial suppression pool temperature,-
containment sprays operating), nitrogen addition to the suppression pool would
have to begin at about 12 hours.

Figure 5.2-16 shows the maximum amount of nitrogen required to maintain the
oxygen concentration below 5 percent, based on the Safety Guide 7
assumptions.

Figure 5.2-17 shows the "normal" post-LOCA pressure in dotted lines. The
containment pressure that would result with nitrogen addition, assuming zero
leakage and no gas release, is shown in the solid line. Figure 5.2-18 shows the
containment pressures that would result from commencing gas release at 10, 20,
and 30 days at the indicated rates, while continuing nitrogen addition at the rates
indicated by Figure 5.2-16. The radiological doses that would result from such
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gas releases are shown in Table 5.2-4. These are based on gas release through
the Standby Gas Treatment System.

For the case in which gas release is begun at 10 days, the whole body dose to an
individual at the site boundary is calculated to be 0.25 REM. The corresponding
thyroid dose is 17 REM. These values are 1 percent and 6 percent, respectively,
of the 10 CFR 100 values for an individual located at the outer boundary of the
low population zone. Figure 5.2-18 shows that the containment pressure at 10
days would be about 25 psig. Hence, CAD system operation can be carried out
without exceeding 10 percent of 10 CFR 100 doses and without exceeding a
containment pressure of 30 psig.

With the provision of a redundant CAD system vent mechanisms a backup
containment purge system is not required.

Figure 5.2-16 shows that a maximum of about 210,000 SCF of nitrogen would be
required in the first 7 days following a LOCA.

Each liquid nitrogen storage tank contains the equivalent of 278,000 SCF of
nitrogen. The nitrogen supply can easily be replenished within 7 days..

The following liquid nitrogen distribution facilities are located within 1-day travel
distance of Browns Ferry.

~SU lier Location
Approximate Mileage
from Browns Fer

Linde Division
Union Carbide Co. Huntsville, Ala. 40

Air Reduction Co.,
Inc., Gases Division Fairfield, Ala. 105

Air Products and
Chemical Corporation Decatur, Ala. 25

Each of the facilities is capable of delivering a truckload of 5000 gallons or more
of liquid nitrogen to Browns Ferry on less than 7 days notice. In normal
operation, the tanks will be refilled when evaporation losses reduce the level to
2260 gallons, which is equivalent to 210,000 SCF.
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The foregoing evaluation is based on the assumptions given in AEC Safety Guide
No. 7, which are very conservative. The CAD system has been evaluated also on
the basis of more realistic assumptions:

GHp1 = 0.2
Metal-Water reaction = 0.1 percent
5 percent X~~

Figure 5.2-13 gives the oxygen and hydrogen concentrations based on both sets
of assumptions. For the "more realistic assumptions" case, it is seen that while
the oxygen concentration reaches 5 percent at about 2 days, the hydrogen
concentration does not reach 4 percent until about 23 days. In this case, nitrogen
additions would be based on hydrogen concentration; they would not be started
for about 20 days.

Thereafter, nitrogen would be added as required to keep hydrogen below 4
percent or oxygen below 5 percent. Periodic venting would be carried out so as
to gradually reduce containment pressure. Containment pressure would follow
the "normal" post-LOCA curve shown in Figure 5.2-17 to 20 days, and would then
decrease gradually to zero at about 90 days. The dose values in Table 5.2-4 for
20 days would be applicable for this case.

All enclosed areas and compartments of the Reactor Building have been
examined with respect to possible hazards resulting from leakage from the
containment. This examination showed that leakage to open areas of the
Reactor Building will not produce hazardous gas mixtures. Adequate mixing
occurs as a result of the high diffusion rate of hydrogen and some convection.
Leakage into the space between the drywell and the surrounding concrete will not
present a hazard because there is no ignition source. In addition, there is no
ignition source in the space above the drywell head. Similarly, there are no
ignition sources in the clearance spaces between the shield plugs for the
equipment access locks, and the biological shield around the drywell.

Two areas requiring consideration are the suppression chamber room and the
personnel access room. Of the two areas, the personnel access room is the
worst case. The suppression chamber room has several openings that will allow
convective mixing with other Reactor Building areas.

The total rate of leakage from the primary containment is based on the design
criterion of 2 percent of the drywell volume per day at peak accident pressure.
The maximum concentration of hydrogen in the containment atmosphere occurs
about 2 days after the loss-of-coolant accident and is 13.2 volume percent.
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It is postulated that a substantial portion of the total drywell leakage may occur
through the two equipment access locks and the personnel airlock. The
personnel airlock is 7 feet in diameter and is equipped with an 0-ring seal. Each
equipment lock is 12-feet 10-inches in diameter.

It is assumed that the rate of inleakage to the personnel access room is 1/6 of the
total leakage from the drywell. This is very conservative, since leakage must
occur through two doors to reach the access room.

Assuming 1/6 of the drywell design leakage rate containing 13.2 volume percent
hydrogen, a purge rate of less than 10 SCFM is sufficient to maintain the
concentration of hydrogen in the personnel access room at 4 percent by volume
or less.

A convection flow path (see Figures 5.2-19, 5.2-20, and 5.2-21) exists from the
suppression chamber area to the personnel access room through floor sleeves.
The return path for the cooler Reactor Building air is through the stairwell to the
lower Reactor Building area (see Figure 5.2-21). Calculations show that a
differential temperature of 20'F will produce a flow of 10 SCFM through the
convective path described.

At the time of maximum hydrogen concentration in the drywell, the temperature
difference between the suppression chamber room and the Reactor Building area
above the personnel access room is expected to be 40'F to 60'F. After the
maximum concentration of hydrogen is reached, the concentration of hydrogen in
the containment atmosphere gradually decreases to about 10 percent by volume.
As the concentration of hydrogen decreases, the required purge flow decreases.
The minimum temperature differential will be 15'F to 20'F. Similarly, leakage
from the suppression chamber will be promptly diluted to below 4 percent
hydrogen by the convection-induced airflow through the suppression chamber
room.

It can be concluded from this analysis that no hazard is produced as a result of
leakage from the containment to enclosed areas of the Reactor Building. Further,
the Standby Gas Treatment System will remove the hydrogen from the Reactor
Building so that the hydrogen concentration in the building will not reach a
hazardous level. The volume of the secondary containment is just below 9 million
cubic feet and the Standby Gas Treatment System allowable surveillance
inleakage is given in Section 5.3.3.7. Based on this flow rate, the building volume
will be changed at least once every day.

It is not anticipated that the integrity of the primary containment will deteriorate to
a point where excessive leakage will occur following a design basis accident.
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Capability is provided to release gas from primary containment through the
Standby Gas Treatment System using CAD system vent valves should primary
containment integrity be challenged from overpressure following a design basis
accident. Under severe accident conditions with loss of long term decay heat
removal capability, the HWWVmay be used in lieu of CAD system venting to
control primary containment pressure.

5.2.6.4 Testin and Ins ections

Preoperational tests of the completed installation were conducted to establish
that individual components perform as required.

Following interconnection with the individual units, each train of the nitrogen
supply portion of the CAD system was operated to supply nitrogen to the primary
containment. Manual valves 84-37 and 84-38 in the gas supply manifold were
adjusted to limitflow to 100 CFM. The flow control valves in the gas release
paths (FCV-84-19 and FCV-84-20) were adjusted to limit flow to 100 CFM, using
air supplied through the test connections.

5.2.7 Hardened Wetwell Vent

5.2.7.1 Introduction

The consequences of several beyond design basis accident
scenarios are more severe than the accidents previously considered
herein. The primary containment pressure during these accidents is
estimated to exceed its design capacity. Thus, the primary
containment fails, potentially to the environment as well. The
HWWVprovides an emergency primary containment vent path to
prevent, or at least slow down, the buildup of potentially damaging
pressure within the primary containment.

5.2.7.2 S stem Descri tion

The HNIWVprovides a direct vent path from the torus (wetwell) to
an exhaust point inside the concrete portion of the plant stack
above elevation 666.5'. The vent flow path exits the torus via the
existing 20" suppression chamber supply, which will be isolated
during venting by the existing primary containment isolation valve
FCV-64-19. Units 2 and 3 HWWVpath consists of torus
penetration X-205, the 20" suppression chamber supply piping
downstream of valve FCV-64-20, and a 14" line to a common 14"
header. The 14" common header runs underground in the yard and
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then discharges in the stack above elevation 666.5'. Two 14"
pneumatically operated butterfly valves on Units 2 and 3 (FCV-64-
221 and FCV-64-222) provide primary containment isolation and
can be remotely operated from the Main Control Room. A manual
valve, 64-737, is located downstream of the primary containment
isolation valves to provide isolation from the common header for
maintenance purposes. The HWWVhas a maximum operating and
design pressure and temperature of 56 psig and 304'F. Electrical
power to the HWWV isolation valves shall be from essential DC
sources to ensure availability during the Station Blackout Event.

The vent pipe is safety-related TVApiping Class D (similar to ASME
III Class 2) up to and inclusive of the outboard containment isolation
valve. The downstream piping is non-safety related and is TVA
piping Class P (similar to ASME III Class 3). A pneumatic supply
from System 032 (Control Air)with System 084 (Containment Air
Dilution) backup serves each operator for primary containment
isolation valves FCV-064-0221 and FCV-064-0222. The CAD
supply and associated control air piping is safety-related and is
supported Seismic Class I to ensure its availability.

During normal plant operation, the HWWVcontainment isolation
valves will remain closed. In response to a severe accident (long-
term loss of decay heat removal), plant management could direct
the control room operators to employ the HWWVto relieve
excessive pressure within the containment. In this case, the
operator willfollowa written Emergency Operating Procedure for
HWWVoperation.

Radiolo ical Conse uencesof HWWVUse

The exhaust gases released by the HWWVfollowing a beyond
design basis accident would have initiallybeen "washed" by the
suppression pool water which would reduce the particulate
released. These exhaust gases are vented to the highest vent point
(main stack), avoiding the ground level release of radioactive
material from containment failure due to over-pressurization.
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Table 5.2-1

PRINCIPAL DESIGN PARAMETERS AND CHARACTERISTICS

OF PRIMARY CONTAINMENT

Pressure suppression chamber

internal design pressure

external design pressure

Drywell

internal design pressure

external design pressure

Drywell free volume

Pressure suppression chamber free volume (min.)

Pressure suppression pool water volume (max.)

Submergence of vent pipe below pressure

suppression pool surface (normal)

Design temperature of drywell

Design temperature of pressure suppression

chamber

Downcomer vent pressure loss factor

Break area/total vent area

Drywell free volume/pressure suppression chamber

free volume

Primary system volume/pressure suppression pool

volume

Drywell free volume/primary system volume

Containment heat removal capability

Btu/hr

Calculated maximum pressure after blowdown

(no prepurge)

Drywell

Pressure suppression chamber

Initial pressure suppression pool temperature

rise

Leakage rate at design accident pressure

(49.6 psig)

56 psig

2 pslg

56 psig

2 pslg

159,000 ft3

126,200 ft3

127,800 ft3

281'F

281'F

4.1

0.017

1.34

0.202

6.2

280x106

49.6 psig

27 pslg

40'F

2.0% per day
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Table 5.2-2
(Sheet 11 of 12)

PRINCIPLE PRIMARYCONTAINMENTPENETRATIONS ANDASSOCIATED ISOLATIONVALVES
ISLN Group PEN. No.
Signal Notes

Valve UNID Valve Type Valve Type ofService Cntmt. Normal Action
(A,B) Size Lctn. Status on

(In.) Initiating
Si al

hlax Opr. Posvcr
Time (Scc.) Open Close

Sce Notes

N/A

N/A

N/A

X-25

X-SOB

X-22

FSV-84-8D

FSV-8448

FSV-8449

SOL Gate 2 CAD Admission To Drywcll IBOC C SC N/A

SOL Globe I CAD Crosstie To DrywallControl Air OBOC C N/A N/A

SOL Globe I CAD Crosstie To DrywallControl Air OBOC C N/A N/A

AC

AC

Spring

Spring

Spring

X-SOA

X-SOD

X-SOA dr
X-SOD

X-SOC

X-SOC

X-35A

X-35B

X-35C

X-35D

X-35E

FSV-90-255 SOL Gate

FSV-90-257A SOL Gate

FSV-90-257B SOL Gate

FCV-94-501 SOL Ball

FCV-94-502 SOL Ball

FCV-94-503 SOL Ball

FCV-94-504 SOL Ball

FCV-94-505 SOL Ball

FSV-90-254A SOL Gate

FSV-90-254B SOL Gate

I Airborne Radiation Monitoring

I Airborne Radiation Monitoring

I Airborne Radiation Monitoring

I Airborne Radiation Monitoring

I Airborne Radiation hlonitoring

3/8 TIP Guide Tube

3/8 TIP Guide Tube

3/8 TIP Guide Tube

3/8 TIP Guide Tube

3/8 TIP Guide Tube

OBOC 0 GC 10

IBOC

IBOC

IBOC

IBOC

IBOC

IBOC

0 GC 10

C GC N/A

C GC N/A

C GC N/A

C GC N/A

C GC N/A

IBOC 0 GC 10

IBOC 0 GC 10

OBOC 0 GC 10

AC

AC

AC

AC

AC

AC

AC

AC

AC

AC

AC

AC

AC

AC

AC
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Table 5.2-2
(Sheet 12 of 12)

PRINCIPLE PRIMARYCONTAINMENTPENETRATIONS ANDASSOCIATED ISOLATIONVALVES

GF NERALNOTFS:

A. Unid Numbers Shown Are Typical For Allthree Units Unless Otherwise Noted.
B. This Table Does Not List AllPrimary Containment Valves, For Example, Instrument Linc Root Valves, Excess How Check Valves, Vent Valves, Panel Isolation Valves

And Panel Valves. This Table Should Not Be Used In Determining The Primary Containment Boundary Or Appendix J Testing Boundary.

NOTFS: HF.NOTES ARF, NUhIRERED TO COINCIDE IVITHTIIF,NOTFS IN SSPW

LFGFND

0 W

C
SC
GC
p
IBIC
OBOC
IBOC

Open
Closed
Stays Closed
Goes Closed
Process
InbomlInside Containment
Outboard Outside Containmcnt
Inboard Outside Containment

4.
7.
9.

5l.

Primary Containment Isolation Valve(S) Requiring LLRTAtNot Less 'Ihan 49.6 Psig.
Primary Containment Isolation Valve(S) Which May Bc LLRTWith Water And Not Included In The 60-Percent L,Tabulation, Provided ASuflicient Field
Inventory Is Availablc To Ensure The Scaling Function For AtLeast 30 Days At A Pressure Of54.6 Psig.
Primary Containment Isolation Valves That Arc In Closed Loop, Seismic Class I Lines 'Ihat WillBc Water Sealed During ADBA.These Valves WillBe Tested But
Not Included In The 60-Percent I„Tabulation.
Primary Containment Isolation Valves That Are Manually Operated.
Primary Cordainment Isolation Valves Requirin LLRTAtNot Less 1han 25-psig.
'Ihesc Components Rcquiro Local Leak Rate Testing AtNot Less Than 49.6 Psig.
The Maximum Allowable Leak Rate For 'Ihcse Valve Is 10 Scfh.

ISOIWTIONGROUP NOTFS:

Group I ~ B, D, P

Group 2 ~ A, F
Group3~A,J
Group 4 ~ L, E
Group5~K,G
Group6~A,F,Z
Group 7 (Deleted)
Group 8 ~ A, F

SIGNAL DESCRIPTION

B.
D.

F.
Q.
J.

L
p.

Reactor Vessel Low Water Level (Level 3)
Reactor Vessel Low-Low-LowWater Lcvcl (Lcvcl I)
Main Steamline Brcak(gteamline High Space Tempcraturc Or High Stcam Flow)
High Pressure Between Diaphragm Rupture Discs On HPCI Turbine Exhaust
High Drywell Pressure
High Pressure Behveen Diaphragm Rupture Discs On RCIC Turbine Exhaust
High Temperature In'Ihe Areas Occupied By RWCU Equipment (RWCU Heat Exchanger Room Or RWCU Pump Rooms 2A And 2B), Or High Temperature In
The RWCU Pipe Trcnch Or High Temperature In The Main Steam Valve Vault. Alarm And Close Cleanup System Isolation Valves.
Linc Break In RCIC SJ<cm Steamline To Turbine (High Stcaml inc Space Temperature, High Stcam How, Or LowSteamline Pressure)
Linc Break In HPCI System Steamline To Turbine (High Stcamline Space Temperature, High Stcam Flo, Or LowSteamline Prcssure)
LowMain Steamline Pressure At Inlet To Turbine (Run Modo Only)
Reactor BuildingVentilation Exhaust High Radiation
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Table 5.2-3

PRIMARYCONTAINMENTINSERVICE INSPECTION ACCESS CAPABILITIES

COMPONENT

1. Drywell
Pen etrations

2. Suppression
Chamber

3. Drywell &
Header

4. Containment
Isolation
Valves

AREA OF INTEREST

Containment boundary of all
penetrations with expansion joints
not concealed by shield wall.

Containment boundary of all
other process penetrations not
concealed by shield wall.
Electrical Penetrations.

10% of the internal submerged
surface area (excluding suction
header).

10% of internal non-submerged
surface area (excluding suction
header and internal surface of
vent system.)

10% of external surface area
(including suction header).

100% head bolting

100% Flange seal surface

Exterior surface

ACCESS PROVIDED
FOR INSPECTION
TECHNI UE

VT from at least
one side. Leak
test.

VT from at least
one side.

Leak test.

VT & PT/MT

VT&PT

VT & MT/PT

Code:

VT = Visual Inspection
PT = Liquid Penetrant Inspection
MT = Magnetic Particle Inspection
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TABLE 5.2-4

CAD SYSTEM —RADIOLOGICALDOSES

DUE TO RELEASE OF GAS FROM CONTAINMENT,

BASED ON TID-14844 FISSION PRODUCT RELEASES

Initiation
of Venting*
~Da s

10

20

30

Average
Venting Rate,

scfm

12

13

15

Whole Body Dose,
Rem

0.250

0.064

0.030

Thyroid Dose,
Rem

17

6.6

2.9

*Venting rate to produce pressure transients shown on Figure 5.2-18.
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5.3 SECONDARY CONTAINMENTSYSTEM

6,3,1 ~Sf t Ob

The safety objective of the Secondary Containment System is to limit the release
of radioactivity to the environs after an accident so that the resulting exposures
are kept to a practical minimum and are within the guideline values given in
published regulations (10 CFR 20 and 10 CFR 100 as applicable).

5.3.2 Safet Desi n Basis

The Secondary Containment System provides secondary containment when the
primary containments are intact. In the event of release of radioactivity to the
Reactor Building atmosphere, the Secondary Containment System contains the
necessary reliable, redundant components and subsystems to isolate, to contain,
and to assure controlled filtered elevated release of Secondary Containment
Building atmosphere.

The Secondary Containment System provides primary containment when any of
the three Primary Containment Systems are open such as during refueling and
maintenance operations.

'uringnormal operation and when isolated, the secondary containment is
maintained at a negative pressure relative to the building exterior. When
isolated, the secondary containment atmosphere is filtered by the Standby Gas
Treatment System and released from the plant stack. Provision is made for
removal of decay heat from activity deposited on filters.

The secondary containment inleakage rate is less than the SGTS capacity when
the building is subjected to an internal negative pressure of 0.25 inch of water.
Wind conditions are considered.

The Reactor Building superstructure siding is designed to withstand internal
pressure in excess of 57.6 Ib/ft'ithout structural failure. Pressures in excess of
50 Ib/ft'illbe relieved by blowoff panels in the siding. The above-grade exterior
concrete walls are designed for pressures up to 250 Ib/ft'ithout structural
failure. The roof is designed for 50 Ib/ft'ive load and 25 Ib/ft'ead load. The
roof internal pressure design goal is 5-inches water gauge'see page III-145 of
Reference 1). The loads from fans, ducts, and tanks are carried directly to the
building steel and do not load the deck.

NAA-SR-10100 Conventional building for Reactor Containment, Atomics International, July 25,
1965.

5.3-1
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The tornado design basis is a pressure decrease of 3 psi at a rate of 0.6 psi per
second. (See Question 2.1 of Amendment 2 of the Browns Ferry Unit 3 Design
and Analysis Report.)

The Reactor Building and the Standby Gas Treatment Building are Class I

structures. The Standby Gas Treatment System and Secondary Containment
System are designed as Class I systems except for the penetrations through the
secondary containment membrane. These penetrations are designed to limit the
inleakage flow in order to maintain a negative pressure inside secondary
containment following a Design Basis Earthquake.

The operation of the Secondary Containment System is independent of offsite
power and normal generation system capacity.

The individual components and subsystems which receive a signal to isolate
secondary containment and for operation of standby gas treatment are testable
during normal operation of the nuclear systems.

The Standby Gas Treatment System and associated ventilation system active
components are designed to the single-failure criteria for engineered safeguards.

Aircooling units provide for the removal of heat from equipment and piping losses
from RHR, Core Spray, and RCIC Systems.

5.3.3 Seconda Containment S stem Descri tion

5.3.3.1 General

The Reactor Building exterior walls, roof, floor, penetrations, and qualified
membrane extensions form the secondary containment membrane. The Raw
Cooling Water discharge lines from each unit are seismically qualified pressure
boundary extensions from the Reactor Building penetration out to the point
underground where the steel discharge lines join clay pipe in the yard. During
refueling/maintenance activities (ex., OB MSIV, FW check valve maintenance)
when secondary containment is required, secondary containment membrane may
be extended to analyzed boundaries.

The Primary Containment Systems and essentially all of the Emergency Core
Cooling Systems for the three reactors are located inside the bounds of the
Secondary Containment System. The Reactor Building substructure consists of
poured-in-place reinforced concrete exterior walls that extend up to the refueling
floor. The refueling room floor is also made of reinforced poured-in-place
concrete. The superstructure of the Reactor Building above the refueling floor is
a structural steel frame. This frame supports the roof decking and the overhead
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100 guideline values for the whole body dose. (These dose calculations were
made using the methods and assumptions discussed in Subsection 14.6 of the
FSAR.)

Each HPCI turbine steam supply line contains a flow limiter which limits the flow
to approximately three times the maximum required for the HPCI turbine. With
this flow limiter, a rupture of the HPCI steam supply line or any other line relieving
steam to the secondary containment would relieve to the zone containing the
rupture.

All of the zones are connected to the refueling floor with relief panels that are
designed to relieve at 36 Ib/ft'. They are similar in design to the main steam vault
relief panels. The Unit 1 zone panels relieve to the fuel cask hatchway. The
panels at floor El. 565 have 150 square feet of unobstructed flow area, this panel
relieves the basement rooms as well as the room at El. 565. The panels at El.
583 and El. 621.25 have 75 square feet of unobstructed area each. The El. 639
rooms relieve through stairways to the EI. 621.25, then through the panel to the
hatchway. Unit 2 and Unit 3 zones are relieved through panels located in the
large equipment hatch in the refueling floor at El. 664. Each of these panels has
300 square feet of free flow area. The elevator shafts in the Reactor Building are
not in any of the four zones. In the event of a tornado depressurization, the
elevator shafts would relieve to the refueling floor through relief panels of
25-square feet each. Each new fuel vault is vented to the refueling zone through
an 8-inch diameter vent pipe.

The exterior siding relief panels are located on the north and south walls of the
refueling room floor. The total panel area is 3200 square feet. This is equally
distributed on the north and south walls. These 1600 square feet on each wall
are divided equally along the three units even though they join a common room.
The joints in the blowout panel are similar to the other joints in the vertical
insulated siding except they are not button punched. The panels are held in
place with necked aluminum rupture bolts.

5.3.3.5 Locks and Penetration

All entrances and exits to and from the Reactor Building are through personnel
and equipment locks. These locks are shown on Figures 1.6-2, 1.6-3, 1.6-5,
1.6-6, 1.6-11, 1.6-12, and 1.6-1 3. Two personnel locks in the north wall of the
Reactor Building at EL. 565 lead to the Reactor Building from EL. 565 of the
Turbine Building. One lock leads to either Unit 1 or Unit 2, the second personnel
lock leads to either Unit 2 or Unit 3. These two personnel locks are the normal
access to the Reactor Building. Two personnel locks at El. 565 extended through
the south wall of the Reactor Building and to the outside by passing under the
berm. These are primarily emergency exits, but they will be used when
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equipment or fuel is being passed through the large equipment lock. There are
six personnel locks between the control bay and the Reactor Building at El.
621.25 and El. 593. These provide emergency exits from the control bay and
emergency access from the Reactor Building to the shutdown board rooms.
Small equipment locks serve Unit 2 and Unit 3 and lead to EL. 565 of the Turbine
Building. Two personnel locks on the north side of the refueling floor (EL. 664)
lead to the stairs for access to the Reactor Building roof and the control bay roof.

The personnel and small equipment lock doors have locking devices powered
from the 120-V AC Plant Preferred Electrical System. When one door is open,
the locking devices will be engaged, which prevents the other door from being
opened. The doors are also interlocked with a Main Control Room alarm which
annunciates in the highly unlikely event that both doors are opened
simultaneously. The doors for the personnel locks and the two small equipment
locks are weather stripped to reduce infiltration. The six emergency access locks
require a magnetically coded card-key access control system, or on failure of the
individual card readers, the door latches will be left open. Both failures will be
annunciated in the Unit 1 Main Control Room and action initiated to secure the
doors with a key-operated deadbolt.

For personnel access locks and the equipment access locks construction and
loads information. (See FSAR Section 12.2.2.1.6.)

After initial installation, all doors will be tested for operation of hinges, latches,
and keylocks. Doors and locking mechanisms are to be inspected periodically for
free operation and interlock functions. (Only one door can be opened at a time.)
These inspections include an examination of the frame sealant to determine if
cracks are developing and only normal deterioration is taking place. Also
included in the inspection program is the weather stripping which is evaluated for
fit and deterioration.

New and spent fuel and other large items enter and leave the Reactor Building
through a large equipment lock located in the south wall of Unit 1 at EL. 565. The
large motor-operated double doors at each end of the large equipment lock are
fitted with inflatable pneumatic seals. The air to operate the inflatable seal is
supplied from an air receiver that is supplied from the Control AirSystem. Two
check valves in series prevent depressurizing the system upon loss of control air.
The receiver capacity is adequate to inflate the seals twice plus the seal system
leakage for over 1 week of operation without makeup from the Control Air
System. The air system is designed so that the system leakage rate may be
determined with the seals inflated to assure that the receiver capacity is adequate
to supply inflation air for a minimum of 1 week. Low pressure in the seals on both
sets of doors can occur only when low pressure occurs in the system. Loss of
seal pressure is annunciated in the Main Control Room. The doors are
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and several small penetrations (2-inches or less nominal diameter) that provide
access to the atmosphere for equipment control penetrate above ground level
and are exposed to the ambient environment. The spare penetration is sealed on
both ends by blind flanges, and the small penetrations contain piping which is
connected to closed systems inside the Reactor Building, so the integrity of
secondary containment is preserved. Analysis has shown that the probability of
these penetrations being breached by a tornado or wind-driven missile is so
unlikely as to constitute an incredible event. Their exposure to the ambient
environment is, therefore, acceptable. All Reactor Building penetrations are
readily accessible and can be visually inspected. If the plant experiences a
tornado that threatens the integrity of secondary containment, an inspection and
test can be conducted.

Several ducts and conduit pass through the insulating siding panels. Where
these penetrations are made in the siding, the siding is sealed directly to the duct
or conduit similar to the joints where the siding is sealed to structural steel and
concrete walls.

Zone penetrations are similar to the secondary containment penetrations except
for the following:

a. Piping penetrations are designed for normal loads and do not necessarily
contain isolation valves.

b. The elevator shafts serve as locks between zones. The doors to the
elevator shafts are under administrative control rather than being
interlocked.

5.3.3.6 Reactor Buildin Heatin and Ventilatin S stem

The Reactor Building is heated, cooled, and ventilated during normal and
shutdown operation by a circulating air system. The Reactor Building Heating
and Ventilating System is shut down and isolated when that zone of secondary
containment is isolated and connected to the SGTS. While the Reactor Building
Heating and Ventilating System is not an engineered safeguard, certain
components do perform engineered safeguards functions. The double isolation
valves and the equipment area cooling units serve engineered safeguards
systems and are designed to engineered safeguards standards and criteria. The
double isolation valves are described in paragraph 5.3.3.5. The equipment area
cooling units remove the heat from the basement rooms during operation of RHR
and Core Spray Systems. These air-cooling units are described in paragraph
5.3.3.6.2.
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Fire dampers are provided in the duct penetrations through fire zone boundaries
in the Unit 2 and Unit 3 Reactor Building. The flow diagram for the Reactor
Building Heating and Ventilating Systems is shown in Figures 5.3-3a, 5.3-3b, and
5.3-3c.

5.3.3.6.1 Basic Ventilatin S stem

The ventilation system provides 100 percent makeup air. Outside air is taken
from grade level on the south side of the Reactor Building. The air is filtered,
then passes across hot water coils for winter heating and through evaporative
coolers for summer cooling, and, hence, to four supply fans per unit. Two
100-percent capacity supply fans per unit furnish air to the refueling zone. Two
100-percent capacity fans supply air to each of the unit reactor zones. The filters,
coils, coolers, and supply fans are located outside the Reactor Building.

The ventilation system supplies 45,000 cfm of air per unit to the refueling room
(this can be reduced to 22,500 cfm during heating season). This provides a
minimum of 2.7 changes of air per hour, except in the heating season when the
flow may be reduced to a minimum of 1.35 changes of air per hour. The air is
distributed to the south side only of the refueling room. The air flow in the room is
directed across the clean areas to the less clean areas and finally collected
around the periphery of the fuel storage pool (including the dryer and separator
pool and refueling well when primary containment is open) and other areas of
high potential for contamination.

The reactor zone ventilation system supplies 94,000 cfm of air per unit (this can
be reduced to 50,000 cfm during the heating season). This provides 4.0 changes
of air per hour, except during the heating season when the flow may be reduced
to 2.0 changes per hour. This air is distributed to the clean areas of the four main
floors (El. 565, El. 593, El. 621.25, and El. 639). A portion of this air is collected
for exhaust after sweeping across the open rooms. The remainder of the air flows
to areas with a higher potential for contamination, and then is collected for
exhaust. Rooms below El. 565 are ventilated by supplying air down the open
stairwells to each of the corner rooms, then into the pressure suppression
chamber and the HPCI room where the air is collected for exhaust. The TIP
room, the steam and feedwater valve room, and all rooms containing Reactor
Water Cleanup System components are maintained at a negative pressure. Air
flows from the main rooms into these rooms through backflow dampers. The
exhaust from the CRD repair room is routed through HEPA filters directly into the
reactor zone exhaust system upstream of the radiation monitors. The exhaust
from these rooms is collected and routed to the Reactor Building roof.

The ventilation air from the Reactor Building is ducted to exhaust fans located on
the Reactor Building roof. One-hundred percent standby exhaust-fan capacity is
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provided. The refueling zone fans exhaust through a fan stack with the top at El.
730.25. The reactor zone fans exhaust through a fan stack with the top at El.
733.25. The air from each zone is monitored before release. High activity will
isolate the secondary containment ventilation zones with the high activity (see
Subsection 5.3.3.2). Normal ventilation air exhaust is not filtered.

Waste heat from the primary coolant recirculating pump MG set is removed by
the Raw Cooling Water System.

5.3.3.6.2 E ui mentArea Coolin

The RHR pumps and the core spray pumps are located in the basement rooms of
the Reactor Building. The heat loss from the motors, pumps, and piping is
removed with air-cooling units. The air-cooling units are designed to maintain the
air at 148'F when the unit is supplied with 95'F cooling water. There is one
air-handling unit for each RHR pump. The cooled discharge from each
air-handling unit is ducted to and directed across the RHR pump motor. One
air-handling unit serves both core spray pumps in the same compartment. The
cooled air-handling unit discharge flow is divided, with half directed to and across
each spray pump motor. Each unit in the RHR rooms removes 405,000 Btu/hr
under design conditions. The units in the core spray pump rooms remove either
508,000 or 405,000 Btu/hr. The larger units are installed in the core spray rooms
that contain control rod drive pumps.

A reliable Class l source of cooling water for the Core Spray pump room cooling
units and the RHR pump room equipment area cooling units is supplied from the
Emergency Equipment Cooling Water System. The EECW system is described
in Subsection 10.10, "Emergency Equipment Cooling Water System."

The electric power for the equipment area cooling units is taken from the 480-V
Reactor MOV boards. The cooling units in each RHR pump room are fed from
separate, independent boards of the same divisional power source as the pumps.

An equipment area air-cooling unit starts automatically when a RHR pump (or a
core spray pump) in that compartment starts. The air-cooling units also start
automatically when compartment temperatures approach 100'F. The control
system meets the single-failure criteria of lEEE-279.

The equipment area cooling units are factory-assembled self-contained package
units. The package unit and the associated ducting are designed to withstand
the maximum earthquake.
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5.3.3.6.3 Prima Containment Pur e

The Reactor Building ventilation system can supply 6000 cfm to each drywell or
6000 cfm to each pressure suppression chamber. This air is used for purge and
ventilation of the Primary Containment System. The purge and ventilation
exhaust from the primary containment is first processed by a filter train assembly
and then channeled through the Reactor Building roof exhaust system. Such an
installation allows either the drywell or the suppression chamber to be purged on
each of the three plant units simultaneously.

The purge supply piping is configured such that it is possible to establish a large
bypass path from the drywell to the pressure suppression chamber. If this path is
established, then the pressure suppression function of the primary containment
could be compromised. Administrative controls prevent the simultaneous purging
or inerting of the drywell and the pressure suppression chamber except when the
unit is at cold shutdown. The primary containment purge and ventilation system
is isolated from the primary containment by two isolation valves in series, during
power operation. Furthermore, these valves cannot be reopened if high radiation
exists in the Reactor Building ventilation ducts. These valves are part of the
primary containment that is described in Subsection 5.2, "Primary Containment
System."

An operability analysis of the containment purge valves was performed to justify
the design of the containment purge system. The analyses show that the purge
valves are adequate for closure against DBAforces. Modifications (new
solenoids) have been made on the purge line isolation valves on all units to
reduce the valve closure times for the large purge valves from about 15 seconds
to less than 5 seconds. The reduced stroke time brings the valve closure time
into conformance with NRC Branch Technical Position CSB 6-4. This
significantly reduces the analytical dose and also protects against pressurization
of appurtenant duct work as discussed in TVAsubmittals (L. IVI. Mills to Thomas
A. Ippolito) dated March 17, 1980 and June 2, 1981 and resolved in an NRC
letter to TVA (D. B. Vassallo to H. G. Parris) dated July 1, 1985. In addition, six
purge valves have been rotated to assure a uniform flow distribution on the valve
disc. Debris screens on the purge lines have also been provided to ensure that
isolation valve closure is not prevented by debris which might become entrained
in the escaping steam and air. These provisions allow use of the main purge
valves, as restricted by the technical specifications, during operation. The purge
valves involved are shown schematically in Figure 5.3-10.

The, purge and ventilation filter assembly contains the following components in
sequence of flow: a high-efficiency particulate absolute filter, a carbon absorber,
and a fan.

5.3-14



The first component of the filter assembly is a HEPA filter. This filter assembly
has the capability of removing radioactive particulate 0.3 micron in size and
larger with an efficiency of 99.95 percent. The bank consists of six 2-foot square
standard high-efficiency particulate filter elements. Each filter has a waterproof,
fire-retardant, glass fiber filter media in a frame.

The second component is an activated charcoal bed. The adsorber unit is a
standard size unit tray type capable of removing 99.955 percent of radioactive
iodine as elemental iodine and 85 percent of radioactive iodine as methyl iodine
with an intake flow at 90 percent relative humidity. The holding capacity is 2.5
milligrams of radioactive iodine per gram of carbon with 95 percent elemental
iodine and 5 percent methyl iodine. The minimum retention time of the air is
0.25 seconds.

The final component in the filter assembly is a centrifugal fan having a capacity of
6000 cfm at 8.5-inches water gauge. The fan is driven by a 15-hp, V-belt drive,
electric motor.

5.3.3.7 Standb Gas Treatment S stem

The Standby Gas Treatment System provides a means for minimizing the release
of radioactive material from the containment to the environs by filtering and
exhausting the air from any or all zones of the Reactor Building and maintaining
the building at a negative pressure (such that air leakage is into, not out of, the
building) during containment isolation conditions. Elevated release is assured by
exhausting to the plant stack.

The basic system consists of a suction duct system, three filter trains and
blowers, and a discharge vent system. The suction duct system exhausts from
the normal ventilation discharge of each of the three reactor zones ahead of the
isolation valves and from the refueling zone independent of the normal ventilation
system. Each train contains seven major components. In the direction of flow,
these components are: (1) moisture separator, (2) relative humidity heater, (3)
prefilter, (4) upstream HEPA filter, (5) charcoal filter, (6) downstream HEPA filter,
and (7) blower. The second through seventh components are, in order,
approximately 1.5, 5, 10, 13, 20, and 34 feet, respectively, from the moisture
separator.

The three filter trains and blowers are arranged in parallel and are located in two
Standby Gas Treatment System buildings. (See Subsection 12.2, "Principal
Structures and Foundations".) In the SGTS building containing two filter trains
and blowers, each blower is normally aligned with its respective filter train, but
either blower can be used with either filter train. Inside this building, the trains
are separated by a 42-inch thick concrete-shield wall. The third train is located in
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the second building. All three trains share a common suction manifold. In this
way, each of the three trains is connected to all three reactor zones and the
refueling zone. Upon an accident signal, all three SGTS units will start.

Allowable surveillance inleakage occurs as a result of ongoing secondary
containment maintenance and/or modifications, siding and roof leakage, HVAC
damper leakage, airlock door leakage, penetration leakage, and other similar
leakages. The limiting value for the allowable surveillance inleakage is specified
by Technical Specification 4.7.C.1.a. The design basis margin is the flow
required to compensate for the increase in leakage following a design basis
event. The design basis margin is based on a calculated value of the increased
leakage through the secondary containment boundary due to a design basis
event. The minimum acceptable capacity is the sum of the allowable surveillance
inleakage and the design basis margin. The minimum acceptable flow rate of two
SGTS trains is equal to the flow rate defined by the minimum acceptable
capacity.

The three Standby Gas Treatment blowers share a common discharge header
which is connected to the 600-foot high plant stack through a dual underground
piping network. Both Standby Gas Treatment buildings are located west of the
Reactor Building under the berm. The diagram of the Standby Gas Treatment
System is shown on Figures 5.3-3a, 5.3-3b, and 5.3-3c.

The ducts, filter trains, blowers, and associated valves are designed to withstand
the maximum earthquake without impairing the ability of the system to operate at
design capability. The design of the ducts and equipment, such as valves and
operators, etc., prevents introduction of foreign materials such as lubricants into
the air stream.

The radiolytic heating in the filter train is approximately 2650 watts. Any heat is
removed by the flowing air when a train is in service. When it is required to
remove heat from one train with the other trains in service, a small bypass stream
is drawn through the train that requires heat removal.

When it is necessary to remove heat with all trains shut down, a stream of room
air is supplied to the train that requires cooling, then exhausted up the stack by
one or more of the blowers. All of the cooling functions are controlled manually
from the main control center. All power-operated valves and dampers have
position-indicating lights in the Main Control Room.

The Units 1, 2, and 3 air dilution ducts, the Units 2 and 3 air dilution duct cross
connects to SGTS, the cubicle exhaust duct, the steam packing exhaust duct, and
the cubicle and steam packing exhaust bypasses are automatically isolated from
the stack and SGTS by redundant, safety-related, backdraft dampers which shut

5.3-16



BFN-16

on backdraft or no flow during periods of SGTS operation. Such isolation limits a
ground-level release from SGTS in the event that the dilution fans are not
operating. Because the dilution fans are not nuclear safety-related, their
operation cannot be assured during or after a design basis accident. Subsection
14.6, 'Analysis of Design Basis Accidents', includes the evaluation of the
radiological consequences from Design Basis Accidents which require the use of
these isolation dampers to mitigate the radiological consequences.

In the event the refueling zone secondary containment is violated or degraded, as
for example during forced/unplanned maintenance of the building roof or siding,
the refueling zone can be isolated from the reactor zones. While in this
configuration, operations can continue in the unit reactor zones; however,
handling of spent fuel and all operations over spent fuel pools and open reactor
wells containing fuel is prohibited. This is a temporary condition allowed by plant
Technical Specifications but is not intended to be utilized for normal building
maintenance. In this configuration, the suction of the standby gas treatment
system in the refueling zone will be partially blocked with a suction area of the
proper size left open to assure that in the case of isolation of one of the reactor
zones, the correct reduction in air pressure will be obtained in the isolated
zone(s).

Each zone is isolated from the suction duct system of the Standby Gas Treatment
System filter trains by two low-leakage dampers in parallel, either one of which is
sized to carry 15,000 cfm flow. The dampers open automatically upon zone
isolation and may be controlled manually from the Main Control Room.

The standby gas treatment flow rate is measured downstream of the filter trains.
The flow rate is indicated in the Main Control Room during SGTS operation.

The moisture separator is designed to remove 99.9 percent of moisture particles
2 microns or larger, and 30 percent of 1-micron sized particles. The design inlet
conditions are 9000 cfm of 140'F air with 36 Ib/min of entrained moisture. The
separator consists of six 2-foot square woven mesh modules with the mesh
mounted vertically. Separator pressure drop is less than 1.2-inches water gauge
with the design flowconditions. The filterwillwithstand a pressure differential of
4-inches water gauge without structural damage.

The moisture separator drains by gravity to two standby gas treatment sumps.
Sump pumps powered from the 480-V diesel auxiliary boards for trains A and B

sump and 480-V SGT board for the train C sump, pump the drains from the sump
to the Radwaste Building waste collector tank.

I

The second component of each filter train is an electric air heater capable of an
output of at least 40 kW. The purpose of the air heater is to reduce the relative
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humidity of the influent to less than 70 percent. The heater is energized
automatically with startup of the Standby Gas Treatment System and remains
energized throughout operation. The heater is interlocked with flow and
temperature to prevent heater burnout with low air flow or high heater
temperature.

A bulb and capillary type temperature sensor is used in conjunction with the
relative humidity heater. The sensor is mounted near the heater module and is
close to the heater elements, with an air space between. The sensor is set to trip
the heater off at a sensor temperature of 180'F and thus prevent overheating.
Two flow switches (redundant) downstream of the blower would also trip the
relative humidity heater under a low flow (2000-4000 cfm) condition. In addition,
the heaters are wired from the fans so that when the fan shuts down or loses
power, the heater is deenergized.

The heater is made of hairpin elements; each Incoloy-sheathed element is 0.5
inch in diameter. The pressure drop across the element is about 0.1-inch water
gauge. The heaters are powered from the 480-V diesel auxiliary boards for trains
A and B and from the 480-V SGT board for train C.

The third element of the filter train is a prefilter. The prefilter is used to remove
large particulates and protect the high-efficiency particulate filter. The prefilter
has an efficiency of at least 40 percent using the NBS dustspot method with
atmospheric dust. The clean pressure drop is less than 0.2-inch water gauge.
The filterwillwithstand a differential pressure of 1-inch water gauge without
structural failure.

The fourth unit in the filter train is a high-efficiency particulate filter. This filter
removes radioactive particulates 0.3 micron in size and larger with an efficiency
of up to 99.97 percent. The bank consists of nine 2-foot square filter elements of
the standard high-efficiency particulate filter element design. Each filter has a
waterproof, fire-retardant, glass-fiber filter media built in an integral frame. The
frame of each element is held against a gasket and a flat plate surface by four
independent clamps. Periodic inplace testing assures that the filter efficiency is a
99 percent using the standard DOP test. The clean pressure drop is less than
1-inch water gauge. The filter is capable of withstanding a moisture loading in
the form of mist or fog that will produce a pressure of 10-inches water gauge for
15 minutes; the filterwill not suffer permanent damage or a decrease in efficiency
after the filter has dried out. The fifth element in the filter train is an activated
charcoal bed. The charcoal adsorbers in each train of the Standby Gas
Treatment System are mounted in dual tray module stainless steel drawers. A
train has 27 of these drawers with each drawer having a nominal rating of 330
cfm. Each drawer contains approximately 44 lb. of charcoal-a total of 1200 lb.
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per train. The drawers are arranged in a single bank of nine horizontal rows, with
each row being three drawers wide. The drawers are mounted in a rigid welded,
leaktight, stainless steel case. The air flows vertically through each drawer
containing a 2-inch thick layer of charcoal. This vertical air flow through the
charcoal is equally distributed across all of the drawers. The drawers are sealed
to the bulkhead frame with continuous gaskets. The drawers are held in place
with individual clamps. The flow resistance of the clean charcoal bed is less than
1 inch of water gauge. The minimum residence time in the adsorbent is 0.25
second per 2-inch bed depth.

Charcoal decay heat removal air flows are established through the cross connection
duct of any idle SGTS filter train provided the two remaining filter train fans are
operating and the respective decay heat inlet damper (FCO-65-4,-26 or -52) is
open. Also by running an individual filter train's fan and opening up either it's decay
heat inlet damper of it's normal inlet damper (FCO-65-3, -25 or -51) charcoal decay
heat can be removed.

Any one of the methods is adequate to prevent excessive charcoal temperatures
or iodine desorption.

A humidity detector upstream of the charcoal initiates alarms in the Main Control
Room when relative humidity exceeds 80 percent.

The impregnated charcoal has a minimum ignition temperature of 330'C (625'F).
The maximum ash content is 6.5 weight percent maximum. The particle size is
8-14 Tyler mesh with a.packed density of 0.39 to 0.45 grams per cc and a BET
surface area of 1400 to 1500 square meters per gram.

The charcoal in all three trains is maintained above the maximum dewpoint
temperature of the gas that could enter upon startup of the Standby Gas
Treatment System by an electric heater installed in the inlet of each train capable
of an output of at least 40 kW. The purpose of the heater is to reduce the relative
humidity of the influent. The heater is energized automatically with startup of the
Standby Gas Treatment System and remains energized throughout operation,
except during low flow or high heater temperature.

It has been demonstrated that with a minimum 10 hours of operation per train per
month that moisture buildup on the charcoal absorber is not a problem.

Typically, the laboratory test for activated carbon shows its capability of removing
at least 95 percent of iodine in the form of methyl iodide, CH~I, and 95 percent of
elemental iodine under entering conditions of 70 percent relative humidity. The
Chapter 14 analysis of design basis accidents assumes a charcoal filter efficiency
of 90 percent.
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The sixth unit in the filter train is a second high-efficiency particulate air filter.
This filter is identical in characteristics to the first HEPA filter; however, the
function is not the same. Since the first filter removes essentially all (99 percent)
of the particulates from the Reactor Building atmosphere prior to it reaching the
charcoal absorber, the function of the second HEPA filter is to preclude the
passage of any remaining radioactive particulates, especially carbon from the
charcoal absorber. This function is ensured by performance of DOP testing
discussed 5.3.5.2.

Filter trains A and B are cross-connected downstream of the second
high-efficiency particulate filter. The cross connection is isolated by a single
electrically operated damper (FCO-65-22) which can be manually operated from
the Main Control Room, this damper is normally closed. Two manual dampers
(DMP-65-24 and -2) are in parallel to FCO-65-22, these dampers are locked in
their required positions. Filter train C is cross-connected through a bypass heat
decay line via manual valve DMP-65-66 which is left open.

The last element in the Standby Gas Treatment System filter train is a blower.
The blower is a heavy-duty industrial fan that develops approximately 16 inches
of water gauge pressure while delivering approximately 9500 cfm. Each fan is
driven with a 30-hp electric motor through a V-belt drive. The blowers may be
isolated from their trains by intake dampers. These dampers are electrically
operated and controlled from the Main Control Room. Each blower is followed by
a back draft damper. The blowers for trains A and B are powered from the
independent 480-V diesel auxiliary boards and the blower for train C is powered
from the independent 480-V SGT board.

Control logic for the Standby Gas Treatment System automatically and
concurrently starts all three filter trains upon receipt of an accident signal. All
three trains will continue to run for the duration of the accident. Should one train
fail, the two remaining trains willcontinue to provide the minimum flow
requirements. Any two SGTS trains must maintain the minimum acceptable
capacity at 1/4-inch of water negative pressure for all four zones of secondary
containment. Local and remote manual control of dampers and blowers is
provided, including instrumentation and controls in the reactor control rooms. A
temperature sensor is interlocked with the humidity control heater controls to
prevent burnout due to high heater temperature. A flow switch is interlocked with
the humidity control heater controls to prevent burnout due to low flow.

The blowers of trains A, B, and C discharge to a common header. This header
discharges to the stack through dual underground pipeline. The two parallel
pipelines are 30-inch outside diameter, 3/8-inch thick welded steel pipe. The
activity released by the Standby Gas Treatment System is monitored by the Main
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Stack Radiation Monitoring System described in Subsection 7.12,."Process
Radiation Monitoring."

The isolation and control dampers in Standby Gas Treatment System trains A
and B are electrically operated with the power supplied for each train (from the
Units 1 and 2 independent 480-V diesel auxiliary boards). The isolation and
control dampers for train C are electrically operated with the power supplied from
the independent 480-V SGT board.

5.3.4 Safet Evaluation

5.3.4.1 Seconda Containment Isolation

The secondary containment isolation is initiated from any of three signals: low
reactor water level, high drywell pressure or high activity in a ventilation exhaust
duct, or by manual alignment and operation from the Main Control Room. Each
signal simultaneously isolates the secondary containment zone or zones, shuts
down normal ventilation equipment, opens dampers to and from the Standby Gas
Treatment System and starts the Standby Gas Treatment System blower. The
isolation condition is removed and the Standby Gas Treatment System shut down
only by manual reset. Subsection 5.3.3.2 describes the sequence and logic for
isolation of the secondary containment system. The control system is described
and evaluated in Subsection 7.3, "Primary Containment and Reactor Vessel
Isolation Control System."

Upon secondary containment isolation, the SGTS is required to maintain a
negative pressure inside secondary containment. The SGTS is required to
maintain a 1/4-inch of water negative pressure with a flow equal to the minimum
acceptable capacity as discussed in Section 5.3.3.7. This inleakage considers
the total infiltration including locks, roof, siding, and isolation dampers in addition
to requirements for seismic and thermal expansion effects.

The relief panels for the main steam tunnel and for the areas between zones are
designed to relieve at 90 Ib/ft'. The relief panels in the vertical siding are
designed to relieve at 50 Ib/ft'. All relief panels are held in place with necked
aluminum rupture bolts.

Sample bolts have been laboratory-tested to failure. These bolts failed within
plus or minus 10 percent of the design value.

The SGTS power supply and damper arrangement meet single-failure criteria.
The power supply for trains A and B is taken from the 480-V diesel auxiliary
boards with each train supplied from a separate board and the damper in the
crosstie supplied from both boards. Train C is powered by the 480-V SGT board.

5.3-21



BFN-16

A power failure to any train will result in a fail-safe condition in that train. The
damper downstream of each blower is a gravity-type backflow damper and will
prevent backflow through the blower. The damper upstream of the filter bank and
the damper that supplies cooling air from the room willfail closed, thereby
assuring that any suction is from secondary containment. The bypass cooling
stream valves fail closed; however, it is powered from the same source as the
blower in a companion train. Thus, a cooling mode is always assured with any
two blowers powered, and in some arrangements with one blower powered. All
other dampers will fail open. By manual positioning of dampers in the train A and
train B crosstie, and in the powered train, either filter bank A or filter bank 8 can
be used with blower A or blower 8 assuring a maximum utilization of components.

Two out of three Standby Gas Treatment System blowers are adequate to keep
all three Reactor Building zones and the refueling zone at a pressure of 1/4-inch
water gauge below atmospheric. Reduction in flow due to filter loading will be
sufficiently offset by the reduction in the required flow capacity due to the
diminishing nature of the thermal expansion effect.

5.3.4.2 Standb Gas Treatment Instrumentation and Control

The objective of the SGTS is to maintain the secondary containment at a negative
pressure so the release mode is through the SGTS and to process all effluent
from the Reactor Building when required, thereby limiting the discharge of
radioactive material to the environs. The system accomplishes its objective by
maintaining the Reactor Building at a slightly negative pressure relative to the
atmosphere and filtering all the exhaust. The SGTS control and instrumentation
provide the logic and signals to allow the equipment or redundant components to
become functional as required to cope with any radioactivity releases. Thus, the
controls and instrumentation assure that the performance of the SGTS is such
that the radioactivity released to the environs is kept to a practical minimum and
well within the guideline values of 10 CFR 20 and 10 CFR 100.

The design bases for the SGTS controls and instrumentation to protect the health
and safety of the public are as follows:

1. All three SGTS trains automatically start in the event of a secondary
containment isolation signal.

2. Low system flowwill be indicated and annunciated in the Main Control
Room.

3. The trains may be controlled manually from the Main Control Room with
provision for complete remote manual operation of filter bank A with either
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blower A or B, filter bank B with either blower A or 8, or filter bank C with
blower C.

4. Manual alignment will provide for decay heat removal from fission products
deposited on any filter bank using one of several flow paths.

5. Gas temperatures will be indicated, heater temperatures which are high
will be annunciated, and overall filter bank pressure differential will be
indicated and high values annunciated in the Main Control Room.

6. Misalignment of the control switches and instrumentation which places any
train in the standby mode under normal operating conditions will be
annunciated in the Main Control Room.

7. Misalignment of dampers or blowers in the trains will be annunciated in the
Main Control Room.

The above design bases were incorporated in a controls and instrumentation
scheme that is reflected in the control diagram shown in Figure 5.3-9. Separate
controls and instrumentation are associated with the three independent SGTS
trains of filter banks, blowers, dampers, and ducts. The logic initiallyplaces all
trains in the auto mode and allows for trains to be placed in the standby mode.

Accident signals will initiate action in all three SGTS filter trains. This action
consists of alignment of the dampers, starting the blowers, and energizing the
relative humidity heaters when sufficient flow is established in the ducts.

The total time required to switch from the normal containment ventilation system
to the Standby Gas Treatment System upon detection of high radiation is
relatively small. The radiation monitor response time is 1 second, and the refuel
zone exhaust dampers will close in approximately 15 seconds. In the Chapter 14
fuel handling accident analysis, the event consequences are calculated for total
damper closure times as long as 30 seconds for the motor-actuated equipment
access airlock dampers and as long as 15 seconds for the refueling floor exhaust
dampers and other ventilation dampers required to support secondary
containment. Startup of the Standby Gas Treatment System blower motors is
within 5 seconds from the time of the signal. The proper dampers (electric-motor-
driven) in the SGTS trains are opened on Secondary Containment accident signal
to allow flow of effluent to the SGTS trains. The Chapter 14 analysis
conservatively assumes the refuel zone radiation detectors do not trip until
release from the fuel pool is transported to the detector via the refuel zone
exhaust ventilation ducting. The analysis of the fuel handling accident for the
aforementioned damper closure times resulted in exclusion boundary doses
which are a small fraction of the dose allowed by 10 CFR 100 site criteria. All
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Standby Gas Treatment System trains will be producing adequate flowwhen
required to mitigate the consequences of an accident. In the event of concurrent
loss of offsite power, the diesel start time of 10 seconds must be added to the
total times to switch over from normal containment ventilation system to the
Standby Gas Treatment System.

The SGTS is designed to maintain this negative pressure under accident
conditions with the response time mentioned above. Thermal expansion due to
loss of cooling decreases with time and provides extra margin for the SGTS to
maintain the negative pressure. Thus, the secondary containment is maintained
at some slight negative pressure, unfiltered release is prevented, and the health
and safety of the general public is protected.

The time required to bring the secondary containment to the design negative
pressure is not crucial to the safety of the plant. The normal ventilation system
maintains the Reactor Building at approximately 1/4 inch of water negative
pressure relative to the outside environment. At the outset of the accident, the
normal ventilation is isolated and the Standby Gas Treatment System is initiated.

.As discussed above, the Standby Gas Treatment System must wait for the
diesels to start if offsite power is lost. As discussed in Section 14.6.3.6, the
Reactor Building becomes pressurized relative to the outside environment for a
short period of time during the initial phase of an accident. This is due to the
isolation of the normal ventilation, the time required to start the Standby Gas
Treatment System and thermal expansion of the air inside the Reactor Building
due to the heat loads inside the building. However, this occurs at the very outset
of the accident and thus only a very limited amount of fission products could have
entered the secondary containment. During the period of pressurization, a small
amount of air and fission products are released directly from secondary
containment to the environment. When the Standby Gas Treatment System
starts, the building is quickly returned to a negative pressure and leakage directly
from the building is terminated. The Chapter 14 analysis evaluates the effects of
this short period of direct release during the early stages of the accident and
concludes that the dose consequences are acceptable.

All dampers except the blower discharge backdraft dampers have
position-indicating switches that operate position-indicating lights in the Main
Control Room. Limitswitches on the dampers, contacts in the blower control
switch, and contacts in the train selector switches indicate misalignment for
automatic train operation.

Each train is furnished with redundant flow detectors downstream of the blower.
These provide permissive information so that the relative humidity heaters can be
energized. Other flow sensors generate the system low-flowsignal which alarms
in the Main Control Room after a preset time delay is exceeded. The time delay
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is provided to block a system low-flowalarm for the duration of the normal startup
transient and for the momentary loss of system flow. During a LOCA, there is no
delay in initiating action in any train. However, during a LOCA and a Loss of
Offsite Power (LOP), there is a 40-second delay in initiating action on Trains A
and B. There is no delay in initiating action on Train C for a LOP/LOCA.

Gas temperatures of the relative humidity heater and the charcoal bed are
measured and indicated both locally and in the Main Control Room as shown in
Figure 5.3-9. High temperature in the charcoal bed and in the relative humidity
heater are annunciated in the Main Control Room. The overall filter train
pressure differential is measured and indicated in the Main Control Room. High
pressure differential is annunciated. Each train, with its associated controls and
instruments, is supplied with emergency power. This power is taken from
separate emergency power supplies to guarantee that two trains are always
available in case of loss of offsite power. The system is also arranged so that
power failures that interrupt flow in an operating train may only momentarily
reduce the rate at which the system processes effluent.

Separations criteria require that the power supplies be completely separate.
However, the single crosstie damper which is normally supplied by train A power
will be supplied by train B power upon loss of train A power and will automatically
revert back to train A power if that source is restored. Each 120-V circuit leading
to the switch is fused so that short-circuits will cause isolation of either or both
circuits as required. Fuses are also provided to protect the connecting leads of
the low-voltage annunciator circuit from short-circuits in the train selector
switches.

The Main Control Room has annunciators to alert the operators of malfunctions in
the system such as low flow, containment isolation signals with any train in the
standby mode, power failures that interrupt flow in a train, and dampers
improperly aligned. In the event of malfunction of both trains A and B, these
trains can be manually aligned and'controlled to use either filter bank with either
blower. This operation is completely manual and will be used to circumvent
some, but not all, combinations of multiple failures. This type of operation
requires power along with the pertinent controls and instrumentation to some
parts of both trains and is therefore not available for the complete loss of power
to either train.

The design of the controls and instrumentation makes it possible for removal of
decay heat from fission products deposited on the filter bank of any train. Ifone
bank is in operation with flowfrom the secondary containment, there are sufficient
dampers and valves in the system to remove decay heat from a shutdown bank.
The locked open crosstie valves are throttled to provide a small cooling flow
through the shutdown filter bank, through the decay heat removal crosstie line
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and then through the blower of the operating train. In the event the train from
which decay heat is being removed has suffered a complete loss of power, the
decay heat cooling flow can be bled into the train from the building through a
damper powered from the same source as the adjacent operating train.
Thus, the controls and instrumentation assure that the removal of decay heat
from the shutdown filter bank is accomplished while maintaining the safety
objective of filtering the major fraction of the containment atmosphere through the
operating train.

In time, it may be desirable to discontinue the secondary containment function,
but removal of decay heat from the filter banks is still required. Provisions are
incorporated in the controls and instrumentation such that cooling can be
provided by bleeding building air into the system upstream of the filters. A blower
is always available to produce flow through the train from which the decay heat is
to be removed. All of these alignments to remove the decay heat are manual.

5.3.5 Ins ection and Testin

5.3.5.1 Seconda Containment

The secondary containment siding has been laboratory tested by the siding
vendor. The laboratory test consisted of both leakage tests and strength and
deflection tests. The tests were conducted in the manner described in Section 9
of ASTM 372-61.

The infiltration rate is determined from the flow measured at the Standby Gas
Treatment System filter train. During normal operating conditions, the total
inleakage for the four zones must be less than the allowable surveillance
inleakage value given in Section 5.3.3.7.

Permanent test connections are located in the section of duct between and
adjacent to low-leakage dampers used to isolate the ventilation supply and
exhaust ducts. These test connections are arranged and sized so that the
composite leakage across both dampers can be determined. All ventilation ducts
contain sealed manholes which may be used to visually inspect the damper
blades, resilient seals, and operating mechanisms. The inservice leak testing
program is addressed in the Technical Specifications (FSAR Appendix B).

Necked rupture bolts identical to those used to secure the relief panels in place
are factory tested to confirm the relieving load and to determine the relieving time
for the relief panels. The relief panels are visually inspected periodically to
assure that the panels have not partially relieved and thereby opened cracks in
the siding.
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5.3.5.2 Standb Gas Treatment S stem

The Standby Gas Treatment System filtration trains and blowers are arranged
such that one redundant train and its associated blower may be serviced or
tested while the other two trains are ready to operate. In the event of a signal to
isolate secondary containment and start the Standby Gas Treatment System, the
test signal will be overridden.

The Standby Gas Treatment System filtration trains are equipped for complete
testing of the HEPA filters and the charcoal adsorbers. The filter housing and
related ducting is designed to assure mixing for uniform distribution of DOP and
Freon.

The charcoal adsorber bypass flowwill be determined using an inplace Freon
leak test. The Freon will be injected into the flowing gas stream well upstream of
the adsorber. The mixed stream will be sampled upstream and downstream of
the adsorber and the ratio of concentrations will be used to calculate the bypass
flow. Standard testing procedures and apparatus will be used; these are
described in Section 7.5.1 of ORNL-NSIC-65, "Design Construction and Testing
of High Efficiency Air Filtration Systems for Nuclear Applications." DOP injection
and detection connections are located upstream and downstream of both banks
of the HEPA filters. Freon injection and detection connections are located
upstream and downstream of the charcoal adsorbers. These connections and
portable test equipment provide all essentials for the HEPA filters and the
charcoal adsorbers.

The filtration efficiency and charcoal effectiveness are determined periodically.

Inspections of each filterwill be performed at intervals specified in the technical
specifications. Whenever a HEPA or charcoal filter is replaced, inplace DOP and
Freon tests will be performed.

The effect of DOP retention and poison in charcoal was investigated by Wendell
Anderson of the Naval Research Laboratory. Tests show that activated charcoal
can adsorb up to approximately 0.25 gram of organic material per gram of
charcoal. At lesser values, the charcoal will continue its intended function.
Consequently, the adsorption of small amounts of DOP, due to testing, would
have a negligible effect on adsorption qualities of the charcoal. It should be
noted that DOP has a negligible vapor pressure and, therefore, it is not likely to
be stripped from either the HEPA filters or the charcoal filters once a particle has
impacted on either material. In making these tests, NRL utilized three particle
sizes: (1) less than 0.1 micron, (2) 0.15 micron, and (3) larger than 5 microns.
Only the first and a small portion of the second sizes would pass through the
HEPA filters to any extent. Only these small parts and vapors may be considered
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adsorbed by the charcoal. However, the quantities involved in any reasonable
estimate of testing over the lifetime of charcoal filters is insufficient to lower their
efficiency by any detectable amount.

The ignition and combustion properties of activated carbon containing adsorbed
hydrocarbons were studied by F. J. Woods and J. E. Johnson of the Naval
Research Laboratory (NRL-6090, 1964). They classified ignitions into induced
ignition and spontaneous ignition and concluded that for induced ignition, a
carbon saturated with hydrocarbon generally had a flash point about the same as
the liquid hydrocarbon, but not lower. If the carbon was not quite saturated with
hydrocarbon, a flash point somewhat higher than that of the liquid was obtained.
For spontaneous ignition, it was found that the flash point increases with
decreasing hydrocarbon concentration and is generally above 500'F for both
coal-based carbon and coconut carbon when the hydrocarbon concentration is
less than 10 wt. percent.

It is therefore concluded that the ignition temperature of the charcoal does not
change appreciably due to the presence of the small amount of DOP.

Permanently mounted differential pressure gauges are mounted across the
moisture separator, the prefilter, the HEPA filters, and the charcoal adsorber.
The pressure differential across these elements and the system flow is analyzed
during periodic testing to determine the extent of dust loading and plugging of the
filters and adsorber.

The effectiveness of the standby gas treatment filters is monitored by
preoperational tests, periodic inplace standard DOP and Freon tests, and
scheduled laboratory tests to demonstrate charcoal adsorptivity.

The DOP aerosol is generated from liquid dioctyl-phthalate using dry air or by
heating to produce a stable aerosol with proper particle size distribution in
accordance with ANSI N510-1 975.

The aerosol generator is capable of supplying sufficient DOP to test for leaks
using the 9,000-cfm design flowof one train of the Standby Gas Treatment
System.

The DOP particulate detection instrumentation is capable of detecting small
changes in concentration of the aerosol. The instrumentation has a threshold
sensitivity and range adequate to satisfy the recommendations of ANSI N510-
1975, Testing of Nuclear Air-Cleaning Systems, as required by Technical
Specifications.
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Halogenated hydrocarbon (Freon) tests of the charcoal bed absorbtion efficiency
and integrity are also conducted in accordance with the recommendations of
ANSI N510-1975 as required by Technical Specifications.

The frequent leak tests, preoperational and periodic inplace Freon and DOP
tests, and scheduled laboratory tests of charcoal adsorptivity assure that the
HEPA and charcoal filter system will perform its intended function. Therefore,
iodine monitoring is not necessary.

The heater used to maintain the charcoal bed above the dewpoint temperature,
the temperature-indicating and alarm instrumentation, the differential pressure
gauges, and the flow instruments are periodically tested and calibrated.

Testing and inspections of the controls and instrumentation will be made
periodically. The dampers will be tested by operation of manual switches in the
Main Control Room and observation of the position-indicating lights in the Main
Control Room. The auto start signals and alarm functions will be functionally
tested by applying test signals, simulating malfunction by breaker operation, and
observing results.

5.3.5.3 E ui ment Area Coolin Units

The equipment area cooling units in the basement of the Reactor Building are
tested during initial operation of the RHR pumps and the core spray pumps, and
with each subsequent test of these systems. The cooling water supply to the
cooling units was initiallytested with EECW (Subsection 10.10, "Emergency
Equipment Cooling Water" ) and is tested periodically in the same manner.
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6.2 SAFETY DESIGN BASIS

To provide adequate cooling of the reactor core under abnormal and accident
conditions, various cooling systems shall be provided of such number,
diversity, reliability, and redundancy that only a highly improbable combination
of events could result in inadequate cooling of the core.

2. In the event of a loss-of-coolant accident, the Emergency Core Cooling
Systems shall remove the residual stored heat and heat from radioactive
decay from the reactor core at such a rate that fuel clad melting is prevented
and any core mechanical deformation does not limit effective cooling of the
reactor core.

3. The Emergency Core Cooling Systems shall provide for continuity of core
cooling over the complete range of postulated break sizes in the nuclear
system process barrier.

4. Emergency Core Cooling Systems shall be initiated automatically by
conditions which sense the potential inadequacy of core cooling to limit the
degree to which safety is dependent upon operator judgment in a time of
stress.

5. Operation of the Emergency Core Cooling Systems shall be initiated
regardless of the availability of offsite power supplies and the normal
generating system of the plant.

6. Action taken to affect containment integrity shall not negate the ability to
achieve core cooling.

7. To provide assurance that the Emergency Core Cooling Systems shall
operate effectively, each component required to operate in a loss-of-coolant
accident shall be testable during normal operation of the nuclear system. The
inboard isolation check valves can only be tested during cold shutdown.

8. The components of the Emergency Core Cooling Systems within the reactor
vessel shall be designed to withstand the transient mechanical loadings
during a loss-of-coolant accident, so that the required core cooling flow is not
restricted.
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9. The equipment of the Emergency Core Cooling Systems shall withstand the
physical effects of a loss-of-coolant accident so that the core can be
effectively cooled. These effects are missiles, fluid jets, high temperature,
pressure, and humidity.

10. The Emergency Core Cooling Systems shall be capable of withstanding
earthquake ground motions without impairment of their functions.

11. To provide a reliable supply of water for the Emergency Core Cooling
Systems, the prime source of liquid for cooling the reactor core after a
loss-of-coolant accident shall be a stored source located within the primary
containment. The source shall be located in the primary containment in such
a manner that a closed cooling water path is established during operation of
the Emergency Core Cooling Systems.
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6.3 SUMMARYDESCRIPTION - EMERGENCY CORE COOLING SYSTEMS

During normal operations, when normal electrical power for the plant auxiliaries is
available, heat is removed from the reactor core through the boiling-water,
steam-turbine, condenser-feedwater cycle during power operation, or during
shutdown through use of the Residual Heat Removal System (RHRS). For
postulated accident conditions, coolant is lost from a breach in the nuclear process
system. The reactor is shut down by a low reactor water level or high drywell
pressure scram. High drywell pressure plus low reactor vessel pressure, or various
reactor vessel low-water-level signals, will automatically start one or more
Emergency Core Cooling Systems to maintain core cooling. As the water level in
the reactor vessel continues to drop, the main steam line isolation valves are
automatically closed on a low-low-lowreactor water level signal.

The Emergency Core Cooling Systems are filled at all times to prevent the
possibility of water-hammer. The system is filled from the head tank which has ties
to the pressure suppression chamber water-transfer pumps for pumping power, or
from the condensate transfer system. The head tank to ECCS to torus to transfer
pumps back to head tank system assures that the proper torus water level is
maintained. Two Class D check valves exist between the ECCS and the head tank
to prevent loss of ECCS flow. The transfer pumps are redundant and have
separate power supplies. The instrumentation associated with the system is
redundant.

The Emergency Core Cooling Systems (ECCS) consist of the following:

High Pressure Coolant Injection System (HPCI),
Automatic Depressurization System,
Core Spray System, and
Low Pressure Coolant Injection System (LPCI), an

operating mode of the RHR.

The Emergency Core Cooling Systems are designed to limit clad temperature over
the complete spectrum of possible break sizes in the nuclear system process
barrier, including the design basis break. The design basis break is defined as the
complete and sudden circumferential rupture of the largest pipe connected to the
reactor vessel with displacement of the ends so that blowdown occurs from both
ends.

The individual Emergency Core Cooling Systems (HPCI, Automatic
Depressurization System, Core Spray System, and LPCI) are described in the
following paragraphs. A summary of the principal design parameters of the
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ECCS-core cooling capacity, flow, pressure, and backup systems-is given in Table
6.3-1. See Section 6.5 for system flow requirements utilized in the ECCS analyses.

Section 6.0 gives the safety analysis of the Emergency Core Cooling Systems
from the integrated system operation viewpoint. Other sections of this report
which give further specific details are the following:

Reactor Vessel Internals (Core Spray), Subsection 3.3,
Nuclear System Pressure Relief System (depressurization valves),

Subsection 4.4,
Residual Heat Removal System (LPCI function and RHR

service water inter-tie), Subsection 4.8, and
Emergency Core Cooling Systems Controls and

Instrumentation, Subsection 7.4.

The system flow diagrams, along with the functional control diagrams, are
included in Subsection 7.4, "Emergency Core Cooling Systems Controls and
Instrumentation," which also evaluates the controls and instrumentation for all
of the ECCS.

The equipment and operation of each of the ECCS are discussed, followed by
an evaluation of the capability of the integrated ECCS operation to meet the
safety design bases for the ECCS.

The section concludes with a discussion of the testing and inspection which
are performed to provide assurance that the ECCS will operate as required.
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Table 6.3-1

EMERGENCY CORE COOLING SYSTEMS EQUIPMENT DESIGN DATASUMMARY

Function

Number
Installed-
Individual
Capacity

Design Flow
each psid'ressureRange

Wg

AC Power
Required
for
Initiation

Source
ofWater

Backup
Systems

HPCI

Automatic
Depressurlzing
System

Core Spray

1-100%

2-100%"

5000 gpm @1120 to 150

853,000 Ib/hr @1100

6250 gpm @105

1120 to 150

1136 to 50

289 to 0

None

None

Normal Aux.
or Standby
Diesel Gen.

Condensate
Storage Tank
and Suppression
Pool

Suppression
Pool

Auto Depress.
+ Core Spray
+ LPCI

Remote-Manual
Main Steam
Relief Valves

LPCI

LPCI 20,000 gpm@0
(2 pumps per loop)
10,800 gpm @0
(1 pump per loop)

319.5 to 0 Normal Aux.
or Standby
Diesel Gen.

Suppression
Pool

Core Spray
System

'psld-pounds per square inch differential between reactor vessel and primary containment

-2-100% capacity systems each having 240% capacity pumps
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6.4 DESCRIPTION

6.4.1 Hi h Pressure Coolant In'ection S stem

The High Pressure Coolant Injection System (HPCI) consists of a steam turbine
assembly driving a constant-flow pump assembly and system piping, valves,
controls, and instrumentation. The HPCI mechanical control diagram is shown in
Figure 6.4-1.

The principal HPCI equipment is installed in the Reactor Building. The
turbine-pump assembly is located in a shielded area to assure that personnel
access to adjacent areas is not restricted during operation of the HPCI. Suction
piping comes from the condensate supply header and the suppression pool.
Injection water is piped to the reactor feedwater pipe at a T-connection outside the
primary containment. Steam supply for the turbine is piped from a main steam
header in the primary containment. This piping is provided with an isolation valve
on each side of the drywell barrier. Remote controls for valve and turbine operation
are provided in the plant control room. The controls and instrumentation of the
HPCI are described, illustrated, and evaluated in detail in Subsection 7.4,
"Emergency Core Cooling Systems Control and Instrumentation."

The HPCI is provided to assure that the reactor is adequately cooled to limitfuel
cladding temperature in the event of a small break in the nuclear system and loss of
coolant which does not result in rapid depressurization of the reactor vessel. The
HPCI permits the nuclear plant to be shut down, while maintaining sufficient reactor
vessel water inventory until the reactor vessel is depressurized. The HPCI
continues to operate until the reactor vessel pressure is below the pressure at
which LPCI operation or Core Spray System operation maintains core cooling.

If a loss-of-coolant accident occurs, the reactor scrams upon receipt of a
low-water-level signal or a high-drywell-pressure signal. The HPCI starts when the
water level reaches a pre-selected height above the core, or ifhigh pressure exists
in the primary containment. The HPCI automatically stops when a high water level
in the reactor vessel is signaled. The HPCI automatically resets and will restart if
vessel water level again reaches a pre-selected height above the core.

The HPCI is designed to pump water into the reactor vessel for a wide range of
pressures in the reactor vessel. Two sources of water are available. Initially,
condensate water from the condensate storage header is used instead of injecting
the less desirable water from the suppression pool into the reactor. This provides
reactor-grade water to the reactor vessel for the case where the need for the HPCI
is rapidly satisfied. The condensate water from the normally assigned condensate
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storage tank for each unit is sufficient for maintaining an adequate reactor coolant
inventory for a minimum of eight hours at hot standby conditions. The condensate
tanks for all three units may also be aligned to provide condensate supply to any
individual unit. In addition, two spare 500,000-gallon condensate storage tanks
may be aligned to supply HPCI on any unit.

When the level in the condensate header falls below a predetermined setpoint or
the level in the suppression pool increases to a predetermined setpoint, the HPCI
pump suction is automatically transferred to the suppression pool. This tr'ansfer
may also be made from the control room using remote controls. This establishes a
closed loop for recirculation of water escaping from a break and satisfies safety
design basis 11. Water from either source is pumped into the reactor vessel via the
feedwater line. Flow is distributed within the reactor vessel through the feedwater
spargers to obtain mixing with the hot water or steam in the reactor pressure vessel.

The pump assembly is located below the level of the condensate header and below
the water level in the suppression pool to assure positive suction head to the
pumps. Pump NPSH requirements are met by providing adequate suction head and
adequate suction line size.

The water supply lines for the HPCI are also shown on Figures 7.4-1 a, and 7.4-1b.
Trapped air is initially removed with vent lines connected to the high points of the
HPCI System.

The formation of air pockets in the water supply line can create water-hammer
problems upon initiation of the systems.

Constant hydrostatic overpressure on the water supply line in the HPCI System
prevents air pockets from forming.

The HPCI turbine-pump assembly and piping are located so as to be protected from
the physical effects of design basis accidents such as pipe whip and high
temperatures. The equipment is located outside the primary containment. This
arrangement satisfies safety design basis 9.

The HPCI turbine is driven by steam from the reactor which is generated by decay
heat and residual heat. The steam is extracted from a main steam header upstream
of the main steam line isolation valves. The two HPCI isolation valves in the steam
line to the HPCI turbine are normally open in order to keep the piping to the turbine
pressurized to permit rapid startup of the HPCI. To permit uniform warmup of the
steam line following a HPCI maintenance outage, a motor-operated bypass valve
around the outboard containment isolation valve is provided. Signals from the HPCI
control system open or close the turbine stop valve.
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A condensate drain pot is provided upstream of the turbine stop valve to prevent the
HPCI steam supply line from fillingwith water. The drain pot normally routes the
condensate to the main condenser, but upon HPCI initiation isolation valves on the
condensate drain pot line automatically shut. Condensate in the supply lines during
this time will discharge via drain lines from the turbine stop valve seat, steam chest
areas, and turbine casing exhaust drains.

The turbine has two devices for controlling power: a speed governor which limits
turbine speed to its maximum operating level and a control governor with automatic
speed setpoint control which is positioned by a demand signal from a flow controller
to maintain constant flow over the pressure range of HPCI operation.

As reactor steam pressure decreases, the HPCI turbine throttle valve is modulated
by the governor control system to control turbine steam flow in order to provide the
required pump flow called for by the flow controller. The capacity of the system is
selected to provide sufficient core cooling to limit cladding temperatures while the
pressure in the reactor vessel is above the pressure at which core spray and LPCI
become effective.

Exhaust steam from the HPCI turbine is discharged to the suppression pool. A
drain pot at the low point in the exhaust line collects moisture present in the steam.
Collected moisture is discharged through a trap to the suppression pool or
bypassed to the gland seal condenser if the trap fails. Therefore, condensate will
not collect in the steam lines to create steam compression problems upon initiation
of these systems. After operation of the HPCI, the HPCI turbine exhaust drain pipe
line is full of water. Stopcheck globe valves stop the backflow of water into the
turbine through the turbine exhaust line and the turbine exhaust drain line.

The HPCI turbine gland seals are vented to the gland seal condenser and part of
the water from the HPCI pump is routed through the condenser for cooling
purposes. To prevent over-pressurization of the gland seal condenser during HPCI
startup, an orifice is provided upstream of the condenser.

Noncondensable gases from the gland seal condenser are pumped to the Standby
Gas Treatment System.

The system piping material is carbon steel and is designed to USAS B31.1.0, 1967
edition. The pumps are designed to the ASME Boiler and Pressure Vessel Code,
Section III, Class C, 1965 edition. The pumps are also designed and tested in
accordance with the standards of the Hydraulic Institute.
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A condensing sparger is attached to the HPCI turbine exhaust line to reduce the
noise made by the exhausting steam and improve pressure stability.

The sparger is capped at the bottom end and contains holes drilled through the
walls for discharging the steam. The uppermost row of holes is under
approximately two feet of water. Additional holes are spaced at regular intervals
down to the capped ends. The lower row of holes is under approximately eight feet
of water. for the HPCI there are 1296 holes, 1 inch in diameter. The ratio of total
hole area to the cross sectional area of the pipe is about 2.5 to 1 (the discharge
path area available in the sparger design is about 2.5 times that in the open pipe
design).

A vacuum breaker is installed on the HPCI turbine exhaust lines to prevent
unacceptable vibration and movement of the line. The breaker prevents intermittent
negative pressure in this piping run from pulling water out of the torus and causing
a water-hammer problem. The vacuum breaker consists of 2-inch check valves with )

connecting piping which allows torus air to enter the exhaust line whenever-
negative pressure exists in that line.

To ensure operability and at the same time prevent steam bypassing the
suppression pool due to a check valve sticking open, four check valves are installed
on the system in a one-out-of-two-twice configuration. Thus, the vacuum breaker
piping will be arranged with a common line penetrating the torus wall that includes a
normally open manual valve and a normally open motor-operated valve (MOV) in
series. Downstream of the MOV on Unit 1, the line branches with separate lines
going to the HPCI and to the RCIC vacuum breaker connected to the turbine
exhaust lines outside the torus, but downstream of the respective stop check
valves. Units 2 and 3 have separate HPCI and RCIC turbine exhaust vacuum
breaker lines. This arrangement is shown on Figure 7.4-1a.

Electrical power to operate the MOV is normally disconnected and indication is
provided in the Main Control Room to warn of any inadvertent connection. Controls
and electrical power for the valve are located where they are accessible following a
LOCA.

The HPCI equipment, piping, and support structures are designed Seismic Class I

equipment (see Appendix C). This satisfies design basis 10.

Assuming the system is tested every two months, the system is designed for a
service life of 40 years, accounting for corrosion, erosion, and material fatigue.
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Startup of the HPCI is completely independent of AC power. Only DC power from
the plant batteries and steam extracted from the nuclear system are necessary.
This satisfies safety design basis 5.

The various operations of the HPCI components are summarized as follows.

The HPCI controls automatically start the system and bring it to design flow rate
within 30 seconds (see Section 6.5 for value assumed in Emergency Core Cooling
System analyses) from receipt of a reactor vessel low-low-water-level signal or a
primary containment (drywell) high-pressure signal.

The HPCI turbine is shut down automatically by any of the following signals:

a. Turbine overspeed —This prevents damage to the turbine and turbine casing.

b. Reactor vessel high water level—This indicates that core cooling requirements
are satisfied.

c. HPCI pump low suction pressure-This prevents damage to the pump due to
loss of flow.

d. HPCI turbine exhaust high pressure-This indicates a turbine or turbine control
malfunction.

e. Automatic isolation signal-This indicates a HPCI steam line rupture or rupture
disc failure.

f. Low steam supply pressure.

Ifan initiation signal is received after the turbine is shut down, the system is
capable of automatic restart if no shutdown signals exist.

Because the steam supply line to the HPCI turbine is part of the nuclear system
process barrier, certain signals automatically isolate this line, causing shutdown of
the HPCI turbine. The system is not capable of automatic restart following isolation
of the steam supply line. Automatic shutoff of the steam supply is described in
Subsection 7.3, "Primary Containment and Reactor Vessel Isolation Control
System." However, automatic depressurization and the low pressure systems of the
ECCS act as backup, and automatic shutoff of the steam supply does not negate
the ability of the ECCS to satisfy the safety objective.
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In addition to the automatic operational features of the system, provisions are
included for remote-manual startup, operation, and shutdown (provided initiation or
shutdown signals do not exist).

During an HPCI initiation, the following valves automatically actuate:

HPCI pump CST flow test throttle and block valves
HPCI pump CST suction valve (ifclosed)
HPCI pump injection valve
HPCI pump discharge isolation valve (if closed)
HPCI turbine stop and control valves
HPCI turbine steam supply valve
HPCI gland seal condenser drain line isolation valves

(close ifopen)
HPCI turbine inlet drain pot isolation valves
HPCI minimum flowvalve

Startup of the hydraulic oil pump and proper functioning of the hydraulic control
system are required to open the turbine valves. Operation of the gland seal
condenser components is required to prevent outleakage from the turbine shaft
seals. Startup of the condenser equipment is automatic, but its failure does not
prevent the HPCI from fulfillingits core cooling objective. Prior to the startup, the
control governor may be anywhere between its high-speed and low-speed stop
positions. Upon receipt of an initiating signal, the flow control signal automatically
runs the control governor toward its high-speed stop (maximum demand signal from
flow controller). The same initiating signal automatically starts the hydraulic oil
pump, and, when sufficient oil pressure is developed, both the turbine stop valve
and the control valves open simultaneously and the turbine accelerates toward the
RPM of either the control governor or the speed governor, whichever is lower.
When rated flow is established, the flow controller signal adjusts the setting of the
control governor so that rated flow is maintained as nuclear system pressure
decreases.

A minimum flow bypass is provided for pump protection. Following an initiation
signal, the bypass valve automatically opens due to a low-flowsignal, and
automatically closes on a high-flow signal or a HPCI turbine trip. When the bypass
is open, flow is directed to the suppression pool. A full-flowtest line is provided to
verify system operation. The line directs flow to the condensate storage tank when
the shutoff valves are open. These valves are sequenced to close by the signal
which actuates system operation and are interlocked closed when either suction
valve from the suppression pool is open.
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As previously stated, the HPCI System is not dependent upon AC power for
operation. In the event of a loss-of-all AC power, the time limits for the operation of
HPCI would be dependent upon the power available from the 250-V batteries which
supply the DC power to the HPCI system. Best-estimate analyses have been
performed for an assumed scenario of loss-of-all AC power and it is indicated that
the batteries have sufficient capacity for approximately 6-1/2 hours.

6.4.2 Automatic De ressurization S stem

In case the capability of the HPCI is not sufficient to maintain the reactor water
level, the Automatic Depressurization System functions to reduce the reactor
pressure so that flow from the LPCI and the Core Spray System enters the reactor
vessel in time to cool the core and limitfuel cladding temperature.

The Automatic Depressurization System uses six (6) of the nuclear system main
steam relief valves to relieve the high pressure steam to the suppression pool. The
design, description, and evaluation of the main steam relief valves are discussed in
detail in Subsection 4.4, "Nuclear System Pressure Relief System," and it is shown
that safety design bases 5, 9, and 10 are satisfied.

Discharge pressure indication of one LPCI pump or two core spray pumps
combined with one of the following initiation paths will cause the ADS main steam
relief valves to open: (1) reactor vessel low water level and primary containment
(drywell) high pressure in conjunction with a 150 seconds timer timed out; or (2)
sustained reactor low water level for 360 seconds. The time delay provides time for
the operator to cancel the automatic depressurization signal ifcontrol room
information indicates the signal is false or is not needed.

The controls and instrumentation of the Automatic Depressurization System are
given in Subsection 7.4, "Emergency Core Cooling System Controls and
Instrumentation."

64.3 Core S ra S stem

Two independent loops are provided as a part of the Core Spray System. Each
loop consists of two 50 percent-capacity centrifugal pumps driven by electric
motors, a spray sparger in the reactor vessel above the core, piping and valves to
convey water from the suppression pool to the sparger, and the associated controls
and instrumentation. Figure 6.4-2 shows a flow diagram of the Core Spray System.

In the case of low-low-lowwater level in the reactor vessel or high pressure in the
drywell plus low reactor vessel pressure, the Core Spray System, when reactor
vessel pressure is low enough, automatically sprays water onto the top of the fuel
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assemblies in time and at a sufficient flow rate to cool the core and limitfuel
cladding temperature. (The Low Pressure Coolant Injection System starts from the
same signals and operates independently to achieve the same objective by flooding
the reactor vessel.)

The Core Spray System provides protection to the core for the large break in the
nuclear system when the control rod drive water pumps, RCIC, and the HPCI are
unable to maintain reactor vessel water level.

The protection provided by the Core Spray System also extends to a small break in
which the control rod drive water pumps, RCIC, and HPCI are all unable to maintain
the reactor vessel water level and the Automatic Depressurization System has
operated to lower the reactor vessel pressure so LPCI and the Core Spray System
can provide core cooling.

The core spray pumps for each unit receive power from the plant 4160-V shutdown
boards. Each core spray pump motor and the associated automatic motor-operated
valves for one unit receive AC power from different buses. Similarly, control power
for each loop of the Core Spray System for one unit comes from different DC buses.
This arrangement satisfies design basis 5 (see Subsection 8.5, "Standby AC Power
Supply and Distribution," and 8.6, "250-V DC Power Supply and Distribution").

The core spray pumps and all automatic valves can be operated individually by
manual switches in the control room. Operating information is provided in the
control room with pressure indicators, flow meters and indicator lights.

The major equipment for one loop is described in the following paragraphs.

When the system is actuated, water is taken from the suppression pool. Flow then
passes through a normally open motor-operated valve in the suction line to each 50
percent pump. Each valve can be closed by a remote-manual switch from the
control room to isolate the system from the suppression pool in the case of a leak
from the Core Spray System. This valve, which is normally open, is located in the
core spray pump suction line as close to the suppression pool as practical.

A local pressure gauge by each pump indicates the presence of a suction head for
the pump. The core spray pumps are located in the Reactor Building below the
water level in the suppression pool to assure positive pump suction. The pumps,
piping, controls, and instrumentation of each loop are separated and protected so
that any single physical event, or missiles generated by rupture of any pipe in any
system within the containment drywell, cannot make both core spray loops
inoperable. The switchgear for each loop is in a separate cabinet for the same
reason. This arrangement satisfies safety design basis 9.
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A shaft seal drain line is provided from the pump casings, which drains to the
Radwaste System. Leakage from the drain line is measured during primary
containment leakage tests.

A low flow bypass-line is provided from the pump discharge to below the surface of
the suppression pool. The bypass flow is required to prevent the pump from
overheating when pumping against a closed discharge valve. Two orifices in series
limit the bypass flow. A manual valve normally open is used to close the bypass
line for maintenance.

The piping diagram for the Core Spray System is shown on Figure 7.4-4. Flush and
drain connections on the high and low points (flush and drain systems not shown)
permit solid fillingof these systems. A hydrostatic overpressure is maintained on
the system through two check valves and a normally open hand valve: thus,
water-hammer problems are avoided in the Core Spray System by eliminating air
pockets.

Check valve seal leakage, resulting from hydrostatic overpressure on the water
piping, will drain into the torus.

A relief valve, set for 500 psig, protects the low pressure Core Spray System
upstream of the outboard shutoff valve from reactor pressure. The relief valve
discharges to the equipment drain sump and thence to the Radwaste System.

A full-flowtest line permits circulating water to the suppression pool for testing the
system during normal plant operations. A normally closed, motor-operated valve in
the line is controlled by a remote-manual switch in the control room. Orifices and
partial opening of the valve in the test line provide rated core spray flow at a
pressure drop equivalent to discharging into the reactor vessel. A restricting orifice
is provided to minimize vibration in the pump test lines. A flow indicator in the
control room signals that water is or is not flowing to the core spray sparger or test
line.

Two motor-operated valves are provided to isolate the Core Spray System from the
nuclear system when the core spray pumps are not running. These valves admit
core spray water to the reactor when signaled to open. Both valves are installed
outside the drywell to facilitate operation and maintenance, but as close as practical
to the drywell to limit the length of line exposed to reactor pressure. The valve
nearer the containment is normally closed to back up the inside check valve for
containment purposes. The outboard valve is normally open to limit the equipment
needed to operate in an accident condition. By closing the outboard valve, the
inboard valve can be operated for test with the reactor vessel pressurized. A drain
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line is provided between the two shutoff valves to measure leakage through the
inside check valve or the inboard shutoff valve. The drain line is normally closed
with two valves.

A testable check valve is provided in each core spray pipeline just inside the
primary containment to prevent loss of reactor coolant outside containment in case
the core spray line breaks.

A normally open manual valve is provided downstream of the inside check valve to
shut off the Core Spray System from the reactor during shutdown conditions for
maintenance of the upstream valves. The two Core Spray System pipes enter the
reactor vessel through nozzles 120 degrees apart. Each internal pipe then divides
into a semicircular header with a downcomer at each end, which turns through the
shroud near the top. A semicircular sparger is attached to each of the four outlets
to make two practically complete circles, one above the other. Short elbow nozzles
are spaced around the spargers to spray the water radially onto the tops of the fuel
assemblies.

Core spray piping upstream of the outboard shutoff valve is designed for the lower
pressure and temperature of the core spray pump discharge and is fabricated from
carbon steel. The outboard valve and piping downstream are designed for reactor
vessel pressure and temperature. The high pressure piping portion of the system is
designed to USASI B31.1.0, 1967 edition. Material for the portion of the system
piping inside the drywell to the second isolation valve is high toughness (A333
Grade 6) carbon steel and type 304 stainless steel.

The core spray equipment, piping, and support structures are designed in
accordance with Class I seismic criteria (see Appendix C) to resist the motion at the
installed location within the supporting building from the Design Basis Earthquake.
The Core Spray System is assumed filled with water for seismic analysis. It is
concluded that safety design basis 10 is satisfied.

Upon signals of reactor low-low-lowwater level or drywell high pressure, plus low
reactor vessel pressure, the automatic controls turn on the core spray pumps and
restore valves to the spray mode. When reactor pressure decreases, the core
spray shutoff valves are signalled to open. Flow to the sparger begins when the
core spray discharge pressure is sufficient to open the testable injection check
valve located inside the drywell. Subsection 7.4, "Emergency Core Cooling System
Controls and Instrumentation," contains further details and evaluation.
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6.4.4 Low Pressure Coolant In'ection S stem

In case of low-low-lowwater level in the reactor or high pressure in the containment
drywell, plus low reactor vessel pressure, the Low Pressure Coolant Injection
System (LPCI) mode of operation of the Residual Heat Removal System pumps
water into the reactor vessel in time to flood the core and limitfuel clad temperature.
(The Core Spray System starts from the same signals and operates independently
to achieve the same objective.)

The LPCI has been modified for Units 1, 2, and 3. This modification has been
described in reports entitled "Browns Ferry Nuclear Plant Units 1 and 2 Emergency
Core Cooling Systems Low Pressure Coolant Injection Modifications for
Performance Improvement" (October, 1977) for Units 1 and 2 and for Unit 3. The
reports were submitted to the Nuclear Regulatory Commission.

The LPCI system modifications to BFNP Units 1, 2, and 3 provide a significant
reduction in peak fuel clad temperature following a postulated recirculation line
break. This, in turn, results in increased MAPLHGR limits. The modifications
eliminate the LPCI recirculation loop selection logic and permit simultaneous
injection into both recirculation loops. Additional resistance in the form of orifices in
the pump discharge line was added to prevent the RHR pumps from going to a full
runout flow in the event the RHR pumps are discharging to a broken recirculation
loop. The orifices (and resultant increased NPSH) assure the availability of the
RHR pumps for long-term cooling. For the modified design, the LPCI injection
valves and RHR cross-tie valve are normally closed. On receipt of an initiation
signal following a recirculation line break, both LPCI injection valves are signaled to
open, both recirculation pump discharge valves are signaled to close, and the LPCI
flowfrom two RHR pumps (one LPCI loop) is directed to the unbroken recirculation
loop. Flow from the other two RHR pumps (one LPCI loop) is directed to the broken
recirculation loop. Prior to the modification, all LPCI flow could have been lost to
the broken recirculation loop ifa single failure such as incorrect loop selection
occurred.

The pumps, piping, controls and instrumentation of the LPCI loops are separated
and protected so that no single failure or any single physical event for which LPCI
operation is required can make both loops inoperable.

LPCI pumps and piping equipment are described in detail in Subsection 4.8,
"Residual Heat Removal System," which also describes the other functions served
by the same pumps ifnot needed for the LPCI function. The portions of the RHRS
required for accident protection are designed in accordance with Class I seismic
criteria (see Appendix C). It is concluded that safety design basis 10 is satisfied.
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Adequate net positive suction head (NPSH) is provided for the ECCS throughout
the loss-of-coolant accident.

The ECCS response and resulting peak cladding temperatures have been
evaluated. These evaluations were performed for a complete spectrum of break
sizes and postulated single failures. The results of these evaluations demonstrate
that adequate core cooling capability exists over the entire spectrum of break sizes
even with a concurrent loss of normal auxiliary power and postulated single
failures."

6.5.2.1 Anal sis Methodolo

The performance of the Emergency Core Cooling Systems was analyzed using the
approved SAFER/GESTR-LOCA application methodology." The methodology
evaluates the short-term and long-term reactor vessel blowdown response to a pipe
rupture, the subsequent core refloading by ECCS, and the final rod heatup. The
reactor vessel pressure and liquid levels, ECCS performance, and other primary
thermal-hydraulic phenomena are predicted as a function of time. These
predictions are then used to determine the cladding temperature under various
accident conditions.

The Code of Federal Regulations (10 CFR 50.46) outlines the acceptance criteria
for ECCS analysis. A summary of the acceptance criteria is provided below.

Criterion 1 - Peak Claddin Tem erature - The calculated maximum fuel element
cladding temperature shall not exceed 2200'F.

Criterion 2 - Maximum Claddin Oxidation - The calculated total local oxidation shall
not exceed 0.17 times the total cladding thickness before oxidation.

Criterion 3- Maximum H dro en Generation - The calculated total amount of
hydrogen generated from the chemical reaction of the cladding with water or steam
shall not exceed 0.01 times the hypothetical amount that would be generated ifall
the metal in the cladding cylinder surrounding the fuel, excluding the cladding
surrounding the plenum volume, were to react.

Criterion 4- Copiable Geomet - Calculated changes in core geometry shall be
such that the core remains amendable to cooling.

Criterion 5 - Lon -Term Coolin - After any calculated successful initial operation of
the ECCS, the calculated core temperature shall be maintained at an acceptably
low value and decay heat shall be removed for the extended period of time required
by the long-lived radioactivity remaining in the core.
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The conformance with Criteria 1 through 3 is demonstrated by performing LOCA
analyses and the conformance with Criterion 4 is demonstrated by conformance to
Criteria 1 and 2. The compliance with Criterion 5 are generically demonstrated."

The SAFER/GESTR-LOCA application methodology consists of three essential
parts. First, potentially limiting LOCA cases are determined by applying realistic
(nominal) analytical models across the entire break spectrum. Second, limiting
LOCA cases are analyzed with an Appendix K model (inputs and assumptions)
which incorporates all the required features of 10 CFR 50, Appendix K. For the
most limiting cases, a Licensing Basis Peak Cladding Temperature (PCT)" is
calculated based on the nominal PCT with an adder to account statistically for the
differences between the nominal and Appendix K assumptions. Finally, after
demonstrating the conservatism of the Licensing Basis PCT, it is ensured that the
resulting Licensing Basis PCT conforms to all the requirements of 10 CFR 50.46
and Appendix K.

To conform with 10 CFR 50.46 and the SAFER/GESTR-LOCA licensing
methodology, the Licensing Basis PCT must be less than 2200'F.

To demonstrate the conformance with the ECCS acceptance criteria, the LOCA
analysis was performed for the full break spectrum. Various single failures were
also investigated to identify the worst cases. Table 6.5-1 shows the plant operating
conditions assumed in the analysis. Table 6.5-2 shows the ECCS equipment
capacity assumed for the analysis. Table 6.5-3 identifies systems available in core
cooling for given combinations of break locations and single failures.

6.5.2.2 Hi h Pressure Coolant In ection S stem

The HPCI System is designed to provide adequate reactor core cooling for small
breaks and to depressurize the reactor primary system such that the LPCI and Core
Spray System can be initiated. A detailed discussion of the performance of the
HPCI System in conjunction with the LPCI and Core Spray System is given in
paragraph 6.5.3. Table 6.5-3 lists the Emergency Core Cooling Systems which are
available for both recirculation suction and discharge breaks following an assumed
single failure.

When the HPCI System begins operation, the reactor depressurizes more rapidly
than would occur ifHPCI was not initiated due to the condensation of steam by the
cold fluid pumped into the reactor vessel by the HPCI System. As the reactor
vessel pressure continues to decrease, the HPCI flow momentarily reaches
equilibrium with the flow through the break. Continued depressurization causes the
break flow to decrease below the HPCI flowand the liquid inventory begins to rise.
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This type of response is typical of the small breaks. The core never uncovers and
is continuously cooled throughout the transient so that no core damage of any kind
occurs for breaks that lie within the range of the HPCI.

An analysis has been made to determine if any carryover occurs in the steam
supply to the HPCI turbine which could have a detrimental effect on turbine
operation. In the case of a break in a liquid line, when the HPCI is energized, the
level in the reactor vessel is low enough to prevent carryover in the steam which
leaves the reactor vessel. In the case of a small break in the reactor steam region
simultaneously with loss of normal AC power, reactor scram, recirculation pump
coast-down, and loss of feedwater, analysis shows that the initial decrease of
pressure in the reactor results in no significant level swell and no carryover of water
into the steam supply to the HPCI turbine. HPCI cold water quenches any steam
formation in the downcomer region. After the HPCI has been operating, and as the
level rises in the reactor vessel, natural circulation within the vessel becomes
established and any steam to the HPCIS turbine passes through the steam
separators and dryers eliminating any moisture carryover. It is concluded that a
mechanism to cause bypassing of the steam separators, by the swelling steam
water mixture, is not available. Therefore, gross moisture carryover to the HPCI
turbine should not occur over the range of steamline breaks of interest in this
system.

The HPCI turbine has been designed for high reliability under its design
requirements of quick starting. Moreover, the turbine has adequate capacity to
accept the small losses in efficiency due to any credible moisture carryover, since
HPCI turbine efficiency is not of paramount importance.

The feedwater spargers are utilized in the reactor for HPCI injection. Each sparger
is mounted to the inside reactor vessel surface. The thermal sleeve is attached to
the sparger midpoint; however, the sleeve is not welded to the vessel nozzle.
Therefore, the feedwater sparger is removable. The spargers are mounted in the
vessel at one elevation to distribute the feedwater in a symmetric pattern about the
vessel axis. Each sparger is supported by the thermal sleeve and a bracket
mounted to each end of the sparger. Provision is made for the differential
expansion between the stainless steel sparger and carbon steel vessel. Radial
differential expansion is taken up by the slip fit of the thermal sleeve into the vessel
nozzle. Tangential differential expansion is taken up by tangential slots cut in the
bracket mounted to each end of the feedwater sparger bracket. The sparger is
analyzed assuming the thermal sleeve is welded into the nozzle. Additionally,
pressure differentials, jet reactions, and earthquake loadings are all added; these
stresses within the sparger are all within ASME Code, Section III allowables for
Class A Vessels.
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The resultant bracket loads meet the loading criteria given in Appendix C. It is
concluded that design basis 8 is satisfied.

6.5.2.3 Automatic De ressurization S stem

When the Automatic Depressurization System is actuated, the flow of steam
through the valves provides a maximum energy removal rate while minimizing the
corresponding fluid mass loss from the reactor vessel. Thus, the specific internal
energy of the saturated fluid in the reactor vessel is rapidly decreased causing
pressure reduction. Once the reactor vessel pressure has decreased below the
shut off head of the Core Spray and LPCI pumps, these low pressure Emergency
Core Cooling Systems will provide adequate core cooling flow. Therefore, the ADS
provides the backup for the HCPI system. Table 6.5-3 lists the Emergency Core
Cooling Systems which are available for both recirculation suction and discharge
breaks following an assumed single failure.

Actuation of the automatic depressurization function does not require any source of
offsite power. The main steam relief valves'require DC power from the unit
batteries for control and air power from accumulators for operation. This satisfies
safety design basis 5.

The accumulators and the nuclear system main steam relief valves are within the
primary containment and this satisfies the containment isolation requirements of
safety design basis 6.

6.5.2.4 Core S ra S stem

The Core Spray System, in conjunction with other ECCS Systems, is designed to
maintain continuity of reactor core cooling for a large spectrum of loss-of-coolant
accidents up to and including the design basis double-ended recirculation line
break. The integrated performance of the Core Spray System in conjunction with
other Emergency Core Cooling Systems is given in paragraph 6.5.3.

Performance analyses of the reactor Core Spray System are based on an analytic
prediction of the reactor vessel pressure and mass inventory as a function of time
following a postulated rupture of the coolant system piping. In all cases the
analyses are begun with the coolant system liquid inventory at low-level scram and
the reactor operating at full power for the turbine design condition. For all
loss-of-coolant analyses the break is assumed to occur instantaneously and
simultaneous with the loss of normal auxiliary power.

The Core Spray System alone cannot protect the core below certain break sizes.
This is because vessel pressure does not drop rapidly enough to allow sufficient
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core spray injection before the cladding hot spot reaches excessively high
temperature. Below this break size either the HPCI or the Automatic
Depressurization System extend the range of the Core Spray System to breaks of
insignificant magnitude.

For the limiting design basis accident, a combination of the Core Spray system and
I PCI is necessary to supply sufficient cooling to meet peak clad temperature
limits." Table 6.5-3 lists the Emergency Core Cooling Systems which are available
for both recirculation suction and discharge breaks following an assumed single
failure.

Experimental tests have shown that the quantity of flow currently being provided for
core spray is greatly in excess of the minimum actually required for satisfactory core
cooling'. The tests showed that more than the minimum flow required is readily
attained for every fuel assembly. Other tests include evaluation of the effects of
updraft caused by steam flow through the core or evaporation of the water that
enters the fuel assembly. The effects of updraft are minor. A series of tests were
performed to obtain design data relating to distribution of core spray coolant over
the top surface of the reactor core. The topical report'ontains a description of the
test facility and plots of the significant results from the tests.

The core spray tests also provided experimental effective heat transfer coefficients,
thus enabling correlation of the core heatup model with the actual test data. Data
from tests on an exact prototype at power resulted in volume percentile temperature
distributions. The close correlation between the peak temperature and general
trend demonstrates the adequacy of the analytical models employed.

To assure continuity of core cooling, signals to isolate the primary or secondary
containments do not operate any Core Spray System valves. This arrangement
satisfies safety design basis 6.

The testable check valve is the only core spray equipment in the primary
containment required to actuate during a loss-of-coolant accident which requires
consideration for the high temperature and humidity environment in the containment
from the accident. The selected valve actuates on flow through the pipeline,
independent of any external signal. The actuator is provided only for test. Thus,
neither the normal nor accident environment in the containment affects the
operability of the core spray equipment for the accident. It is concluded that safety
design basis 9 is satisfied.

Taking the core spray water from the suppression pool establishes a closed loop for
recirculation of the spray water escaping from the break. It is concluded that safety
design basis 11 is satisfied.
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The core spray spargers and piping are designed as Class I (see Appendix C) so
that they meet design basis 10.

6.5.2.5 Low Pressure Coolant In'ection S stem

Low Pressure Coolant Injection System (LPCI) is provided to automatically reflood
the reactor core in time to limit cladding temperatures after a nuclear system
loss-of-coolant accident when the reactor vessel pressure is below the shutoff head
of the pumps. The LPCIS provides cooling by flooding which differs from the Core
Spray System which provides cooling by spraying.

For the limiting design basis accident, a combination of the Core Spray System and
LPCI is necessary to supply sufficient cooling to meet peak clad temperature
limits."'able 6.5-3 lists the Emergency Core Cooling Systems which are available
for both recirculation suction and discharge breaks following an assumed single
failure.

The maximum vessel pressure against which the LPCIS pumps must deliver some
flow is determined by the required overlap with HPCI which has a low pressure
cutoff for the HPCIS turbine. The LPCIS pumps are capable of delivering flow
above the pressure due to the pump head flow characteristics.

LPCI cooling capability is analyzed using approved analytical methods based on
the mass and energy flows to and from the reactor. The break in the nuclear
system process barrier is assumed to occur instantaneously, and simultaneously
with loss of normal auxiliary AC power.

The analysis begins at reactor scram from 102% of rated power because of a
reactor vessel low water level signal.

The LPCI control system responds as described in Section 7.4.3. When the nuclear
system pressure decreases to the pumping head of LPCIS, the check valve in the
injection line opens and LPCI water is pumped into the reactor vessel to reflood the
core.

These actions provide an integral flow path for the injection of the LPCI flow into the
bottom plenum of the reactor vessel. As the LPCl,flow accumulates, the level rises
inside the shroud. When the level reaches the top of the jet pumps, spillover occurs
for a time raising the level outside the shroud. As the subcooled LPCI flow begins
spilling into the region outside the shroud, the depressurization effect of the break is
reduced since the subcooled water is now flowing out the break. As the pressure
begins to rise, the LPCI flow is reduced until a quasi-equilibrium pressure is
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reached. At this point the break is partially covered by subcooled water which has
spilled over the top of the jet pumps and the equivalent area of the break available
for steam blowdown is maintained at the required equilibrium value by the LPCI
spillage. If pressure were to rise, the LPCI flowwould be reduced, the equivalent
break size for steam blowdown would increase, and pressure would drop.
Complete equilibrium will be reached when the rate of saturating the LPCI water
becomes equal to the boiloff rate.

It is noted that this condition will not actually be attained because of the HPCI and
Auto Depressurization System effects on the transient. Although HPCI flowwill be
lost when pressure is reduced sufficiently, the auto depressurization valves would
open as level continues to drop.

To assure continuity of core cooling, signals to isolate the primary or secondary
containments do not operate any LPCI valves. This arrangement satisfies safety
design basis 6.

The two testable check valves are the only LPCI equipment in the primary
containment required to actuate during a loss-of-coolant accident which require
consideration for the high temperature and humidity environment in the containment
from the accident. The type of valve chosen actuates on flow through the pipeline,
independent of any external signal.

The actuator is provided only for test. Thus, neither the normal nor accident
environment in the containment affects the operability of the Low Pressure Coolant
Injection equipment for the accident. It is concluded that safety design basis 9 is
satisfied.

Using the suppression pool as the source of water for LPCIS establishes a closed
loop for recirculation of LPCIS water escaping from the break. It is concluded that
safety design basis 11 is satisfied.

The LPCI and appropriate portions of the recirculation loops are designed as Class
I (see Appendix C) so that they meet design basis 10.

6.5.3 Inte rated 0 erationofthe Emer enc Core Coolin S stems

Sections 6.4 and 6.5.2 described the performance and operation of each of the
Emergency Core Cooling Systems individually. Section 6.5.3 is directed toward the
integrated performance of the ECCS, i.e., how the entire ECCS operates together to
provide core cooling for the entire spectrum of loss-of-coolant accidents concurrent
with an assumed active single failure. The ECCS integrated performance under
LOCA conditions is evaluated according to the analysis procedure described in
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Section 6.5.2. The primary emphasis is placed on the liquid line break since for a
given break size the consequences of a break in a liquid line are more severe than
for a break in a steam line. As summarized in the next paragraphs, it is
demonstrated that the core cooling capability is available even concurrently with the
improbable loss of all offsite AC power. In actual cases, more core cooling
capability than assumed in the analysis is available since the reliability of plant AC
power is extremely high.

The containment response is discussed in Section 14, "Plant Safety Analysis."

6.5.3.1 Recirculation Line Breaks

The analyses assume a loss of normal auxiliary AC power concurrent with a line
break. This satisfies safety design basis 5. The recirculation suction line is the
largest liquid line inside the drywell. A double-ended break in this line would result
in the most rapid depressurization and inventory loss.

For the limiting case, the reactor is assumed to be operating at 102% of rated power
when the break occurs. The feedwater pumps are assumed to coast down in five
seconds to minimize credit for feedwater to maintain reactor inventory. The
analyses assume the reactor water level is at the normal level when the break
occul s.

Immediately after the break, critical flowwould be established at the break. The
large increase in core void fraction that would be caused by the decreasing vessel
pressure would be sufficient to render the core subcritical. High drywell pressure
would initiate mechanical scram of the control rod system in less than one second.

A reactor vessel low water level signal initiates closure of the main steam isolation
valves in about 0.5 second.

A double-ended break in the recirculation line will result in rapid depressurization of
the reactor vessel and loss of reactor coolant inventory. Either the low-low-low
water level sensor in the reactor vessel or high drywell pressure sensor plus low
reactor vessel pressure would generate a signal to initiate ECCS (i.e., Core Spray
System and LPCI mode of the RHR System).

For break sizes below the lower limitof the unassisted Core Spray System or LPCI
System, the HPCI System or Auto Depressurization System acts to depressurize the
nuclear boiler, allowing either the Core Spray System or the LPCI System to provide
core cooling. The intermediate break range here is defined between the limits of
the unassisted HPCI and the unassisted Core Spray or LPCI, in which one of the
high pressure systems (HPCI or Automatic Depressurization) works in conjunction
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6.5.3.4 Alternate 0 eratin Mode Considerations

The impact of alternate operating modes on LOCA results is evaluated by analyzing
the limiting LOCA case at such operating conditions as: Increased Core Flow (ICF),
Maximum Extended Load Line Limit (MELLL),and Final Feedwater Temperature
Reduction (FFWTR)." For ICF and FFWTR, the impact on LOCA results is
negligible. The Appendix K PCT at MELLLcore flow conditions is approximately
20'F higher, which is insignificant relative to the PCT margin available at the rated
core flow conditions, with respect to the 2200'F limit.

6.5.4 Emer enc Core Coolin S stems Redundanc

The design criterion of preventing peak cladding temperatures greater than 2200'F
is satisfied across the entire spectrum of possible liquid or steamline break sizes
even in the event of the loss of normal auxiliary power combined with a single
failure. It is concluded that the redundant capability of the ECCS is sufficient for all
size line breaks up to and including the design basis break.

The individual functions of the ECCS also meet the design criteria over various
ranges of break sizes in the nuclear system. Their integrated performance provides
adequate and timely core cooling over the entire spectrum of loss-of-coolant
accidents up to and including the design basis loss-of-coolant accident even with
concurrent loss of offsite AC power. It is concluded that safety design basis 1 is
satisfied.
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TABLE 6.5-1

PLANT PARAMETERS USED IN
SAFER/GESTR-LOCA ANALYSIS

Plant Parameters

Core Thermal Power (MWt)

Corresponding Power (% of 3458 MWt)

Vessel Steam Output (1bm/hr)

Rated Core Flow (Ibm/hr)*

Vessel Steam Dome Pressure (psia)

Maximum Recirculation Suction Line
Break Area (ft )

Maximum Recirculation Discharge Line
Break Area (ft )

Low Pressure Core Injection Valve
Pressure Permissive for Opening (psig)

Core Spray Injection Valve
Pressure Permissive for Opening (psig)

Recirculation Pump Discharge Valve
Pressure Permissive for Closure (psig)

Diesel Start and Ready to Load
(seconds)

Nominal

3458

100

14.2 x 106

102.5 x 106

1050

4.2

1.94

335

335

200

20

AppendixK

3527

102

14.5 x 106

102.5 x 106

1053

4.2

1.94

335

335

200

20

'Note: Limiting LOCA cases were analyzed for a core flow range of 83 to 107.6 Mlb/hr.
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TABLE 6.'5-2

ECCS EQUIPMENT CAPACITYASSUMED IN SAFER/GESTR-LOCA ANALYSIS

Function

HPCI

ADS Valves

Core Spray System

LPCI Pump

Number Installed

2
(two pumps for each system)

Flow

4500 gpm at 1120 to 150
psid within 50 seconds

800,000 Ib/hr per valve at
1125 psig

5600 gpm at 105 psid per two
CS pumps

9400 gpm at 20 psid per
pump on one loop 17,300,
gpm at 20 psid per two
pumps on one loop

NOTE: psid - pounds per square inch differential between reactor vessel and primary containment (torus)
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6.6 INSPECTION AND TESTING

Each active component of the Emergency Core Cooling Systems provided to
operate in a design basis accident is designed to be operable for test purposes
during normal operation of the nuclear system. The inboard isolation check valves
can only be tested during cold shutdown. ASME Section XI, "Inservice Pump and
Valve Test and System Pressure Test Requirements" are discussed in Subsection
4.12, "Inservice Inspection and Testing."

The HPCIS, Automatic Depressurization, and Core Spray System have no normal
process uses and, therefore, are tested periodically to provide assurance that the
Emergency Core Cooling Systems will operate to effectively cool the reactor core in
an accident. The four LPCI pumps may be placed in use as part of the Residual
Heat Removal System during shutdown cooling, thus their status is known from
normal process uses. However, the LPCI pumps are tested no less frequently than
the rest of the ECCS. Other parts of the LPCI, such as the two testable check
valves inside the primary containment drywell and the four shutoff valves outside
the drywell, are also tested periodically.

Preoperational tests of the Emergency Core Cooling Systems were conducted
during the final stages of plant construction prior to initial startup. Testing of the
HPCI turbine requires steam either from an auxiliary boiler or after nuclear system
heatup (see Section 13, "Conduct of Operations" ). These tests assured the proper
functioning of all controls and instrumentation, pumps, piping, and valves. System
reference characteristics such as pressure differentials and flow rates were
documented during the preoperational tests and were used as base points for
measurements obtained in the subsequent operational tests.

During plant operations, the pumps, valves, piping, instrumentation, wiring and,
other components outside the primary containment can be visually inspected at any
time. Components inside the primary containment can be inspected when the
drywell is open for access. When the reactor vessel is open, for refueling or other
purposes, the spargers and other internals can be inspected. The testing
frequencies of most components of the Emergency Core Cooling Systems are
correlated with the testing frequencies of the associated controls and
instrumentation. When a pump or valve control is tested, the operability of the
pump or valve and the associated instrumentation is also tested by the same action.

When the system is tested, the operation of most of the components are indicated
in the control room. There are exceptions which require local observation at the
component and may require special tests for which there are special provisions and
methods.
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Pressure operated relief valves may be removed for maintenance, bench checks,
and setting adjustments during normal plant shutdown. -Bench tests of the
Automatic Depressurization valves are discussed in Subsection 4.4, "Nuclear
System Pressure Relief System."

A pressure operated control valve such as the one upstream of the HPCIS gland
seal condenser is functionally tested and adjusted in place, in accordance with the
valve manufacturer's manual and the system specification for pressure setting. A
test pressure connection is provided to check and adjust the setting.

Flow operated check valves for reverse flow or excess flow are tested periodically in
place by isolating that portion of the system and simulating the function conditions,
either with the system pump or through test connections provided for this purpose.

The proper position of manual valves for the accident mode is indicated by flow and
pressure instrumentation during the periodic system tests and after maintenance.

Test lines are provided between pairs of containment isolation valves in the
Emergency Core Cooling Systems to measure leakage when the containment is
pressurized for tests. The test line is also used to pressurize between the closed
valves to identify which one is leaking.

Pumps for the Emergency Core Cooling Systems are equipped with face-type
mechanical shaft seals. Normal leakage for these seals are 0 to 0.1 gph at
operating conditions.

The portions of the Emergency Core Cooling Systems requiring pressure integrity
are designed to specifications for inservice inspection to detect defects which might
affect the cooling performance. The reactor vessel nozzles, the core spray, and
feedwater spargers receive particular attention.

A design flow functional test of the HPCI, up to the normally closed pump discharge
valve, is performed during normal plant operation by pumping water from the
condensate supply header and back through the full flow test return line to the
condensate tanks. The HPCIS turbine-pump is driven at its rated output by steam
from the reactor. The suction valves from the suppression pool and discharge
valves to the reactor feedwater line remain closed.

HPCI test conditions are tabulated in the Technical Specifications, Section 4.5.E.1.
Ifan initiation signal occurs while the HPCIS is being tested, the system returns to
the automatic startup mode; however, operator action may be required to adjust the
flow demand setting.
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The HPCI may be tested at full flow with condensate at any time except when the
reactor vessel water level is low, the condensate supply header pressure is low, or
the valves from the suppression pool to the pump are open.

To conduct the full flow test, the test return line valves to the condensate storage
tank are opened. The turbine steam valves are open. The pump delivers bypass
flow to the suppression pool to provide minimum flow protection during startup.

To test the pump discharge valve, it is operated with the remote control switch,
observing the valve position lights.

The testable check valve must be tested during cold shutdown. If the differential
pressure is too high, equalization of the pressure across the valve may be
accomplished by pressurizing upstream of the valve using the test connections.

Each loop of the Core Spray System may be tested during reactor operation. The
test conditions are tabulated in the Technical Specifications, Section 4.5.A.1. The
normal system test does not inject cold water into the reactor because the testable
check valve is held closed by the reactor pressure which is higher than core spray
pump pressure, and the inboard injection valve remains closed.

To test the core spray pumps at rated flow, the test bypass valve is opened to the
suppression pool, the pump suction valve from the suppression pool is opened, and
the pumps are started using the remote manual switches in the control room.
Proper operation is determined by observing the instruments in the control room.
The Core Spray System outside the drywell is checked for leaks.

The two motor-operated injection valves are tested by cycling and observing the
position indicator lights.

The air-operated testable check valve inside the drywell is tested during periods of
cold shutdown.

Ifan initiation signal occurs during the test, the Core Spray System is signaled to
start and the system returns to the automatic startup mode.

Similarly, LPCI pumps and valves are tested periodically during reactor operations.
With the injection valves closed and the return line open to the suppression pool,
full flow pumping capability is demonstrated. The injection valves and the testable
check valves are operated, as described previously for the core spray valves. The
portion of the LPCI outside the drywell is inspected for leaks during tests. Controls
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and instrumentation are tested as described in Subsection 7.4, "Emergency Core
Cooling Systems Control and Instrumentation."

Upon receipt of an LPCI initiation signal during tests, the valves in the test bypass
lines are closed automatically to assure that the LPCI pump discharge is routed
properly to the reactor vessel.

The ECCS piping and components in the Reactor Building are monitored by routine
inspections, general housekeeping practices, and system operability testing which
maintains system leakage to an as-low-as-possible level.

It is concluded that safety design basis 7 is satisfied.
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770 CONTROL AND INSTRUMENTATION

7.1 SUMMARYDESCRIPTION

The control and instrumentation section presents the details of the more complex
control and instrumentation systems in the plant. Some of these systems are safety
systems; others are power generation systems.

7.1.1 ~Sf S

The safety systems described in the control and instrumentation section are given
below.

Nuclear safety systems and engineered safeguards (required for accidents
and abnormal operational transients):

Reactor Protection System,

Primary Containment Isolation System,

Core Standby Cooling Systems Control and Instrumentation,

Neutron Monitoring System (specific portions), and

Reactor Vessel Instrumentation (specific portions), and Anticipated Transients
Without SCRAM.

b. Process safety systems (required for planned operation):

Neutron Monitoring System (specific portions),

Refueling Interlocks,

Reactor Vessel Instrumentation (specific portions),

Process Radiation Monitors (except Main Steam Line Radiation Monitoring
System), and

Process Computer System (RWM).
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7.1.2 Power Generation S stems

The power generation systems described in the section are as follows.

Reactor Manual Control System,

Recirculation Flow Control System,

Feedwater System Control and Instrumentation,

Pressure Regulator and Turbine-Generator Controls,

Area Radiation Monitors, Main Steam Line Radiation Monitors,

Site Environs Radiation Monitors,

Health Physics and Laboratory Analysis Radiation Monitors, and

Process Computer System.

The major functions of the safety systems are summarized as follows.

1. Reactor Protection S stem

The Reactor Protection System initiates an automatic reactor shutdown
(scram) ifmonitored system variables exceed preestablished limits. This
action limits fuel damage and system pressure and thus restricts the release
of radioactive material.

2. Prima Containment Isolation S stem

This system initiates closure of various automatic isolation valves in response
to off-limitsystem variables. The action provided limits the loss of coolant
from the reactor vessel and contains radioactive materials either inside the
reactor vessel or inside the primary containment. The system responds to
various indications of pipe breaks or radioactive material release.

Core Standb Coolin S stems Control and Instrumentation

This subsection describes the equipment required for the initiation and control
of the High Pressure Coolant Injection System, Automatic Depressurization
System, Core Spray System, and the Low Pressure Coolant Injection System.
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Neutron Monitorin S stem

The Neutron Monitoring System uses in-core neutron detectors to monitor
core neutron flux. The safety function of the Neutron Monitoring System is to
provide a signal to shut down the reactor when an overpower condition is
detected. High average neutron flux is used as the overpower indicator. In
addition, the Neutron Monitoring System provides the required power level
indication during planned operation.

Main Steam Line Radiation Monitorin S stem

Deleted

Refuelin Interlocks

The refueling interlocks serve as a backup to procedural core reactivity
control during refueling operation.

Reactor Vessel Instrumentation

The safety function of the reactor vessel instrumentation is to provide input to
the reactor protection system and the core standby cooling systems. This
instrumentation also provides information for the operator to take manual
actions in addition to the above mentioned automatic system actions during
abnormal and accident conditions. In addition, during planned operations the
reactor vessel instrumentation monitors and transmits information concerning
key reactor vessel parameters to ensure that sufficient control of these
parameters is possible.

Process Radiation Monitors exce t Main Steam Line Radiation Monitorin
S stem

A number of radiation monitoring systems are provided on process liquid and
gas lines to provide sufficient control of radioactive material release from the
site.

Process Com uter S stem RWM)

The process computer is provided to supplement procedural requirements for
the control of rod worth during control rod manipulations during reactor
startup and shutdown.
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10. Antici ated Transients Without SCRAM

The design objective of the Anticipated Transients Without SCRAM (ATWS)
is to provide an alternate means of bringing the reactor from full power to a
cold shutdown condition independent of the normal means of shutdown. The
ATWS design is intended to mitigate any abnormal operational transients, as
defined in FSAR Section 1.4. The systems and equipment required by
10 CFR 50.62 for ATWS do not have to meet all of the stringent requirements
normally applied to safety-related equipment. However, this equipment is part
of the broader class of structures, systems and components important to
safety.

Plant 0 erational Control

The major systems used to control the plant during planned operations are the
following:

Reactor Manual Control S stem

This system allows the operator to manipulate control rods and determine
their positions. Various interlocks are provided in the control circuitry to avoid .

unnecessary protection system action resulting from operator error.

Recirculation Flow Control S stem

This system controls the speed of the two reactor recirculation pumps by
varying the electrical frequency of the power supply for the pumps. By
varying the coolant flow rate through the core, power level may be changed.
The system is arranged to allow for manual control (operator action).

Feedwater S stem Control and Instrumentation

This system regulates the feedwater system flow rate so that proper reactor
vessel water level is maintained. The feedwater system controller uses
reactor vessel water level, main steam flow, and feedwater flow signals to
regulate feedwater flow. The system is arranged to permit single-element
(level only), three-element (level, steam flow, feed flow), or manual operation.

Pressure Re ulator and Turbine-Generator Controls

The pressure regulator and turbine-generator controls work together to allow
proper generator and reactor response to load demand changes. The
pressure regulator acts to maintain nuclear system pressure essentially
constant, so that pressure-induced core reactivity changes are controlled. To
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maintain constant pressure, the pressure regulator adjusts the turbine control
valves or turbine bypass valves. The turbine-generator controls act to
maintain turbine speed constant, so that electrical frequency is maintained.
The turbine-generator speed-load controls respond to load or speed changes.
The turbine-generator speed-load, controls can initiate rapid closure of the
turbine control valves (coincident with fast opening of the byp'ass valves) to
prevent excessive turbine overspeed in case of loss of generator electrical
load.

7.1.5 Definitions

The complexity of the control and instrumentation systems requires the use of
certain terminology for clarification in the description of the protection systems. See
additional definitions in Subsection 1.2, "Definitions."

Channel-A channel is an arrangement of one or more sensors and
associated components used to evaluate plant variables and to produce
discrete outputs used in logic. A channel terminates and loses its identity
where individual channel outputs are combined in logic. See Figure 7.1-1.

Sensor —A sensor is that part of a channel used to detect variations in the
measured power plant variable. See Figure 7.1-1.

Logic-Logic is that array of components which combines individual bistable
output signals to produce decision outputs. See Figure 7.1-1.

Trip System-A trip system is that portion of a system encompassing one or
more channels, logic, and bistable devices used to produce signals to the
actuation logic. A trip system terminates and loses its identity where outputs
are combined in actuation logic. See Figure 7.1-1.

Actuation Device-An actuation device is an electrical or electromechanical
module controlled by an electrical decision output used to produce mechanical
operation of one or more activated devices to accomplish the necessary
action. See Figure 7.1-1.

Activated Device-An activated device is a mechanical module in a system
used to accomplish an action. An activated device is controlled by an
actuation device. See Figure 7.1-1.

Trip-A trip is the change of state of a bistable device which represents the
change from a normal condition. A trip signal, which results from a trip, is
generated in the channels of a trip system and produces subsequent trips and
trip signals throughout the system as directed by the logic.
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8. Setpoint —A setpoint is that value of the monitored plant variable which causes
a channel trip.

9. Component-A component includes those items from which the system is
assembled (e.g., resistors, capacitors, wires, connectors, transistors,
switches, springs, pumps, valves, piping, heat exchangers, vessels, etc.).

10. Module-A module is any assembly of interconnected components which
constitutes an identifiable device, instrument, or piece of equipment.

Incident Detection Circuitry—Incident detection circuitry includes those trip
systems which are used to sense the occurrence of an incident. Such circuitry
is described and evaluated separately where the incident detection circuitry is
common to several systems.

7.1.6 Environmental Qualification of Electrical E ui ment

Safety-related electrical equipment is capable of performing its safety-related
function under environmental conditions associated with all normal, abnormal, and
plant accident operation as stated in TVAresponses to IEB-79-01B, "Environmental
Qualification of Class 1E Equipment," dated February 8, 1979, and supplements
thereto; and the revised Order for Modification of Licenses dated
September 19, 1980. (See subsection 1.5.).
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a. Access to all trip settings, component calibration controls, test points, and
other terminal points for equipment associated with essential monitored
variables shall be under administrative control.

b. The means for manually bypassing logics, channels, or system
components shall be under administrative control. If the ability to trip
some essential part of the system has been bypassed, this fact is
continuously indicated in the control room, except for the Neutron
Monitoring System (NMS) Operate-Calibrate inop trip. Bypassing of the
NMS inop trip using the Operate-Calibrate bypass switch shall be under
Administrative control to allow functional tests of the NMS to be
performed.

9. To provide the operator with means independent of the automatic scram
functions to counteract conditions that threaten the fuel or nuclear system
process barrier, it shall be possible for the control room operator to manually
initiate a reactor scram.

10. The following bases are specified to provide the operator with the means to
assess the condition of the Reactor Protection System and to identify
conditions that threaten the integrities of the fuel or nuclear system process
barrier.

a. The Reactor Protection System shall be designed to provide the operator
with information pertinent to the operational status of the protection
system.

b. Means shall be provided for prompt identification of channel and trip
system responses.

11. It shall be possible to check the operational availability of each channel and
logic.

7.2.3 ~D

7.2.3.1 Identification

The Reactor Protection System includes the motor-generator power supplies with
associated control and indicating equipment, sensors, relays, bypass circuitry, and
switches that supply a signal to the Control Rod Drive (CRD) System to cause rapid
insertion of control rods (scram) to shut down the reactor. It also includes outputs
to the process computer system and annunciators. The Reactor Protection System
is designed to meet the intent of the IEEE proposed criteria for nuclear power plant
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protection systems (IEEE-279-1971). The process computer system and
annunciators are not part of the Reactor Protection System. Although scram
signals are received from the Neutron Monitoring System, this system is treated as
a separate nuclear safety system in Subsection 7.5.

7.2.3.2 ~PS
Power to each of the two reactor protection trip systems is supplied, via a separate
bus, by its own high-inertia, AC motor-generator set (see Figure 7.2-1). Each
generator has a voltage regulator which is designed to respond to a step-load
change of 50 percent of rated load with an output voltage change of not greater
than 15 percent. High inertia is provided by a flywheel. The inertia is sufficient to
maintain voltage and frequency within 5 percent of rated values for at least 1.0
second following total loss of power to the drive motor. Automatic circuit protectors
were added to these MG sets to provide Class 1E isolation of the RPS should the
supply voltage or frequency become abnormal.

Alternate power is available to either Reactor Protection System bus from an
electrical bus that can receive standby electrical power. The alternate power switch
prevents simultaneously feeding both buses from the same source. The switch also
prevents paralleling a motor-generator set with the alternate supply. The OC power
is supplied to the backup scram valve solenoids from the plant batteries.

7.2.3.3 Ph sical Arran ement

Instrument piping that taps into the reactor vessel is routed through the drywell wall
and terminates inside the secondary containment (Reactor Building). Reactor
vessel pressure and water level information is sensed from this piping by
instruments mounted on instrument racks in the Reactor Building. Valve position
switches are mounted on valves from which position information is required. The
sensors for Reactor Protection System signals from equipment in the Turbine
Building are mounted locally in the Turbine Building. The two motor-generator sets
that supply power for the Reactor Protection System are located in the Control
Building in an area where they can be serviced during reactor operation. Cables
from sensors, Analog Trip Unit (ATU) Cabinets, and power cables are routed to two
Reactor Protection System cabinets in the Auxiliary Instrument Room, where the
logic circuitry of the system is formed. One cabinet is used for each of the two trip
systems. The logics of each trip system are isolated in separate bays in each
cabinet, as shown in Figure 7.2-2. The Reactor Protection System, except for the
motor-generator sets and signals from nonseismic structures, is designed as
Class I equipment to assure a safe reactor shutdown during and after seismic
disturbances. The detailed requirements for Class I equipment are described in
Appendix C.
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7.2.3.4 Locaic

The Mechanical Logic Diagram of the system is illustrated in Figures 7.2-3a through
7.2-3f. The Reactor Protection System is arranged as two separately powered trip
systems. Each trip system has three logics, as shown in Figure 7.2-4. Two of the
logics are used to produce automatic trip signals. The remaining logic is used for a
manual trip signal. Each of the two logics used for automatic trip signals received
input signals from at least one channel for each monitored variable. Thus, two
channels are required for each monitored variable to provide independent inputs to
the logics of one trip system. At least four channels for each monitored variable are
required for the logics of both trip systems.

As shown in Figure 7.2-5, the actuators associated with any one logic provide
inputs into each of the actuator logics for the associated trip system. Thus, either of
the two automatic logics associated with one trip system can 'produce a trip system
trip. The logic is a one-out-of-two arrangement. To produce a scram, the actuator
logics of both trip systems must be tripped. The overall logic of the Reactor
Protection System could be termed one-out-of-two taken twice.

7.2.3.5 0 eration Fi ures 7.2-1 7.2-3a throu h 3f and 7.2-4)

To facilitate the description of the Reactor Protection System, the two trip systems
are called trip system A and trip system B. The automatic logics of trip system A
are logics A1 and A2; the manual logic of trip system A is logic A3. Similarly, the
logics for trip system 8 are logics 81, 82, and 83. The actuators associated with
any particular logic are identified by the logic identity (such as actuators 82) and a
letter (see Figure 7.2-4). The actuator logics associated with a trip system are
identified with the trip system identity (such as actuator logics A). Channels are
identified by the name of the monitored variable and the logic identity with which the
channel is associated (such as reactor vessel high pressure channel 81).

During normal operation, all sensor and trip contacts essential to safety are closed;
channels, logics, and actuators are energized.

There are two scram pilot valves and two scram valves for each control rod. Each
scram pilot valve is solenoid-operated. The solenoids are normally energized. The
two scram pilot valves, associated with a control rod, control the air supply to both
scram valves for that rod. With either scram pilot valve energized, air pressure
holds the scram valves closed. The scram valves control the supply and discharge
paths for control rod drive water. One of the scram pilot valves for each control rod
is controlled by actuator logics A, the other valve by actuator logics B. There are
two DC, solenoid-operated, backup scram valves which provide a second means of
controlling the air supply to the scram valves for all control rods. The DC solenoid
for each backup scram valve is normally deenergized. The backup scram valves
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are energized (initiate scram) when both trip system A and trip system B are
tripped.

The functional arrangement of sensors and channels is shown in Figures 7.2-3a
through 7.2-3f. A schematic is given in Figure 7.2-4.

Whenever a channel sensor contact opens, its sensor relay deenergizes, causing
contacts in the logic to open. The opening of contacts in the logic deenergizes its
actuators. When deenergized, the actuators open contacts in all the actuator logics
for that trip system. This action results in deenergizing the scram pilot valve
solenoids associated with that trip system (one scram pilot valve solenoid for each
control rod). Unless the other scram pilot valve solenoid for each rod is
deenergized, the rods are not scrammed. If a trip then occurs in any of the logics of
the other trip system, the remaining scram pilot valve solenoid for each rod is
deenergized, venting the air pressure from the scram valves, and allowing control
rod drive water to act on the control rod drive piston. Thus, all control rods are
scrammed. The water displaced by the movement of each rod piston is vented into
a scram discharge volume. When the solenoid for each backup scram valve is
energized, the backup scram valves vent the air supply for the scram valves; this
action initiates insertion of every control rod regardless of the action of the scram
pilot valves.

A scram can be manually initiated. There are two scram buttons, one for logic A3
and one for logic B3. Depressing the scram button on the logic A3 deenergizes
actuators A3 and opens corresponding contacts in actuator logics A. A single trip
system trip is the result. To effect a manual scram, the buttons for both logic A3
and logic B3 must be depressed. By operating the manual scram button for one
manual logic at a time, followed by reset of that logic, each trip system can be
tested for manual scram capability. It is also possible for the control room operator
to scram the reactor by interrupting power to the Reactor Protection System. This
can be done by operating power supply breakers. The manual scram capability
provided in the control room meets safety design basis 9.

To restore the Reactor Protection System to normal operation following any single
trip system trip or scram, the actuators must be manually reset. Reset is possible
only if the conditions that caused the trip or scram have been cleared, and it is
accomplished by operating switches in the control room. Figures 7.2-3a through 3f
show the functional arrangement of reset contacts for trip system A. This meets
safety design basis 7f.

Whenever a Reactor Protection System sensor trips, it lights a printed annunciator
window, common to all the channels for that variable, on the reactor control panel in
the control room to indicate the out-of-limitvariable. Each trip system lights an
annunciator window indicating the trip system which has tripped.
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A Reactor Protection System channel trip also sounds a buzzer or horn, which can
be silenced by the operator. The annunciator window lights latch in until manually
reset; reset is not possible until the condition causing the trip has been cleared.
The physical positions of Reactor Protection System relays are used to identify the
individual sensor that tripped in a group of sensors monitoring the same variable.
The location of alarm windows provides the operator with the means to quickly
identify the cause of Reactor Protection System trips and to evaluate the threat to
the fuel or nuclear system process barrier.

To provide the operator with the ability to analyze an abnormal transient during
which events occur too rapidly for direct operator comprehension, all Reactor
Protection System trips are recorded by an alarm typewriter controlled by the
Process Computer System. All trip events are recorded. The first 40 are recorded
in chronological sequence, except that events occurring within 16 milliseconds of
each other are treated as having occurred simultaneously. Use of the alarm
typewriter and computer is not required for plant safety, and information provided is
in addition to that immediately available from other annunciators and data displays.
The printout of trips is of particular usefulness in routinely verifying the proper
operation of pressure, level, and valve position switches as trip points are passed
during startups, shutdowns, and maintenance operations.

Reactor Protection System inputs to annunciators, recorders, and the computer are
arranged so that no malfunction of the annunciating, recording, or computing
equipment can functionally disable the Reactor Protection System. Signals directly
from the Reactor Protection System sensors are not used as inputs to annunciating
or data logging equipment. Isolation is provided between the primary signal and the
information output. The arrangement of indications pertinent to the status and
response of the Reactor Protection System satisfies safety design bases 10a and
10b.

7.2.3.6 Scram Functions and Bases for Tri Settin s

The following discussion covers the functional considerations for the variables or
conditions monitored by the Reactor Protection System. Table 7.2-1 lists the
specifications for instruments providing signals for the system. Figure 7.2-6 shows
the scram functions in block form.

1. Neutron Monitoring System trip-To provide protection for the fuel against high
heat-generation rates, neutron flux is monitored and used to initiate a reactor
scram. The Neutron Monitoring System setpoints and their bases are
discussed in Subsection 7.5, "Neutron Monitoring System."
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2. Nuclear system high pressure-High pressure within the nuclear system poses
a direct threat of rupture to the nuclear system process barrier. A nuclear
system pressure increase, while the reactor is operating, compresses the
steam voids and results in a positive reactivity insertion, causing increased
core heat generation that could lead to fuel failure and system
overpressurization. A scram counteracts a pressure increase by quickly
reducing the core fission-heat generation.

The nuclear system high-pressure scram setting is chosen slightly above the
reactor vessel maximum normal operating pressure to permit normal operation
without spurious scram, yet provide a wide margin to the maximum allowable
nuclear system pressure. The location of the pressure measurement, as
compared to the location of highest nuclear system pressure during
transients, was also considered in the selection of the high-pressure scram
setting. The nuclear system high-pressure scram works in conjunction with
the pressure relief system in preventing nuclear system pressure from
exceeding the maximum allowable pressure. This same nuclear system
high-pressure scram setting also protects the core from exceeding thermal
hydraulic limits as a result of pressure increases for some events that occur
when the reactor is operating at less than rated power and flow.

3. Reactor vessel low water level —A low water level in the reactor vessel
indicates that the reactor is in danger of being inadequately cooled. The
effect of a decreasing water level while the reactor is operating at power is to
decrease the reactor coolant inlet subcooling. The effect is the same as
raising feedwater temperature. Should water level decrease too far, fuel
damage could result as steam forms around fuel rods. A reactor scram
protects the fuel by reducing the fission-heat generation within the core.

The reactor vessel low-water-level scram setting was selected to prevent fuel
damage following those abnormal operational transients caused by single
equipment malfunctions or single operator errors that result in a decreasing
reactor vessel water level. Specifically, the scram setting is chosen far
enough below normal operational levels to avoid spurious scrams, but high
enough above the top of the active fuel to assure that enough water is
available to account for evaporation losses and displacements of coolant
following the most severe abnormal operational transient involving a level
decrease. The selected scram setting was used in the development of
thermal-hydraulic limits, which set operational limits on the thermal power
level for various coolant flow rates.

4. Turbine stop valve closure-Closure of the turbine stop valve with the reactor
at power can result in a significant addition of positive reactivity to the core as
the nuclear system pressure rise collapses steam voids. The turbine
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stop-valve-closure scram, which initiates a scram earlier than either the
Neutron Monitoring System or nuclear system high pressure, is required to
provide a satisfactory margin below core thermal hydraulic limits for this
category of abnormal operational transients. The scram counteracts the
addition of positive reactivity due to pressure by inserting negative reactivity
with the control rods. Although the nuclear system high-pressure scram, in
conjunction with the pressure relief system, is adequate to preclude
overpressurizing the nuclear system, the turbine-stop-valve-closure scram
provides additional margin to the nuclear system pressure limit.

The turbine stop valve closure scram setting is selected to provide the earliest
, positive indication of valve closure. The trip logic was chosen both to identify
those situations in which a reactor scram is required for fuel protection and to
allow functional testing of this scram function.

Turbine control valve fast closure —With the reactor and turbine-generator at
power, fast closure of the turbine control valves can result in a significant
addition of positive reactivity to the core as nuclear system pressure rises.
The turbine-control-valve-fast-closure scram, which initiates a scram earlier
than either the Neutron Monitoring System or nuclear system high pressure, is
required to provide a satisfactory margin to core thermal-hydraulic limits for
this category of abnormal operational transients. The scram counteracts the
addition of positive reactivity due to pressure by inserting negative reactivity
with the control rods. Although the nuclear system high-pressure scram, in
conjunction with the pressure relief system, is adequate to preclude
overpressurizing the nuclear system, the turbine control-valve-fast-closure
scram provides additional margin to the nuclear system pressure limit.

A

The turbine-control-valve-fast-closure scram setting is selected to provide
timely indication of control-valve-fast-closure. The trip logic was chosen to
identify those situations in which a reactor scram is required for fuel
protection.

Main steam line isolation-The main-steam-line-isolation scram is provided to
limit the release of fission products from the nuclear system. Automatic
closure of the main-steam-line isolation valves is initiated upon conditions
indicative of a steam line break. Immediate shutdown of the reactor is
appropriate in such a situation. The scram initiated by main-steam-line
isolation-valve closure anticipates a reactor vessel low-water-level scram.
The main-steam-line-isolation scram setting is selected to give the earliest
positive indication of isolation valve closure. The trip logic allows functional
testing of main-steam-line-isolation trip channels with one steam line isolated.
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7. Scram discharge volume high water level—The scram discharge volume
receives the water displaced by the motion of the control rod drive pistons
during a scram. Should the scram discharge volume fillup with water to the
point where insufficient space remains for the water to be displaced should a
scram be initiated, control rod movement would be hindered. To prevent this
situation, the reactor is scrammed when the water level in the discharge
volume attains a value high enough to verify that the volume is fillingup, yet
low enough to ensure that the remaining capacity in the volume can
accommodate a scram.

8. Primary containment high pressure-A high pressure inside the primary
containment could indicate a break in the nuclear system process barrier. It is
prudent to scram the reactor in such a situation to minimize the possibility of
fuel damage and to reduce the addition of energy from the core to the coolant.
The reactor vessel low-water-level scram also acts to scram the reactor for
loss-of-coolant accidents. The primary containment high-pressure scram
setting is selected to be as low as possible without inducing spurious scrams.

Main steam line high radiation-High radiation in the vicinity of the main steam
lines could indicate a gross fuel failure in the core. When high radiation is
detected near the steam lines, a scram is initiated from the non-safety related
high radiation signal to limit the fission products released from the fuel for
Unit 1 only. This same high radiation condition also provides a non-safety
related signal to the Primary Containment Isolation System to initiate
containment of the released fission products. The non-safety related high
radiation trip setting is selected high enough above background radiation
levels to avoid spurious scrams, yet low enough to promptly detect a gross
release of fission products from the fuel. For Units 2 and 3, a non-safety
related high radiation trip signal results in an isolation and trip of the
IVlechanical Vacuum Pump only. More information on the trip setting is
available in Subsection 7.12, "Process Radiation Monitoring."

10. Main condenser low vacuum scram-To protect the main condenser against
overpressurization a loss of condenser vacuum initiates reactor scram. (The
low vacuum scram is not applicable to Units 2 and 3.)

11. Manual scram —To provide the operator with means to shut down the reactor,
pushbuttons are located in the control room; these initiate a scram when
actuated by the operator.

12. Mode switch in SHUTDOWN-The mode switch provides appropriate
protective functions for the condition in which the reactor is to be operated.
The reactor is to be shut down, with all control rods inserted, when the mode
switch is in SHUTDOWN.

7.2-1 0



BFN-16

To enforce the condition defined for the SHUTDOWN position, placing the
mode switch in the SHUTDOWN position initiates a reactor scram. This
scram is not considered a protective function because it is not required to
protect the fuel or nuclear system process barrier, and it bears no relationship
to minimizing the release of radioactive material from any barrier. The scram
signal is removed after a short time delay, permitting a scram reset which
restores the normal valve lineup in the control rod drive hydraulic system.

13. Low air header pressure-Low.air pressure is a condition in which the control
rods may randomly drift and in which the scram discharge volume may fillwith
water. This random drift could happen when the air pressure on the scram
valve actuators is not sufficiently high to keep the valves tightly seated. When
the valves unseat, they allow hydraulic pressure to be applied to the hydraulic
control unit's piston to move the control rod in. Even when the scram valves
are not open sufficiently to move the control rods, water can still flow through
the hydraulic control unit, filling the scram discharge volume. The setpoint on
the air header pressure switches is selected to be low enough to prevent
spurious trips, but high enough to prevent unseating of the scram valves.

7.2.3.7 Mode Switch

A conveniently-located, multiposition, administratively-controlled mode switch is
provided to select the necessary scram functions for various plant conditions. In
addition to selecting scram functions from the proper sensors, the mode switch
provides appropriate bypasses. The mode switch also interlocks such functions as
control rod blocks and refueling equipment restrictions, which are not considered

, here as part of the Reactor Protection System. The switch itself is designed to
provide separation between the two trip systems. The mode switch positions and
their related scram functions are as follows:

a. SHUTDOWN - Initiates a reactor scram; bypasses main steam line isolation
scram.

b. REFUEL Selects Neutron Monitoring System for low neutron flux level
operation (see Subsection 7.5, "Neutron Monitoring
System" ); bypasses main steam line isolation scram and
main condenser low vacuum scram (Unit 1 only).

STARTUP Selects Neutron Monitoring System scram for low neutron
flux level operation (see Subsection 7.5, "Neutron Monitoring
System" ); bypasses main steam line isolation scram and
main condenser low vacuum scram (Unit 1 only).

7.2-11



BFN-16

d. RUN Selects Neutron Monitoring System scram for power range
operation (see Subsection 7.5, "Neutron Monitoring
System" ).

7.2.3.8 ~SB
A number of scram bypasses are provided to account for the varying protection
requirements depending on reactor conditions and to allow for instrument service
during reactor operations. Some bypasses are automatic, others are manual. All
manual bypass switches are in the control room under the direct control of the
control room operator. If the ability to trip some essential part of the system has
been bypassed, this fact is continuously indicated in the control room, except for the
Neutron Monitoring System (NMS) Operate-Calibrate inop trip. Bypassing of the
NMS inop trip using the Operate-Calibrate bypass switch shall be under
Administrative control to allow functional tests of the NMS to be performed.

Automatic bypass of the scram trips from main steam line isolation and main
condenser low vacuum is provided when the mode switch is not in RUN.

The bypass allows reactor operations at low power with the main steam lines
isolated and the main condenser not in operation. These conditions exist during
startups and certain reactivity tests during refueling.

The scram, initiated by placing the mode switch in SHUTDOWN, is automatically
bypassed after a time delay of 2 seconds. The bypass is provided to eliminate a
sustained SCRAM and to enable the SCRAM to be reset with the mode switch in
SHUTDOWN. An annunciator in the control room indicates the bypassed condition.

An automatic bypass of the turbine control-valve fast-closure scram and turbine
stop-valve-closure scram is effected whenever the reactor thermal power (as
indicated by turbine first-stage pressure) is less than about 30 percent of its rated
value. Closure of these valves from such a low initial power level does not
constitute a threat to the integrity of any barrier to the release of radioactive
material. Bypasses for the Neutron Monitoring System channels are described in
Subsection 7.5, "Neutron Monitoring System." A manual switch located in the
control room permits the operator to bypass the scram discharge-volume high-level
scram trip, and the low air header pressure trip, if the mode switch is in
SHUTDOWN or REFUEL. This bypass allows the operator to reset the Reactor
Protection System, so that the system is restored to operation while the operator
drains the scram discharge volume. In addition to allowing the scram relays to be
reset, actuating the bypass actuates the control rod block. Resetting the trip
actuator opens the scram discharge volume vent and drain valves.

7.2-12



BFN-'I6

An annunciator in the control room indicates the bypass condition. The
arrangement of bypasses meets safety design basis 8b.

7.2.3.9 Instrumentation

Channels providing inputs to the Reactor Protection System are not used for
automatic control of process systems; thus, the operations of protection and
process systems are separated. The Reactor Protection System instrumentation is
discussed as follows:

a. Neutron Monitoring System instrumentation is described in Subsection 7.5,
"Neutron Monitoring System." The IRM and APRM channels are considered
part of the Neutron Monitoring System. The Neutron Monitoring System logics
are considered part of the Reactor Protection System. As'shown in Figures
7.2-3a through 3j, there are four Neutron Monitoring System logics associated (

with each trip system of the Reactor Protection System. Each Reactor
Protection System logic receives inputs from two Neutron Monitoring System
logics.

Each Neutron Monitoring System logic receives signals from one IRM channel
and one APRM channel. (In Unit 2 only, there are four APRMs which
interface with the Reactor Protection System logic through four 2-out-of-4 trip
voters. One trip voter provides input to each of the four RPS automatic trip
logic channels.) The position of the mode switch determines which input
signals will affect the output signal from the logic. The arrangement of
Neutron Monitoring System logics is such that the failure of any one logic
cannot prevent the initiation of a high neutron flux scram.

b. Nuclear system pressure is tapped from the reactor vessel at two separate
locations. A pipe from each tap is led outside the primary containment and
terminates in the Reactor Building. Two locally mounted, nonindicating
pressure transmitters monitor the pressure in each pipe. Cables from these
transmitters are routed to the auxiliary instrument room. The two pairs of
transmitters are physically separated. Each transmitter provides a
high-pressure signal to one channel. The transmitters are arranged so that
each pair provides an input to trip system A and trip system B, as shown in
Figure 7.2-10. The physical separation and the signal arrangement assure
that no single physical event can prevent a scram due to nuclear system high
pressure.

c. Reactor vessel low-water-level signals are initiated from differential pressure
transmitters which sense the difference between the pressure due to a
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constant reference column of water and the pressure due to the actual water
level in the vessel. The transmitters are arranged in pairs in the same way as
the nuclear system high-pressure transmitters (Figure 7.2-10). Two
instrument pipelines (one above and one below the water level) attached to
taps on the reactor vessel are required for the differential pressure
measurement for each pair of transmitters. The two pairs of pipelines
terminate outside the primary containment and inside the Reactor Building;
they are physically separated from each other and tap off the reactor vessel at
widely separated points. The Reactor Protection System pressure
transmitters, as well as instruments for other systems, sense pressure and
level from these same pipes. The physical separation and signal arrangement
assure that no single physical event can prevent a scram due to reactor
vessel low water level.

d. Turbine-stop-valve-closure inputs to the Reactor Protection System are from
valve stem position switches mounted on the four turbine stop valves. Each of
the double-pole, single-throw switches is arranged to open before the valve
has closed more than 10 percent from its full-open position, providing the
earliest positive indication of closure. Either of the two channels associated
with one stop valve can signal valve closure, as shown in Figure 7.2-11. The
logic is arranged so that closure of three or more valves initiates scram.

Turbine-control-valve-fast-closure inputs to the RPS are from four pressure
switches which sense loss of EHC trip fluid pressure. Loss of EHC trip fluid
pressure initiates control valve fast closure. One switch is mounted on each
of the four control valves such that fast closure from either normal tripping or
from hydraulic line failure is detected. Each pressure switch provides a signal
to one or two channel of the RPS, as shown in Figure 7.2-10. The logic is
arranged so that operation of any one switch or two switches in the same
channel initiates a half scram; and a simultaneous trip in each channel
initiates a full reactor scram. Thus, if EHC trip fluid pressure is lost at the
control valves, a turbine-control-valve-closure reactor trip signal is initiated.

There are eight main steam line isolation channels, two for each main steam
line. Each channel senses isolation of the associated main steam line via a
valve stem position switch on each isolation valve in the main steam line. The
double-pole, single-throw switch on each main steam isolation valve is
arranged to open before the valve has closed more than 10 percent from its
full-open position providing the earliest indication of isolation. The closure of
the valve in a main steam line causes both channels associated with that
steam line to signal isolation. Figure 7.2-12 shows the arrangement of main
steam line isolation channels. The main-steam-line isolation-valve-closure
scram function is effective only when the reactor mode switch is in RUN.
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The outputs from the channels are combined in Reactor Protection System
logic in such a way that the isolation of three or four main steam lines (closure
of one valve in each of three or more main steam lines) causes a scram.
Figure 7.2-12 shows the logic arrangement. Wiring of the isolation channels
from any one main steam line is physically separated in the same way that
wiring to duplicate sensor or a common process tap is separated. The
effects of the logic arrangement and separation provided for the
main-steam-line isolation-valve closure scram are as follows:

1. Closure of one valve for test purposes, with one steam line already
isolated, without causing a scram due to valve closure,

2. Automatic scram upon isolation of three or more steam lines, and

3. No single failure can prevent an automatic scram required for fuel
protection due to main steam line isolation.

Scram-discharge-volume high-water-level inputs to the Reactor Protection
System are from four nonindicating float switches and four thermal dispersion
level switches located in the Reactor Building. Each switch provides an input
into one channel (Figure 7.2-10). The switches are arranged in pairs so that
no single event will prevent a reactor scram due to scram-discharge-volume
high-water level. With the scram setting as listed in Table 7.2-1, a scram is
initiated while sufficient capacity remains in the discharge volume to
accommodate a scram. Both the amount of water discharged and the volume
of air trapped above the free surface during a scram were considered in
selecting the trip setting.

Primary containment pressure is monitored by four pressure transmitters
which are mounted on instrument racks outside the drywell in the Reactor
Building. Cables are routed from the transmitters to the auxiliary instrument
room. Each transmitter provides an input to one channel (Figure 7.2-10).
Pipes that terminate in the secondary containment (Reactor Building) connect
the transmitters with the drywell interior. The transmitters are grouped in
pairs, physically separated, and electrically connected to the Reactor
Protection System, so that no single event will prevent a scram due to primary
containment high pressure.

Main steam line radiation is monitored by four gamma sensitive radiation
monitors, which are discussed and evaluated in paragraph 7.12.1, "Main
Steam Line Radiation Monitors." For Unit 1 only, each monitor provides a
non-safety related trip signal to one channel when high gamma radiation is
detected in the vicinity of the main steam lines (Figure 7.2-10).
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j. Main condenser low vacuum is sensed by two pairs of vacuum switches. The
vacuum switches are arranged in the same general manner as the pressure
switches for nuclear system high pressure (Figure 7.2-10). (The pressure
switches have been electrically disconnected in Units 2 and 3.)

k. Deleted

Two turbine first-stage pressure indicating switches are provided for each trip
system to initiate the automatic bypass of the turbine-control-valve-fast-
closure and turbine-stop-valve-closure scrams when the first stage pressure is
below some preset fraction of rated pressure. The switches are arranged so
that no single failure can prevent a turbine-stop-valve-closure scram or
turbine-control-valve-fast-closure scram.

m. Four pressure switches are provided in the control-rod-drive scram discharge
air header and operate in conjunction with the scram-discharge-volume
high-water-level input to the Reactor Protection System. These switches are
arranged so that no single event will prevent a reactor scram upon loss of
control air pressure.

Channel and logic relays are fast-response, high-reliability relays. Power
relays for interrupting the scram pilot-valve solenoids are type CR105
magnetic contactors, made by the General Electric Company. All Reactor
Protection System relays are selected so that the continuous load will not
exceed 50 percent of the continuous duty rating. Component electrical
characteristics are selected so that the system response time, from the
opening of a sensor contact up to and including the opening of the trip
actuator contacts is less than 50 milliseconds. The time requirements for
control rod movement are discussed in Subsection 3.4, "Reactivity Control
Mechanical Design."

Sensing elements are equipped with enclosures so that they can withstand
conditions that may result from a steam or waterline break long enough to
perform satisfactorily.

instruments for the Reactor Protection System (RPS) are qualified for the
environment in which they are located and conditions to which they will be
subjected. All RPS instruments which are located in a harsh environment as
defined by the 10 CFR 50.49 Environmental Qualification Program meet the
requirements to that program.

To gain access to those calibration and trip setting controls that are located
outside the control room, a cover plate, access plug, or sealing device must
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be removed by qualified plant personnel before any adjustment in trip settings
can be effected.

7.2.3.10 ~Wirin

Wiring and cables for Reactor Protection System instrumentation are selected to
avoid excessive deterioration due to temperature and humidity during the design life
of the plant. Cables and connectors used inside the primary containment are
designed for continuous operation at an ambient temperature of 150'F and a
relative humidity of 99 percent.

Cables required to carry low level signals (currents of less than 1 milliampere or
voltages of less than 100 millivolts) are designed and installed to eliminate, insofar
as practical, electrostatic and electromagnetic pickup from power cables and other
AC or DC fields. Low level signal cables are routed separately from all power
cables.

Wiring for the Reactor Protection System outside the enclosures in the control room
is run in rigid metallic conduits used for no other wiring. The wires from duplicate
sensors on a common process tap are run in separate conduits. Wires for sensors
of different variables in the same Reactor Protection System logic may be run in the
same conduit.

The scram pilot-valve solenoids are powered from eight actuator logic circuits-four
circuits from trip system A and four from trip system B. The four circuits associated
with any one trip system are run in separate conduits. One actuator logic circuit
from each trip system may be run in the same conduit; wiring for the two solenoids
associated with any one control rod may be run in the same conduit.

7.2.4 Safet Evaluation

The Reactor Protection System is designed to provide timely protection against the
onset and consequences of conditions that threaten the integrities of the fuel barrier
and the nuclear system process barrier. It is the objective of Section 14.0, "Plant
Safety Analysis," to identify and evaluate events that challenge the fuel barrier and
nuclear system process barrier. The methods of assessing barrier damage and
radioactive material releases, along with the methods by which abnormal events are
sought and identified, are presented in that section.

Design procedure has been to detect tentative scram trip settings that are far
enough above or below normal operating levels that spurious scrams and operating
inconvenience are avoided; it is then verified by analysis that the reactor fuel and
nuclear system process barrier are protected as is required by the basic objective.
A program is in place to determine the Analytical Limitfor RPS process variables
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obtained by calculation and analysis to set values for scram trip point. The values
shall be evaluated to ensure that it has sufficient margin from the design basis
safety limit. The scrams initiated by Neutron Monitoring System variables, nuclear
system high pressure, turbine stop-valve closure, turbine control-valve fast closure,
and reactor vessel low-water level are sufficient to prevent excessive fuel damage
following abnormal operational transients. Section 14.0, "Plant Safety Analysis,"
identifies and evaluates the threats to fuel damage resulting from abnormal
operational events. In no case does excessive fuel damage result from abnormal
operational transients. The Reactor Protection System meets the timeliness and
precision requirements of safety design basis 1.

The evaluation of the scram function provided by the Neutron Monitoring System is
presented in the section describing that system.

1

The scram initiated by nuclear system high pressure, in conjunction with the
pressure relief system, is sufficient to prevent damage to the nuclear system
process barrier as a result of internal pressure. For turbine-generator trips, the
turbine stop-valve-closure scram and turbine control-valve-fast-closure scram
provide a greater margin to the maximum allowed nuclear system pressure than
would the high pressure scram alone. Section 14.0 identifies and evaluates
accidents and abnormal operational events that result in nuclear system pressure
increases; in no case does pressure exceed the maximum allowed nuclear system
pressure. The Reactor Protection System meets the timeliness and precision
requirements of safety design basis 2.

S

The scrams initiated by the Neutron Monitoring System, main-steam-line
isolation-valve closure, and reactor vessel low water level satisfactorily limit the
radiological consequences of gross failure of the fuel or nuclear system process
barriers. Section 14.0 evaluates gross failures of the fuel and nuclear system
process barriers; in no case does the release of radioactive material to the environs
exceed the guideline values of published regulations. The Reactor Protection
System meets the precision requirements of safety design basis 3.

Because the Reactor Protection System meets the timeliness and precision
requirements of safety design bases 1, 2, and 3 (monitoring variables that are true,
direct measures of operational conditions), it is concluded that safety design basis 4
is met.

Because the Reactor Protection System meets the precision requirements of safety
design bases 1, 2, and 3 using instruments with the characteristics described in
Table 7.2-1, it is concluded that safety design basis 5 is met.

Neutron flux (the Neutron Monitoring System variable) is the only essential variable
of significant spatial dependence that provides inputs to the Reactor Protection
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System. The basis for the number and locations of neutron flux detectors is
discussed in Subsection 7.5, "Neutron Monitoring System." Because the precision
requirements of safety design bases 1, 2, and 3 are met using the Neutron
Monitoring System as described, it is concluded that the number of sensors for
spatially dependent variables satisfies safety design basis 6.

The items of safety design basis 7 specify the requirements that must be fulfilledfor
the Reactor Protection System to meet the reliability requirements of safety design
bases 1, 2, and 3. It has already been shown in the description of the Reactor
Protection System that safety design basis 7f has been met. The other
requirements are fulfilled through the combination of logic arrangement, channel
redundancy, wiring scheme, physical isolation, power supply redundancy, and
component environmental capabilities. The following discussion evaluates these
subjects.

In terms of protection system nomenclature, the Reactor Protection System is a
one-out-of-two system used twice (1 of 2 x 2). Theoretically, its reliability is slightly
higher than a two-out-of-three system and slightly lower than a one-out-of-two
system. However, since the differences are slight, they can, in a practical sense, be
neglected. The advantage of the dual trip system arrangement is that it can be
tested thoroughly during reactor operation without causing a scram. This capability
for a thorough testing program, which contributes significantly to increased
reliability, is not possible for a one-out-of-two system.

The use of independent channels allows the system to sustain any channel failure
without preventing other sensors monitoring the same variable from initiating a
scram. A single sensor or channel failure will cause a single trip system trip and
actuate alarms that identify the trip. The failure of two or more sensors or channels
would cause either a single trip system trip, if the failures were confined to one trip
system, or a reactor scram, if the failures occurred in different trip systems. Any
intentional bypass, maintenance operation, calibration operation, or test, all of
which result in a single trip system trip, leaves at least two channels per monitored
variable capable of initiating a scram by causing a trip of the remaining trip system.
The resistance to spurious scrams contributes to plant safety, because unnecessary
cycling of the reactor through its operating modes would increase the probability of
error or actual failure. It is concluded from the preceding paragraphs evaluating the
logic, redundancy, and failure characteristics of the Reactor Protection System that
the system satisfies the reliability requirement stated in safety design bases 7a and
7b.

Any actual condition in which an essential monitored variable exceeds its scram trip
point is sensed by at least two independent channels in each trip system. Because
only one channel must trip in each trip system to initiate a scram, the arrangement
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of two channels per monitored variable per trip system provides assurance that a
scram will occur as any monitored variable exceeds its scram setting.

Each control rod is controlled as an individual unit. A failure of the controls for one
rod would not affect other rods. The backup scram valves provide a second method
of venting the air pressure from the scram valves, even if either scram pilot-valve
solenoid for any control rod fails to deenergize when a scram is required. It is
concluded from the evaluations in the above paragraphs that the Reactor Protection
System meets safety design basis 7c.

Sensors, channels, and logics of the Reactor Protection System are not used
directly for automatic control of process systems. Therefore, failure in the controls
and instrumentation of process systems cannot induce failure of any portion of the
protection system. This meets safety design basis 7d.

Failure of either Reactor Protection System motor generator set would result, at
worst, in a single-trip-system trip. Alternate power is available to the Reactor
Protection System buses. A complete, sustained loss of electrical power to both
motor-generator sets results in eventual loss of RPS instrumentation power, as
delayed by the motor-generator set flywheel inertia. Loss of RPS instrumentation
power initiates MSIV closure, which results in a reactor scram. This meets safety
design basis 7e.

The environmental conditions in which the instruments and equipment of the
Reactor Protection System must operate were considered in their design and
installation. The instruments environmental requirements are based on the
worst-expected environmental conditions in which the instruments must operate. All
Reactor Protection System equipment that is in a harsh environment as established
by the 10 CFR 50.49 Environmental Qualification Program meets the requirements
of that program. The Reactor Protection System components, which are located
inside the primary containment and which must function in the environment resulting
from a break of the nuclear system process barrier inside the primary containment,
are the condensing chambers. Special precautions are taken to ensure satisfactory
operability after the accident. The condensing chambers are similar to those that
have successfully undergone qualification testing in connection with other projects.

The environmental capabilities of the Reactor Protection System components,
combined with the previously described physical and electrical isolation of sensors
and channels, satisfy safety design basis 7g.

Safe shutdown of the reactor during earthquake ground motion is assured by design
of the system as a Class I system (see Appendix C) and the fail-safe characteristics
of the system. The system only fails in a direction that causes a reactor scram
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when subjected to extremes of vibration and shock. This meets safety design basis
7h.

Calibration and test controls for the Neutron Monitoring System are located in the
control room and are, because of their physical location, under the direct physical
control of the control room operator. Calibration and test controls for pressure
switches, level switches, and valve position switches are located on the switches
themselves. These switches are located in the Turbine Building, Reactor Building,
and primary containment. To gain access to the setting controls on each switch, a
cover plate or sealing device must be removed. The control room operator is
responsible for granting access to the setting controls to properly qualified plant
personnel for the purpose of testing or calibration adjustments. This meets safety
design basis 8a.

It has been shown in the description of the Reactor Protection System that safety
design bases 8b, 9, 10a, and 10b are satisfied.

The following section covering inspection and testing of the Reactor Protection
System demonstrates that safety design basis 11 is satisfied.

7.2.5 Ins ection and Testin

7.2.5.1 General

The Reactor Protection System can be tested during reactor operation by five
separate tests. The first of these is the manual trip actuator test. By depressing the
manual scram button for one trip system, the manual logic actuators are
deenergized, opening contacts in the actuator logics. After resetting the first trip
system, the second trip system is tripped with the other manual scram button. The
total test verifies the ability to deenergize all eight groups of button switches.
Scram group indicator lights verify that the actuator contacts have opened.

The second test is the automatic actuator test, which is accomplished by operating
(one at a time) the administratively-controlled test switches for each automatic logic.
The switch deenergizes the actuators for that logic, causing the associated actuator
contacts to open. The test verifies the ability of each logic to deenergize the
actuator logics associated with the parent trip system.

The third test includes calibration of the Neutron Monitoring System by means of
simulated inputs from calibration signal units. Subsection 7.5, "Neutron Monitoring
System," describes the calibration procedure.

The fourth test is the single rod scram test, which verifies the capability of each rod
to scram. It is accomplished by operation of toggle switches on the protection
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system operations panel. Timing traces can be made for each rod scrammed. Prior
to the test, a physics review must be conducted to assure that the rod pattern during
scram testing does not create a rod of excessive reactivity worth.

The fifth test involves the application of a test signal to each Reactor Protection
System channel, in turn, and observing that a logic trip results. Thib test also
verifies the electrical independence of the channel circuitry. The test signals can be
applied to the process-type sensing instruments (pressure and differential pressure)
through calibration taps. This test is performed in accordance with approved written
procedures.

Reactor Protection System response times are first verified during. preoperational
testing and may be verified thereafter by similar tests. The elapsed times from
sensor trip to each of the following events is measured:

a. Channel relay deenergized, and

b. Actuators deenergized.

The alarm typewriter provided with the process computer verifies the proper
operation of many sensors during plant startups and shutdowns. Main-steam-line
isolation valve position switches and turbine-stop-valve position switches can be
checked in this manner. The verification provided by the alarm typewriter is not
considered in the selection of test and calibration frequencies and is not required
for plant safety.

The provisions for functionally testing and calibrating the Reactor Protection System
meet the requirements of safety design basis 11.

7.2.5.2 Seismic Test and Anal sis Results

GENERAL

NOTE: The subject topic of this section is related to the NRC Unresolved Safety
Issue A-46 Program and the Seismic Analysis Program, both of which are
addressed in Appendix C.
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TABLE 7.2-1

REACTOR PROTECTION SYSTEM

INSTRUMENTATIONSPECIFICATIONS

Scram Function Instrument

Neutron Monitoring
System Scram

See Neutron
Monitoring
System

Nuclear System
High Pressure
PT-3-22AA,-22BB,22C,22D

Pressure Transmitter s 1071 psig (AL)

Reactor Vessel Low
Water Level
LT-3-203A-D,-184,-1 65

Turbine Stop
Valve Closure

Level Transmitter

Position Switch

a 530 inches above
vessel zero (AL)

Before 10% valve
closure from full
open position

Turbine Control
Valve Fast Closure

Pressure Switch a 550 psig

Main Steam Line
Isolation Valve
Closure

Position Switch Before 10% valve
closure from full
open position

Scram Discharge
Volume High
Water Level

Level Switch ~51 gal.

Primary Containment
High Pressure

Pressure Transmitter S2.6 psig (AL)

Main Steam Line
Radiation (For Unit 1

only, not a safety
related function)

Gamma Radiation
Monitor

6 3 times normal
high full power
background

Scram Valve Pilot Air
Header Low Pressure

Pressure Switch a 45 psig (AL)
Decreasing
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Any anticipated intentional bypass, maintenance operation, calibration
operation, or test to verify operational availability shall not impair the
functional ability of any essential isolation system to respond correctly to
essential monitored variables.

The essential isolation system shall be designed for a high probability
that when any essential monitored variable exceeds the isolation
setpoint, the event shall result in automatic isolation and shall not impair
the ability of the system to respond correctly as other monitored variables
exceed their trip points.

When a plant condition that requires isolation can be brought on by a
failure or malfunction of a control or regulating system, and the same
failure or malfunction prevents action by one or more essential isolation
system channel(s) designed to provide protection against the unsafe
condition, the remaining portions of the isolation control system shall
meet the requirements of safety design bases 1, 2, 3, and 7a.

The power supplies for the essential portions of the Primary Containment
Isolation System shall be arranged so that loss of one supply cannot
prevent automatic isolation when required.

The system shall be designed so that, once initiated, automatic isolation
action goes to completion. Groups 1-6 require deliberate operator action
to return the system to normal operation after isolation action.

g.

h.

There shall be sufficient electrical and physical separation between
essential variables to prevent environmental factors, electrical faults, and
physical events from impairing the ability of the system to respond
correctly.

Earthquake ground motions shall not impair the ability of the Primary
Containment Isolation System to initiate automatic isolation.

8. The following safety design bases are specified to assure that the timely
isolation of main steam lines is accomplished, when required, with
extraordinary reliability.

The motive force for achieving valve closure for one of the two
tandem-mounted isolation valves in an individual steam line shall be
derived from a different energy source than that for the other valve.
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b. At least one of the isolation valves in each of the steam lines shall not
rely on continuity of any variety of electrical power for the motive force to
achieve closure.

9. To reduce the probability that the operational reliability and precision of the
Primary Containment Isolation System will be degraded by operator error, the
following safety design bases are specified for Group A and Group B
automatic isolation valves.

a. Access to all trip settings, component calibration controls, test points, and
other terminal points for equipment associated with essential monitored
variables shall be under administrative control.

b. The means for bypassing channels, logics, or system components shall
be under administrative control.

10. To provide the operator with means, independent of the automatic isolation
functions, to take action in the event of a failure of the nuclear system process
barrier, it shall be possible for the control room operator to manually initiate
isolation of the primary containment and reactor vessel.

11. The following bases are specified to provide the operator with the means to
assess the condition of the Primary Containment Isolation System and to
identify conditions indicative of a gross failure of the nuclear system process
barrier.

a. The Primary Containment Isolation System shall be designed to provide
the operator with essential information pertinent to the status of the
system.

b. Means shall be provided for identification of essential trip system
responses.

12. It shall be possible to check the operational availability of each essential
channel and trip system during some reactor operating state.

7.3.4 ~0

7.3.4.1 Identification

The containment isolation system is designed to accomplish the safety design
bases, and thus prevent the release of radioactive material to the environment after
an accident, while ensuring that systems important for postaccident mitigation are

7.3-4



BFN-16

operational. Systems were evaluated and containment isolation provisions
provided based on the following.

1. Nonessential Systems - These systems are not required for postaccident
mitigation and are isolated automatically upon receipt of a primary
containment isolation signal (PCIS), or are provided with man'ual valves which
are closed when containment integrity is required.

2. Essential Systems - These systems are required for postaccident mitigation
and are not isolated automatically upon receipt of a PCIS. However, isolation
of these lines, if required, is possible from the Main Control Room. The
following systems are classified as a result of their accident-mitigation
function:

(1) Standby Liquid Control (SLC),

(2) Reactor Core Isolation Cooling (RCIC; expected to operate, but not
required for mitigation),

(3) High Pressure Coolant Injection (HPCI),

(4) Residual Heat Removal - Low Pressure Injection and Containment
Cooling Modes (RHR),

(5) Core Spray (CS),

(6) Containment Atmospheric Dilution (CAD), and

(7) Hardened Wetwell Vent (HWWV)

Each line penetrating primary containment has been reviewed to ensure that (1)
isolation of the line was based on its need to be inservice postaccident, and (2)
each containment isolation valve received the proper isolation signal.

The Browns Ferry primary containment isolation signals are provided by diverse
and redundant safety grade equipment. Browns Ferry complies with SRP 6.2.4 by
isolating, in general, on (a) low reactor level, or (b) high drywell pressure. The
PCIS setpoints were chosen such that isolation will occur prior to, or at the time of
ECCS initiation. There are several other isolation modes in addition to the main
PCIS logic. For example, main steam isolation valves will also close as a result of
high steam line radiation (Unit 1 only), high steam flow, or high steam line tunnel
temperature. The primary containment ventilation system isolates on Reactor
Building high radiation. The HPCI and RCIC systems have instrumentation to
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detect pipe breaks within their own flow paths, and to subsequently isolate the
system.

The isolation logic is such that resetting the main primary containment isolation
signals will not result in the automatic reopening of these isolation valves.

The Primary Containment Isolation System includes the sensors, channels,
switches, and remotely-activated valve-closing mechanisms associated with the
valves, which, when closed, effect isolation of the primary containment or reactor
vessel, or both. The control systems for those Group A and Group B isolation
valves that close by automatic action pursuant to the safety design bases are the
main subjects of this section. Group A and Group B check valves are also included,
although no control system is involved.

7.3.4.3 P~S
The power for the channels and logics of the isolation control system is supplied
from the Reactor Protection System motor-generator sets, the unit preferred power
system, or the plant batteries. Isolation valves receive power from standby power
sources. Power for the operation of two valves in a pipeline is fed from different
sources for Groups 1-6 valves. In most cases, one valve is powered from an AC
bus of appropriate voltage, and the other valve is powered by DC from the unit or
plant batteries. Both of the HWVN isolation valves receive DC power from
separate RMOV boards to ensure operability following a station blackout event.
The main steam isolation valves, which are described in paragraph 7.3.4.6, use AC,
DC, and pneumatic pressure in the control scheme. Table 5.2-2 lists the types of
power to open and close each isolation valve.

7.3.4.3 Ph sical Arran ement

Table 5.2-2 lists the pipelines that penetrate the primary containment and the
associated valves that are considered part of the containment isolation control
system. Pipelines which penetrate the primary containment and are in direct
communication with the nuclear system process barrier generally have two Group A
isolation valves, one inside the primary containment and one outside the primary
containment. Pipelines which penetrate the primary containment and which
communicate with the primary containment free space, but which do not
communicate directly with the nuclear system process barrier, generally have two
Group B isolation valves located outside the primary containment. Group A and
Group 8 automatic isolation valves are considered essential for protection against
the gross release of radioactive material in the event of a breach in the nuclear
system process barrier (see Figure 7.3-1).
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Power cables are run in conduits or trays from appropriate electrical sources to the
motor or solenoid involved in the operation of each isolation valve. The control
arrangement for the main steam isolation valves includes pneumatic piping and an
accumulator for those valves for which air aids the spring in fast closing of the
valves upon loss of Control Air supply. Pressure and water level sensors are
mounted on instrument racks in either the Reactor Building or the Turbine Building.
Valve position switches are mounted on the valve for which position is to be
indicated. Switches are enclosed in cases to protect them from environmental
conditions. Cables from each sensor are routed in conduits and cable trays to the
Auxiliary Instrument Room. All signals transmitted to the Control and Auxiliary
Instrument Rooms are electrical; no pipe from the nuclear system or the primary
containment penetrates the Control or Auxiliary Instrument Room.

Pipes used to transmit level information from the reactor vessel to sensing
instruments terminate inside the secondary containment (Reactor Building). The
sensor cables and power supply cables are routed to cabinets in the Auxiliary
Instrument Room, where the logic arrangements of the system are formed.

To ensure continued protection against the uncontrolled release of radioactive
material during and after earthquake ground motions, the control systems required
for the automatic closure of Group A and Group B valves are designed as Class I

equipment, as described in Appendix C. This meets safety design basis 7h.

7.3.4.4 Locaic

The basic logic arrangement for essential trip functions is separated into two
divisions (I and II), in which an automatic isolation valve is controlled by two trip
systems. Where many isolation valves close on the same signal, two trip systems
control the entire group. Where just one or two valves must close in response to a

special signal, two trip systems may be formed from the instruments provided to
sense the special condition. Valves that respond to the signals from common trip
systems are identified in the detailed descriptions of isolation functions.

Each essential trip system receives input signals from at least one instrument
channel for each essential, monitored variable. Thus, each essential, monitored
variable provides independent inputs to the trip system. A total of four channels for
each essential, monitored variable is provided for the logics of both trip systems.

7.3.4.5 ~Oeration

For the case of normally energized logic, during operation of the plant when
isolation is not required, sensor and trip contacts essential to safety are closed;
channels and trip logics are energized. Whenever a 'channel sensor contact opens,
its auxiliary relay de-energizes, causing contacts in the trip logic to open. The
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opening of a sufficient number of contacts in the trip logic de-energizes its actuator
relay. When de-energized, the actuator relay opens a contact in an actuator logic.
If a trip then occurs in either of the logic pairs of the other trip system, another
actuator logic is de-energized. With both trip systems tripped, appropriate contacts
open or close in valve control circuitry to actuate the valve closing mechanism.
Automatic isolation valves that are normally closed, as well as those valves that are
open, receive the isolation signal.

For the case of normally de-energized logic, such as used to control the HPCI and
RCIC isolation valves, when isolation is not required, sensor and trip contacts are
open and channels and trip logics are de-energized. Isolation signals are
transmitted to the valves by the closure of contacts and the energizing of relays.

The control system for each Group A isolation valve is designed to provide closure
of the valve in time to prevent uncovering the fuel as a result of a break in the
pipeline which the valve isolates. The control systems for Group A and Group B

isolation valves are designed to provide closure of the valves with sufficient rapidity
to restrict the release of radioactive material to the environs below the reference
values of 10 CFR 100.

All automatic Group A and Group B valves can be closed by manipulating switches
in the control room, thus providing the operator with means independent of the
automatic isolation functions to take action in the event of a failure of the nuclear
system process barrier. This meets safety design basis 10.

For Groups 1-6 and 8, once isolation is initiated, the valve continues to close, even
if the condition that caused isolation is restored to normal. The operator must
manually operate switches in the control room to reopen a valve which has been
automatically closed. Unless manual override features are provided in the manual
control circuitry, the operator cannot reopen the valve until the conditions which
initiated isolation have cleared. This is the equivalent of a manual reset and meets
safety design basis 7f.

A trip of an isolation trip system is annunciated in the control room so that the
operator is immediately informed of the condition. The response of isolation valves
is indicated by "open-closed" lights. All motor-operated Group A and Group B
isolation valves whose primary function is to isolate have two sets of "open-closed"
lights. One set is located near the manual control switches for controlling each
valve from the control room panel. A second set is located in a separate, central
isolation-valve-position display in the control room. The positions of air-operated
isolation valves are displayed in the same manner as motor-operated valves.

Inputs to annunciators, indicators, and the computer are arranged so that no
malfunction of the annunciating, indicating, or computing equipment can functionally
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disable the system. Signals directly from the isolation control system sensors are
not used as inputs to annunciating or data-logging equipment. Isolation is provided
between the primary signal and the information output. The arrangement of
indications pertinent to the status and response of the Primary Containment
Isolation System satisfies safety design bases 11a and 11b.

7.3.4.6 Isolation Valve Closin Devices and Circuits

Table 5.2-2 itemizes the type of closing device provided for each isolation valve
intended for use in automatic or remote-manual isolation of the primary containment
or reactor vessel. To meet the requirement that automatic Group A valves be fully
closed in time to prevent the reactor vessel water level from falling below the top of
the active fuel as a result of a break of the pipeline which the valve isolates, the
valve-closing mechanisms are designed to give the minimum closing rates specified
in Table 5.2-2. In many cases, a standard closing rate of 12 inches per minute is
adequate to meet isolation requirements. Using the standard rate, a 12 inch valve
is closed in 60 seconds. Conversion to actual closing time can be made by using
the size of the line to be isolated. Because of the relatively long time required for
fission products to reach the containment atmosphere following a break in the
nuclear system process barrier inside the primary containment, a standard closure
rate (12 inches/minute) is adequate for the automatic closing devices on class B
isolation valves. The design closure times for the various automatic isolation valves
essential to reactor vessel isolation are shown in Table 5.2-2.

Motor operators for Group A and Group B isolation valves are selected with
capabilities suitable to the physical and environmental requirements of service. The
required valve closing rates were considered in designing motor operators.
Appropriate torque and limit switches are used to ensure proper valve seating.
Handwheels, which are automatically disengaged from the motor operator when the
motor is energized, are provided for local-manual operation.

Direct, solenoid-operated isolation valves and solenoid air-pilot valves are chosen
with electrical and mechanical characteristics which make them suitable for the
service for which they are intended. Appropriate watertight or weathertight
housings are used to ensure proper operation under accident conditions.

The pneumatic actuator used for testable check valves is provided only for test.
The check valve actuates on flow through the pipeline, independent of any external
signal.

The main steam isolation valves are spring-closing, pneumatic, piston-operated
valves designed to close upon loss of pneumatic pressure to the valve operator.
Closure time for the valves is adjustable between 3 and 10 seconds. Each valve is
piloted by two, three-way, packless, direct-acting, solenoid-operated pilot
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valves —one powered by AC, the other by DC. An accumulator is located close to
each isolation valve to provide pneumatic pressure for valve closing in the event of
failure of the normal air supply system.

The valve pilot system and the pneumatic pipelines are arranged so that when one
or both solenoid-operated pilot valve(s) are energized, normal air s'upply provides
pneumatic pressure to the air-operated pilot valve to direct air pressure to the main
valve pneumatic operator. This overcomes the closing force exerted by the spring
to keep the main valve open. When both pilots are de-energized, as would be the
result of both trip systems tripping or placing the manual switch in the closed
position, the path through which air pressure acts is switched so that the opposite
side of the valve operator is pressurized, thus assisting the spring in closing the
valve. In the event of air supply failure, the loss of air pressure will cause the
air-operated pilot valve,to move by spring force to the position resulting in main
valve closure. Main valve closure is then effected by means of the air stored in the
accumulator and by the spring.

Air pressure, acting alone, and the force exerted by the spring, acting alone, are
each capable of independently closing the valve. The isolation valves inside the
primary containment (inboard) are designed to close under either pneumatic
pressure or spring force with the vented side of the piston operator at the
containment peak accident pressure. (The outboard valve is exactly the same
design, although it will be subjected only to atmospheric pressures.) The
accumulator volume was chosen to provide enough pressure to close the valve
when the pneumatic supply to the accumulator has failed. The supply line to the
accumulator is large enough to make up pressure to the accumulator at a rate faster
than the valve operation bleeds pressure from the accumulator during valve
opening or closing.

A separate, single, solenoid-operated pilot valve with an independent test switch is
included to allow manual testing of each isolation valve from the control room. The
testing arrangement is designed to give a slow closure of the isolation valve being
tested to avoid rapid changes in steam flow and nuclear system pressure. Slow
closure of a valve during testing requires 50 to 60 seconds. The valve mechanical
design is discussed further in Subsection 4.6, "Main Steam Isolation Valves."

I

7.3.4.7 Isolation Functions and Settin s

The isolation trip limits of the Primary Containment Isolation System are listed in
Table 7.3-2. The functions that initiate automatic isolation are itemized in Table
5.2-2.

Although this subsection is concerned with the electrical control systems that initiate
isolation to prevent direct release of radioactive material from the primary
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containment or nuclear system process barrier, the additional information given in
Table 5.2-2 can be used to assess the overall (electrical and mechanical) isolation
effectiveness of each system.

Isolation functions and trip settings used for the electrical control of isolation valves
in fulfillmentof the previously stated safety design bases are discussed in the
following paragraphs. The role each isolation function plays in initiating isolation of
barrier valves or groups of valves is illustrated in the functional control diagrams on
Figures 7.3-2a, 7.3-2b, 7.3-2c, 7.3-2d, 7.3-2e, and 7.3-2f.

Reactor vessel low water level (Table 5.2-2, signals A and B).

A low water level in the reactor vessel could indicate that either reactor
coolant is being lost through a breach in the nuclear system process barrier or
that the normal supply of reactor feedwater has been lost and that the core is
in danger of becoming overheated as the reactor coolant inventory
diminishes. Reactor vessel low water level initiates closure of various Group
A and Group B valves. The closure of Group A valves is intended to either
isolate a breach in any of the pipelines in which valves are closed or conserve
reactor coolant by closing off process lines. The closure of Group B valves is
intended to prevent the escape of radioactive materials from the primary
containment through process lines which are in communication with the
primary containment free space or suppression pool.

Two reactor vessel low-water-level isolation trip settings are used to complete
the isolation of the primary containment and the reactor vessel. The first
reactor vessel low-water-level isolation trip setting, which occurs at a higher
water level than the second setting, initiates closure of certain Group A and
Group B valves in major process pipelines except the main steam lines. The
main steam lines are left open to allow the removal of heat from the reactor
core. The second and lower reactor vessel low-water-level isolation trip
setting completes the isolation of the primary containment and reactor vessel
by initiating closure of the main steam isolation valves and any other Group A
or Group 8 valves that require isolation.

The first low-water-level setting, which is coincidentally the same as the
reactor vessel low-water-level scram setting, was selected to initiate isolation
at the earliest indication of a possible breach in the nuclear system process
barrier, yet far enough below normal operational levels to avoid spurious
isolation. Isolation of the following pipelines is initiated when reactor vessel
low water level falls to this first setting (Table 5.2-2, signal A):

RHR reactor shutdown cooling supply,
Reactor water cleanup,
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Drywell equipment drain discharge,
Drywell floor drain discharge,
Drywell purge inlet,
Drywell main exhaust,
Suppression chamber exhaust valve bypass,
Suppression chamber purge inlet,
Suppression chamber main exhaust,
Drywell exhaust valve bypass,
Suppression chamber drain,
RHR-LPCI to reactor (in shutdown mode),
RHR flush and drain vent to suppression cham
Drywell makeup,
Suppression chamber makeup,
Exhaust to standby gas treatment,
Drywell radiation monitor,
Drywell control air compressor,
Containment atmosphere monitor,
Drywell differential air compressor, and
Traversing incore probes.

ber, (Unit 1),

The second and lower of the reactor vessel low-water-level isolation settings
was selected low enough to allow the removal of heat from the reactor for a
predetermined time following the scram, and high enough to complete
isolation in time for the operation of Core Standby Cooling Systems in the
event of a large break in the nuclear system process barrier. This low-low-low
water level setting is low enough that partial losses of feedwater supply would
not unnecessarily initiate full isolation of the reactor, thereby disrupting
normal plant shutdown or recovery procedures. Isolation of the following
pipelines is initiated when the reactor vessel water level falls to this second
setting (Table 5.2-2, signal B):

All four main steam lines,
Main steam line drain,
Reactor water sample line.

2. Main steam line high radiation (Table 5.2-2, signal C) (Not a required safety
related signal).

High radiation in the vicinityof the main steam lines could indicate a gross
release of fission products from the fuel. High radiation near the main steam
lines initiates isolation of the following pipelines:

All main steam'lines, (Unit 1 only)
Main steam line drain, (Unit 1 only)
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Reactor water sample line, (Unit 1 only)
Mechanical condenser vacuum pumps.

The high-radiation trip setting is selected high enough above background
radiation levels to avoid spurious isolation, yet low enough to promptly detect
a gross release of fission products from the fuel. Further info'rmation
regarding the high radiation setpoint is available in Subsection 7.12, "Process
Radiation Monitoring."

3. Main steam line space high temperature (Table 5.2-2, signal D).

High temperature in the space in which the main steam lines are located
outside the primary containment could indicate a breach in a main steam line.
The automatic closure of various Group A valves prevents the excessive loss
of reactor coolant and the release of significant amounts of radioactive
material from the nuclear system process barrier. When high temperatures
occur in the main steam line space, the following pipelines are isolated:

All four main steam lines and
Main steam line drains.

The main-steam-line-space, high-temperature trip is set far enough above the
temperature expected during operations at rated power to avoid spurious
isolation, yet low enough to provide early indication of a steam line break.

4. Main steam line high flow (Table 5.2-2, signal D).

Main steam line high flow could indicate a break in a main steam line. The
automatic closure of various Group A valves prevents the excessive loss of
reactor coolant and the release of significant amounts of radioactive material
from the nuclear system process barrier. Upon detection of main steam line
high flow, the following pipelines are isolated:

All four main steam lines and
Main steam line drain.

The main-steam-line high-flow trip setting was selected high enough to permit
the isolation of one main steam line for test at rated power without causing an
automatic isolation of the rest of the steam lines, yet low enough to permit
early detection of a steam line break.
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5. Low steam pressure at turbine inlet (Table 5.2-2, signal P).

Low steam pressure at the turbine inlet, while the reactor is operating, could
indicate a malfunction of the nuclear system pressure regulator, in which the
turbine control valves or turbine bypass valves open fully. This action could
cause rapid depressurization of the nuclear system. From patt-load operating
conditions, the rate of decrease of nuclear system saturation temperature
could exceed the design rate of change of vessel temperature. A rapid
depressurization of the reactor vessel while the reactor is near full power
could result in undesirable differential pressures across the channels around
some fuel bundles of sufficient magnitude to cause mechanical deformation of
channel walls. Such depressurizations, without adequate preventive action,
could require thorough vessel analysis or core inspection prior to returning
the reactor to power operation. To avoid the time-consuming requirements
following a rapid depressurization, the steam pressure at the turbine inlet is
monitored and, upon falling below a preselected value with the reactor in the
RUN mode, initiates isolation of the following pipelines:

All four main steam lines and
Main steam line drain.

The low-steam-pressure isolation setting was selected far enough below
normal turbine inlet pressures to avoid spurious isolation, yet high enough to
provide timely detection of a pressure regulator malfunction. Although this
isolation function is not required to satisfy any of the safety design bases for
this system, this discussion is included here to make the listing of isolation
functions complete.

6. Primary containment (drywell) high pressure (Table 5.2-2, signal F).

High pressure in the drywell could indicate a breach of the nuclear system
process barrier inside the drywell. The automatic closure of various Group B
valves prevents the release of significant amounts of radioactive material from
the primary containment. Upon detection of a high drywell pressure, the
following pipelines are isolated:

RHRS shutdown cooling supply,
Drywell equipment drain discharge,
Drywell floor drain discharge,
Traversing encore probe tubes,
Drywell purge inlet,
Drywell main exhaust,
Suppression chamber exhaust valve bypass,
Suppression chamber purge inlet,
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Suppression chamber main exhaust,
Drywell exhaust valve bypass,
Suppression chamber drain,
RHR-LPCI to reactor (in shutdown mode),
RHR flush and drain vent to suppression chamber, (Unit 1),
Drywell makeup,
Suppression chamber makeup,
Exhaust to standby gas treatment,
Drywell radiation monitor,
Drywell control air compressor,
Containment atmosphere monitor, and
Drywell differential air compressor.

The primary containment high-pressure-isolation setting was selected to be as
low as possible without inducing spurious isolation trips.

7. RCIC equipment space high temperature (Table 5.2-2, signal K).

High temperature in the vicinity of the RCIC equipment could indicate a break
in the RCIC steam line. The automatic closure of certain Group A valves
prevents the excessive loss of reactor coolant and the release of significant
amounts of radioactive material from the nuclear system process barrier.
When high temperature occurs near the RCIC equipment, the RCIC turbine
steam line is isolated. The high temperature isolation setting was selected far
enough above anticipated normal RCIC system operational levels to avoid
spurious operation, but low enough to provide timely detection of an RCIC
turbine steam line break.

f

8. RCIC turbine high steam flow (Table 5.2-2, signal K).

RCIC turbine high steam flow could indicate a break in the RCIC turbine
steam line. The automatic closure of certain Group A valves prevents the
excessive loss of reactor coolant and the release of significant amounts of
radioactive materials from the nuclear system process barrier. Upon
detection of RCIC turbine high steam flow, the RCIC turbine steam line is
isolated. The high steam flow trip setting was selected high enough to avoid
spurious isolation, but low enough to provide timely detection of an RCIC
turbine steam line break.

The logic arrangement used for this function is shown on Figure 7.3-2e and is
an exception to the usual logic requirement, because high steam flow is the
second method of detecting an RCIC turbine steam line break.
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RCIC turbine steam line low pressure (Table 5.2-2, signal K).

RCIC turbine steam line low pressure is used to automatically close two
isolation valves in the RCIC turbine steam line, so that steam and radioactive
gases will not escape from the RCIC turbine shaft seals into the Reactor
Building after steam pressure has decreased to such a low value that the
turbine cannot be operated. The isolation setpoint is chosen at a pressure
below that at which the RCIC turbine can operate effectively.

HPCI equipment space high temperature (Table 5.2-2, signal L).

High temperature in the vicinity of the HPCI equipment could indicate a break
in the HPCI turbine steam line. The automatic closure of certain Group A
valves prevents the excessive loss of reactor coolant and the release of
significant amounts of radioactive material from the nuclear system process
barrier. When high temperature occurs near the HPCI equipment, the HPCI
turbine steam supply line is isolated. The high temperature isolation setting
was selected far enough above anticipated normal HPCI system operational
levels to avoid spurious isolation, but low enough to provide timely detection
of an HPCI turbine steam line break.

HPCI turbine high steam flow (Table 5.2-2, signal L).

HPCI turbine high steam flow could indicate a break in the HPCI turbine
steam line. The automatic closure of certain Group A valves prevents the
excessive loss of reactor coolant and the release of significant amounts of
radioactive materials from the nuclear system process barrier. Upon
detection of HPCI turbine high steam flow, the HPCI turbine steam line is
isolated. The high steam flow trip setting was selected high enough to avoid
spurious isolation, but low enough to provide timely detection of an HPCI
turbine steam line break.

The logic arrangement used for this function is shown on Figure 7.3-2e and is
an exception to the usual logic requirement, because high steam flow is the
second method of detecting an HPCI turbine steam line break.

HPCI turbine steam line low pressure (Table 5.2-2, signal L).

HPCI turbine steam line low pressure is used to automatically close the two
isolation valves in the HPCI turbine steam line, so that steam and radioactive
gases will not escape from the HPCI turbine shaft seals into the Reactor
Building after steam pressure has decreased to such a low value that the
turbine cannot be operated. The isolation setpoint is chosen at a pressure
below that where the HPCI turbine can operate efficiently.
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13. Reactor Building ventilation exhaust high radiation, reactor zone or refuel
zone (Table 5.2-2, signal Z).

High radiation in the Reactor Building ventilation exhaust could indicate a
breach of the nuclear system process barrier inside the primally containment,
which would result in increased airborne radioactivity levels in the primary
containment exhaust to the secondary containment.

The automatic closure of certain Group B valves acts to close off release
routes for radioactive material from the primary containment into the
secondary containment (Reactor Building). Reactor building ventilation
exhaust high radiation initiates isolation of the following pipelines:

Drywell purge inlet,
Drywell main exhaust,
Suppression chamber exhaust valve bypass,
Suppression chamber purge inlet,
Suppression chamber main exhaust,
Drywell exhaust valve bypass,
Drywell makeup,
Suppression chamber makeup,
Exhaust to standby gas treatment,
Drywell radiation monitor,
Drywell control air compressor,*
Containment atmosphere monitor, and
Drywell differential air compressor.

*Isolated on reactor zone high radiation only.

The high radiation trip setting selected is far enough above background
radiation levels to avoid spurious isolation, but low enough to provide timely
detection of nuclear system process barrier leaks inside the primary
containment. Because the primary containment high-pressure-isolation
function and the reactor vessel low-water-level-isolation function are
adequate in effecting appropriate isolation of the above pipelines for gross
breaks, the Reactor Building ventilation exhaust high radiation isolation
function is provided as a third, redundant method of detecting breaks in the
nuclear system process barrier significant enough to require automatic
isolation.

14. Reactor Water Cleanup system high temperature (Table 5.2-2 signal J).

High temperature in the reactor water cleanup system spaces, could indicate
a break in the cleanup system. The automatic closure of certain Group A
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valves prevents the excessive loss of reactor coolant and the release of
significant amounts of radioactive material from the nuclear system process
barrier. When high temperature occurs, the reactor water cleanup system is
isolated. The high temperature isolation setting was selected far enough
above the anticipated normal area temperature to avoid spurious operation,
but low enough to provide timely detection of a cleanup system line break.
The following pipelines are isolated:

Reactor water cleanup from reactor.

15. HPCI or RCIC turbine exhaust (Diaphragm) rupture disc high pressure
(Table 5.2-2, HPCI-Signal E, RCIC-Signal G).

HPCI turbine exhaust high pressure between the rupture discs is used to
automatically close the isolation valves in the HPCI turbine steam supply line,
so that high turbine exhaust pressure can be reduced practically, thus
minimizing stresses on the turbine gland seal condenser. The high pressure
trip setting was chosen to indicate breach of the rupture disc.

The logic arrangement used for this function is shown on Figure 7.4-2 and
pressure switch location is shown on Figure 7.4-1b.

An identical design is provided for the RCIC turbine exhaust rupture disc
isolation function.

7.3.4.8 Instrumentation

Sensors providing inputs to the Primary Containment Isolation System are not used
for the automatic control of process systems, thus separating the functional control
of protection systems and process systems. Channels are physically and
electrically separated in such a way as to assure that a single physical event cannot
prevent isolation. Channels for one monitored variable that are grouped near to
each other provide inputs to different isolation trip systems. Figures 7.3-2a, 7.3-2b,
7.3-2c, 7.3-2d, 7.3-2e, and 7.3-2f illustrate in detail the functional arrangement of
channels used to initiate isolation of various groups of valves. Table 7.3-2 lists
instrument characteristics.

1. Reactor vessel low-water-level signals are initiated from eight differential
pressure transmitters, which sense the difference between the pressure due
to a constant reference column of water and the pressure due to the actual
water level in the vessel. Four of the transmitters are used to indicate that
water level has decreased to the first and higher low-water-level isolation
setting; the other four are used to indicate that water level has decreased to
the low-low-lowwater-level isolation settings.
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The four transmitters for each level setting are arranged in pairs; each
transmitter in a pair provides a signal to a different trip system. Two pipelines,
attached to taps above and below the water level on the reactor vessel, are
required for the differential pressure measurement for each pair of
transmitters. The two pairs of pipelines terminate outside the'primary
containment and inside the secondary containment. They are physically
separated from each other and tap off the reactor vessel at widely separated
points. The reactor vessel low-water-level transmitters sense level from these
pipes. This arrangement assures that no single physical event can prevent
isolation, if required. Cables from the level sensors are routed to the Auxiliary
Instrument Room.

Main steam line radiation is monitored by four radiation monitors, which are
described in Subsection 7.12, "Process Radiation Monitoring."
Gamma-sensitive radiation monitors are installed in the vicinity of the main
steam lines just outside the primary containment. These monitors can detect
a gross release of fission products from the fuel by measuring the gamma
radiation coming from the steam lines. For Unit 1, a high radiation trip signal
is sent to the Reactor Protection System and the Primary Containment
Isolation System and the Off-gas System. The high radiation condition results
in reactor scram and isolation for Unit 1. For Units 2 and 3 a high radiation
trip signal results in an isolation and trip of the Mechanical Vacuum Pump
only. These Units 1, 2, and 3 radiation monitors are not required to provide a
safety related signal to any of the systems described above.

High temperature in the vicinity of the main steam lines is detected by 16
bimetallic temperature switches located along the main steam lines between
the drywell wall and the turbine. The detectors are located or shielded so that
they are sensitive to air temperature and not the radiated heat from hot
equipment. An additional temperature sensor is located near each set of four
detectors for remote temperature readout and alarm. The temperature
sensors activate an alarm at high temperature. Upon loss of power, either an
alarm condition is present or there is a clear indication to the operator that no
power exists to the instrumentation. The main steam line space temperature
detection system is designed to detect leaks of from 1 percent to 10 percent of
rated steam flow. A total of four main steam line space high temperature
channels is provided. Each main steam line isolation logic receives an input
signal from one main steam line space high temperature channel.

High flow in each main steam line is sensed by four differential pressure
transmitters, which sense the pressure difference across the flow restrictor in
that line. Each main steam line isolation logic receives an input signal from

7.3-19



BFN-16

one main steam line high flow channel. A trip occurs whenever the steam flow
in any main steam line exceeds a preset amount.

Main steam line low pressure is sensed by four pressure transmitters, which
sense pressure downstream of the outboard main steam isolation valves.
One sensing point is located in each line after the header that connects the
four steam lines upstream to the turbine stop valves. Each transmitter is part
of an independent channel. Each channel provides a signal to one isolation
trip system.

Primary containment pressure is monitored by four nonindicating pressure
transmitters, which are mounted on instrument racks outside the drywell.
Pipes that terminate in the secondary containment connect the transmitters
with the drywell interior. Cables are routed from the transmitter to the
Auxiliary Instruments Room. The transmitters are grouped in pairs, physically
separated, and electrically connected to the isolation control system so that
no single event will prevent isolation due to primary containment high
pressure.

High temperature in the vicinity of the RCIC equipment is sensed by four sets
of four bimetallic temperature switches. The 16 temperature switches are
arranged in four trip systems, with four temperature switches in each trip
system. The four temperature switches in each trip system are arranged in
one-out-of-two-taken-twice logic.

High flow in the RCIC turbine steam line is sensed by two differential pressure
switches which monitor the differential pressure across an elbow installed in
the RCIC turbine steam supply pipeline. The tripping of either trip channel
initiates isolation of the RCIC turbine steam line. This is an exception to the
usual channel arrangement. The reason for the exception was given in the
discussion of the RCIC turbine high steam flow isolation function.

Low pressure in the RCIC turbine steam line is sensed by four pressure
switches from the RCIC turbine steam line upstream of the isolation valves.
The switches are arranged in one-out-of-two-taken-twice logic, which must trip
to initiate shutdown of the RCIC turbine.

High temperature in the vicinityof the HPCI equipment is sensed by four sets
of four bimetallic temperature switches. The 16 temperature switches are
arranged in two trip systems with eight temperature switches in each trip
system. Each trip system consists of two channels. Each channel contains
one temperature switch located in the pump room and three temperature
switches located in the torus area.
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11. High flow in the HPCI turbine steam line is sensed by two differential pressure
transmitters which monitor the differential pressure across a mechanical flow
element installed in the HPCI turbine steam pipeline. The tripping of either
switch initiates isolation of the HPCI turbine steam line. This is an exception
to the usual sensor arrangement. The reason for the exception was given in
the discussion of the HPCI turbine high steam flow isolation function.

12. Low pressure in the HPCI turbine steam line is sensed by four pressure
switches from the HPCI turbine steam line upstream of the isolation valves.
The switches are arranged in a one-out-of-two-taken-twice logic which must
trip to initiate shutdown of the HPCI turbine.

13. Reactor Building ventilation exhaust radiation is monitored by two sets of
Reactor Building ventilation exhaust monitors, which are described in
paragraph 7.12.5, "Reactor Building Ventilation Exhaust Radiation Monitoring
System." The Reactor Building ventilation exhaust radiation signal is
generated by two trip channels arranged such that it requires one channel at
high trip, or both channels at downscale (instrument failure) trip, to cause
isolation.

14. High temperature in the spaces occupied by the Reactor Water Clean-up
(RWCU) System piping outside primary containment is sensed by
temperature switches that indicate possible pipe breaks. The switches are
arranged in a one-out-two-taken-twice logic which must trip to initiate isolation
of the RWCU System.

High temperature in the spaces occupied by the RHRS (shutdown cooling)
piping, outside primary containment is sensed by temperature switches that
indicate possible pipe breaks. The switches alarm only. Automatic isolation
on high temperature is not required, since the reactor vessel low-water-level
isolation function is adequate in preventing the release of significant amounts
of radioactive material in the event of a pipe failure.

15. High pressure between the HPCI turbine exhaust (diaphragm) rupture discs is
monitored by four nonindicating pressure switches which are mounted on
instrument racks. The switches are arranged in a one-out-of-two-taken-twice
logic, which must trip to initiate closure of the inboard HPCI turbine steam
supply valve.

An identical design is provided for the RCIC turbine exhaust rupture disc
isolation function.

N
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7.3.4.9 Environmental Ca abilities

The physical and electrical arrangement of the Primary Containment Isolation
System are selected so that no single physical event will prevent achievement of
isolation functions. The location of Group A and Group B valves inside and outside
the primary containment provides assurance that the control systerh for at least one
valve on any pipeline penetrating the primary containment will remain capable of
isolation. Electrical cables for isolation valves in the same pipeline are routed
separately. Motor operators for valves inside the primary containment are of the
totally enclosed type; those outside the primary containment have
weatherproof-type enclosures. Solenoid valves, whether used for direct valve
isolation or as an air pilot, are provided with watertight enclosures. All cables and
operators are capable of operation in the most unfavorable ambient conditions
anticipated for normal operations. Temperature, pressure, humidity, and radiation
are considered in the selection of equipment for the system. Cables used in high
radiation areas have radiation-resistant insulation. Shielded cables are used where
necessary to eliminate interference from magnetic fields. Special consideration has
been given to isolation requirements during a loss-of-coolant accident inside the
drywell. Components of the Primary Containment Isolation System that are located
inside the primary containment and that must operate during a loss-of-coolant
accident are the cables, control mechanisms, and valve operators of isolation
valves inside the drywell. These isolation components are required to be functional
in a loss-of-coolant accident environment.

Electrical cables are selected with insulation designed for this service. Closing
mechanisms and valve operators are considered satisfactory for use in the isolation
control system only after completion of environmental testing under loss-of-coolant
accident conditions or submission of evidence from the manufacturer describing the
results of suitable prior tests.

Verification that the isolation equipment has been designed, built, and installed in
conformance to the specified criteria is accomplished through quality control and
performance tests in the vendor's shop, or after installation at the plant before
startup, during startup, and thereafter during the service life of the equipment. See
Subsection 1.5 for environmental qualification of electrical equipment.

Control is also exercised through review of equipment design during bid review and
by approval of vendor's drawings during the fabrication stage. Purchase
specifications require extensive control of materials and of the fabrication
procedure.
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7.3.5 Safet Evaluation

The Primary Containment Isolation System, in conjunction with other protection
systems, is designed to provide timely protection against the onset and
consequences of accidents involving the gross release of radioactive materials from
the fuel and nuclear system process barriers. It is the objective of Section 14.0,
"Plant Safety Analysis," to identify and evaluate postulated events resulting in gross
failure of the fuel barrier and the nuclear system process barrier. The
consequences of such gross failures are described and evaluated in that section.

Design procedure has been to select tentative isolation trip settings that are far
enough above or below normal operating levels that spurious isolation and
operating inconvenience are avoided. It is then verified by analysis that the release
of radioactive material following postulated gross failures of the fuel and nuclear
system process barrier is kept within acceptable bounds. Trip setting selection is
based on calculated values and constrained by the safety design basis and the
safety analyses.

Chapter 14.0 shows that the actions initiated by the Primary Containment Isolation
System, in conjunction with other safety systems, are sufficient to prevent releases
of radioactive material from exceeding the guide values of published regulations.
Because the actions of the system are effective in restricting the uncontrolled
release of radioactive materials under accident situations, the Primary Containment
Isolation System meets the precision and timeliness requirements of safety design
basis 1.

Because the Primary Containment Isolation System meets the precision and
timeliness requirements of safety design basis 1 using instruments with the
characteristics described in Table 7.3-2, it is concluded that safety design basis 2 is
met.

Temperatures in the spaces occupied by various steam lines outside the primary
containment are the only essential variables of significant spatial dependence that
provide inputs to the Primary Containment Isolation System. The large number of
temperature sensors and their dispersed arrangement near the steam lines
requiring this type of break protection provide assurance that a significant break will
be detected rapidly and accurately. One of the four groups of temperature switches
is located in the ventilation exhaust from the steam line space between the drywell
wall and the secondary containment wall. This assures that abnormal air
temperature increases are detected regardless of leak location in that space. It is
concluded that the number of sensors provided for steam line break detection
satisfied safety design basis 3.
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The spatial locations of the sensors were selected to provide the optimum coverage
relative to detection of leaks in the Engineered Safety Features Systems to initiate
isolation, when required. No special attempt was made to prevent spurious
isolation, since isolation is acceptable on the frequency at which the spurious event
is expected to occur.

Sources of steam leakage are discussed in Section 5.0.

Steam leaks into the steam tunnel from main steam line, feedwater line, or RCIC
steam line breaks will cause the main steam isolation valves to close if the
temperature at the temperature switches reach their setpoints.

Steam leaks into the building from the RCIC system, the HPCI system, and the
Reactor Water Cleanup System could possibly affect the temperature sensors for
other systems. However, the large surface area available for steam condensation
and the circuitous path the steam must follow make it a highly unlikely event.
Inadvertent isolation of the Reactor Water Cleanup System is an operational
inconvenience, but does not compromise the safety of the public. Any one of the
systems can be reset and reactivated whenever the cause for isolation has been
determined and then removed. Since there is a time delay involved whenever one
system affects another system, the operator should be able to identify the faulted
system. This would permit him to restore the nondamaged system or systems. If
the operator makes a mistake and reactivates the faulted system, that system will
be automatically isolated again.

Because the Primary Containment Isolation System meets the timeliness and
precision requirements of safety design basis 1 by monitoring variables that are
true, direct measures of operational conditions, it is concluded that safety design
basis 4 is satisfied.

Chapter 14.0 evaluates a gross breach in a main steam line outside the primary
containment during operation at rated power. The evaluation shows that the main
steam lines are automatically isolated in time to prevent a release of radioactive
material in excess of the guide values of published regulations and to prevent the
loss of coolant from being great enough to allow uncovering of the core. These
results are true even if the longest closing time of the valve is assumed. The time
required for automatic closure of the main steam isolation valves meets the
requirements of safety design basis 5.

The shortest closure time of which the main steam valves are capable is three
seconds. The transient resulting from a simultaneous closure of all main steam
isolation valves in three seconds during reactor operation at rated power is
considerably less severe than the transient resulting from inadvertent closure of the
turbine stop valves (which occurs in a small fraction of one second) coincident with
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failure of the turbine bypass system. The Reactor Protection System is capable of
accommodating the transient resulting from the inadvertent closure of the main
steam isolation valves. This conclusion is substantiated by Section 14.0. This
meets safety design basis 6.

The items of safety design bases 7, 8, and 9 must be fulfilledfor thh Primary
Containment Isolation System to meet the design reliability requirements of safety
design basis 1. It has already been shown that safety design bases 7f and 7h have
been met. The remainder of the reliability requirement is met by a combination of
logic arrangement, sensor redundancy, wiring scheme, physical isolation, power
supply arrangement, and environmental capabilities. These subjects are discussed
in the following paragraphs.

Because essential variables are monitored and arranged for physical and electrical
independence, and because a dual trip system arrangement is used to initiate
closure of essential automatic isolation valves, no single failure, maintenance
operation, calibration operation, or test can prevent the system from achieving
isolation. An analysis of the isolation control system shows that the system does
not fail to respond to essential variables as a result of single electrical failures such
as short circuits, ground, and open circuits. Loss of a single trip system trip is the
result of these failures. Isolation is initiated upon a trip of the remaining trip system.
For some of the exceptions to the usual logic arrangement, a single failure could
result in inadvertent isolation of a pipeline. With respect to the release of
radioactive material from the nuclear system process barrier, such inadvertent valve
closures are in the safe direction and do not pose any safety problems. This meets
safety design bases 7a and 7b.

The redundancy of channels provided for all essential variables provides a high
probability that, whenever an essential variable exceeds the isolation setting, the
system initiates isolation. In the unlikely event that all channels for one essential
variable in one trip system fail in such a way that a system trip does not occur, the
system could still respond properly as other monitored variables exceed their
isolation settings. This meets safety design basis 7c.

The sensors, circuitry, and logics used in the Primary Containment Isolation System
are not used in the control of any process system. Thus, malfunction and failures in
the controls of process systems have no direct effect on the isolation control
system. This meets safety design basis 7d.

The various power supplies used for the isolation system logic circuitry and for
valve operation provide assurance that the required isolation can be effected in
spite of a single power failure. IfAC for valves inside the primary containment is
lost, DC is available for operation of valves outside the primary containment. The
main steam isolation valve control arrangement is resistant to both AC and DC
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power failures. Because both solenoid-operated pilot valves must be de-energized,
loss of a single power supply will neither cause inadvertent isolation nor prevent
isolation, if required. The logic circuitry for each channel is powered from the
separate sources available from the Reactor Protection System buses, the unit
preferred AC power supply, or the unit or plant batteries. In no case does a loss of
a single power supply prevent achievement of an essential isolatioh function. This
meets safety design basis 7e.

All instruments, valve closing mechanisms, and cables of the isolation control
system can operate under the most unfavorable environmental conditions
associated with normal operation. The discussion of the effects of rapid nuclear
system depressurization on level measurement given in Subsection 7.2, "Reactor
Protection System," is equally applicable to the reactor vessel low water level
transmitters used in the Primary Containment Isolation System. The temperature;
pressure, differential pressure, and level transmitters, cables, and valve closing
mechanisms used were selected with ratings that make them suitable for use in the
environment in which they must operate.

The special considerations (treated in the description portion of this subsection)
made for the environmental conditions resulting from a loss-of-coolant accident
inside the drywell are adequate to ensure operability of essential isolation
components located inside the drywell.

The wall of the primary containment effectively separates adverse environmental
conditions which might otherwise affect both isolation valves in a pipeline. The
location of isolation valves on either side of the wall decouples the effects of
environmental factors with respect to the ability to isolate any given pipeline. The
previously discussed electrical isolation of control circuitry prevents failures in one
part of the control system from propagating to another part. Electrical transients
have no significant effect on the functioning of the essential isolation control
system. It is concluded that safety design basis 7g is satisfied.

The design of the main steam isolation valves meets the requirement of safety
design basis 8a in that the motive force for closing each main steam isolation valve
is derived from both a source of pneumatic pressure and the energy stored in a
spring. Either energy source, alone, is capable of closing the valve. None of the
valves relies on continuity of any sort of electrical power to achieve closure in
response to essential safety signals. Total loss of the power used to control the
valves would result in closure. This meets safety design basis 8b.

Easy access is provided for calibration and testing of pressure and level
transmitters which are located in the Turbine Building, Reactor Building, and
Auxiliary Instrument Room. Administrative control restricts access to the setting
controls on each device. A cover plate, access plug, or sealing device must be
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removed by personnel before any adjustment in trip settings can be effected. The
location of calibration and test controls in areas under administrative control
reduces the probability that operational reliability will be degraded by operator error.
This meets safety design basis 9a. Because the means for bypassing channels,
logic, or system components are under administrative control, safety design basis
9b is met.

Because safety design bases 7, 8, and 9 have been met, it can be concluded that
the Primary Containment Isolation System satisfies the reliability requirement of
safety design basis 1. That the system satisfied safety design bases 10, 11a and
11b was shown in the description of the system. Paragraph 7.3.6 describes
inspection and testing of the system and demonstrates that safety design basis 12
is satisfied.

Basis and Anal sis for Isolation Valves Closure Times and Actions Set pints

Closure times for containment isolation valves in primary system lines are
established to ensure that the valves are closed prior to the start of uncovering of
the fuel caused by blowdown from the line. By ensuring that the fuel remains
covered, fuel damage resulting from the blowdown is prevented, thereby limiting the
uncontrolled release of radioactive materials to the environs. The radiological
analysis for a typical blowdown outside the containment, with valve closure time in
accordance with the above criteria, is presented in Subsections 14.6 and 14.9.

a. The differential pressure trip setting for high flow through the redundant flow
meters in the RCIC is less than or equal to 300 percent of rated steam flow at
1140 psia. This trip point was selected to provide sufficient margin to prevent
isolation during normal startup transient differential pressure measurements
associated with the particular flow meters utilized (elbow taps). At lower steam
pressures, the trip setting in percent of rated flow is conservatively lower. A
time delay relay in the trip circuit prevents isolation during normal startup.

The differential pressure trip setting for high flow through the HPCI flow meter
is less than or equal to 225 percent of rated steam flow at 1140 psia. This trip
point was selected to provide sufficient margin to prevent isolation during
normal startup transient differential pressure measurements associated with
the particular flow meter utilized (venturi). At lower steam pressures, the
trip setting in percent of rated flow is conservatively lower. A time delay relay
in the trip circuit prevents isolation during normal startup.

II

b. The space temperature trip settings for main steam, RCIC and HPCI are
determined by calculation. Analytical limits are established and the
temperature trip set point set based on a calculated T which would result from
a steam leak in the space.
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The main steam, RCIC and HPCI systems are each monitored by 16
temperature sensors. These sensors are arranged in four trip logics with four
sensors in each logic, as discussed in paragraph 7.3.4.8 of the FSAR. The 16
sensors for each system are physically arranged in four groups with four
sensors in each group. One sensor in each group is in each o7 the four trip
logics. The arrangement is as follows:

1. Four sensors equally spaced across the width of the steam tunnel above
the steam lines in the Reactor Building midway between the containment
shield wall and the Reactor Building wall,

2. Four sensors equally spaced across the width of the steam tunnel above
the steam lines in the Turbine Building midway between the Turbine
Building wall and the vertical run of the steam lines,

3. Four sensors equally spaced across the width of the steam tunnel in the
Turbine Building in the area of the vertical run of the steam lines, and

4. Four sensors located in the steam tunnel in the Turbine Building in the
area above the turbine control valves, stop valves, and bypass valves.

The RCIC system temperature monitors for each unit are located as follows:

1. Four sensors in the RCIC corner room dispersed above the RCIC
turbine-pump assembly,

2. Four sensors in the torus area above the RCIC steam line near the exit of
the steam line from the torus area into the corner room,

3. Four sensors in the torus area above the RCIC steam line midway
between the exit of the steam line from the torus area into the corner
room and the entrance of the steam line into the torus area from the
steam line tunnel, and

4. Four sensors in the torus area above the RCIC steam line near the
entrance of the steam line into the torus area from the steam line tunnel.

The HPCI system temperature monitors for Unit 1 are located as follows:
ll

1. Four sensors in the HPCI equipment room dispersed above the HPCI
turbine-pump assembly,
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2. Four sensors in the HPCI equipment room located in the vicinity of the
ventilation exhaust grill,

3. Four sensors in the torus area above the HPCI steam line near the exit of
the steam line from the torus area into the HPCI equipment room, and

4. Four sensors in the torus area above the HPCI steam line near the
outboard containment isolation valve.

The HPCI system temperature monitors for Units 2 and 3 are located as
follows:

j

1. Four sensors in the HPCI equipment room dispersed above the HPCI
turbine-pump assembly,

2. Four sensors in the torus area above the HPCI steam line near the exit of
the steam line from the torus area into the HPCI equipment room,

3. Four sensors in the torus area above the HPCI steam line midway
between the exit of the steam line from the torus area into the HPCI
equipment room and the containment penetration, and

4. Four sensors in the torus area above the HPCI steam line near the
outboard containment isolation valve.

c. The temperature detectors for isolation of the Reactor Water Cleanup System
were located in those areas that an RWCU high energy line break (HELB) was
postulated (ie; RWCU pump rooms, RWCU heat exchanger room, RWCU pipe
trench and main steam valve vault). The temperatures detectors are set at a
value above the maximum abnormal room temperatures to avoid spurious
actuations due to ambient conditions and below the analytical limits to ensure
timely detection of a pipe break. The analytical limit is a value established by
the Reactor Building Environmental Analysis for a postulated HELB in the
RWCU system to meet the requirements of IO CFR 50.49. The temperature
detector setpoint was selected to provide sufficient margin between the
setpoint and the analytical limit to account for all inaccuracies inherent in the
instrument loop.

The acceptable range of trip values for the reactor water cleanup (RWCU)
System pipe trench temperatures is from 130'o 150'. This range of values
was selected to exceed the ambient temperature sufficiently to avoid spurious
operation, but low enough to provide timely detection of an RWCU line break
at all reactor power conditions.
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The temperature trip for the RHR system space gives an alarm based on
leakage from the RHR system of less than 15 gpm.

7.3.6 Ins ection and Testin

Isolation valves can be tested to assure that they are capable of closing by
operating manual switches in the control room and observing the position lights and
any associated process effects. Testable check valves are arranged to verify that
the valve disc is free to open and close. The essential channel and trip system
responses can be functionally tested by applying test signals to each channel and
observing the trip system response. Testing of the main steam isolation valves is
discussed in Subsection 4.6, "Main Steam Isolation Valves." Reset of the main
primary containment Isolation signals does not result in the automatic reopening of
these isolation valves.
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6. To provide the operator with the means to verify the availability of the
Emergency Core Cooling Systems, it shall be possible to test the responses of
the controls and instrumentation to conditions representative of abnormal or
accident situations.

7.4.3 ~03
7.4.3.1 Identification

The controls and instrumentation for the Emergency Core Cooling Systems are
identified as that equipment required for the initiation and control of the following:

a. High Pressure Coolant Injection System (HPCI),

b. Automatic Depressurization System,

c. Core Spray System, and

d. Low Pressure Coolant Injection System (LPCI) (an operating mode of the
Residual Heat Removal System).

The equipment involved in the control of these systems includes automatic injection
valves, turbine pump controls, electric pump controls, relief valve controls, and the
switches, contacts, and relays that make up sensory logic channels. Testable
check valves and certain automatic isolation valves are not included in this
description because they are described in Subsection 7.3, "Primary Containment
Isolation System."

To ensure the functional capabilities of the Emergency Core Cooling Systems
during and after earthquake ground motions, the controls and instrumentation for
each of the systems are designed as Class I equipment as described in Appendix
C. This meets safety design basis 5f.

Backup controls are provided for the ECCS, as indicated in Figures 7.4-1 through
7.4-8.

7.4.3.2 Hi h Pressure Coolant In ection S stem HPCI Control and Instrumentation
7

7.4.3.2.1 Identification and Ph sical Arran ement

When actuated, the HPCI system pumps water from either the condensate supply
header or the suppression chamber to the reactor vessel via the feedwater
pipelines. The HPCI includes one turbine which drives both main and booster
pumps, one DC motor-driven auxiliary oil pump, one gland seal condenser DC
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condensate pump, one gland seal condenser DC blower, automatic valves, control
devices for this equipment, sensors, and logic circuitry. The arrangement of
equipment and control devices is shown in Figures 7.4-1a and 7.4-1b.

Pressure and level transmitters used in the HPCI are located on racks in the
Reactor Building. The only operating component for the HPCI that'is located inside
the primary containment is one of the two HPCI turbine steam supply pipeline
isolation valves. The rest of the HPCI control and instrumentation components are
located outside the primary containment. Cables connect the sensors to control
circuitry in the Auxiliary Instrument and Main Control Room. The system is
arranged to allow full-flowfunctional testing during normal reactor power operation.
Test controls are arranged so that the injection flow path will be automatically
re-aligned to the reactor vessel should a HPCI initiation signal be received while
testing. The HPCI flow controller could be in either AUTO or MANUALduring
testing with the flow adjusted to less than full design flow rate. Operator action
would be required to adjust the flow back to the design flow rate. The HPCI System
is designed to meet the intent of the IEEE proposed criteria for Nuclear Power Plant
Protection Systems (IEEE-279-1971).

7.4.3.2.2 HPCI Initiation Si nals and Lo ic

Reactor vessel low-water level and primary containment (drywell) high pressure are
the two functions, either of which can automatically start the HPCI as indicated in
Figures 7.4-2a, 7.4-2b, 7.4-2c, and 7.4-2d. Reactor vessel low-water level is an
indication that reactor coolant is being lost and that the fuel is in danger of being
overheated. Primary containment high pressure is an indication that a breach of the
nuclear system process barrier has occurred inside the drywell.

The logic scheme used for the initiating functions is a dual trip system arrangement.
Each trip system receives initiation signals from two independent sensor channels
for each monitored variable. Either trip system can start the HPCI. The trip
systems are powered from reliable DC buses.

The reactor vessel low-water level setting for HPCI initiation is selected high
enough above the active fuel to start the HPCI in time, both to prevent excessive
fuel clad temperature and to prevent more than a small fraction of the core from
reaching the temperature at which gross fuel failure occurs. The water level setting
is far enough below normal levels that spurious HPCI startups are avoided. The
primary containment high-pressure setting is selected to be as low as possible
without including spurious HPCI startup.
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7.4.3.2.3 HPCI Initiatin Instrumentation

Reactor vessel low-water level is monitored by four level transmitters that sense the
difference between the pressure due to a constant reference column of water and
the pressure due to the actual height of water in the vessel. Two pipelines,
attached to taps above and below the water level on the reactor vessel, are
required for the differential pressure measurement for each pair of transmitters.
The two pairs of pipelines terminate outside the primary containment and inside the
Reactor Building; they are physically separated from each other and tap off the
reactor vessel at widely separated points. These same pipelines are also used for
pressure and water level instruments for other systems. The level transmitters for
the HPCI are arranged in pairs, each pair sensing level from one pair of pipelines.
One transmitter in each pair provides an input to trip system A, the other to trip
system B. This arrangement assures that no single event can prevent HPCI
initiation from reactor vessel low-water level. Cables from the level transmitters
lead to the auxiliary instrument room.

Primary containment pressure is monitored by four pressure transmitters which are
mounted on instrument racks outside the drywell, but inside the Reactor Building.
Cables are routed from the transmitters to the auxiliary instrument room. Pipes that
terminate in the Reactor Building allow the transmitters to communicate with the
drywell interior. The transmitters are grouped in pairs and electrically connected so
that no single event can prevent the initiation of the HPCI due to primary
containment high pressure.

7.4.3.2.4 HPCI Turbine and Turbine Auxiliaries Control

The HPCI controls automatically start the HPCI from the receipt of a reactor vessel
low-water-level signal or primary containment high-pressure signal and bring the
system to its design flow rate within 30 seconds (see Section 6.5 for value assumed
in Emergency Core Cooling System analyses).

The controls then function to provide design makeup water flow to the reactor
vessel until the amount of water delivered to the reactor vessel is adequate, at
which time the HPCI shuts down. The controls are arranged to allow
remote-manual startup, operation, and shutdown.

I

The HPCI turbine is functionally controlled as shown by Figure 7.4-2a. A speed
governor limits the turbine speed to its maximum operating level. A control
governor receives an HPCI flow signal and adjusts the turbine steam control valve
so that design HPCI pump discharge flow rate is obtained. The flow signal used for
automatic control of the turbine is derived from a differential pressure measurement
across a flow element in the HPCI pump discharge pipeline. The governor controls
the pressure applied to the hydraulic operator of the turbine control valve, which, in
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turn, controls the steam flow to the turbine. Hydraulic pressure is supplied for both
the turbine control valve and the turbine stop valve by the DC-powered oil pump
during startup and then by the shaft-driven hydraulic oil pump when the turbine
reaches a certain RPM.

Upon receipt of an initiation signal, the auxiliary oil pump starts, prdviding hydraulic
pressure for the turbine stop valve and turbine control valve hydraulic operator.
Because there is no flow in the HPCI, the flow signal will run the control governor to
the high speed stop. As hydraulic oil pressure is developed, the turbine stop valve
and the turbine control valve open and the turbine accelerates toward the speed
setting of the control governor or speed governor, whichever is lower, and without
turbine overspeed. As HPCI flow increases, the flow signal adjusts the control
governor setting so that design flow is maintained.

The turbine is automatically shut down by tripping the turbine stop valve closed if
any of the following conditions are detected (reset capability has been provided):

a. Auto isolation signal,

b. High turbine exhaust pressure,

c. Low pump suction pressure,

d. Low turbine steam supply pressure

e. Reactor vessel high-water level,

f. Turbine mechanical overspeed.

High turbine exhaust pressure indicates a condition that threatens the physical
integrity of the exhaust pipeline. Low pump suction pressure warns that cavitation
and lack of cooling could cause damage to the booster and/or main pump which
could place the HPCI System out of service. A turbine trip is initiated for these
conditions so that, if the causes of the abnormal conditions can be found and
corrected, the system can be quickly restored to service. The turbine will
automatically reset and restart when these conditions are cleared. The trip settings
are selected far enough from normal values so that a spurious turbine trip is
unlikely, but not so close that damage occurs before the turbine is shut down.
Turbine overspeed is detected by a standard turbine overspeed
mechanical-hydraulic device which automatically resets after the turbine trip. Two
pressure switches are used to detect high turbine exhaust pressure; either switch
can initiate turbine shutdown. One pressure switch is used to detect low HPCI
pump suction pressure.
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High-water level in the reactor vessel indicates that the HPCI has performed
satisfactorily in providing makeup water to the reactor vessel. Further increase in
level could result in HPCI turbine damage caused by gross carryover of moisture.
The reactor vessel high-water-level setting which trips the turbine is near the top of
the steam separators and is sufficient to prevent gross moisture carryover to the
main steam line and then to the HPCI turbine. For Units 2 and 3, the two level
transmitters that sense differential pressure feed analog trip units that are arranged
to require that both analog trip units trip (coincidence) to initiate a turbine shutdown.
The Unit 1 design utilizes two sets of two switches arranged such that two switches
in one set must trip in order to trip the turbine. The turbine will automatically restart
on a low-water-level signal.

The Mechanical Logic Diagram for the turbine auxiliary oil pump is shown in
Figure 7.4-2a. The controls are arranged for automatic or manual control..Upon
receipt of an HPCI initiation signal, the auxiliary oil pump starts and provides
hydraulic pressure to open the turbine stop valve and the turbine control valve. As
the turbine gains speed, the shaft-driven oil pump begins to supply hydraulic
pressure. After about 1/2 minute during an automatic turbine startup, the pressure
supplied by the shaft-driven oil pump is sufficient, and the auxiliary oil pump
automatically stops upon receipt of a high oil pressure signal. Should the
shaft-driven oil pump malfunction, causing oil pressure to drop, the auxiliary oil
pump restarts.

Operation of the gland seal condenser components-gland seal condenser
condensate pump (DC), gland seal condenser blower (DC), and gland seal
condenser water level instrumentation —capable of preventing outleakage from the
turbine shaft seals. Startup of this equipment is automatic, as shown by
Figure 7.4-2b. Failure of this equipment will not prevent the HPCI from providing
water to the reactor vessel.

7.4.3.2.5 HPCI Valve Control

All automatic valves in the HPCI System are equipped with remote-manual test
capability, so that the entire system can be operated locally, with the exception of
the inboard steam line isolation valve, or from the Main Control Room.
Motor-operated valves are provided with appropriate torque switches to turn off the
motors when the full-closed positions are reached. Certain valves are
automatically closed on isolation or turbine trip signals. All essential components of
the HPCI controls operate independent of AC power.

To ensure that the HPCI can be brought to design flow rate within 30 seconds from
the receipt of the initiation signal, the following maximum operating times for
essential HPCI valves are provided by the valve operation mechanisms.
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HPCI turbine steam supply valve 20 seconds (Unit 3)
30 seconds (Unit 2)

HPCI pump discharge valves

HPCI pump minimum flow bypass valve

30 seconds

10 seconds
(Unit 1 only)

HPCI pump minimum flow bypass valve 15 seconds
(Units 2 and 3)

The operating time is the time required for the valve to travel from the fullyclosed to
the fullyopen position, or vice versa. The two HPCI steam supply line isolation
valves are intended to isolate the HPCI steam line in the event of a break in that
line; the operating time requirements for them are based on isolation specifications.
These are described in Subsection 7.3, "Primary Containment Isolation System." A
normally closed, DC motor-operated isolation valve is located in the turbine steam
supply pipeline just upstream of the turbine stop valve. The control scheme for this
valve is shown in Figure 7.4-2a. Upon receipt of an HPCI initiation signal, this valve
opens and remains open until closed by operator action from the control room.

Two normally open isolation valves are provided in the steam supply line to the
turbine. The valve inside the drywell is controlled by an AC motor fed from a
reactor MOV board. The valve outside the drywell is controlled by a DC motor. An
electrically operated valve with automatic isolation function is in parallel with the
outside containment isolation valve for start up after isolation purposes. The
Mechanical Logic Diagram is shown by Figure 7.4-2a. The valves automatically
close upon receipt of an HPCI turbine steam line high-flow signal, an HPCI turbine
steam supply low-pressure signal, high steam line space temperature, or high
turbine exhaust (diaphragm) rupture disc pressure. The instrumentation for
isolation is described in Subsection 7.3, "Primary Containment Isolation System."

Three pump suction valves are provided in the HPCI. One valve lines up pump
suction from the condensate supply header, the other two from the suppression
chamber. The condensate supply header is the preferred source. All three valves
are operated by DC motors. The Mechanical Logic Diagram is shown by
Figure 7.4-2b. Although the condensate storage tank suction valve is normally
open, an HPCI initiation signal opens it if it is closed. If the level in the condensate
supply header falls below a preselected value, the suppression chamber suction
valves automatically open. When the suppression chamber valves are both fully
open, the condensate supply header suction valve automatically closes. Two level
switches are used to detect the condensate supply header level. Either switch can
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outputs to the RPS are transmitted by removing voltage to a relay coil, so loss of
power results in actuating the RPS trips.
In the startup mode of operation, the APRM "fixed" upscale trip setpoint is set down
to a low level. This trip function is provided in addition to the existing IRM upscale
trip in the startup mode. The trip settings are listed in Table 7.5-4b.

The trip functions are performed by digital comparisons of APRM electronics. The
APRM flux value is developed by averaging the LPRM signals and then adjusting
the average, using gain adjustment factors from heat balance calculations, to be the
APRM power. The APRM power is processed through a first order filterwith a six
second time constant to calculate simulated thermal power. These calculations are
all performed by the digital processor and result in a digital representation of APRM
and simulated thermal power. For each RPS trip and rod block alarm, the APRM
power or simulated thermal power, as applicable (see Table 7.5-4b), is digitally
compared to the setpoint (which was previously entered and stored). If the power
value exceeds the setpoint, the applicable trip is. issued.

7.5.7.4 Safet Evaluation

I'The

following description applies to Unit 1 and Unit 3.)

Each APRM derives its signal from information obtained from the LPRMS. The
assignments, power separation, cabinet separation, and LPRM signal isolation are
in accord with the safety design basis of the Reactor Protection System. There are
six APRM channels, three for each Reactor Protection System trip system, to allow
one bypass and one undetected failure in each trip system and still satisfy the
Reactor Protection System safety design basis.

Figure 7.5-15 shows the ability of the APRMS to track core power versus coolant
flow, starting at 100 percent power and 100 percent flow to below the 65 percent
flow point. Figure 7.5-16 shows the ability of the APRM to respond to control rod
motion. The conditions for this are selected from the most restrictive case. The
figure also shows a full withdrawal of a control rod from limiting conditions at rated
power. Normal control rod manipulation results in good agreement (less than 5
percent deviation on the worst APRM) through a wide range of power levels.

The adequacy of the flow reference and APRM scram setpoint is demonstrated to
be adequate in preventing fuel damage as a result of abnormal operational
transients by the analyses in Section 14.0, "Plant Safety Analysis."

(The following description applies to Unit 2 only.)

Each APRM derives its signal from information obtained from the LPRMs. The
assignments, power separation, cabinet separation, and LPRM signal isolation are
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in accord with the safety design basis of the Reactor Protection System. There are
four APRM channels with the Reactor Protection System trip outputs from each
routed to each of four APRM 2-out-of-4 voter channels. Two voter channels are
associated with each Reactor Protection System trip system. This configuration
allows one APRM channel to be bypassed plus one failure while still meeting the
Reactor Protection safety design basis.

APRM power (and simulated thermal power) are adjusted periodically based on
heat balance to match true reactor power. This adjustment is made regularly at a
rate sufficient to compensate for LPRM burnup and the related change in APRM
values. However, coolant flow changes and control rod movements can also affect
the relationship between APRM measured flux and true reactor power and introduce
errors. To accommodate the predictable APRM variations due to coolant flow and
control rod changes, analysis are performed to determine limiting case values for
both. Bounding values are then used in APRM setpoint calculations as an expected
error. This analysis assures that there is adequate margin in the actual setpoints to
assure safety limits are not exceeded even if the worst case error in APRM values
is introduced due to coolant flow changes or control rod movements after heat
balance calibration of the APRM has been performed.

The APRM scram setpoint is demonstrated to be adequate in preventing fuel
damage as a result of abnormal operational transients by the analyses documented
in Reference 1 of Section 14.0, "Plant Safety Analysis."

7.5.7.5 Power Generation Evaluation
I C

(The following description applies to Unit 1 and Unit 3.)

The APRMS provides the operator with six continuous recordings of the average
reactor power. The rod blocking function prevents operation above the region
defined by the design power response to recirculation flow control. The flow signal
used to vary the rod block level is supplied from the recirculation system flow
instrumentation. Two flow comparators monitor the two flow signals and initiate a
rod block if the two signals are not in agreement. Because any one of. the APRMs
can initiate a rod block, this function has a high level of redundancy and satisfies
the power generation design basis. One APRM channel in each Reactor Protection
System trip system may by bypassed. In addition, a minimum of 14 LPRM inputs is
required for each APRM channel to be operative. If the number is less than this, an
automatic APRM inoperative trip is generated.

(The following description applies to Unit 2 only.)

The APRMS provides the operator with four continuous recordings of the average
reactor power. The rod blocking function prevents operation above the region
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defined by the design power response to recirculation flow control. The flow signal
used to vary the rod block level is supplied from the recirculation system flow
instrumentation. Two flow comparators monitor the four flow signals and initiate an
alarm if the four signals are not in agreement. Because any one of the APRMs can
initiate a rod block, this function has a high level of redundancy and satisfies the
power generation design basis. One APRM channel may be bypassed. In addition,
a minimum of 20 LPRM inputs, with three per axial level, is required for each APRM
channel to be operative. If the number is less than this, an automatic APRM
inoperative alarm and rod block are generated.

7.5.7.6 Ins ection and Testin

APRM channels are calibrated at power by a heat balance or using data from
previous full-power runs and are tested by procedures in the applicable instruction
manual. Each APRM channel can be individually tested for the operability of the
APRM scram and rod blocking'functions by introducing test signals.

7.5.8 Rod Block Monitor Subs stem

7.5.8.1 Power Generation Desi n Basis

1. The RBMS shall be designed to prevent local fuel damage as a result of a
single rod withdrawal error under the worst permitted condition of RBM bypass.

2. The RBMS shall provide a signal to permit operator evaluation of the change in
the local relative power level during control rod movement.

7.5.8.2 ~0

7.5.8.2.1 Identification

The RBMS has two RBM channels, each of which uses input signals from a number
of LPRM channels. A trip signal from either RBM channel can initiate a rod block.
One RBM channel may be bypassed without loss of subsystem function. I

7.5.8.2.2 ~PS
The RBMS power is received from the 120-V AC supplies used for the Reactor
Protection System (RPS) (see Subsection 7.2).
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In Unit 1 and Unit 3, RBM A receives power from RPS Bus A, and RBM B receives
power from RPS Bus B. In Unit 2, each RBM receives power redundantly from both
RPS buses.

7.5.8.2.3 Si nal Conditionin

(The following description applies to Unit 1 and Unit 3.)

The RBM signal is generated by averaging a set of LPRM signals. One of the
RBMs averages the signals from LPRM detectors at the A and C positions in the
assigned LPRM assemblies, and the second RBM averages the signals from the
LPRM detectors at the B and D positions in the assigned LPRM assemblies.
Assignment of LPRM assemblies to be used in RBM averaging is controlled by the
selection of control rods. Figure 7.5-17a shows the four possible assignment
combinations. Note that the RBM is automatically bypassed and the output set to
zero if a peripheral control rod is selected. If any LPRM detector assigned to a
RBM is bypassed, the computed average signal is adjusted automatically to
compensate for the number of LPRM input signals to average.

The magnitude of each RBM channel output is normalized to an assigned APRM
channel whenever a control rod is selected. A signal from one APRM channel
assigned to each Reactor Protection System trip system supplies this reference
signal for the RBM channel on that same trip system. This gain setting is held
constant during the movement of that particular control rod, thus providing an
indication of the change in the relative, local power level. If the APRM used to
normalize the RBM reading is indicating less than 30 percent power, the RBM is
zeroed, and the RBM outputs are bypassed. If the normalizing APRM is bypassed,
the normalizing signal is automatically provided by a second APRM. In the
operating range, the RBM signal is accurate to about 1 percent of full scale of the
correct signal, including all variances due to drift, environmental changes (normal
control room variations), and supply voltage variations.

(The following description applies to Unit 2 only.)

The RBM signal is generated by averaging a set of LPRM signals. The LPRM
signals used depends on the control rod selected upon selection of a rod for
withdrawal or insertion, the conditioned signals from the LPRMs around that rod will
be automatically selected by the two RBM channels. (Figure 7.5-17a shows
examples of the four possible LPRM/selected rod assignment combinations.) For a
typical non-edge rod, each RBM channel averages LPRM inputs from two of the
four 8-position and D-position detectors, and all four of the C-position detectors.
(See Figure 7.5-17b.) (This configuration is part of the RBM improvements
described in Reference 1 of Section 14.0, "Plant Safety Analysis.") A-position
LPRM detectors are not included in the RBM averages, but are displayed to the
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operator. When a rod near, but not at, the edge of the core is selected, where there
are fewer than four, but at least two, LPRM strings around the rod, the number of
detectors used by the RBIVI channels is either six or four depending on how many
LPRM strings are available. If a detector has been bypassed in the LPRM System,
that detector is automatically deleted from the RBM processing and the averaging
logic is adjusted to average only the remaining detectors.

After selection of a control rod, each RBM channel calculates the average of the
related LPRM detectors and calculates a gain factor that will adjust the average to
100%. Thereafter, until another rod is selected, the gain factor is applied to the
LPRM average to obtain the RBM signal value. The RBM signal value is compared
to RBM trip setpoints (see 7.5.8.244).

When a peripheral rod is selected, or if the APRM value for the RBMs associated
APRM is below the automatic bypass level (approximately 30% power), the RBM
function is automatically bypassed, the rod block outputs are set to "permissive,"
and the RBM average is set to zero.

7.5.5.2.4 T~iF

(The following description applies to Unit 1 and Unit 3.)

The RBM supplies a trip signal to the Reactor Manual Control System to inhibit
control rod withdrawal. The trip is initiated whenever the RBM output exceeds a
'variable setpoint. The setpoint may be one of three levels, with the value of each
trip level varying with recirculation flow as for the APRM rod blocks. The 100
percent flow intercepts of the trip level curves are variable between 75 percent
indicated and 115 percent indicated.

The three trip-level lines are set at approximately 8 percent of rated power apart (at
100 percent flow). The operator may encounter any trip level, depending on the
starting point for a given rod withdrawal. The lower two levels can be bypassed by
operator action after a setup function is actuated. The setup permissive is actuated
(and indicated by a light) when the RBM reading reaches 2 percent (at 100 percent
flow) less than the trip point. Another light is turned on to indicate when the RBM is
set to the third (highest) trip level. One of the two RBMs can be bypassed at any
time by operator action, subject to technical specification restrictions, when
operating on limiting rod patterns. Either RBM can inhibit control rod withdrawal.

(The following description applies to Unit 2 only.)

The RBM supplies a trip signal to the Reactor Manual Control System to inhibit
control rod withdrawal. The trip is set whenever the RBM signal value exceeds the
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RBM setpoint. As described in Reference 1 of Section 14.1, there are three
different power-dependent setpoints, each a percentage above the RBM initial
value of 100%. The particular setpoint that is applied is selected based on the
simulated thermal power value from the RBM's associated APRM channel (an
alternate APRM channel is assigned and is automatically used for inputs if the
primary APRM channel is bypassed or inoperative). Higher APRM simulated
thermal power values select a lower setpoint. That is, at higher power levels, the
percentage increase in the RBM value allowed is less than at lower power levels.
One of the two RBMs can be bypassed by the operator. Either RBM channel can
prevent rod movement. (See Figure 7.7-6.)

7.5.8.3 Power Generation Evaluation

(The following description applies to Unit 1 and Unit 3.)

Motion of a control rod causes the LPRMs adjacent to the control rod to respond
strongly to the change in power in the region of the rod in motion. Figures 7.5-18
and 7.5-19 show the calculated response of the two RBMs to the full withdrawal of a
selected control rod in a region in which the design limits on power and flow exist.

The highest rod block setpoint halts rod motion well before local fuel damage can
occur. This is true even with the adjacent and nearest LPRM detector assemblies
failed.

(The following description applies to Unit 2 only.)

Motion of a control rod causes the LPRMs adjacent to the control rod to respond
strongly to the change in power in the region of the rod in motion. Typical RBM
channel responses are documented in Reference 1 of Section 14.1. This reference
also provides documentation of rod withdrawal error analysis results which
demonstrate that under limiting assumptions of LPRM failures the RBM setpoints
will halt rod motion well before local fuel damage can occur.

7.5.8.4 Ins ection and Testin

The rod block monitor channels are tested and calibrated by procedures given in
the applicable instruction manuals. The RBMs are functionally tested by
introducing test signals into the RBM channels.
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7.5.9 Traversin Incore Probe Subs stem

7.5.9.1 Power Generation Desi n Basis

1. The TIPS shall be capable of providing a signal proportional to the axial
gamma flux distribution at selected small axial intervals over the regions of the
core where LPRM detector assemblies are located. This signal shall be of high
precision to allow reliable calibration of LPRM gains.

2. The TIPS shall provide accurate indication of the position of the flux
measurement to allow pointwise or continuous measurement of the axial
gamma flux distribution.

7.5.9.2 ~59
7.5.9.2.1 Identification

The TIPS includes five traversing incore probe (TIP) machines, each of which has
the following components:

a. One traversing incore probe (TIP),

b. One drive mechanism,

c. One indexing mechanism,

d. Up to 10 incore guide tubes, and

e. One chamber shield.

The subsystem allows calibration of LPRM signals by correlating TIP signals to
LPRM signals as the TIP is positioned in various radial and axial locations in the
core. The guide tubes inside the reactor are divided into groups. Each group has
its own associated TIP machine. The assignment of LPRM strings to the five TIP
machines is shown in Figure 7.5-20.

7.5.9.2.2 Ph sical Arran ement

A TIP drive mechanism uses a gamma sensitive detector attached to a flexible drive
cable, which is driven from outside the primary containment by a gear box
assembly. The flexible cable is contained by guide tubes that continue into the
reactor core. The guide tubes are a part of the LPRM detector assembly and are
specially prepared to provide a durable, low-friction surface. The indexing
mechanism allows the use of a single detector in any one of ten different tube
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paths. The tenth tube is used for TIP cross calibration with the other TIP machines.
The control system provides both manual and semi-automatic operation. The TIP
signal is amplified and displayed on a meter. Core position versus gamma flux is
recorded in the Main Control Room on an X-Y recorder. A block diagram of the
drive system is shown in Figure 7.5-21.

The heart of each TIP machine is the probe (Figure 7.5-22), consisting of the
detector and the associated signal drive cable. The detector is an argon filled
chamber 0.213 inches in diameter and 1.0 inches in active length. The body of the
detector is made of stainless steel with a titanium anode. Sensitivity of the detector
is approximately 3 x 10'" amps/R/hr. The detector can operate in a maximum
gamma flux level of 2.8 x 10'/hr. The nominal detector operating voltage is 100-V
DC.

The signal current from the detector is transmitted from the TIP to amplifiers and
readout equipment by means of a triaxial signal cable, which is an integral part of
the mechanical drive cable. The outer sheath of the drive cable is constructed of
carbon steel in a helix array. The cable drive mechanism engages this helix to
effect movement in and out of the guide tubes. The inner surface of the guide
tubing between the reactor vessel and the drive mechanism is coated with a
ceramic bonded lubricant to reduce friction. The guide tubing inner surface is
nitrided within the reactor vessel.

The cable drive mechanism contains the drive motor, the cable take-up reel, an
analog probe position indicator for the recorder, and a mechanical counter to
provide digital pulses to the control unit for positioning the TIP at specific locations
along the guide tube.

The drive mechanism inserts and withdraws the TIP and its cable from the reactor
and provides detector position indication signals. The drive mechanism consists of
a motor and drive gearbox, which drives the cable in the manner of a rack and
drive-pinion. A two-speed drive motor is used providing a high speed for insertion
and withdrawal (60 feet per minute) and a low speed for scanning the reactor core
(7.5 feet per minute). (See Figure 7.5-23a and b.)

A take-up reel is included in the cable drive mechanism to coil the drive cable as it
is withdrawn from the reactor. This reel makes it possible to connect the TIP and its
cable to the amplifier through a connector rather than slip rings which reduces
possible noise and maintenance problems.

The analog position indicator and the mechanical counter (digital) are also driven
directly from the output, shaft of the cable drive motor. The analog position signal
from a potentiometer and a flux amplifier output are used to plot gamma flux versus
incore position of the TIP. The TIP position signal is also available to the process
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computer. The digital counter is used to position the TIP in the guide tube through
the control logic with a linear position accuracy of 1 inch. The digital counter can
control TIP positions at the top of the core for initiation of scan, and at the bottom of
the core for changing to fast withdrawal speed.

A position limit switch provides an electrical interlock release when'the probe is in
the nominal zero position to allow the indexing mechanism to index the TIP to the
next guide tube location. The limit switch is actuated when the end of the TIP
passes a switch in the indexer. The cable drive motor includes an AC
voltage-operated brake to prevent coasting of the TIP after a desired incore position
is reached. When the system is not in use, the detector probe can be completely
withdrawn to a position in the center of the chamber shield.

A circular transfer machine with ten indexing points functions as an indexing
mechanism. Nine-of these locations are for the guide tubes associated only with
that particular TIP machine. The tenth location is for the guide tube common to all
the TIP machines. Indexing to a particular tube location is accomplished manually
at the control panel by means of a position selector switch which energizes the
electrically actuated rotating mechanism.

The tube transfer mechanism is part of the indexing mechanism and consists of a
fixed circular plate containing ten holes on the reactor side, which mate to a rotating
single-hole plate. The rotating plate aligns and mechanically locks with each fixed
hole position in succession. The indexing mechanism is actuated by a
motor-operated rotating drive. Electrical interlocks prevent the indexing mechanism
from changing positions until the probe cable has been completely retracted beyond
the transfer point. Additional electrical interlocks prevent the cable drive motor from
moving the cable until the transfer mechanism has indexed to the preselected guide
tube location (See Figures 7.5-24a, 7.5-24b and 7.5-24c).

A valve system is provided with a ball valve on each guide tube entering the primary
containment. These valves are closed except when the TIP subsystem is in
operation. A ball valve and a cable shearing valve are mounted in the guide tubing
just outside the primary containment. They prevent the loss of reactor coolant in the
event a guide tube ruptures inside the reactor vessel. A valve is also provided for
an air purge line to the indexing mechanisms. A guide-tube ball-valve opens only
when the TIP is being inserted. The shear valve is used only if a leak occurs when
the TIP is beyond the ball-valve and power to the TIPS fails. The shear valve,
which is controlled by a manually-operated, protected switch, can cut the cable and
close off the guide-tube. The shear valves are actuated by detonation squibs. The
continuity of the squib circuits is monitored by front panel indicator lights in the
control room.
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A guide-tube ball-valve is normally deenergized and in the closed position. When
the TIP starts forward, the valve is energized and opens. As it opens, it actuates a
set of contacts which gives a signal light indication at the TIPS control panel and
bypasses an inhibit-limitswitch, which automatically stops TIP motion if the ball
valve does not open on command (See Figures 7.5-24a, 7.5-24b and 7.5-24c).

7.5.9.2.3 Si nal Conditionin

The TIP control and readout instrumentation is mounted in a cabinet in the control
room. Since there are five groups of guide tubes, each with an associated TIP
machine, there are also five groups of drive control equipment. There is a flux
probe monitor which consists of six individual flux amplifiers (one spare) and
associated DC power supplies. A common X-Y recorder records the flux variations
of each scan. An X-Y output is provided for use by the process computer. The TIP
output is linear to within +1 percent of full scale when operated at a detector voltage
of 100V-DC in a thermal neutron flux of between 2.8 x 10" nv to 2.8 x 10'" nv. The
probe and cable leakages contribute less than 1 percent of full scale output during
the life of the detector. For normal operating conditions, the flux amplifier is linear
to within 21.0 percent of full scale and drifts less than 1.0 percent of full scale
during a 100-hour period at design operating conditions. Actual operating
experience has shown the system to reproduce within 1.0 percent of full scale in a
sequence of tests.

7.5.9.3 Power Generation Evaluation

An adequate number of TIP machines is supplied to assure that each LPRM
assembly can be probed by a TIP, and one LPRM assembly (the central one) can
be probed by every TIP to allow intercalibration. Typical TIPs have been tested to
prove linearity. The system has been field tested in an operating reactor to assure
reproducibility for repetitive measurements, and the mechanical equipment has
undergone life testing under simulated operating conditions to assure that all
specifications can be met. The system design allows semi-automatic operation for
LPRM calibration and process computer use. The TIP machines can be operated
manually to allow pointwise flux mapping.

7.5.9.4 Ins ection and Testin

The TIPS equipment is tested and calibrated using heat balance data and
procedures based on the applicable instruction manual.
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Trip Function

SRM upscale or inoperative

SRM upscale or inoperative

SRM downscale (detector
retraction permissive)

SRM downscale

SRM downscale

SRM period

SRM period

SRM retraction permissive

SRM bypassed

Table 7.5-1

SRM TRIPS

Trip Action

Annunciator, amber light

Display, amber light, rod block

Bypass detector limit switch

Annunciator, white light, rod block

Display, white light

Annunciator, amber light

Display, amber light

Display, white light

Display, white light

Trip Function

IRM Hi-Hi or inoperative

IRM Hi-Hi or inoperative

IRM Hi-Hi or inoperative

IRM upscale

IRM upscale

IRM upscale

IRM downscale

IRM downscale

IRM downscale

IRM bypassed

Table 7.5-2

IRM TRIPS

Trip Action

Scram

Annunciator, red light

Display, red light

Rod block

Annunciator, amber light

Display, amber light

Rod block (exception on
most sensitive scale)

Annunciator, white light

Display, white light

Display, white light
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Table 7.5-3

LPRM TRIPS

TRIP FUNCTION

LPRM downscale
annunciator

LPRM upscale

LPRM bypass

TRIP RANGE

2% to full scale

2% to full scale

Manual Switch

TRIP SETPOINT

3%

100%

N/A

TRIP ACTION

Light and annunciator

Light and annunciator

Light and annunciator
and APRM, averaging
compensation

Table 7.54a

APRM TRIPS

(Units 1 and 3)

TRIP FUNCTION

APRM downscale

APRM upscale
(high)

2% to full scale

Varied with flow

3% Rod Block

See Core Operating Rod Block
Limits Report

TRIP POINT RANGE NORMALSETPOINT ACTION

APRM upscale
(in startup)

APRM thermal
power upscale
flow biased
(high-high)

APRM inoperative

APRM upscale
(in startup)

APRM upscale
Fixed trip
(high-high)

2% to 30%

Varied with flow

Calibrate switch or
too few inputs

2% to 30%

15% to full scale

12%

0.58 Flow
62%

adjustable

Not in operate
mode, or less
than 14 inputs

15

120%

Rod Block

Scram

Scram
and Rod
Block

Scram

Scram
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Table 7.5-4b

APRM TRIPS

(Unit 2)

TIuP POINT RANGE NO~ SETPOINT ACTION

APRM downscale 0% to full scale 3% Rod Block I

APRM thermal power upscale
(high)

Varied with flow 0.66 Flow +66% adjustable Rod Block

APRM thermal power upscale
(in startup)

7% to 27% 12% Rod Block

APRM inoperative N/A Not in operate, critical self-test Rod Block
fault, or too few LPRM detectors

APRM thermal power upscale Varied with flow
flowbiased (high-high)

0.66 Flow +71% adjustable Scram

APRM inoperative N/A Not in operate or critical self-test Scram
fault

APRM upscale (in startup) 10% to 30% 15% Scram

APRM upscale Fixed trip
(high-high)

10% to full scale 120% Scram
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7.6 REFUELING INTERLOCKS

7.6.1 ~Sf 1

66'he

refueling interlocks are designed to back up procedural core reactivity controls
during refueling operation; specifically, the interlocks prevent an inadvertent
criticality during refueling operations.

During a refueling operation, the reactor vessel head is removed, allowing direct
access to the core. Refueling operations include the removal of reactor vessel
upper internals and the movement of spent and fresh fuel assemblies between the
core and the fuel storage pool. The service platform, refueling platform, and the
equipment handling hoists on the platforms are used to accomplish the refueling
task. The refueling interlocks reinforce operational procedures that prohibit making
the reactor critical under certain situations encountered during refueling operations
by restricting the movement of control rods and the operation of refueling
equipment.

7.6.2 Safet Desi n Basis

During fuel movements in or over the reactor core, all control rods shall be in
their fully inserted positions.

2. No more than one control rod shall be withdrawn from its fully inserted position
at any time when the reactor is in the refueling mode.

7.6.3 ~66
The refueling interlocks include circuitry that senses the condition of the refueling
equipment and the control rods. Depending on the sensed condition, interlocks are
actuated, which prevents the movement of the refueling equipment or withdrawal of
control rods (rod block).

Circuitry is provided which senses the following conditions:

a. All rods inserted and in Refuel Mode.

b. Refueling platform positioned near or over the core,

c. Refueling platform hoists fuel-loaded (fuel grapple, frame-mounted hoist,
monorail-mounted hoist),

d. Fuel grapple not full up, and
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e. Service platform hoist fuel-loaded.

A two-channel DC circuit indicates that all rods are in. The rod-in condition for each
rod is established by the closure of a magnetically operated reed switch in the rod
position indicator probe. The rod-in switch must be closed for each rod before the
"all rods in and in Refuel Mode" signal is generated; two channels 0arry the signal.
Both channels must register the "all rods in and in Refuel Mode" signal in order for
the refueling interlock circuitry to indicate the "all rods in and in Refuel Mode"
condition.

The refueling platform is provided with two mechanical switches attached to the
platform which are tripped open by a long, stationary ramp mounted adjacent to the
platform rail. The switches open before the platform or any of its hoists are
physically located over the reactor vessel, thereby providing indication of the
approach of the platform toward the core or its position over the core.

The three hoists on the refueling platform are equipped with load weighing sensors
that provide the control system signals indicating when a hoist is loaded. The
setpoints for these hoist loaded signals are set to trip if the hoist weight is greater
than that of a single fuel assembly. This provides positive indication whenever fuel
is loaded on any hoist.

The telescoping fuel grapple hoist is provided with an elevation measurement as
well as limit switches. The control system detects a condition indicative of a
lowered hoist and provides a signal called "hoist is not at Normal Up."

The indicated conditions are combined in logic circuits to satisfy all restrictions on
refueling equipment operation and control rod movement, as described in
Figure 7.6-1 and Table 7.6-1, and in the following:

a. Refueling platform travel toward or over the core is stopped when the following
three conditions exist concurrently:

1. Any refueling platform hoist is loaded or the fuel grapple is not in its full
up position,

2. All rods not fully inserted when in refuel mode, and

3. Refueling platform position is such that position switch No. 1 is open
(platform near or over the core).

b. With the mode switch in STARTUP, refueling platform travel toward the core is
prevented when the refueling platform No. 2 position switch is open (platform
near or over the core).
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c. With the mode switch in REFUEL, refueling platform travel towards the core is
prevented when the following three conditions exist concurrently:

Refueling mode one rod permissive relay not energized (Energizing the
one rod permissive relay requires all rods to be full-in initially, mode
switch in REFUEL, and one rod selected).

2. The refueling platform No. 2 position switch is open (platform near or over
the core).

3. All rods not fully inserted.

d. The refueling platform frame-mounted hoist "LIFT"electrical circuit is open
when the following three conditions exist concurrently:

1. Frame-mounted hoist loaded,

2. All rods not fully inserted when the reactor mode switch is in "REFUEL,"
and

3. Refueling platform near or over the core

e. The refueling platform monorail-mounted hoist "LIFT"electrical circuit is open
when the following three conditions exist concurrently:

1. Monorail-mounted hoist loaded,

2. All rods not fully inserted when the reactor mode switch is in "REFUEL,"
and

3. Refueling platform near or over the core.

f. Operation of the telescoping fuel grapple is prevented when the following two
conditions exist concurrently:

1. All rods not fully inserted when the reactor mode switch is in "REFUEL,"
and

2. Refueling platform near or over the core.

g. Operation of the service platform hoist is prevented when the following two
conditions exist concurrently:
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1. All rods not fully inserted, and

2. Service platform hoist loaded.

h. With the mode switch in REFUEL, any one of the following three conditions
prevents a control rod withdrawal:

1. Refueling platform over the core with a load on any refueling platform
hoist or the fuel grapple not fully up,

2. Service platform hoist loaded, or

3. Refuel mode one rod permissive relay not energized. (Once the relay is
energized, selection of a second rod is blocked.)

i. With the mode switch in STARTUP, either one of the following conditions
prevents a control rod withdrawal:

1. Refueling platform over the core, or

2. Service platform hoist fuel-loaded.

The prevention of a control rod withdrawal is accomplished by opening contacts at
two different points in the rod block circuitry; prevention of refueling equipment
operation is accomplished by interrupting the power supply to the equipment.

During refueling operations, with the mode switch in REFUEL position, no more
than one control rod may be withdrawn; this is enforced by a redundant logic circuit,
which uses the "all rods in" signal and rod selection signal to prevent the selection
of a second rod for movement with any other rod not fully inserted. The
simultaneous selection of two control rods is prevented by the interconnection
arrangement of the select push buttons. With the mode switch in REFUEL, the
circuitry prevents the withdrawal of more than one control rod and the movement of
the loaded refueling platform over the core with any control rod withdrawn.

A bypass for the service platform hoist load interlock is provided. When the service
platform is no longer needed, its power plug is removed, which deenergizes the
power supply to the hoist; and the platform can be moved to a location away from
the core. Deenergizing the hoist power supply opens the hoist loaded relay
contacts, giving a false indication that the hoist is loaded; this indication prevents
control rod withdrawal with the mode switch in STARTUP or REFUEL. A bypass
plug is provided to allow control rod movement in this situation. The bypass plug is
physically arranged to prevent the connection of the service platform power plug
unless the bypass plug is removed.
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7.6.4 Safet Evaluation

The refueling interlocks, in combination with core nuclear design and refueling
procedures, prevent inadvertent criticality. The nuclear characteristics of the core
assure that the reactor is subcritical even when the highest worth c'ontrol rod is fully
withdrawn. The combination of refueling interlocks for control rods and the
refueling platform provide redundant methods of preventing inadvertent criticality
even after procedural violations when the mode switch is in REFUEL position. The
interlocks on hoists provide yet another method of avoiding inadvertent criticality.

Table 7.6-1 shows the effectiveness of the refueling interlocks. This table considers
various operational situations involving rod movement, hoist load conditions,
refueling platform movement and position, and mode switch manipulation. The
initial conditions in situations 4 and 5 appear to be in contradiction to the action of
refueling interlocks, because the initial conditions indicate that more than one
control rod is withdrawn, yet the mode switch is in REFUEL. Such initial conditions
are possible if the rods are withdrawn when the mode switch is in STARTUP, and
then the mode switch is turned to REFUEL. The scram indicated in situation 17 of
Table 7.6-1 is not a result of the refueling interlocks; it is the response of the
Reactor Protection System to downscale neutron monitoring system channels when
the mode switch is shifted to RUN. In all cases, proper operation of the refueling
interlocks is successful in preventing either the operation of loaded refueling
equipment over the core whenever any control rod is withdrawn or the withdrawal of

. any control rod when fuel-loaded refueling equipment is operating over the core. In
addition, when the mode switch is in REFUEL, only one rod can be withdrawn;
selection of a second is inhibited.

7.6.5 Ins ection and Testin

Complete functional testing of all refueling interlocks before any refueling outage
will provide positive indication that the interlocks operate in the situations for which
they were designed. By loading each hoist with a weight equal to a fuel assembly,
positioning the refueling platform, and withdrawing control rods, the interlocks can
be subjected to valid operational tests. Where redundancy is provided in the logic
circuitry, tests can be performed to assure that each redundant logic element can
independently perform its function.
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caused by the movements of the valves. The air-operated flow control valve is
automatically positioned in response to signals from an upstream flow measuring
device. The stabilizing valves are automatically controlled by the action of the
energized insert and withdraw buses. The drive water pumps are controlled by
switches in the control room. Each pump automatically stops upon, indication of low
suction pressure.

7.7.4.3 Rod Block Interlocks

7.7.4.3.1 General

To achieve an operationally desirable performance objective, where most failures of
individual components would be easily detectable or would not disable the rod
movement inhibiting functions, the rod block logic circuitry is arranged as two
similar logic circuits. Most common connection points that would, after failure, allow
rod withdrawal under rod block conditions are eliminated. The two circuits are
energized when control rod movement is allowed. Rod block contacts are normally
closed, and rod block relays are normally energized. Each of the two similar circuits
receive input trip signals from a number of trip channels. Three rod withdrawal
block signals are associated with the two rod block circuits. Either of the two
circuits can provide a separate rod block signal to the rod control circuitry. The
individual signal from each circuit is called an "annunciating rod block control,"
because, when tripped, a horn or buzzer is sounded in the control room to indicate
the block signal. The third rod block signal is obtained by combining the outputs of
the two similar logic circuits, the rod worth minimizer output (see Subsection 7.16,
"Process Computer System" ), and the rod block monitor outputs. This third signal is
called the "nonannunciating rod block control," because, when tripped, the rod
block condition is indicated in the control room by light indicator only. The two
"annunciating rod block controls" are always placed in pairs in the rod control
circuitry, while the "nonannunciating rod block control" is used independently. Both
the two "annunciating rod block controls" and the "nonannunciating rod block
control" must be in the permissive state for control rod withdrawal to be possible. A
failure of any one of the three rod block controls cannot prevent the remaining parts
of the rod block circuitry from initiating a rod block.

When in the tripped state, the "nonannunciating rod block control" prevents the
withdraw movement of a selected rod by opening the rod control circuit that is used
to energize the withdraw bus. The "annunciating rod block controls" prevent the
withdraw movement of a selected rod in a similar manner, but the rod control circuit
is opened at a location different from that affected by the "nonannunciating rod
block control." The rod block circuitry is effective in preventing rod withdrawal, if
required, during both normal (notch) withdrawal and continuous (notch override)
withdrawal. If a rod block signal is received during a rod withdrawal, the control rod
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is automatically stopped at the next notch position, even if a continuous rod
withdrawal is in progress.

The components used to initiate rod blocks in combination with refueling operations
provide rod block trip signals to these same rod block circuits. These refueling rod
blocks are described in Subsection 7.6, "Refueling Interlocks."

7.7.4.3.2 Rod Block Functions

The following discussion describes the various rod block functions and explains the
intent of each function. The instruments used to sense the conditions for which a
rod block is provided are discussed later. Figure 7.7-6 shows all the rod block
functions; the rod block functions provided specifically for refueling situations are
described in Subsection 7.6.

a. With the mode switch in SHUTDOWN, no control rod can be withdrawn. This
enforces compliance with the intent of the SHUTDOWN mode.

b. The circuitry is arranged to initiate a rod block regardless of the position of the
mode switch for the following conditions:

Any average power range monitor (APRM) upscale rod block alarm.
The purpose of this rod block function is to avoid conditions that would
require Reactor Protection System action ifallowed to proceed. The
APRIVI upscale rod block alarm setting is selected to initiate a rod block
before the APRM high neutron flux scram setting is reached.

2. Any APRM inoperative alarm. This assures that no control rod is
withdrawn unless the average power range neutron monitoring
channels are either in service or properly bypassed.

Either rod block monitor (RBM) upscale alarm. This function is
provided to stop the erroneous withdrawal of a control rod so that local
fuel damage does not result. Although local fuel damage poses no
significant threat in terms of radioactive material released from the
nuclear system, the trip setting is selected so that no local fuel damage
results from a single control rod withdrawal error during power range
operation.

4. Either RBM inoperative alarm. This assures that no control rod is
withdrawn unless the RBM channels are in service or properly
bypassed.
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For Unit 1 or Unit 3, either recirculation flow converter upscale or
inoperative alarm. For Unit 2, any recirculation flow signal upscale or
inoperative alarm. This assures that no control rod is withdrawn unless
the recirculation flow functions, which are necessary for the proper
operation of the APRMs and/or RBMs, are operable.

For Unit 1 and Unit 3, recirculation flow converter comparator alarm or
inoperative alarm. This assures that no control rod is withdrawn unless
the difference between the outputs of the flow converters is within limits
and the comparator is in service.

Scram discharge volume high water level. This assures that no control
rod is withdrawn unless enough capacity is available in the scram
discharge volume to accommodate a scram. The setting is selected to
initiate a rod block well in advance of that level which produces a
scram.

Scram discharge volume high water level scram trip bypassed. This
assures that no control rod is withdrawn while the scram discharge
volume high water level scram function is out of service.

Rod worth minimizer (RWM) function of the process computer system
initiates a rod insert block, a withdrawal block, or a rod select block.
The purpose of this function is to reinforce procedural controls that limit
the reactivity worth of control rods under low power conditions. The rod
block trip settings are based on the allowable control rod worth limits
established for the design basis rod drop accident. Adherence to
prescribed control rod patterns is the normal method by which this
reactivity restriction is observed. Additional information of the rod worth
minimizer function is available in Subsection 7.16, "Process Computer
System."

10. Rod position information system malfunction. This assures that no
control rod can be withdrawn unless the rod position information system
is in service.

Rod movement timer switch malfunction during withdrawal. This
assures that no control rod can be withdrawn unless the timer is in
service.

c. With the mode switch in RUN, any of the following conditions initiates a rod
block:
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Any APRM downscale alarm. This assures that no control rod will be
withdrawn during power range operation unless the average power range
neutron monitoring channels are operating correctly or are correctly
bypassed. All unbypassed APRMs must be on scale during reactor
operations in the RUN mode.

Either RBM downscale alarm. This assures that no control rod is
withdrawn during power range operation unless the RBM channels are
operating correctly or are correctly bypassed. Unbypassed RBMs must
be on scale during reactor operations in the RUN mode.

d. With the mode switch in STARTUP or REFUEL, the following conditions
initiate a rod block:

Any source range monitor (SRM) detector not fully inserted into the core
when the SRM count level is below the retract permit level and any
intermediate range monitor (IRM) range switch on either of the two
lowest ranges. This assures that no control rod is withdrawn unless all
SRM detectors are properly inserted when they must be relied upon to
provide the operator with neutron flux level information.

Any SRM upscale level alarm. This assures that no control rod is
withdrawn unless the SRM detectors are properly retracted during a
reactor startup. The rod block setting is selected at the upper end of the
range in which the SRM is designed to detect and measure neutron flux.

3. Any SRM downscale alarm. This assures that no control rod is
withdrawn unless the SRIVI count rate is above the minimum prescribed
for low neutron flux level monitoring.

Any SRM inoperative alarm. This assures that no control rod is
withdrawn during low neutron flux level operations unless proper neutron
monitoring capability is available in that all SRM channels are in service
or properly bypassed.

Any intermediate range monitor (IRM) detector not fully inserted into the
core. This assures that no control rod is withdrawn during low neutron
flux level operations unless proper neutron monitoring capability is
available in that all IRM detectors are properly located.

Any IRM upscale alarm. This assures that no control rod is withdrawn
unless the intermediate range neutron monitoring equipment is properly
upranged during a reactor startup. This rod block also provides a means
to stop rod withdrawal in time to avoid conditions requiring Reactor



Protection System action (scram) in the event that a rod withdrawal error
is made during low neutron flux level operations.

7. Any IRM downscale alarm except when range switch is on the lowest
range. This assures that no control rod is withdrawn during low neutron
flux level operations unless the neutron flux is being properly monitored.
This rod block prevents the continuation of a reactor startup if the
operator upranges the IRM too far for the existing flux level; thus, the rod
block ensures that the intermediate range monitor is onscale if control
rods are to be withdrawn.

8. Any IRM inoperative alarm. This assures that no control rod is withdrawn
during low neutron flux level operations unless proper neutron monitoring
capability is available in that all IRM channels are in service or properly
bypassed.

7.7.4.3.3 Rod Block 8 asses

To permit continued power operation during the repair or calibration of equipment
for selected functions which provide rod block interlocks, a limited number of
manual bypasses are permitted as follows:

Unit 1 and Unit 3 Unit 2

1 SRM channel,
2 IRM channels,
2 APRM channels, and
1 RBM channel.

1 SRM channel,
2 IRM channels,
1 APRM channels, and
1 RBM channel.

The permissible IRM and APRM bypasses are arranged in the same way as in the
Reactor Protection System. The IRMs are arranged as two groups of equal
numbers of channels. One manual bypass is allowed in each group. The groups
are chosen so that adequate monitoring of the core is maintained with one channel
bypassed in each group. !n Unit 1 and Unit 3, the same type of grouping and )

bypass arrangement is used for the APRMs. The arrangement allows the
bypassing of one IRM and one APRM in each group. In Unit 2 there are four APRM
channels, each receiving input from LPRM detectors covering the entire core. The
channels are arranged so that adequate monitoring of the core is maintained with
one channel bypassed.

These bypasses are effected by positioning switches in the control room. A light in
the control room indicates the bypassed condition.
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An automatic bypass of the SRM detector position rod block is effected as the
neutron flux increases beyond a preset low level on the SRM instrumentation. The
bypass allows the detectors to be partially or completely withdrawn as a reactor
startup is continued.

An automatic bypass of the RBM rod block occurs whenever the pdwer level is
below a preselected level or whenever a peripheral control rod is selected. Either
of these two conditions indicates that local fuel damage is not threatened and the
RBM action is not required.

The rod worth minimizer rod block function is automatically bypassed when reactor
power increases above a preselected value in the power range. It may be manually
bypassed for maintenance at any time.

7.7.4.3.4 Arran ement of Rod Block Tri Channels

The same grouping of neutron monitoring equipment that is used in the Reactor
Protection System is also used in the rod block circuitry. One half of the total
numbers of APRMs, IRMs, SRMs, and RBMs provides inputs to one of the rod block
logic circuits, and the remaining half provides inputs to the other logic circuit. In
Unit 1 and Unit 3, one recirculation flow converter provides a rod block signal to one
logic circuit; the remaining converter provides an input to the other logic circuit. The
flow converter comparator provides trip signals to each flow converter trip circuit. In
Unit 2, each APRM receives recirculation loop A and B flow signals from a pair of
differential pressure transmitters and calculates total recirculation flow. The APRM
provides an alarm and control rod block on recirculation flow upscale conditions. In
addition to the arrangement just described, both RBM trip channels (Unit 1 and
Unit 3) provide input signals into a separate circuit for the "nonannunciating rod
block control." Scram discharge volume high water level signals are provided as
inputs into one of the two rod block logic circuits. Both rod block logic circuits
sense when the high water level scram trip for the scram discharge volume is
bypassed. The rod withdrawal block from the rod worth minimizer trip affects a
separate circuit that trips the "nonannunciating rod block control." The rod insert
block from the rod worth minimizer function prevents energizing the insert bus for
both notch insertion and continuous insertion.

The APRM and (in Unit 1 and Unit 3) RBM rod block settings are varied as a
function of recirculation flow such that the ratio of percent power to percent flow
equals 0.58 and .66, respectively.

Analyses show that the settings selected are sufficient to avoid both Reactor
Protection System action and local fuel damage as a result of a single control rod
withdrawal error. Mechanical switches in the SRM and IRM detector drive systems
provide the position signals used to indicate that a detector is not fully inserted.
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Additional detail on all the Neutron Monitoring System trip channels is available in
Subsection 7.5, "Neutron Monitoring System." The rod block from scram discharge
volume high water level utilizes two nonindicating float switches installed on the
scram discharge volume.

7.7.4.4 Instrumentation

The operator has three different displays of control rod position:

a. Full rod status display,

b. four rod display, and

c. process computer printout.

These displays serve the following purposes:

a. Provide the operator with a continuously available, easily digestible
presentation of each control rod's status,

b. Provide continuously available, easily discernible warning of an abnormal
condition,

c. Present numerical rod position for each rod, and

d. Log all control rod positions on a routine basis.

The full rod status display is located on the upper vertical section of the reactor
control board in the control room. It provides the following continuously available
information for each individual rod:

a. Rod position, digital and fully inserted (green),

b. Rod position, digital and fullywithdrawn (red),

c. Rod identification (coordinate position, white),

d. Accumulator trouble (amber),

e. Rod scram (blue), and

f. Rod drift (red).
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Also dispersed throughout the display in locations representative of the physical
location of LPRM strings in the core are LPRM lights as follows:

a. LPRM low flux level (white), and

b. LPRM high flux level (amber).

A separate, smaller display is located just below the large display on the vertical
part at the bench board (see Figure 7.7-2). The information presented on this
display includes the LPRM values for each of the detector arrays surrounding the
rod selected (see Figure 7.7-4). Since each detector array contains four sensors in
a vertical column and since there can be a maximum of four detector arrays
surrounding a rod, sixteen meters are installed. Four rod position modules are
between the LPRM indicators. [On Unit 2, operator display assemblies (ODAs)
provide LPRM indications, and the four rod position displays are located below the
ODAs.] These four modules will display rod position in two digits and rod selected
status (white light, off or on) for the four rods located within the LPRM detector
arrays being displayed. The rod position digital range is from 00 to 48, with 00
representing the fully in position, and 48, fullyout; each even increment (e.g.,
00-02, equals six physical inches of rod movement). The four rod display allows the
operator to easily focus his attention on the core volume of concern during rod
movements.

Control rod position information is obtained from reed switches in the control rod
drive that open or close during rod movement. Reed switches are provided at each
three-inch increment of piston travel. Since a notch is six inches, indication is
available for each half-notch of rod travel. The reed switches located at the
half-notch positions for each rod are used to indicate rod drift. Both a rod selected
for movement and the rods not selected for movement are monitored for drift. A
drifting rod is indicated by an alarm and red light in the control room. The rod drift
condition is also monitored by the process computer.

The status color statements are integrated with the position numeral statement in
the manner described in Figure 7.7-2.

Reed switches are also provided at locations that are beyond the limits of normal
rod movement. lf the rod drive piston moves beyond the fullywithdrawn position, an
alarm is sounded in the control room. The overtravel alarm provides a means to
verify that the drive-to-rod coupling is intact, because, with the coupling in its
normal condition, the drive cannot be physically withdrawn to the overtravel
position. Coupling integrity can be checked by attempting to withdraw the drive to
the overtravel position and observing that the overtravel alarm does not annunciate.
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The process computer receives position indication from each rod and is capable of
displaying and printing control rod position information.

All displays are essentially independent of one another. Signals for the rod status
display are hard-wired from the rod position information system cabinet (RPISC),
buffer outputs, so that a signal failure of other parts of the RPISC villinot affect this
display. Likewise, the computer could conceivably fail and the rod status and rod
position displays will continue to function normally.

The following control room lights are provided to allow the operator to know the
conditions of the Control Rod Drive Hydraulic System and the control circuitry:

a. Stabilizing valve selector switch position,

b. Insert bus energized,

c. Withdraw bus energized,

d. Settle bus energized,

e. Withdrawal not permissive,

f. Notch override,

g. Pressure control valve position,

h. Flow control valve position,

i. Drive water pump low suction pressure (alarm only),

j. Drive water filter high differential pressure (alarm only),

k. Charging water (to accumulator) high pressure (alarm only),

I. Control rod drive temperature,

m. Scram discharge volume not drained (alarm only), and

n. Scram valve pilot air header low pressure (alarm only).

Additional instrumentation provided for the Reactor Manual Control System is
presented in Table 7.7-1. Many of these Reactor Manual Control System
indications are displayed on the reactor control bench board.
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7.7.5 Safet Evaluation

The circuitry described for the Reactor Manual Control System is completely
independent of the circuitry controlling the scram valves. This separation of the
scram and normal rod control functions prevents failures in the reactor manual
control circuitry from affecting the scram circuitry. The scram circuitry is discussed
in Subsection 7.2. Because each control rod is controlled as an individual unit, a
failure that results in energizing of any of the insert or withdraw solenoid valves can
affect only one control rod. The effectiveness of a reactor scram is not impaired by
the malfunctioning of any one control rod. It can be concluded that no single failure
in the Reactor Manual Control System can result in the prevention of a reactor
scram, and that repair, adjustment, or maintenance of reactor Manual Control
System components does not affect the scram circuitry. This meets safety design
bases 1 and 2.

The rod block monitor limits local power spikes due to rod withdrawal error. This
meets safety design basis 3. The logic and instrumentation used in the reactor
manual control system is designed to prevent rod movement in the event that one
channel of a required protective function becomes inoperable. This meets safety
design basis 4.

7.7.6 lns ection and Testin

The Reactor Manual Control System can be routinely checked for proper operation
by manipulating control rods using the various methods of control. Detailed testing
and calibration can be performed by using standard test and calibration procedures
for the various components of the reactor manual control circuitry.
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7.8 REACTOR VESSEL INSTRUMENTATION

7.8.1 ~Sf Qb'

The safety objective of the reactor vessel instrumentation is to monitor and transmit
information concerning key reactor vessel operating parameters during planned
operations and abnormal and accident conditions to ensure that sufficient control of
these parameters is possible in order to avoid: (1) release of radioactive material to
the environs such that the limits of 10 CFR 20 are exceeded, (2) nuclear system
stress in excess of that allowed by applicable industry codes, and (3) the existence
of any operating conditions not considered by plant safety analyses.

7.8.2 Safet Desi n Basis

Reactor vessel instrumentation shall be designed to:

a. Provide the operator with sufficient indication of reactor core flow rate during
planned operations and abnormal and accident conditions to avoid operating
conditions not considered by plant safety analyses.

b. Provide the operator with sufficient indication of reactor vessel water level
during planned operations and abnormal and accident conditions to determine
that the core is adequately covered by the coolant inventory inside the reactor
vessel to avoid the release of radioactive materials to the environs such that
the limits of 10 CFR 20 are exceeded, and to avoid operating conditions not
considered by plant safety analyses.

c. Provide the operator with sufficient indication of reactor vessel pressure
during planned operations and abnormal and accident conditions to avoid
nuclear system stresses in excess of those allowed by applicable industry
codes.

d. Provide the operator with sufficient indication of nuclear system leakage
'uring planned operations and abnormal and accident conditions to avoid

nuclear system stress in excess of that allowed by applicable industry codes
and the release of radioactive material to the environs such that the limits of
10 CFR 20 are exceeded.

7.8.3 Power Generation Ob'ective

The power generation objective of the reactor vessel instrumentation is to monitor
and transmit reactor vessel parameter information such that the convenient,
efficient, and economical operation of the plant is facilitated.
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7.8.4 Power Generation Desi n Basis

Reactor vessel instrumentation shall be designed to monitor and transmit sufficient
reactor vessel parameter information to the operator such that he is continually able
to operate the plant conveniently, efficiently, and economically.

7,8,5 ~D

Figures 7.8-1 and 7.8-2 show the numbers and arrangements of the sensors,
switches, and sensing equipment used to monitor reactor vessel conditions.
Because the reactor vessel sensors used for safety systems and engineered
safeguards have been described and evaluated in other portions of the Safety
Analysis Report, only those sensors that are not used for safety systems and
engineered safeguards are described in this paragraph.

7.8.5.1 Reactor Vessel Surface Tem erature

A total of 46 thermocouples are attached to the reactor vessel, the vessel top head,
the vessel head studs, and the control rod drive housings to provide the operator
with temperature information so that the thermal stresses imposed on the vessel
and its attachments can be determined. Figure 7.8-3 shows the locations of the
thermocouples. Probe-type thermocouples are used to measure the temperature
inside the reactor vessel head studs. Magnetically-attached thermocouples are
used to measure the surface temperature of the vessel, top head, and top head
flange. The thermocouples are made of copper constantan, insulated with braided
glass, and clad with stainless steel. The extension wire is of the correct type for the
thermocouple material. The polarity of leads is strictly observed in the running of
the wires for each thermocouple. The wires are single-or multiple-twisted pairs,
mineral-insulated, and covered with a single shielding overall. Thermocouple and
temperature recorder instrumentation are listed in Table 7.8-1.

The collection of thermocouples provides temperature data representative of thick,
thin, and transitional sections of the vessel and its attachments. The data obtained
from the thermocouples are used as the basis for controlling the rate of heating or
cooling of the vessel so that thermal stresses are appropriately limited. Selected
temperatures are recorded on a multipoint recorder in the control room. The
temperature difference between the reactor vessel flange and the vessel wall
adjacent to the flange is recorded on a differential temperature recorder.

7.8.5.2 Reactor Vessel Water Level

Reactor vessel water level indication is obtained by comparing the pressure exerted
by the actual height of water, inside the vessel to the pressure exerted by a constant
reference column of water. Pipelines which are connected to widely separated
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nozzles in the reactor vessel lead from the vessel to locations outside the primary
containment where they terminate at instrument racks in the Reactor Building.
Level-measuring instruments are attached to the appropriate sensor pipelines so
that the proper differential pressure is applied to the level instruments. A
condensing chamber is installed in the drywell on each of the pipelines used to
provide a reference column of water for level measurements. The reactor vessel
instrumentation used for safety systems is described and evaluated in
Subsection 7.2, "Reactor Protection System." Each of the instrument pipelines is
fitted with one manual isolation valve and one excess flow check valve, both of
which are located directly outside the drywell in the Reactor Building. The
instrument pipelines slope downward in the direction of the instruments so that no
air traps are formed. Pressure and differential pressure measuring instruments also
use these same instrument lines.

Fourteen (9 for Unit 1) separate reactor vessel water level indications are provided
in the control room. These are continuously displayed on various panels. Two of
the level indicators are wide range, four (three for Unit 1) are for the Feedwater
Control System, three measure water level inside the core shroud, four measure
narrow range level (Units 2 and 3 only), and one uses a separate reference column
of water located so that water level indication is possible all the way to the top of the
vessel. A level recorder that receives the controlling level signal from the
Feedwater Control System provides a continuous record of narrow range reactor
vessel water level. The Feedwater Control System provides high and low water
level alarms. Another water level recorder is provided to continuously record the
water level above the top of the core. Table 7.8-1 lists the level instrumentation not
previously described with other systems.

Each of the actions listed is described and evaluated in the subsection of the Safety
Analysis Report where the system involved is described. The following list tells
where various level-measuring components and their setpoints are discussed.

Level Instrumentation Subsection in Which Discussed

Level transmitters for initiating
scram

Reactor Protection System
(7.2)

Level transmitters for
initiating containment or
reactor isolation

Primary Containment Isolation
System (7.3)

7.8-3



BFN-16

Level transmitters used for HPCI,
LPCI, core spray, Automatic
Depressurization System,
recirculation pump trip, or
recirculation loop valve
closure. Level transmitters used
for Emergency Core Cooling System
initiation.

Emergency Core Cooling Systems
Controls and Instrumentation
(7.4)

Level transmitters used to measure
water level inside core shroud

Emergency Core Cooling Systems
Controls and Instrumentation
(7.4)

Level transmitters and recorders
used for feedwater control

Feedwater Control System
(7.10)

Level transmitters used to trip
HPCI turbine.

Emergency Core Cooling Systems
Controls and Instrumentation
(7 4)

Level transmitters used to
initiate the RCIC system.
Level Transmitters used to
trip RCIC turbine.

Reactor Core Isolation
Cooling System (4.7)

The large number of reactor vessel water level indications is sufficient in providing
the operator with information with which the adequacy of the coolant inventory to
cool the fuel can be determined. In addition, by verifying that reactor vessel water
level is not rising to an abnormally high level, the operator is assured that turbines
are not endangered by the possibility of water being carried into the steam lines.
The approach of abnormal conditions is brought to the operator's attention by
audible and visual alarms. It should be noted that in no case requiring safety
system response is operator action required; all essential protection system
responses are completely automatic.

7.8.5.3 Reactor Vessel Coolant Flow Rates and Differential Pressures

Figure 7.8-1 shows the flow instruments, differential pressure instruments, and
recorders provided so that the core coolant flow rates and the hydraulic
performance of reactor vessel internals can be determined.

The flow rate through each of the jet pumps is measured and indicated in the Main
Control Room. Four jet pumps, two associated with each recirculation loop, are
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specially calibrated. They are provided with special pressure taps in the diffuser
sections. The differential pressure measured between the special taps allows
precise flow calibration using jet pump prototype test performance data. The flow
rates through the remaining jet pumps are derived from the measured pressure
differences between the jet pump diffuser near the throat end and the core inlet
plenum. The flow rates through the jet pumps associated with each recirculation
loop are summed to provide control room indication of the core flow rate associated
with each recirculation loop. The total flows for both recirculation loops are again
summed to provide a recorded control room indication of the total flow through the
core.

A differential pressure transmitter and indicator are provided to measure the
pressure difference between the reactor vessel annulus outside the core shroud
and the core inlet plenum. This indication can be used to determine the overall
hydraulic performance of the jet pump group and to check the total core flow rate.
These indications are available in the control room.

A differential pressure transmitter is piovided to indicate core pressure drop by
measuring the pressure difference between the core inlet plenum and the space just
above the core support assembly. The pipeline used to determine the pressure in
the core inlet plenum is the same pipeline provided for the Standby Liquid Control
System. A separate pipeline is provided for the pressure measurement above the
core support assembly. The differential pressure is both indicated and recorded in
the Main Control Room.

Instrument pipelines leading from the reactor vessel to locations outside the drywell
are provided with one manual isolation valve and one excess flow check valve. All
of the flow and differential pressure instruments are located outside the primary
containment.

This instrumentation permits the determination of total core flow in two ways. The
first method is the readout of the summed flow measurements from all the jet
pumps. The second method includes the use of jet pump prototype performance
data, the jet pump differential pressures, and the differential pressure between the
reactor vessel annulus and the core inlet plenum. A temporary correlation can also
be made to define core flow as a function of reactor operating power level and the
readout of the pressure difference between the reactor vessel annulus and the core
inlet plenum. This correlation is of a temporary nature, because it will change with
a fixed core arrangement over a period of time as a result of crud buildup on the
fuel. The control room flow rate readouts of the specially calibrated jet pumps can
be used to cross-check the flow rate readouts of all the other jet pumps. A
discrepancy in the cross-check is reason enough to check local flow indications.
Core flow can also be determined by heat balance methods, using the output of
sensors in the steam lines, feedwater lines, and the recirculation system.



Flow in each recirculation loop is measured by a flow element, as shown in Figure
7.8-1. Recirculation water temperature is recorded in the control room. Indicated
recirculation loop flow rates can be checked by using recirculation pump
performance curves and the differential pressure between the reactor vessel
annulus and the core inlet plenum. Extreme accuracy of the flow rate operational
readouts in the control room is not necessary, because precise measurements can
be obtained during reactor operation if they are desired.

7.8.5.4 Reactor Vessel Internal Pressure

Reactor vessel internal pressure is detected by pressure switches, indicators, and
transmitters from the same instrument pipelines used for reactor vessel water level
measurements. Two pressure indicators, that sense pressure from different,
separated instrument pipelines, provide pressure indications in the Reactor
Building. Three reactor vessel pressure indications are provided in the Main
Control Room. These come from the two pressure transmitters used in the
Feedwater Control System. Reactor vessel pressure is continuously recorded in
the Main Control Room on a recorder. The recorder receives a pressure signal
from one of the Feedwater Control System pressure transmitters. There is also a
narrow range reactor pressure recorder in the control room. In addition, two
pressure transmitters provide reactor pressure to indicators located in the control
room. These two pressure indicators are available for postaccident monitoring
(PAM) to indicate detection of potential breach in the reactor coolant pressure
boundary and long-term surveillance of RPV pressure for one hundred days.

The following list shows where reactor vessel pressure measuring instruments used
for the automatic control of equipment or systems are discussed.

Pressure Instrumentation
Subsection in Which

Discussed

Pressure switches used to
initiate a scram

Reactor Protection System
(7.2)

Pressure switches used to bypass
main steam isolation valve
closure scram

Reactor Protection System
(7.2)

Pressure switches used for
Core Spray System and LPCI

Emergency Core Cooling
Systems Controls and
Instrumentation (7 4)
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Pressure transmitters and
recorders used for feedwater
control

Feedwater Control System
(7.10)

Differential pressure switches
measuring differential pressure
between reactor vessel and
jet pump riser pipes

Differential pressure switches
measuring differential pressure
between inside of core spray
sparger pipes and core inlet
above the core support assembly

Emergency Core Cooling
Systems Controls and
Instrumentation (7.4)

Emergency Core Cooling
Systems Controls and
Instrumentation (7.4)

Pressure indicators for 100 days
postaccident monitoring

Feedwater Control and
Instrumentation (7.8)

7.8.5.5 Reactor Vessel To Head Flan e Leak Detection

A connection on the reactor vessel flange is provided into the annulus between the
two metallic seal rings used to seal the reactor vessel and top head flanges. This
connection permits detection of leakage from the inside of the reactor vessel past
the inner seal ring. The connection is piped to a collection chamber installed
between two AC, solenoid- operated valves. The arrangement is shown in
Figure 7.8-1.

The upstream valve is normally open, the downstream valve normally closed. A
level switch is provided to detect the accumulation of water in the collection
chamber. This level switch actuates an alarm in the control room. A pressure
switch is also provided to actuate the alarm in the control room as pressure in the
leakage collection piping becomes abnormally high. A pressure indicator is
provided to indicate the pressure inside the piping arrangement. The level switch is
located inside the primary containment; and the pressure instruments are located
outside the drywell, but inside the Reactor Building. The instrument pipeline for the
pressure instruments is provided with one manual isolation valve and one excess
flow check valve. The specifications for the level and pressure instruments are
given in Table 7.8-1. The two solenoid valves are controlled by a switch in the
control room. The positions of the valves are indicated by lights. If leakage past
the inner seal ring is indicated, the upstream valve can be closed and the
downstream valve can be opened by remote-manual operation from the control
room. This action routes the accumulated leakage to the drywell equipment drain
sump. After the collection chamber is drained, the solenoid-operated valves can be
returned to their normal positions. The leakage rate can be determined by timing
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the period until the level alarm is reactivated. (See Subsection 4.10, "Nuclear
System Leakage Rate Limits.")

A connection is provided on the reactor vessel beyond the outer metallic head seal.
This connection is piped to a point in the drywell accessible during reactor
shutdown and is capped. (Note: In the event that difficultyis encountered in
obtaining a pressure-tight seal on the inner metallic seal, it may be desirable to
operate on the outer metallic seal only. It is possible to install a low-pressure seal
beyond the outer metallic seal and monitor the space between for outer metallic
seal leakage by use of this piped connection.)

7.8.5.6 Prima Containment Monitorin

The instrumentation used for remote monitoring of operational occurrences and
post-accident conditions in the primary containment is listed in Table 7.8-2. The
range of each instrument and any trip functions are also provided. The
configuration of these instruments is depicted in FSAR Figures 5.2-2a and 5.2-6a.
Post-accident hydrogen and oxygen monitoring is further discussed in paragraph
5.2.6 of the FSAR.

7.8.6 Safet Desi n Evaluation

The reactor vessel instrumentation is designed to provide sufficient continuous
indication of key reactor vessel operating parameters during planned operations
and abnormal and accident conditions such that the operator can efficiently monitor
these parameters and anticipate any approach to operating conditions which could
lead to any of the unacceptable safety results discussed earlier. The redundancy of
all indicators provided assures that the possibility that all instrumentation could be
lost simultaneously is so remote as to be negligible. In addition, sensors providing
safety signals to the Reactor Protection System and Engineered Safeguards
Systems for scram and isolation functions are separate from these indicator sensors
such that loss of indication does not directly obviate protection against accidents
and transients. It is therefore concluded that the safety design bases are satisfied.

7.8.7 Ins ection and Testin

The large number of spare thermocouples is provided on the reactor vessel and its
attachments to permit cross-checking to verify proper thermocouple response.
Pressure, differential pressure, water level, and flow instruments are located in the
Reactor Building and are piped so that calibration and test signals can be applied
during reactor operation, ifdesired.
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TABLE 7.8-2

(Sheet 1)

PRIMARY CONTAINMENT
MONITORING INSTRUMENTATION

Instrument ~Ran e Instrument Location T~ri Function

Drywell Pressure Indication

Drywell Pressure Recorder

-15 to 65 psig
0-300 psig

-15 to 65 psig
0-300 psig

Local and Control Room

Control Room Alarm on High Pressure

Drywell Temperature
Indication (2)

0400'F Control Room Local Alarm on High Temperature

Drywell Temperature Recorder

Suppression Chamber Pressure
Indicator

0400'F

0-40 psig

Control Room

Local

Alarm on High Temperature

Suppression Chamber Pressure
Recorder

0-40 psig Control Room

Suppression Chamber AirTemperature
Recorder

0-400'F Control Room

Suppression Chamber Water
Level Indication (Narrow Range)

Suppression Chamber Water Level
Indication and Recording (Wide Range)

-15" to +10"

0-240"

Control Room

Control Room

Alarm on High or Low
Water Level
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TABLE 7.8-2 (Cont'

(Sheet 2)

PRIMARY CONTAINMENT
MONITORING INSTRUMENTATION

Suppression Chamber Water
Temperature Indication

Drywall Flood Level

Drywall Equipment Drain Sump Level

Drywell Floor Drain Sump Level

Drywell Sump Level (measured by
integrated sump pump flowrecording)

Leak De!ection Monitor Low Level
Radiation

Oxygen

analyzer'ostaccident

Containment

Atmosphere Monitoring System

(1) High Level Radiation Recorder

(2) Hydrogen Analyzer

an e

3(y'-230'F

85' above
instrument
penetration

0 to 4(V above
sump floor

0 to40 above
sump floor

0-150 GPM

10-10 cpm

0-25%
0-5%

1-10 R/Hr

0-20%-
0.100%

s ru e ocatio

Control Room (2 Channels)
Local

Control Room

Local

Local

Control Room

Local

Control Room

Control Room

Control Room

T~Fcti
Alarm on High Temperature

Alarm on High Level

Alarm on decreasing level,
on increasing level, and
high fillrate

Alarm on decreasing level.
increasing level, and
high fillrate

Alarm on High Radiation

Alarm on High Oxygen
Concentration

Alarm on High Radiation

Alarm on High Hydrogen
Concentration

'onitor willbe used in normal operation and in postaccident monitoring.
-Range can be selected.
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7.9 RECIRCULATION FLOW CONTROL SYSTEM

7.9.1 Power Generation Ob'ective

The objective of the Recirculation Flow Control System is to control reactor power
level over a limited range by controlling the flow rate of the reactor'recirculating
water.

7.9.2 Power Generation Desi n Basis
't

The Recirculation Flow Control System is designed to allow manual control of
reactor power by adjusting the flow rate of the recirculation water.

7.9.3 Safet Desi n Basis

The Recirculation Flow Control System shall function so that no operational
transient resulting from a malfunction in the Recirculation Flow Control System can
result in fuel damage or in a violation of the nuclear system pressure limit.

7. ~ .4 ~Oi U

7.9.4.1 General

The Recirculation Flow Control System adjusts the flow rate of the recirculating
pumps by adjusting the frequency and voltage supplied to the pump motors. The
Recirculation Flow Control System can automatically effect changes in reactor
power level between approximately 60 percent and 100 percent of rated power.

I

An increase in recirculation flow temporarily reduces the void content of the
moderator by increasing the flow of coolant through the core. Due to the higher
moderator density, the core reactivity, and thus power level, is increased. At this
higher power level (higher heat flux), the steam volume in the core increases with a
subsequent decrease in core reactivity. A new steam void equilibrium is
subsequently attained at the higher recirculation flow rate, which establishes a new
steady-state power level. When the recirculation flow is reduced, the power level is
reduced in the reverse manner.

When both reactor recirculation pumps are operating (Units 1 8 2 only), one
equalizer valve between the two recirculation pump discharge lines is opened and
the other equalizer valve is closed. The motive power to the valves is removed.
This prevents pressure buildup between the equalizer valves due to ambient and
conduction heating of the water. Figure 7.4-8 of Subsection 7.4 shows the
recirculation loop valve functional control logic for historical information only.
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7.9.4.2 Motor-Generator Set

Each motor-generator (MG) set supplies power to its associated recirculating pump
motor. Each of the two MG sets and its controls are identical; therefore, only one
description is given. Figure 7.9-2 shows the general arrangement and rating of the
MG set. The MG set can continuously supply power to the pump motor at any
frequency between approximately 19 percent and 96 percent of MG set drive-motor
synchronous speed. The MG set is capable of starting the pump and accelerating it
from standstill to the desired operating speed when the pump motor thrust bearing
is fully loaded by reactor pressure acting on the pump shaft.

The main components of the MG set are a drive motor, a generator, and a
variable-speed converter with an actuation device to adjust the output speed.

7.9.4.2.1 Drive Motor

The drive motor is an AC induction motor, which drives the input shaft of the
variable-speed converter. The motor can operate under electrical supply variations
of 5 percent of rated frequency and 10 percent of rated voltage. The AC power for
each drive motor is supplied from a different bus.

7.9 4.2.2 Generator

The variable-frequency generator is driven by the output shaft of the variable-speed
converter. During normal operation, the generator is self-excited. The generator is
excited from an external source during pump startup.

7.9.4.2.3 Variable S eed Converter and Actuation Device

The variable-speed converter transfers power from the drive motor to the generator.
The variable-speed converter/actuator automatically adjusts the slip between the
converter input shaft and output shaft as a function of the signal from the speed
controller. If the speed controller signal is lost, the actuator is locked to cause the
speed converter slip to remain "as is." Manual reset of the actuation device is
required to return the speed converter to normal operation.

7.9.4.3 S eed Control Com onents

The speed control system controls the variable-speed converters of both
motor-generator sets. The MG sets can be manually controlled individually or
jointly. The master controller and the speed demand limiter are common to the
control of both MG sets. The signal from these two components is fed to two
separate sets of control system components-one set for each MG set. The control
system components for each MG set are the following: a manual automatic transfer
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station, a speed controller, a signal failure alarm, startup signal generator, and a
speed limiter.

7.9.4.3.1 Master Controller

The master controller is a manual/automatic controller which provides a signal to
control both recirculation pumps.

7.9.4.3.2 S eed Demand Limiter

The speed demand limiter is an adjustable high/low dual limiter module. It provides
a limit on the maximum and the minimum MG set speeds which are demanded by
the master controller.

Normally, the master controller signal is between the limits of the speed demand
limiter, and the signal passes through the speed demand limiter to the
manual/automatic transfer stations for each MG set.

7.9.4.3.3 Manual/Automatic Transfer Station One for Each MG Set

The manual/automatic transfer station is a manual station with a transfer switch.

7.9.4.3.4 S eed Controller Onefor Each MG Set

The speed controller transmits the signal that adjusts the MG set variable-speed
converter. On Unit 1 MG set, the error limiter network compares its setpoint signal
to the feedback signal from the MG set tachometer and adjusts its output to the
speed controller, so that the feedback signal from the tachometer equals the
setpoint signal. On Units 2 and 3, the error limiter network compares its setpoint
signal to the output of the speed controller, making these controllers demand type
without speed regulation. The speed controller setpoint signal is received from the
master controller during automatic operation, from the manual/automatic transfer
station during individual MG set manual operation, and from the startup signal
generator during pump startup.

7.9.4.3.5 Si nal Failure Alarm One for Each MG Set

If the signal to the MG set variable-speed converter drops below 10 percent of
minimum normal control signal, the signal failure alarm unit actuates an alarm in the
control room and acts to prevent any change of slip within the variable-speed
converter.
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7.9.4.3.6 Startu Si nal Generator One for Each MG Set

The startup signal generator supplies the setpoint signal to the speed controller
during MG set startup. This sets the MG set variable-speed converter for
approximately 15 percent position.

7.9.4.3.7 S eed Limiter Two for Each MG Set)

The two speed limiters are adjusted limiter modules. Speed limiter No. 1

automatically limits the recirculation pump speed to 28 percent of rated speed if the
recirculation pump main discharge valve is not fully open, or if the total feedwater
flow is less than 20 percent of rated flow. Without this speed limiter, the
recirculation pump could overheat if the recirculation pump discharge valve is partly
closed. This speed limiter also prevents cavitation in the recirculation or jet pumps,
if the feedwater flow drops below 20 percent of rated flow.

Speed limiter No. 2 automatically limits the recirculation pump speed to 75 percent
of rated speed ifone of the three feedwater pumps is at less than 20 percent of
rated speed and, coincidentally, the reactor water level is below the low-level alarm
setpoint. This reduction of the recirculation pump speed reduces the reactor power
to a level within the capacity of the remaining feedwater flow, thus preventing plant
shutdown due to a low-water-level scram.

7.9.4.4 S stem 0 eration

7.9.4.4.1 Recirculation Lop Startin Se uence

Each recirculation loop is independently put into operation by operating the controls
of each recirculation loop as follows (see Figures 7.9-4a and 7.9-4b).

The starting sequence is manually initiated by placing the drive-motor control
switch for one MG set in the start position. The drive-motor breaker closes
provided that:

1. The drive motor bus is near rated voltage,

2. The recirculation loop suction valve is fullyopen,

3. The recirculation loop discharge valve is fullyclosed,

4. The generator field breaker is open,

5. Generator lockout relay is reset,
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6. Motor lockout relay is reset,

7. Lube oil pressure is not low,

8. Lube oil temperature below 210'F,

9. RPT breaker closed, and

10. Power available to DC lube oil pump.

b. The manual/automatic transfer station will have been previously switched to
manual control and its output signal adjusted to give the desired generator
speed (typically 28 percent of rated speed) after the pump has started.

c. Before the drive-motor breaker is closed, the following sequence of events
occurs automatically to position the variable speed converter for startup:

1. The signal from the manual/automatic transfer station is interrupted and
replaced with the startup signal generator output, and

2. On Unit 1, the generator tachometer feedback is interrupted and replaced
with feedback from the output of the speed controller. Units 2 and 3 have
fixed feedback from the controller output and no interruption occurs.

d. Once the variable-speed converter has achieved its startup position, the
following events occur:

1. The external source of field excitation is engaged after a 5-second delay,
and

2. The generator field breaker is closed after a 6-second time delay.

e. Field breaker closure reverses conditions c.(1)(Units 1, 2, and 3) and c.(2)
(Unit 1 only) and reverts control to the manual/automatic transfer station (see
b).

f. After recirculation pump start is sensed by a differential pressure switch, the
generator is automatically transferred to self-excitation, and the jogging circuit
initiates the pump discharge-valve open sequence.

g. Recirculation flow is increased during startup by, manually increasing
recirculation pump speed.
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h. Control can be transferred to the master controller when the recirculation
pump speed reaches the speed demand limiter range.

7.9.4.5 Recirculation Pum Tri RPT Control S stem

7.9.4.5.1 Descri tion

The recirculation pump trip (RPT) is the recirculation control system that trips the
recirculation pump motors from their power supplies in response to a
turbine-generator trip, load rejection, or an Anticipated Transient Without Scram
(ATWS). Its function is to reduce the severity of the thermal transients on the fuel
due to the turbine-generator trip and load rejection events by tripping the
recirculation pumps early in the event, and to reduce reactor power during an
ATWS event. The rapid core-flow reduction increases void content and thereby
reduces reactivity in conjunction with the control rod scram (See Figure 7.9-4c).
See FSAR Section 7.19 for a description of the ATWS RPT system.

The RPT system is not classified as safety-related but is designed to Class 1E
standards (IEEE 279). The RPT breakers and trip logic are designed as seismic
Category 1, Class 1E equipment and are expected to remain functional in the event
of a design basis earthquake. Input to the RPT trip logic is from relays in the
reactor protection system (RPS).

The major components of the RPT system are RPS relays which trip on turbine
control valve fast closure and stop valve position, RPS relays which respond to
reactor output power level, separate division logic, and two circuit breakers for each
pump motor.

The RPT system is required to be operable whenever reactor thermal power is
above 30 percent of rated.

7. ~ .4.5.2 ~St D

The RPT system design is based on two separate trip divisions; each has
equipment for each measured variable. This system is designed to meet the
single-failure criterion such that any single trip channel (sensor and associated
equipment) or system component failure does not prevent the system from
performing its intended function.

Electromechanical relays are used, as the logic elements within the RPT system
and the RPT system logic are of the fail-safe type (i.e., trip on loss of electrical
power). A switch is provided to reset the RPT system manually after pump trip.
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The total delay time from start of "Turbine Stop Valve Closure," or "Turbine Control
Valve Fast Closure," to complete suppression of the electric arc between the fully
open contacts of the circuit breaker is less than 175 milliseconds at 80 percent of
rated pump motor speed.

The start of the "Turbine Stop Valve Closure" event is defined as the beginning of
turbine stop valve motion from its original full-open position.

The start of the "Turbine Control Valve Fast Closure" event is defined as the
beginning of turbine control valve fast closure motion. If this event signal is not
available as a time measurement reference, the control-valve hydraulic-pressure-
switch change-of-state can be used as a substitute. This can be done only if it can
be demonstrated that the hydraulic-pressure-switch change-of-state occurs before
or within 30 milliseconds after the beginning of control valve fast closure motion.

When either of the end-of-cycle (EOC) recirculation pump breakers trips, the
drive-motor breaker is then tripped. This can be accomplished either. through
administrative operator control or automatically by logic control.

Both of the EOC breakers must be closed for the drive-motor breaker to be closed.
The interlock can be accomplished either through administrative operator control or
automatically by logic control.

7.9.4.5.3 EcCEui ment

Individual components were procured to specifications which satisfy the operational
and environmental conditions. Manufacturer and plant startup test data, or
reasonable engineering extrapolation based on test data, are available to verify that
equipment which must operate to provide protection system action meets, on a
continuing basis, the performance requirements determined to be necessary for
achieving the system requirements.

Prima Lo ic Elements and Sensors

The primary trip channels and division logic elements are fast-response,
high-reliability-type relays which are compatible with those relays used for the
Reactor Protection System. Sensors and associated equipment are highly reliable,
and the components are of a quality consistent with minimum maintenance
requirements and low failure rate.

Circuit Breakers

Each pump motor has two circuit breakers in series. The circuit breakers are
designed, built, and supplied with quality assurance to Class 1E equipment.
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One circuit breaker trip coil is used exclusively for the RPT system. Separate
division control power supply is provided for each of the series-connected circuit
breakers.

All control and information circuits for each breaker, except for the trip coil used for
the RPT system, is provided with approved isolation devices (isolation relays or
other devices per IEEE-Standard 384) to permit interfacing with non-Class-1 E
external control and information circuits.

Cables

Wiring for the two-pump RPT system requires special isolation, routing, and
protection considerations and is in accordance with the design specification,
"Electrical Equipment Separation for Protection System."

E ui ment Com onents

The equipment components which form a part of the recirculation pump trip control
system are listed below, along with their function and operating requirements.

Circuit Breaker 0 eratin Re uirements

a. Normal Range (a) Pump motor current at 30 percent to
100 percent rated speed

b. Accuracy (b, c)

c. Number of Trip Coils

d. Interrupting Time

N/A

Two

Linear from 60 Hz to 15 Hz as
follows:

System
Frequency
(Hz)

Reactor
Power

(% NBR) (E)

Pump Motor Generator
Speed Frequency
(% Rated) (I-Iz)

Breaker
Interrupting
Time
(Milliseconds)

60
60

100
30

80
30

44.8
16.8

(135
(360

7.9-8



BFN-16

"Turbine Stop Valve Closure" Sensor

a. Normal Range (a)

b. Accuracy (b, c)

c. Trip Setting

Fully open to fully closed

N/A

A fixed valve position less than 100
percent open but greater than 90 percent
open

d. Response Time (d) N/A

"Turbine Control Valve Fast Closure" Sensor

a. Normal Range (a)

b. Accuracy (b, c)

Fully open to fullyclosed

N/A

c. Trip Setting Start of control valve closure

d. Response Time (d) N/A

Recirculation Pump Trip System Bypass Switch

a. Normal Range (a)

b. Accuracy (b, c)

c. Bypass Setting

d. Response Time (d)

Notes:

N/A

2 3 percent rated power (e)

30 percent rated power (e, f)

N/A

(a) Prudent, steady-state operational limits of the measured variable.

(b) The maximum-allowable error (based on full range) or the measurement at the
point of switch actuation.

(c) The maximum-allowable error (based on full range) in the trip setpoint for
repetitive switch actuation.
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(d) The maximum-allowable time from when the variable being measured just
exceeds the trip setpoint for opening the trip channel sensor contact during a
transient event.

(e) Rated power defined as the main turbine power that corresponds to the
reactor operation at 100 percent power with 100 percent recir'culation flow.

(f) If the setpoint of the RPT is different for TSV closure and control-valve
fast-closure scram bypass in the RPS, the setpoint for TSV closure and
control-valve fast-closure scram bypass govern.

7.9.4.5.4 ~Retiabtlit

The system is designed to accomplish the desired protection function and to
minimize the effect of this additional system on plant availability.

The logic design does not cause the inadvertent trip of more than one pump, given
a single component failure in the system. Each trip division is clearly identified to
reduce the possibility of inadvertent trip of the recirculation pump during routine
maintenance and test operations.

Redundant sensor circuits in each division (sensors, wiring, transmitter, amplifiers,
etc.) are electrically, mechanically, and physically independent, so that they are
unlikely to be disabled by a common cause except for an electrical power failure.

7.9.4.5.5 ~Testabilit

Capability is provided for testing and calibrating the system logic monthly, and
circuit breakers once per refueling outage.

Provisions allow closure of stop valve and fast closure of turbine control valve
separately, at least one valve at a time (for normal routine valve test purposes),
without causing a pump motor trip.

The system input sensors and the division logic are capable of being checked one
channel or division at a time. The sensors and system logic test or calibration
during power operation does not initiate pump trip action at the system level.

Light indicators for operating bypasses are provided in the control room. The light
is continuously indicated when the sensor or division'logic has been bypassed or
deliberately rendered inoperative for testing or repair purposes. Failure to restore
normal signals to the sensors, or removal of bypass after test, is guarded against by
making such failure conspicuous to the operating personnel and by ensuring that
adequate checkoff, locking, and sealing procedures are followed.
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79456 ~Mi l Mllll

The RPT system is designed to facilitate the recognition, location, replacement,
repair, or adjustment of setpoint and malfunctioning components or modules. Any
failing component in the system can be repaired or replaced during reactor
operation without initiating the pump trip action at system level.

7.9.4.5.7 0 eration Information

The RPT system is designed to provide the operator with accurate, complete, and
timely information pertinent to the system status. Indicators and annunciators are
provided for system input trip signals, initiation signal at system level, the status of
trip coils, and the mechanical position of the circuit breakers.

7.9.4.5.8 S stem Interaction

The RPT system is separated from other recirculation control systems to the extent
that failure of any single component in those systems does not prevent the system
from performing its intended function.

7.9.4.5.9 Performance

The RPT system design meets the maximum time delay requirement such that rapid
reactivity reduction is achieved early during turbine-generator trip or generator
load-rejection event transients.

7.9.5 Safet Evaluation

The Recirculation Flow Control System is designed so that coupling is maintained
between an MG set drive motor and its generator, even if the AC power or a speed
controller signal fails. This assures that the drive-motor inertia contributes to power
supplied to the recirculation pump during the coastdown of the MG set after loss of
AC power, and that the generator continues to be driven if the speed controller
signal is lost.

Transient analyses described in Section 14.0, "Plant Safety Analysis," show that no
malfunction in the Recirculation Flow Control System can cause a transient
sufficient to damage the fuel barrier or exceed the nuclear system pressure limits,
as required by the safety design basis.
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7.9.6 Ins ection and Testin

The MG set, master controller, speed controller, and function generator are
functioning during normal power operation. Any abnormal operation of these
components can be detected during operation. The components which do not
continually function during normal operation can be tested and inspected during
scheduled plant shutdowns. All the Recirculation Flow Control System components
are tested and inspected according to good maintenance practice and based on
component manufacturer's recommendations.
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7.10 FEEDWATER CONTROL SYSTEM

7.10.1 Power Generation Ob ective

The objective of the Feedwater Control System is to maintain a pre-established
water level in the reactor vessel during planned operation.

7.10.2 Power Generation Desi n Basis

The Feedwater Control System shall regulate the feedwater flow so that the proper
water level in the reactor vessel is maintained according to the requirements for
steam quality over the entire operating range of the reactor.

The feedwater flow shall also provide sufficient subcooled water to the reactor
vessel during power operation to maintain normal operating temperatures.

7.10.3 Descri tion Fi ure 7.10-2 throu h 7.10-4

The Feedwater Control System, during normal operation, automatically regulates
feedwater flow into the reactor vessel. The system is capable of being manually
operated.

The feedwater flow control instrumentation measures the water level in the reactor
vessel, the feedwater flow rate into the reactor vessel, and the steam flow rate from
the reactor vessel. The system also measures final feedwater temperature (Units 2
and 3 only). During automatic operation, the level, steam flow, and feed flow
measurements are used for controlling feedwater flow.

The optimum reactor vessel water level is determined by the operation of the steam
separators, which limit the water carryover with the steam going to the turbines, and
which limit the steam carryunder with the water returning to the core. The water
level in the reactor vessel is maintained within 2 inches of the desired level. This
control capability is achieved during plant load changes by balancing the mass flow
rate of feedwater to the reactor vessel with the steam flow from the reactor vessel.
The feedwater flow regulation is achieved by adjusting the speed of the
turbine-driven feedwater pumps to deliver the required feedwater flow to the reactor
vessel.

7.10.3.1 Reactor Vessel Water Level Measurement

Units 2 and 3

Reactor vessel water level is measured by four identical independent sensing
systems. A differential pressure transmitter (dPT) senses the difference between
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the pressure due to a constant reference column of water and the pressure due to
the variable height of water in the reactor vessel. These differential pressure
transmitters are installed on pipelines that serve other systems (see Subsection 7.8,
"Reactor Vessel Instrumentation" ). Each of the four dPTs supply signals to the
Reactor Feedwater Control System (RFWCS). The average of the four dPTs is
used to develop a controlling level signal.

Three wide range pressure transmitters supply reactor pressure signals to the
RFWCS. The pressure signals are averaged and the average reactor pressure
signal is then applied to each dP signal and the average dP signal to produce a
pressure compensated level signal.

The four compensated level signals and three pressure signals are indicated in the
control room. Both level and pressure loops have manual bypass switches installed
above their respective indicators to allow an operator to take that particular loop
out-of-service. The RFWCS level and pressure loop bypass status is indicated in
the MCR.

Average water level is used by the RFWCS as the controlling water level.
Controlling water level and average reactor pressure are continually recorded in the
control room.

Unit 1

Reactor vessel water level is measured by three identical, independent sensing
systems. A differential pressure transmitter senses the difference between the
pressure due to a constant reference column of water and the pressure due to the
variable height of water in the reactor vessel. This differential pressure transmitter
is installed on pipelines that serve other systems (see Subsection 7.8, "Reactor
Vessel Instrumentation" ). A pressure transmitter supplies a reactor vessel pressure
signal which is used to correct for density changes in the reactor vessel water. The
differential pressure and pressure signals are fed into a proportional amplifier which
transmits the corrected level signal for indication and control. The corrected reactor
vessel water level and pressure from each sensing system are indicated in the
control room. The corrected level signal from two of the sensing systems can be
selected by the operator as the normal signal to be used for feedwater flow control.
The water level and the reactor vessel pressure are continually recorded in the
control room. 8
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7.10.3.2 Steam Flow Measurement

Units 2 and 3

The steam flow is measured across each main steam line flow restrictor by a
differential pressure transmitter. The square root of the differential'pressure due to
steam flow is sent to the RFWCS indicating mass flow rate.

The steam flow signals are compensated for adiabatic expansion of steam through
the Main Steam flow nozzles and for temperature/density effects. The RFWCS
sums all four main steam line flow signals to produce a total steam flow signal used
in the control algorithm. Total steam flow is recorded in the control room.

Unit 1

The steam flow is measured across each main steam line flow restrictor by a
differential pressure transmitter. The steam flow signal is then linearized by a
square root converter to output a mass flow rate.

The corrected steam flow rate from each main steam line is indicated in the control
room. The steam flow signals are added by a summer to produce a total steam flow
signal for indication and feedwater flow control. The total steam flow is recorded in
the control room.

7.10.3.3 Feedwater Flow Measurement

Units 2 and 3

Feedwater flow is measured in each feedwater line on the reactor side of the high
pressure heaters. A flow element in each feedwater line is provided for flow
measurement. The pressure difference across the flow element is sensed by a
differential pressure transmitter. The square root of the differential pressure due to
feedwater flow is sent to the RFWCS indicating mass flow rate. Four RFW
temperature signals are used to provide density compensation for feedwater line
flow. The feedwater inlet lines'low elements are calibrated for incompressible flow
at 380.1'F. A correction factor is applied to compensate for temperatures different
from the calibrated density.

The feedwater flow signals are summed to provide a total feedwater flow signal
used in the control algorithm. Total feedwater flow is recorded in the control room.

7.10-3



BFN-16

Unit 1

Feedwater flow is measured in each feedwater line on the reactor side of the high
pressure heaters. A flow element in each feedwater line is provided for flow
measurement. The pressure difference across the flow element is sensed by a
differential pressure transmitter. The feedwater signal is then line8rized by a
square root converter to output a mass flow rate.

A summer is used to add the flow signals from the feedwater lines. The output from
the summer is the total feedwater mass flow rate signal. This signal is used for
indication and feedwater flow control. The total feedwater flow is recorded in the
control room.

7.10.3.4 Feedwater Control Si nal

Units 2 and 3

The RFWCS generates a control signal which is sent to each Reactor Feedwater
Pump Turbine (RFPT) governor. The governor is designed to maintain normal
operation in the event of a single loss of power and at worst may cause the loss of a
single RFPT in the event of a loss of two power supplies to the three governors.
The RFWCS is designed to be a fault tolerant system which can maintain normal
operation in the event of any single component failure, including loss of a single
power feed.

Different modes of operation are available between the RFWCS and the RFPT
governors: Governor Manual, Local, RFWCS Individual Manual, Master Manual,
Single Element, and Three Element.

The RFWCS is designed to maintain the water level in the reactor vessel within the
designated range during all modes of plant operation.

Level Control Units 2 and 3

The basic RFWCS control algorithm implements a proportional-integral (Pl) control
scheme.

The system also has a programmed response to mitigate reactor vessel overfill
following a reactor scram. The transient level overshoot will be limited by
controlling flow from a single RFW pump.

Indication is provided by the RFWCS that the scram response logic is active. The
operator may bypass this logic using a handswitch provided in the Control Room.
Indication of scram logic bypass is also provided to ensure the operator can
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determine system status. The programmed scram response logic will be a lock in
signal which will only clear when either the Scram Response Inhibit handswitch is
used or the Master Level Controller is taken to manual, the measured level
increases above the level setpoint, or a pre-set time limit expires.

Governor Manual and Local 0 eratin Modes Units 2 and 3

Each RFPT is controlled by a governor which adjusts the speed of the RFPT as
determined by demand from the Control Room operator. The governor obtains
speed feedback from either of two magnetic speed pickups. When first starting the
turbine, the turbine willautomatically ramp to its low speed stop of approximately
600 RPM. Speed can then be adjusted by using the speed control handswitch in
the Control Room.

Local control of each turbine may be enabled from the Control Room provided the
turbine is already in Governor Manual control. Full control of the turbine is then
available for testing in each Reactor Feedwater Pump Room. Local control is
similar to Governor Manual control except for the location of the controls.

RFWCS Individual Manual and Master Manual 0 eratin Modes Units 2 and 3

In RFWCS Individual Manual mode, the reactor water level is controlled in an
open-loop manner through operator adjustment of each feed pump speed (or
startup valve demand) from its Control Station located in the Main Control Room.
The Control Stations are similar to controllers, but only provide input and output
display and do not actually perform any control function. All control functions are
implemented in the RFWCS located in the Auxiliary Instrument Room.

In RFWCS Individual Manual mode, signal conditioning is performed on the
demand signal by the RFWCS, but no control functions are implemented. The only
limits on operational demand are the Control Station maximum ramp rate, and
minimum and maximum system output range limits.

The RFWCS is designed to operate in a Master Manual mode. In this mode, the
available RFW pump Control Stations are placed in auto and the master level
Control Station is in manual. Reactor water level is controlled in an open-loop
manner through operator adjustment of the output demand signal from the master
level Control Station located in the Main Control Room.

Unit 1

l.

The feedwater control signal adjusts the speed of the turbine-driven feedwater
pumps. The components which are manually operated, or which automatically
function to produce the feedwater control signal, are the following.

7.10-5



BFN-16

Level Controller Unit 1

The level controller has two options, one- and three-element control. The
one-element control has an input to the level controller which is the corrected level.
The level controller is a reverse-acting controller with a reasonable proportional
band with reset control. The gain of the reset control is set to a small value for the
purpose of eliminating the offset during steady-state operation. The reset control
has little or no effect during a transient. One element control (water level) is the
preferred process input to the controller when the reactor is operating at relatively
low power levels. The water level is measured by two independent sensing
systems, each consisting of a differential pressure transmitter connected to a
reference condensing chamber leg located within the drywell. Each level signal is
independently corrected for water density and indicated, and ifselected as a control
input, is recorded in the control room. When the mode selector switch is placed in
the "one element" position, it routes the water level signal directly to the level
controller. If this corrected water level signal decreases, the level controller output
increases, which will restore the water inventory to the correct level. The
three-element control is similar to the one-element control. The difference between
the three- and one-element controls is the signal to the controller, which is the
correct level signal verniered (plus or minus) by a water inventory signal. To obtain
this inventory sense, feedwater flow is fed (minus) into number 2 input of a
proportional amplifier and steam flow is fed (plus) into the number 1 input. The
output is biased in such a way that, with no inventory (steam flow equals feedwater
flow), the output is 50 percent. With inventory in the reactor (feedwater greater than
steam), the output is less than fiftypercent; and with inventory in the hot well
(feedwater less than steam), the output is greater than 50 percent. This inventory
signal is added inversely to the corrected level signal in a second proportional
amplifier whose output is fed to the level controller. Thus, an anticipatory signal is
obtained, correcting for projected changes in level due to process flow changes,
which will correct feedwater to lessen the effect of changes on reactor level. The
deviation meter compares the true, sensed level with the controller setpoint.

Bias lVlanual/Automatic Transfer Station One for each turbine driven feedwater
um Unit 1

The bias manual/automatic transfer station is a manual station with a transfer
switch. While the turbine-driven feedwater pumps are being controlled by the level
controller, the transfer switch is positioned so that the manual controller is bypassed
and the level controller signal goes through the manual/automatic transfer station to
a turbine-driven feedwater pump. During startup or when manual control is
desirable, the level controller signal is blocked by the transfer switch and the
feedwater control signal is transmitted and controlled at the manual/automatic
transfer station by the operator.
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7.10.3.4.1 Automatic 0 eration

Sin le Element Mode Units 2 and 3

Single element mode applies to both the feedwater pumps and the'startup valve.

When in single element mode, the operator adjusted level setpoint on the master
level Control Station (or startup level Control Station) is compared to the average
reactor level to generate an error signal which is used to drive a Pl algorithm to
generate the control signal to the control element (either the feedwater pump(s) or
startup valve).

Three Element Mode Units 2 and 3

Three element mode applies only to the feedwater pumps. When in three element
mode, the operator adjusted level setpoint on the master Control Station is
compared to the average reactor level and the steam flow-feedwater flow mismatch
to generate an error signal which drives a Pl algorithm to generate the control
signal to the feedwater pumps.

The main steam/feed flow mismatch and level error signals are input into the master
controller Pl algorithms.

Variable Tunin Units 2 and 3

Control system gains may vary based on plant operating conditions. A validated
total steam flow signal is used to determine power level, and thereby vary the
control system tuning parameters. This power variable tuning will prevent too rapid
a response at low power levels and too sluggish a response at higher power levels.

The desired response from the Pl control algorithm will be achieved by changing
the gain and/or reset on the input error signal. This signal represents level error
and steam flow/feed flow mismatch in three element control and level error in single
element control.

Unit 1

The level controller setpoint is set for optimum reactor vessel water level for
efficient steam separator operation (this includes limiting carryover and carryunder,
which affects recirculation pump operation and turbine performance and longevity)
and the need to maintain adequate reactor core cooling.
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The ability of the Feedwater Control System to maintain reactor vessel water level
within a small margin of optimum water level during plant load changes is
accomplished by the three-element control signaI. The three-element control signal
consists of reactor vessel water level, total steam flow, and feedwater flow signals.

The three-element control signal is obtained as follows. The total Steam flow signal
and the total feedwater flow signal are fed into a proportional amplifier. The output
from this amplifier reflects the mismatch between its input signals and is designated
as the steam-flow/feedwater-flow error signal. If steam flow is greater than
feedwater flow, the amplifier output is increased from its normal value when steam
and feedwater flows are equal. The reverse is also true. This amplifier output is
fed to a second proportional amplifier (3 element error summer) which also receives
the reactor vessel water level signal. The addition of the reactor vessel water level
signal to the steam-flow/feedwater-flow error signal results in the three-element
control signal which is fed through the dynamic compensator to the level controller.

The feedwater control signal is adjusted by the level controller according to the
requirements of the three-element control signal so that the required reactor vessel
water level is maintained.

7.10.3.4.2 0 tional0 eratin Modes

Units 2 and 3

At power, three-element control is the preferred method of operation, but
single-element control is always available provided there is at least one valid level
signal available. With no valid level signals, the system reverts to RFWCS Master
Manual mode.

Governor manual control is normally used only during the transition from feedwater
pump startup to Individual manual control. Local control is also available, but is
provided mainly for testing and is not normally used at power. The RFPTs can also
be controlled from their respective Woodward Governors located in the Auxiliary
Instrument Room.

Unit 1

Optional methods of Feedwater Control System operation are available, but not
normally used during power operation of the reactor. A one-element signal (reactor
vessel water level) can be used to replace the three-element control signal to the
level controller. The manual/automatic transfer stations can be individually
operated to control each of the turbine-driven feedwater pumps.

7.10-8



BFN-16

Units 1 2 and 3

During startup, feedwater can be supplied by the condensate booster pumps
through the reactor feedwater pump low-flow-bypass control valve. This valve can
be remotely controlled from the Main Control Room, either manually or
automatically.

7.10.3.5 Turbine Driven Feedwater Pum Control

Units 2 and 3

Feedwater is delivered to the reactor vessel through three turbine-driven feedwater
pumps, which are arranged in parallel. The turbines are driven by steam from the
reactor vessel. During normal operation, the speed demand signal from the
RFWCS is supplied to the governor and a signal is sent to a final driver. The final
driver controls a servo valve to vary the oil supply to operate the Reactor Feedwater
Pump Turbine Control valves. If the signal from the RFWCS to the governor is out
of range (nominal 4-20 mA), the governor will "fail-as-is" and initiate an alarm in the
control room.

Unit 1

Feedwater is delivered to the reactor vessel through three turbine-driven feedwater
pumps, which are arranged in parallel. The turbines are driven by steam from the
reactor vessel. During normal operation, the flow demand signal from the level
controller is fed to a function generator which linearizes the flow-versus-speed
characteristics of the feed pump turbine. The output from the function generator is
a speed demand signal which is used by the feed-pump turbine-speed governor to
adjust speed to the desired value. Each turbine can be controlled by its
manual/automatic transfer station. If the feedwater control signal to a turbine is lost,
an alarm unit in the feedwater control circuit causes the turbine speed to lock "as is"
and initiates an alarm in the control room.

7.10.4 Ins ection and Testin

Units 2 and 3

Feedwater flow-control-system components are tested and inspected based on
manufacturer's recommendations and sound maintenance practices. This can be
done prior to plant operation and during scheduled shutdowns. Reactor vessel
water level indications from the four water level channels can be compared during
operation (and are compared automatically by the RFWCS) to detect instrument
malfunctions. Steam mass flow rate and feedwater mass flow rate can be compared
during constant load operation to detect inconsistencies in their signals. The
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RFWCS continually performs diagnostic tests while operating and will provide
operators with alarm(s) of system abnormalities.

Unit 1

Feedwater flow-control-system components are tested and inspected based on
manufacturers'ecommendations and sound maintenance practices. This can be
done prior to plant operation and during scheduled shutdowns. Reactor vessel
water level indications from the three water-level-sensing systems can be compared
during normal operation to detect instrument malfunctions. Steam mass flow rate
and feedwater mass flow rate can be compared during constant load operation to
detect inconsistencies in their signals. The level controller can be tested while the
Feedwater Control System is being controlled by the manual/automatic transfer
stations.
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7.12 PROCESS RADIATIONMONITORING

A number of radiation monitors and monitoring systems are provided on process
liquid and gas lines that may serve as discharge routes for radioactive materials.
The monitors include the following:

Main Steam Line Radiation Monitoring System
Air Ejector Offgas Radiation Monitoring System
Main Stack Radiation Monitoring System
Process Liquid Radiation Monitors
Reactor Building Ventilation Radiation Monitoring System
Plant Ventilation Exhaust Radiation Monitoring System

These monitors are described individually in this subsection.

7.12.1 Main Steam Line Radiation Monitorin S stem

7.12.1.1 S~tt
03'he

objective of the Main Steam Line Radiation Monitoring System is to monitor for
the gross release of fission products from the fuel and, provide indication of such
failure such that appropriate actions may be taken to limitfuel damage and contain
the released fission products.

7.12.1.2 Safet Desi n Basis

1. The Main Steam Line Radiation Monitoring System shall be designed to give
prompt indication of a gross release of fission products from the fuel.

2. The Main Steam Line Radiation Monitoring System shall be capable of
detecting a gross release of fission products from the fuel under any
anticipated operating combination of main steam lines.

3. Deleted

4. Deleted

7.12.1.3 ~Di 3

Four gamma sensitive instrumentation channels monitor the gross gamma radiation
from the main steam lines. The detectors are physically located near the main
steam lines just downstream of the outboard main steam isolation valves in the
space between the primary containment and secondary containment walls.
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The detectors are geometrically arranged so that the system is capable of detecting
significant increases in radiation level for a number of main steam lines in
operation. Their location along the main steam lines allows the earliest practical
detection of a gross fuel failure. This meets safety design bases 1 and 2. Two of
the channels are powered from one Reactor Protection System bus, and the other
two channels are powered from the other Reactor Protection System bus.

h

When a significant increase in the main steam line radiation level is detected,
non-safety related trip signals are transmitted to the Reactor Protection System, the
Primary Containment and Reactor Vessel Isolation Control System and to the
Offgas System (for Unit 1 only). Upon receipt of the high radiation trip signals, the
Reactor Protection System initiates a scram, the Primary Containment and Reactor
Vessel Isolation Control System initiates closure of all main steam isolation valves,
the mechanical vacuum pump is turned off, if running, and the mechanical vacuum
pump line valve is shut. For Units 2 and 3, the main steam high radiation trip signal
stops the mechanical vacuum pump and isolates its discharge path only. Closing of
the main steam isolation valves, stopping the mechanical vacuum pump, and
closing the mechanical vacuum pump line valve effects containment of radioactive
materials. Although, the main steam line high radiation trip functions are not
required safety related functions, they limit the resulting consequences of gross fuel
failures.

The radiation trip setting selected is enough above the background radiation level
in the vicinity of the main steam lines that spurious trips are avoided at rated power.
Yet, the setting is low enough that the monitors can respond to the fission products
released from gross fuel failures.

Four instrumentation channels are used to provide a resistance to inadvertent
scram (for Units 1 only) and isolation as a result of instrumentation malfunctions.
The output trip signals of each monitoring channel are combined in such a way that
at least two channels must signal high radiation to initiate scram and main steam
line isolation on Unit 1 only. Thus, failure of any one monitoring channel does not
result in inadvertent action.

Each monitoring channel consists of a gamma sensitive ion chamber and a log
radiation monitor. Capabilities of the monitoring channel are listed in Table 7.12-1.
Each log radiation monitor has two trip circuits. One trip circuit comprises the
upscale trip setting that is used to initiate scram (for Unit 1 only) and isolation. The
other trip circuit is a downscale trip that actuates an instrument trouble alarm in the
Main Control Room. The output level from each log radiation monitor is displayed
on a six-decade meter in the control room.

A two-pen recorder is used to record the outputs from two of the four monitoring
channels. Manual selector switches allow the outputs of two of the four channels to
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be recorded. The recorder has one upscale alarm circuit. The alarm setting is
lower than the log radiation monitor upscale trip setting, so that an alarm is received
in the control room before the Unit 1 main steam line radiation monitor scram and
steam line isolation are effected.

The trip circuits for each monitoring channel operate normally energized, so that
failures in which power to monitoring components is interrupted result in a trip
signal. The environmental capabilities of the components of each monitoring
channel are selected in consideration of the locations in which the components are
to be placed.

7.12.124 Safet Evaluation

The system has been selected and designed with monitoring characteristics
sufficient to provide plant personnel with indication of gross fuel failures. Since the
system is not essential to any transients or accidents, safety related requirements
are not imposed. However, sufficient redundancy, separation, and power
requirements are included to provide prompt and accurate signals and indications.

7.12.1.5 Ins ection and Testin

A built-in, adjustable current source is provided for test purposes with each log
radiation monitor. Routine verification of the operability of each monitoring channel
can be made by comparing the outputs of the channels during power operation.

7.12.2 Air E'ector Off as Radiation Monitorin S stem

This paragraph describes the Air Ejector Offgas Radiation Monitoring System as it
exists following installation of recombiners and charcoal absorbers in the condenser
offgas system.

7.12.2.1 SSSS1S0S2S '7
The objectives of the Air Ejector Offgas Radiation Monitoring System are to indicate
when limits for the release of radioactive material to the environs are approached
and to effect appropriate control of the offgas so that the limits are not exceeded.

7.12.2.2 Safet Desi n Basis

1. The Air Ejector Offgas Radiation Monitoring System shall provide an alarm to
operations personnel whenever the radioactivity level of the air ejector offgas
reaches short-term limits.
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2. The Air Ejector Offgas Radiation Monitoring System shall provide a
continuous record of the radioactivity released via the air ejector offgas line.

3. The Air Ejector Offgas Radiation Monitoring System shall initiate appropriate
action in time to prevent exceeding short-term limits on the release of
radioactive materials to the environs as a result of releasing the radioactivity
contained in the air ejector offgas.

7,'l2,2,3 D~il
The AirEjector Offgas Radiation Monitoring System is shown in Figure 7.12-2a.

The system consists of two radiation monitor subsystems. One subsystem is lined
up to take a continuous sample from the offgas system just downstream of the
charcoal filters. The other takes a continuous reading from the offgas pipe (see
Subsection 9.5, "Gaseous Radwaste System (Modified)").

The post-treatment subsystem monitoring the offgas system downstream of the
charcoal filters has two instrumentation channels. Each channel consists of a
gamma-sensitive detector, a logarithmic radiation monitor with a power supply and
a meter, and a strip chart recorder point. The monitors and the two-pen recorder
are located in the control room.

Each logarithmic radiation monitor is powered from a different bus of the 24-V DC
system.

The two gamma-sensitive detectors are located in shielded chambers. A sample is
drawn from the offgas line through the sample chambers where the radiation level
of the gas is measured by two scintillation detectors, one located in each shielded
chamber.

Each monitor has three upscale trips and a downscale trip. An upscale trip
indicates high radiation. A downscale trip indicates instrument trouble. Any one trip
will give an alarm in the control room. Any one upscale, high-radiation trip closes
the carbon bed filter bypass valve (ifopen) and opens the offgas line to the carbon
bed (ifclosed). Two upscale high-high-high radiation trips (one from each channel),
or one upscale high-high-high radiation trip and one downscale trip, or two
down-scale trips (one from each channel) isolate the offgas system outlet valve.
The pretreatment subsystem monitoring the offgas pipe upstream of the six-hour
holdup pipe has two instrument channels. One channel consists of a
gamma-sensitive detector, a logarithmic radiation monitor with a power supply and
a meter, and a strip chart recorder. The monitor and the recorder are located in the
control room. The logarithmic radiation monitor is powered from the instrument bus.
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level of the vent gas is measured by two scintillation detectors, one located in each
shielded chamber.

As shown in Figure 7.12-2a, the system also provides for monitoring iodine and
particulates by the use of filters in the gas sample monitoring stream. The filters are
routinely analyzed in a laboratory. The environmental and power supply design
conditions are given in applicable design output documents.

A wide-range gaseous effluent radiation monitoring system shown in
Figure 7.12-2a, sheet 4, is installed at the main stack and has the capability to
continuously detect and measure concentrations of noble gas, particulate, and
iodine effluent during and following an accident. The system consists of a
normal-range channel which monitors noble gas drawn through a retrievable iodine
and particulate filter canister connected to an isokinetic probe located in the stack.
At a preset radiation level sensed by the normal-range noble gas monitor, the
accident-range channel automatically starts and draws an isokinetic sample from
the normal-range flow stream through shielded iodine and particulate detector
chambers each equipped with retrievable filters and a high-range shielded noble
gas detector chamber. Normal-range sample flow is bypassed around the
normal-range filter canister and noble gas detector chamber when the
accident-range monitors start. Gas cylinder connections are provided to obtain
noble gas samples for laboratory analysis on both ranges. The system provides
activity release rate indication and recording, upscale high radiation and downscale
instrument trouble alarms in the control room. It is powered from the normal offsite
power and backed up by an alternate offsite power source.

7.12.3.4 Safet Evaluation

The Main Stack Radiation Monitoring equipment has been selected with features
and characteristics sufficient to provide plant Operations personnel with accurate
indication of noble gas release and means for determining radioactive iodine and
particulate activity release to the environs via the main stack vent under both
normal- and accident-range conditions. The system thus enables Operations
personnel to determine when release rate limits are reached or exceeded and
determine the total amounts of activity released.

Because the system is not essential to any transients or accidents, no redundancy
is required, although sufficient redundancy is provided to allow maintenance on one
channel without losing the indication provided by the system.
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7.12.345 Ins ection and Testin

Each individual channel includes a built-in check source and a purge line to purge
the vent gas from the sampling chamber. Both the purge valve and the check
source are operated from the control room.

7.12.4 Process Li uid Radiation Monitors

7124.1 ~Sf 1
55'n

process streams that normally discharge to the environs, Process Liquid
Radiation Monitors are provided to indicate when operational limits for the normal
release of radioactive material to the environs are exceeded. On the Liquid
Radwaste System effluent, the monitor also closes valves to prevent release of
liquid containing excessive radioactivity.

7.12.4.2 Power Generation Ob'ective

On process streams that do not discharge to the environs, Process Liquid Radiation
Monitors are provided to indicate process system malfunctions by detecting the
accumulation of radioactive material in a normally uncontaminated system.

7.12.4.3 Safet Desi n Basis

Process Liquid Radiation Monitors which are used to monitor streams that normally
discharge to the environs shall provide a clear indication to operations personnel
whenever the radioactivity level in the stream reaches or exceeds preestablished
operational limits for the discharge of radioactive material to the environs.

7.12.4.4 Power Generation Desi n Basis

Process Liquid Radiation Monitors monitoring streams that do not discharge to the
environs shall provide a clear indication to operations personnel whenever the
radioactivity level in the stream reaches or exceeds a preestablished limit above the
normal radiation level of the stream.

7.12.4.5 ~5i 2

The Process Liquid Radiation Monitors are shown in Figure 7.12-2b. Four
individual channels with off-line detectors are provided for each unit. One channel
monitors the Raw Cooling Water discharge, another channel monitors the Reactor
Building Closed Cooling Water Systems, and the third and fourth channels monitor
the RHR Service Water Discharge System I and System II RHRS heat exchangers.
A separate channel with an in-line detector monitors the discharge from the Liquid
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Radwaste System which serves all units. All channels are connected to the
24-V DC power bus. (See Subsection 8.8.)

Each of these monitors uses a scintillation detector and a ratemeter chassis. The
chassis ratemeters and the recorders are all located in the Main Control Room
except for the Radwaste System recorder, which is located on the r'adwaste control
panel in the Radwaste Building.

Each channel has an upscale trip to indicate high radiation level and one
downscale trip to indicate instrument trouble.

Raw cooling water is used to cool normally nonradioactive areas such as air
compressors, turbine auxiliary systems, and pump bearings. It also cools the
Reactor Building Closed Cooling Water System via heat exchangers. An increase
in the radiation level of the raw cooling water discharge may indicate that a leak into
the system from a contaminated stream has occurred.

The Reactor Building Closed Cooling Water System is utilized to provide cooling for
potentially contaminated areas such as the drywell atmosphere cooling coils,
nonregenerative heat exchanger, recirculation pumps and various sample coolers.
The system normally contains activity due to activation of added corrosion inhibitors
and the use of potentially contaminated makeup water. Changes in the normal
radiation level could indicate leaks of radioactive water into the system.

The Liquid Radwaste System provides for collection of waste liquids through
various drainage systems. Because of high conductivity, not all of the waste liquids
can be economically purified by demineralization. Consequently, some liquid
containing radioactivity is eventually discharged from the system. The process
liquid monitoring channel on the Liquid Radwaste System discharge indicates
discharge radiation levels. As described in paragraph 9.2.5, the monitor closes two
valves in the waste discharge line before the radioactivity concentration in the
discharged waste exceeds the limit determined by Offsite Dose Calculation Manual
(ODCM) methodology. This ensures that the concentration in the plant effluent will
not exceed applicable limits in the plant technical specifications.

The RHR Service Water System serves as the heat sink for the RHRS in the
shutdown cooling mode and the containment cooling mode. The water circulated
through the heat exchangers by the RHRS will be primary water or suppression
pool water, both, of which have a significant activity level. Changes in the normal
radiation level in the RHR service water discharge could indicate leakage in the
RHR heat exchangers.

The environmental and power supply design conditions are given in applicable
design output documents.
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7.12.4.6 Safet Evaluation

The Process Liquid Radiation Monitors for the raw cooling water, radwaste and
RHR service water discharges possess radiation detection and monitoring
sensitivities sufficient to inform plant operations personnel whenever radiation
levels in the discharges rise above preset limits.

7.12.4.7 Ins ection and Testin

All alarm trip circuits can be tested by using test signals or portable gamma
sources.

7.12.5 Reactor Buildin Ventilation Radiation Monitorin S stem

7.12.5.1 ~Sf
55'he

objectives of the Reactor Building Ventilation Radiation Monitoring System are
to indicate whenever abnormal amounts of radioactive material exist in the Reactor
Building, and to effect appropriate action so that the release of radioactive material
to the environs is controlled.

7.12.5.2 Safet Desi n Bases

1. The Reactor Building Ventilation Radiation Monitoring System shall provide a
clear indication to Operations personnel whenever abnormal amounts of
radioactivity exist in the Reactor Building by monitoring the intake to the
reactor zone ventilation exhaust fans and the radiation levels at each unit's
fuel pool.

2. The Reactor Building Ventilation Radiation Monitoring System shall initiate
appropriate action to control the release of radioactive material to the
environs when abnormal amounts of radioactive material exist in the Reactor
Building.

7.12.5.3 ~0

The Reactor Building Ventilation Radiation Monitoring System is shown in
Figure 7.12-2b, and specifications are given in Table 7.12-1. The system consists
of six sets of Reactor Building Ventilation Monitors (two divisional monitors per
unit). Each monitor has one channel of refuel zone logic and one channel reactor
zone logic. Each refuel zone channel is comprised of two Geiger-Muller type
detectors with a signal splitter located on the refuel floor next to each units fuel
pool. Each reactor zone channel is comprised of two Geiger-Muller type detectors
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with a signal splitter located on the associated units reactor zone ventilation
exhaust duct. One channel each of the refuel zone and reactor zone share a
combination computer graphics display and trip unit. The two divisional refuel zone
channels share a two-pen strip chart recorder and the two divisional reactor zone
channels share a two-pen strip chart recorder in each unit. All equipment is located
in the control room except for the detectors and the signal

splitters.'ower

for this system is from the 120VAC Reactor Protection System Busses "A"

and "B." Bus A supplies power to one monitor and Bus B supplies power to the
other monitor.

Each channel has two trips, an upscale trip which indicates high radiation and a
downscale/inop trip which indicates instrument malfunction. The upscale channel
trip requires that both detectors in the channel indicate high radiation to trip. The
downscale channel trip requires that one of the two detectors in a channel indicate
either downscale radiation or that it is inoperative to trip. If there is one upscale
channel trip or two downscale/inop channel trips from the two channels in any zone,
the ventilation system of the affected zone is isolated, the Standby Gas Treatment
System is initiated and the Primary Containment System is initiated closing various
ventilation supply, purge, and exhaust paths. When any reactor zone is isolated
the refuel zone (which is common to all three units) also isolates.

The environmental power supply design conditions are given in applicable design
output documents.

7.12.5.4 Safet Evaluation
H

The physical location and monitoring characteristics of the Reactor Building
Ventilation Radiation Monitoring System Channels are adequate to provide
detection capability for abnormal amounts of radioactivity in the Reactor Building
and initiate isolation. The redundancy and arrangement of channels are sufficient
to ensure that no single active component failure can prevent isolation when
required. During fuel handling operations (including criticality tests with the head
off), the Refueling Zone Monitoring System acts as an engineered safeguard
against the consequences of the refueling accident. The response of the Reactor
Building Ventilation Radiation Monitoring System to the refueling accident is
presented in Chapter 14, "Plant Safety Analysis."

During planned operation other than refueling, the radiation monitoring system
simply acts as a process safety system in monitoring the Reactor Building
atmosphere for abnormal radioactivity resulting from nuclear system leakage. In the
event of a refueling accident, this equipment initiates a containment isolation signal
and the Standby Gas Treatment System.



7.12.5.5 lns ection andTestin

The trip circuits are tested by using test signals or portable gamma sources.

7.12.6 Plant Ventilation Exhaust Radiation Monitorin S stem

The objectives of the Plant Ventilation Exhaust Radiation Monitoring System are to
record the release of radioactive material from the plant buildings to the environs
and alarm when preset limits are reached.

7.12.6.2 Safet Desi n Basis

The Plant Ventilation Exhaust Radiation Monitoring System shall record the rate of
release of gaseous and airborne radioactive material to the environs, so that
determination of the total amounts of gaseous and airborne activity released is
possible.

7.12.6.3 ~6

The Plant Ventilation Exhaust Radiation Monitoring System consists of 10
Continuous Air Monitors (CAM), each one their own subsystem. One subsystem
separately samples the normal ventilation exhaust of the Turbine Building, reactor
zone and refueling zone on each of three units; one subsystem monitors the normal
ventilation exhaust from the Radwaste Building; two subsystems monitor the upper
atmosphere of the Turbine Building near the Turbine Building roof ventilation
exhausts on each of three units. These ventilating systems are described in
subsection l0.12, "Heating, Ventilating and Air-Conditioning", and subsection 5.3,
"Secondary Containment System".

Each subsystem consists of an assembly for monitoring Noble gases and filter
capability for monitoring iodine and particulate activity. High activity or monitor
malfunction is alarmed in the main control room. The activity levels are displayed
locally and are able to be selected in the main control room of Unit 1 for display or
recording on a common indicator and printer. Redundant consoles, controllers and
paper take-up reels are installed in the 1-9-44 panel of Unit 1. This provides an
auto transfer to the backup unit on failure of control room components. The
specifications for the system are given in applicable design output documents.

7.12.6.4 Safet Evaluation

The plant ventilation exhaust radiation monitors have been selected with monitoring
characteristics sufficient to provide plant operations personnel with accurate
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indication of radioactivity being released to the environs via the plant ventilation
exhaust systems.

7.12.6.5 Ins ection and Testin

Each individual subsystem is tested and calibrated on a regular baSis.

7.12.7 Unit Sharin of Monitorin S stems

Four process radiation monitoring systems are shared among the three nuclear
units. These are the Main Stack Radiation Monitoring System, the Reactor Building
Ventilation Radiation Monitoring System, the Plant Ventilation Exhaust Radiation
Monitoring System and the Liquid Radwaste Effluent Monitor. See Section 7.5 of
Appendix F for detailed information.
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7.13 AREA RADIATIONMONITORING SYSTEM

7.13.1 Power Generation Ob ective

The objective of the Area Radiation Monitoring System is to warn of abnormal gamma
radiation levels in areas where radioactive material may be present, stored, handled, or
inadvertently introduced.

7.13.2 Power Generation Desi n Basis

1. The Area Radiation Monitoring System shall provide operating personnel with a record
and an indication in the control room of gamma radiation levels at selected locations
within the various plant buildings.

2. The Area Radiation Monitoring System shall provide local alarms where it is necessary
to warn personnel of substantial immediate changes in radiation levels.

3. The Reactor Building Ventilation Radiation Monitor provides a safeguards containment
isolation signal in the event of a refueling accident, as described in Section 7.12.5.

7.13.3 ~03
7.13.3.1 Monitors

The Area Radiation Monitoring System is shown as a mechanical control diagram in Figure
7.12-2a, Sheet I. A typical channel consists of a combined sensor and convertor unit, a
combined indicator and trip unit, a shared power supply, a shared multipoint recorder, and a
local audio alarm auxiliary unit.

Each monitor has an upscale trip that indicates high radiation and a downscale trip that may
indicate instrument trouble. These trips sound alarms but cause no control action. The
system is powered from the 120-V AC instrument bus (see Subsection 8.7). The trip circuits
are set so that loss of power causes an alarm. The environmental and power supply design
conditions are given in applicable design output documents.

7.13.3.2 Locations

Work areas where monitors are located are tabulated in Table 7.13-2. Annunciation and
indication are provided in the control room.

7.1334 Ins ection and Testin

An internal trip test circuit, adjustable over the full range of the trip circuit, is provided. The
test signal is fed into the indicator and trip unit input so that a meter reading is provided in
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addition to a real trip. All trip circuits, with the exception of the upscale trip circuit, are of t
latching type and must be manually reset at the front panel.

A portable calibration unit is also provided. This is a test unit designed for use in the
adjustment procedure for the area radiation monitor sensor and converter unit. The source is
Co60 of approximately 350 pCi strength. An opening in the calibration unit is designed to
receive the sensor converter unit. Located on the back wall of the cylindrical lower half of the
cavity is a window through which radiation from the source emanates. A chart on each unit
indicates the radiation levels available from the unit for the various control settings.

7.13.5 Additional Area Radiation Monitorin S stems

7.13.5.1 Power Generation Ob'ectives

The objective of the Additional Area Radiation Monitoring Systems is to provide diversity in
radiation detection devices to warn of abnormal radiation conditions that may be present.

7.13.5.2 Power Generation Desi n Basis

The Additional Area Radiation Monitoring Systems shall provide operations personnel with
alarms locally and/or in the Main Control Room of the presence of radiation levels in excess
of pre-established limits based on the particular system design.

1 13.5.3 .~0

The Additional Area Radiation Monitoring Systems are as follows:

7.13.5.3.1 Air Particulate Monitorin Subs stem

The continuous air particulate monitoring subsystem consists of self-contained units which
sample and measure concentrations of radioactive airborne particulates at various plant
locations. The continuous air monitors (CAMs) draw air through a sample assembly which
contains a filter for particulate collection and detectors for measuring radioactivity levels in
the collected particulates. Radioactive check sources and other means are provided to verify
proper instrument response.

The CAMs located in the reactor, turbine, and radwaste buildings provide readouts and
alarms locally and in unit control rooms. The remaining CAMs only provide local readout and
alarms. The CAM units provide a means to alert personnel in the affected area as well as the
control room (where applicable) of changes in airborne radioactivity concentration above
predetermined levels.

CAMs are maintained in locations where significant radioactive airborne particulate tconcentrations could occur, such as equipment spaces for operational reactors versus those
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areas with equipment in long-term layup status. Additional airborne particulate monitoring is
conducted by plant personnel using existing plant procedures.

7.13.5.3.2 Local Radiation Subs stem

The local radiation monitoring subsystem consists of ratemeters mounted throughout the
plant area, Radwaste Building, and Service Building. The units provide a means whereby
personnel engaged in work areas, where their job may require physical contact with
radioactive materials, can do their own checking either as a routine or in special or unusual
cases such as accidental spills, etc. Each monitor is located for operator convenience in
scanning clothing, hands, and feet. A front-mounted speaker with volume control provides
audible count rate indication. There is also a high-frequency audible alarm, which is
actuated from an adjustable setpoint for warning of high radiation.

7.13.5.3.3 Personnel Contamination Monitor Subs stem

Personnel contamination monitors are provided at major access points from designated
radiologically controlled areas within the plant. Alarms are provided on these instruments to
identify radioactive contamination on worker's skin or clothing.

7.13.5.3.4 Portal Monitorin Subs stem

The portal radiation monitoring subsystem monitors all personnel leaving the plant area for
radioactivity, including hand-carried personal articles. The radiation monitors in the portal
serve as a final check against the transport of radioactivity by personnel exiting plant
protected area.

Radiation monitors are located in each plant access control building for personnel egress.
The radiation monitors have visual and audible alarm capability to alert personnel of potential
radioactivity release.

7.13.5.3.5 Door Access Control Subs stem

There are several areas in the Turbine, Reactor, and Radwaste Buildings where the entry of
personnel must be controlled because of radiation levels. The door access control
subsystem provides an audible and visual alarm in the control room of doors which are
opened.

7.13.5.4 Ins ectionandTestin

Each Additional Area Radiation Monitoring Subsystem will be given periodic inspection and
calibration using electronic test equipment and calibration sources as required to assure that
all devices are calibrated properly and available for operations personnel.
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7.14 D ell Leak Detection Radiation Monitorin S stem

7.14.1 Safet Ob'ective

The safety objective of the Drywell Leak Detection Radiation Monitoring System is
to maintain containment integrity when subjected to a primary containment isolation
signal, to prevent the release of radioactive material to that area of the plant outside
of the containment boundary.

7.14.2 Power Generation Ob'ectives

The objectives of the Drywell Leak Detection Radiation Monitoring System are to
provide diversity in primary coolant leak detection ability and to annunciate
abnormally high concentrations of radioactive particulates, iodines, and Noble
gases within the drywell due to primary coolant leakage (Unit 1 only). The
comparable Unit 2 and 3 systems shall provide similar diversity in primary coolant
leak detection ability and willannunciate abnormally high concentrations of
radioactive particulates and Noble gases within the drywell due to primary coolant
leakage.

7.14.3 Power Generation Desi n Basis

The Drywell Leak Detection Monitoring System shall provide operations personnel
with indication and alarms, both locally and in the main control room, of the
presence of radioactive particulates, iodines, and Noble gases in excess of
preestablished limits based on the particular system/plant design (Unit 1 only). The
comparable Unit 2 and 3 systems will provide indication and alarms, both locally
and in the respective main control rooms, of the presence of radioactive particulates
and Noble gases in excess of pre-established limits based on the particular
system/plant design.

7,14,4 Q~i1
The Drywell Leak Detection Radiation Monitoring System consists of three
Continuous Air, Monitors (CAMs), one CAM per unit, located on the 593'levation of
their respective reactor buildings. Each CAM's supply and return lines are piped to
allow selectable or composite samples from above the main steam relief valves
and/or the recirculation pumps.

The Unit 1 system utilizes a CAM which is a self-contained radiation detection
instrument capable of monitoring particulates, iodines, and Noble gases and
providing local indication and alarms. The Units 2 and 3 systems utilize CAMs
which are self-contained microprocessor based radiation detection instruments
capable of monitoring radioactive particulates and Noble gases and providing local
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indication. Operator selected operating parameters for the Units 1, 2, and 3 CAMs
are stored in the non-volatile random access memory to prevent erasing during
power outages.

Each CAM is hard wired to its respective main control room to provide indication
and alarm capabilities in the main control rooms.

The sample inlet of the Unit 1 CAM is routed through a two-chambered sampler
assembly where the process stream goes through a filter paper, on which any
particulate is deposited, then through the charcoal cartridge which traps the iodines,
and into the gas chamber for low-range Noble gas measurement. The process
stream goes through the solid state flow sensor, then through the pump, and finally
to the sample outlet.

The sample inlets of the Unit 2 and Unit 3 CAMs are routed through a
sampler/detector assembly where the process stream goes through filter paper
which is monitored for particulate activity, then through a charcoal cartridge for
removal of iodines and then into the gas chamber for low-range Noble gas
measurement. The charcoal cartridge may be removed periodically to monitor for
iodines. The process stream goes through the solid state flow sensor then through
the pump and finally to the sample outlet.

Radioactive check sources are utilized for periodic checking of the detectors and
the electronics for proper responses to pre-determined radiation levels.

7.14:5 Safet Evaluation

The sample and return lines of each CAM are equipped with containment isolation
valves which automatically close on a Primary Containment isolation Signal (A, F,
and Z) as described in Section 7.3.4.7. Thus, the system provides primary
containment integrity when required, satisfying the safety objective.
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7.16 PROCESS COMPUTER SYSTEM

7,16,1 ~St I Qb

A process computer is provided for each unit which will supplement procedural
requirements for the control of rod worth during control rod manipulations during
reactor startup and shutdown. The Unit 2 and 3 process computer, also referred to
as the Integrated Computer System (ICS), provides similar functions as the Unit 1

computer. The following sections will describe the Units 2 and 3 ICS only.

7.16.2 Power Generation Ob'ective

The power generation objectives of the Process Computer System are to provide a

quick and accurate determination of core thermal performance, to improve data
reduction, accounting, and logging functions for both the nuclear boiler and balance
of plant equipment, and to supplement procedural requirements for control rod
manipulation during reactor startup and shutdown.

7.16.3 Safet Desi n Basis

The rod worth minimizer subsystem of the process computer shall provide inputs to
the rod block circuitry to supplement and aid in the enforcement of procedural
restrictions on control rod manipulation, so that rod worth is limited to the values
assumed in plant safety analysis.

7.16.4 Power Generation Desi n Basis

1. The Process Computer System shall be designed to periodically determine
the three-dimensional power density distribution for the reactor core and
provide printed logs which permit accurate assessment of core thermal
performance.

2. The Process Computer System shall provide continuous monitoring of the
core operating level and appropriate alarms based on established core
operating limits to aid the operator in assuring that the core is operating within
acceptable limits at all times, including periods of maneuvering.
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7.16.5.1 Com uter S stem Com onents

7.16.5.1.1 Central Processor

The central processor performs various calculations, makes necessary
interpretations, and provides for general input/output (I/O) control and buffered
transmission between I/O devices and memory.

The central processor is a VAX6000-series computer linked via Ethernet to a
PDP-11-series and Alpha computer. The PDP-11 computer communicates to the
rod control system and performs the RWM function. It also passes rod data to the
VAXfor use in core monitoring by the Alpha. The Alpha performs three dimensional
core monitoring. The VAXperforms all other functions including core monitoring,
steam plant monitoring, and servicing of user terminals and peripherals located
around the plant.

7.16.5.1.2 Ta e and Disk Subs stem

Each VAXhas a minimum of 369 gigabits of hard disk storage and several tape
drive units for off-line storage of data and programs. Each PDP-11 has a minimum
of 600 megabytes of hard disk storage and a tape drive. Each Alpha has 8 gigabits [

of hard disk storage.

7.16.5.1.3 Peri heral In ut/Out ut Subs stem

Peripherals with the ICS include several color graphic terminals (see 7.16.5.1.5),
printers, color copiers, and digital display units distributed among the main control
room, TSC, computer room, and some areas outside the power block.

7.16.5.1.4 Process In ut/Out ut Subs stem

For the VAX, the process I/O hardware consists of centrally located high-speed
scanning multiplexers capable of scanning and time-tagging input readings. A high
precision clock is connected to those multiplexers with "sequence of event" digital
inputs providing several millisecond (msec) resolution for these time critical points.
Any point connected to the VAXmultiplexers is capable of being scanned from
every 100 msec to every 60 seconds selectable through software settings. These
same multiplexers provide latched digital outputs to operate alarms, etc. For the
PDP-11, dedicated digital multiplexers are provided to allow interface to the Reactor
Manual Control System.
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The ICS inputs are composed of various nuclear system instrumentation to provide
status and monitoring of core performance, operations status, and rod worth
minimizer function. Note that other inputs are composed of instrumentation related
to steam plant performance monitoring and other monitoring functions.

7.16.5.1.5 0 erator Consoles

The main control room is provided with several color graphic terminals which
graphically display information about the status of the plant and its various systems.
The terminals are provided with a standard typewriter keyboard, multiple dedicated
function keys, and a touch sensitive faceplate on the CRT monitor. All functions
can be accessed by touch screen and/or keyboard use.

7.16.5.1.6 Pro rammin and Maintenance Console

The programming and maintenance consoles, located in the computer room, permit
control of the computers for troubleshooting and maintenance functions.

7.16.5.2 Reactor Core Performance Function

7.16.5.2.1 Power Distribution Evaluation

The local power density of every six-inch segment for every fuel assembly is
calculated, using plant inputs of pressure, temperature, flow, Local Power Range
Monitor (LPRM) levels, control rod positions, and the calculated fuel exposure.
Total core thermal power is calculated from a reactor heat balance. A three
dimension diffusion theory based core model is used to establish a compatible
relationship between the core coolant flow and core power distribution. The results
are subsequently interpreted as local power at specified axial segments for each
fuel bundle in the core.

The core evaluation analytical sequence is completed periodically and on demand,
requiring several minutes to execute. Subsequent to executing the program the
computer prints a periodic log for record purposes.

7.16.5.2.2 LPRM Calibration

Flux level and position data from the Traversing Incore Probe (TIP) equipment are
read into the computer. The computer evaluates the data and determines gain
adjustment factors by which the LPRM amplifier gains can be altered to compensate
for exposure-induced sensitivity loss. The gain adjustment factor computations
indicate to the operator when such a calibration procedure is necessary.
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7.16.5.2.3 ~FI 2

Using the power distribution data, distribution of fuel exposure increments from the
time of a previous power distribution calculation is determined and is used to
update the distribution of cumulative fuel exposure. Each fuel bundle is identified
by batch and location, and its exposure is stored for each of the axial segments
used in the power distribution calculation. These data are printed out on demand
by the operator.

7.16.5.3 Rod Worth Minimizer Function

The rod worth minimizer (RWM) function assists and supplements the operator with
an effective backup control rod monitoring routine that enforces adherence to
established startup, shutdown, and low power level control rod procedures. The
computer prevents the operator from establishing control rod patterns that are not
consistent with both defined Bank Position Withdraw Sequence (BPWS)
sequencing constraints and corresponding prestored RWM sequences.
Sequencing errors shall initiate appropriate rod select block, rod withdrawal block,
and rod insert block interlock signals to the Reactor Manual Control Systems rod
block circuitry. The RWM sequences stored in the computer memory are based on
control rod withdrawal procedures designed to limit (and thereby minimize)
individual control rod worths to acceptable levels as determined by the design basis
rod drop accident.

The RWM function does not interfere with normal reactor operation, and in the
event of a failure does not itself cause rod patterns to be established which would
violate the above objective. The RWM function may be bypassed and its rod block
function disabled only by specific procedural control initiated by the operator.

The RWM function runs on the PDP-11 computer. A small color graphic monitor is
mounted on a panel in the control room to provide primary I/O to the operators. The
terminal has a touch sensitive screen. A small strip of buttons for hardwired
indicators and system controls is mounted under the monitor.

7.16.5.3.1 ~R73M I 6

The following operator and sensor inputs are utilized by the RWM:

Rod Test Sequence (touch area activated)

By selecting this input option, the operator is permitted to withdraw and
reinsert any one control rods in the core while all other control rods are
maintained in the fully inserted position.
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b. Normal/Bypass Mode

An administratively controlled switch is provided to permit the operator to
apply permissives to RWM rod block functions at any time during plant
operation.

System Initialize

This input is initiated by the operator to start or restart the RWM programs
and system at any time during plant operation.

d. Scan/Relatch

Forces a full core scan, and relatches to the loaded RWM sequence if the
RWM is operable and power is below the LPAP.

e. Substitute Control Rod

Allows the operators to manually enter control rod positions for rods with
defective position indicators.

System Diagnostic

Allows checking of rod block annunciators.

g. Control Rod Selected

The RWM recognizes the binary coded identification of the control rod
selected by the operator.

h. Control Rod Position

The RWM recognizes the binary coded identification of the control rod
position.

Control Rod Drive Selected and Driving

The RWM utilizes this input as a logic diagnostic verification of the integrity
of the rod select input data.
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Control Rod Drift

The RWM recognizes a position change of any control rod using the control
rod drift indication. This information is used to evaluate requirements for
automated full core scan updates and the status for permissible withdrawal
or insertion of subsequently selected rods.

Reactor Power Level

Feedwater flow and steam flow signals are used to implement two digital
inputs to permit program control of the RWM function. These two inputs, the
low power setpoint and the low power alarm setpoint, are used to disable the
RWM blocking function at power levels above the intended service range of
the RWM function.

Permissive Echoes

Rod select, rod withdraw, and rod insert permissive echo inputs are utilized
by the RWM as a verification "echo" feedback to the system hardware to
assure proper response of a RWM output.

Diagnostic Inputs

The RWM utilizes selected diagnostic inputs, such as cabinet over
temperature and multiplexer on-line status, to verify the integrity and
performance of the processor and associated data acquisition hardware.

7 t6 532 ~R77M 0 7

The RWM provides isolated contact outputs to plant instrumentation as follows:

Blocks

The RWM is interlocked with the Reactor Manual Control System to permit or
inhibit selection, withdrawal, or insertion of a control rod. These actions do
not affect any normal instrumentation displays associated with the selection
of a control rod.

Scan Mode

This RWM output is used to synchronize acquisition of control rod position
data during the scan mode.
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7.16.5.3.3 RWM Indications

The following information is available from both the color graphic monitor display
located in the control room and the maintenance console in the computer room:

a. Sequence selected

b. Current group

c. Currently selected rod

d. Rods in group by ID

e. Rod positions

Insert limit

g. Withdraw limit

h. Insert error(s) by rod ID

Withdraw error by rod ID

Insert block

k. Withdraw block

Rod select warning

m. Rods with substituted positions

n. Status of sequence control

o. View sequence forward/backward

p. Emergency insert list

7.16.544 Alarm and Lo in Functions

7.16.5.4.1 A~IAI
a. The following alarm checks are available for any analog input:

Sensor limit check
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Prior to engineering unit conversion, the point is checked against its
defined transducer range. If found outside this range it is set to a bad
quality.

Reasonability check

The point is compared to its defined engineering range, and is assigned a
bad quality if it is outside that range.

User settable Hl/HIHI/LO/LOLOchecks

For each of six "Modes" any point may have HI,HIHI,LO,and LOLO alarm
settings, providing up to 24 different alarm settings per point.

Alarm by reference to another analog point

Any point can be set to alarm if it exceeds another point's value, thus
providing variable alarm

limits.'.

All points in alarm will show u'p on the color graphic alarm display. Printing
of alarm/return to normal on the designated printer in the control room can be
selected on a point by point basis.

776542 ~Di ii iAi

All digital points can be set to alarm in either state (on/off, etc.), and will show up on
the alarm display point. It can be selected whether the point alarm will be printed in
the control room.

7.76.54.3 A~ltli
History of alarms is maintained in the on-line archive. Any change in quality code
(i.e., alarm) is automatically entered in the archive. The archive is sized to maintain
approximately the most recent two weeks of plant data.

7.16.5 4.4 locOs

The ICS has the ability to produce various logs which can be printed on a periodic
basis, upon occurrence of a plant trip or other event, and on operator demand.

7'.16.5.5 Balance of Plant Functions

Additional balance of plant functions are monitored as required.
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7.16.6 Safet Evaluation

As described in Section 14 ("Plant Safety Analysis" treatment of the control rod drop
accident), the maximum rod worth below 10 percent power assumed was 0.025 d,k.
The rod worth minimizer operates to maintain the maximum rod woIth below
0.01 hk. At power levels above 10 percent of rated, the maximum rod worth
possible was assumed in the control rod drop accident cases; thus no rod worth
control is required above 10 percent of rated power. Should the rod worth
minimizer or program be inoperative for any reason, the reactor operator can
maintain acceptable rod worth by adhering to preestablished control rod patterns
and sequences when below 10 percent of rated power.

7.16.7 Ins ection and Testin

The Process Computer System is self checking. It performs diagnostic checks to
determine the operability of certain portions of the system hardware, and it performs
internal programming checks to verify that input signals and selected program
computations are either within specific limits or within reasonable bounds.
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7.18 BACKUP CONTROL SYSTEM

7.18.1 Desi n Obectives

The design objective of the Backup Control System is to provide: (1) a means to
safely shut down the plant from locations outside the Main Control Room following
an orderly evacuation therefrom and following progressive, undefined damage to
the control room, and (2) a sufficient complement of suitable instrumentation and
controls to bring the plant to the cold condition in an orderly fashion and maintain it
in that state indefinitely.

7,18,2 ~Oi H

The Backup Control System shall be designed to:

a. Provide safe shutdown of any or all of the units in the plant after gross
damage to the Main Control Rooms, contiguous rooms at the same level as
the control bay, the Spreading Room, and contiguous rooms below the
control bay within either (but not both) of the two fire zones therein.

b. Provide redundant or diverse controls over the methods for cooling the
reactors and removing heat dissipated to the containments.

c. Perform its function without creating any new common points of vulnerability
in the control complex.

d. Perform its function without obtaining information from retransmitters or other
sources in the zones of common hazard listed in (a) above.

e. Prevent failure in or to the backup control information readout equipment
indicators from influencing the redundant readout equipment in the control
room.

Maintain the separations of the divisions of backup control outside the main
control bay such that no failure will deprive the plant of essential shutdown
services.

Consistent with (c) above, transfer control from the control room to the
dispersed locations irrespective of the condition of the circuits in the control
room such as shorts, opens, or grounds.

h. Provide control room annunciation of any transfer switch that is turned from
its normal position.
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Provide only shutdown capability from a normal operating state without
consideration of any other accidents, such as LOCA, prior to or after the
event that damages the control room.

Shut the plant down to essentially the same state as would occur with a loss
of offsite power without incremental fuel failures.

k. Correct any spurious opening of valves which would lead to a loss of coolant
or admission of high pressure fluids to low pressure systems.

Provide for operation of valves for only essential services, such as main
steam, RBCCW, RHR, EECW, ADS, etc. (The general function of
containment isolation is not required to be operable.)

m. Provide environmental protection for operators and equipment irrespective of
the condition in the control room.

Provide for initiating and maintaining backup control with the reactors at any
normal operating pressure level.

o. Provide for implementing of backup control with onsite power automatically
available upon loss of offsite power; however, manual controls of the diesel
generators shall be available as a backup for automatic transfer on loss of
offsite power.

p. Provide for load dispatching from an independent information center in the
Diesel Generator Building to replace the electrical control board in the Unit
1-2 Main Control Room.

Have redundant, sound-powered telephone systems between the backup
control centers: the shutdown board rooms, the Diesel Generator Building,
the RCIC relay panel, and any other necessary locations.

Provide for operation of the fire pumps directly from the 4160-V shutdown
boards irrespective of the condition of the control room.

7.18.3 Descri tion

The Backup Control System is a variation of the normal system used inside the
control room to shut down the reactor when normal feedwater and electrical control
power supplies are not available and the normal heat sinks (turbines and
condensers) may not be available. Reactor pressure is controlled and reduced,
while decay heat and sensible heat are removed, by dumping steam through the
power operated main steam relief valves to the suppression pool. The reactor
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pressure boundary is protected by the backup controls so that spurious openings of
valves which could cause a loss of coolant or admit high pressure to low pressure
piping systems are prevented.

Reactor water inventory is maintained by RCIC while the reactor(s) are above 150
psig and augmented as desired (but not necessarily) by the control rod drive pumps
while the reactor(s) are above 150 psig. Below 150 psig, makeup water is supplied
from the RHR as well as from control rod drive pumps or RHRSW pumps; the
suppression pool is cooled by circulating the principal flow through the RHR pumps
into and through the torus via the test bypass. The valves are designed for
throttling.

Two RHR pumps per unit, all RHRSW pumps, and two heat exchangers per unit are
equipped with backup controls to provide redundancy. On a three-unit basis, only
one RHR pump, one RHR heat exchanger, and one RHRSW pump (operating as a
raw cooling water source to the heat exchanger) are necessary to be concurrently
operated per unit for reactor and suppression pool cooling. The other two RHR
Systems not equipped for backup control are locked out to avoid starting by
spurious signals. Two of the RHRSW pumps are operated to provide raw cooling
water to the EECW System via both header systems. The EECW System is
provided with backup controls to ensure redundant operation of this system as an
entity. The Standby Coolant System valves (6 valves in the 3 units) are provided
with backup controls to supply raw water to temper the torus water in order to
ensure adequate NPSH for the RHR pumps in the event containment overpressure
is lost during heatup of the suppression pool. Therefore, the primary containment
system integrity is not essential but is highly desirable.

The onsite diesel generator system and associated shutdown boards are available
to the Backup Control System. Load control is directed from the "information
center" panel in the Diesel Generator Building by the Unit Supervisor who acts as a
load dispatcher just as he normally would using the electrical control board in the
Unit 1-2 control room. Actual operations of the necessary equipment to effect a
shutdown and cooldown are carried out from the shutdown board rooms, and
essential services are monitored from the backup control panels located in the
shutdown board rooms.

Undesired loads which might occur from circuit malfunctions are prevented by
manual switching at the boards. All board breakers (except transformer breakers)
are provided with transfer switches on the front of the individual panels at the
equipment locations. These transfer switches are two-position "Normal-Emergency"
switches which, when in "Emergency" mode, preclude as required. (Transformer
breakers are not subject to remote switching, which could be damaging.)
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7.18.4 S stem 0 eration

The Backup Control System is put in operation when the control room operators are
forced to evacuate. They would proceed to locations in the diesel building, and
shutdown board rooms, which are provided with suitable instrumentation and
controls from which they can effect and maintain a safe shutdown condition for an
indefinitely long time. The detailed procedures for implementing backup controls
will rely on the Shift Manager to initiate emergency action. Initially, the Shift
Manager makes an assessment of the situation and attempts corrective measures
to preclude evacuation. Ifabandonment becomes necessary, operators will scram
the reactor by the scram switches at the Main Control Room panel, trip the
recirculation pumps, start the onsite power system, and the EECW System (2
pumps). The main turbine is tripped and bypass operation is continued for as long
as possible. The operators are dispatched to the dispersed backup control centers
in the shutdown board rooms. The Unit Supervisor proceeds to the Diesel
Generator Building and becomes the load dispatcher for the electrical boards. The
first act the operators perform at the backup control centers is to operate the
transfer switches to disconnect all of the reactor power main steam relief valves
(this prevents spurious blowdown of the primary system), and then they operate the
transfer switches on the main steam line isolation valves to transfer control to the
Backup Control System. All other transfers are accomplished by special switches at
the switchgear and/or the motor control centers, except those at the RCIC which are
done at the RCIC relay panel in the Reactor Building near the backup control
center. After operation of all the transfer switches, the plant is then shut down in an
orderly manner to the cold condition.

7.18.5 Desi n Evaluation

The Backup Control System is not an engineered safety feature, but it is a design
feature to cope with major damage to either of two fire zones in the control bay and
a forced evacuation from the corresponding Main Control Room. Fires or some
other gross event could cause a forced evacuation of the Main Control Room, as
well as cause common damage and loss of the control circuits multiple divisions of
protection and safeguards equipment and auxiliary supporting systems. Primarily,
because of loss of control of the latter group of systems, the consequences of such
an incident could be that the operating condition of the affected units might degrade
to an indeterminate and/or unsafe state. This Backup Control System is designed
to prevent this degradation, irrespective of the condition of the control and
spreading rooms, and the circuits and equipment therein. (However, the event
which occurred to cause such damage is considered to be a major damaging event
in its own right, and is not an event preceding or following a loss-of-coolant
accident.)
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In effect, the system provides protection against damage in a "zone" of common
hazard and the backup system is physically and electrically separated from
damaging influence from the affected zone. The system provides redundancy or
diverse means to effect a cold shutdown condition considering the single failure
criterion.

The transfer switches are of the maintained contact type, and transfer of any switch
to the emergency position is annunciated in the Main Control Room.

The addition of the Backup Control System does not introduce any new common
points of vulnerability, nor does it create any significant new hazards to existing
safety circuits. Thus, the plant will not endanger the health and safety of the public
under the condition of forced evacuation of the control room, even if unspecified
damage occurs in the control room or in that zone of the control bay.

7.18.6 Ins ection and Test

Any malpositioned transfer switches can be detected during operation and
immediate corrective measures will be taken. Operability of components from the
Backup Control Center will be tested to the extent practical once per operating
cycle. This includes testing of transfer of control of active components and
instrument calibration.
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7.19 ANTICIPATEDTRANSIENT WITHOUTSCRAM

7.19.1 Desi n Obectives

The objective of the design is the mitigation of Anticipated Transient Without Scram
(ATWS). ATWS is to provide an alternate means of bringing the reactor from full
power to a cold shutdown condition independent of the normal means of shutdown.
For BWR's, the required systems are Standby Liquid Control system, the Alternate
Rod Injection portion of Control Rod Drive system and the Recirculation Pump Trip
(RPT) system.

The ATWS/RPT-ARI system is designed to meet the requirements of 10 CFR 50.62
and NRC guidance (NRC Generic Letters 85-03 and 85-06), which require the
following:

the system must be diverse and independent of the Reactor Protection
System (RPS), from sensor output to the final actuation devices,
redundant scram air header exhaust valves, and
designed to perform its functions in a reliable manner.

It is not required to be redundant, or to function during or after a seismic event, a
design basis accident or a sense line failure.

The ATWS design is intended to mitigate any abnormal operational transients, as
defined in FSAR section 1.4.

The BFN Standby Liquid Control system is described in section 3.8, and the
ARI-RPT system is described in the following sections.

7.19.1.1 Alternate Rod In'ection ARI Desi n Ob'ectives

The performance objective for ARI is that rod insertion should be completed within
one minute of initiation to preclude degradation of the fuel cladding, and should also
be completed prior to scram discharge volume pressurization or fill.

7.19.1.2 Recirculation Pum Tri RPT Desi n Ob'ectives

To automatically trip the reactor coolant recirculation pumps on conditions
indicative of an ATWS.

7.19.1.3 Standb Li uid Control S stem SLCS Desi n Ob'ectives

To provide a soluble boron concentration to the reactor vessel sufficient to bring the
reactor from full power to a cold shutdown condition.
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7.19.2.1 ARI Desi n Bases

The ARI function is initiated by high reactor vessel pressure or low reactor
water level conditions. Setpoints to initiate ARI should allow'he normal
scram function to actuate first.

2. The scram air header should be depressurized in sufficient time that rod
insertion following the ARI actuation signal occurs quickly enough that all
rods will be fully inserted by the time the scram discharge volume (SDV) is
full.

3. Rod insertion motion should be completed within sufficient time from ARI
initiation for the safety considerations to be met.

4. Within ten seconds following ARI completion, the ARI function shall be
capable of being reset, ifautomatic initiation signals have cleared, so that
manual scram may again be attempted if it has been reset.

5. The ARI must be capable of functioning during loss of off-site power, but the
power source is not required to be Class 1E. The power supply for ARI must
be from non-interruptable power.

6. The ARI logic, circuitry and valves (and all other components, unless
specifically excluded in 10CFR50.62 or elsewhere in this document) should
be energize-to-trip.

7. The ARI system shall be diverse from the reactor trip system from sensor
output to the actuation devices.

8. The ARI system shall have redundant scram air header exhaust valves.

9. The ARI system shall be designed to perform its function in a reliable
manner.

7.19.2.2 RPT Desi n Bases

The reactor coolant recirculation pumps shall automatically trip on high reactor
vessel pressure or low reactor water level conditions.

7.1 9-2



BFN-16

7.19.2.3 SLCS Desi n Bases

The SLCS shall have the capability of injecting into the reactor pressure vessel a
borated water solution at such a flow rate, boron concentration and boron-10
enrichment that the resulting reactivity control is at least equivalent to 86 gallons
per minute of 13 weight percent sodium pentaborate solution at the natural
boron-10 isotope abundance.

7.19.3 Descri tions

An ATWS is an expected operational transient (such as loss of feedwater, loss of
condenser vacuum, or loss of offsite power) which is accompanied by a failure of
the reactor trip system (RTS) to shutdown the reactor. The ATWS rule 10CFR50.62
requires specific improvements in the design and operation of commercial nuclear
power facilities to reduce the likelihood of failure to shutdown the reactor following
anticipated transients, and to mitigate the consequences of an ATWS event.

7 19 3 1 A~RI 0 1 9

The Alternate Rod Injection System (ARI) provides a path to reactor shutdown
which is diverse and independent from the RTS. The ARI system consists of one
three-way scram valve per trip system which will act to block control air upstream of
the control rod drive system hydraulic control units (HCUs) while dumping the
downstream side to atmosphere when an ATWS initiation signal is present for that
train. Additionally, three vent valves in each trip system ensure a rapid blowdown of
the air supply pressure to the HCU banks, as well as the scram discharge volume
(SDV) vent and drain header branch. Loss of control air pressure to the HCUs
causes control rod insertion by the control rod drive system.

71932 ~RPT0 1 9

The Recirculation Pump Trip (RPT) design will automatically trip the reactor coolant
recirculation pumps under conditions indicative of an ATWS.

7.19.3.3 SLCS Descri tion

The Standby Liquid Control System (SLCS) has the capability of injecting into the
Reactor Pressure Vessel a borated water solution to bring the reactor from full
power to a cold shutdown condition.
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7.19.4 Desi n Evaluation

7.19.4.1 ARI Desi n Evaluation

Slave trip units in the Analog trip units provide the ATWS reactor low level trip at
the Level 2 setpoint and the ATWS high reactor pressure trip. The trip setpoints
are selected such that a Reactor Protection System (RPS) low level scram and high
pressure scram will occur prior to reaching the ATWS initiation setpoints. A
coincident trip of either two low levels, or two high pressures, causes a reactor
scram by energizing one of two identical, independent trains of four alternate rod
injection valves (one to block the air supply, two to vent the hydraulic control
headers and one to vent the scram discharge volume drain and vent valve air
header). This depressurizes the control air supply to the hydraulic control units
which inserts the control rods independently of the reactor protection system.

The ARI system is designed to assure rod insertion within sufficient time to meet
safety considerations. In order to meet this criterion, it is necessary for BFN to
depressurize the scram air header as fast as possible. Therefore, several air dump
valves as well as air supply block valves are installed on the air supply headers for
the Control Rod Drive (CRD) Hydraulic System.

Within ten seconds following ARI completion, the ARI function is capable of being
reset ifautomatic initiation signals have cleared, so that manual scram may again
be attempted if it has been reset.

The ATWS ARI system is supplied power from the 250V DC Shutdown Board which
has battery backup. This provides a continuous, non-interruptable source of power,
so that the ARI system can perform its function in the event of loss-of-offsite power.
The power is isolated from the 1E source via safety-related isolation fuses.

AllARI logic, circuitry and valves are energize-to-function and are diverse from the
RTS.

Additionally, depressurization of the scram valve operators are assisted by venting
the air headers by two pairs of ARI vent valves. Each pair of vent valves are
located close to each of the two HCU banks in order to minimize the depressurizing
time of the scram air headers.

7.19.4.2 RPT Desi n Evaluation

The ATWS RPT system utilizes the Monticello design where the end-of-life (EOL)
breakers are used to trip the recirculating pumps. Two-out-of-two logic is utilized to
prevent spurious trip signals. This design provides inputs to two class 1E breakers
installed between each recirculation pump motor and its motor-generator (M-G) set.
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These beakers receive trip signals from both the End of Cycle RPS RPT and the
ATWS RPT. Separation between the End of Cycle RPS RPT and the ATWS RPT is
provided by separate trip coils. Physical separation is maintained between the
ATWS RPT and the RPS RPT wiring via a separate terminal block in the 4160V
RPT Board switchgear.

7.19.4.3 SLCS Safet Desi n Evaluation

(See FSAR Section 3.8, "Standby Liquid Control System"
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8.0 ELECTRICAL POWER SYSTEMS

8.1 Summa Descri tion

The Browns Ferry plant is connected into the TVAsystem network by seven 500-kV
lines. One line is to Madison substation, two to Trinity substation, one line each to
the West Point, Maury and Union substations, and one line to the Limestone 500-kV
Substation. Any three lines excluding more than one Trinity line can transmit the
entire station output into the TVAsystem network.

Normal station power is from the unit station service transformers connected
between the generator breaker and main transformer of each unit. Startup power is
from the TVA500-kV system network through the 500- to 20.7-kV main and 20.7- to
4.16-kV unit station service transformers. Auxiliarypower is available through the
two common station service transformers which are fed from two 161-kV lines
supplying the 161-kV switchyard, one line each from the Athens and Trinity
substations.

The standby source of auxiliary power is from eight diesel-driven generators.
These units start automatically on an accident signal, loss of voltage, or degraded
voltage on the associated shutdown board from self-contained starting air systems.

250-V DC Batte S stems

There are eleven 250-V DC battery systems for the station, each of which consists
of a battery, battery charger, and distribution equipment. Three of these systems
provide power for unit control functions and operative power for unit motor loads.
Three 250-V DC systems provides power for common plant and transmission
system control functions, drive power for a 120/240-V AC plant preferred motor-
generator set, emergency drive power for certain unit large motor loads, and
alternate drive power for two 120/240-V AC unit preferred motor-driven generator
sets. The five remaining systems deliver control power to five of the eight 4160-V
shutdown boards and four of the six 480-V shutdown boards.

48-V DC Batte S stems

There are three 48-V DC battery systems, each of which consists of a battery,
battery charger, and distribution panel. Two of these systems provide power to the
two annunciator systems and the third is the power source for part of the plant
communication system.
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120/240-V AC Unit Preferred S stems

The three 120/240-V single phase AC unit preferred systems are each supplied by
its associated motor-generator set which is normally driven by a low slip induction
motor supplied from"a 480-V AC shutdown board. An alternate 259-V DC drive
motor with two 250-V DC sources is provided on the common shaft to provide a
continuous 120/240-V AC single phase power source through an automatic transfer
from the AC drive motor to the DC drive motor. This system provides reliable power
to non-safety related loads.

120/208-V AC Instrument and Control Power Buses

There are two 120/208-V AC instrument and control power buses for each of the
three generating units. The instrument and control power bus for each unit is
supplied through a 208-208/120-V AC regulating transformer by its associated 480-
to 120/208-V transformer which, in turn, is also supplied from an independent 480-V
shutdown board. This provides an independent 120/208-V Class 1E 3-phase AC
control power bus for each of the redundant control and instrumentation channels
for each unit.

120/240-V AC Plant Preferred S stem

A 120/240-V single phase AC plant preferred system is supplied from plant AC with
an alternate from a motor-generator set with a 250-V DC drive motor that is started
upon loss of normal plant AC power. This system supplies the plant non-safety
related loads such as, chart drives, clocks, and certain communications equipment.

120/208-V AC Plant Com uter Power S stem

The 120/208-V AC plant computer power system is a computer power distribution
panel supplied by an uninterruptible power supply (UPS). The UPS receives input
power from a 480-V AC Non-Class 1E common board. The output of the UPS
provides normal and alternate 120/208-V AC power to the plant computer
distribution panel through a static transfer switch. A 250-V DC non-1E battery
board provides back-up power to the UPS.

120-V Reactor Protection S stem

There are two 120-V RPS buses for each of the three generating units. Each RPS
bus is supplied by a motor-generator set which is normally powered from a 480-V
Reactor MOV Board. Each bus has an alternate source from a 480-120-V
regulating transformer. Each RPS bus also has redundant class 1E isolators to
protect from low voltage, high voltage, and under frequency.
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24-V DC Power S stems

The 24-V DC power system for each unit consists of two separate and independent
24-V DC channels. Each channel has a +24-V DC and a -24-V DQ battery charger
connected in series with a common ground. The two battery chargers are
connected in parallel with two 24-V batteries having a common ground. The prime
source of power is from the battery chargers with the batteries serving as a backup
source of power. Each channel has an independent local distribution panel.

The 24-V DC power system supplies 24-V DC power to various monitoring
instrumentation during all modes of plant operation.

Power S stem Dis la Information

The design of the control boards provides adequate display of power sources and
distribution system status to Units 1 and 2 operators and to the Unit 3 operator.

The unit information displayed to the Unit 3 operator is equivalent to that displayed
to the Units 1 and 2 operators. Each operator has a complete mimic bus showing
the operator unit bus and the shutdown system. The operator also has control of
the unit station service transformer and the start bus feeds to the unit boards.

The operator can control the unit board feed to the common supply system. These
unit board breakers are manual breakers that supply power to the shutdown buses
or boards. The automatic breakers at the shutdown buses or boards would
determine which unit boards were feeding the shutdown system. Voltmeter selector
switches and voltmeters provide 4-kV and 480-V bus voltage display. Major 4-kV
feeder currents are displayed.

Shutdown system loading for all three units is either automatic or coordinated
through an assigned licensed operator. Manual loading of the system, utilizing
either onsite or offsite power, including those postulated for design basis events,
will require coordination (two or three units requiring operation of RHR systems
simultaneously). The system controls and instrumentation, including common
station service transformer temperature alarms, are located in the Unit 1 and Unit 2
control room area. Normal and backup communication between the operators is
available.

Control power display and control are essentially the same for all three units. There
is no common control point for control power that is analogous to the diesel control
boards in the Units 1 and 2 control room area.
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8.2 GENERATORS

The electrical generator of each unit has a rating of a normal continuous 1280 MVA
at 0.9 power factor and 22 kV. Each generator is hydrogen-cooled with
liquid-cooled stator. The generator neutral is grounded through a neutral
transformer and a secondary loading resistor. The generator is equipped with a
shaft-driven alternator exciter, an exciter field circuit breaker with discharge resistor,
silicon rectifiers, and solid-state-type voltage regulating equipment. Current
transformers are provided on the generator main and neutral terminals for relaying
and metering. Each generator is connected through a generator breaker with
force-cooled, isolated-phase bus to a bank of three single-phase transformers
which step up the generator voltage from 22 to 500 kV. One spare transformer is
provided.

Generator and Transformer Protective Rela s

High-speed, induction-type, percentage-differential relays protect the generator
stator windings against faults, and an inverse-time overcurrent relay with voltage
restraint protects it against abnormal overload. Generator or transformer grounds
are detected by an induction-type overvoltage relay on the neutral transformer.
Reverse power relays are provided to detect motoring of the generator. Additional
protective relays provided for generator protection include loss of field relay,
volts/hertz relay, negative sequence relay, generator field ground relays (For Units
2 and 3, the generator field ground relay annunciates and does not provide any
protective feature upon detection of generator field ground.), and generator breaker
failure relay.

The main power transformers are protected by variable percentage differential
relays with harmonic-restraint units. The main power transformer differential relay
zone includes the generator breaker, main power transformer, and the 500-kV
power circuit breakers. The unit station service auxiliary power transformers are
protected by percentage differential relays and instantaneous overcurrent relays.
Sudden-pressure devices on the main power transformers energize the differential
auxiliary relay for their respective transformers. The unit station service auxiliary
power transformers have additional ground fault protection with a long time
overcurrent relay connected in the transformer neutral ground circuit. In addition to
closing the turbine steam valves, removing generator excitation, opening the
generator breaker, and opening the associated power circuit breaker, the main
power transformer or unit station service transformers differential relay operation
automatically operates the fire-protection water sprinkling system surrounding the
transformer.
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Generator backup protection is provided by two directional offset mho distance
relays, arranged in two-out-of-two logic, connected to bushing current transformers
on the high-voltage side of the main power transformer, and by a breaker failure
relay for the generator breaker.
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8.3 Transmission S stem

8.3.1 General

The Browns Ferry Nuclear Plant Unit 2 and Unit 3 generators are connected into an
existing network supplying large load centers. Both units are tied'into TVA's 500-kV
transmission system via seven 500-kV transmission lines. The 161-kV switchyard is
supplied by two 161-kV transmission lines. The 500- and 161-kV switchyards
supply startup, running, and shutdown power through stepdown transformers. The
161-kV switchyard also supplies the cooling tower power. These sources have the
capacity and capability to meet the requirements of GDC-17.

The 500-kV connections consist of one line to the Madison 500-kV Substation; two
lines to the Trinity 500-kV Substation; one line to the Maury 500-kV substation; one
line to the West Point 500-kV Substation; one line to the Union 500-kV Substation;
and one line to the Limestone 500-kV Substation.

The 161-kV switchyard is supplied by two 161-kV transmission lines. One of these
lines is 10.94 miles long and connects to the Trinity 500-161-kV Substation, and the
other is 14.33 miles long and connects to the Athens, Alabama, 161-kV Substation.
The Athens Substation is, in turn, connected to the Ardmore, and North Huntsville,
Alabama, 161-kV Substations which have direct connections to the Wheeler Hydro
Plant and to the Madison 500 kV-Substation. The Trinity-Browns Ferry 161-kV
Transmission Line shares a 2.09-mile crossing with the Browns Ferry-Trinity No. 1

500-kV Transmission Line, crosses under all of the 500-kV transmission lines
emanating from the Browns Ferry 500-kV switchyard buses, and is on a common
right of way with the Browns Ferry-Trinity No. 1 500-kV Transmission Line for 1.31
miles.

The switchyard layout is shown on Figure 8.3-2. The physical layout of the 500-kV
and 161-kV lines is presented in Figure 8.3-2a. The TVAtransmission network is
shown in Figure 8.3-3.

8.3.2 Power Generation Ob'ective

1. The objective of the 500-kV switchyard is to receive the output of the station's
Unit 2 and Unit 3 generators and deliver this output to the 500-kV system
network for transmission to system loads. It also serves as an offsite power
source from seven 500-kV transmission lines through six unit station service
transformers into plant 4 kV AUXpower systems.

2. The objective of the 161-kV switchyard is to receive power from the 161-kV
system network and deliver this power to station auxiliaries. It also serves as
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an offsite power source through two common station service transformers for
Unit 2 and Unit 3.

8.3.3 Power Generation Desi n Basis =

The 500-kV switchyard is designed such that the output of the plant's Unit 2
and Unit 3 generators may be transmitted to various parts of the 500-kV
system network as the system load may require.

The 500-kV switchyard is designed to minimize the effects of failure of
individual items of equipment so that any such single probable event would
not prevent the output of the plant from being transmitted to the 500-kV
system network or prevent the 500-kV system from providing power to the
offsite power supply.

The 161-kV switchyard is designed such that power from two widely separated
points of the 161-kV system network is supplied to the common station service
and cooling tower transformers.

8.3 4 Safet Desi n Basis

The 500- and 161-kV switchyards are designed to minimize the effects of
failures of individual items of equipment so that any such single probable
event should not interrupt power from their respective system networks to the
station service transformers.

The 500- and 161-kV switchyards are designed to provide adequate offsite
power to start both units, carry common plant auxiliary loads and, when
necessary, to carry the emergency loads of equipment in engineered
safeguards systems for Unit 2 or Unit 3 in a design basis accident while
supplying the auxiliary power requirements of the non-accident unit stated
under Section 8.4.

The lines are separated sufficiently to ensure that the failure of any tower in
one line will not endanger the integrity of the 500-kV or the 161-kV
transmission systems. A tower failure at one transmission line crossing or in
the river crossing could remove from service two 500-kV and one 161-kV
circuits while a tower failure in several other areas could remove from service
one 500-kV and one 161-kV circuit. The Browns Ferry-Athens 161-kV
Transmission Line crosses under the West Point and Union 500-kV
Transmission Lines near the Browns Ferry Nuclear Plant and continues
parallel with the Browns Ferry-Madison No. 1 500-kV Transmission Line for
0.96 mile and crosses under each end of this 0.96-mile section. The lines in
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this section are separated sufficiently to ensure that the failure of any tower in
one line could remove from service no more than one 500-kV and one 161-kV
circuit. The Browns Ferry-Trinity 161-kV Line crosses under all seven 500-kV
lines near the plant.

TVA's transmission lines are designed to meet or exceed medium loading
requirements of the National Electrical Safety Code.

8,3,5 ~D

The 500-kV switchyard includes seven line bays and three transformer bays. The
500-kV switchyard has a main and transfer zigzag bus arrangement. The two main
bus sections are physically separated and the transfer bus sections can be
separated from the main bus sections by sectionalizing disconnect switches (see
Figures 8.3-4, 8.3-5, and 8.3-6).

Normally the main and transfer bus sections are tied together through their
respective sectionalizing disconnect switches. This permits the output of each
generator to be fed to each main bus section. One main bus has four lines and the
other main bus has three lines connected through their breakers. A fault that would
require either main bus section to be isolated from the system would allow the units
to continue to deliver their outputs to the remaining main bus uninterrupted. Each
line has a capacity of 1750 MVA. The lines of the uninterrupted main bus have the
capacity to transmit to the 500-kV system network the total output of all operating
units. Any of the 500-kV generator breakers may be removed from service without
interrupting any unit's output. Any line breaker may be removed from service by
using the spare breaker associated with its respective transfer bus section. This
can be accomplished without interrupting the power flow on the line.

The 161-kV switchyard includes four bays assigned as follows (Figure 8.3-6a):

1. Common station service transformer A, cooling tower transformer 1, two 161-
kV capacitor banks.

2. Athens 161-kV line,

3. 161-kV bus tie breakers, and

4. Trinity 161-kV line, common station service transformer B, Cooling Tower
Transformer 2.

Two physically separated feeders are provided to the two common station service
transformers which step down the voltage from 161 to 4.16-kV. Two separate
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feeders provide power to the cooling tower transformers. Power is received from
the 161-kV TVAgrid through the Trinity and Athens lines. Normally, the switchyard
will be operated with both tie breakers closed and all transformers energized.
Disconnect devices are provided to permit isolation of a line or a transformer for
maintenance. Both tie breakers can be taken out of service for maintenance
without the loss of either common station service transformer.

8.3.5.1 ~50D-kV/R

The 500-kV switchyard is provided with two sets of bus differential and carrier line
protective relays. Breaker failure relays are provided for backup protection.

8.3.5.2 ~/5/-kk/~

The 161-kV lines are protected by three-zone step distance phase relays
augmented with directional comparison carrier blocking and have directional
overcurrent carrier ground and backup ground relays. When the line relays
operate, the 161-kV breaker, and the secondary breakers of the startup transformer
associated with the faulted line are tripped. The start buses and cooling tower 4-kV
switchgear are transferred to the transformer supplied from the unfaulted line. The
161-kV breakers are equipped with high-speed and standard-speed reclosing.

Each of the 161- to 4.16-kV transformers is protected by variable percentage
harmonic restrained differential relays, high set instantaneous overcurrent relays,
secondary neutral longtime overcurrent relay, and a transformer sudden pressure
device. These relays trip and lock out the 161-kV breaker, and the secondary
breakers associated with one transformer. The start buses and cooling tower 4-kV
switchgear are transferred to the transformer supplied from the unfaulted line.

In the event that the 161-kV breaker should fail to trip when required, breaker failure
relaying is provided to operate within less than zone-2 time. Current supervision is
provided from redundant current transformers.

8.3.6 A~nal ala

The seven transmission lines connected to the 500-kV switchyard and the two
transmission lines connected to the 161-kV switchyard have sufficient capacity to
supply the total required power to the plant's electrical auxiliary power system under
normal, shutdown, and loss of coolant accident.(LOCA) conditions for any single
transmission contingency. Power reaches each unit's auxiliary loads from the
500-kV system through its main transformer and its unit station service transformers
(USSTs) and from the 161-kV system over two physically independent 161-kV
transmission lines through the common station service transformers (CSSTs).
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These sources have sufficient capacity to supply all loads regardless of plant
conditions. Separation of the lines, the protection systems, and a strong
transmission grid minimize the probability of simultaneous failures of offsite power
sources.

N

Transient stability studies included a three-phase fault on a generator terminal in
which the unit was disconnected automatically from the transmission system as a
result of the disturbance. Other transient stability studies included loss of TVA's
largest unit, and loss of a Browns Ferry operating unit. These transient stability
cases were considered to be the most serious conditions of postulated transmission
disturbances. They show that the transmission system remains stable with
negligible disturbance to the offsite power sources.

Steady-state studies show that the 500- and 161-kV networks are capable of
supplying the offsite power requirements for normal, shutdown, and LOCA
conditions. Due to the large number of diverse generating units and strong
interconnections, the likelihood of an outage of a sufficient part of the transmission
system causing the loss of all sources of offsite power is considered to be extremely
remote. In none of the steady-state or transient stability cases were the offsite
power sources incapacitated because of thermal overloads, voltage variations, or
frequency deviations so as to decrease the reliability of the transmission system to
supply power to the onsite power systems.

Figures 8.3-7 through 8.3-11a show the power flow around the Browns Ferry 500-
and 161-kV buses for (1) typical peak system normal conditions, (2) LOCA Unit 2,
500-kV Bus 1 Out, unit loads on USSTs, (3) LOCA Unit 2, GSUT 1 Out, unit loads
on USSTs, (4) LOCA Unit 2, generator No. 2 step-up transformer trips, Unit 2 loads
on USSTs, and (5) LOCA Unit 2, Trinity-Browns Ferry 161-kV Line Out, GSUT 1

Out, GSUT 2 trips, loads on CSSTs.

Figures 8.3-12a through 8.3-14b show voltage and frequency at Browns Ferry for
the 20.7-kV Unit 1 bus for the loss of a 1300-MW generator at TVA's Cumberland
Steam Plant, which is one of TVA's two largest generators, and the 161-kV bus for
the loss of the Cumberland unit; the 20.7-kV Unit 2 bus for the loss of Browns Ferry
Unit 2 with the loads served from the USSTs, and the 161-kV bus for the same
conditions; and the 20.7-kV unit bus for the loss of Unit 2 with GSUT 1 Out and
GSUT 2 trips, loads on CSSTs, and the 161-kV bus for the same condition. Figures
8.3-15a through 8.2-15c show voltage and frequency with a three phase fault on
Unit 2 terminals for the 500-kV bus and the 161-kV bus with the loads of Unit 2
transferred to the CSSTs. Figures 8.2.2-16a-16b show the voltage and frequency
of the 20.7-kV and 161-kV buses for the loss of Unit 2, three phase fault on BFN
500-kV Bus 1, loads on USSTs. Figures 8.2.2-17a-17b show the voltage and
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frequency on the 20.7-kV and 161-kV bus for the loss of Unit 2, three phase fault on
the Maury 500-kV Line, Stuck Breaker, and loads on the USSTs.

8.3.7 Ins ection and Testin

The electrical system is to be inspected and tested for:

a. Continuity of circuit,

b. Proper insulation from ground of all ungrounded circuits,

c. Proper grounding of grounded circuits,

d. Allwiring checked for correctness,

e. Operational tests on all control and protective circuits,

f. Breaker timing, internal inspection and doble bushings,

g. Breaker dielectric-air, gas and oil,

h. Transformers-doble, bridge ratio, megger and oil tests, and

i. Protective relay characteristics and settings.
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8.4 NORMALAUXILIARYPOWER SYSTEM

8.4.1 General

The plant electric power system consists of the main generators, the main step-up
transformers, the unit station service transformers (USSTs), the common station
service transformers (CSSTs), the cooling tower transformers (CTTs), the batteries,
and the electric distribution system as shown on Figures 8.4-1a, 8.4-lb, and 8.4-2.
Under normal plant operating conditions, the main generators supply electrical
power through isolated-phase buses to the main step-up transformers and the unit
station service transformers which are physically located adjacent to the Turbine
Building. The primaries of the unit station service transformers are connected to the
isolated-phase bus at a point between the load side of the generator breaker
terminals and the low-voltage connection of the main transformers. The generator
breaker has an interrupting capacity of 200,000 amperes at rated maximum voltage,
a continuous current rating of 36,000 amperes with a 4.8 cycle interrupting time,
and a rated voltage of 24 -kV (RMS). The maximum fault the breaker could be
required to interrupt is less than 200,000 amperes. The generator breaker is used
to isolate the main generator from the 500-kV system and the Normal Auxiliary
Power System during startup and shutdown.

During normal operation, station auxiliary power is taken from the main generator
through the unit station service transformers. During startup and shutdown,
auxiliary power is supplied from the 500-kV system through the main transformers
to the unit station service transformer with the main generators isolated by the main
generator breakers. Auxiliarypower is also available through the two common
station service transformers (CSSTs) which are fed from the 161-kV system.
Standby (onsite) power is supplied by eight diesel generator units (four for Units 1

and 2, and four for Unit 3).

In the event of a main generator trip during normal operation, the generator breaker
opens and auxiliary power is supplied from the 500-kV system through the main
transformer. Failure of a preferred offsite circuit from the 500-kV switchyard to the
main power transformer for Unit 1 or 2 brings about either a manual or an automatic j

transfer for both safety- and nonsafety-related buses. The nonsafety-related buses
will be manually or-automatically transferred to the CSSTs. The safety-related
buses for Units 1 and 2 transfer to the alternate units'nit station service
transformers (USSTs) ifvoltage is available. Otherwise, they will transfer with the
nonsafety-related buses to the CSSTs. If this supply subsequently fails, only the
safety-related buses (Class 1E system) are automatically transferred to the standby
onsite electric power sources. Concerning Unit 3, failure of the preferred offsite
circuit from the 500-kV switchyard to the main power transformer brings about either
a manual or an automatic transfer of the 4-kV unit boards with their connected
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shutdown boards to the CSSTs. If this supply is unavailable (or subsequently fails),
the safety-related buses are automatically transferred to the standby (onsite)
electric power sources.

8.4.2 Auxilia Power S stem Ob'ective

The basic function of the normal auxiliary electrical power system is to provide
power for plant auxiliaries during startup, operation, and shutdown, and to provide
highly reliable power sources for plant loads which are important to its safety. The
Normal Auxiliary Power System is to furnish power to start up and operate all the
station auxiliary loads necessary for plant operation, and to furnish normal and
alternate sources of power for safe shutdown. The emergency sources of power for
safe shutdown will be provided by the diesel generators in the Standby Auxiliary
Power System.

8.4.3 Power Generation Desi n Basis

1. The Normal Auxiliary Power System shall be designed to furnish adequate
sources and distribution of power to station auxiliaries required for the
normal station power-producing function, and for the station common
functions necessary to support plant operation in a safe and efficient manner.

2. Redundant offsite power sources, and onsite sources shall be available to
serve these loads when required.

3. These sources and systems shall be designed to.furnish sufficient power to
obtain prompt and safe shutdown of the units, and to maintain the station in a
safe condition.

4. The system shall have a high degree of reliability.

8.44 Safet Desi n Basis

1. The normal auxiliary power system shall be designed to provide sufficient
normal and alternate sources of power to ensure a capability for prompt
shutdown and continued maintenance of the plant in a safe condition.

2. The normal and standby auxiliary power sources shall be sufficient in number
and of such electrical and physical independence that no single event, as a
minimum requirement, can negate all auxiliary power at one time.
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3. The capacity of these sources shall be sufficient to supply the power required
to shut down the plant and maintain it in a safe condition under normal or
accident situations.

4. The buses shall be arranged so that essential loads can be easily transferred
to the standby diesel generators.

5. Buses and service components shall be physically separated to limit or
localize the consequences of electrical faults or mechanical accidents
occurring at any point in the system.

~ .4.5 ~0

Reference is made to Figures 8.4-1 a and 8.4-2, which show the arrangement,
source connections, and source ratings for this system. Further reference is made
to Figures 8.4-1b and 8.4-2, which show the sources into the standby emergency
auxiliary system. Table 8.4-1 is provided to explain the flow of power, transfers
between normal and alternate sources, and pertinent operational comments on
each of the boards and buses involved in the Normal and Standby Auxiliary Power
Systems.

8.4.5.1 Unit Common Station Service and Coolin Tower
Transformers

The unit station service transformers are located outside the Turbine Building near
their respective main generator leads, with isolated-phase bus ducts used for the
primary connections. The common station service and cooling tower transformers
are located outside the building. One lightning arrester per phase, mounted directly
on the transformer, is provided for each common station service transformer
secondary.

The transformers are three-phase, double-secondary, outdoor-type, oil-filled, Class
ONFA and ONFNFOA, rated for 55'C temperature rise but with 65'C rise
insulation. The transformers are designed, manufactured, and tested in
accordance with TVAStandard Specification 54.080. Transformer secondaries are
wye-connected with resistance-grounded neutrals to provide positive relay
operation on ground faults, to limit short-circuit damage, and to avoid damaging
transient overvoltage during fault conditions. Common station service and cooling
tower transformers are wye-connected on the 161-k primary, and each has a
delta-connected stabilizing winding. Unit station service transformers have
delta-connected 20.7-k primaries. Each is capable of operating continuously with
no loss of life at 112 percent of rating at 65'C temperature rise.
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Unit station service transformer 18, 28, and 38, which are fed from their respective
unit generator or 500-k switchyard, supply normal power to operational loads on the
4160-V Unit boards 1A, 18, 2A, 28, 3A, and 38. Each of these transformers is
equipped with on-load tap changers on the primary winding that can regulate the
voltage over a+10 percent range. Load tap changers operate from signals
received from voltage sensors on either of the 4160-V transformer secondary
windings. Upon receiving a voltage signal outside the limits of a set bandwidth, the
voltage sensors transmit a signal to the load tap changers to compensate for the
voltage change.

The on-load tap changers on the unit station service transformers have a voltage
range of 18630-V to 22770-V with the equivalent of 17 possible transformation
ratios. The time required to change a tap position after receiving a signal from the
voltage sensors is 1.10 seconds. Remote manual control of the load tap changers
can also be accomplished from the Main Control Room. The control circuits of the
on-load tap changers will block tap changer operation and alarm for sensed voltage
outside the permissible range for tap changer operation. Alarms are also provided
for tap changer "offposition."

Common Station Service Transformers A and 8 are fed from the 16lkV system and
supplies power to 4160V start buses 1A, 18, 2A and 28.

These transformers are equipped with no-load and automatic on-load tap changers
that can regulate the voltage. The load tap changers operate from signals received
from voltage sensors on Start Boards 1 and 2 at the 4160V transformer secondary
winding side. Upon receiving a voltage signal outside the limits of the load tap
changer bandwidth settings, the voltage sensors transmit a signal to the load tap
changers to compensate for system voltage changes.

The on-load tap changers and the no-load tap changers on the Common Station
Service Transformers have a combined equivalent of 65 possible transformation
ratios. Each on-load tap changer has a plus and minus six steps from the neutral
position (13 positions total). These automatic load tap changers are capable of
operating at a rate of 1.1 seconds per tap change. Remote manual control of the
load tap changers'can also be accomplished from the Main Control Room. The
control circuits of the on-load tap changers will block LTC operation and alarm for
sensed voltage outside the permissible range for the tap changer operation. Alarms
are also provided for tap changer "offposition."

The unit station service transformer 18 and 28 are each capable of carrying the
load consisting of all safety loads of one generating unit operating in the startup,
operating, shutdown, or accident mode plus all safety loads of another unit in the
defueled mode.
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Unit 3 unit station service transformer 3B is capable of continuously carrying the
load consisting of all safety loads of the generating unit operating in the Startup,
Operating, Shutdown, or Accident Mode.

8.4.5.2 4~160-VS h

The 4160-V unit board switchgear consists of three boards per unit as shown in
Figures 8.4-1 a, 8.4-1b, and 8.4-2. The boards are connected so that they can be
supplied from either a unit or a common station service transformer. The
switchgear sections are heavy-duty, metal-clad, of standardized unit construction.
Circuit breakers are of the air-magnetic type. Power connections from the station
service transformer to the switchgear are with nonsegregated buses.

All overcurrent relays and devices are selected to provide full selective coordination
on overloads, ground faults, and phase faults throughout the system from station
service transformers through motor control center branch molded-case breakers.
All control power for switchgear is supplied from 250-V DC power supplies with
battery backup. The cooling tower switchgear also has 120V AC breaker tripping.

Each board and the startup bus has its source breakers interlocked to prevent
paralleling power sources, and each is provided with manual and automatic bus
transfer schemes. Automatic transfers are initiated by generator and transformer
protective relays, degraded under voltage on 4160-V shutdown boards and loss of
voltage at the normal supply. Transfer is blocked through manually-reset lockout
relays in case of faulted bus. Each bus section is provided with a manual-automatic
transfer selector switch.

All breakers and transformers are rated according to standard electrical-industry
practice where the impedance of the source, the short-circuit current, and the
breaker short-circuit current capabilities are taken into account.

Equipment is designed and tested in accordance with NEMAand IEEE/ANSI
Standards for metal-clad switchgear and power circuit breakers.

Each circuit breaker is provided with 250-V DC control power, stored-energy
mechanism; mechanically-operated, cell-mounted auxiliary switch with sufficient
contacts for all required interlocking; current transformers for metering and relaying;
and necessary switchgear-type auxiliary relays for interlocking station auxiliaries
and supervision.

Each switchgear bus section and incoming line is provided with two
open-delta-connected potential transformers. Each motor breaker and 4160-480-V

8.4-5



BFN-1 6

transformer primary breaker is provided with two current transformers (one in phase
A and one in phase C) for metering and phase-overcurrent relaying, and one
ground sensor current transformer for ground relaying. Each includes
induction-type overcurrent relays, and an instantaneous ground overcurrent relay.

Each switchgear bus section has an induction-type undervoltage relay which will
trip all motors on the bus in case of prolonged undervoltage.

Primary reading, two-element watt-hour meters are provided on each common
station service transformer secondary breaker, each tap from the start buses, and
for each 4-kV motor breaker.

Each station service transformer secondary breaker, and each start bus breaker is
provided with three ammeters, one wattmeter, and one voltmeter with transfer
switch. One ammeter and phase selector switch is provided on each motor and
4160-480-V transformer feeder. One voltmeter and phase selector switch is
provided on each switchboard bus section.

Metal-enclosed, group-phase, insulated-conductor bus ducts are provided from
common and unit station service transformer secondaries to the switchgear, for start
buses, and connections from the start buses to switchgear. Bus ducts are furnished
with a continuous current rating as required for the full transformer or load rating.

Each switchgear bus and startup bus section provided with a three-phase set of
differential relays of the high-speed induction overcurrent type. Each source and
load breaker in each differential zone has three current transformers for this use
only.

Each common and unit station service transformer and cooling tower transformer
has differential overcurrent protection. Each secondary breaker is provided with
three current transformers for differential relaying only.

Each main breaker and bus tie breaker is provided with three current transformers
in addition to those for differential relaying, for use with metering and overcurrent
relaying. Three induction-type overcurrent relays are provided, two for phase
currents and one for residual or ground currents.

8.4.5.3 480-V Load Center Unit Substations

Each substation consists of 4160-480-V transformers, primary terminal box, and
close-coupled or bus duct connected 480-V, metal-enclosed switchgear.
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Each substation bus is normally fed from its own transformer, with an alternate
source consisting either of an adjacent 480-V bus section or of another transformer
serving as standby. Substations serving station lighting have manually operated
main breakers. All other substations have electrically operated main breakers and,
with the exception of the 480-V shutdown board, automatic bus transfer schemes.

Ventilated dry-type transformers are three-phase, delta-delta, 60kV BIL, rated for
80'C temperature rise. Transformers are AA/FArated. A no-load tap changer
handle, with means for pad locking, is provided on the outside.

Askarel-insulated transformers are enclosed with a curb to contain the Askarel in
case of a tank rupture.

Liquid-filledtransformers are Askarel-insulated, three-phase, delta-delta, 60-kV BIL,
rated for 55'C temperature rise but with 65'C rise insulation for 12 percent margin
in continuous capability. Transformers are class OA/fut FA except where dual
ratings are shown in Figures 8.4-1a, 8.4-1b, and 8.4-2, in which cases transformers
are class OA/FA. A no-load tap changer handle, with means for padlocking, is
provided outside the tank.

IVlain and bus tie breakers and the main switchgear bus are rated 1600 or 600
amperes, depending on the maximum transformer capability, and in accordance
with IEEE/ANSI Standard C37.16.

Each circuit breaker has three poles, and is electrically and mechanically trip-free
with either long-time and instantaneous or long-time and short-time overcurrent trip
devices, unless overcurrent relays are provided. The circuit breakers have manual
or electrical stored-energy closing mechanism, mechanical pushbutton trip, and
position indicator, and they are equipped for mounting on the drawout mechanism in
the breaker compartment.

Breakers controlling motors are electrically operated with time and instantaneous
series overcurrent tripping.

Breakers serving motor control centers or panelboards are manually operated with
short-time selective and long-time series overcurrent tripping, except for 480-V
shutdown board feed to 480-V control bay vent boards which are electrically
operated.

The 480-V lighting switchgear have main breakers with short-time selective and
long-time series overcurrent tripping and have key interlocking between main
breakers.
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On other 480-V switchgear, the main breakers are provided with three current
transformers, three induction-type overcurrent relays with hand-reset lockout relay,
and a circuit breaker control switch.

Each incoming line has two potential transformers, ammeter and phase selector
switch, voltmeter and phase selector switch, wattmeter, undervoltage and
overvoltage relay and, except for the 480-V shutdown boards, an auxiliary relay for
initiating automatic bus transfer and automatically restoring normal condition. The
480-V shutdown boards have manual transfer only. Each automatic bus transfer
scheme has a manual-automatic transfer selector switch. Each bus section which
serves important unit auxiliary motors has two delta-connected potential
transformers with voltmeter and phase selector switch, and induction-type
undervoltage relay and auxiliary relay to trip large motors after prolonged loss of
voltage.

Each 480-V main bus section has a ground indicator.

Each electrically operated, breaker has a test pushbutton for electrically closing and
tripping the breaker only when the breaker is in the test position. Each electrically
operated breaker uses 250-V DC control power.

8.4.5.4 480-V Motor Control Centers

Motor control centers are in accordance with NEMAStandard IC1. Circuit
equipment consists of molded-case, thermal-magnetic or magnetic only circuit
breakers, contactors or starters, and auxiliary relays and timing relays as required.
Motor control centers have local indication and remote annunciation for loss of main
bus voltage.

Each starter has one red indicating light, rated 550-V for extended lamp life,
connected across the load terminals to indicate that the contactor is energized.

Each single-speed motor starter has at least two hand reset overload relays, with
the exception of selected MOVs which have throttling requirements which preclude
the use of thermal overload protection. Each two-speed motor starter has at least
two overload relays for each speed.

Starters and contactors are controlled with 120-V AC, single-phase, ungrounded
supplies. Two-pole, 250-V control fuses are provided at each starter or contactor.
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8.4.6 Safet Evaluation

8.4.6.1 Normal Auxilia Power S stem Control Functions

Components used in the Normal Auxiliary Power System are those which are widely
applied throughout the utility and industrial applications. In such applications, the
usage frequently demands reliability comparable to that of the requirements under
consideration herein. More specifically, some examples of the components which
are used are General Electric type IAVrelays for the detection of bus undervoltage,
General Electric type HFA, HGA, and HEA auxiliary relays for necessary
multiplication of contacts to achieve simultaneous functions, ATC motor-driven
timing relays, and General Electric type SB-1 or SBM control switches. These
electrical devices are of the heavy duty type, conservatively rated and applied, with
many years of operating experience. Control power is from the 250-V DC battery
system or from 480/120-V AC control power transformers.

The control circuitry is designed to provide certain automatic features as described
herein and to allow the operators to take other appropriate action as may be
required by the circumstances. The occurrence of automatic functions is
adequately displayed in the control room so that the operators can observe that
proper conditions have been established. For instance, should one of the 4.16-kV
buses fail to be energized after loss of the normal power source, the operator has
available in the control room the necessary annunciation and manual controls to
operate the appropriate circuit breakers.

The Normal Auxiliary Power System provides adequate power to operate all the
station auxiliary loads necessary for plant operation. The power sources for the
plant auxiliary power supply are sufficient in number and capacity, and of such
electrical and physical independence that no single probable event could interrupt
all auxiliary power at one time. Loads important to plant safety are split and
diversified between switchgear sections, and means are provided for rapid location
and isolation of system faults.

In the event of a total loss of all Normal Auxiliary Power System sources, auxiliary
power is supplied from standby diesel generators located on the site (safety-related
boards only).

The multiplicityof lines feeding the 500-kV and 161-kV switchyards, the redundancy
of transformers and buses within the plant, and the divisions of critical loads
between buses yield a system that has a high degree of reliability. Also, the design
utilizes physical separation of buses and service components to limit or localize the
consequences of electrical faults or mechanical accidents occurring at any point in
the system.
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The plant is designed to shut down safely on complete loss of offsite electrical
power. Upon loss of offsite power and reactor shutdown, standby power provides
auxiliary cooling, lighting, and miscellaneous services to permit access to plant
areas and to ensure continued removal of decay heat.

Shutdown power normally comes from offsite sources as described above. A high
degree of reliability in the auxiliary power system contributes to continuity of
operation and hence to safety.

If Unit 1 or 2 generator is incapacitated, the generator breaker will be opened and
auxiliary power backfed from the 500-kV system. There are still three other
independent sources of auxiliary power: the unaffected unit 500-kV system, the
offsite 161-kV system and the onsite standby diesel generator units. Each source
may be connected to feed the shutdown boards, and each has capacity for
operation of all systems required to shut down the plant and maintain it in a safe
shutdown condition.

There are two independent shutdown buses that supply the Units 1 and 2 shutdown
boards. These buses are normally connected to the 4-kV unit boards A and B.
Table 8.4-1 is a listing of the normal auxiliary power supplies and bus transfer
schemes.

If the Unit 3 generator is incapacitated, the generator breaker will be opened and
auxiliary power backfed from the 500-kV system. There are still two other
independent sources of auxiliary power: the common station service transformers
and the onsite standby diesel generator units. Each source may be connected to
feed the shutdown boards, and each has capacity for operation of all systems
required to shut down the unit and maintain it in a safe shutdown condition. This
meets the requirement of General Design Criteria 17 of two physically independent
circuits.

At no time will loss of auxiliary power prevent scram, since stored pneumatic energy
and normal reactor pressure, or stored pneumatic energy alone at low reactor
pressure, are the means of driving in the control rods.

The Normal Auxiliary Power System is operated and instrumented either at the
individual unit control boards or at the electrical control board which is common to
all three units. The electrical control board is located between Units 1 and 2 control
boards.

The control functions of the Normal AuxiliaryPower System which are only
unit-related, such as feeder and load breaker operation, are located on the
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respective unit control boards only. The electrical control functions which are
shared by Units 1, 2, and 3, such as feeder breaker operation to-the common
4160-V board, are located on the electrical control board.

Unit 3 is provided with a centralized control room physically separated from the
common control room for Units 1 and 2, but sharing the same Reactor Building bay.

The principal elements of the normal auxiliary electrical system are shown on the
electrical system key diagrams in Figures 8.4-1a, 8.4-1b, and 8.4-2. All plant
auxiliaries except the reactor feedwater pumps, high-pressure coolant injection
pump, and reactor core isolation cooling system pump (these are steam
turbine-driven) are powered by electric drives. Under startup, shutdown, and for
normal operating conditions, all loads necessary for the operation of the reactors
and turbine-generator sets and 4-kV common boards A and B are supplied from the
unit station service transformers. Recirculation pump boards 1, 2, and 3 are
supplied from separate windings on the common or unit station service transformers
and supply only the variable frequency generator sets of the recirculation pump
motors. The high-voltage drop incurred during starting of these large motors can be
confined to these buses and will have negligible effect on the rest of the system.
The 4160-V unit boards 1A, 1B, 1C, 2A, 2B, 2C, 3A, 3B, and 3C supply the
remainder of the motors associated with the reactors and turbine-generator sets.
Safety-related loads required during shutdown conditions are supplied from the
shutdown boards. Power to these shutdown buses and boards is normally supplied
from the appropriate 4160-V unit boards. If necessary, power will be supplied from
the standby diesel generators. All shutdown boards are located within seismic
Class I buildings. Each 4160-V shutdown board and each 480-V unit shutdown
board, and their transformers, are physically isolated from each other.

If a unit generator is incapacitated, the unit station service transformer and the
common station service system will be used before it becomes necessary to use the
standby diesel generators.

If all sources of power other than the diesel generators are lost, provision is made
for manually connecting the diesel generators to backfeed a 4-kV unit board for the
purpose of operating a main turbine condenser as an alternate reactor cooling heat
sink. Interlocks prevent paralleling the diesel generators with the normal auxiliary
power sources should they return to availability. Operation in this mode does not
interfere with the logic for automatic connection of diesel generators for
independent operation upon receipt of an accident signal.

Loads and systems that are common to Units 1, 2, and 3, except standby
emergency systems, cooling towers, and PASF, are supplied from common boards
A and B, which are normally fed by the unit station service transformers.
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8.4.6.2 Automatic Manual Selection of Normal Power Source and
~RI F

F

See Figure 8.4-3 for details of the automatic transfer scheme as applied to the
shutdown bus circuit breaker trip-and-close circuits.

The 43-1 (automatic-manual) or 43-2 (automatic-manual) relay for the shutdown bus
is tripped to the manual position by actuating the pushbutton located in the unit
control room. This places the two unit board feed breakers to the shutdown bus in
the manual mode. The operator then closes the unit board feed breaker that is to
supply the shutdown bus. After the shutdown bus is energized, the operator resets
the 43-1 or 43-2 relay to the automatic position; this places the shutdown bus on
automatic transfer.

A single fault in the coil circuit of the relay could trip it to manual or prevent
resetting to the automatic position. This would not trip or close any circuit breaker.
The operator will have indication of the relay position by the relay target and a
lighted pushbutton. The operator will be in full control and still have the same
sources of power available to the shutdown buses as on automatic. With this
portion of the system on manual, the automatic transfer of the unit boards from the
unit station service transformer to the start bus will still make the primary offsite
power source available to the shutdown system automatically. It would take a
double fault for a failed 43-1 relay contact to cause a circuit breaker to trip or close.

An undervoltage on the normal power source to a shutdown bus will trip the source
breaker and prevent it from closing. The remaining source is automatically selected
and the bus is reenergized. This transfer takes place through the 30 percent
residual voltage'relay. A transfer of the 4-kV unit board source breakers, iffeeding
the shutdown bus, will cause a 4-kV shutdown bus transfer identical to that of the
source undervoltage transfer described above, except that the residual relay is
bypassed, resulting in a fast transfer.

Both shutdown buses cannot be automatically paralleled unless a double fault
occurs, since the trip-and-close circuits of each breaker are interlocked such that
they cannot both be closed at the same time.

Automatic shutdown bus transfers are blocked for the following conditions:

1. Accident signal received (block begins 5 seconds after an accident signal and
continues until the signal is cleared),

2. Any bus source breaker transfer switch turned to the emergency position,
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3. Any source breaker lockout relay operation,

4. Shutdown bus lockout relay operation,

5. Backfeed switch in the backfeed position, and

6. Automatic-manual relay in the manual position.

8.4.7 Ins ection and Testin

An extensive and exacting inspection and testing program has evolved as standard
procedure for all TVAgenerating station construction. The procedures are
formalized by data sheets, check sheets and reports. The program is expanded in
the case of nuclear plant construction to include tests required to assure reactor
safety and to include expanded operational tests of functions related to reactor
safety. The discussion here is limited to quality assurance and field setting of
components in the auxiliary power system.

~ .47.1 ~SI T

All transformers, switchgear, and motor control centers are subjected, as a
minimum, to factory tests required under NEMA and ANSI standards. These tests
include dielectric tests, electrical and mechanical operation of circuit breakers and
contactors, and measurement of transformer constants.
Manufacturer's certified test reports are submitted to TVAfor review and approval.

8.4.7.2 ~lne ection

TVA inspects, as appropriate, manufacturer's work during production, and permits
release of equipment for shipment from the factory only after assuring the
equipment is complete, that it has been manufactured in accordance with the
specifications, that specified tests have been performed, and that the equipment is
of high quality. The equipment is inspected for damage in shipment before
acceptance at the jobsite.

8.4.7.3 Field Tests

TVAperforms all tests required to determine that the auxiliary power equipment
functions safely, reliably, and as designed. These tests are made prior to
energizing the equipment. Examples of these tests are: detailed check of small
wiring, meggering of electrical power conductors, and phase relation and motor
rotation checks. All protective relays and circuit breaker series overcurrent devices
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are set and tested with calibrated equipment in accordance with setting instructions
issued or approved by design departments.

8.4.8 Modifications and Safet Evaluations

8.4.8.1 U er and Lower De raded Volta e Sensin S stems

In response to 1977 NRC Guidelines Position 1 - Second Level of Under or Over
Volta e Protection with a Time Dela, both upper and lower degraded voltage
relaying systems have been installed on each 4-kV shutdown board. The 4-kV
shutdown board A degraded voltage scheme, along with associated voltage
monitoring relays, is shown on Figure 8.4-4. The degraded voltage relaying of the
remaining seven (7) shutdown boards is identical to that of shutdown board A.
Setpoints mentioned in Section 8.4.8 are nominal values.

8.4.8.1.1 Over Volta e Sensin S stem

Refer to Figure 8.4-4. The three (3) upper degraded voltage relays sense each of
the three (3) phase-to-phase voltages on the shutdown board potential transformer
secondaries. If two (2) of the three (3) relays sense a shutdown board voltage
above their setpoint (4400-V) for more than five seconds, time delay pickup relay
will pick up and give annunciation. The annunciation will alert the operator to
reduce board voltage.

8.4.8.1.2 Undervolta e Sensin S stem

Refer to Figure 8.4-4. The three (3) lower degraded voltage relays sense each of
the three (3) phase-to-phase voltages on the shutdown board potential transformer
secondaries. If two (2) of the three (3) relays sense a shutdown board voltage
below their setpoint (3920-V), approximately 0.3 seconds, time delay relay will
initiate timing.

Should a degraded voltage exist for approximately 4 seconds, the diesel generator
will start.

Two other methods for starting the diesel generator are as follows:

a. For a loss of shutdown board voltage of greater than 1.5 seconds, relays will
drop out and start the diesel generator.

An accident signal (low reactor vessel water level or high drywell pressure
coincident with low reactor pressure) or a pre-accident signal (low reactor
vessel water level or high drywell pressure) for either Unit 2 or 3 starts all
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eight diesel generator units with no time delay. The Unit 1 accident and pre-
accident signal inputs are temporarily disabled while the reactor vessel in Unit
1 is defueled.

Should a degraded voltage exist for 6.9 seconds, time delay relays will pickup
and initiate shutdown board A power system isolation, load shedding, and
eventual closing of the diesel generator breaker when the diesel is up to
normal speed and voltage. This initiation is inhibited ifeither diesel generator
breaker 1818 or intertie breaker 1824 is closed. The closing of either of these
breakers is referred to as "diesel generator voltage available signal" in
Figure 8.5-4a. Time delay pickup relay (set at 1.3 seconds), allows time for
shutdown board power system isolation and subsequent voltage decay before
the diesel generator breaker 1818 close signal is issued.

For a sustained degraded voltage the diesel generator start signal is issued at
approximately 4 seconds; the shutdown board power system isolation and
load shedding signal is issued at approximately 6.9 seconds; and the diesel
generator breaker 1818 close signal is issued at approximately 8.2 seconds.

For a loss of 4-kV shutdown board A voltage, the diesel generator breaker
1818 close signal is issued immediately provided the diesel generator is up to
normal speed and voltage, shutdown board A power system isolation and load
shedding has been initiated, and breakers 1716, 1614, and 1824 are tripped.
This initiation is inhibited if there is an accident signal from any unit and either
breaker 1818 or 1824 is closed.

Loss of voltage relays can initiate diesel generator start, shutdown board A
power system isolation, load shedding, and connection of the diesel generator
independent of the degraded voltage sensing system. Except for diesel
generator start, this initiation is inhibited for an accident signal in conjunction
with either diesel generator breaker 1818 or intertie breaker 1824 being
closed.

8.4.8.1.3 De radedVolta eSensin S stemConformancetoNRC
Re uirements Maintained for Historical Reference

The degraded voltage sensing system design requirements are given in 1977 NRC
Guidelines Position 1 - Second Level of Under or Over Volta e Protection with a

~ ~" 'i'"('i„(')„('i„('i,"'(')
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Section(a) Requirements are as follows:

a. The selection of voltage and time set points shall be determined from an
analysis of the voltage requirements of the safety-related loads at all onsite
systems distribution levels.

~Res onse

The results of the original analysis performed in response to section (a) is
presented in FSAR Section 8.4.8.1.4. To support the restart of Unit 2 and Unit 3,
another voltage drop analysis has been performed. This new analysis specifies
transformer tap settings which ensures that voltage levels at the 4160V and 480V
busses are adequate, for Units 2 and 3 operation with Unit 1 defueled, without
transfer to onsite (diesel) power under normal operating, accident, and refueling
conditions, with maximum and minimum voltage levels at the 500 kV and 161 kV
busses.

Section b) Requirements as follows:

b. The voltage protection shall include coincidence logic to preclude spurious
trips of the offsite power source.

~Res onse

The relay logic for each shutdown board is arranged in a two-out-of-three logic
scheme, thereby satisfying this criterion.

Section c) Requirements are as follows:

c. The time delay selected shall be based on the following conditions:

1. The allowable time delay, including margin, shall not exceed the maximum
time delay that is assumed in the FSAR accident analysis,

2. The time delay shall minimize the effect of short duration disturbances from
reducing the availability of the offsite power source(s), and

3. The allowable time duration of a degraded voltage condition at all distribution
system levels shall not result in failure of safety systems or components.
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~Res onse

The diesel generators and their operational sequence of core standby cooling
systems is analyzed in FSAR Section 6.5 to ensure that the maximum time delay
that is assumed in the accident analysis is not exceeded. The shutdown board
voltage dips below the lower degraded voltage setpoint (3920-V) for less than three
seconds during the start of its largest motor (RHR), therefore a 4 second lower
degraded voltage time delay prior to issuing the diesel generator start signal will
minimize the effects of short duration disturbances.

The effects of short term degraded voltage on downstream electrical equipment has
been analyzed and will not result in failure of safety systems and components.

Section d) Requirement is as follows:

d. The voltage monitors shall automatically initiate the disconnection of offsite
power sources whenever the voltage set point and time delay limits have been
exceeded.

~Res onse

This is the case of our design, refer to Figure 8.4-4.

Section e) Requirement is as follows:

e. The voltage monitors shall be designed to satisfy the requirements of IEEE
Std. 279-1971, "Criteria for Protection Systems for Nuclear Power Generating
Stations."

~Res onse

How the voltage monitors satisfy the requirements of IEEE-279-1971 is discussed
as follows:

Re uirements of IEEE-279-1971 Seismic and Environmental Qualifications

The voltage monitors would be operable under seismic conditions.

a. These relays (27-211-1A, -1B, and -1C; 59-211-A, -1B, and -1C) have been
seismically qualified to a more severe seismic level at the other plants than
that required for the Browns Ferry Nuclear Plant.
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b. Time delay relays (2-211-1A, -2A, -3A, -4A, and -5A) are seismically qualified
for these specific applications by combinations of seismic and circuit analyses.
The analysis compared the most severe seismic requirement imposed on the
relay at its mounting locations with the relay seismic capability established by
vendor-supplied test data.

c. All equipment is located above probable maximum'flood level. Monitors are
mounted inside switchgear and are designed to operate under accident
conditions.

Class 1E Qualifications

All equipment is Class 1E. The relays are arranged in a two-out-of-three logic for
each voltage condition; therefore, the failure of a single voltage monitor will not
cause spurious system operation or cause the system to be inoperative. AII voltage
monitors will be mounted in the shutdown system switchgear which is of compatible
classifications. Time delay relays are located in diesel generator logic panels for
Units 1 and 2 and in the shutdown system switchgear for Unit 3. Diesel generator
logic panels have compatible classification.

Inde endence

Overvoltage monitors and undervoltage monitors are independent of each other.
These conditions apply to each of the four shutdown boards associated with Units 1
and 2, and also to each of the four boards for Unit 3.

Redundanc of E ui ment and Controls

Each 4-kV shutdown board is supplied with three overvoltage and three
undervoltage monitors. Each system of three monitors is connected so that a single
failure will not result in the loss of the appropriate tripping function.

Reliabilit of Com onents

Components used to monitor degraded grid voltage conditions have been selected
to ensure voltage monitoring system operation. These components comply with the
quality control and quality assurance requirements as set forth in 10 CFR Part 50.

~Teatabtltt

The voltage monitors in each 4-kV shutdown board have the capability of being
tested during normal operation. Provisions are made for periodic testing of voltage
monitors and timing relays.
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8.4.8.1.4 Volta e Dro Anal sis Summa

Analyses were performed to verify the AC auxiliary power system is capable of
supplying sufficient voltage to successfully start and run all safety ~otors required
for Unit 2 and Unit 3 without transfer to onsite (diesel) power for normally expected
system loading.

Design Bases

1. Maximum load will occur 60 seconds following a Unit 2 or 3 LOCA. Unit 1 is
defueled.

2. 480-V load used in the analysis is the anticipated actual load.

3. Each 460-V safety motor is analyzed to ensure adequate starting and running
voltage to the motor terminals.

Results
i

The AC auxiliary power system is capable of supplying sufficient voltage to
successfully start and run all safety motors without transfer to onsite (diesel) power
for expected system loading.

The 4-kV safety motors have a normal operating range of 2 10 percent with a 20
percent voltage drop allowed on starting.

The 460-V safety motors are considered to have an operating range of
+ 10 percent, with a 15 percent voltage drop allowed on starting (except 20 percent
for compressor motors). For those motors that do not operate within this range,
justification is provided in the form of engineering analysis or vendor
documentation.

The 4-kV shutdown board degraded voltage relaying has two setpoints - high
voltage and low voltage as follows:

a. The upper degraded voltage relaying annunciates when the 4-kV shutdown
board voltage goes above 4400-V (110 percent of 4000-V). This annunciation
will alert the operator to take action to reduce the shutdown board voltage.

b. The lower degraded voltage relaying initiates a transfer of the shutdown board
to the standby onsite (diesel) power distribution system when the board
steady state voltage falls below 3920-V. This will ensure proper operation of
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all safety loads fed from the board. In addition, the lower degraded voltage
relays have a fully adjustable reset point to allow for reset just above the relay
operating setpoint.

Concerning the 500-kV Offsite Power Source:

The Unit 1, 2, and 3 station service transformers with automatic onload tap
changers can successfully supply all 4-kV and 460-V safety motors under all
expected load and switchyard voltage variations without transfer to onsite (diesel)
power, this includes normal running and startup conditions. The 4-kV shutdown
board voltage dips below 3920-V for less than 3 seconds during the start of its
largest motor (RHR). This time is well within the degraded voltage approximately
6.9 second pickup time to trip offsite power to the shutdown board in preparation for
transfer to diesel power. The system will not transfer to onsite (diesel) power during
normal motor startup conditions.

Concerning the 161-kV Offsite Power Source:

The common station service transformers A and B with automatic on-load tap
changers can successfully supply all 4-kv and 460-V safety motors under an
accident load and swithyard voltage variations without transfer to onsite (diesel)
power due to a lower degraded voltage condition. Motor starting currents which
cause the 4-kV shutdown board bus voltages to dip below the lower degraded
voltage setpoint (3920-V) will recover before transfer to onsite power is initiated.

A way of exceeding the upper voltage setpoint (4000-V) was determined.

A combination of the following:

- Shutdown boards being fed from the 161-kV system
- Highest expected 161-kV switchyard voltage
- Light auxiliary power system load

The upper degraded voltage relays annunciate after a time delay of
approximately 5 seconds to alert the operator to take corrective action.
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TABLE8.4-1

Sheet 3

AUXILIARYPOWER SUPPLIES AND BUS TRANSFER SCHEMES

~tern Board and/or Main Bus Normal
Power Sourc

Alternate Remarks

4 4160-V Start bd 2- Start
Bus 28

COM SS TR 8,
Y-winding fed from
Athens or Trinity
161 kV lines

COMSSTRA,
Y-winding fed from
Athens or Trinity
161 kV lines

(See Remarks under Item 3)

4a 4160-V Bus Tie Board

5 Shutdown Bus 1 (4160-V) 4 kV unit bd 1A or
28 of preselected
on-line unit

Alternate 1

4kVunitbd28 or
1A (that source not
preselected for
"normal")

Alternate 2

Same 4 kV unit bd
of preselected
unit, but fed from
start bus 1A or 18

Alternate 3

Two diesel generators
if required for back-
feeding a preselected
4 kv unit bd (1A, 28)
See also remarks for
items 13, 14, 15, and
16.

The two independent shutdown buses normally
supply 4160-V power to assigned 4160-V shutdown
boards, with each bus serving as the normal
source to two boards and as the alternate source
to the two other boards. Of the two possible
feeders to each shutdown bus from the two 4 kV
unit boards, one feeder is preselected manually
as the normal source to that bus. Automatic
delayed transfer from the normal to an alternate
1 source is initiated by unden/oltage on the
normal source. Automatic high-speed transfer from
the normal to an alternate 1 source is initiated
when the normal source 4 kv unit board normal source
breaker trips. Ifan alternate 1 source is not available,
the transfer is prevented, and the normal source
becomes alternate 2 source. Automatic transfer is
blocked after time delay in the presence of an accident
signal. Alternate 3 and 4 sources may be selected
manually only.
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TABLE8.4.1

Sheet 4

AUXILIARYPOWER SUPPLIES AND BUS TRANSFER SCHEMES

6 Shutdown Bus 2 (4160-V)

gorma1

4kVunit bd1B or
2A, of preselected
on-line unit

P r Sources
~lt ate

Alternate 1

4 kV unit bd 2A
or 18 (that source
not preselected
for "normaP)

Alternate 2

Same 4 kV unit bd
of preselected unit,
but fed from start
bus1Aor18

Alternate 3

Two diesel generators,
if required for
back-feeding a
preselected 4 kV
unit bd (1B, 2A) See
also remarks for
items 13, 14, 15, and
16

~embarks

(See Remarks under Item 5)

7 4 kV Recirculation
Pump Boards:

(a) Unit 1 ~ Pump MG Set 1A
Board 1

Unit SS TR 1A
Y-winding

Start Bus 2A Automatic high-speed transfer from the normal to
the alternate source is initiated by main
generator unit trip relays. Automatic delayed
transfer from the normal to the alternate source
is initiated by high-speed voltage relay.
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TABLESA-1

Sheet 5

AUXILIARYPOWER SUPPLIES AND BUS TRANSFER SCHEMES

~lte oard and/or Main us ~oa
Power Sources

Alternate emarks

(b) Unit 1 ~ Pump MG Set 1B
Board 1

(c) Unit 2, Pump MG Set 2A
Board 2

(d) Unit 2, Pump MG Set 28
Board 2

(e) Unit 3, Pump MG Set 3A
Board 3

(f) Unit3,PumpMGSet3B
Board 3

8 4 kV Unit Boards, Unit 1

(a) 4 kV unit bd 1A

Unit SS TR 1A
Y-viinding

Unit SS TR 2A
Y-winding

Unit SS TR 2A
Y-winding

Unit SS TR 3A
Y-winding

Unit SS TR 3A
Y-winding

Unit SS TR 1B
X-winding

Start Bus 2B

Start Bus 2A

Start Bus 2B

Start Bus 2A

Start Bus 2B

Alternate 1

Start bus 1A

Alternate 2

Automatic high-speed transfer from the normal to
alternate 1 source is initiated by generator
breaker failure relaying, USST protective relaying,
main transformer protective relaying, or a common trip
of both 500-kV switchyard breakers located between
the 500-kV switchyard buses and the 500-kV main
transformer bank.

Backfeed from shut-
down bus

Manual only through backfeed switches
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TABLE8.4-1

Sheet 6

AUXILIARYPOWER SUPPLIES ANO BUS TRANSFER SCHEMES

Item rd and/or Mai us

(b) 4kVunitbd18

(c) 4 kV unit bd 1C

(a) 4 kV unit bd 2A

(b) 4 kVunit bd 28

9 4kVUnit Boards, Unit 2

o al

Unit SS TR 18
Y-winding

Unit SS TR 1A
X-winding

Unit SS TR 28
X-winding

Unit SS TR28
Y-winding

Power Sources
Alternate

Alternate 1

Start bus 18

Alternate 2

Backfeed from shut-
down bus

Alternate 1

Start bus 18

Alternate 1

Start Bus 1A

Alternate 2

Backfeed from shut-
down bus

Alternate 1

Start Bus 18

emarks

- Provisions are included for backfeeding diesel-
generator power from the 4-kV shutdown boards
into the 4160-V unit boards for hot standby shutdown
cooling ifall plant power, other than diesel generator
power, is lost. The plant design includes a mode of
operation for running one condenser circulating water
pump to permit use of the condensers as a heat sink.
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TABLE8.4-1

Sheet 7

AUXILIARYPOWER SUPPLIES AND BUS TRANSFER SCHEMES

jtem oard and/or Main Bus orms
ower Sources

Itemate ernarks

(c) 4 kV unit bd 2C

10 4 kV Unit Boards, Unit 3

(a) 4 kV unit bd 3A

Unit SS TR 2A
X-winding

Unit SS TR 3B
X-winding

Alternate 2

Backfeed from shut-
down bus

Alternate 1

Start bus 1A

Alternate 1

Start bus 1A Automatic high-speed transfer from the normal to
the alternate 1 source is initiated by generator breaker
failure relaying, USST protective relaying, main
transformer protective relaying or a common trip of
both 500-kV switchyard breakers located between the
500-kV sviitchyard buses and the 500-kV main
transformer bank. Automatic delayed transfer from the
normal to the alternate 1 source is initiated by a time
delay voltage relay.
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TABLE8.4.1

Sheet 8

AUXILIARYPOWER SUPPLIES AND BUS TRANSFER SCHEMES

Normal
ower Sources

~lte ate

Alternate 2

emarks

Backfeed from shut-
down boards

Manual only through backfeed switches.

(b) 4 kV unit bd 3B Unit SS TR 3B
Y-winding

Alternate 1

Start bus 1B

Alternate 2

(c) 4 kV unit bd 3C Unit SS TR 3A
X-winding

Backfeed from shut-
down boards

Alternate 1

Start bus 1A

Provisions are Included for backfeeding diesel
generator power from the 4-kV shutdown boards
into the 4160-V unit boards for hot standby shutdown
cooling ifall phnt power. other than diesel generator
power, is lost. The plant design includes a mode of
operation for running one condenser circulating water
pump to permit use of the condenscrs as a heat sink.

11 4 kVCommon Board A

12 4 kV Common Board B

13 4 kV Shutdown Board A

Unit SS TR 1A
X-winding

Unit SS TR 2A
X-winding

Shutdown Bus 1

Start Bus 1A

Start Bus 1B

Alternate 1

Shutdown Bus 2

Automatic delayed transfer from the
normal to the alternate source is initiated by undervoltage
on the normal source, subject to voltage check on the
alternate source. Automatic dehyed transfer back to the
normal source is initiated by return of normal voltage on
the normal source. Manual transfers in either direction
aro the fast transfer type.

(See also remarks for items 5 and 6.)



TABLE 8.4-1

Sheet 9

AUXILIARYPOWER SUPPLIES AND BUS TRANSFER SCHEMES

rd and/or Mai us o al
Power Sources

Alternate

Alternate 2

Diesel generator A

Alternate 3

Manual, access con-
nection to diesel
generator 3A via 4-kv
shutdown board 3EA

Remarks

Automatic delayed transfer from the normal to
Alternate 1 source is initiated by undervoltage
on the normal source, and automatic return is
initiated by normal voltage on normal source. Automatic
voltage transfers from normal to Alternate 1 are blocked in
the presence of an accident signaI.

Alldiesel generators are automatically started
by an accident signal, or by loss of voltage on
its shutdown board for 1.5 seconds, or degraded
voltage for 4 seconds. After 5 seconds without
voltage on the shutdown board, all its supply
breakers and all its loads except 4160-480-V
transformers are all automatically tripped.
Alternate 2 source is then automatically
connected. Manual return to the normal auxiliary power
system is permitted ifnormal auxiliary power system
voltage returns and ifa unit is not in early stage of
accident.

Provision is made to manually select alternate 3
source.

Alternate 1

14 4 kV Shutdown Board B Shutdown Bus 1 Shutdown Bus 2

Alternate 2

Diesel generator B

Alternate 3

Manual ~ access con-
nection to diesel
generator 3B via
4.kV shutdown board
3EB
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TABLE8.4-1

Sheet 10

AUXILIARYPOWER SUPPLIES AND BUS TRANSFER SCHEMES

15 4 kV Shutdovm Board C

~oa

Shutdown Bus 2

ower Sources
~ltemate

Alternate 1

Shutdown Bus 1

Alternate 2

Diesel generator C

Alternate 3

emarks

16 4 kv Shutdown Board D Shutdown Bus 2

Manual, access
to diesel generator 3C
via 4-kv shutdown board 3EC

Alternate 1

Shutdown Bus 1

Alternate 2

Diesel generator D

Alternate 3

16a 4 kV Shutdown Board 3EA 4 kV Unit Board 3A

Manual ~ access
to diesel generator 3D
via 4-kV shutdown board
3ED

Alternate 1

Diesel generator 3A

Provisions are included for backfeeding diesel
generator power from the shutdown boards into the
4160-V unit boards for hot standby shutdown cooling
ifall plant power, other than diesel generator power, is
lost. For this purpose, means are provided to manually
synchronize 4-kV shutdown boards.



8.5 STANDBYAC POWER SUPPLY AND DISTRIBUTION

8.5.1 Safet Ob'ectives

The safety objective of the Standby AC Power System is to provide a
self-contained, highly reliable source of power, as required for the'Engineered
Safeguards System, so that no single credible event can disable the core standby
cooling functions or their supporting auxiliaries.

8.5.2 Safet Desi n Basis

1. The system shall be designed so that a single failure will not jeopardize the
effectiveness of the Emergency Core Cooling System.

2. A spurious accident signal shall be considered a single failure.

3. Deleted

4. Adequate fuel supply shall be provided for operation of the diesel engines
during the maximum-expected time interval between replenishment (seven
days).

5. The Standby AC Power System and its associated equipment shall be
capable of withstanding Design Basis Earthquake ground motions without
impairment of its function.

6. The Standby AC Power System and its associated equipment shall be
automatically initiated.

7. The Standby AC Power System shall be adequate to address accident
signals, spurious and real, in both units in any order (real followed by
spurious, or spurious followed by real).

8. The Standby AC Power System shall be adequate to supply sufficient power
so that the reactor cores meet the ECCS Interim Criteria.

9. No operator action would be required in the short term (minimum of 10
minutes).

10. The Standby AC Power System shall be adequate to provide power for the
long term to operate two RHR subsystems at design flow on each unit. This
includes two RHR service water pumps on each reactor for cooling and two on
the EECW System for the plant.
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11. The Standby AC Power System will meet or exceed the requirements of
IEEE-308 and -279.

12. The Standby AC Power System shall be testable.

13. Although the diesel generators are not required to meet the specific load,
voltage, and frequency limits of Safety Guide 9, their capacity and capability
shall be adequate to meet the intent of Safety Guide 9 for the adequacy of the
onsite power supply. See Sections 8.5.4.2, 8.5.4.2.1, and 8.5.4.2.2 for
analysis.

14. The Standby AC Power System shall be adequate to supply sufficient power
so that the ECCS components meet the NPSH requirements of Safety Guide
1.

8.5.3 ~Oi I

8.5.3.1 General

The standby AC supply and distribution system for Units 1 and 2 consists of four
diesel generators, four 4.16-kV shutdown boards, four 480-V shutdown boards, ten
MOV boards, eight MG sets, two 480-V diesel auxiliary boards, and one control bay
ventilation board. In addition to its other functions, the system serves as the
alternate supply to two 480-V condensate demineralizer boards, and emergency
supply to two radwaste boards. Figure 8.4-1b (Subsection 8.4) shows the
arrangement of this portion of the overall auxiliary system and how normal power
feeds into this portion of the system. Eight diesel generators, (four for Units 1 and
2, and four for Unit 3) are provided as a standby power supply to be used on loss of
the Normal Auxiliary Power System. Each of the diesel generators is assigned
primarily to one 4.16-kV shutdown board. It is possible, through breaker ties to the
shutdown buses, to make any diesel generator available to any 4.16-kV shutdown
board. AllAC loads necessary for the safe shutdown of the plant under accident or
nonaccident conditions are fed from this distribution system.

The standby AC supply and distribution system for Unit 3 is separate from that of
Units 1 and 2. It consists of four diesel generators (3A, 3B, 3C, and 3D), four
4.16 kV shutdown boards, two 480-V shutdown boards, one 480-V HVAC board,
five MOV boards, four MG sets, two 480-V diesel auxiliary boards, one 480-V
control bay vent board, and the SGTS board. In addition to its other functions, the
system serves as the alternate supply to one condensate demineralizer board. For
flexibilityof operation, provisions have been made for the interconnection of
4.16-kV shutdown board A (Units 1 and 2) with 4.16-kV shutdown board 3EA

8.5-2



BFN-16

(Unit 3). Similar interconnections have been provided between boards B and 3EB,
C and 3EC, and D and 3ED. The interconnections are through manually controlled
circuit breakers.

The Standby AC Power System, including the diesel generators, Diesel Generator
Buildings, fuel oil storage, and associated mechanical and electrical equipment, is
designed as Class I equipment in accordance with Appendix C, "Structural
Qualification of Subsystems and Components."

8.5.3.2 Diesel Generators

~Ratin

The diesel generators are General Motors Model Number 999. Each diesel engine
is rated at 2550 kW (electrical) continuous, and 2800 kW for two hours in a 24-hour
period. Each diesel generator is rated at 4.16-kV, three-phase, 60 Hz, 0.8 power
factor, 3250 KVAcontinuous, and 3575 KVAfor two hours in a 24-hour period.

Protective Rela in

Figure 8.5-1 is a one-line diagram showing the protective relaying and
instrumentation used with each diesel generator and located on the diesel
generator protective relaying panels. There is one of these protective relaying
panels for each diesel generator. The protective relaying applied to each diesel
generator includes:

a. Differential overcurrent,

b. Reverse power,

c. Loss of excitation,

d. Overcurrent with voltage restraint,

e. Field overcurrent, and

f. Ground-fault current.

In the absence of an accident signal (low reactor vessel water level or high drywell
pressure coincident with low reactor pressure), protective relaying items a through d
(above) cause the tripping of the diesel generator breaker and the molded case
switch in the diesel generator field circuit, while items e and f cause an alarm only.
In the presence of an accident signal, only differential overcurrent can cause
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tripping of the diesel generator breaker and molded case switch. Each diesel
generator is wye-connected with its neutral grounded through a distribution
transformer and secondary resistor. This method of grounding permits only a few
amperes of fault current to flow on the occurrence of a ground on the system when
the diesel generator is the only power source connected. A voltage relay connected
across the secondary resistor is used to monitor the system for ground faults.

In addition to this protective relaying, an overspeed trip device and a field voltage
relay are supplied with the diesel generator. On operation, the overspeed device
stops the diesel generator and trips the main or emergency diesel generator
breaker. Operation of the overspeed device causes tripping, whether or not an
accident signal is present. The field voltage relay will cause an alarm on loss of
field.

Instrumentation

Each diesel generator is instrumented to give readings of current, voltage, and real
and reactive power in its Diesel Generator Room, in its respective Main Control
Room, at each shutdown board to which it can be directly connected, and, for Units
1 and 2, at the diesel generator central information panel which is located near the
Diesel Generator Rooms. *

Control and Loadin Lo ic

The control of the diesel generators from the various points of control (Le., Main
Control Rooms, 4.16-kV shutdown boards, or locally at the diesel generator) is
described as follows.

1. Main Control Rooms

The Main Control Room controls function as described below only when the backup
control switches located on the 4160-V shutdown boards are in the NORMAL
position. Diesel electrical controls are arranged as follows.

A manual start station for starting all diesel generator units at one time is located on
each of the generator and auxiliary power bench boards. The central diesel control
board has a manual start/stop station and synchronizing equipment for each of the
diesel generators.
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Items b, c, and d require power for a short period of time during diesel start.

8.5.3.3 Diesel Air Startin S stem

The diesel generator air starting system is shown on Figure 8.5-2.'ach diesel
generator contains two completely independent air starting subsystems, either of
which is capable of starting the engine. These dual subsystems are isolated by
check valves. The air starting systems are not connected to any other control air
system in the plant. The portions of the diesel generator air starting subsystems
downstream of their respective check valves are designed to meet seismic Class I

requirements.

8.5.3.4 Diesel Fuel Oil Stora e and Transfer S stem

This system is shown in Figure 8.5-3. The system consists of three interconnected,
horizontal, cylindrical tanks for each diesel unit, a total of twenty-four for the eight
diesel generators. The tanks are embedded in the substructure of the Standby
Diesel Generator Buildings. Minimum storage capacity contains an adequate fuel
supply for operating each diesel generator at full load for seven days. Level
annunciation is provided to signal when each diesel unit storage supply drops
below seven days.

The diesel generator fuel storage tanks are constructed in accordance with the
ASME Boiler and Pressure Vessel Code, Section Vill (Unfired Pressure Vessels).
In addition to fill, transfers, sampling, and fuel supply lines, each tank is equipped
with two manholes, vent, overflow, and provisions for removing condensation. The
vent pipe is fitted with a flame arrester. High- and low-level alarm switches are
provided. Tanks are sloped to a low point for removal of accumulated condensate
by a portable pump. Class I seismic design is used on piping and all components
from each seven day diesel oil storage tank to each diesel engine. The pumps and
piping used to transfer fuel oil from the 7-day fuel storage units to other 7-day fuel
storage units or to the auxiliary boiler fuel oil storage tanks is not safety related.
The transfer piping is designed to Class II seismic up to but not including the supply
and return connections on each 7-day Fuel Storage Unit.

It is possible to transfer fuel from one seven day storage unit to any other by using
the Class II transfer pumps provided. These transfer pumps, located in the Diesel
Generator Buildings, are also capable of pumping from any of the eight diesel
generator storage units to the two 70,000-gallon auxiliary boiler fuel storage tanks
located in the yard through a Class II interconnection between the Class I diesel
generator fuel storage unit and the auxiliary boiler fuel storage system. It is also
possible to transfer from the Class II system to the Class I fuel storage unit using
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the transfer pump located adjacent to the auxiliary boiler storage tanks. The
Class I/Class II interfaces at the seven day fuel storage units connections will not
jeopardize the Class I systems.

8.5.3.5 Distribution S stem

~4.16 kV S h

Figure 8.5-4a is a one-line diagram of 4.16-kV shutdown board A. There are eight
4.16-kV shutdown boards: A, B, C, D, 3EA, 3EB, 3EC, and 3ED. Shutdown
board A is described. The other boards are similar.

The following source breakers are located on shutdown board A:

a.¹1612 - Incoming breaker to shutdown bus 1 from unit board 1A through unit
board breaker 1126,

b.¹1614 - Incoming breaker from shutdown bus 1 to shutdown board A,

c.¹1716 - Incoming breaker from shutdown bus 2 to shutdown board A,

d.¹1818 - Incoming breaker from diesel generator A to shutdown board A, and

e.¹1824 - Incoming breaker from diesel generator 3A to shutdown board A.

Feeders from each 4160-V shutdown board serve shutdown loads, as well as
common plant shutdown loads. For example, one RHR pump motor for each unit is
served from each shutdown board. Some of the common plant loads are raw
cooling water pump motors and RHR service water pump motors.

All shutdown buses are individually protected by bus differential relaying, which
trips and locks out all breakers connected to that bus. All shutdown boards are
individually protected by bus differential relays, which trip and lock out all supply
breakers to that board.

Incoming supplies from the 4160-V unit boards to the shutdown buses, or from the
shutdown buses to the 4160-V shutdown boards, are protected by phase- and
ground-overcurrent relays, which cause the tripping of the particular incoming
breaker involved and the locking out of the other associated incoming breakers.

The incoming supply breakers from the diesel generators are protected by
phase-overcurrent relays, which cause annunciation only. Diesel generator
protective relaying is described in paragraph 8.5.3.2.
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Only when the offsite source is being used are load feeders protected by phase-
and ground-overcurrent relays, which cause the tripping of the particular load
breaker involved. When only a diesel generator is supplying a shutdown board,
ground-overcurrent relays will not trip load feeder breakers because of the
high-resistance grounding of the diesel generator.

The relaying is selectively coordinated for both phase and ground faults so that only
the breaker nearest the fault trips. If the preferred breaker were to fail to trip, the
breaker next closest to the source would trip. This ensures that only the minimum
number of load circuits is interrupted. All relay operations are annunciated in the
Main Control Room.

On loss of supply from a 4.16-kV shutdown bus, in the absence of an accident
signal, there is automatic transfer of the shutdown board to the alternate shutdown
bus with automatic return when the normal supply voltage is restored. (See
Subsection 8.4 "Normal Auxiliary Power System," for more complete details.) On
loss of normal voltage to a shutdown board, a signal is given to start the
corresponding diesel generator, and all motor feeder breakers in the board are
tripped. The relays which start the diesel generator are set to operate in a shorter
time than the relays which trip breakers feeding motor loads. The starting of the
diesel generator is actually anticipatory to the complete loss of 4.16-kV shutdown
bus voltage. The tripping of the motor feeder breakers is preparatory to bringing
the diesel generator supply onto the board and the automatic load-sequencing of
major motors, which occurs under accident conditions. MOV board 1D is normally
fed from 480-V shutdown board 1A through the MG set and MOV board 1E is
normally fed from 480-V shutdown board 1B through the MG set. Feeder breakers
to the load center transformers feeding the 480-V system are not tripped on
undervoltage.

Each incoming breaker to a shutdown bus is provided with 3 ammeters (1 per
phase) and a wattmeter. Each incoming breaker to a shutdown board from a
shutdown bus is provided with 3 ammeters, a wattmeter, and a watt-hour meter.
Each incoming breaker to a shutdown board from a diesel generator is provided
with 3 ammeters, a wattmeter, and a varmeter. Voltmeters with voltmeter switches
are provided to read shutdown board voltage and incoming voltage from any of the
sources; transducers are provided on all incoming sources to provide current
indication in the Main Control Room. Incoming sources to the shutdown boards
also have transducers to provide current indication at the diesel generator central
information panel.

Each motor feeder breaker is provided with a watt-hour meter and an ammeter and
ammeter switch. Each feeder breaker to a transformer supplying 480-V power is
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provided with an ammeter and ammeter switch. Transducers are provided on all
motor feeders to provide current indication in the control room (except for the
control rod drive) pump motors.

There are two 250-V DC control buses in the shutdown boards separated into a
normal bus and an emergency bus. The two buses are connected in parallel to a
common 250-V DC battery source with a manual transfer to an alternate battery
source. All Core Standby Cooling Systems (CSCS) drives and incoming breakers
have control power available to them through separate normal and emergency
control bus fuses. Undervoltage on either DC control bus is annunciated.

Shutdown boards A, B, C, D, and 3EB each have a separate 250-V DC battery for
the normal source of control power. The control power to shutdown boards 3EA,
3EC, and 3ED is supplied from the unit batteries 1, 3, and 2, respectively. Manually
transferred alternate control power sources have been provided for 4.16-kV
shutdown boards. (See Subsection 8.6, "250-V DC Power Supply and Distribution,"
for more information.)

Each motor feeder breaker has a two-position, backup control transfer switch and a
breaker control switch, In the NORMALposition, the breaker is controlled from the
unit control room or from a local control station at the motor, and the control circuit
is supplied by the NORMAL250-V DC control bus. In the EMERGENCY position,
the breaker is controlled only by the breaker control switch on that same 4160-V
shutdown board panel, and the control circuit is supplied by the EMERGENCY
250-V DC control bus. Control circuits supplied by the EMERGENCY 250-V DC
bus do not traverse the cable spreading room or control room.

480V S stem

Figures 8.5-5 and 8.5-6 show 480-V shutdown boards 2A and 2B. These boards
serve Unit 2 loads. There are similar shutdown boards-1A, 1B, 3A, and 3B (for
Units 1 and 3). Only boards 2A and 2B are discussed below.

Board 2A is normally fed from 4.16-kV shutdown board B, while board 2B is
normally fed from 4.16-kV shutdown board D. Each of these boards has an
alternate source of supply which comes from 4.16-kV shutdown board C. Each
480-V shutdown board has a manual transfer to its alternate supply. (See
Subsection 8.4, "Normal Auxiliary Power System," for more complete details.)

Smaller loads important to plant safety or safe shutdown are fed directly from these
shutdown boards or through motor control centers connected to these shutdown
boards.
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On loss of voltage for approximately 2 seconds, all electrically operated breakers
except those essential to safe shutdown are automatically tripped.

The motor-control-center feeders serving reactor motor-operated valve loads are
not disconnected from the shutdown boards on loss of voltage. In general, motors
between 40 and 200 hp are served directly from these shutdown boards.

Overcurrent relaying is provided on the incoming breakers in the 480-V shutdown
boards. This relaying trips and locks-out the associated breaker and also locks-out
the alternate source breaker. Motor feeders are protected by dual magnetic
overcurrent trip devices incorporating time delay and instantaneous trips. Feeders
to motor control centers are protected by dual selective overcurrent trip devices
incorporating long-time and short-time trips. The protection is coordinated so that
only the breaker nearest the fault trips on the occurrence of a fault, with the
exception of series overcurrent devices which are both dedicated to a radial feeder
to a motor control center.

Instrumentation for current, voltage and power are supplied on the incoming
circuits, and a voltmeter and voltmeter switch are provided to indicate board
voltage. Since this is an ungrounded system, ground-fault indication is provided.

The control bus voltage is 250-V DC. (See Subsection 8.6, "250-V DC Power
Supply and Distribution," for more complete details.) There is a single control bus
with two sources from different batteries. Manual transfer between control bus
voltage sources is provided. Undervoltage on the DC control bus is annunciated.

Figures 8.5-7a, 7b, 8a, 8b, 9a, 9b, 10, 11, 11c, and 11d are one-line diagrams of
MOV boards 2A, 2B, 2C, 2D, and 2E and Control Bay Vent Boards A and B. Units 1

and 3 MOV boards are similar. Only Unit 2 boards will be discussed. These boards
serve the smaller, 480-V loads important to plant safety or safe shut-down. Each
MOV board has two incoming sources-one from 480-V shutdown board 2A and one
from 480-V shutdown board 2B. MOV board 2A is normally fed from 480-V
shutdown board 2A with manual transfer to its alternate supply. MOV boards 2B
and 2C are normally fed from 480-V shutdown board 2B with a transfer to their
alternate supplies. The transfer for MOV boards 2B and 2C is manual, while the
transfer for MOV boards 2D and 2E (LPCI valve board) is automatic. MOV boards
2D and 2E are supplied from MG sets to prevent propagation of fault to the 480-V
shutdown boards.

480-V Control Bay Vent Board A is normally fed from 480-V shutdown board IA.
480-V Control Bay Vent Board B is normally fed from 480-V HVAC Board B. 480-V
HVAC Board B is normally fed from 4.16-kV shutdown board 3ED. 480-V HVAC
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Board B has a manual transfer to its alternative source of supply at 480-V shutdown
board 3B.

The incoming source breakers are provided with long-time and short-time trips. The
feeder breakers are provided with long-time and instantaneous trips. Voltage
indication is provided on the incoming supplies. For the electrically operated
breakers and contactors, AC control power is provided by control power
transformers connected to the 480-V incoming supplies or individual control power
transformers connected to the line side of the individual contactors.

Figures 8.5-12a, 8.5-1 2b, 8.5-12c, 8.5-1 3a, 8.5-13b, 8.5-13c, and 8.5-1 3e are
one-line diagrams of the diesel auxiliary boards A, B, 3EA, and 3EB. These boards
principally serve loads associated with the operation of the diesel generators and
SGT trains A and B (Units 1 and 2 boards only). Other essential small loads are
also served from these boards. Loss of only one of these boards will not negate the
effectiveness of standby core cooling.

Diesel auxiliary board A is normally connected through a transformer to 4.16-kV
shutdown board A, and diesel auxiliary board B is normally connected through a
transformer to 4.16-kV shutdown board D. Both of these boards have an alternate
source of supply coming from 4.16-kV shutdown board B. Diesel auxiliary board
3EA is normally connected to 480-V shutdown board 3A, and diesel auxiliary board
3EB is normally connected to 480-V shutdown board 3B. Both of these boards
have an alternate source of supply coming from 480-V shutdown boards 3B and 3A,
respectively. The 480-V shutdown boards 3A and 3B have a source of supply
coming from two 4160-V shutdown boards. Thus, each diesel auxiliary board has
access to two diesel generators.

Manual transfer to the alternate supply is provided.

Long-time and short-time trips are provided on the incoming breakers. Long-time
and instantaneous trips are provided on feeder breakers.

Voltage indication is provided on the incoming supplies. Since this is an
ungrounded system, ground-fault indication is provided. For the electrically
operated breakers and contactors, AC control power is provided by control
transformers connected to the 480-V incoming supplies, or individual control power
transformers connected to the line side of the individual contactors. 480-V
shutdown boards 1B, 2B, and 3B act as the alternate feeds to condensate
demineralizer boards 1, 2, and 3, respectively.
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8.5.4 Safet Evaluation

8.5.4.1 Automatic Startin and Loadin

Figures 8.5-14 through 8.5-16 are logic diagrams which describe the automatic
starting and loading of the diesel generators under accident conditions with all
diesel generators operating. Figure 8.5-17 describes the automatic loading on the
shutdown boards when normal auxiliary power is available.

Diesel generators shall automatically start on the following signals:

a. High drywell pressure or low reactor vessel water level on any unit shall
generate a pre-accident signal which will start all D/Gs.

b. Low reactor water level (Level 1) on any unit shall generate a common
accident signal which will start all D/Gs.

c. A sustained degraded voltage on any 4-kV shutdown board shall start its
associated D/G. The time delay for the auto start of the D/G shall be greater
than the voltage recovery time of starting the largest load with normal voltage
available.

d. An undervoltage on any 4-kV shutdown board shall generate a loss of off-site
power signal which will start its associated D/G.

e. High drywell pressure and low reactor pressure on any unit shall generate a
common accident signal which will start all D/Gs.

The diesel generators are capable of being up to speed and ready to accept load
within 10 seconds of receiving an automatic start signal. See Section 6.5 for timing
assumptions in the Emergency Core Cooling System analyses. Figure 8.5-18 is a
block diagram which shows the various start attempts that are automatically
accomplished.

When each diesel generator reaches rated speed and voltage, ifvoltage is not
available on its respective shutdown board, the diesel generator will be connected
to the shutdown board via the automatic closing of the diesel generator breaker. If
voltage is available on the shutdown board when the diesel generator reaches rated
speed and voltage, the diesel generator will continue to run at rated speed and
voltage-immediately available for connection to the shutdown board should normal
voltage be lost. The diesel generator is normally stopped by operator action.
When the diesel generators are automatically connected to the shutdown boards,
they are automatically loaded. The loads to be fed are determined on the basis of
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whether or not an accident signal is present. Table 8.5-1 shows the order and time
at which loads are applied to a typical diesel generator under accident conditions.

0 eration of the Diesel Generators for Units 1 and 2 Durin the Period Immediatel
Followin an Accident A roximatel 0-10 Minutes

The ECCS equipment of Units 1 and 2 assigned to Division I, are supplied from
4.16-kV shutdown boards A and B, and the Division II equipment are supplied from
4.16-kV shutdown boards C and D.

In the event of an accident signal in either Unit 1 or Unit 2, all the ECCS equipment
associated with the accident unit will start. All eight diesel generators in the plant
will be started on an accident signal in any unit as a pre-emergency action in case
of a subsequent power blackout.

To. eliminate the potential of spurious accident signals from Unit 1 rendering ECCS
equipment inoperable on Unit 2, the Unit 1 inputs to the common accident signal
(low reactor vessel water level or high drywell pressure coincident with low
reactor pressure), the pre-accident signal (low reactor vessel water level or high
drywell pressure), the start signals for the Unit 1 RHR and Core Spray pumps and
trips of Unit 2 equipment have been disabled. This disabling of the Unit 1 accident
signals is temporary while the reactor vessel in Unit 1 is defueled.

0 eration of the Diesel Generators Durin the Lon -Term Deca Heat Removal
Period Greater Than 10 Minutes

In the long term following an accident, the four diesel generators assigned to
Units 1 and 2 and the four diesel generators assigned to Unit 3 may be paralleled
as shown in Figure 8.5-24 (4.16-kV shutdown board A to 4.16-kV shutdown board
3EA, etc.). Synchronizing equipment is provided in the Units 1 and 2 control room,
and paralleling will be accomplished from this location.

Interactions

To prevent a spurious Unit 1 accident signal from unnecessarily starting the Core
Spray and RHR pumps, and the diesel generators and also to prevent a spurious
Unit 1 accident signal from tripping (or blocking the startup of) Unit 2 equipment
responding to a real accident, the Unit 1 automatic actuation signals have been
blocked. This disabling of the Unit 1 accident signals is temporary while the reactor
vessel in Unit 1 is defueled.
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8.5.4.2 Diesel Generator Loadin

A common accident signal starts all eight diesel generators in preparation for
loading should a Loss of Offsite Power (LOP) occur. Any diesel generator output
breakers that are closed at the time (e.g., for diesel load testing) ale also tripped by
the common accident signal; this trip signal is then blocked from retripping the
breaker. To prevent spurious accident signals from causing improper diesel
loading, the diesel generator output breaker trip circuitry has been revised to
include a unit priority re-trip. This unit priority re-trip is initiated by a confirmatory
reactor vessel low water level signal or by low reactor pressure coincident with high
drywell pressure from the RHR initiation logic. When initiated, the unit priority re-
trip will, with an existing CAS signal, trip the diesel breakers on the unit where the
RHR signal originated. The loads are then resequenced onto the diesels of that
unit. The other unit's diesel breakers are unaffected by this second trip. The
Standby AC Power Supply and Distribution System will accommodate the potential
loading scenarios resulting from a single failure or a credible spurious accident
signal in combination with a real accident signal, in any order, with or without a loss
of offsite power, thus meeting safety design bases 2 and 7.

Diesel generator loading must consider the limitations of the diesel generator units
and the maximum running loads applied during a simultaneous LOPILOCA. The
rated maximum power that the diesel generator can supply is a function of engine
and generator temperatures. The rated power output is limited by'tuibo-charger
operation when the diesel engine is cold and thermal design limits of the diesel
engine and generator when either are hot. Intake air temperature also affects the
rated maximum power output of the diesel engine. The resulting six independent
diesel generator ratings that must be considered are shown in Table 8.5-6.

The diesel generator ratings for all eight diesel generators are shown in Table 8.5-
6, and the load sequence is shown in Table 8.5-1. Each diesel generator has been
evaluated for loading and voltage and frequency response and shown to be
adequate for accident mitigation.

8.5.4.2.1 Deleted

8.5.4.2.2 Deleted

8.5 4.3 Automatic Loadin Under Accident Conditions with
Normal Power Available

A different sequence of loading is used when normal power is available. Table
8.5-5 and Figure 8.5-17 explain this starting sequence.
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8.5.4.4 Sin le Failure Anal sis of Diesel Generator Controls

An analysis was made to show that no single failure of the diesel generator controls
would result in the loss of more than one diesel generator. Additionally, the
operators are made fully aware of the operational status of these power sources
under all the conditions identified.

In the control room for Units 1 and 2, instrument readings of current, voltage,
frequency, and real and reactive power are available on each diesel generator.
There are indicating lights to indicate the status of the mode control and whether or
not the diesel generator is operating. A light is also provided for each diesel
generator to indicate when the machine has been manually stopped in the presence
of an accident signal. Alarms are provided on each machine to indicate overload on
the machine, high field current, and a ground on the system. Trip-out of the
machine by any of the protective relays is also annunciated. The Unit 3 diesel
generators are controlled from a panel in the Unit 3 Main Control Room.

When control of the standby power system is transferred to outside the control room
via backup transfer switches, the same information regarding the loading of the
diesel generators, the status of mode control, etc., is provided on the diesel
generator central information panel for Units 1 and 2 only.

When the standby power system control is transferred to outside the control room,
the backup control room, diesel generator central information panel (for Units 1 and
2 only), and the shutdown boards will be manned. The operator at the diesel
generator central information panel will inform the operator at the backup control
room of diesel generator loading conditions. The operator at the backup control
room controls diesel generator loading through the operators at the 4-kV shutdown
boards.

The only manual controls common to more than one diesel generator are three
switches. Two of these switches are in Unit 1 and Unit 2 control rooms on separate
panels; the other switch is in the Unit 3 control room. The contacts from the Unit 1

and Unit 2 switches are used in parallel. Ifone of the contacts were to fail shorted,
the effect would be that all diesel generators in that system would start. Ifone of
the contacts were to fail open, no action would take place. The other switches
could still cause all its associated diesel generators to start. Additionally, the
automatic start circuitry is unaffected by any failures in these switches.

Manual start/stop switches, synchronizing switches, diesel generator breaker
control switches, and governor and voltage regulator switches are applied on an
individual diesel generator basis. A failure in any of the associated circuits would
affect only one generator.

V
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Regarding failures in the mode control switches, the various combinations that
could occur are described, and the consequences identified, in the following.

A. Effect on Voltage Regulators

With a unit set to operate in the "single unit" mode, a failure causing
the unit to be placed in either of the other two modes has no effect on
the operation of the unit.

2a. With a unit set to operate in the "parallel with other unit" mode, a
failure causing the unit to be placed also in the "single unit" mode
would cause the unit to operate in the "single unit" mode. This could
cause a mismatch in var loading. If the var loading on a unit became
too large, alarms activated by armature current or field current would
call the operator's attention to the overload condition.

Although the possibility of a unit tripping appears very remote for this
case, if tripping were to occur, it would do so in connection with only
one unit.

2b. With a unit set to operate in the "parallel with other unit" mode, a
failure causing the unit to be placed also in the "parallel with the
system" mode has no effect on the operation of the unit.

With a unit set to operate in the "parallel with the system" mode, a
failure causing the unit to be placed also in either of the other two
modes would cause the unit to operate in the mode where the failure
occurred. This could cause a change in var loading. The magnitude
of the var loading would be dependent on the relative values of
system voltage and the voltage the regulator is set to hold. If the var
loading on the unit becomes too large, alarms which are activated by
either armature current or field current would call the operator's
attention to the overload condition.

If a trip were to occur, it would do so in connection with only one unit.

Lights for the unit being in both modes would be energized,
indicating a problem with the control.

If a mode relay failed to pickup, with the unit stopped, the voltage
regulator circuits would be in the "parallel with the system" mode. On
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the occurrence of an auto-start, the voltage regulator would be
placed in the "single unit" mode.

Deleted
W

No single failure in the diesel generator voltage regulator controls
has been found which would result in the loss of more than one
diesel generator.

B. Effect on Governor

With a unit set to operate in the "single unit" mode, a failure causing
the unit to be placed in either of the other two modes has no effect on
the operation of the unit, if the fast-start relays are still energized. If
the fast-start relays have been deenergized, a failure causing the unit
to be placed also in the "parallel with system" mode would cause the
unit to have a droop characteristic. The unit would continue to
operate satisfactorily.

2a. With a unit set to operate in the "parallel with other unit" mode, a
failure causing the unit to be placed also in the "single unit" mode
has no effect on the operation of the unit.

2b. With a unit set to operate in the "parallel with other unit" mode, a
failure causing the unit to be placed also in the "parallel with the
system" mode would cause this unit to operate in a "parallel with the
system" mode. There would be some unbalance in loading between
the two machines. Ifone machine became overloaded, an alarm
would call attention to the overload.

2c. With a unit set to operate in the "parallel with other unit" mode, a
failure of contacts 7-8 of Operational Mode Relay No. 3 (OMR-3) can
cause the units to be operating in parallel, while in effect, being in the
"single unit" mode. Since frequency settings would be slightly
different, one unit might trip off on reverse power if the system is
lightly loaded. A unit might not trip off if the system were heavily
loaded.

3a. With a unit set to operate in the "parallel with the system" mode, a
failure causing the unit to be placed also in the "single unit" mode
has no effect on the operation of the unit.
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3b. With a unit set to operate in the "parallel with the system" mode, a
failure causing the unit to be placed also in the "parallel with other
unit" mode, has no effect on the operation of the unit.

If a mode relay failed to pickup, with the unit stopped, the governor
circuits would not be set in any mode. On the occurrence of an
auto-start, the governor would be placed in the "single unit" mode.

Deleted

Lights for the unit being in both modes would be energized,
indicating a problem with the control.

No single failure in the diesel generator governor controls has been
found which would result in the loss of more than one diesel
generator.

8.5.5 Ins ection and Testin

The diesel generators were factory tested to demonstrate their ability to accelerate
to rated speed and voltage within the specified time and to carry rated load.

Prior to plant operation, the automatic starting of the diesel generators from signals
developed from undervoltage or simulated accident signals was demonstrated.
Automatic load shedding, with loss of normal power and startup of emergency core
cooling loads with either normal or diesel generator power, was demonstrated.

During normal plant operation, the diesel generators are exercised by paralleling
them with the normal power system and loading them to rated continuous KW load.
Functional tests of the automatic circuitry and a test of the complete diesel
generator starting/emergency core cooling load startup can be conducted during the
refueling outages for the respective unit.

Scheduled maintenance on the diesel generators is conducted in accordance with
the manufacturer's recommendations.

Since any electrical board, bus, or diesel can be isolated for maintenance, all
automatic transfers can be tested; and complete component tests of relays, buses,
batteries, chargers, transformers or switchgear are possible. During the short
periods of selected maintenance-type tests, the allowable outage times are in
accordance with the technical specifications for the equipment involved.
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For the more frequent online testing, such as engineered safeguards, diesels, etc.,
one function at a time is tested. Diesel start testing is on the same basis as an
accident. Following simulated start, acceleration, and voltage regulator
performance checks, the diesel is operated in parallel with the system at greater
than 75 percent load to allow load testing and equalizing of temperatures before
shutdown. If an accident occurs during a diesel test the diesel load is tripped and it
remains running, available for accident service.

A complete portion of the Engineered Safeguards System can be tested from its
sensors to the starting of the AC and DC equipment. In the case of a core spray
loop, the test can include a core spray only, or the test can include starting of all
diesels and accident alignment of the auxiliary power system.

During refueling unit outages, a complete accident load sequence is performed on
each 4-kV shutdown board group. Since each 4-kV shutdown board operates as an
independent train, this test is significant, even though it is not a complete test of all
four diesels simultaneously.

The 4-kV and 480-V logic systems have on-line testability that allows systematic
testing of all components to the output devices. These tests usually involve a ~

disturbance of six loads or less, which have been selected for minimum disturbance
to the units.

A real accident signal that appears while in a simulated accident mode will be
recognized and a full accident sequence will be initiated.

Complete maintenance of the system, with minimum disturbance and the ability for
complete component testing is provided. Engineered Safeguards Systems testing,
through the operation of loads and/or one 4-kV shutdown board diesel group
testing, is also provided. A high degree of automatic realignment of the system
from a test mode to the accident mode in the presence of an accident signal is
employed. For maintenance and some testing this feature is not available.

Complete testing is accomplished in as few separate tests as possible. Separate
tests are based on independent operating units in most cases and, therefore, are
good, representative tests.

Testing and surveillance requirements and limitations are provided in the BFN
Unit 2 and Unit 3 Technical Specifications.
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TABLE 8.5-6

DIESEL GENERATOR RATINGS

~Ratin ~Descri tion Time

1. Engine-

Short-Time

2860/2800'w

Maximum steady-state active

power output

(running kW)

0-2 hours

2. Engine-

Continuous

2600/2550'W

Maximum steady-state active

power output

(running kW)

> 2 hours

3. Engine-

Instantaneous

(Cold)

2850/2815* kW

Maximum instantaneous active

power output

(running kW+ starting kW)

0- 3 minutes

4. Engine-

Instantaneous

(Hot)

3050/3025* kw

Maximum instantaneous active

power output

(running kW+ starting kW)

> 3 minutes

5. Generator-

Short-Time

3575 KVA

Maximum steady-state

apparent power output

(running KVA)

0-2 hours

6. Generator-

Continuous

3250 KVA

Maximum steady-state

apparent power output

(running KVA)

> 2 hours

* Derated for 97'F intake air temperature (maximum design basis ambient air temperature). Nonderated

value applies for ~ 90'F.
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8.6 250-V DC POWER SUPPLY AND DISTRIBUTION

8.6.1 ~Sf 06

The safety objective of the 250-V DC power system is to provide a.highly reliable
source of control power and motive power as required for the Engineered
Safeguards System (ESS) so that no single credible event can disable the
containment isolation and core standby cooling functions and their supporting
control power sources and circuits.

8.6.2 Safet Desi n Basis

1. The ESS'250-V DC power system shall be designed with adequate
independence and redundancy so that the failure of any single active
component will not prevent the required ESS from functioning.

2. Battery capacity shall be adequate so that any two unit batteries can supply
for 30 minutes, without chargers available, the DC power required to operate
the ESS on any one reactor unit in the event of a design basis accident, as
well as the DC power required for the safe shutdown and cooldown of the
other two units with a final terminal voltage of 210-V.

3. The ESS that are supplied from the 250-V DC power system shall be
designed to operate at the required minimum voltage for individual
components.

4. The ESS 250-V DC power system shall be capable of withstanding the design
basis earthquake without impairment of its function.

5. The ESS 250-V DC power system shall be designed so that any component,
including battery charger, battery, distribution center, and interconnecting
wiring, can be tested without disabling any required ESS.

8.6.3 ~D

The 250-V DC power system consists of two subsystems, a six battery plant system,
and a five battery control power system (shutdown board batteries).

1. The plant batteries are further categorized as unit batteries (Batteries 1, 2,
and 3) and station batteries (Batteries 4, 5, and 6). The ESS loads for the
three unit plant are supplied from Unit Batteries 1, 2, and 3. Batteries 1, 2,
and 3 also supply some non-safety-related loads, but Batteries 4, 5, and 6
only supply non-safety-related loads.
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The 250-V DC unit system consists of three 120-cell lead-acid batteries (one
Class 1E battery and battery charger per unit and one Class 1E spare battery
charger common with the station system) together with the associated
circuitry, switches, indicators, and alarms (Figure 8.6-1 a).

The 250-V DC station system consists of three 120-cell lead-acid batteries
(one Non-Class 1E battery and battery charger per unit and one Class 1E
spare battery charger common with the Unit system) together with the
associated circuitry, switches, indicators, and alarms
(Figure 8.6-1 f).

2. The 250-V DC control power supply system (Shutdown Board Batteries SB-A,
SB-B, SB-C, SB-D, and SB-3EB) consists of five 120-cell lead-acid batteries
(one battery and battery charger for each shutdown board, and one spare
battery charger), together with the associated circuitry, switches, indicators,
and alarms (Figure 8.6-1 a). The batteries also supply 480-V shutdown boards
for Units 1 and 2 and ATWS.

250-V Plant DC S stem

The battery chargers are of the solid-state, rectifier type, capable of working
independently. Each charger is capable of automatically regulating output voltage.
Each battery charger has the capacity to furnish floating, equalizing, and fast
charge in accordance with the battery manufacturer's recommendations.

Each battery charger provides the 250-V DC supply during normal operations,
keeps its associated battery fullycharged at all times, and recharges the battery
after a discharge. On loss of power to the charger, the battery supplies all required
loads. Each battery is equipped with a low-voltage alarm which is actuated before
battery voltage falls to 240-V.

Each of the batteries for the 250-V DC system consists of 120 lead-calcium grid
type cells.

The unit batteries have a 1-minute rating of 2080 amperes and an 8-hour discharge
rating of 2320 ampere-hours.

The station batteries have a 1-minute rating of 2240 amperes and an 8-hour
discharge rating of 2320 ampere-hours.

All ratings are to a final terminal voltage of 210-V at a temperature of 77'F.
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The three unit batteries have engineered safeguards control loads for the three
units distributed among them so that redundant subsystems on each unit have
separate normal and alternate power supplies. The battery board buses,
motor-operated valve boards, and distribution panels supply nominal 250-V DC
power to their loads without interruption unless the supply battery is discharged and
power to the charger is lost. All transfers from normal to alternate sources are done
manually, under administrative control procedures.

The major connected loads for the 250-V DC power system are listed in Table
8.6-1, Figure 8.6-5, and Figure 8.6-6. The batteries in the 250-V plant DC system
have the capacity to carry all their required selected loads for 30 minutes without
recharging. Each charger shall be sized to recharge its battery, based on actual
duty cycle ampere-hour discharge, in approximately 12 hours under normal load
conditions.

A typical arrangement of the 250-V plant DC system for one unit is shown in
Figure 8.6-2a; and the interconnection scheme for this same portion for all three
units, illustrating separation requirements, is shown in Figure 8.6-3.

250-V DC Control Power Su I S stem for shutdown boards

The 250-V DC control power battery chargers have similar characteristics to the
chargers of the plant system except for size.

The batteries for the 250-V control power supply are of the lead-calcium grid
construction. They have a one-minute rating of 500 amperes and an eight-hour
discharge rating of 410 ampere hours, both ratings to a terminal voltage of 210-V
at 77'F. Although the safety-design basis requirement for battery capacity is
30 minutes, the batteries have a greater (three hour rating of 108 ampere to a
terminal voltage of 210-V at 77'F) capacity to supply all required loads allowing
ample time for corrective action ifa charger malfunction occurs.

Normal 250-V DC control power for 4160-V shutdown boards A, B, C, D, and 3EB is
supplied by one of the DC control power supplies with an alternate supply from one
of the unit battery boards through a manual transfer switch. 250-V DC control
power for 480-V shutdown boards 1A, 2A, 1B, and 2B is supplied by one of the DC
control power supplies with an alternate supply from one of the battery boards
through a manual transfer switch. 250-V DC control power for 4160-V shutdown
boards 3EA, 3EC, and 3ED, 480-V shutdown boards 3A and 3B, 480-V HVAC
board B, the bus-tie board, and the cooling tower switchgear is from the unit battery
boards. Alternate supplies have been provided through manual transfer switches.
Separations between redundant control power circuits are maintained external to
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and within the switchgear. The major connected loads for the 250-V DC control
power system are listed in Table 8.6-1 and Figure 8.6-5.

The batteries in the 250-V DC control power supplies have the capacity to carry all
their required loads for 30 minutes without recharging. Each charger is sized to
recharge its battery from a fully discharged condition in approximately 12 hours
under normal load conditions.

The typical arrangement for 250-V DC control power supplies A, B, C, D, and 3EB
is shown in Figures 8.6-2b and 8.6-2c. The key diagrams for the boards are shown
in Figures 8.6-1a, b, d, and e.

8.6 4 Safet Evaluation

8.6 4.1 General

The system is arranged and powered so that the probability of failure of power to
any single battery board bus or shutdown board control bus is very low and that
such a failure does not result in loss of any safeguards function. The system is
designed to meet the intent of the IEEE criteria for nuclear power plant protection
systems (lEEE-279).

Each battery, and its associated equipment, is easily accessible for inspection and
testing. The DC system is ungrounded and has a ground detection alarm. The
most probable mode of battery failure would be deterioration of a single cell which
can be detected well in advance by standard, routine battery inspections and
testing. The system is designed so that the batteries cannot be paralleled.

Each ESS battery and its associated earthquake-type racks and holddown bolts are
designed as Class I equipment in accordance with Appendix C, "Structural
Qualification of Subsystems and Components."

8.6.4.1.1 Plant DC S stem

Each ESS 250-V DC unit battery board bus can be supplied from its own battery
charger or from the spare charger. The station battery board bus can be supplied
from its own charger or from the spare charger. The charger switching is done
manually and without normally paralleling the chargers; however, chargers are
designed to operate in parallel ifdesired. The chargers can be powered from
normal plant auxiliary power or from the standby diesel-driven generator system.

Zero-resistance short circuits at the battery board or any point downstream can be
cleared by the breakers operating within their ratings. Each unit battery is located
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in the control building in its own ventilated, unit battery room. Each station battery
is located in the Turbine Building. It supplies loads that are not essential for safe
shutdown and cooldown of the nuclear system. This battery is not considered in the
accident load calculations.

8.6.4.1.2 Shutdown Board Control Power Su I

Each 250-V DC control power supply can receive power from its own battery,
battery charger, or from a spare charger. The chargers are powered from normal
plant auxiliary power or from the standby diesel-driven generator system.
Zero-resistance short circuits between the control power supply and the shutdown
board are cleared by fuses located in the respective control power supply A, B, C,
D, or 3EB. Each power supply is located in the Reactor Building or Diesel
Generator Building near the shutdown board it supplies. Each battery is located in
its own independently ventilated battery room.

8.6.4.2 Loss of One 250-V DC Unit Batte

The ESS 250-V DC system is arranged, and the batteries sized, such that the loss
of any one unit battery will not prevent the safe shutdown and cooldown of all three
units in the event of the loss of offsite power and a design basis accident in any one
unit. Loss of control power to any engineered safeguards control circuit is
annunciated in the Main Control Room of the unit affected.

8.6.4.3 Loss of One 250-V DC Control Power Su I Batte

The loss of one battery affects normal control power for the 480-V and 4160-V
shutdown board which it supplies. Complete loss of the control power to these
shutdown boards results in loss of only those engineered safeguards supplied by
these boards, which is acceptable.

8.6.5 Ins ection and Testin

Routine service and testing are based upon the recommendations of the
manufacturer and sound maintenance practices. Typical inspections include visual
examinations for leaks and corrosion and a check of all batteries for uniformity, as
well as values of cell voltage, specific gravity of electrolyte, and electrolyte level.
Any one battery or battery charger may be removed from the system for testing or
repair without loss of service to the system.

8.6-5





Table 8.6-1

250-V DC CONNECTED LOADS

Unit Battery Boards

1.
2.
3.
4
5.
6.
7.

Reactor Motor-Operated Valve Boards (3 per unit A, B, and C)
Circuit Breaker Board 9-9 (1 per unit)
480-V Shutdown Board Controls (Unit 3)
4160-V Shutdown Board Controls (Unit 3)
Bus-tie Board
Cooling Tower Switchgear
480-V HVAC Board B

Station Battery Board

1.'.

3.
4,
5.
6.

8.
9.

10.
11.

Main Turbine Emergency Bearing Oil Pump (1 per unit)
Main Generator Emergency Seal Oil Pump (1 per unit)
Plant Preferred AC Motor Generator
DC Emergency Lighting at Diesel Generator Buildings
Distribution Board 9-24
Diesel Generator AirCompressors
Cooling Tower Switchgear
Turbine Building Distribution Board (1 per unit)
Reactor Building Lighting Cabinet (1 per unit)
Unit Preferred AC Motor Generator (Units 2 and 3)
Computer UPS

Reactor MOV Board Loads

1.
2.
3.
4
5.
6.
7.
8.
9.

10.
11.
12.

Autodepressurization Main Steam Relief Valves (MOV Boards A, B, and C)
Main Steam Relief Valves (MOV Boards A, B, and C)
Main Steam Isolation Valves Solenoids (MOV Boards A and B)
Recirculation MG Set Emergency Oil Pumps (MOV Boards A and B)
Backup Scram Valves (MOV Boards A, B, and C)
RHR Shutdown Isolation Valves (MOV Board B)
Division I Engineered Safeguards Logic Power Supply (MOV Board B)
HPCI Turbine Controls and Auxiliaries (MOV Board A)
HPCI Valves (MOV Board A)
RCIC Turbine Controls and Auxiliaries (MOV Board C)
RCIC Valves (MOV Boards B and C)
Division II Engineered Safeguards Logic Power Supply (MOV Board A)

250-V DC Control Power Supplies

1. 4160-V Shutdown Board Controls (Units 1 & 2), and 3EB on Unit 3
2. 480-V Shutdown Board Controls (Units 1 & 2)
3. AfWS (Units 2 and 3)
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8.7 120-V AC POWER SUPPLY AND DISTRIBUTION

8.7.1 Power Generation Ob'ective

The objective of the 120-V AC Power Supply and Distribution System is to supply
both safety related and non-safety related 120-V AC power to all equipment and
instrumentation requiring it during all modes of plant operation.

8.7.2 Power Generation Desi n Basis

The 120-VAC Power Supply and Distribution System shall be capable of supplying
all required loads through the use of several independent systems, depending on
the continuity of power required by each load.

8.7.3 ~8

The supply and distribution of 120-V AC power are accomplished by six systems.
These systems are:

a. 208/120-V AC Instrument and Control Power Supply System;

b. Plant Preferred 240/120-V AC System;

c. Unit Preferred 240/120-V AC System;

d. Reactor Protection System Power Supply;

e. Plant Nonpreferred 240/120-V AC System; and

f. 208/120-V AC Plant Computer Power System.

g. 120/240-V AC Non-Safety-Related Lighting Power System.

The 120-V AC Power Supply and Distribution System, and its relation with other
plant electrical systems, is shown in Figures 8.6-1c, -1d, -1e, and -1f of Subsection
8.6.

8.7.3.1 208/120-V AC Instrument and Control Power Su I

~Sstem

The 208/120-V A-C Instrument and Control Power Supply System consists of six
redundant, Class 1E instrument and control, buses (two buses for each unit). Each
120-V bus receives its normal or alternate power supply from an appropriate
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divisional 480-V shutdown board through a 480-208/120-V A-C 3-phase
instrumentation and control transformer and a 208/120-V regulating transformer.

Control room distribution Panel 9-9, Cabinets 2 and 3, are equipped with a normal
and an alternate feeder. Transfer from the normal to the alternate supply is
automatic upon I 5 C Bus undervoltage. The alternate supply is from the regulating
transformer of another unit with the same electrical division as the normal supply.

On loss of normal auxiliary power, all I and C loads will lose power until the diesel
generators have picked up the 480-V shutdown board loads.

8.7.3.2 Plant Preferred 240/120-V AC S stem

The Plant Preferred 240/120-V AC System bus normally receives power from an AC
lighting board with an automatic transfer to an alternate AC lighting board upon loss
of power from the normal source. The preferred bus has, as an alternate source of
power, a 250-V DC motor-driven generator (plant preferred M-G set). The plant
preferred M-G set is started on loss of voltage to the bus and automatic transfer is
made on presence of voltage from the generator. The M-G set will pick up all loads
that do not require manual start. Plant preferred loads will lose power while the
M-G set is started and transfer is made.

Transfer of the bus back to the normal power supply is automatic after the normal
power supply becomes available for sufficient time to ensure its stability. The M-G
set is then disconnected automatically from its DC power supply.

8.7.3.3 Unit Preferred 240/120-V AC S stem

The Unit Preferred 240/120-V AC System, for each unit, consists of a distribution
bus with a M-M-G set as the primary source of supply. Upon failure of the M-M-G
set, the bus can be transferred manually to either the unit preferred M-M-G set of
one of the other units or to the appropriate unit 480-V shutdown board (Unit 1), or
480-V reactor MOV board (Units 2 and 3) through the unit preferred AC bus
transformer, as shown in Figure 8.7-3.

Each M-M-G set consists of a 480-V AC motor, a 250-V DC motor, a flywheel, and a
240/120-V 1-phase, AC generator (all direct-coupled) with the necessary controls.
The unit preferred bus is normally supplied from the generator driven by the AC
motor with the flywheel and DC motor being driven. On loss of power to the AC
motor, the DC motor is automatically energized with the flywheel driving the
generator during the transfer period. Therefore, the unit preferred buses do not
normally lose power at any time during loss of auxiliary power.
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8.7.3.4 Reactor-Protection S stem Power Su I

The 120-V AC Reactor Protection System Power Supply is shown in Figure 7.2-1
and is described in paragraph 7.2.3.2.

8.7.3.5 120-V AC Distribution Panels

There are four control room distribution panels (circuit breaker boards) supplied by
one or more of the 120-V AC systems. There is one panel for each unit and one
plant panel common to all units. The 120-V AC loads supplied from these panels
are shown in Figures 8.7-4a, b, c, and d.

8.7.3.6 Plant Non referred 240/120-V AC S stem

The Plant Nonpreferred 240/120-V AC System bus normally receives power from an
AC lighting board with automatic transfer to an alternate AC lighting board upon
loss of power from the normal source.

8.7.3.7 208/120-V AC Plant Com uter Power S stem

The 208/120-V AC plant computer power system consists of a 120/208-V AC UPS
system which includes 480-120/208-V AC regulating transformer, a rectifier, an
inverter and an automatic static transfer switch. The system provides a highly
reliable 208/120-V AC normal power supply to the computer power distribution
panel. The UPS receives input power from an appropriate 480-V AC Non-Class 1E
Common Board. The output of the UPS provides normal and alternate 120/208-V
AC power to a plant computer distribution panel through a static transfer switch. An
appropriate 250-V DC non-1E battery board provides back-up power supply to the
UPS. Provision for manual switching is also included to allow manual transfer of
power between the inverter/rectifier and the regulating transformer for maintenance
purposes.

8.7.3.8 120/240-V AC Non-Safet -Related Li htin Power S stem

This system provides power to non-safety-related loads and is available from
cabinets throughout the plant.

8.7.4 Ins ection and Testin

All equipment associated with the 120-V ac power supply system, except the plant
preferred M-G set, is normally in operation at all times. The plant preferred M-G set
and the DC motor drives of the unit preferred M-M-G sets can be periodically
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energized to ensure operability. Inspection of all other equipment is accomplished
based upon the manufacturer's instructions and sound maintenance practices.

8.7-4



BFN-16

8.8 AUXILIARYDC POWER SUPPLY AND DISTRIBUTION

8.8.1 48-V DC Power S stem

8.8.1.1 Power Generation Ob ective

The objective of the 48-V DC Power System is to provide a reliable, continuous,
independent, and conveniently utilized 48-V DC power supply for the plant
communications and annunciator systems during all modes of plant operations.

8.8.1.2 Power Generation Desi n Basis

1. The 48-V DC Power System shall supply power for all 48-V DC requirements

2. The annunciator system batteries shall be capable of supplying the connected
)

loads for a period of 8 hours without recharging, with a minimum battery
terminal voltage of 42 volts at the end of the 8-hour period.

3. The plant communications system (telephone) battery shall be capable of
supplying the connected loads for a period of 3 hours without recharging.

88.1.3 ~Oi U

The 48-V DC Power System consists of three batteries, four battery chargers, and
the associated buses, circuitry, and distribution panels required for the operation of
the system. One battery and its charger is for the plant communications system.
The other two batteries and their chargers are for the annunciator system. The
fourth charger is a spare unit and may be switched to supply power to any one of
the three 48-V DC buses. The battery chargers are not normally operated in
parallel but are designed to operate in parallel. The annunciator batteries are sized
and the system arranged so that the total station annunciator load may be supplied
from one battery.

During normal operations each battery charger provides the prime source of 48-V
DC power, with the battery supplying peak demands, normally keeps its battery fully
charged, and recharges its battery after a discharge. After a significant discharge
the spare battery charger may be paralleled with another battery charger to assist in
battery charging or load carrying. On loss of power to the charger, the battery
supplies all the required loads.

Loss of 48-V DC annunciator power from one battery will be annunciated and an
automatic transfer at battery rooms 1 and 3 to the other 48-V annunciator battery
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accomplished. Thus, only a brief interruption in annunciation will result. The
low-voltage alarm is actuated when battery voltage falls to 46-V.

The battery chargers are of the solid-state, rectifier type, capable of working
independently. Each charger is capable of automatically regulating output voltage
within 1/2 percent of its rated value under the following conditions:

1. The load is between 0 percent and 100 percent, with the AC power feeding
the charger deviating from the rated voltage by 10 percent.

2. The battery is connected or disconnected.

Either the telephone battery charger or the spare charger has the capacity to
deliver the maximum charging rate required by the telephone battery, while also
supplying the normal steady-state load. Either charger is also capable of
recharging the telephone battery, after a 3-hour discharge, to 95 percent of it'

capacity in approximately 12 hours, to maintain full charge once achieved; and to
periodically give the battery an equalizing charge. The annunciator battery
chargers A and B lack sufficient capacity to simultaneously deliver the maximum
charging rate and supply the normal steady-state load. It is possible to recharge
each battery from a totally discharged condition (1.75-V per cell) in a reasonable
time (the spare charger may be paralleled with another charger to assist in battery
charging or load carrying), maintain full charge once achieved, and to periodically
give the battery an equalizing charge.

The batteries are lead-acid, lead-calcium grid construction type with 24 cells
(nominal 48-V DC), and rated to carry the maximum load required by any one
battery. Each battery is designed to have an 8-hour rating of 840 ampere-hours

The batteries are capable of supplying the connected loads for a period of 8 hours
without recharging, with a minimum battery terminal voltage of 42-V at the end of
the 8-hour period.

The 48-V batteries are mounted on sturdy earthquake-type racks suitable for easy
maintenance and housed in the battery rooms which are. adequately ventilated to
prevent a concentration of combustible gases from the charging operation. Racks
and holddown bolts are designed as Class I equipment in accordance with
Appendix C, "Structural Qualification of Subsystems and Components."

The relation of the 48-V DC Power System to other associated electrical systems is
shown in Figure 8.6-1c of Subsection 8.6.
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Table 8.8-3

EVALUATIONOF THE 24-V DC POWER SUPPLY

Component
Results

Losing 24-V DC Supply
Consequence of

~ Losing 24-V DC Supply

1. Source Range Monitors and
SRM Trip Auxiliaries

(a) Loss of source range indication
with annunciation of loss
(alarm)

(b) Rod Block

I. Plant shutdown - (all rods in)
a. startup preventedby rod

block

b. startup preventedby
technical specifications
(less than 3 cps).

II. In STARTUP MODE-
a. rod withdrawal stopped by

SRM rod block.

2. Intermediate Range Monitors
and IRM Trip Auxiliaries

(a) Loss of Intermediate range
indication with annunciation
of loss (alarm)

(b) Rod Block

(c) Scram

I. In STARTUP MODE-
a. IRM Rod Block and IRM

Scram

II. In RUN MODE-
a. None - Protection

provided by APRM. SRM's
and IRM's withdrawn.

3. Trip auxiliaries for off-
gas radiation monitor and
timer control

4. Stack Gas Radiation Monitor

(a) Off~as valve isolation signal
generated

(a) Instrument failure alarm

I. Off~as valve closes

I. None - Off~as line isolated on
unit with failed 24 V DC
system - log offgas monitors
available on all units.

5. Linear Offgas Radiation
Monitor

, 8. RHR Service Water Effluent
Radiation Monitors

7. Liquid Rad Waste Effluent
Radiation Monitor

(a) Loss of indication

(a) Instrument Failure Alarm

(a) Instrument Failure Alarm

I. None- Backedup by two log
of(~as radiation monitors
powered from RPS bus.

I. None - Sampling frequency
increased ifRHR service
water system in operation.

I. None - Liquid radwaste
discharge based on tank
sampling. However,
discharge would be stopped
by operator if in progress.

8. Reactor Building Closed
Cooling Water System
Radiation Monitor

(a) Instrument Failure Alarm I. None - Closed system.
However, sampling frequency
could be increased.

9. Raw Cooling Water Effluent
Radiation Monitor

(a) Instrument Failure Alarm I. None - Increased sampling
frequency as necessary.
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8.9 SAFETY SYSTEMS INDEPENDENCE CRITERIA AND BASES FOR
ELECTRICAL CABLE INSTALLATION

Various criteria and bases establish the minimum requirements for preserving the
independence of redundant reactor protection systems, engineering safety features
systems, and Class 1E electrical systems through physical arrangement and
separation, and assure necessary availability during any design basis event.

The electrical circuits associated with redundant or counterpart divisions,
components, or subsystems of electrical systems important to safety are separated
from each other by means of spacing or barriers. These electrical systems are
designated as Class 1E systems, and include the Reactor Protection System (RPS),
Primary Containment Isolation System (PCIS), the Neutron Monitor System (NIVIS)
and the Engineered Safeguards System (ESS). The circuits associated with these
Class 1E systems include their instrument signal circuits, their control circuits, and
their power circuits.

A. Reactor Protection S stem RPS

The instrument signal circuits for the RPS are separated into four channels (A1, A2,
B1, and B2), identified as Divisions IA, IIA, IB, and IIB, respectively. The manual
signal circuits are separated into Channels A and B, identified as Divisions IIIAand
IIIB, respectively. The control and power circuits of the RPS are separated into two
divisions, identified as Divisions A and B, with power and control Division A
associated with signal Divisions IA, IIA, and IIIA, and power and control Division B
associated with signal Divisions IB, IIB, and IIIB. Control and instrumentation of the
RPS are described in FSAR Subsection 7.2.

B. Prima Containment Isolation S stem PCIS

Control and power circuits for the inboard Primary Containment Isolation System
valves are all in Division I; similar circuits for the outboard valves are in Division II.
Control and instrumentation of this isolation system are described in FSAR
Subsection 7.3.

C. En ineered Safe uard S stem ESS

The separation concept places all electrical equipment of the ESS in either Division
I or Division II. These two divisions include the electric power, control, and signal
circuits for this equipment. The HPCI System, described in FSAR paragraph 6.4.1,
has its associated electric circuits in Division II; (except for the inboard steam line
isolation valve which is connected to Division I, see Section 8.9-B) and the
Automatic Depressurization System, described in FSAR paragraph 6.4.2, has its
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associated electric circuits in Division I. This depressurization system is a backup
for the HPCI System and, thus, is a counterpart of the HPCI System.

The electric circuits associated with one of the two loops of the Core Spray System
'escribedin FSAR paragraph 6.4.3 are in Division I and the circuits of the other

loop are in Division II. These respective divisions of electric circuits include the two
pump motors and electrically-operated valves in each core spray loop.

The electric circuits associated with pumps A and C of the LPCI System, and their
valves (described in FSAR paragraph 6 4.4), are in Division I; the electric circuits of
pumps B and D, and their valves, are in Division II.

The circuits associated with the diesel generators, shutdown boards, and their
interconnections are separated into eight groups of separation (four groups for
Units 1 and 2 and four groups for Unit 3). The 480-V shutdown boards are
separated from each other on a unit basis. Shutdown board 1A is separated from
1B, 2A from 2B, and 3A from 3B, with the ESS Division I loads supplied from boards
A and ESS Division II from boards B. The 480-V reactor MOV boards are
separated from each other on a unit basis. Reactor MOV board 1A and 1D are
separated from 1B and 1E, etc. ESS Division I loads are supplied from reactor
MOV boards 1A and 1D, while Division II loads are supplied from board 1B and 1E.

Essential common plant functions are divided into two redundant groups. These
loads are connected to the diesel generator auxiliary boards and the control
building vent boards. They are separated into two divisions for each function.

Refer to FSAR Figure 8.6-3 for the DC System separation.

8.9.1 Cable Insulation Coatin s and Floor and Wall Penetrations

Cable insulation materials have been selected to minimize excessive deterioration
due to temperature, humidity, and radiation during the design life of the plant.
Insulation temperature ratings are such that the maximum normal ambient
temperature plus any heat rise due to loading does not exceed the qualified
temperature rating of safety-related cables.

The original ampacity of power cables in trays for all units was based on industry
standards, such as Insulated Cable Engineers Association (ICEA) Standard P-46-
426. A more recent publication, ICEA Standard P-54-440, incorporated the concept
of uniform heating. A reevaluation of safety-related cables for Unit 2 and Unit 3 was
performed based on ampacities from ICEA Standard P-54-440 and a conservative
method of quantifying diversity which was inherent to ICEA Standard P-46-426 to
ensure that the cables are not adversely affected by heating from adjacent cables.
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Furthermore, evaluations have been performed on the safety-related cables in both
conduits and trays for Unit 2 and Unit 3 to ensure that fire retardant coatings, fire
wraps, installation configuration, and association with nonsafety cables do not
adversely affect their current carrying capability.

Cables installed on cable trays pass the vertical flame test of Section 6.19.6 of
ICEA Standard S-19-81. For plant areas containing safety-related equipment, the
use of cables meeting only the minimum requirement of ICEA Standard S-19-81
requires a fire retardant cable coating (Flamemastic 77 or equal) on the

cables'xposed

surface in order to upgrade the effective flame retardancy to the ratings of
IEEE 383-1974. Cables without certification to IEEE-383 are coated with flame
retardant material in accordance with the appropriate design criteria. Cables with
certification to IEEE 383-1974 flame retardant qualifications are not required to be
coated, except at firestops. At fire barriers and pressure boundaries, any openings
in the walls and floors for cable trays are sealed and the cables are coated with fire
retardant cable coating. Conduit penetrations in walls and floors which form fire
barrier compartmentation and/or pressure boundary are sealed. For the methods of
sealing conduits and trays which penetrate fire barriers, refer to Figure 5.3.2 of the
FSAR. The Fire Protection System is discussed in the Fire Protection Report
Volume 1 and is referenced in Subsection 10.11.

Any exceptions to the above requirements will be documented as an exception to
the appropriate design criteria.

8.9.2 ~Racewa e

8.9.2.1 General Plant Area

Conduit was sized per TVA Electrical Standards Drawing 30AB09 RO, 30A810 RO,
and 30A811 R1 prior to 1976. The 40-percent maximum allowable cable fill
expressed previously in the FSAR was an interpretation from the maximum
allowable cable diameters given in the drawings. TVAElectrical Design Standard
DS-E13.1.4 has been used since issued in 1976. This standard allows a maximum
cable fillof 53-percent for 1 cable, 31-percent for 2 cables, and 40-percent for 3 or
more cables. When the Electrical Standards Drawings were applied for conduit

'izing,the resulting conduit fill limitations were essentially equivalent to the current
Design Standard DS-E13.1.4. The Electrical Standards Drawings allowed a less
conservative 32-percent maximum cable fillfor 2 cables, however, the 1-percent
difference is not considered significant based on cable and conduit tolerances.
Conduits filled above DS-E13.1.4 levels are justified and documented as exceptions
in the applicable Design Criteria.
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There are five different raceway systems for voltage-level separation within a
division. The are arranged as follows:

1. Medium Voltage Power (V5), Nominal Voltage 4160V AC

2. Low Voltage Power (V4), Nominal Voltage 480V AC and etc.

3. Control and Control Power (V3), Nominal Voltage 0-240V AC, 0-250V DC

4. Medium-level signal (V2), Nominal Voltage 100mV-250V AC or DC

5. Low-level signal (V1), Nominal Voltage 0-100mV AC or DC

In the appropriate design criteria, there is a tabulation of these voltage levels and
the controlling factors in designing for installation within them. Cables are assigned
voltage levels as listed above and routed in their appropriate respective raceway,
unless specifically evaluated and documented as an exception to applicable design
criteria. In addition, two permissible exceptions are defined below:

a. Cables of different voltage levels may be routed together in conduit when a
piece of equipment has only one conduit opening. However, cables are
separated with respect to voltage levels as soon as possible.

b. For designs and installations prior to July 31, 1987, when the circuit protective
device in a radial feeder is capable of interrupting both the power and control
circuits for a piece of equipment, the related power and control cables may be
routed together in the same conduit.,

Within a standard tray arrangement, normally, the minimum standard spacing
between trays stacked vertically is 9 inches, tray bottom to tray bottom. The
standard spacing between trays installed side by side is 4 inches, except this is 6
inches in the Cable Spreading Room. The trays are generally constructed of
galvanized steel, 12 to 24 inches wide and 4 inches deep. Cable trays are
generally designed for a loading of 75 Ib/ft (including the weight of the tray), and
trays in tiers carrying cables of redundant divisions have Category I seismic
restraints and are separated as stated in paragraph 8.9.6.1, "Cable Routing." The
structural integrity of the tray system is maintained through continued review of
loading as new cables are added.

ESS cables are routed in Division I or II V5, V4, or V3 trays specifically marked for
these cables. Cables for the RCIC System are routed in Division I trays and the
cables for the HPCI System are routed in Division II trays.
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Non-divisional trays are spaced a minimum of six inches horizontally and a
minimum of nine inches vertically (tray bottom to tray bottom) from'divisional trays.

8.9.3 Containment Penetration
k

'

Cables through drywell penetrations are so grouped that failure (open circuits,
shorts, or grounds) of all cabling in a single penetration cannot prevent a scram.
(This applies specifically to the neutron monitoring cables and the main steam
isolation valves position switches.)

Low-voltage power and control cables for the ESS Division I and the RPS channels
IA and IB are routed through three penetrations (EA, EB, and EC), with RPS
channel IA in EC and RPS channel IB in EB. These three penetrations are located
on the southwest side of the primary containment.

Low-voltage power and control cables for ESS Division II and RPS channels IIAand
IIB are routed through two penetrations (EE 8 EF), with RPS channels IIAand IIB in
penetration EE. These two penetrations are located on the northeast side of the
primary containment.

8.9 4 Control Room and Local Panels

No single control panel, local panel, or instrument rack includes wiring essential to
the protective function of both redundant systems, which are backups for each other
(Division I and Division II), except where, for operational reasons, locating manual
control switches on separate panels is considered to be prohibitively (or unduly)
restrictive to normal functioning of equipment; the switches may then be located on
the same panel, provided no single event in the panel can defeat the automatic
operation of the equipment. If this protection cannot be provided by circuit design,
the switches for controlling different divisions of subsystems are grouped in
subpanels separated by fire-resistant separation barriers without penetrations that
could propagate a fire between subpanels.

8.9.4.1 S acin of Wirin and Com onents in Control Boards
Panels and Rela Racks

A minimum distance of 6 inches, or barriers between wiring and components in
control boards, panels, and relay racks, preserves the independence of Divisions I

and II circuits. Except in a few instances, the two divisions are on separate panels
which themselves are separated from other panels by metal barriers or by distance.
There is no requirement to separate or use barriers between devices or wiring of
the same division within the confines of a given panel.
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Redundant systems for isolating the containment are divided into Division.l and
Division II, with,separation or barriers as noted above. However, there is an
exception to the use of separation or barriers between some of the redundant
equipment on panels 25-7A and 25-7B. The two high-flow differential pressure
transmitters that produce signals for isolating the steam lines to the RCIC turbine
are mounted side-by-side on panel 25-7A and the two for the HPCI turbine are
mounted similarly on panel 25-7B. This exception is acceptable because the
high-temperature detectors along the steam lines provide a diverse redundant
means for initiating the isolation signals. These high-temperature detectors provide
coverage of the entire spectrum of sizes of steam line breaks and, thus, are the
primary detectors of a break. The two divisions of high-temperature signal circuits
for the RCIC turbine are separated from each other, and those of the HPCI turbine
are also separated from each other. In addition, the RCIC signal circuits are
separated from those of the HPCI. This separation prevents a single credible event
from effecting both high-temperature isolation signals for either turbine.

There are special cases in the control room where nonsafety- related wiring from
panels containing one division of equipment is routed into a tray with wiring from
panels containing the other division. This is acceptable because:

1. if the cables of interest do not leave the control bay, then the back up controls
would not be effected by such a coupling and could be used in safely shutting
down the plant, or

2. if the cables do leave the control bay, they have been shown to have
adequate fault protection (fuse/breaker) to prevent the propagation of the
fault.

Where the above separations cannot be met within the auxiliary instrument room
panels, Division I cables may be run adjacent to Division II cables provided an
analysis is performed and documented to show that plant safety is not jeopardized
(i.e., redundant safe shutdown features/functions are not jeopardized).

8.9.5 Se aration of Class 1E Electrical E ui ment

4160-VDiesel GeneratorsA B C D 3EA 3EB 3EC and 3ED

4160-V diesel generators A, B, C, and D are located in Unit 1-2 Diesel Generator
Building on El. 565.5 in individual rooms. Diesel generators 3EA, 3EB, 3EC, and
3ED are located in Unit 3 Diesel Generator Building on El. 565.5 in individual
rooms. The layout of these rooms is shown in Figures 1.6-26 and 1.6-27 of the
FSAR.
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cause the suppression chamber suction valves to open. The suppression chamber
suction valves also automatically open and the condensate supply header suction
,valve closes if a high-water level is detected in the suppression chamber. Two level
switches monitor the suppression chamber water level. Either switch can initiate
opening of the suppression chamber suction valves. If open, the suppression
chamber suction valves automatically close upon receipt of the signals that initiate
HPCI steam line isolation.

Two DC motor-operated HPCI pump discharge valves in the pump discharge
pipeline are provided. The Mechanical Logic Diagram for these two valves are
shown by Figure 7.4-2b. Both valves are arranged to open upon receipt of either
one of the HPCI initiation signals. The valves remain open upon receipt of a turbine
trip signal until closed by operator action in the control room.

To prevent the pump from being damaged by overheating at reduced HPCI pump
discharge flow, pump discharge minimum flow bypass is provided to route the water
discharged from the pump back to the suppression chamber. The bypass is
controlled by an automatic, DC motor-operated valve whose Mechanical Logic
Diagram is shown by Figure 7.4-2b. If a HPCI initiation signal is present, the
minimum flow bypass valve will open until HPCI flow increases at which time the
valve will close. A flow switch that measures the pressure difference across a flow
element in the HPCI pump discharge pipeline provides the signals used for
automatic operation of the minimum flow bypass valve. There is also an interlock
provided to shut the minimum flow bypass whenever the turbine is tripped. This is
necessary to prevent drainage from the condensate supply header into the
suppression pool.

To prevent the HPCI steam supply pipeline from fillingup with water, a condensate
drain pot, steam line drain, and appropriate valves are provided in a drain pipeline
arrangement just upstream of the turbine supply valve. The Mechanical Logic
Diagram is shown by Figure 7.4-2a. The controls position valves so that during
normal operation steam line drainage is routed to the main condenser. Upon
receipt of an HPCI initiation signal, the turbine supply valve opens. The drainage
path is isolated on the turbine supply valve not fullyclosed. The water level in the
steam line drain condensate pot is controlled by a level switch and an air-operated
solenoid valve which energizes to allow condensate to flow out of the pot.

During test operation, the HPCI pump discharge is routed to the condensate
storage tanks. Two DC motor-operated isolation valves are installed in the pump
discharge to the condensate storage tanks. The piping arrangement is shown in
Figure 7.4-1a. The Mechanical Logic Diagram for the two valves is shown by
Figure 7.4-2b. Upon receipt of an HPCI initiation signal, the valves close and
remain closed. The valves are automatically closed ifeither of the suppression
chamber suction valves are open. Numerous indications pertinent to the operation
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and condition of the HPCI are available to the control room operator. Figures 7.4-1
and 7.4-2d show the control and logic of the various indications provided.

7.4.3.2.6 HPCI Environmental Considerations

The only HPCI control component located inside the primary containment that must
remain functional in the environment resulting from a loss-of-coolant accident is the
control mechanism and motor for the inboard isolation valve on the HPCI turbine
steam line. The environmental capabilities of this valve and motor are discussed in
Subsection 7.3, "Primary Containment Isolation System." The HPCI control and
instrumentation equipment located outside the primary containment is selected in
consideration of the normal and accident environments in which it must operate.

7.4.3.3 Automatic De ressurization S stem ADS Control and Instrumentation

7.4.3.3.1 Identification and Ph sical Arran ement

Automatically controlled relief valves are installed on the main steam lines inside
the primary containment. Six of the valves are dual purpose in that they will relieve
pressure by normal mechanical action or by automatic action of an
electro-pneumatic control system (see Subsection 4.4, "Nuclear System Pressure
Relief System" ). The relief by normal mechanical action is intended to prevent
overpressurization of the nuclear system. The depressurization by automatic action
of the control system is intended to reduce nuclear system pressure during a
loss-of-coolant accident in which the HPCI fails, so that the relatively low-pressure
core spray and LPCI systems can inject water into the reactor vessel. The ADS
automatic control and instrumentation equipment for the main steam relief valves is
described in this subsection. The controls and instrumentation for one of the main
steam relief valves are discussed. Other main steam relief valves equipped for
automatic depressurization are identical.

The control system, which is functionally illustrated in Figure 7.4-3, consists
physically of pressure and water level transmitters arranged in trip systems that
control a solenoid-operated pilot air valve. The solenoid-operated pilot valve
controls the pneumatic pressure applied to a diaphragm actuator which controls the
main steam relief valve directly. An accumulator. is included with the control
equipment to store pneumatic energy for main steam relief valve operation. The
accumulator is sized to hold five times the volume of air required for one valve
operation following failure of the normal pneumatic supply to the accumulator. In
addition, an emergency source of nitrogen is provided by the CAD system. Cables
from the transmitters lead to the auxiliary instrument room where the logic
arrangements are formed in cabinets. The electrical control circuitry is powered by
direct current from the unit batteries. Electrical elements in the control system
energize to cause opening of the main steam relief valve. The automatic
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depressurization system is designed to meet the intent of the IEEE proposed criteria
for Nuclear Power Plant Protection Systems (IEEE-279-1971).

7.4.3.3.2 Automatic De ressurization S stem Initiatin Si nals and Lo ic

Two initiation signals are used for the Automatic Depressurization System:

a. Reactor vessel low-water level, and primary containment (drywell) high
pressure; or

b. Sustained reactor low-water level for 360 seconds.

Either of the above initiation paths and a permissive signal verifying that the core
spray or RHR pumps are running must be present to cause the main steam relief
valves to open. Reactor vessel low-water-level indicates that the fuel is in danger
of becoming overheated. This low water level would normally not occur unless the
HPCI failed. Primary containment high pressure indicates that a breach in the
nuclear system process barrier has occurred inside the drywell.

After receipt of the initiation signals, and after a 150 seconds delay provided by
timers, the solenoid-operated pilot air valve is energized, providing that at least one
LPCI pump or two core spray pumps are running, allowing pneumatic pressure from
the accumulator to act on the diaphragm actuator. Pump discharge pressure I

switches are used to sense that the core spray and LPCI pumps are running. The
diaphragm actuator is an integral part of the main steam relief valve and expands to
hold the main steam relief valve open. Lights in the control room inform the control
room operator whenever the solenoid-operated pilot valve is energized, indicating
that the main steam relief valve is open or being opened. I

A two-position switch is provided in the control room for the control of the main
steam relief valves. The two positions are "open" and "auto." In the open position,
the switch energizes the solenoid-operated pilot valve, which allows pneumatic
pressure to be applied to the diaphragm actuator of the main steam relief valve.
This allows the control room operator to take action independent of the automatic
system. The main steam relief valves can be manually opened to provide a
controlled nuclear system cooldown under conditions where the normal heat sink is
not available. Manual reset circuits and a key-lock inhibit switch are provided for
the reactor vessel low-water level and primary containment high-pressure initiating
signals. By manually resetting the ADS initiating signals, the delay timers are
recycled. By manually turning the key-lock switch to inhibit position, the ADS
initiating signals are blocked preventing automatic opening of the main steam relief
valves. This action is however, annunciated on the control room annunciators. The
operator can use the reset switch to delay automatic opening of the main steam
relief valves or use the key-lock switch to prevent the opening of the main steam
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relief valves indefinitely if such actions are deemed prudent throughout the
cooldown period. If at any time the circuits are not reset or the key-lock switch not
engaged, blowdown will start and will continue unless the circuits are manually
reset to recycle the timers or the key-lock switch is engaged.

The trip systems are arranged as shown in Figure 7.4-3. Each trip system can
initiate automatic depressurization when the logic in that trip system is satisfied.
The logic of each trip system includes a timer that delays the opening of the main
steam relief valve. This allows time for the operator to decide whether it is prudent
to further postpone automatic depressurization.

Automatic Depressurization System Instrumentation and settings are listed in
Table 7.4-2. The wiring for the trip systems is routed in separate conduits to reduce
the probability that a single event will prevent automatic opening of a main steam
relief valve.

The reactor vessel low-water-level initiation setting for the Automatic
Depressurization System is selected to open the main steam relief valves to

I

depressurize the reactor vessel in time to allow adequate cooling of the fuel by the
Core Spray and LPCI Systems following a loss-of-coolant accident in which the
other makeup systems (feedwater, RCICS, HPCI) fail to maintain vessel water level.
The primary containment high-pressure setting is selected to be as low as possible
without inducing spurious initiation of the Automatic Depressurization System.

7.4.3.3.3 Automatic De ressurization S stem Initiatin Instrumentation

The pressure and level transmitters used to initiate the Automatic Depressurization
System are common to each main steam relief valve control circuitry. Reactor
vessel low-water level is detected by six transmitters that measure differential
pressure. Primary containment high pressure is detected by four pressure
transmitters. Most of the transmitters used for these two initiating functions are the
same ones used for the LPCI and Core Spray System. The primary containment
high-pressure signals are arranged to seal into the control circuitry, they must be
manually reset to clear.

Two timers are used in the control circuitry for each main steam relief valve. The
delay time setting before the Automatic Depressurization System is actuated is
chosen to be long enough so that the HPCI has time to start, yet not so long that the
Core Spray System and LPCI are unable to adequately cool the fuel if the HPCI
fails to start. An alarm in the control room is tripped when either of the timers is
operating. Resetting the Automatic Depressurization System initiating signals
recycles the timers.
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The requirement that at least one of the LPCI pumps or two core spray pumps be
running before automatic depressurization starts insures that cooling will be
available to the core after the system pressure is lowered.

7.4.3.3.4 Automatic De ressurization S stem Alarms

A single-train acoustic monitoring system has been installed to provide
unambiguous main control room indication of main steam relief valve position
(open or closed) and alarm. The acoustic monitoring system detects steam flow in
the main steam relief valve discharge pipeline by using an accelerometer which is
physically attached to the discharge tailpipe downstream. The accelerometers
transmit conditioned signals back to a common electronics module located in the
main control room. For each valve, the electronic module inserts a selective gain
into the signal and provides a relative indication of steam flow through a series of
ten indicating lights. A control room alarm initiates when the fifth light is illuminated.

A main steam relief valve discharge tailpipe temperature monitoring system is
provided to detect and provide indication of relief status. A temperature element is
installed in a thermowell in the main steam relief valve discharge tailpipe I

downstream of the valve discharge flange. The temperature element is connected
to a multipoint recorder in the control room which provides a means of detecting
main steam relief valve leakage during normal plant operation. When the
temperature in any main steam relief valve discharge tailpipe exceeds a preset
value, an alarm condition is indicated on the recorder in the control room. The
temperature recorders installed in Units 2 and 3 have the capability to selectively
raise the high temperature alarm setpoint on a per channel basis. Additionally,
these recorders provide an interface to the plant process computer which has the
capability to display and trend the discharge tailpipe temperatures. In addition to
providing a leakage indication, the main steam relief valve discharge tailpipe
temperature monitoring instrumentation provides an alternate main control room
indication of main steam relief valve position. I

A common "MAINSTEAM RELIEF VALVEOPEN" annunciator exists in the control
room with inputs from all 13 acoustic monitors. The acoustic monitor system
satisfies the requirements for main steam relief valve position indication.

A key-lock inhibit switch is in-line with each ADS initiating logic channel. This
enables the control room operators to inhibit the operation of ADS when this action
is deemed prudent. When the key-lock inhibit switch is in the inhibit position, an
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alarm is sounded in the control room to inform the operators that ADS has been
inhibited.

As relays and plant process sensors within each ADS initiating logic channel are
activated, control room alarms are sounded to inform the operators of a pending
ADS event. These alarms include: (1) RHR or CS pump running ADS blowdown
permissive, (2) reactor water level low ADS blowdown permissive, (3) ADS high
drywell pressure seal-in, (4) ADS auxiliary blowdown relays energized, and (5) ADS
blowdown timers initiated.

Other control room annunciations are available to inform the operators of abnormal
plant conditions or test conditions under which the ADS function is reduced or
compromised. These alarms include: (1) ADS main steam relief valve accumulator
low control air pressure, (2) backup control panel selector switch in the emergency
position, ADS blowdown system control power failure, (3) ADS blowdown system in
test status, and (4) ADS blowdown system test switches misaligned. Any of these
would indicate a potential degraded ability of the ADS main steam relief valves.

7.4.3.3.5 Automatic De ressurization S stem Environmental Considerations

The signal cables, solenoid valves, and main steam relief valve operators are the
only items of the control and instrumentation equipment of the Automatic
Depressurization System that are located inside the primary containment and must
remain functional in the environment resulting from a loss-of- coolant accident.
These items are selected with capabilities that permit proper operation in the most
severe environment resulting from a design basis loss-of-coolant accident. Gamma
and neutron radiation is also considered in the selection of these items. Other
equipment, located outside the drywell, is selected in consideration of the normal
and accident environments in which it must operate.

7.4.3 4 CoreS ra S stem Control and Instrumentation

7.4.3.4.1 Identification and Ph sical Arran ement

The Core Spray System consists of two independent spray loops, as shown in
Figure 7.4-4. Each loop is capable of supplying sufficient cooling water to the
reactor vessel to adequately cool the core by spraying following a design basis
loss-of-coolant accident. The two spray loops are physically and electrically
separated so that no single physical event makes both loops inoperable. Each loop
includes two AC motor-driven 50 percent-capacity pumps, appropriate valves, and
the piping to route water from the suppression pool to the reactor vessel. The
controls and instrumentation for the Core Spray System include the sensors, relays,
wiring, and valve-operating mechanisms used to start, operate, and test the system.
Except for the testable check valve in each spray loop, which is inside the primary
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containment, the sensors and valve-closing mechanisms for the Core Spray System
are located in the Reactor Building. The testable check valves are described in
Section 6.0, "Emergency Core Cooling Systems." Cables from the sensors are
routed to the Auxiliary Instrument Room where the control circuitry is assembled in
electrical panels. The core spray pumps for each unit are powered from different
AC buses that are capable of receiving standby power. The power'supply for
automatic valves is Class 1E and feeds from the same bus structure as the core
spray pumps. Control power for each of the core spray loops comes from separate
DC buses. The electrical equipment in the Auxiliary Instrument Room for one core
spray loop is located in a separate cabinet from that used for the electrical
equipment for the other loop. The CS System is designed to meet the intent of the
IEEE proposed criteria for Nuclear Power Plant Protection Systems
(IEEE-279-1971).

7.4.3.4.2 Core S ra S stem Initiatin Si nals and Lo ic

The control scheme for the Core Spray System is illustrated in Figures 7.4-5a,
7.4-5b, and 7.4-5c. Trip settings are given in Table 7 4-3. The overall operation of
the system following the receipt of an initiating signal is as follows:

a. Test bypass valves are closed and interlocked to prevent opening.

b. If normal AC power is available, the four core spray pumps start one at a time,
in order, at 0.2, 7, 14, and 21 seconds.

c. Ifnormal AC power is not available, the four core spray pumps start seven
seconds after standby power becomes available. (The LPCI pumps start as
soon as standby power is available.)

d. When reactor vessel pressure drops to 450 psig (See Section 6.5 for value
utilized in the Emergency Core Cooling System analyses), valves open in the
pump discharge lines, allowing water to be sprayed over the core.

e. When adequate pump discharge flow is indicated, the pump low-flowbypass
valves shut, directing full flow into the reactor vessel.

Two initiating functions are used for the Core Spray System: reactor vessel
low-water-level, and primary containment (drywell) high pressure plus low reactor
vessel pressure (450 psig). Either initiation signal can start the system. The control
logic scheme for the accident signal that initiates the Core Spray System pumps
and valves is shown on Figure 7.4-5d. The development of these accident signals
is discussed further in Section 7.4.3.4.7.
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Reactor vessel low-water level indicates that the core is in danger of being
overheated due to the loss of coolant. Drywell high pressure plus low reactor
vessel pressure indicate that a breach of the nuclear system process barrier has
occurred inside the drywell. The reactor vessel low- water-level, primary
containment high pressure and low reactor vessel pressure settings, and the
instruments that provide the initiating signals are selected and arrahged so as to
assure adequate cooling for the design basis loss-of-coolant accident without
inducing spurious system startups.

7.4.3.4.3 Core S ra S stem Pum Control

The control arrangements for the core spray pumps are shown in Figures 7.4-5a,
7.4-5b, and 7.4-5c. The circuitry provides for detection of normal power availability,
so that all pumps are automatically started in sequence. Each pump can be
manually controlled by a control room remote switch or by the automatic control
system. A pressure transducer on the discharge pipeline from each set of core
spray pumps provides a signal to an indicator in the control room to indicate the
successful startup of the pumps. If a core spray initiation signal is received when
normal AC power is not available, the core spray pumps start, after a seven-second
time delay, to allow the start of the LPCI pumps to avoid overloading the source of
standby power.. If one diesel-generator fails to start and energize its shutdown bus,
the companion core spray pump in the affected core spray loop will not start. The
core spray pump motors are provided with overload and undervoltage protection.
Overload relays are applied so as to maintain power as long as possible without
immediate damage to the motors or emergency power system. Undervoltage trips
are provided with, time delays sufficient to permit power transfer from auxiliary
transformers to startup transformer source without tripping the pump power supply
breaker open. Undervoltage protection is locked out ifan accident signal is present
and the shutdown boards are being powered by the diesel-generators.

Flow-measuring instrumentation is provided in each of the core spray pump
discharge lines. The instrumentation provides flow indication in the control room.

The standby AC power system is designed such that automatic restart of the core
spray pumps, after manual shedding of same, is not available unless the initiating
signal is removed (see Subsection 8.5).

7.4.3.4.4 Core S ra S stem Valve Control

Except where specified otherwise, the remainder of the description of the Core
Spray System refers to one spray loop. The second core spray loop is identical.
The control arrangements for the various automatic valves in the Core Spray
System are indicated in Figures 7 4-5a, 7.4-5b, and 7.4-5c. All motor-operated
valves are equipped with torque and limit switches to turn off the valve motor when
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the valve reaches the limits of movement and to provide control room indication of
valve position. Each automatic valve can be operated from the control room. Valve
motors are protected by overload devices.

Upon receipt of an isolation signal, the test bypass valve closes if it is open and is
interlocked closed. The outboard injection valve (normally open but will open if it is
closed) and the inboard injection valve will open provided all conditions necessary
to inject are satisfied. The reactor pressure permissive setpoint for injection valve
opening is selected low enough such that low pressure portions of the Core Spray
System can not be overpressurized and yet high enough to open the inboard
injection valve in time to provide adequate core cooling. Four pressure transmitters
are used to monitor nuclear system pressure; these transmitters supply four analog
trip units. Two analog trip units are used to monitor reactor pressure in a
one-out-of-two logic arrangement which enables the injection valves'ow pressure
permissive. The full stroke operating times of the motor-operated valves are
selected to be rapid enough to assure proper delivery of water to the reactor vessel
in a design basis accident. The full stroke operating times are as follows:

Test bypass valve

Pump suction valve

Pump discharge valves

Minimum flow bypass valves

30 seconds

standard closure rate

33+3 seconds

15 seconds

The standard closure rate is based on isolating a 12-inch line in 60 seconds.
Conversion to actual closing time can be made on this basis using the size of the
line being isolated. A flow switch on the discharge of each set of pumps provides a
signal to operate the minimum flow bypass line valve for each pump set. When the
flow comes up to the minimum, the valves close, directing all flow into the sparger.

7.4.3.4.5 Core S ra S stem Alarms and Indications

Core Spray System pressure between the two pump discharge valves is monitored
by a pressure switch to permit detection of leakage from the nuclear system into the
Core Spray System outside the primary containment.

A detection system is also provided to continuously confirm the integrity of the core
spray piping between the inside of the reactor vessel and the core shroud. A
differential pressure switch measures the pressure difference between the bottom of
the core and the inside of the core spray sparger pipe'just outside the reactor
vessel. If the core spray sparger piping is sound, this pressure difference will be
the pressure drop across the core. If integrity is lost, this pressure drop will include

7.4-17



BFN-16

the core pressure drop and the steam separator pressure drop. An increase in the
normal pressure drop initiates an alarm in the control room. The pressure in each
core spray pump suction and discharge line is monitored by locally mounted
pressure gauges. The discharge pressure gauges are used for determining pump
performance. Temporary pressure gauges are furnished during surveillance testing
to measure the suction pressure of each pump for pump performance purposes
because existing gauges do not provide sufficient accuracy.

7.4.3.4.6 Core S ra S stem Environmental Considerations

There are no control and instrumentation components for the Core Spray System
located inside the primary containment that must operate in the environment
resulting from a loss-of-coolant accident. All components of the Core Spray System
that are required for system operation are outside the drywell and are selected in
consideration of the normal and accident environments in which they must operate.

7.4.3.4.7 CoreS ra S stem and Accident Si nal Initiation

The Core Spray System is initiated by sensors and relays based on low reactor
vessel water level (Level 1 setpoint) or high drywell pressure coincident with low
reactor pressure. These same sensors and relays are used to initiate the Common
Accident Signal, as shown on Figure 7.4-5d. (The Unit 1 control logic has been
disabled, as discussed below.) The Core Spray System initiation signal starts the
core spray pumps and actuates core spray valves in the unit sensing the low water
level or abnormal pressures, as discussed in Sections 7.4.3.4.3 and 7.4.3.4.4. The
sensor/relay outputs are also used as inputs to the RHR (LPCI) initiation circuitry.

The low reactor vessel water level or high drywell pressure coincident with low
reactor pressure signals are also used to generate a Common Accident Signal,
which affects the operation of components associated with all three units. The
Common Accident Signal performs the following functions:

a) sends a signal to start all eight Unit 1/2 and Unit 3 diesel generators,
b) trips the diesel generator output breakers (ifclosed),
c) defeats selected diesel generator protective trips,
d) blocks the 4kV Shutdown Board auto transfer logic,
e) blocks the fire pump auto start logic,
f) starts the RHRSW (EECW) pumps,
g) blocks subsequent RHRSW (EECW) pump start signal (ifalready running),
h) blocks the 4kV degraded voltage trips.

The low reactor vessel water level or high drywell pressure coincident with low
reactor pressure signal also inputs to the 480V load shed logic in the unit where the
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signal originated. When this signal occurs, coincident with diesel generator voltage
available, non-essential 480V loads are shed.

The Pre-Accident Signal is generated by low reactor vessel water level (Level 1

setpoint) or high drywell pressure signals, and again affects the operation of
components associated with all three units. The Pre-Accident Signal sends a signal
to start all eight Unit 1/2 and Unit 3 diesel generators. This feature anticipates an
event and starts all eight diesels so that they are ready for electrical loading when
required by the load sequencing logic.

To prevent a spurious Unit 1 accident signal from unnecessarily starting the Core
Spray and RHR pumps and the diesel generators, and also to prevent a spurious
Unit 1 accident signal from tripping (or blocking the startup of) Unit 2 equipment
responding to a real accident, the Unit 1 automatic actuation signals have been
blocked. This disabling of the Unit 1 accident signals is temporary while the reactor
vessel in Unit 1 is defueled.

Following an initiation of a Common Accident Signal (CAS) on either Units 2 or 3
(which trips all eight diesel breakers), subsequent accident signal trips of the diesel
breakers are blocked. A second diesel breaker trip on a "unit priority" basis is
provided to ensure that during combinations of spurious and real accident signals,
the diesel supplied buses are stripped prior to starting the RHR pumps and other
ECCS loads. This diesel breaker re-trip will only occur if a spurious accident signal
or a real accident signal from the other unit has previously tripped the diesel
breakers. Inputs from the RHR initiation circuitry (shown on Figure 7.4-7b,
indicating low reactor vessel water level or high drywell pressure coincident with low
reactor pressure), combined with an existing CAS trip signal, will re-trip the diesel
breakers on the unit where the RHR initiation signal originated. The other unit's
diesels will be unaffected by this second trip. Thus each unit is given priority over
the block of subsequent CAS diesel breaker trips for its diesels. This diesel breaker
"Unit Priority Re-Trip" ensures that the diesel buses are stripped prior to starting the
RHR pumps, Core Spray pumps and other required loads. Section 8.5 provides a
discussion and evaluation of the CAS signals to the diesel generator breakers and
the Unit Priority Re-Trip signal.

7.4.3.5 Low Pressure Coolant In'ection Control and Instrumentation

7.4.3.5.1 Identification and Ph sical Arran ement

Low pressure coolant injection (LPCI) is an operating mode of the Residual Heat
Removal System (RHRS) that uses pumps and piping which are parts of the RHRS.
Because the LPCI system is designed to provide cooling water to the reactor vessel
following the design basis loss-of-coolant accident, the controls and instrumentation
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for it are discussed here. Section 4.8, "Residual Heat Removal System," describes
the RHRS in detail.

The LPCI system for Units 1, 2, and 3 has been modified from the original design.
This modification changed the low pressure coolant injection mode of the RHR by
deleting automatic loop selection in case of a loss-of-coolant accident by permitting
simultaneous injection into both recirculation loops with backup capabilities.

Figures 7.4-6a and 7.4-6b show the entire Residual Heat Removal System,
including the equipment used for LPCI operation. The following list of equipment
itemizes essential components for which control or instrumentation is required:

Four RHRS pumps,

Pump suction valves, and

LPCI-to-recirculation loop injection valves.

The instrumentation for LPCI operation provides inputs to the control circuitry for
other valves in the Residual Heat Removal System. This is necessary to ensure
that the water pumped from the suppression chamber by the pumps is routed
directly to a reactor recirculation loop. These interlocking features and the actions
of the reactor recirculation loop valves are described in this subsection, because
these actions are accomplished to facilitate LPCI operation.

LPCI operation uses two identical pump loops, each loop with two pumps in parallel.
The two loops are arranged to discharge water into different reactor recirculation
loops. This cross connection is closed off by a valve in Units 2 and
3 that has been electrically disabled in the closed position. Unit I has a valve and a
blind in the cross-connect line. The blind will be replaced with a spacer to support
Unit I operation. Figures 7.4-6a and 7.4-6b show the location of instruments,
control equipment, and LPCI components relative to the primary containment.
Except for the LPCI testable check valves and the reactor recirculation loop pumps
and valves, the components pertinent to LPCI operation are located outside the
primary containment.

The power for the pumps is supplied from AC buses that can receive standby AC
power. Each of the four pumps derives its power from a different shutdown board.
Motive power for the injection valves used during LPCI operation comes from a
reactor MOV board, which receives standby AC power and can be automatically
connected to alternate standby power sources. Control power for the LPCI
components comes from the unit batteries. Redundant trip systems are powered
from different batteries. The use of common buses for some of the LPCI
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components is acceptable because electrical isolation devices have been installed
between the buses and the components.

LPCI is arranged for automatic operation and for remote-manual operation from the
control room. The equipment provided for manual operation of the system allows
the operator to take action independent of the automatic controls irf the event of a
loss-of-coolant accident. The LPCI System is designed to meet the intent of the
IEEE proposed criteria for Nuclear Power Plant Protection Systems
(IEEE-279-1971).

7.4.3.5.2 LPCI Initiatin Si nals and Lo ic

The overall operating sequence for LPCI following the receipt of an initiation signal
is as follows:

a. If normal AC power is available, the four pumps start one at a time, in order, at
0.2, 7, 14, and 21 seconds, taking suction from the suppression chamber. The
valves in the suction paths to the suppression chamber are maintained open so
that no automatic action is required to line up suction.

b. If normal AC power is not available, the four pumps start simultaneously, with
no delay, as soon as the standby power source is available.

c. Valves in the containment cooling system are automatically closed so that the
water pumped from the suppression chamber is routed properly.

d. The Residual Heat Removal System service water pumps may be manually
tripped (if running) because they are not needed for LPCI operation. If normal
AC power is not available, the pumps are tripped by undervoltage. Pumps
required to supply EECW are restarted automatically.

e. When nuclear system pressure has dropped to 450 psig (see Section 6.5 for
value assumed in Emergency Core Cooling System analyses), the LPCI
injection valves to both recirculation loops automatically open, allowing the
LPCI pumps to inject water into the pressure vessel as the reactor pressure
drops below the pump shutoff head.

f. The LPCI system then delivers water to the reactor vessel via the recirculation
loop to provide core cooling by flooding.

g. Recirculation pump discharge valves in both reactor loops automatically close
when reactor pressure decreases to 230 psig (see Section 6.5 for value
assumed in Emergency Core Cooling System analyses).
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In the descriptions of LPCI controls and instrumentation that follow, Figures 7.4-6a
and 7.4-6b can be used to determine the physical locations of sensors. Figures
7.4-7a through 7.4-7g can be used to determine the functional use of each sensor
in the control circuitry for the various LPCI components. Instrumentation and
settings are given in Table 7.4-4.

Two automatic initiation functions are provided for the LPCI: reactor vessel
low-water level, and primary containment (drywell) high pressure plus low reactor
vessel pressure (450 psig). Reactor vessel low-water level indicates that the fuel is
in danger of being overheated because of an insufficient coolant inventory. Primary
containment high pressure plus low reactor vessel pressure is indicative of a break
of the nuclear system process barrier inside the drywell.

Either initiation signal can start the system. Each of the initiating signals is sensed
by four independent detectors arranged in a one-out-of-two-twice logic, as shown in
Figure 7.4-7b. The instruments used to detect reactor vessel low-water level,
primary containment high pressure and low reactor vessel pressure are the same
ones used to initiate the other ECCS. Once an initiation signal is received by the
LPCI control circuitry, the signal is sealed in until manually reset. The seal-in
feature is shown in Figure 7.4-7b.

7.4.3.5.3 LPCI Pum Mode Control

The functional control arrangement for the pumps is shown in Figure 7.4-7a. The
reaction of the pumps to an initiation signal depends on the availability of power. If
normal AC power is not available, the four main system pumps automatically start
simultaneously after the standby power source (four diesel generators) is available,
which takes about 10 seconds. (See Section 6.5 for value assumed in Emergency
Core Cooling System analyses). Ifnormal AC power is available, the four pumps
start in a seven-second timed sequence (0.2, 7, 14, and 21 seconds) to prevent
overloading the auxiliary power source.

The time delays are provided by timers, which are set as given in Table 7.4-4.

The timers provided in the LPCI circuitry for the main system pumps, as well as
those used for the LPCI injection valves, are capable of adjustment over a range of
1.5 times the specified setting listed in Table 7.4-4.

Pressure indicators, installed in the pump discharge pipelines upstream of the pump
discharge check valves, provide indication of proper pump operation following an
initiation signal. Low pressure in a pump discharge pipeline indicates pump failure.
The location of the pressure indicators relative to the discharge check valves
prevents the operating-pump discharge pressure from concealing a pump failure.
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To prevent pump damage due to overheating at no-flow, the control circuitry
prevents a pump from starting unless a suction path is lined up. Limit switches on
suction valves provide control room light indications that a suction lineup is in effect.
If suction valves change from their fully open position during pump operation, the
limit switches trip the pump power supply breaker.

The main system pump motors are provided with overload and undervoltage
protection. The overload relays are applied so as to maintain power on the motor
as long as possible without harm to the motor or immediate damage to the
emergency power system. Undervoltage trips are provided with time delays
sufficient to permit power transfer from auxiliary transformers to startup transformer
source without tripping the pump power supply breaker open.

The reactor recirculation pumps are tripped automatically by switches slaved off
level transmitters from the analog trip units (ATU's) level. This level is higher than
that at which the LPCI system is placed into operation. When a recirculation pump
trip signal is initiated, the power supply breaker for the drive motors for the
recirculation pump generators is tripped open and the scoop tube brake is set.

The Standby AC Power System is designed such that automatic restart of the RHR
pumps, after manual load shedding, is not available unless the original initiation
signal is lost (see Subsection 8.5).

7.4.3.5.4 LPCI Valve Control

The automatic valves controlled by the LPCI control circuitry are equipped with
appropriate torque and limit switches which turn off the valve-operating mechanisms
whenever the valves reach the limits of travel. Seal-in and interlock features are
provided to prevent improper valve positioning during automatic LPCI operation.
The operating mechanisms for the valves are selected so that the LPCI operation is
in time for the system to fulfillits objective of providing adequate core cooling
following a design basis loss-of-coolant accident, except when the system is being
tested. The time required for the valves pertinent to LPCI operation to travel from
the fully closed to the fully open positions, or vice versa, is as follows:

LPCI injection valves

Reactor recirculation loop valves

Containment spray valves - drywell

40 seconds

36 seconds

30 seconds

Containment cooling valves-
suppression chamber 30 seconds
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Residual Heat Removal System test
line isolation valves 90 seconds

The pump suction valves to the suppression pool are normally open. Upon receipt
of an LPCI initiation signal, certain reactor shutdown cooling systerh valves and the
RHRS test line valves automatically close. By closing these valves, the pump
discharge is properly routed. Also included in this set of valves are the valves
which, ifnot closed, would permit the pumps to take a suction from the reactor
recirculation loops, a lineup that is used during normal shutdown cooling system
operation. The LPCI injection valves and RHR cross-tie valve are normally closed
with the cross-tie valve being electrically disabled in the closed position. Unit I

cross-tie line also contains a blind. The blind will be replaced with a spacer to
support Unit 1 operation.

The LPCI is designed for automatic operation following a break in one of the reactor
recirculating loops. The LPCI logic opens the injection valves to the recirculation
loops and closes the recirculation pump discharge valves in the recirculation loops.
The control scheme for the LPCI-to-recirculation-loop injection valves is shown in
Figures 7.4-7a through 7.4-7g. No single failure or any single physical event can
make all loops inoperable. See Subsections 6.4 and 4.8.

There is a requirement that reactor vessel pressure drop to a specified value before
the valve logic will complete. There are four separate reactor pressure sensors for
this function arranged in a one-out-of-two-twice logic. The injection valves will not
open until reactor vessel pressure decreases to 450 psig (see Section 6.5 for value
assumed in Emergency Core Cooling System analyses). LPCI flow then enters the
vessel when the check valve opens, due to LPCI pressure being higher than reactor
pressure. The recirculation discharge valves will not close until reactor vessel
pressure decreases to 230 psig (see Section 6.5 for value assumed in Emergency
Core Cooling System analyses).

A timer cancels the LPCI signals to the injection valves after a 5-minute delay time,
which is long enough to permit satisfactory operation of the LPCI. The cancellation
of the signals allows the operator to divert the water for other post-accident
purposes. Cancellation of the signals does not cause the injection valves to move.

The manual controls in the control room allow the operator to open an LPCI
injection valve only if nuclear system pressure is low or the other injection valve in
the same pipeline is closed. These restrictions prevent overpressurization of low
pressure piping. The same pressure switch used for the automatic, opening of the
valves is used in the manual circuit. Limit switches on both injection valves for each
LPCI loop provide the valve position signals required for injection valve manual
operation at high nuclear system pressures.
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To protect the pumps from overheating at low flow rates, a minimum flow bypass
pipeline, which routes water from the pump discharge to the suppression chamber,
is provided for each pair of pumps. A single motor-operated valve controls the
condition of each bypass pipeline. Each minimum flow bypass valve automatically
opens on sensing the low flow in the loop associated with the valve', and closes
upon sufficient flow in the loop. Flow indications are derived from flow switches
that sense the pressure differential across the length of each LPCI loop downstream
of the cross-tie piping junction. Figures 7.4-6a and 7.4-6b show the location of the
flow switches. If neither pump in a pair is operating, but the pump suction valves
are aligned for shutdown cooling, the minimum flow bypass valves are automatically
closed. This is needed to avoid inadvertent blowdown of the reactor to the
suppression chamber during shutdown cooling.

Figure 7.4-8 shows the control arrangement for the recirculation loop valves.

480 Volt Reactor MOV Boards 2D and 2E which contain the power and control
circuits for the RHR pump minimum flow bypass valves have not been
environmentally qualified for operation following an RWCU line break outside
primary containment. However, procedural controls have been established to
ensure that if the RHR pumps start following an RWCU line break, operator action
will prevent the pumps from continuing to run without adequate flow.

Electrical interlocks are installed between Division I RHR Shutdown Cooling Suction

(SCS) Motor Operated Valves (MOVs) 2-FCV-74-2 and 2-FCV-74-13 and RHR
Pressure Suppression Chamber (PSC) Isolation MOV2-FCV-74-57. In addition,
electrical interlocks are installed between Division II RHR SCS MOVs 2-FCV-74-25
and 2-FCV-74-36 and RHR PSC Isolation MOV 2-FCV-74-71. The interlocks are
designed to prevent inadvertent draining of the reactor vessel by preventing the
RHR SCS MOVs from opening if the RHR PSC Isolation MOV is open. The
interlocks will also prevent the opening of the RHR PSC Isolation MOV if either of
the RHR SCS MOVs are open.

The manual control circuitry for the recirculation loop valves is interlocked to
prevent valve opening whenever an LPCI initiation signal is present.

The valves that allow the diversion of water for containment cooling are
automatically closed upon receipt of an LPCI initiation signal. The manual controls
for these valves are interlocked so that opening the valves by manual action is not
possible unless both primary containment (drywell) pressure is high, which indicates
the need for containment cooling, and reactor vessel water level inside the core
shroud is above the level equivalent to two-thirds the'core height. Two switches are
used to monitor drywell pressure for each loop set of valves. The trip setting is

selected to be as low as possible, yet provide indication of abnormally high drywell
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pressure. Both switches must register the drywell high-pressure conditions to allow
opening of containment cooling valves by manual action. A single level switch is
used to monitor water level inside the core shroud for each loop set of valves. A
protected switch in the control room allows a manual override of the two-thirds core
height permissive contact for the containment cooling valves.

Sufficient temperature, flow, pressure, and valve position indications are available
in the control room for the operator to accurately assess the LPCI operation.
Valves (except for Units 2 and 3 RHR/LPCI System I and System II inboard isolation ]

testable check valve, see Isolation Valves, Section 5.2.3.5) have indications of
full-open and full-closed positions. Pumps have indications for pump running, pump
stopped, and pump tripped. Alarm and indication devices are shown in Figures
7.4-6a, 7.4-6b, and 7.4-7g.

7.4.3.5.5 LPCI Environmental Considerations

The only control components pertinent to LPCI operation, located inside the primary
containment, that must remain functional in the environment resulting from a
loss-of-coolant accident are the cables and valve closing mechanisms for the
recirculation loop isolation valves. The cables and valve operators are selected
with environmental capabilities that assure valve closure under the environmental
conditions resulting from a design basis loss-of-coolant accident. Gamma and
neutron radiation is also considered in the selection of this equipment. Other
equipment, located outside the drywell, is selected in consideration of the normal
and accident environments in which it must operate.

7.4.4 Safet Evaluation

In Sections 14.0, "Plant Safety Analysis," and 6.0, "Emergency Core Cooling
Systems," the individual and combined capabilities of the standby cooling systems
are evaluated. The control equipment characteristics and trip settings described in
this subsection were considered in the analysis of the performance of the
Emergency Core Cooling Systems. For the entire range of nuclear process system
break sizes, the cooling systems are effective both in preventing excessive fuel clad
temperatures and in preventing more than a small fraction of the reactor core from
reaching the temperature at which a gross release of fission products can occur.
This conclusion is valid even with significant failures in individual cooling systems,
because of the overlapping capabilities of the Emergency Core Cooling Systems.
The controls and instrumentation for the Emergency Core Cooling Systems satisfy
the precision and timeliness requirements of safety design bases 1 and 2.

Safety design basis 3 requires that instrumentation for the Emergency Core Cooling
Systems respond to the potential inadequacy of core cooling regardless of the
location of a breach in the nuclear system process barrier. The reactor vessel
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low-water level initiating function, which alone can actuate HPCI, LPCI, and core
spray, meets this safety design basis, because a breach in the nuclear system
process barrier inside or outside the primary containment is sensed by the
low-water-level detectors.

Because of the isolation responses of the Primary Containment lsdlation System to
a breach of the nuclear system outside the containment, the use of the reactor
vessel low-water-level signal as the only standby cooling system initiating function
that is completely independent of breach location is satisfactory. The other major
initiating function, primary containment high pressure plus low reactor vessel
pressure, is provided because the Primary Containment Isolation System may not
be able to isolate all nuclear system breaches inside the primary containment. The
primary containment high pressure plus low reactor vessel pressure initiating signal
for the Emergency Core Cooling Systems provides a second reliable method for
sensing losses of coolant that cannot necessarily be stopped by isolation valve
action. This second initiating function is independent of the physical location of the
breach within the drywell. Coincident failure of the Primary Containment Isolation
System would be needed for nuclear system breaks outside the primary
containment. Thus, safety design basis 3 is satisfied.

An evaluation of Emergency Core Cooling System controls shows that no operator
action beyond the capacity of the operator is required to initiate the correct
responses of the Emergency Core Cooling Systems.

The alarms and indications provided to the operator in the control room allow
interpretation of any situation requiring Emergency Core Cooling System operations
and verify the response of each system. Manual controls are illustrated on
functional control diagrams. The control room operator can manually initiate every
essential operation of the Emergency Core Cooling Systems.

Because the degree to which safety is dependent on operator judgment in time of
stress, the operator's response has been appropriately limited by the design of
Emergency Core Cooling System control equipment, safety design bases 4a, 4b,
and 4c are satisfied.

The redundancy provided in the design of the control equipment for the Emergency
Core Cooling Systems is consistent with the redundancy of the cooling systems
themselves. The arrangement of the initiating signals, which come from common
sensors, for the Emergency Core Cooling Systems is similar to that provided by the
dual trip system arrangement of the Reactor Protection System. No failure of a
single initiating sensor channel can prevent the start of the cooling systems. The
number of control components provided in the design for individual cooling system
components is consistent with the need for the controlled equipment. An evaluation
of the control schemes for each Emergency Core Cooling System component shows
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that no single control failure can prevent the combined cooling systems from
providing the core with adequate cooling. In performing this evaluation, the
redundancy of components and cooling systems was considered. The functional
control diagrams provided with the descriptions of cooling systems controls were
used in assessing the functional effects of instrumentation failures. In the course of
the evaluation, protection devices which can interrupt the planned dperation of
cooling system components were investigated for the results of their normal
protective action as well as mal-operation on core cooling effectiveness. The only
protection devices that can act to interrupt planned Emergency Core Cooling
System operation are those that must act to prevent complete failure of the
component or system. Examples of such devices are, the HPCI turbine overspeed
trip, HPCI steam line break isolation trip, pump trips on low suction pressure, and
automatically controlled minimum flow bypass valves for pumps. In every case, the
action of a protective device cannot prevent other redundant cooling systems from
providing adequate cooling to the core.

The location of controls where operation of Emergency Core Cooling Systems
components can be adjusted or interrupted has been surveyed. Controls are
located in areas under the surveillance of operations personnel. Control room
override of local switches is provided. Other controls are located in the control
room and are under the supervision of the control room operator.

The environmental capabilities of instrumentation for the Emergency Core Cooling
Systems are discussed in the descriptions of the individual systems. Components
that are located inside the primary containment, and which are essential to standby
cooling system, performance are designed to operate in the environment resulting
from a loss of coolant accident. See Subsection 1.5.

Special consideration has been given to the performance of reactor vessel water
level and pressure sensors and condensing chambers during rapid
depressurization of the nuclear system. The discussion of this consideration is
included in Subsection 7.2, "Reactor Protection System," and is equally applicable
to the instrumentation for the Emergency Core Cooling Systems.

It is concluded from the previous paragraphs and the description of control
equipment that safety design basis 5 is satisfied. The testing capabilities of the
Emergency Core Cooling Systems, which are discussed in the following paragraph,
satisfy design basis 6.

7.4.5 Ins ection and Testin

Components required for HPCI, LPCI, and core spray are designed to allow
functional testing during normal power operation. The inboard isolation check
valves can only be tested during cold shutdown. Overall testing of these systems is
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described in Section 6.0, "Emergency Core Cooling Systems." During overall
functional tests, the operability of the valves, pumps, turbines, and their control
instrumentation can be checked. The ADS valves are subjected to tests during
shutdown periods.

Logic circuitry used in the controls for the Emergency Core Cooling Systems can be
individually checked by applying test or calibration signals to the sensors and
observing trip system responses. Valve and pump operation from manual switches
verifies the ability of breakers and valve-closing mechanisms to operate. The
automatic control circuitry for the Emergency Core Cooling Systems is arranged to
restore each of the cooling systems to normal operation if a loss-of-coolant accident
occurs during a test operation, except for the RHR and core spray pump suction
valves.

7.4.5.1 Periodic Testin Ca abilit

Provisions are made for timely verification that each active or passive component in
each of the engineered safeguard subsystems is capable of performing its intended
function as an individual component and/or in conjunction with other components.
In fulfillmentof this general objective, tests are provided to verify that the following
specific conditions exist.

1. Each instrument channel functions independently of all others.

2. Sensing devices respond t'o process variables and provide channel trips at
correct values.

3. Paralleled circuit elements can independently perform their intended function.

4. Series circuit elements are free from shorts that can abrogate their function.

5. Redundant instrument or logic channels are free from interconnecting shorts
that could violate independence in the event of a single malfunction.

6. No element of the system is omitted from the test if it can in any way impair
operability of the system. If the test is done in parts, the parts must be
overlapping to a sufficient degree to assure operability of the entire system.

7. Each monitoring alarm or indication function is operable.

Test-Method guidelines include the following:

1. Provisions are made for testing without requiring shutdown or unscheduled
power change as a condition of the test. Tests do not impair functional
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capability of the safeguards system (i.e., redundant subsystems are not both
tested at the same time).

2. Testing is accomplished without disturbing the existing wiring, where possible.
Pulling fuses is an acceptable practice. Second-party verification is used if
wire lifting is necessary.

3. The use of clip leads is prohibited unless administrative controls are in place.
Attachment of meter leads is acceptable if the temporary connections to the
circuit are conspicuous.

4. Test jacks permanently wired to existing circuitry are considered acceptable,
provided the connection points are so chosen that no portion of the installed
protective wiring is untestable and that external equipment connected to the
test jack is a conspicuous departure from normal conditions.

5. Permanently wired test lights are provided such that the installation is not
capable of producing an unsafe failure through any malfunction of the lamp.

6. It is not necessary to exercise more than one accident-sensing sensor at a time
to accomplish a specific test. Redundant permissive sensors, such as reactor
low pressure, may also be individually exercised as required to permit complete
testing of a specific part of the system. Provisions are made for frequent,
periodic testing of the entire system for complete operation, unless
operationally unfeasible. Provisions are made to permit total system testing
when plant operating conditions permit.

7. Indications of action are positive and easily identifiable, such as:

a. Annunciation without ambiguity,

b. Observation of the relay actuation,

c. Indicator lights,

d. Pump motor shaft turning,

e. Valve stem positions,

f. Pressure gauges, and

g. Flow indicators.
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8. Application of test pressures to valved-out pressure sensors is an accepted
method of exercising sensors. However, the installation allows such exercising
without need of draining water-filled instruments and subsequent venting.

9. If any sensor is valved-out or otherwise removed from service during the test, if
possible, positive indication is obtained that the sensor has been returned to
service and will see changes in the process variable.
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TABLE 7.4-2

AUTOMATICDEPRESSURIZATION SYSTEM INSTRUMENTATION

ADS Function

Reactor vessel low
water level

Primary containment
(drywell) high
pressure

Automatic depressurization
time delay

LPCI pump discharge
pressure

Core spray pump
discharge Pressure

Acoustic Monitor

High drywell pressure
bypass time delay for
ADS logic

Instrument T e

Level switch

Pressure switch

Timer

Pressure switch

Pressure switch

Accelerometer

Timer

INSTRUMENT No.

LS-3-58A - D

PIS-64-57A - D

E-K34 8 E-K35

PS-74-8A & B, 19A 8 B
PS-74-31A & B, 42A & B

PS-75-7, 16, 35, 44

XE-1-5, 19, 22, 30, 31, 34

2-I-58A2
2-1-58B2
2-1-58C2
2-1-58D2

Trip Setting/

372.5 inches above
vessel zero (AL)

2.6 psig (AL)

150 seconds (AL)

120 upper analytical limit
80 lower analytical limit

205 upper analytical limit
165 lower analytical limit

N/A

360 seconds (AL)
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TABLE 7.4-3

CORE SPRAY SYSTEM INSTRUMENTATION

Core S ra Function Instrument T e INSTRUMENT No.
Trip Setting/

Reactor vessel low
water level

Primary containment
high pressure

Reactor vessel low
pressure

Core spray sparger
high differential
pressure

Pump discharge flow

Pump suction pressure

Pump discharge pressure

Pump discharge flow

Level switch

Pressure switch

Pressure switch

Differential
pressure switch

Flow indicator

Pressure

Pressure

Flow switch

LS-3-58A - D

P IS-64-58A - D

PIS-3-74A 8 B
PIS-68-95 8 96

PDIS-75-28 R 56

FI-75-21 8 49

PI-75-4, 13, 32, 41

PI-75-20 8 48

FS-75-21 & 49

372.5 inches above
vessel zero (AL)

2.6 psig (AL)

335 psig (AL)

2.0 psid

2584.8 gpm increasing
2211.2 gpm decreasing
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TABLE7.4P

LOW PRESSURE COOLANT INJECTION INSTRUMENTATION

LPCI Function

Reactor vessel low water
level (LPCI pump start signal)

Primary containment
(drywell) high pressure

. (LPCI initiation)

Reactor vessel low water
level (inside shroud)
prevents containment spray

LPCI sequence delay (pump A)

LPCI sequence delay (pump B)

LPCI sequence delay (pump C)

LPCI sequence delay (pump D)

LPCI reactor vessel low pressure

LPCI injection valve initiation
signal cancellation

Containment spray valve
manual control interlock
low drywell pressure

LPCI pump low flow

Reactor vessel
pressure permissive

Instrument
~Ts
Level switch

Pressure switch

Level switch

Timer

Timer

Timer

Timer

Pressure switch

Timer

Pressure switch

Flow switch

Pressure switch

Instrument
Number

LS-3-58A - D

PIS44-58A - D

LIS-3-52 8 62-A

PIS-3-74A 8 B
PIS48-95 & 96

10A- K45A8 B

PS%4-58E & F

FS-74-50 8 64

PS-3-74A & B
PS-68-95 & 96

Trip Setting/
Anal 'cal Limit AL

372.5 inches above
vessel zero (AL)

2.6 psig (AL)

293 inches above
vessel zero (AL)

0.2 seconds

7 seconds

14 seconds

21 seconds

335 psig (AL)

5 minutes

1 psig 6 p 5 2.6 psig
(AL)

1000/8000 gpm (AL)

200 psig (AL)
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7.5 NEUTRON MONITORING SYSTEM

7,5,1 ~Sf t
Qb'he

safety objective of the Neutron Monitoring System is to detect conditions in the
core that threaten the overall integrity of the fuel barrier due to excdssive power
generation and to provide signals to the Reactor Protection System, so that the
release of radioactive material from the fuel barrier is limited.

7.5.2 Power Generation Ob'ective

The power generation objective of the Neutron Monitoring System is to provide
information for the efficient, expedient operation and control of the reactor. Specific
power generation objectives of the Neutron Monitoring System are to detect
conditions that could lead to local fuel damage and to provide signals that can be
used to prevent such damage, so that plant availability is not reduced.

7.5.3 Identification

The Neutron Monitoring System consists of six major subsystems as follows:

a. Source range monitor subsystem (SRMS),

b. Intermediate range monitor subsystem (IRMS),

c. Local power range monitor subsystem (LPRMS),

d. Average power range monitor subsystem (APRMS),

e. Rod block monitor subsystem (RBMS), and

f. Traversing in-core probe subsystem (TIPS).

7.5.4 Source Ran e Monitor Subs stem

7.5.4.1 Power Generation Desi n Basis

1. Neutron detectors shall be provided which result in a signal count-to-noise
count ratio of no less than 3:1 and a count rate of no less than three counts per
second with all control rods fully inserted.
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2. The SRMS shall be designed to indicate a measurable increase in output
signal from at least one detecting channel before the reactor period is less than
20 seconds during the worst possible startup rod withdrawal conditions.

3. The SRMS shall be designed to indicate substantial increases in output signals
with the maximum permitted number of SRM channels out of service during
normal reactor startup operations.

4. The SRMS shall be designed so that SRM channels are on scale when the
IRMS first indicates neutron flux during a reactor startup.

5. The SRMS shall provide a measure of the time rate of change of the neutron
flux (reactor period) for operational convenience.

6. The SRMS shall be capable of generating a trip signal to block control rod
withdrawal if the count rate exceeds a preset value or if the SRMS is not
operating properly. Coincident and non-coincident RPS trips will be provided
as necessary for core alterations.

7.5.4.2 Descri tion Fi ure 7.5-1

7.5.4.2.1 Identification

The SRMs provide neutron flux information during reactor startup and low-flux-level
operations. There are four SRM channels, each of which includes one detector that
can be physically positioned in the core from the control room. The detectors are
normally inserted during reactor shutdowns to provide core monitoring. During
reactor startup SRM detectors may be withdrawn after the neutron flux has sufficient
indication on the IRMs.

2.5.4.2.2 ~PP
The power for the monitors is supplied from the two separate 24-V DC buses, two
monitors on one bus and two monitors on the other (see Subsection 8.8, "Auxiliary
DC Power Supply and Distribution").

7.54.2.3 Ph sical Arran ement

Each detector assembly consists of a miniature fission chamber operated in the
pulse counting mode and attached to a low-loss quartz-fiber-insulated transmission
cable (See Figure 7.5-2.). The sensitivity of the detector is 1.2 x 10-3 cps/nv
nominal, 5.0 x 10< cps/nv minimum, and 2.5 x 10-3 cps/nv maximum. The detector
cable is connected underneath the reactor vessel to a triple-shielded coaxial cable.
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This shielded cable carries the pulses formed to a pulse current preamplifier located
outside the primary

containment.'he

detector and cable are located inside the reactor vessel in a dry tube sealed
against reactor vessel pressure. A remote-controlled detector drive system can
move the detector along the length of the dry tube, allowing vertical positioning of
the chamber at any point from 15 to 18 inches above the reactor (fuel) centerline to
approximately 2 1/2 feet below the reactor fuel region (Figure 7.5-3a). The detector
can be stopped at any location between the limits of travel, but only the end points
of travel are indicated. When a detector arrives at a travel end point, the detector
motion is automatically stopped.

SRM/IRM-drive control logic is presented in Figure 7.5-3b. The electronics for the
source range monitors, their trips, and their bypasses are located in one cabinet.
Source range signal conditioning equipment is designed so that it may be used for
open-core experiments.

7.5.4.2.4 Si nal Conditionin

A current pulse preamplifier provides amplification and impedance matching to
allow signal transmission to the signal conditioning electronics (Figure 7.5-4).

The signal conditioning equipment is designed to receive a series of input current
pulses, to convert the current pulse series to analog DC currents corresponding to
the logarithm of the count rate (LCR), to derive the period, to display the outputs on
front panel meters, and to provide outputs for remote meters and recorders. The
LCR meter displays the rate of the occurrence of the input current pulses, and the
period meter displays the time in seconds for the count rate to change by a factor of
2.72(e). In addition, the equipment contains integral test and calibration circuits,
trip circuits, power supplies, and selector circuits.

A high-voltage power supply supplies a polarizing potential for the fission counter
detectors. The potential is introduced to the detector through a filter network to
minimize noise coupling.

The pulses from the pulse preamplifier are of various heights. In general, the
pulses produced by neutrons are larger than pulses due to gamma and noise. To
count only neutrons, the pulse height discriminator (PHD) is set to reject the small
pulses and to accept only the large pulses, the threshold being adjustable.

Morgan, W. R., "In-core Neutron Monitoring System for GE Boiling Water Reactors," APED-5706,
November 1968.
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One output of the PHD has two stable states represented by full voltage and zero
voltage. Each time an input pulse exceeds the threshold, the output of the PHD
reverses state and holds that state until the next pulse causes another reversal.
The PHD provides the pulse train input required by the log integrator. The PHD
also has a sealer output, which produces an output pulse for every two input pulses
crossing the threshold. The various signals are shown in the block'diagram on
Figure 7.5-4 outlined by circles. At (a), the current pulses are shown as four
different amplitudes to illustrate the action of the discriminator. At (b), the absolute
amplitudes are increased, but the relative amplitudes remain proportional. A
dashed line representing the threshold level is indicated. At (c), there is an output
pulse for every input pulse exceeding the threshold. This pulse is shaped to be
compatible with the sealer input requirements. At (d), the PHD cuts off the second
pulse because it did not attain the threshold level.

The log integrator is a network arranged to synthesize the response, which is a
logarithmic function of the counting rate. The log integrator circuit is a composite of
several frequency-sensitive networks with their frequency breakpoints appropriately
distributed to synthesize the response. Each network has a time constant that is
selected so that the overall response time of the instrument varies with the counting
rate. Thus, at low counting rates, the time constant is large to provide an adequate
smoothing effect on the reading. At high counting rates, the time constant is small
to provide for a faster overall response time.

The output of the log integrator is a current output requiring amplification.
Operational amplifier No. 1 is used to convert the current output from the log
integrator to the standard signal used to drive the meter, recorders, trip circuits, and
the period amplifier. Operational amplifier No. 2 is a differentiator with a resistor
feedback and a capacitor input. The gain of the amplifier is scaled to produce a
full-scale period reading of +10 seconds.

Calibration features are included to enable the accuracy of all measuring circuits to
be verified and the trip level of the trip circuits to be set and checked. A signal
generator provides two discrete frequencies for use in verifying the calibration of
the log integrator and provides an operational check on the PHD.

7.5.4.2.5 ~Ti F

The trip outputs of the SRMS are all designed to operate in the fail-safe mode; the
loss of power to the trip auxiliaries causes the associated trips to function (See
Figure 7.7-6).

The SRMS provides SRM upscale, downscale, detector improper position, and
inoperative signals to the reactor manual control system to block rod withdrawal
under certain conditions. Any one SRM channel can initiate a rod block. These rod
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blocking functions are discussed in Subsection 7.7, "Reactor Manual Control
System." Appropriate lights and annunciators are actuated to indicate the existence
of these same conditions (Table 7.5-1). Any one of the four SRM channels can be
bypassed by the operation of a switch on the operator's console.

By removing the shorting links from the RPS circuitry, an interface is created with
the SRIVls such that SRM trips will result in a reactor scram. The links can be
removed in combinations so as to provide one out of two take twice logic or so that
any SRM upscale Hi Hi will cause a scram. This feature is used during the
performance of core alterations. During core loading, an operable SRM or fuel
loading chamber is required to be in the core quadrant where fuel is being loaded
and at least one in an adjacent quadrant.

7.5.4.3 Power Generation Evaluation

Examination of the sensitivity of the SRM detectors (paragraph 7.5.4.2.3) and their
operating ranges of 10'ps indicates that the IRMS is on scale before the SRM
reaches full-scale (see Figure 7.5-25). Further overlap is provided by retraction of
the SRM chambers to any position between full-in and full-out. SRM detector
retraction is possible without the occurrence of a rod block only if the indicated SRM
count rate remains above the rod block trip level (10'ps), or if the IRM has been
ranged to the third or any less sensitive (higher) IRM range.

7.5.4.4 Ins ection and Testin

Each SRM channel is tested and calibrated using procedures developed from the
SRM instruction manual. Inspection and testing are performed as required on the
SRM detector drive mechanism; the mechanism can be checked for full-insertion
and retraction capability. The various combinations of SRM trips can be introduced
to ensure the operability of the rod blocking functions.

7.5.5 Intermediate Ran e Monitor Subs stem

7.5.5.1 Safet Desi n Basis

1. The IRMS shall be capable of generating a trip signal that can be used to
prevent fuel damage resulting from abnormal operational transients that occur
while operating in the intermediate power range.

2. The independence and redundancy incorporated in the design of the IRMS
shall be consistent with the safety design basis of the Reactor Protection
System.
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3. The design bases setpoint for neutron monitoring in the STARTUP mode is the
APRM 15 percent trip.

7.5.5.2 Power Generation Desi n Basis

1. The IRMS shall be capable of generating a trip signal to block lod withdrawal if
the IRMS reading exceeds a preset value or if the IRMS is not operating
properly.

2. The IRMS shall be designed so that overlapping neutron flux indications exist
with the SRMS and power range monitoring subsystems.

7.5.5.3 Descri tion Fi ure 7.5-1

7.5.5.3.1 Identification

The IRMS monitors neutron flux from the upper portion of the SRM range to the
lower portion of the power range monitoring subsystems. The IRM subsystem has 8
IRM channels, each of which includes one detector that can be physically
positioned in the core by remote control. The detectors are inserted into the core
for a reactor startup and are withdrawn after the reactor mode selector switch is
turned to "RUN." They are normally inserted any time the reactor is not at power.

2.5.5.3.2 ~PP
Power is supplied separately from two 24-V DC sources (see Subsection 8.8,
"AuxiliaryDC Power Supply and Distribution"). The supplies are split according to
their use so that loss of a power supply will result in loss of only one trip system of
the Reactor Protection System. Conduits and physical separation isolate the power
buses external to the IRM cabinet.

7.5.5.3.3 Ph sical Arran ement

Each detector assembly consists of a miniature fission chamber attached to a
low-loss, quartz-fiber-insulated transmission cable. When coupled to the signal
conditioning equipment, the detector produces approximately a 30 percent reading
on the most sensitive range with a neutron flux of 10'v. The detector cable is
connected underneath the reactor vessel to a triple-shielded cable, which carries
the pulses generated in the fission chamber through the primary containment to the
preamplifier. The detector and cable, which are located in the drywell, are movable
in the same manner as the SRM detectors and use the same type of mechanical
arrangement.
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7.5.5.3.4 Si nal Conditionin

A voltage preamplifier unit located outside the primary containment serves as a
preamplifier. This unit is designed to accept superimposed current pulses from the
fission chamber, remove the DC component, convert the current pulses to voltage
pulses, amplify the voltage pulses, establish the bandpass characteristics for the
system, and provide a low impedance output suitable for driving a terminated cable.
The gain of the low range of the preamplifier is fixed, but the gain of the high range
is variable over a limited range to permit tracking between low and high ranges.
The preamplifier output signal is coupled by a cable to the IRM signal conditioning
electronics (Figure 7.5-7).

The signal conditioning equipment for each IRM channel contains an input signal
attenuator, additional stages of amplification, an inverter, a mean-square analog
unit, a calibration and diode logic uhit, a range switch, power supplies, trip circuits,
and integral test and calibration circuits. Each IRM channel receives its input signal
from the preamplifier and operates upon it with various combinations of
preamplification gain and amplifier attenuation ratios. The amplification and
attenuation ratios of the IRM and preamplifier are selected by a remote range switch
which provides ten ranges of increasing attenuation (the first six called low range
and the last four called high range) acting upon the signal from the fission chamber.
As the neutron flux of the reactor core increases from 1 x 10'v to 1.5 x 10" nv, the
signal from the fission chamber becomes larger. The signal from the fission
chamber is attenuated to keep the input signal to the inverter in the same range.
The output current is proportional to the power contained in the pulses received
from the fission chamber. This output signal, which is proportional to neutron flux at
the detector, is amplified and supplied to a locally mounted meter. The meter has
two linear scales on a single meter face. The appropriate range being used is
indicated by the range switch position. Outputs are also provided for a remote
meter and recorder. There is in the amplifier a potentiometer with a gain effect of 1

to 1.85, which provides an adjustment greater than one range position
(approximately a factor of 3 in flux) in the output signal. The calibration and diode
logic unit include a circuit to develop a triangular wave shape signal of adjustable
amplitude to provide a means of full scale calibration of the power meter.
Calibration settings of 40 percent and 125 percent on a 125 percent scale are
possible.

The high-voltage supply associated with IRM supplies the polarizing potential for
the fission chamber detector through a filter network to minimize noise coupling.

7.5.5.3.5 T~iF

The IRMS is divided into two groups of IRM channels arranged in the core as
shown in Figure 7.5-8. Each group of IRM channels is associated with one of the
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two trip systems of the Reactor Protection System. Two IRM channels and their trip
auxiliaries from each group are installed in one bay of a cabinet; the other four
channels and their trip auxiliaries are installed on another bay of the cabinet.
Full-length side covers on the cabinet bays isolate the IRM groups. The
arrangement of IRM channels allows one IRM channel in each group to be
bypassed without compromising intermediate range neutron monitdring (See
Figures 7.2-3a, 7.2-3b, 7.2-3c, 7.2-3d).

Each IRM channel includes four trip circuits as standard equipment. One trip circuit
is used as an instrument trouble trip. It operates whenever the high voltage drops
below a preset level or whenever one of the modules is not plugged in. It also
operates when the Operate-Calibrate switch is not in the "operate" position and the
Operate-Calibrate bypass switch is not depressed. Depressing the
Operate-Calibrate bypass switch will allow the inop trip function to be bypassed in
order to perform functional tests of the downsc'ale and upscale level trips. Each of
the other trip circuits can be chosen to operate whenever preset downscale or
upscale levels are reached. A simplified IRM circuit arrangement is shown in Figure
7.5-26.

The trip functions actuated by the IRM trips are indicated in Table 7.5-2. The
reactor mode switch determines whether IRM trips are effective in initiating a rod
block and a reactor scram.

Subsection 7.7, "Reactor Manual Control System," describes the IRM rod block
trips. With the reactor mode switch in "REFUEL" or "STARTUP," an IRM upscale or
inoperative trip signal actuates a Neutron Monitoring System trip of the associated
channel of the Reactor Protection System. Only one IRM channel must trip to
initiate a Neutron Monitoring System trip of the associated trip system of the
Reactor Protection System (See Figure 7.7-6). If an IRM from each channel causes
a channel trip, a full reactor trip follows.

7.5.5.4 Safet Evaluation

The safety evaluation in Subsection 7.2, "Reactor Protection System," evaluates the
arrangement of redundant input signals to the Reactor Protection System. The
Neutron Monitoring System trip input to the Reactor Protection System and the trip
channels used in actuating a Neutron Monitoring System trip are of equivalent
independence and redundancy to other Reactor Protection System inputs.

The number and locations of the IRM detectors have been analytically and
experimentally determined to provide sufficient intermediate range flux level
information under the worst permitted bypass and detector-failure conditions. For
verification of this, a range of rod withdrawal accidents has been analyzed. The
most severe case assumes that the reactor is just subcritical with one-fourth of the
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control rods, plus one more rod, removed in the normal operating sequence. This
configuration is shown in Figure 7.5-9. The error or malfunction is the removal of
the control rod adjacent to the last rod withdrawn. The location of this rod has been
chosen to maximize the distance to the second nearest detector for each Reactor
Protection System trip system. It is assumed that the nearest detector in each
Reactor Protection System trip system is bypassed. A scram signal is initiated
when one IRM detector in each Reactor Protection System trip system reaches its
scram trip level. The neutron flux versus distance resulting from this withdrawal is
shown in Figure 7.5-10. Note that the second nearest detector in trip system B is
farther away than the second nearest detector in trip system A. The ratio of the
neutron flux, at this point, to the peak flux is 1/4100. This detector reaches its high
scram trip setting of 120/125 full-scale at a local flux approximately 3.3 x 10 nv. At
that time, the peak flux in the core is 1.35 x 10" nv or 2.7 percent rated average
flux. The core average power is 0.07 percent when scram occurs. For this scram
point to be valid, the IRM must be on the correct range. To assure that each IRM is
on the correct range, a rod block trip is initiated any time the IRM is both downscale
and not on the most sensitive (lowest) scale. A rod block is initiated if the IRM
detectors are not fully inserted in the core and.the reactor mode switch is not in the
"RUN" position. The IRM scram trips are automatically bypassed when the reactor
mode switch is in the "RUN" position and the APRMs are on scale. The IRM rod
block trips are automatically bypassed when the reactor mode switch is in the
"RUN" position.

The IRM detectors and electronics have been tested under operating conditions
and verified to have the operational characteristics given in the description and, as
such, provide the level of precision and reliability required by the Reactor Protection
System safety design basis.

7.5.5.5 Power Generation Evaluation

The intermediate range monitor subsystem is the primary source of information on
the approach of the reactor to the power range. Its linear, approximately
half-decade steps, with the rod blocking features on both high-flux level and low-flux
level, require that the operator keep all the IRMs on the correct range to increase
core reactivity by rod motion. The SRM overlaps the IRM as shown in
Figure 7.5-25. The sensitivity of the IRM is such that the IRMS is on scale on the
least sensitive (highest) range with the reactor power about 15 percent.

7.5.5.6 Ins ection and Testin

Each IRM channel is tested and calibrated using procedures developed from the
IRM instruction manual. The IRM detector drive-mechanisms and the IRM rod
blocking functions are checked in the same manner as for the SRM channels. Each
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of the various IRM channels can be checked to ensure that the IRM high-flux scram
function is operable.

7.5.6 Local Power Ran e Monitorin Subs stem

7.5.6.1 Power Generation Desi n Basis

1. The LPRMS shall provide signals proportional to the local neutron flux at
various locations within the reactor core to the average power range monitor
subsystem (APRMS), so that accurate measurements of average reactor power
can be made.

2. The LPRMS shall supply signals to the rod block monitor subsystem, so that
measurement of changes in local relative neutron flux can be made during the
movement of control rods.

3. The LPRMS shall be capable of alarming under conditions of high or low local
neutron flux indication.

4. The LPRMS shall supply signals proportional to the local neutron flux to the
process computer to be used in power distribution calculations, rod power
density calculations, minimum critical power calculations, and fuel burnup
calculations.

5. The LPRMS shall supply signals proportional to the local neutron flux to drive
indicating meters and auxiliary devices to be used for operator evaluation of
the power distribution, rod power density, minimum critical power, and fuel
burnup.

7.5.6.2 Descri tion Fi ure 7.5-11

7.5.6.2.1 Identification

The LPRMS consists of the fission chamber detectors, the signal conditioning
equipment, and trip functions. The LPRM signals are also used in the APRMS,
RBMS, and process computer.

7.5.6.2.2 ~PP
(The following description applies to Unit 1 and Unit 3.)

Power for the LPRMS is supplied by the two 120-V AC Reactor Protection System
buses; approximately one half of the'LPRMS is supplied from each bus (see
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Subsection 7.2). Associated with each LPRM amplifier is a separate power supply
in the control room which furnishes the detector polarizing potential.

This power supply is adjustable from 75-to-200-V DC with a maximum current
output of three milliamps, which ensures that the chambers can be operated in the
saturated region at the maximum specified neutron fluxes. For maximum variation
in the input voltage or line frequency, and over extended ranges of temperature and
humidity, the output voltage varies no more than 2-V. Each "page" of amplifiers is
supplied an operating voltage from a separate low voltage power supply.

(The following description applies to Unit 2, only.)

Detector polarizing voltage for the LPRMs is supplied by redundant pairs of DC
power supplies, adjustable from 75 to 200 VDC. Each DC power supply pair
powers approximately one-eighth of the LPRMs. Power for the DC power supplies
comes redundantly from the two 120 VAC Reactor Protection System buses via
intermediate DC power supplies. These intermediate DC supplies also provide
power for the LPRM amplifiers.

The 75-200 VDC power supplies can supply up to 3 milliamps for each LPRM
detector, which ensures that the chambers can be operated in the saturated region
at the maximum specified neutron fluxes. The voltage applied to the detectors
varies no more than 2 VDC over the maximum variation of electrical input and
environmental parameters.

7.5.6.2.3 Ph sical Arran ement

The LPRMS includes LPRM detectors located throughout the core at different axial
heights. Figure 7.5-12 illustrates the LPRM detector radial layout scheme, which
provides a detector assembly at every fourth intersection of the narrower of the
water channels around the fuel bundles (narrow-narrow water gap). Thus, every
narrow-narrow water gap has either an actual detector assembly or a symmetrically
equivalent assembly in some other quadrant.

The 43 LPRM detector assemblies, each containing four fission chambers, are
distributed to monitor four horizontal planes throughout the core. The detector
assemblies (Figure 7.5-13) are inserted into the core in spaces between the fuel
assemblies through thimbles that are mounted permanently at the bottom of the
core lattice and which penetrate the bottom of the reactor vessel. These thimbles
are welded to the reactor vessel at the penetration point. They extend down into
the access area below the reactor vessel where they terminate in a flange, which
mates to the mounting flange on the incore detector assembly. The detector
assemblies are locked at the top end to the top fuel guide by means of a
spring-loaded plunger. This type of assembly is referred to as top entry-bottom
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connect, since the assembly is inserted through the top of the core and penetrates
the bottom of the reactor vessel. Special water sealing caps are placed over the
connection end of the assembly and over the penetration at the bottom of the vessel
during installation or removal of an assembly. This prevents the loss of reactor
coolant water upon removal of an assembly and also prevents the connection end
of the assembly from being immersed in the water during installatioh or removal.

Each LPRM detector assembly contains four miniature fission chambers with an
associated solid sheath cable. Each fission chamber produces a current which,
when coupled with the LPRM signal conditioning equipment, provides the desired
scale deflection throughout the design lifetime of the chamber. Each individual
chamber of the assembly is a moisture-proof, pressure-sealed unit. Each assembly
also contains a calibration tube for a traversing incore probe (TIP). The enclosing
tube around the entire assembly contains holes to allow circulation of the reactor
coolant water to cool the fission chambers. Numerous tests have been performed
on the chamber assemblies, including tests of linearity, lifetime, gamma sensitivity,
and cable effects. These tests and experience in operating reactors provide
confidence in the ability of the LPRM subsystem to monitor neutron flux to the
design accuracy throughout the design lifetime.

The four miniature fission chambers used on each assembly are designed to
operate up to a temperature of 599'F and a pressure of 1250 psig. The chambers
are vertically spaced in the LPRM detector assemblies in such a manner as to give
adequate axial coverage of the core, complementing the radial-coverage given by
the horizontal arrangement of the LPRM detector assemblies. Each miniature
chamber consists of two concentric cylinders, which act as electrodes. The gas
between the electrodes is ionized by the charged particles produced as a result of
neutron fissioning of the uranium coated electrode. The negative ions produced in
the gas are accelerated to the collector by the potential difference maintained
between the electrodes. In a given neutron flux, all the ions produced in the ion
chamber can be collected if the polarizing voltage is high enough. When this
situation exists, the ion chamber is considered to be saturated. Output current is
then independent of operating voltage and has a linearity of 1 percent (1 percent)
over the design operating range.

7.5.6.2.4 Si nal Conditionin

The current signals from the LPRM detectors are transmitted to the LPRM amplifiers
in the control room. For Unit 1 and Unit 3; each amplifier is a modular plug-in
element, which is mounted in a hinged vertical assembly designated a "page." For
Unit 2, the amplifiers are arranged on "LPRM Input Modules" mounted inside the
APRM chassis assembly. The current signal from a chamber is transmitted to its
amplifier through coaxial cable. The amplifier is a linear current amplifier whose
voltage output is proportional to the current input and, therefore, is proportional to
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the magnitude of the neutron flux. For Unit 1 and Unit 3, the output of the amplifier
ranges from 0-to-10-V DC for 0-to-125 percent indication. Additional low-level
output signals are provided which are suitable as an input to the computer,
recorders, etc. The outputs of each LPRM amplifier are isolated to prevent
interference of the signal by inadvertent grounding or application of a stray voltage
at the signal terminal point.

For Unit 2, the amplifier output is "read" by digital processing electronics. The
digital electronics applies hardware gain corrections, performs filtering, and applies
the LPRM gain factors. The digital electronics provides output signals suitable for
the computer, recorders and annunciators. The LPRM a'mplifiers also isolate the
detector signals from the rest of the processing so that individual faults in one
LPRM signal path will not affect other LPRM signals.

The LPRM amplifier signals can be read by the operator on the reactor console.
When a central control rod is selected for movement, the output signals from the
amplifiers associated with the nearest sixteen LPRM detectors are displayed on
console meters, or for Unit 2 only, by selecting summary LPRM displays on digital
operator displays. Subsection 7.7, "Reactor Manual Control System," describes in
greater detail the indications on the reactor console.

7.5.5.2.5 T~iF

The trip circuits for the LPRMs provide trip signals to activate lights, annunciators,
and (for Unit 2 only) digital displays indicating either upscale or downscale
conditions. The outputs of the LPRM trip functions are designed to go to the
"tripped" state on loss of power to the processing electronics. Table 7.5-3 indicates
the trips.

The trip levels can be adjusted to within+0.5 percent of 0-to-125 percent range and
are accurate to+1 percent of 0-to-125 percent range in the normal operating
environment.

7.5.6.3 Power Generation Evaluation

The local power range monitor subsystem, as calibrated by the traversing incore
probe subsystem, provides detailed information about the neutron flux throughout
the reactor core. The total of 43 LPRM assemblies, and their distribution, is
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determined by extensive calculational and experimental procedures. The division of
the LPRMS into various groups for DC power supply allows operation with one DC
power supply failed, or being serviced, without limiting reactor operation. Individual
failed chambers can be bypassed, and neutron flux information for a failed chamber
location can be interpolated from nearby chambers.

A substitute reading for a failed chamber can be derived from an octant-symmetric
chamber, or an actual flux indication can be obtained by insertion of a TIP to the
failed chamber position. The LPRM outputs provide for the functions required in the
LPRM power generation design basis. Each output is electrically isolated so that
an event (grounding the signal or applying a stray voltage) on the reception end
does not destroy the validity of the LPRM signal. Tests and experience
demonstrate the ability of the detector to respond proportionally to the local
neutron-flux changes.

7.5.6.4 Ins ection and Testin

LPRM channels are calibrated using data from previous full power runs and TIP
data and are tested by procedures in the applicable instruction manual.

7.5.7 Avera e Power Ran e Monitor Subs stem

7.5.7.1 Safet Desi n Basis

1. The design of the APRMS shall be such that for the worst permitted input
LPRM bypass conditions, the APRMS shall be capable of generating a scram
trip signal in response to average neutron-flux increases resulting from
abnormal operational transients in time to prevent fuel damage.

2. The design of the APRMS shall be consistent with the requirements of the
safety design basis of the Reactor Protection System.

7.5.7.2 Power Generation Desi n Basis

1. The APRMS shall provide a continuous indication of average reactor power
from a few percent to 125 percent of rated reactor power.

2. The APRMS shall be capable of providing trip signals for blocking rod
withdrawal when the average reactor power exceeds pre-established limits set
to prevent scram actuation.

3. The APRMS shall provide a reference power level for use in the rod block
monitor subsystem.
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7.5.7.3 ~0

7.5.7.3.1 Identification

In Unit 1 and Unit 3, the APRMS has six APRM channels, each of which uses input
signals from a number of LPRM channels. Three APRM channels 4re associated
with each of the trip systems of the Reactor Protection System.

In Unit 2, the APRMS has four APRM channels, each of which uses input signals
from a number of LPRM channels. Each of the four APRM channels provides inputs
to four two-out-of-four Trip Voter channels. Two of the voter channels are
associated with one automatic trip system of the Reactor Protection System (RPS);
the other two voter channels are associated with the other automatic trip system of
the RPS. Because of all four APRM channels provide inputs to each of the four
voter channels, all four APRM channels are associated with both trip systems of the
RPS.

7.5.7.3.2 ~PP
The APRM channels receive power from the 120-V AC supplies used for the
Reactor Protection System power (see Subsection 7.2).

In Units 1 and 3, power for each APRM instrument channel and its trip unit is
supplied by the 120 VAC bus which provides power to the APRM's associated RPS
trip system.

In Unit 2, power for each APRM instrument channel is supplied redundantly by both
120 VAC RPS power buses. However, power for each 2-out-of-4 Trip Voter
channel is supplied only by the 120 VAC bus which provides power to the voter's
associated RPS trip system.

7.5.7.3.3 Si nal Conditionin

(The following description applies to Unit 1 and Unit 3.)

The APRMS uses electronic equipment which averages the output signals from a
selected set of LPRMs, trip units which actuate automatic devices, and signal
readout equipment. Each APRM channel can average the output signals from up to
24 LPRM channels. Assignment of LPRM channels to an APRM is made using the
pattern illustrated in Figure 7.5-14a. The letters at the detector locations in
Figure 7.5-14a refer to the axial positions of the detectors in the LPRM detector
assembly. Position A is the bottom position, positions B and C are above position
A, and position D is the topmost LPRM detector position. APRM channels A, C, and
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E are powered from the same AC bus used for trip system A of the Reactor
Protection System; APRM channels B, D, and F are powered from the AC bus used
for trip system B. The &0-volt DC bus used for a given APRM channel is the same
as that used for the LPRM channels, providing inputs to that APRM. The pattern in

Figure 7.5-14a is for the APRMs associated with trip system A of the Reactor
Protection System. The pattern provides LPRM signals from all four core axial
LPRM detector positions throughout the core. Assignments of LPRM channels to
APRMs associated with trip system B of the Reactor Protection System are given in
Figure 7.5-14b. APRM channels A, C, and E average the output signals from 21
LPRM channels. Channels B, D, and F average the output from 22 LPRM
channels.

The APRM amplifier gain can be adjusted by combination of fixed resistors and
potentiometers to allow calibration to power as determined by a heat balance. The
averaging circuit automatically corrects for the number of unbypassed LPRM
amplifiers providing inputs to the APRM.

In Unit 1 and Unit 3, each APRM channel receives a flow signal representative of
total core flow. Each signal is provided by summing the flow signals from the two
recirculation loops. These flow signals are sensed from two flow elements, one in
each recirculation loop (see Figure 7.8-1). The differential pressure from the flow
elements is routed to four differential pressure transducers. The signals from the
differential pressure transducers are routed to two flow summers which provide the
two flow signals for use by the APRMs'low-biased rod block and scram setpoints
(see Figure 7.5-11).

(The following equipment description applies to Unit 2 only.)

The APRMS uses digital electronic equipment which averages the output signals
from a selected set of LPRMs, generates trip outputs via the 2-out-of-4 voter
channels (see Section 7.5.7.3.4), and provides signals to readout equipment. Each
APRM channel can average the output signals from up to 43 LPRM channels.
Assignment of LPRM channels to an APRM is shown in Figure 7.5-14c. The letters
at the detector locations in Figure 7.5-14c refer to the axial positions of the
detectors in the LPRM detector assembly. Position A is the bottom position,
positions 8 and C are above position A, and position D is the topmost LPRM
detector position. The pattern provides LPRM signals from all four core axial LPRM
detector positions throughout the core. Some LPRM detectors may be bypassed,
but the averaging logic automatically corrects for these by removing them from the
average. The APRM value calculated from the LPRM inputs is adjusted by a
digitally entered factor to allow calibration of the APRM to core thermal power
based on heat balance.
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Each APRM channel calculates a flow signal, representative of total core flow,
which is used to determine the APRM's flow-biased rod block and scram setpoints.
Each signal is determined by summing and processing flow signals from the two
recirculation loops. These signals are sensed from two flow elements, one in each
recirculation loop. The differential pressure from each flow element is routed to four
differential pressure transmitters (eight total). Signals from a pair o'f differential
pressure transmitters, one from each flow element, are routed to the input of an
associated APRM chassis for processing. Each pair of differential pressure
transmitters is associated with only one of the four APRM instrument channels.

(The following discussion is applicable to all three reactor units.)

During transients, the instantaneous fuel surface heat flux is less than the
instantaneous neutron flux by an amount depending upon the duration of the
transient and the fuel time constant. For this reason, the flow-biased scram APRM
flux signal is passed through a filtering network (Thermal Power Monitor) with a time
constant which is representative of the fuel time constant. As a result of this
filtering, APRM flow-biased scrams will only occur if the neutron flux signal is in
excess of the setpoint and of sufficient time duration to overcome the fuel time
constant and result in an average fuel surface heat fluxwhich is equivalent to the
neutron flux trip setpoint. This setpoint is variable up to 120 percent of rated power
based on recirculation drive flow.

7.5.7.3.4 T~F

(The following description applies to Unit 1 and Unit 3 only.)

The trip units for the APRMs supply trip signals to the Reactor Protection System
and the Reactor Manual Control System. Table 7.5-4a itemizes the APRM trip
functions. Any one APRM can initiate a rod block, depending upon the position of
the reactor mode switch. Subsection 7.7, "Reactor Manual Control System,"
describes in detail the APRM rod block functions. The APRM upscale rod block
and the scram trip setpoint are varied as a function of reactor recirculation flow.
The slope of the upscale rod block and scram trip response curves is set to allow
tracking of the required trip setpoint with recirculation flow changes. This provides
an effective rod block and scram ifcore average power is increased above the
power versus flow specification at any flow rate. An APRM upscale or inoperative
trip initiates a Neutron Monitoring System trip in the Reactor Protection System.
Only the trip system associated with that APRM is affected; thus, at least one APRM
channel in each trip system of the Reactor Protection System must trip to cause a
scram (see Figures 7.7-6b, 7.2-3g, 7.2-3h, 7.2-3i, 7.2-,.3j). I

Because each trip is actuated by removing voltage to a relay coil, loss of power
results in actuating the trips. The trips from one APRM in each trip system of the
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Reactor Protection System can be bypassed by operator action in the control room.
A simplified APRM circuit arrangement is shown in Figure 7.5-27.

In the startup mode of operation, an APRM trip function has been implemented with
a maximum limit of 30 percent power to assist the operator in his startup
procedures. This trip function is provided in addition to the existing'IRM upscale
trip in the "STARTUP" mode. The trip settings are listed in Table 7.5-4a.

A schematic of the APRM scale circuit is shown in Figure 7.5-28. The following
discussion of the circuit operation is based on this figure. In "RUN" mode, K22 is
energized and reference input to neutron trip circuit is from resistor R20. The
reference signal from this resistor is adjusted to cause a trip at 120 percent power.
The reference voltage is adjusted using potentiometer R16 until the desired
reference into the upscale neutron trip unit is achieved. In "STARTUP" mode, K22
is deenergized and the reference signal from resistor R20 is adjusted using
potentiometer R21 to cause an upscale neutron trip at 15 percent power. The flow
input through an isolation amplifier produces a flow variable reference to the
Thermal trip unit which incorporates a 6 second time constant delay trip. The clamp
circuit limits the flow biased reference to be no greater than 100 percent flow at any
time.

(The following description applies to Unit 2 only.)

The digital electronics for the APRMs provides trip signals directly to the Reactor
Manual Control System and via the APRM 2-out-of-4 Trip Voter channels to the
Reactor Protection System (RPS). Any two unbypassed APRM channels, via the
APRM 2-out-of-4 voter channels, can initiate an RPS trip in both RPS trip systems.
Any one unbypassed APRM can initiate a rod block, depending upon the position of
the reactor mode switch. Table 7.5-4b lists the APRM trip functions.
Subsection 7.7, "Reactor Manual Control System," describes in more detail the
APRM rod block functions.

The APRM simulated thermal power upscale rod block and scram trip setpoints are
varied as a function of reactor recirculation flow. The slope of the upscale rod block
and scram trip response curves is set to track the required trip setpoint with
recirculation flow changes.

At least two unbypassed APRM channels must be in the upscale or inoperative trip
state to cause an RPS trip output from the APRM 2-out-of-4 voter channels. In that
condition, all four voter channels will provide an RPS trip output, two to each RPS
trip system. Ifonly one unbypassed APRM channel is providing a trip output, each
of the four APRM 2-out-of-4 voter channels will have a half trip, but no trip signals
will be sent to the RPS. (See Figures 7.2-3a, 7.2-3b, 7.2-3c and 7.2-3d.) The trips
from one APRM can be bypassed by operator action in the control room. Trip
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9.0 RADIOACTIVEWASTE CONTROL SYSTEMS

9.1 SUMMARYDESCRIPTION

The radioactive waste systems are designed to process the radioactive wastes
generated during plant operation. These wastes can be liquid, solid, or gaseous.
Where permitted, the liquid and gaseous radioactive wastes are discharged to local
water streams or the atmosphere, respectively, at concentrations which at a
maximum are well below established regulatory limits. Radioactive wastes are
subject to the requirements of the Radiation Protection Plan.

The Liquid Radwaste System collects, treats, and returns processed radioactive
liquid wastes to the plant for reuse. Treated radioactive wastes not suitable for
reuse are discharged from the plant in the circulating water discharge canal or
packaged for offsite burial.

The Solid Radwaste System collects, processes, stores, packages, and prepares
solid radioactive waste materials for shipment to offsite disposal facilities.

The Gaseous Radwaste System collects and processes gaseous radioactive
wastes from the main condenser air ejectors, the startup vacuum pumps, and the
steam packing exhauster, and controls their release to the atmosphere through the
plant stack so that the total radiation exposure to persons outside the controlled
area is as low as reasonably achievable and does not exceed applicable
regulations.
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9.2 LIQUID RADWASTE SYSTEM

9.2.1 Power Generation Ob'ective

The Liquid Radwaste System collects, treats, and returns processed radioactive
liquid wastes to the plant for reuse. Treated radioactive wastes not suitable for
reuse are discharged from the plant or packaged for offsite disposal.

9.2.2 Power Generation Desi n Basis

The Liquid Radwaste System shall be designed so that the liquid radwastes which
are discharged from the plant are within the limits specified in the ODCM and the
operation or availability of the plant is not limited thereby.

9.2.3 Safet Desi n Basis

The L'iquid Radwaste System shall be designed to prevent the inadvertent release
of significant quantities of liquid radioactive material from the restricted area of the
plant so that resulting exposures are within the guideline values of 10 CFR 20.

9.2.4 ~Di I

The Liquid Radwaste System collects, processes, stores, and disposes of all
radioactive liquid wastes. The system is sized to handle the radioactive liquid
wastes from all three units of the plant. The radwaste facility is located in the
radioactive waste building. The Radwaste Building is located and the radwaste
equipment is arranged as shown in Figures 9.2-1a and b.

Included in the Liquid Radwaste System are the following:

a. Piping and equipment drains carrying potential radioactive wastes,

b. Floor drain systems in controlled access areas and/or those areas which may
contain potentially radioactive wastes, and

c. Tanks, piping, pumps, process equipment, instrumentation, and auxiliaries
necessary to collect, process, store, and dispose of potentially radioactive
wastes.

Equipment is selected, arranged, and shielded to permit operation, inspection, and
maintenance with personnel exposures within the limits specified in 10 CFR 20 and
the Radiation Protection Plan. For example, sumps, pumps, valves, and
instruments are located in controlled access areas. Tanks and processing
equipment which can contain large quantities of liquid radwastes are shielded. In
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addition, equipment is selected for a minimum of maintenance. A resin trap with
differential pressure instrumentation is installed in the effluent line for the radwaste
waste demineralizer. Details of the radwaste system are shown in Figures 9.2-3a
through t. Operation of the waste system is essentially manual start-automatic stop.

The system is divided into several subsystems so that the liquid wastes from
various sources can be kept segregated and processed separately. Cross
connections between the subsystems provide additional flexibilityfor processing of
the wastes by alternate methods. The liquid radwastes are classified, collected,
and treated as either high purity, low purity, chemical, or detergent wastes. The
terms "high" purity and "low"purity refer to conductivity and not radioactivity. These
liquid radwastes are referred to in the figures as "CRW" (clean radwaste) and
"DRW" (dirty radwaste).

9.2A.1 Hi hPurit Wastes

High purity (low conductivity) liquid wastes which are collected in the waste
collector tank are from the following sources:

a. Drywell equipment drain sumps,

b. Radwaste Building equipment drain sump,

c. Turbine Building equipment drain sumps,

d. Reactor cleanup systems,

e. Decantate from cleanup phase separators,

f. Decantate from condensate phase separators,

g. Waste package drain tank,

h. Offgas condensate collector sump,

i. Turbine Building condensate pump pit equipment drain sumps,

j. Standby Gas Treatment Building sump, and

k. Floor drain sample discharge.

The high purity wastes are processed by filtration and ion exchange through the
waste filter and waste demineralizer. After processing, the waste is pumped to a
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waste sample tank where it is sampled and then, ifsatisfactory for reuse,
transferred to the condensate storage tank as makeup water.

An alternate method of processing high purity wastes is the use of vendor supplied
skid mounted equipment interconnected with the Radwaste System. After
processing, depending on effluent quality and plant needs, the water can be sent to
either the waste surge tank or floor drain sample tank.

If the analysis of the sample reveals water of high conductivity (>1 pmho/cm) or
high radioactivity concentration (>10-3 pCi/ml), it may be returned to the system for
additional processing. These wastes may be released to the discharge canal if
allowable discharge canal concentrations are not exceeded.

9.2.4.2 Low Purit Wastes
I

Low purity (high conductivity) liquid wastes which are collected in the floor drain
collector tank are from the following sources:

a. Drywell floor drain sumps,

b. ~ Reactor Building floor drain sumps,

c. Radwaste Building floor drain sumps,

d. Turbine Building floor drain sumps,

e. Chemical waste tank,

f. RHR Systems, and

g. Radwaste backwash and receiver pit floor drain sumps.

These wastes generally have low concentrations of radioactive impurities; therefore,
processing consists of demineralization, filtration, and subsequent transfer to the
floor drain sample tank for sampling and analysis. An alternate method of
processing low purity wastes is the use of vendor supplied skid mounted equipment
interconnected to the permanent Radwaste System. After processing, depending
on effluent quality and plant needs, the water can be sent to either the waste surge
tank or floor drain sample tank.

, If the analysis indicates that the concentration of radioactive contaminants is
sufficiently low and the water is not needed for plant reuse, the sample tank batch is
transferred to the circulating water discharge canal for dilution with condenser
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circulating water as necessary to meet plant effluent discharge requirements of the
ODCM. Manual valves are present between the floor drain sample tank and the
discharge to preclude the possibility of unanalyzed radioactive water leaking
directly to the river. Large-mesh, basket-type strainers are located in the floor drain
and waste subsystems to prevent sample tank eductors from becoming plugged.

The canal discharge concentration limitfor unidentified mixtures of radioisotopes is
10-7 pCi/ml above background. This concentration is more restrictive than any
listed for liquid effluents in 10 CFR 20, Appendix B, Table 2, Column 2. Ifcertain
radioisotopes are shown not to be present in significant concentrations, or if specific
isotopic analyses are made, higher discharge concentrations based on ODCM limits
may be permissible.

Tritium is typically present in the effluent at an average quarterly concentration of
less than 2E-7 pCi/ml. Since the 10CFR20 limitfor tritium (soluble) is 1E-3 pCi/ml,
the incremental contribution of the plant release is considered insignificant.

Estimated concentrations of the radioactivity in the liquid wastes discharged from
the radwaste facility to the discharge canal are given in Table 9.2-1. These liquid
wastes are released at a rate to give Effluent Concentration Limit (ECL) fraction of
s10 in the discharge canal during the period of the discharge. Since the discharge
is on a batch basis, the daily average concentration in the canal is correspondingly
less. The discharge from the canal to the environs, therefore, is equal to or less
than an ECL fraction of 10. Mixing in Wheeler Reservoir provides additional
dilution.

The annual average concentrations of the radioisotopes which are the major
contributors to the radioactivity in the canal after dilution are presented in Table
9.2-2, along with the ECLs for the'same radioisotopes. From these data it can be
seen that the concentration of each discharged isotope is less than the ECL for the
radioisotope.

9.2.4.3 Chemical Wastes

Chemical wastes are collected in the chemical waste tank and are from the
following sources:

a. Shop decontamination solutions,

b. Laboratory drains,

c. Reactor Building and Turbine Building decontamination drains,
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d. Chemical waste from waste cleanup and condensate precoat tanks, and

e. Radwaste Building floor drain sump.

These chemical wastes are of such high conductivity as to preclude plant reuse.
The radioactivity concentrations are variable and substantially affected by the use
of decontamination solutions and by the amount of fission product radioactivity
present. Normally the radioactivity concentrations are low enough to meet
discharge canal concentration limits (after dilution), and these wastes may be
processed by filtration and dilution in the same manner and with the same
equipment as the low purity wastes.

If the activity of these wastes is too high for canal discharge, the wastes will be put
in appropriate containers and solidified.

9.2.4.4 Deter ent Wastes

Detergent wastes are collected in the laundry drain tanks. These wastes are
primarily from radioactive laundry operations and decontamination solutions which
contain detergents. Detergent wastes are of low radioactivity concentration (<10-5

pCi/ml). Because these wastes can foul ion exchange resins, these liquid
radwastes are kept separate. The laundry drain tanks are crosstied with the cask
decontamination tank and upon fillingto 85 percent of capacity are recirculated
through the laundry drain filter, sampled and discharged into the circulating water
canal at a rate to not exceed the limits of the ODCM.

Cask decontamination liquid is collected in the 15,000-gallon cask decontamination
tank. This liquid is essentially high conductivity water of low radioactivity
concentration ((10 5 pCi/ml). The liquid is sampled, filtered through the laundry
drain filter, and discharged into the circulating water canal at a rate such that the
limits of the ODCM are not exceeded.

9.2.5 Power Generation Evaluation

Liquids having levels of radioactivity above technical specification limits are not
discharged from the plant. Pumpout rates of the liquid radwastes are variable.
Prior to discharge, wastes are sampled and analyzed in batches. The liquid waste
is then discharged at a rate such that technical specifications are not exceeded.
Discharge is into the discharge canal of Units 1, 2, and 3 or into the cooling tower
blowdown. A monitor on the waste system discharge line will alarm an excessive
activity concentration and will automatically stop the discharge. The tank level and
laboratory analysis records are retained as a record of waste discharge from the
plant (see Subsection 7.12).
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The monitor will be set to trip at a radioactivity concentration after dilution which
would not exceed 10-7 pCi/ml or the total ECL fraction will be less than or equal to 1

in the plant effluent under all conditions. When in the open cooling tower mode, the
minimum dilution flow rate will be about 400,000 gpm and about 360,000 gpm when
in the helper mode. (One unit in operation, with two of the three circulating water
pumps running). The monitor will be set to limit the canal concentrations to less
than the technical specifications. At this level, the monitor will close valves 77-58B
and 77-58A (Figure 9.2-3c of the FSAR). In all cooling modes, discharge from the
radwaste system is accomplished by a 3-inch and a 1-inch line upstream of the
radiation monitor.

In the open mode, interlocks are provided which prevent the discharge of liquid
waste into a condenser cooling water discharge conduit when fewer than two of the
associated circulating water pumps are in operation. When the cooling towers are
in the helper mode, additional interlocks are provided which prevent discharging
liquid waste into a discharge conduit in which the flow is being routed to the towers.
An additional waste discharge line has been installed to connect with the cooling
tower blowdown line. The minimum flow in the blowdown line is 50,000 gpm when
any of the towers are in operation. A flow restricting valve is installed in the waste
discharge line which connects to the tower blowdown line. The'alve will be used to
vary the flow rate, depending upon the radioactivity of the waste, to assure that the
canal concentration is within technical specifications.

The processing equipment is located within concrete buildings to provide secondary
enclosures for the wastes in the event of leaks or overflows. Tanks and equipment
which contain wastes with high radioactive concentrations are shielded. Except
where flanges are required for maintenance, most pipe connections are welded to
reduce the probability of leaks. Process lines which penetrate shield walls are
routed to prevent a direct radiation path from the tanks or equipment. Control of the
waste system is from local panels in the Radwaste Building.

Because the radioactivity concentrations in the plant discharge canal do not exceed
the limits of the ODCM and because the operation and availability of the plant is not
limited, the Liquid Radwaste System fulfillsthe power generation design basis.

9.2.6 Safet Evaluation

Table 9.2-3 shows the total activity of liquid and solid radwaste that could be stored
within the radwaste system ifall operating tanks were full to working level. The
tanks are located inside the Radwaste Building which extends 20 feet below grade
to its lowest floor. The total maximum activity of solid and liquid contents of all
tanks, when full to their maximum operating levels, is also shown.
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Loss of tank contents within the Radwaste Building will result in the water flowing to
the lowest floor level within the radwaste structure by way of stairwells and other
openings. Using the approximate floor surface area of 12,232 square feet at
elevation 546.5', a maximum volume of 383,060 gallons will result in a liquid depth
of 50 inches above elevation 546'. At an average concentration of 0.2
microcurie/cc, the liquid activities will be 290 curies for the maximum volume
conditions.

The concrete walls and slabs of the Radwaste Building have been examined for
seismic loading. It has been determined that the Radwaste Building walls and slabs
housing radioactive equipment can withstand the Design Basis Earthquake (DBE).
Should a failure of the tanks, vessels and piping containing radioactivity occur, the
spilled liquid would be retained in the Radwaste Building.

In order to assess the impact of a liquid radwaste spill on the nearest potable water
supply surrounding the BFNP site, a study was conducted to determine if the limits
of 10CFR20, Appendix B, Table 2, Column 2 will be exceeded. The results of the
study involving a postulated release of liquid radwaste from the worst offending tank
indicates that the limits of 10CFR20 will not be exceeded. The worst offending tank
identified is the waste collector tank with a maximum operating volume of
approximately 38,000 gallons and maximum activity of 1.1E+8 microcuries. The
isotopic distribution contained in Table 9.2-4 served as the basis of the study.

Since a postulated release of liquid radwaste from the worst offending tank resulted
in radionuclide concentrations well below the limits of 10CFR20 in the unrestricted
area around the BFNP site then it can be concluded that the design basis is met.

9.2.7 Ins ection and Testin

The Liquid Radwaste System is normally operating on an "as required" basis during
operation of the nuclear plant thereby demonstrating operability without any special
inspections or testing.
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Table 9.24

NORMALAND MAXIMUMCONCENTRATION OF LIQUIDRADIOACTIVE
WASTES ANDVOLUMES OF RADWASTETANKAGE

TankNessel

Waste Surge

Waste Sample

Floor Drain Sample

Laundry Drain

Waste Collector

Roor Drain Collector

Cleanup Phase Separator

Cleanup Backwash
ReceMng (a)

Condensate Phase
SeparatorsA,B,Cd D

Condensate Phase
Separators E d F

Condensate Backwash
Receiving (b)

Spent Resin

Waste Backwash Receiver

Chemical Waste

Quantity

Volume
(Total)
(Gal.) (c)

73/20

75,470

31,570

1,920

37,780

31,400

14,840

6,000

50,700

25,400

19.500

1,630

7,1 70

5,100

Normal
Conc.
pCi/cc

3x 10~

7x 10+

1 x10+

1x102

3x10 5

2x to-2

2x102

Sx 10+

5x10+

5x10+

5x10 5

Sx10 5

2x to+

Liquid Total
Max.
Conc.
pCi/cc

3x to+

2x 10+

1 x 10+

1x100

8x10+

1x too

1x 100

1 x10+

1x 10"I

1 x10+

1x10+

1 x10+

7 x10+

Normal
Act.
pCi

2.3 x 103

8.9x10

8.7 x 102

7.7 x 101

1.1 x 106

5.4 x10

14.8 x 105

6x 105

7.8 x 103

4.4 x 103

3x103

3.3 x10

1 x 103

3.4 x 103

Max.

pCi

2.3x10

8.9 x 105

2.2 x 105

7.7 x 101

1.1 x10

1.1 x10

7.4 x 107

3x 107

1.6 x 104

8.9 x 103

6x 103

7.6 x 10

2x103

1.1 x 105

1x10

6x 107

3.9 x 107

1$ x107

3x 106

1x109

5x 109

9.7 x 107

1.5 x 109

1 x 108

2x106

8x106

2x 108

2 x108

Solid (each)
Normal Max.

Act. Act.
pCi pCi

NOTES:
(a) Cleanup Backwash Receiving Tanks in Reactor Building
(b) Condensate Backwash Receiving Tanks in Turbine Building
(c) Additional liquid radwaste operating volume of 26,890 gal. is not shown, but is included in lhe total working volume in 9,2.6. This volume represents the liquid contained in the piping,

fittervessels, sum ps and miscellaneous tanks/vessels In the Radwaste Building. The total wortdng volume does not include the tanks represented by Notes (a) and (b) above.
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Table 9.2P
(Sheet 1)

RADIOACTIVITYCONTENTS OF TANKS AND SYSTEMS NOT DESIGNED TO
WITHSTANDTORNADO, MAXIMUMPROBABLE FLOOD OR DESIGN BASIS EARTHQUAKE

Number
of

an

Maxtmum
Activity
Per Tank
or Systein

at S Sr- S-
to i Distii io Per n ofTotal

9 -13 -1 1- 35 C - 34 C - 37 - 40 Ce- 44 239 C 58 CD.60

Waste Surge Tank
Waste Sample Tank
Roor Drain Sample Tank
Laundry Drain Tank
Waste Collector Tank
Roor Drain Collector

Tank

'Cteanup Backwash

Receiver Tank

Condensate Backwash

Receiver Tank
'Spent Resin Tank
'Waste Backwash Receiver

Tank

Chemical Waste
Condensate Storage Tank
Condensate Transfer

System
'Condensate Filter/

Demineralizer Tanks
'Fuel Pool FiNerl

Demlneializer Tanks
'Waste Deinineralizer Tank
Evaporator Feed Tank
'Waste Fitter Tank
'Roar Drain Filter Tank

1

4

2

2

1

1

27

23xtg =

22X10
1.1 x10
1.0 X 10

1.1 x10
1.1

x10'.0X

10

1.0 x10

2.0X10
2.0x

10'.1

X 10

2.0 X 10

6.0 x 10

1.0X10

2.0 x 10

3.0 X 10

5.0 x 10

1.0X10
9.0 x 10

0.7

0.7

0.7

0.7

0.7

0.7

0.7

0.7

0.7

0.7

0.7

0.7

0.7

0.7

0.7

0.7

0.7

0.7

0.7

02 8.6 183 8.6 143
02 8.6 18.3 8.6 143
0.2 8.6 183 8.6 143
02 8.6 - 18.3 8.6 143
02 8.6 182 8.6 14.3

0,2 8,6 183 8.6 143

02 8.6 183 8.6 143

0.2 8.6 18.3 8.6 143

0.2 8.6 18.3 8.6 143
0.2 8.6 18.3 8.6 149

0.2 8.6 18.3 8.6 143
0.2 8.6 18.3 8.6 149
0.2 8.6 183 8.6 14.3

0.2 8.6 183 8.6 143

0.2 8.6 183 8.6 143

0.2 8.6 183 8.6 14.3

0.2 8.6 183 8.6 143
0.2 8.6 183 8.6 14.3

02 8.6 183 8.6 14.3

6.4 0.1

6.4 0.1

6.4 0.1

6.4 0.1

6.4 0.1

6.4 0.1

0.2

0.2

0.2

02
0.2

0.2

6.4 0.1 0.2

6.4 0.1 02

6.4 0.1 0.2

6.4 0.1 0.2

6.4 0.1 0.2

6.4 0.1 0.2

6.4 0.1 02
6.4 0.1 0.2

6.4 0.1 02
6.4 0.1 0.2

6.4 0.1 0.2

6.4 0.1 0.2

6.4 0.1 0.2

18.3 0.1 18.6 1.0 0.1

18.3 0.1 18.6 1.0 0.1

18.3 0.1

18.3 0.1

18.6 1.0 0.1

18.6 1.0 0.1

18.3 0.1

18.3 0.1

18.3 0.1

18.6 1.0 0.1

18.6 1.0 0.1

18.6 1.0 0.1

182 0.1 18.6 1.0 0.1

18.3 0.1 18.6 1.0 0.1

189 . 0.1

18.3 0.1

18.3 0.1

18.3 0.1

18.6 1.0 0.1

18.6 1.0 0.1

18.6 1.0 0.1

18.6 1.0 0.1

189 0.1 18.6 1.0 0.1

182 0.1 18.6 1.0 0.1

183 0.1 18.6 1.0 0.1

18.3 0.1 18.6 1.0 0.1

183 0.1 18.6 1.0 0.1

18.3 0.1 18.6 1.0 0.1
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Number
of

essel or te Name Tanks

Maximum
Activity
Per Tank
or System
fpCi
Total

Table 9.2-4
(Sheet 2)

RADIOACTIVITYCONTENTS OF TANKS AND SYSTEMS NOT DESIGNED TO
WITHSTANDTORNADO, MAXIMUMPROBABLE FLOOD OR DESIGN BASIS EARTHQUAKE

o i istrib ion P cen of otal iVi

S 49 Sr- Sr-9 Mo- -13 1- 33 1-135 Cs-134 Cs-137 Ba-140 Ce-144 N 239 C A CO%0

Cask Decontamination

Tank
'Cleanup Phase Separator

'Condensate Phase

Separators:

A.B,CSD
-EftF

6.OX1O'.02

x 10

9.7 x 107 22
1.5 x 10 22

0.7 19.8 172
0.7 - 19.8 172

02 0.7 46.5 0.1 8.7 3.3 0.4

09 0.7 46.5 0.1 8.7 3.3 0.4

0.7 0.2 8.6 18.3 8.6 149 6.4 0.1 0.2 183 0.1 18.6 1.0 0.1

119 7.9 2.0 3.9 7.9 29.6 8.7 22.9 4.2

'Most of the activity h in solid form.
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9.3 SOLID RADWASTE SYSTEM

9.3.1 Power Generation Ob'ective

The objective of the Solid Radwaste System is to collect, process, store, package,
and prepare for shipment solid radioactive waste materials produced through
operation of the three reactor units.

9.3.2 Power Generation Desi n Basis

The Solid Radwaste System shall be capable of handling the following types
of wet solid wastes: Reactor Water Cleanup System Sludge, Condensate
System Sludge, Fuel Pool Demin, Waste and Floor Drain Filter Sludge, Waste
Demin Resins, and Thermex Sludge.

2. The system shall be capable of handling contaminated dry wastes, such as
rags, paper, spent filter elements, used laboratory apparatus, used parts and
equipment, and tools.

3. The system shall be capable of handling irradiated reactor components, such
as spent control rods, and incore instruments.

9.3.3 Safet Desi n Basis

1. Packaged solid wastes shall comply with appropriate regulations of the U.S.
Nuclear Regulatory Commission (10 CFR 71), 10, CFR 61 and U.S.
Department of Transportation (49 CFR 170-189) disposal site criteria and the
states through which the wastes pass enroute to the disposal area and
disposal site criteria.

2. The Solid Radwaste System shall be designed so that operations can be
conducted without exceeding maximum permissible radiation dosage to
operating personnel.

9.3.4 Descri tion See Fi ures 9.3-1a 9.3-1b 9.3-2a and 9.3-2b

9.3.4.1 Wet Solid Wastes

Wet solid wastes consist of spent powdered ion exchange resins, filter aid sludge,
and bead-type ion exchange resins. These are stored, packaged, and prepared for
shipment in the Radwaste Building. The arrangement of the equipment is shown in
Figure 9.2-1b.
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~Stora e

Spent powdered ion exchange resin and filter aid sludge are accumulated and
stored in phase separator tanks. Batches of slurried materials are pumped into the
tanks, where the solids settle out. The supernatant liquid is decanted off to make
room for more slurry. Successive batches are accumulated until the desired settled
slurry volume has been reached. After an appropriate decay period, the sludge is
reslurried and pumped to the packaging area.

The phase-separator tanks are closed-top, vertical cylinders with conical bottoms.
Each has an overflow outlet leading to the Radwaste Building floor drain sump.
Decant outlets are located at three levels above the maximum settled sludge level.
A bottom outlet leads to the suction of a sludge transfer pump. To ensure complete
reslurrying, sludge pump discharge flow is directed through a set of eductors
located in the settled sludge region. A flow through the eductors is maintained
throughout the slurry transfer period.

High-activity-level sludge from the reactor water cleanup filter-demineralizers is
stored in three cleanup phase-separator tanks. Each has a total capacity of about
785 cubic feet, which consist of water and settled sludge. The tanks are of
stainless steel. Normal operating requirements can be met with two tanks with a
60-day decay period. The third tank provides operating flexibilityand additional
decay time.

Six condensate phase-separator tanks are provided for storage of sludge from the
condensate, the fuel pool filter-demineralizers, and the waste and floor drain filters.
Sludge from the various sources may be mixed in the six tanks or segregated. Each
tank has a total capacity of about 1850 cubic feet which consist of water and settled
sludge. The tanks are fabricated out of stainless steel.

Bead-type ion exchange resins from the waste demineralizer are stored in the spent
resin tank. The tank is a closed-top, vertical cylinder with a conical bottom. It has a
capacity of 245 cubic feet and is capable of holding the resin and water resulting
from one backwash of the waste demineralizer. The tank is made of stainless steel ~

The spent resin remains in the tank until operations personnel determine it needs to
be transferred. From the tank the spent resin is transferred to the phase separators
where it is mixed with other sludges. After mixing it is sent to the packaging area.

Thermex sludge is stored in a shielded container located in the Radwaste Building.

~Packa in

The packaging system is designed to permit the use of several different types of
containers. These include disposable tanks (liners) in reusable shields constructed
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of carbon steel or high density polyethylene plastic. Each type of container has a
slurry inlet connection and a vent connection. A connection is provided also for the
attachment of a level indicator during fillingof the container. A diagram of the
packaging system is shown in Figure 9.3-1a.

Prior to a packaging run, a container is positioned at one of two dewatering
systems, either in a shipping cask or in a shielded enclosure. Hoses are
connected, and the sludge pump and air-operated spargers are used to stir up the
settled sludge in the phase separator and bring it into suspension. The slurry then
is pumped to the loading station and back to the phase-separator tank. A portion of
the slurry is drawn off into the waste package until the package is nearly filled.
Water is withdrawn through the built-in filter elements via the portable dewatering
system(s) and drained into the waste package drain tank via one of the drain
header valves shown in Figure 9.3-1a. This process is repeated until the package
is nearly full of dewatered slurry. The portable dewatering system hoses are
disconnected, package penetrations are plugged, and the package is prepared for
onsite storage or offsite shipment.

Thermex sludge is packaged and shipped offsite for further processing.

9.3.4.2 D Solid Wastes

Dry solid wastes include contaminated rags, paper, clothing, spent filter elements,
laboratory apparatus, small parts and equipment, and tools.

Items of dry solid waste are collected in suitable containers located throughout the
plant.

Compressible wastes may be packed into containers using a compactor. The
compactors are enclosed and are fitted with an exhaust blower and high-efficiency
filter to minimize release of airborne radioactive particles.

Small-sized, noncompressible items may be packed into containers or mixed with
compressible materials and processed using the compactor.

Spent elements from air and gas filtration systems, liquid filter elements from the
filter demineralizers and laundry system, and elements from the offgas system,
which may have a high-radiation level, are packaged in accordance with applicable
burial site requirements prior to being transported for offsite disposal. Low-level
solid wastes, such as sand, dewatered sludges, dewatered resins, compacted dry
wastes, overpacked damp or wet wastes and solidified or, stabilized wastes, may be
stored temporarily in the Unit 3 condenser tube pullout area. In such instances a
maximum curie inventory of 325 curies will not be exceeded. After a period of
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storage, the containers are removed from the storage area and prepared for
disposal.

Shielded containers are provided for shipment of high-activity waste if required.

Waste may be shipped offsite to a processor for volume reduction.

An equipment decontamination unit is in operation allowing equipment and tools
previously disposed of as radioactive material to be placed back into inventory or
disposed of as clean trash.

Some LLW, stored in drums or boxes, are placed in trailers until they can be sent to
commercial disposal facilities or transferred to authorized onsite storage facilities.

9.3.4.3 Irradiated Reactor Com onents

Spent control rods and incore instrument strings and other miscellaneous irradiated
components are stored in the spent fuel pools. They are loaded into shielded
containers under water. These containers may then be stored or shipped offsite.

9.3.5 Power Generation Evaluation

The system is capable of handling the necessary types, quantities and radioactivity
levels of solid waste materials. Therefore, the Solid Radwaste System fulfillsthe
power generation design bases.

9.3.6 Safet Evaluation

A study of containers for shipping spent resins and filter aid was made under a
contract awarded by TVA. The purpose of this study was to develop and test
designs for licensable containers.

All containers, used to package low-level spent resins or filter media have been
approved for use by NRC and/or authorized by the Department of Transportation.
Spent control rods, irradiated components, and spent resins or filter media, may
also be shipped in shielded containers owned by vendors.

Filling of containers with spent resins and filteraid is carried out without significant
radiation exposure to personnel. Containers being filled are usually inside shields.
Container connections are designed so that hose connections can be disconnected
and plugs inserted easily and quickly. Filling lines may be rinsed with condensate
before personnel enter the packaging area. Personnel involved with the entire
operation of filling, disconnecting, plugging, and loading of solid radwaste will
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adhere to the various plant radiological procedures to maintain radiation exposures
as low as reasonably achievable.

It is therefore concluded that the safety design bases are met.

9.3.7 Ins ection and Testin

Prior to operation with radioactive materials, the wet solids handling system was
tested with nonradioactive spent powdered resin, filter aid, and bead resin to
determine performance characteristics of the system. The compactors were tested
with nonradioactive materials representative of those to be handled in plant
operation.
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9.5 GASEOUS RADWASTE SYSTEM Modified

This subsection describes the Gaseous Radwaste System as it now exists with
recombiners and activated carbon adsorbers installed in the condenser offgas
system.

9.5.1 Power Generation Ob ective

The Gaseous Radwaste System collects and processes gaseous radioactive
wastes from the main condenser air ejectors, the startup vacuum pumps, and the
steam packing exhauster, and controls their release to the atmosphere through the
plant stack so that the total radiation exposure to persons outside the controlled
area is as low as reasonably achievable and does not exceed applicable
regulations.

9.5.2 Power Generation Desi n Basis

The Gaseous Radwaste System is designed to limit offsite doses from routine
plant releases to significantly less than the limits or guideline values given in
applicable NRC rules and regulations, and to stay within the limits established
in the plant operating license. The offgas system is designed to provide
adequate time for corrective action to limit the activity release rates should they
approach established limits.

2. Arrangements have been made to allow decay of the short-lived radioisotopes
such as nitrogen-16 and oxygen-19.

3. Adequate safeguards have been provided against the possible explosion
hazard of the hydrogen and oxygen present due to the radiolytic decomposition
of reactor water.

4. Shielding has been provided as necessary for process piping and equipment.

9.5.3 Safet Desi n Basis

The Gaseous Radwaste System is designed to prevent the inadvertent release of
significant quantities of gaseous and particulate radioactive material from the
restricted area of the plant, so that resulting radiation exposures are within the
guideline values of 10 CFR 20.
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9,5,4 ~Di I

The Gaseous Radwaste System (Figures 9.5-1 and 9.5-3) includes the subsystems
that process and dispose of the gases from the main condenser air ejectors, the
startup vacuum pumps, and the steam packing exhauster. One Gaseous Radwaste
System is provided for each unit. The processed gases from Units 1, 2, and 3 are
routed to the plant stack for dilution and elevated release to the atmosphere. The
air ejector offgas line of each unit and the stack are continuously monitored by
radiation monitors (see Subsection 7.12, "Process Radiation Monitoring").

Activities of activation gases and fission product gases leaving the reactor vessel
steam nozzles during normal operation are listed in Table 9.5-1. The
corresponding activity arriving at the turbine and air ejector will be less due to
decay in transit and the fact that part of the N-13, N-16, and most of the 0-19 remain
with the condensate and do not follow the noncondensables. Other radioactive
gases which may also be present are H-3, N-17, Ar-37, and Ar-41. These are
present in low enough quantities as to be insignificant by comparison with the N-13.
Of the activity arriving in the primary steam at the turbine, a fraction will go through
the turbine shaft steam seals to the gland seal offgas subsystem. Of this small
fraction of the total activity, most of the 0-19 and N-16 will stay with the gland seal
condensate.

Gases routed to the plant stack include air ejector and gland seal offgases and
gases from the Standby Gas Treatment System (see Subsection 5.3, "Secondary
Containment System" ). Dilution air is provided by fans within the plant stack.

The stack is designed such that prompt mixing of all gas inlet streams occurs in the
base to allow location of sample points as near to the base as possible. The stack
sump drainage is routed to the Liquid Radwaste Collection System via a submerged
inlet sump.

Air E'ector OffGas Subs stem

Noncondensable radioactive offgas is continuously removed from the main
condenser by the air ejector during plant operation. This is the major source of
radioactive gases and is larger than all other sources combined. The air ejector
offgas will also contain the radioactive noble gas parents of biologically significant
Sr-89, Sr-90, Ba-140, and Cs-137. The concentration of these noble gases
depends upon the amount of tramp uranium in the coolant and on the cladding
surface (usually extremely small), as well as the number and size of cladding leaks.
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Radioactive particulate daughters are retained on the HEPA filters and on the
activated carbon. The offgas is discharged to the environs via the plant stack. The
activity of the gas entering and leaving the offgas treatment system is continuously
monitored. Thus, the system performance is known to the operator at all times.

The air ejector offgas system shown in Figure 9.5-1 uses a high temperature
catalytic recombiner to recombine radiolytically dissociated hydrogen and oxygen
from the air ejector system. After chilling to strip the condensibles and reduce the
volume, the remaining noncondensables (principally kryptons, xenons and air) will
be delayed in the six hour holdup volume, then cooled to =45'F (dewpoint) with a
chilled glycol cooler passed through a moisture separation, heated to =74'F
(relative humidity =35 percent), and passed through a HEPA filter before reaching
the adsorption bed. The activated carbon adsorption bed, operating in a constant
temperature vault, will selectively adsorb and delay the xenons and kryptons from
the bulk carrier gas (principally air). This delay on the activated carbon permits
xenon and krypton radioisotopes to decay in place. This system results in a
reduction of the offgas activity (curies) released by a factor of approximately 25
relative to the original 30 minute holdup system and based on a modified gas
mixture. Table 9.5-1 shows the estimated release rates of various isotopes of
krypton and xenon compared to a system releasing 100,000 pCi/sec after a 30
minute holdup.

The adsorption of noble gases on activated carbon depends upon gas flow rate,
holdup time, mass of activated carbon, temperature, moisture content, and a
gas-unique coefficient known as the dynamic adsorption coefficient. The
parametric interrelationships and governing equations are well proven from three
years of operation of a similar unit at KRB in Germany.

Each of the six supply lines. from the adsorber vessels to the unloading nozzle drain
is equipped with low point drains for minimization of moisture buildup.

As a design basis for this system, a noble gas input equivalent to an annual
average off gas rate per unit (based on 30 minute decay) of 100,000 pCi/sec
modified gas mixture will be used. Table 9.5-1 indicates the design-basis noble-gas
activity referenced to 30 minutes after exiting from the reactor.

Air in-leakage, during normal operation, willvary with the performance of the
equipment that forms the vacuum boundary for the condenser. The in-leakage rate
is not a limiting factor in meeting the design basis of the system to minimize
radioactive release. Release limits for the Offgas System are specified in the
Offsite Dose Calculation Manual (ODCM). The Offgas System is designed to
control the release of plant-produced radioactive material to within the limits
specified in the ODCM.
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The following data and discussion is maintained for historical reference. The
information was used to estimate an 18.5 SCFM in-leakage rate for Browns Ferry
prior to operation

Air in-leakage design basis is 7 ft3/min. (at 130'F, 1 atm) per condenser shell.
Leakage from three condenser shells corrected to standard conditions gives 18.5
SCFM, the original design leakage of the plant. With good-to-average maintenance
within the utility industry, in-leakage varies from approximately 3 to 5 SCFM per
shell for large shells. Where special maintenance is employed and leaks are
detected and sealed, leakage is reduced to 1 to 2 SCFM per shell and remains at
that level during extended plant operation.

Number of
Condenser
ShellsPlant

In three operating BWRs where condenser in-leakage has a significant effect on
offgas holdup time, the following leakage has been observed.

Type of Total Air
Gas In-Leakage

~Mw e ~Sstem ~SCFM

KRB 250 R/CG 4.1

Tsuruga

Fukushima 1

342

440

R/CG

R/CG

4.7

7.0

R/CG - Recombiner/Compressed Gas

Data from six of TVA's coal-fired units are given below:

Plant Period ~Mw e

Number of Air
Condenser Rate
Shells Ra~cee

In-Leakage
(SCFM)
~veracVe

Bull Run 1 4.5 950

Colbert 5 6.3 550 7-22

14.5

10.4

Paradise 1

Paradise 2

7.6 704

7.3 704

2-14

1-9

5.6

44
Widows Creek 7 9.2 575

Widows Creek 8 6.4 550

Period - Period covered by data in years

2-18

6-50

8.8

22.8
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The average in-leakage for the first four of these units was below 6.2 SCFM per
shell, while that for the last two units was above this value. Examination of
operating records indicates that the latter units were allowed to operate for
extended periods with high in-leakage rates.

Normally, no dilution air is added to the offgas stream, the air present during
operation is from air in-leakage. There is an oil-free air supply which bleeds into
the system during startup of the system. Its flow rate is =4 SCFM, which is stopped
after the recombiner comes up to temperature. During times of low in-leakage,
dilution air may be bled into the system to ensure minimum air flow rate for
recombiner operation.

The radiation levels at the air ejector offgas discharge line and after the offgas
treatment system are continuously monitored by pairs of detectors. This system is
also monitored by flow and temperature instrumentation and hydrogen analyzers to
ensure proper operation and control and to ensure that hydrogen concentration is
maintained below the flammable limit. In addition, any hydrogen analyzer
abnormality will be annunciated in the Main Control Room. Process radiation
instrumentation is described in Subsection 7.12. Table 9.5-2 lists process
instrument alarms.

The decay time provided by the six hour holdup pipe and the long-delay, activated
carbon adsorbers is established to provide for radioactive decay of the activation
gases and fission gases in the main condenser offgas. The adsorbers provide a 7.3
day xenon and a 9.7 hour krypton holdup. The daughter products, which are solids,
are removed by filtration following the six hour holdup and/or are retained on the
activated carbon. Final filtration of the activated carbon adsorber effluent precludes
escape of charcoal fines which would contain radioactive materials. Thus,
particulate activity release is virtually zero. The activated carbon will remove
iodines entering the system by adsorption and effectively reduce its release to
insignificant amounts.

A valve which is automatically closed on a signal from the offgas post treatment
radiation monitors is placed in the offgas line close to the plant stack to retain gases
when the instantaneous permissible release rate is exceeded. A signal from both
channels is required to close this valve when this release rate limit is reached.

A steel mesh screen and support structure is installed downstream of the
after-filters to ensure filter retention in the event of an explosion in the offgas
system.

Shielding is provided for offgas system equipment to maintain safe radiation
exposure levels for plant personnel. The equipment is principally operated from the
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control room. A description of the major equipment in the system is contained in
Table 9.5-3.

A description of the condensate side of the offgas condensers is included in Section
11.8.3.6.

Gland Seal OffGas Subs stem

The gland seal offgas subsystem collects gases from the turbine shaft and large
steam control valve gland seals through the steam packing exhauster and the
mechanical vacuum pumps and passes them through holdup piping prior to release
to the stack.

Gland seal offgases and gases from the mechanical vacuum pump, used during
each startup and at "hot standby," are routed to the stack via the gland seal holdup
line, which is separate from the air ejector holdup line.

The gland seal offgas subsystem provides a 1.75 minute holdup time to allow decay
of N-16 and 0-19. The holdup time is provided by a long, large diameter pipe
between the steam packing exhauster and the stack. Operating and design
pressure is atmospheric; no explosive mixture is present. No filters or radiation
monitors are required in the holdup line. Release rates for the gland seal offgas
subsystem are given in Table 9.5-7.

A valve between the main condenser and each mechanical vacuum pump is closed
by a high radiation signal from the main steam line radiation detectors to isolate the
mechanical vacuum pump from the main condenser. In addition, the mechanical
vacuum pumps are automatically stopped by the same signal.

9.5.5 Safet Evaluation

The activated carbon adsorbers operate at essentially room temperature so that,
upon system shutdown, radioactive gases in the adsorbers will be subject to the
same holdup time as during normal operation, even in the presence of continued air
flow. The radioactive materials are thus not subject to an accidental release
evaluation. The activated carbon adsorbers are designed to limitthe temperature of
the activated carbon to well below its ignition temperature, thus precluding
overheating or fire and consequent escape of radioactive materials. The adsorbers
are located in a shielded room, maintained at a constant temperature by an air
conditioning system which removes the decay heat generated in the adsorbers.
Failure of the air conditioning system will cause an alarm in the control room. In
addition, a radiation monitor is provided to monitor the radiation level in the
activated carbon bed vault. High radiation will cause an alarm in the control room.



The hydrogen concentration of the gases from the air ejector is maintained below
the flammable limit by maintaining adequate steam flow for dilution at all times. The
pressure of the steam supplied to the first and third stage steam jet air ejectors is
monitored. The steam jet air ejector inlet and effluent are automatically isolated on
low steam supply pressure. The preheaters are heated with steam, rather than
electrically, to eliminate presence of potential ignition sources and to limit the
temperature of the gases in the event of cessation of gas flow. The recombiner
temperatures are monitored and an alarm is actuated to indicate any deterioration
of performance. A hydrogen analyzer downstream of the recombiners provides an
additional check on recombiner performance.

The air ejector offgas system operates at a pressure of about 5 psig or less, so the
differential pressure which could cause leakage of radioactive gases is small. To
minimize the possibility of leakage of radioactive gases, the system is welded
wherever possible, and bellows seal valve stems or equivalent are used.

Operational control is maintained by the use of radiation monitors to assure that the
release rate is within the established limits. Environmental monitoring is used to
determine resultant dose rates and to relate these to the release rates as a check
on plant performance. Provision is also, made for sampling and periodic analysis of
the influent and effluent gases for purposes of determining their composition. This
information can be used in comparisons and calibration of the monitors and in
relating the release-to-environs dose. The operator is thus in full control of the
system at all times.

Table 9.5-4 contains a detailed malfunction analysis indicating consequences of
failure of various components of the system and design precautions taken to
prevent such failures.

The air ejector offgas holdup pipe and the steam packing exhauster holdup pipe
meet the requirements of USAS 831.1.0, Section 1 and Case N-12, with the
exception that the stresses recommended by NACA-TN-3935 are acceptable as a
minimum requirement. All piping and equipment added in connection with the
activated carbon system are designed in accordance with the ASME Boiler and
Pressure Vessel Code, Section III, Class 3, Nuclear Power Plant Components.

The inadvertent release of significant quantities of gaseous and particulate,
radioactive material is prevented by the combination of the air ejector offgas,
six-hour holdup, activated-carbon adsorber, and the automatic isolation of the air
ejector offgas subsystem from the stack by high radiation signals from the air ejector
offgas monitors. In addition, valves downstream of the air ejectors are automatically
isolated, thereby stopping the flow of gases from the main condenser by high
temperature and/or pressure signals from the holdup pipe indicating possible
explosion and loss of the system's holdup capability. In addition, the mechanical
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vacuum pumps are stopped and isolated from the condenser by a main steamline
high radiation signal indicating gross fuel failure. It is therefore concluded that the
safety design basis is met.

Table 9.5-5 is a list of the isotopic inventories of the equipment in the modified
offgas system. This analysis was based upon the modified gas mixture source
terms, holdup times calculated for the equipment, and postulated removal and
holdup mechanism.

The bases for the calculations are given below:

18.5 SCFM air in-leakage,

2. 100,000 pCi/sec NG modified gas mixture (X4) after 30 minute delay,

3. 6 activated carbon beds -18 tons of activated carbon, and

4. Retention of daughter products by equipment:

a. Offgas condenser - 100 percent but washed-out,

b. Water separator - 100 percent but washed-out,

c. Holdup pipe - 60 percent but washed-out,

d. Prefilter - 100 percent,

e. Carbon beds - 100 percent, and

f. Post filter - 100 percent.

The assumptions generally give conservative daughter inventories or do not have a
significant effect on daughter inventories. For example, 100 percent washout in the
offgas condenser removes daughter products from the prefilter; but this represents
less than one minute of delay compared to 360 minutes of delay experienced in the
holdup pipe. Washout of 60 percent in the holdup pipe is conservative compared to
60 percent to 99 percent that has been measured in the EVESR facility at
Vallecitos.

At Dresden 2, iodine activities were measured in the reactor water, condensate
pump discharge, and offgas after being discharged from the 30 minute holdup pipe.
An iodine reduction factor from the condensate (primary steam) to discharge of the
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holdup pipe was calculated. The following basis was used to calculate the iodine
inventories shown in Table 9.5-5.

1. Standard plant iodine source terms at 100,000 pCi/sec NG at 30 minute decay
for the reactor water;

2. Steam separation of 2 percent (reduction by a factor of 50 for iodine from the
reactor water to the steam); and

3. Iodine reduction factor for primary steam to discharge of the holdup pipe as
measured at Dresden 2.

Because of erratic removal of iodine by HEPA filters, the iodine inventory on the
prefilter assumed 100 percent removal, while the inventory on the activated carbon
assumed no removal by the prefilter.

Equipment and piping are designed to contain an explosion, so that this is not
considered as a failure mode. The following equipment failures are postulated:

1. Activated Carbon Beds (4'-diameter by 21-1/2'-high, dished heads, and 350
psig design pressure). The activated carbon beds are in vessels contained in a
single vault . The vault is not accessible during operation because of the
activity level; therefore, no failure due to an operator accident is considered.

The only credible failure to these vessels that could result in loss of carbon
from the vessels would be failure of the concrete structure surrounding the
vessel. A circumferential failure could result from concrete falling on the vessel
under one of two conditions:

a. Bending Load - The vessel being supported in the center and loaded on
each end. This could possibly result in a tear around 50 percent of the
circumference.

b. Shearing Load - The vessel being supported and loaded near the same
point from above.

In either case, no more than 10 to 15 percent of the carbon would be
displaced from the vessel. Iodine is strongly bound to the activated carbon
and would not be expected to be removed by exposure to the air. One
percent of iodine is a conservative estimate. Moisture leakage from
automatic closure valves would also affect the carbon bed performance but
this has been considered in Table 9.5-4 and found to be negligible.
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Measurements made at KRB indicate that offgas is about 30 percent richer
in krypton than air. Therefore, if this carbon is exposed to air, it will
eventually attain equilibrium with the noble gases in the air. However, the
first few inches of carbon will blanket the underlying carbon from the air. A
10 percent loss of noble gas from a failed vessel is conservative because
of the small fraction of carbon exposed to the air.

2. Prefilter (24-inch diameter by 4-feet high, and 350 psig design pressure).
Because of the short length of the vessel, heavy wall thickness due to the
design pressure, and collapsible nature of the filter media, a failure mechanism
cannot be postulated that will result in emission of filter media or daughter
products from this vessel.

One percent release is used to illustrate the consequences of loss from this
vessel.

3. ~Hld i . Pip pt d d p«i* ti fth pip i id d. Th
pipe willnormally operate at less than,16.4 psia and depressurize to 14.7 psia.
The possible loss is conservatively taken as 20 percent. The model used
assumed plate-out or washout of 60 percent in calculating the holdup pipe
inventory.

To provide an estimate of hypothetical radiological doses from equipment
failures, assumptions of percentages of the activity contained in the most
significant components listed in Table 9.5-5 were assumed to be released to
the environment under very stable 1 m/sec meteorological conditions with an
effective release height of zero meters. The estimated percentages of activity
released, and the resultant estimated radiological exposures based on the
above considerations, are presented in Table 9.5-6. In addition, total failure of
the nonseismically qualified portions of the system has been assumed and the
total site boundary dose calculated. This total dose is included in Table 9.5-6.

4. Activated Carbon Tem erature. The activated carbon adsorbers are designed
to limit the temperature of the activated carbon to well below its ignition
temperature, thus precluding overheating or fire and consequent escape of
radioactive materials. The adsorbers are located in a shielded room,
maintained at a constant temperature by an air-conditioning system that
removes the decay heat generated in the adsorbers. The maximum centerline
temperature of the activated carbon is less than 10'F above room temperature
when gas flow is stopped. Failure of the air-conditioning system will cause an
alarm in the control room. In any event, the decay heat of 50 Btu/hour is
insignificant compared to the thermal mass of the activated carbon vault.
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Additions of hydrogen recombiners, downstream of the air ejectors and upstream of
the holding pipes, along with charcoal adsorption beds downstream of the holding
pipes and upstream of the stack, have led to a lower maximum release limitof 3 x
10-2 Ci/sec annually for three units.

The activated carbon vault is controlled at about 77'F during operation of the plant.
Failure of the air-conditioning system is alarmed and a redundant system is
available. During a plant outage when the condenser is not maintained at vacuum,
there is no gas flow in the activated carbon and holdup is very high, even if the
activated carbon heats up to ambient temperature.

9.5.6 Ins ection and Testin

The gaseous waste disposal systems are used on a routine basis and do not
require specific testing to assure operability. Calibration and maintenance of
monitoring equipment are done on a specific schedule and on indication of
malfunction.

The particulate filters are tested after installation using a dioctylpthalate (DOP) test
or equivalent. During operation, they are periodically tested by laboratory analyses
of inlet and outlet Milliporefilter samples.

Experience with boiling water reactors has shown that the calibration of the offgas
and effluent monitors changes with isotopic content. Isotopic content can change
depending on the presence or absence of fuel cladding leaks in the reactor and the
nature of the leaks. Significant changes in fuel performance could necessitate
recalibration of the monitors. The monitors are periodically calibrated against grab
samples ifstatistically significant amounts of activity are present.
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Tablo 9.5-1

ESTIMATEDOFFGAS RELEASE RATES PER UNIT

Activation Gases
IsoSto e

N-13
N-16
0.19

(IiCVsec)
~al ~ ife

10 min
7.4 sec
19 soc

gWIg~in a 9

3.5X10
81.47 X tII

0.9X10

~S+~la
Negligible
Negligible
Negligible

seto al- i

Fission Product Gases

Rolease rates aro given In pCVsec, based on modified gas mbdure

304vtin
~ol

Discharge From
Charcoal
~darb fg

Kr-83m

Kr-85m

Kr%5(b)

Kr<7

Kr4I8

Kr49
Kr-90

Kr-91

Mr-92

Kr-93

Kr-94

Kr-95

Kr-97

Xe-131m

Xe-133m

Xe-133

Xe-135m

Xe-135

Xe-137

Xe-138

Xe-139

Xe-140

Xe-141

Xe-142

Xo-1 43

Xo-144

1.86 hr

4.4 hr

10.74 yr

76 min

2.79 hr

3.18 min

32.3 sec

8.6 soc

1.84 sec

129 sec

1.0 sec

0.5 sec

1 soc

11.96 day

2.26 day

5.27 day

15.7 min

9.16 hr

3.82 min

14.2 min

40 soc

13.6 sec

1.72 sec

122 soc

0.96 sec

9 sec

3.4x103

6.1x10

10-20

2.0x10

2.0x104

1.3x10

2.8x105

33x10

3.3x105

9.9x104

2.3x10

2.1x103

1.4x101

1.5x101

2.9x102

8.2x10

2.6x104

2.2x104

1.5x105

8.9x10

2.8x10

3.0x10

2.4x1 0

7.3 104

1.2x1 0

5.6x10

2.9x10

5.6x103

10-20

1.5x1 04

1.8x104

1.8x10

1.5x101

2.8x10

8.2x10

6.9x1 03

2.2x1 04

6.7x102

2.1x104

1.0x101

5.2x1 0

10-20

3.7x10

4.1x102

9.8x100

2.7x1 01

3.0x10

Totals «2.5x10 «1.0x10 4.0x1 0

(a) The release rate (R) of each noble gas can be expressed by the simplified
form:

me4lt
Ri«K yAi
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Table 9.5-1 (cont'd)

ESTIMATED OFFGAS RELEASE RATES PER UNIT

Sheet 2

The observed experimental data from several operating BWRs including KRB and Dresden 2 have shown a

variation In individual noble gas isotopes mth respect to each other that can be expressed in terms of variation in m,

the exponent of the decay constant term (X). The average measured value of m was 0.4 with a standard deviation

7
of a 0.07. With the L R It=30 min set at100,000 PCI/sec, the value of K is 2.6X10 . Y is the fission yield

g

for isotope i. Decay times (t) of 15.7 hrs and 181 hrs were used for Kr and Xe, respectively, in arriving at the

values in the column headed "Discharge from Charcoal Adsorbers." These times include a 6 hr delay in the holdup

pipe.

(b) Estimated from experimental observations.

Table 9.5-2

PROCESS INSTRUMENTALARMS

Main Control Room
~di ~ ~co~de<f

Preheater discharge temperature - low

Recombiner catalyst temperature - high/Iow

Offgas condenser drain well (dual) level - high/low

Offgas condenser gas discharge temperature - high

H2 analyzer (condenser discharged) (dual) - high

Gas flow (offgas condenser discharge) - high/low

Cooler - condenser discharge temperature - high/low

Glycol solution temperature - high/low

Gas reheater discharge humidity high

Prefilter W - high

Carbon bed temperature - high

Carbon vault temperature - high/low

Post filterW - high

Instrumentation elements:

Temperature - thermocouple

Level - differential pressure diaphram

Hydrogen - thermal conductMty

Gas flow- floworifice and thermal dispersion

Differential pressure - differential pressure diaphragm

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X



BFN-16

Table 9.&4

EQUIPMENT MALFUNCTIONANALYSIS

Sheet 1

Equipment
~e MaifELcf9iil ~Co gg«res esi ecsutio s

Preh eaters Stoam leak Would furthor dilute process
offgas Steam consumption
would increase.

Spare preheater.

Low pressure
steam supply

Recombln ore Catalyst
gradually
deactivates

Catalyst
gots wot at
start

Rocombiner performanco would
fall offat low power level,
snd hydrogen content of recom-
biner gas discharge would
incroaso, ovontually to a
combustiblo mixturo.

Temperature profile changes
through catalyst. Eventually
oxcoss Hz would bo detectod
by Hz analyzer or by gas
flowmeter. Eventually tho
gas could become combustible.

Hz convorslon falls off
and Hz is detected by down-
stream analyzers. Eventually
tho gas could become
combustiblo.

Low temperature alarms on
proheater exist and recom-
biner Inlet. Recombiner
Hz analyzer.

Temperature Probes ln
recombinor snd Hz
analyz«provi od
Spare rocombiner.

Condensato drains,
tomperaturo probes in
recombiner. Airblood
system at startup.
Rocombinor thormal
blanket spare recombiner and
heater. Hydrogon analyzer.

Rocombinor
Condenser

Drain well

Cooling
water
losk

Liquid lovol
Instruments
fail

Tho coolant (reactor condon-
sate) would leak to tho
procoss gas (sholl) side.
This would be detected ff
draln~ll I!quid lovel
increases. Moderate
leakage would be of no
concom from a process
standpoint. (The process
condensate drains to tho
hotwoll.)

lfboth drain valvos fail to
opon, water willbuildup in
tho condenser and pressure
drop will incroaso.

None.

Two separate drain systems
sro provided each with high
and low lovol alarms.

Tho high iIP, ifnot
detected by Instrumentation,
could cause prossuro buildup
in tho main condenser and
eventually initiate s
roactor scram. Ifa drain
valve fails to close, gas
willrecycle to tho main
condonser,increase the load
on tho SJAE, and cause back
pressure on the main condenser,
eventually causing s coactor
scram.
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Table 9.&4 (Continued)

EQUIPMENT MALFUNCTIONANALYSIS

Sheet 2

Equipment
g~gc~io kuisSgugggftfi einP i

Water
separator

Corrosion of
wire mesh
element

Higher quantity of water
collectod in holdup lino and
routed to radwasto.

Stainless steel
mesh specified.

Six-hour
holdup line

Corrosion of
line

Leakage to soil of gaseous
and liquid fisslon products

Outside of pipe dipped and
wrapped. Dehumidification coil
provided.

Cooler-
condensers

Corrosion of
finned tube

Icing up of
finned tubo

Glyco4vater solution would
leak into process (shel0
side and bo discharged to
clean radwasto. Ifnot
detected at radwaste, the
glycol solution would dis-
charge to tho reactor conden-
sato system.

Sholl side of cooler could
plug up with ice, gradually
building up pressure drop.
Ifthis happons, tho spare
unit could bo activated.
Comploto blockage of both
units would Incroase hP
and load to a reactor scram.

Stainlo~teehfinned
tubes spocifiod. The
inventory of glycol-water
can bo observed in tank.
A002 - spare cooler
providod.

Design glycol-H~
solution temperaturo of 33
to 50'F. Spare unit
provldod. Redundant
temperature indication
and alarm systoms.

Moisture
separators

Gas roheater

Corrosion of
wire mesh
element

Heater
element
failure

Increasod moisturo would be
retained in process gas
routed to charcoal'dsor-
bers. Over a long period,
the charcoal'erfonnance
would deteriorate as a result
of moisture pickup.

Cool gas, saturated with
water vapor would enter tho
charcoal adsorbers.
Eventually, charcoal'er-
formanco willdetoriorato as
charcoal'oisturo contont
Increases, and plant emisslons
willIncroaso.

Stainless steel mesh speci-
fiod. Rolativo humidity
instrumentation provided.
Sparo unit provided.

Dual hoating circuits
provided. Moisture
rocordor and high moisture
alarm.

Prefilters

Charcoal
adsolbers

Hole in
filter media

Charcoal
gets wot

More radioactivity would
deposit on the charcoal'n
the first adsorber vossol of
tho train. This would increase
tho radiation level in tho
charcoal'ault and mako
maintenance more dificult.

Charcoal performance will
deteriorate gradually as
charcoal gets wet. Holdup
tlmos for krypton and xenon
willdecrease, and plant
omissions will increase.

hP instrumentation
provided. Sparo unit
provided.

Highly Instrumented,
mechanically simple gas
dehumidification system
with redundant equlpmont.
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Table 9.5-4 (Continued)

EQUIPMENT MALFUNCTIONANALYSIS

Sheet 3

Equipment
jjeeI gal(ui~ctio ~oi~~eces

Vault air
conditioning
units

Mechanical
failure

Ifambient temperature exceeds
approximately 80'F, increased
emission could occur.

Spare refrigerator unit
provided.

Ifambient temperature is
below approximately 60'F,
charcoal could pick up
additional moisture.

Vault temperature alarms
provided.

After
filters

Glycol
refrlgera-
machines

Steam jet
ejectors

Hole in
filter media

Mechanical
failure

Low flowof
motive high
pressure
steam

Probably of no real conse-
quence. The charcoal'edia
itself should be a good filter
at the low air velocity.

Ifspare unit fails to oper-
ate, the glycol solution provided.
temperature viillrise and the
dehumidification system
performance willdeteriorate.
This willcause gradual buildup
of moisture on the charcoal,1
viith increased plant emlssions.

When the hydrogen and oxygen
concentrations exceed 4 and 5
vol %, respectively, the pro-
cess gas becomes

combustible.'P

instrumentation
provided. Spare unit
provided.

Spare refrigerator
Glycol solution
temperature alarms
provided.

The normal steam pressure to the air
ejectors is 200 pslg. Ifthe steam
supply pressure to the operating
air ejector drops to 170 psig, the steam
supply to the SJAE is shut off. The
capability exists for the standby air ejector
to be activated automatically. Ifthe steam
supply pressure for the standby unit Is also
less than 170 psig, the steam supply to the
standby SJAE is shut off. Ifneither SJAE
is in operation, condenser back pressure
willcontinue to Increase. By ensuring
adequate steam supply to the S JAEs, the
02 concentration cannot get as high as 5
percent.

Inadequate steam flowwill
cause overheating and deter-
Ioration the catalyst.

Steam flowto be held at
constant maximum flow
regardless of plant power
level.

Wear of
steam supply
nozzle of
ejector

Increased steam flowto
recomblner. This could
reduce degree of recombina-
tion at low power levels.

1
The term "activated carbon" would be more appropriate than the term "charcoal."
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SO OPC

~TBLF~95-

0 < ARCOA 0 FGAS S S

Residence Time
Operating Time
Solid Daughter Capture
Solid Daughter Washout

. /~ha

0.8 Sec
0
0

Recom-

0.94 Sec
0
0

Olfgas
Con-
denser

50 Sec
0

100%
100%

Water
~Se a~ra o

5.1 Sec
0

100%
100%

Sheet 1

Holdup
@jib

6Hr
0

60%
100%

Cooler
Con-
~d8 s

178 Sec
0
0

Moisture
+~ra o

6.5 Sec
0
0

14.5 Sec
0
0

rei er

43.5 Sec
1 Yr
100%
0

Charcoal
Vessel
T~l

Kr-9.7 Hr
Xe-7.3 Day
10 Yr
100%
0

First
Charcoal
~esse

Kr-1.6 Hrs.
Xe-1.2 Day

10 Yr
100%
0

~erfdter

43.5 Sec
1Yr
100%
0

Kr43M
Kr45M
Ke45
Kr47
Rb4t7

Kr48
Rb88
Kr49
Rb49
Sr49

Y<9M
Kr-90
Rb-90
Sr-90
Y-90

Kr-91
Rb-91
Sr-91
Y-91M
Y-91

Kr-92
Rb-92
Sr-92
Y-92
Kr-93

2.77+3 3.26+3
4.92+3 5.78+3
'1.90+1 2.24+1
1.57+4 1.85+4

0 0

1.61+4 1.9tH 4
4.21+0 1.57+1
9.67+4 1.13+5
2.94+1 1.09+2
1.274 1.15-5

0 0
1.67+5 1.93+5
2.87+2 1.06+3

0 0
0 0

8.6214 9A4+4
4.17+2 1.5tH 3
2.233 2.02-2

0 1.294
0 0

1.41+3 1.20+3
8.82+1 2.67+2
1.743 1.42-2

0 0
4.53+1 3.35+1

1.73+5
3.07+5
1.19+3
9.79+5

0

1.01+6
1.74e4
5.5016
1.14+5
3.17-1

1.23-1
6.23+6
7.95+5
1.15-2

0

1.18+6
5.1015
2.36+2
8.30-1
1.324

2.81+3
5.06+3
1.6S+1
1.97-2
S.10+1

1.76+4
3.13+4
1.21+2
9.9&4

0

1.02+5
1.70+2
5.07+5
9.84+2
2.654

1A4-5
3.35+5
3.70+3
4.834l

0

7.19+3
2.30+2
8.09-3
2.394

0

1.58+1
2.11+6
4.36+2
4.29-2

0

2.98+7
8.S7+7
5.14+5
1.23e8

0

2.2&8
1.31+8
2.71+7
1.63+7
5.14e4

5.13+4
2.89+6
1.73+6
2.81+1
8.83-1

1.41+4
8.49'
2.95+3
2A3+3
3.18+0

2.7040
1.62+0
1.28+0
6.30-1

0

6.57+4
4.22+5
4.26+3
1.28e5

0

8.01+5
3.85+5

0
1.29-1
3.04+2

3.04+2
0
0

1.56-1
9.77'

0
1.30+1
1.41+1
3.94-2

0
0

2.92-3
4.174

0

2.38+3
154+4
1.S6+2
4.62+3

0

2.90+4
1.49+4

0
4.384
1.11+1

1.11+1
0
0

5.71 3
3.504

0
0

4.75-1
5.15-1
1A43

0
0

1.0&4
1.52<

0

5.30+3
3.42+4
3.48+2
1.03+4

0

6.48+4
3.36+4

0
9.704
2.48+1

2.48+1
0
0

1.27-2
7.99-4

0
0

1.06+0
1.1&0
3.234

0
0

2.3&4
3.3M

0

1.58+4
1.03+5
1.03+3
3.07+4

0

1.94+5
3.75+6

0
8.76-1
1.07+7

1.07+7
0
0

2.74+4
2.71+4

0
0

3.67+3
4.02+3
5.58+3

0
0

2.27-1
6.56-1

0

3.43+6
4.21+7
8.38+5
4.61+6
6.384

5.87+7
5.87+7

0
0
0

1.59+6
1.21+7
1.39+5
2.72+6
3.76-4

2.13+7
2.13+7

0
0
0

4.33+2
2.22+4
1.03+3
1.52+2

0

1.74+4
1.74e4

0
0
0
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10.2 NEW FUEL STORAGE

10.2.1 Power Generation Ob ective

The objective of the new fuel storage arrangement is to provide specially designed
dry, clean storage places for the new fuel assemblies when normal storage in the
spent fuel pool is not utilized.

10.2.2 Power Generation Desi n Basis

New fuel storage racks shall be supplied to accommodate 30 percent of a full
core load of fuel assemblies for each reactor.

2. New fuel storage racks shall be designed and arranged so that the fuel
assemblies can be handled efficiently.

10.2.3 Safet Desi n Basis

The new fuel storage racks shall be designed and maintained with sufficient
spacing between the fuel assemblies to assure that when the racks are fully
loaded, the array shall be subcritical by a substantial margin.

2. The new fuel storage racks loaded with fuel assemblies shall be designed to
withstand earthquake loadings to prevent damage to the structure of the racks
and minimize distortion of the racks'rrangement.

10.2.4 ~0

Each unit is provided with a new fuel storage vault located adjacent to the spent fuel
pool as shown in Figures 10.2-1a and 10.2-1b. The new fuel storage racks provide
a storage place in the new fuel storage vaults for new fuel. Each new fuel storage
rack (shown in Figure 10.2-2) holds up to 10 new channeled or unchanneled fuel
assemblies in a row spaced 6.625 inch apart center-to-center. The racks are
designed so that rack arrangement in rows on an 11-inch center-to-center spacing
will limitthe effective multiplication factor of the array (k,ii) to not more than 0.90.
New fuel storage racks are provided for 30 percent of the reactor core load. The
fuel assemblies are loaded into the rack through the top. Each hole for a fuel
assembly has adequate clearance for inserting or withdrawing the assembly while
enclosed in a protective plastic wrapping. Sufficient guidance is provided to
preclude damage to the fuel assemblies. Guides are provided to guide the spacers
of the fuel elements for the full length of their insertion into the rack. The design of
the racks prevents accidental insertion of the fuel assembly in a position not
intended for the fuel. The weight of the fuel assembly is supported at the bottom
and the rack provides a full horizontal support of the new fuel assembly.

10.2-1
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Removable gratings (10-7/8 inch by 6 ft 8 inch) over each fuel rack and permanent
gratings at the end spaces of the new fuel storage vault are provided to minimize
the number of uncovered assemblies. These gratings can withstand loads of
100 Ibslft'. The vaults are provided with steel and concrete covers one foot thick.
The vaults are provided with adequate drainage to prevent water collection and
flooding. Each new fuel storage rack loaded with fuel is designed as a Seismic
Class I structure (see Appendix C) to resist sufficiently the response motion at the
installed location within the supporting structure for the design basis earthquake.
Information on radiation monitoring of the new fuel storage vaults is provided in
Subsection 7.13, "Area Radiation Monitoring System." Each vault is to be provided
with neutron dosimeters whenever new fuel is stored there.

10.2.5 Safet Evaluation

New fuel is not placed in the New Fuel Storage Racks until a criticality analysis of
optimum moderator configuration is performed. (Reference TVAto NRC letter
dated July 21, 1997, R08970721849)

The calculations of k,~ are based upon the geometrical arrangements of the fuel
array and subcriticality does not depend upon the presence of neutron absorbing
materials. The arrangement of the fuel assemblies in the fuel storage racks results
in k,< below 0.90 in a dry condition, or in the absence of moderator. In an abnormal
condition when the vault is flooded with water and the fuel elements are brought to
their most reactive spacing, k,~ will not exceed 0.95.

These calculations were done using a two-dimensional, three-group,
diffusion-theory code with a water temperature of 65'C. Water temperatures of
20'C and 65'C were analyzed to assure that 65'C was the most reactive under
normal conditions.

ln order to insure that the design bases stated above are met, the following
conditions were analyzed with the results as shown.

New fuel storage array under normal
conditions (Dry) 0.5

New fuel storage array under abnormal
conditions (Flooded) 0.865

The indicated k,iivalues show that the conditions presented meet the design bases
for normal and abnormal conditions stated above.

10.2-2
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Stresses in a fully loaded rack are designed not to exceed applicable specification
requirements of the American Institute of Steel Construction or the American
Society of Civil Engineering when subjected to a horizontal earthquake load of
1.50g applied in any direction. A safety factor of two, based upon the material yield
or local critical buckling, is used where these specifications are not applicable.

The storage rack structure is designed to absorb an impact energy of at least
7,000 ft-Ibs on an impact surface no larger than 3 inches in diameter. Under this
impact force, those members will remain intact whose function it is to physically
maintain the abnormal design subcritical spacing to assure that k,iiwill not exceed
0.95.

The storage racks are designed to withstand a pull-up force equal to 4,000 Ibs (this
is necessary in the event that the fuel assembly or grappling device accidentally
becomes fouled during removal). The stress in those members required to maintain
the abnormal design subcritical spacing will not exceed 75 percent of the material's
yield strength or 75 percent of that stress at which local buckling occurs.

The new fuel racks are restrained by hold-down lugs to assure that rack spacing
does not vary under specified earthquake loads. The hold-down bolts restrain the
rack in case a stuck fuel assembly is inadvertently hoisted. Each hold-down bolt is
designed to withstand 500 Ib horizontal shear and uplift force of 5,000 lbs. All
materials used in the construction of the new fuel storage racks are specified in
accordance with the applicable ASTM specifications, and all welds are in
accordance with the AWS standards for materials used. Materials selected are
corrosion resistant or treated to provide the necessary corrosion resistance.
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10.3 SPENT FUEL STORAGE

This section presents a description of the spent fuel storage facilities presently
installed at the plant. All of the original low density spent fuel storage racks have
been removed from the spent fuel pools. Due to projected shortages of storage
space, high density spent fuel storage racks are being installed to replace the
original low density racks. With the installation of high density racks in the existing
spent fuel pools, the storage capacity of each fuel pool will be increased from 1080
to 3471 fuel assemblies providing space for storage of approximately
four-and-one-half full core loads.

10.3.1 Power Generation Ob'ective

The objective of the spent fuel storage arrangement is to provide specially-designed
underwater storage space for the spent fuel assemblies, which require shielding
and cooling during storage and handling.

10.3.2 Power Generation Desi n Basis

1. Spent fuel storage racks for each reactor shall be supplied to accommodate
454 percent of the full core load, or 3,471 fuel assemblies.

2. Spent fuel storage racks shall be designed and arranged so that the fuel
assemblies can be efficiently handled during refueling operations.

10.3.3 Safet Desi n Basis

1. The fuel array in fully loaded spent fuel racks shall be subcritical by a
substantial margin.

2. Each spent fuel storage rack containing fuel shall be designed to withstand
earthquake loading so that distortion of the spent fuel storage arrangement
willbe within acceptable bounds.

10,3A ~Di I

There are three spent fuel storage pools (SFPs), one per reactor. The spent fuel
storage racks provide a storage place at the bottom of each fuel pool for the spent
fuel received from the reactor vessel, as shown in Figures 10.2-1 a and 10.2-1b of
Subsection 10.2. The racks are full length, top entry, and are designed to maintain
the spent fuel in a spatial geometry that precludes the possibility of criticality under
normal and abnormal conditions. Normal conditions exist when the spent fuel is
stored at the bottom of the fuel pool in design storage position. Abnormal
conditions may result from seismic forces or mishandling of equipment.
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The high-density storage rack design is free-standing, transferring shear forces to
the pool slab through friction resistance provided by the normal force of the weight
of the module through the support columns to support pads resting on the pool floor
liner.

The high-density storage racks (see Figure 10.3-2) are made up of staggered,
stainless-steel container tubes. Thus, there is only one container-tube wall
between adjacent spent fuel assemblies. Each tube wall has a core of Boral
sandwiched between .036-inch-inside and 0.090-inch-outside stainless steel
containers. The tubes are about 14 feet long and have a square cross section with
an outer dimension of 6.653 inches and a total wall thickness of .2015 inches. The
nominal pitch between fuel assemblies is 6.563 inches.

The Boral core is made up of a central segment of approximately 0.056-inch-thick
dispersion of boron carbide in aluminum. This central segment is clad on both
sides with 0.010 inches of aluminum. The minimum homogeneous concentration of
the boron-10 isotope is 0.013 grams per square centimeter of the Boral plate. The
Boral plates are sandwiched between the two stainless steel containers, which are
closure-welded. (Vent holes have been added to these storage tubes to prevent
the buildup of hydrogen gas between the stainless steel containers.) The
completed storage tubes are fastened together by angles welded along the corners
and attached to a base plate to form storage modules.

Spent fuel assemblies are stored both within the tubes and in the spaces between
the tubes. Two module sizes will be used in the Browns Ferry SFPs, a 13 x 13
module that will store a total of 169 fuel assemblies (85 inch tubes and 84 inch
spaces outside the tubes) and a 13 x 17 module that will store 221 assemblies (111
inch tubes and 110 inch spaces outside the tubes). Each SFP willcontain fourteen
,of the 13 x 13 modules and five of the 13 x 17 modules when all of the existing
storage racks are replaced with high-density racks.

Storage is provided for canned defective fuel and used control rods in each SFP.
When the high-density storage racks are installed, there will be five extra positions
in each pool for storage of defective fuel. Control rod storage will be provided by
supplying 20 permanent storage locations in the Units 1 and 2 SFPs and 18
locations in the Unit 3 SFP, and an aggregate of 370 temporary storage locations.

A transfer canal is provided to join the dual pools of Units 1 and 2. This transfer
canal is the same depth as the transfer slot between the reactor well and the fuel
pool. The transfer canal has a gate at each end so that the fuel pools can be
isolatedifnecessary. Thetransfercanal canalsobedrainedifnecessary. The
canal can be used for maintenance, repairs, etc., and enables fuel assemblies or
channels to be transferred between the Unit 1 and Unit 2 spent fuel pools. It also
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permits storage of fuel and irradiated objects in one pool if it becomes necessary to
'mpty the other pool. A diamond plate walkway is provided for personnel crossing,

and is removable in small, lightweight sections. A further description of the physical
characteristics of the reactor well and its relationship to the spent fuel pool is given
in Subsection 4.2, "Reactor Vessel and Appurtenances Mechanical Design," and
Subsection 5.2, "Primary Containment System."

The spent fuel storage facilities are shared only for Units 1 and 2, and the sharing
feature is only the transfer canal that connects the two storage pools. A watertight
gate is provided at each end of the transfer canal.

10.3.5 Safet Evaluation

10.3.5.1 Hi h-Densit S ent Fuel Stora e Racks

The General Electric Company (GE) performed criticality analyses of the spent fuel
pools. The calculations were based on an unirradiated BWR fuel assembly with no
burnable poison with a bundle multiplication factor (k ) of 1.35. GE made the
calculations with the MERIT Monte Carlo program with cross sections that were
processed from ENDF/B-IVdata. The accuracy of this calculational method was
assessed by benchmarking against the following experiments: (1) thermal reactor
benchmark experiments TRX-1 through -4 of the Cross Section Evaluation Work
Group; (2) the Babcock and Wilcox UO2 critical assemblies; and (3) the Oyster
Creek BWR experiments with boron curtains. From this qualification program, GE
determined that this calculational method underpredicts k,» by 0.5 percent hk
(0.005k).

GE used its computer programs to calculate the neutron multiplication factor for an
infinite array of fuel assemblies in the nominal storage lattice at 20'C, with the
minimum boron concentration in the Boral (0.013 grams of boron-10 per square
centimeter), and to calculate the k,< for the minimum possible pitch (6.503 inches).
The k,iiwas calculated to be 0.87. Additional analyses verified that any variation,
such as increasing the cell pitch, eccentric bundle positioning, reducing moderator
density, and increasing the underwater temperature to 65'C, decreases k,g.

In order to insure that the design basis stated above is met, the following abnormal
loading conditions were analyzed, with results as shown.
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Condition

Increasing the lattice pitch
Locating every four fuel assemblies as close
together as possible

Reducing the density of the water
Proximity of two adjacent racks such that
there is no Boral plate between adjacent fuel

Proximity to an unpoisoned location on the
periphery of a filled storage rack

Four complete Boral sheets missing

<0.87

<0.87
<0.87

0.87

0.90
<0.95

By assuming new, unirradiated fuel with no burnable poison, these calculations
yield the maximum neutron multiplication factor that could be obtained throughout
the life of the fuel assemblies. This includes the effect of the plutonium that is
generated during the fuel cycle.

The acceptance criterion for the calculated multiplication factor of high density fuel
storage racks is that the neutron multiplication factor in spent fuel pools shall be
less than or equal to 0.95, including all uncertainties, under all conditions
throughout the life of the racks. This provides sufficient margin to preclude
criticality in fuel pools. Accordingly, there is a technical specification that limits the
neutron multiplication factor, k.ii, in spent fuel pools to a maximum of 0.95. The high
density storage rack system has a k.ii <0.95 at a 95 percent confidence level for
conditions analyzed.

A sliding analysis of the free-standing high-density storage racks was performed. A
minimum value for the coefficient of friction was used in the sliding analysis, a value
that was verified by tests of steel materials, and any variations in the coefficient are
covered by the conservatively-low value used. The coefficient of friction used was
sufficient to ensure that only small sliding willoccur for earthquake motions
corresponding to OBE and SSE. An additional non linear analysis for sliding was
performed to determine relative displacements ifthe coefficient of friction were less
than the minimum value used. This analysis gives added assurance that there
should be no interaction between modules as a consequence of the SSE.

TVAreevaluated the fuel pool structural capacity for the High Density Fuel Storage
System (HDFSS) and determined that the existing pool structure is capable of
supporting the increased load with a margin of safety within the limits of the ACI
318-71 code.

Structural integrity of the HDFSS has been demonstrated for the design basis load
combinations using elastic design methods.
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10.4 TOOLS AND SERVICING EQUIPMENT

10.4.1 Introduction

All tools and servicing equipment necessary to meet the reactor general servicing
requirements are supplied for efficiency and safe serviceability with a minimum of
time. Table 10.4.1 is a listing of tools and servicing equipment supplied with the
nuclear system. The following paragraphs describe the use of some of the major
tools and servicing equipment.

10.4.2 Fuel Servicin E ui ment

Two fuel preparation machines are located in each spent fuel storage pool. These
machines are designed to be removed from the pool for servicing.

An equipment support railing is provided around the pool periphery in order to tie off
miscellaneous equipment such as the fuel leak detector (sipper) and service tools.
The fuel leak detector is used to locate fuel assemblies with perforated fuel pins by
sampling water, directly from the fuel assembly. Equipment lugs fabricated as part
of the pool liner are provided for fixtures that might later be desired by plant
operating personnel. In addition, a 4 x 4-inch curb with a 4-inch wide plate of 1-inch
thick stainless steel on top is provided around the entire periphery of the refueling
volume. Additional equipment may be mounted by welding to, or drilling into the
plate. The curb may be used as an additional support or tie-off area. Cable ways
are recessed into the floor around the pool periphery with openings to pass cables
into the pool from underneath this curbing.

Two new fuel inspection stands are provided near the fuel storage pools on the
operating floor to restrain the fuel assembly in vertical position for inspection. The
inspection stand can hold two assemblies. The general purpose grapple is a small,
hand-actuated tool used generally with fuel. The grapple can be attached to the
reactor building auxiliary hoist, jib crane, and the auxiliary hoists on the refueling
platform. The general purpose grapple is used to remove new fuel from the
shipping containers or the vault, place it in the inspection stand, and transfer it to
the fuel pool. It also can be used to shuffle fuel in the pool and to handle fuel
during channeling.

A channel handling boom with a spring loaded takeup reel is used to assist the
operator in supporting the channel after it is removed from the fuel assembly. The
boom is set between the two fuel preparation machines. With the channel handling
tool attached to the reel, the channel may be conveniently moved between fuel
preparation machines.

10.4-1



BFN-16

The complete channeling procedure is as follows. Using one of the jib cranes
mounted in the area and the general purpose grapple, a spent fuel assembly is
lifted into the fuel preparation machine with the carriage lowered. After raising the
assembly to its high position, the channel is unbolted from the fuel assembly using
the channel bolt wrench. This wrench guides on the channel, and is used to
unscrew the bolt and capture it. The channel handling tool is attached to the
channel handling boom and lowered to the channel. The tool is attached to the
channel dog ears by expanding two fingers on the tool. The channel is then held,
and the fuel preparation machine carriage is lowered causing the fuel assembly to
slide down out of the channel. The channel willbe placed back on the assembly
after the inspection or will be replaced with a new channel iffound to be damaged.
A channel storage rack for accumulating channels is located on the wall between
the fuel preparation machines. The channeled fuel is then stored in the pool
storage racks ready for insertion in the reactor.

The preceding description is historically accurate and describes the original intent
to reuse channels. More recently, Browns Ferry has committed not to use channels
for a second bundle lifetime due to channel bow concerns (reference letter to NRC,
"Browns Ferry (BFN) - Units 1, 2, and 3 - Response to NRC Bulletin 90-02 - Loss of
Thermal Margin Caused by Channel Box Bow," L44900424802).

10.4.3 ~Si i Aid

General area underwater 1000-watt lights are provided with a suitable reflector for
general downward illumination. Suitable light support brackets are furnished to
support the lights in the reactor vessel, allowing the light to be positioned over the
area being serviced independent of the platform. Local area underwater lights are
small diameter 600-watt tights for additional downward illumination. Drop lights are
1000-watt quartz lamps with no reflector, and are used for intense radial illumination
where needed. These lights are small enough in diameter to flit into fuel channels
or control blade guide tubes. A portable underwater television camera and monitor
are part of the plant optical aids. The transmitted image can be viewed on the
refueling platform. This remote display assists in the inspection of the vessel
internals and general underwater surveillance in the reactor vessel and fuel storage
pool. A general purpose, clear plastic viewing aid that willfloat is used to break the
water surface for better visibility.

A portable underwater vacuum cleaner is provided to assist in removing crud and
miscellaneous objects from the pool floor, or the reactor vessel. The pump and the
filter unit are completely submersible for extended periods. Fuel pool tool
accessories are also provided to meet the servicing requirements.

10.4-2



BFN-16

10.4.4 Reactor Vessel Servicin E ui ment

Reactor vessel servicing equipment is supplied for safe handling of the vessel head
and its components, including nuts, studs, bushings, and seals.

The head strongback is used for lifting the drywell head and the vessel head. The
strongback is designed to keep the head level during liftingand transport.
Cruciform in shape, with four equally spaced lifting points, the strongback is
designed so that no single component failure would cause the load to drop or to
swing uncontrollably.

The head holding pedestals are designed to support the vessel head to permit seal
replacement and seal surface cleaning and inspection. The mating surface
between vessel and pedestal is selected to minimize the possibility of damaging the
vessel head.

A reactor servicing platform permits the operator to work at a level just above the
reactor vessel flange and permits servicing access for the full core diameter. A
service platform support is provided which rests on the vessel flange surface and
serves as both a track for the servicing platform, and as a vessel seal surface
protector.

A vessel nut handling tool is provided. This tool handles one nut and features a
spring loading device to liftthe nut and clear the threads.

A stud tensioner assembly is provided, and consists of four tensioners and a
carousel strongback transported by the reactor building main hoist. When not in
use, the assembly is stored on its support frame on the refueling floor. The
tensioners are controlled by a hydraulic unit which remains on the operating floor
and on which the pressure gauge is mounted.

Each tensioner contains:

a. An integral nut wrench for rotating the nut, and

b. One stud elongation gauge plus one elongation rod to permit initial and
periodic pressure/stretch calibration.

104.5 In Vessel Servicin E ui ment

Replacement incore detectors are removed from their shipping container by hand.
The instrument handling tool is attached to the incore detector by the operators on
the refueling platform. The instrument strongback supports the incore detector until
it is in the vessel in a vertical position, then the incore detector is placed in the
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incore detector handling tool mounted on the refueling floor bridge monorail hoist;
the strongback is removed; and the LPRM string is lowered into place. Final incore
detector insertion is accomplished with the instrument handling tool. The
instrument handling tool is attached to the refueling platform monorail hoist, and is
used for removing and installing fixed incore detectors as well as handling neutron
sources and the Source Range Monitor/Intermediate Range Monitor dry tubes.

In the unlikely event that incore housing flange "0" rings need replacing, an incore
guide tube seal and a test plug are provided. The guide tube seal seats when the
beveled guide tube enters the vessel from the top. When the drain on the spring
reel is opened, water drains from the incore housing and guide tube; hydrostatic
pressure seats the guide tube seal and allows the flange to be removed. The
incore guide tube seal contains a bail, similar to the control rod and fuel bail.

10.4.6 Refuelin E ui ment

One refueling platform is provided for each unit. It is used as the principal means of
transporting fuel assemblies back and forth between the reactor well and the
storage pool. The platform travels on tracks extending along each side of the
reactor well and fuel pool. The platform supports the refueling grapple and auxiliary
hoists. The refueling grapple is suspended from a trolley that can traverse the
width of the platform.

Platform operations are controlled from a walkway and an operator station on the
trolley. The platform contains a Z-axis position-indicating device that indicates the
vertical position of the fuel grapple. Horizontal (x and y axis) position indication is
available from a manual line-up and sighting system and may be available from a
digital display located in the operator's cab. The manual line-up and sighting
system involves position marks on the crane that are aligned with positioning marks
on a yard stick type device permanently secured to the handrails adjacent to the
reactor cavity.. The digital display of x and y position, ifused, is provided by bridge
and trolley position encoders driven by gears which are directly coupled to their
respective axis. Where X-Yposition is available through encoders, a
Programmable Logic Controller (PLC) also maintains three-dimensional operational
zone boundary protection. The manual line-up and sighting system and/or the X-Y
position display are used to reach the approximate core coordinate locations.
Visual inspection by the crane operator and second party verification is used to
finalize and actually place the fuel bundle into position.

A single operator is capable of controlling all the motions of the platform required to
handle the fuel assemblies during refueling. Interlocks on both the grapple hoist
and auxiliary hoists prevent lifting of a fuel assembly over the core with a control rod
withdrawn; interlocks also prevent withdrawal of a control rod with a fuel assembly
over the core attached to either the fuel grapple or hoists. Interlocks also, block
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travel of the refueling platform over the reactor in the startup mode. The refueling
interlocks are described and evaluated in Subsection 7.6, "Refueling Interlocks."

10.4.7 Stora e E ui ment

In addition to the new and spent fuel storage racks, other storage equipment as
listed in Table 10.4-1 is provided.

Defective fuel assemblies are placed in special fuel cans, which are normally stored
in the defective fuel storage rack. Each can is adaptable for individual sipping. For
channel removal, the can may be removed from the rack, placed in the fuel
preparation machine, the can cover removed, and the channel lifted clear of the fuel
assembly. Provisions for dry sipping are provided. This system allows for the
detection of leaking fuel rods during refueling and takes place in the fuel pool.

10.4.8 Under Reactor Vessel Servicin E ui ment

The necessary equipment to remove control rod drives during a refueling outage is
provided. An equipment handling platform with a rectangular open center is
provided. This platform is rotatable to provide space under the vessel so the
control rod drive can be lowered and removed. A control rod drive facile is used
during drive removal; it is a device that encircles the drive flange and directs water
drained from the drive and drive housing to the equipment drain sump. A thermal
sleeve installation tool is used to rotate the thermal sleeve within the control rod
drive housing. Sleeve rotation permits disengagement of the guide tube. A rope
and pulley integral with the tool permits complete sleeve removal.

Miscellaneous wrenches, a tapering tool, and a flaring tool are provided to install
and remove the neutron detectors. The spring reel pulls the fixed incore detectors
string into the incore guide tube and also seals the opening in the incore flange
during incore servicing. A drain can be opened after incore insertion to drain any
residual water. Correct seating of the incore string is indicated when drainage
ceases.

Additional nuclear system tools and servicing equipment are listed in Table 10.4-1.

104.9 ~St Pig

Large radioactive components such as the steam dryer, steam separator assembly,
and grid plates are stored in the storage pit. The storage pit is separated from the
drywell by removable concrete blocks that serve as a shield when the dryer and
separator are stored, and the water level is lowered which allows the reactor well to
be drained while the dryer separator storage pool remains flooded. Other large
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items, such as the pressure vessel head and drywell head, are stored on the
refueling floor.

Because of the relatively low neutron activation dose rates and low crud dose rates,
a dry transfer of the dryer is normally expected. To minimize operator exposure
during dry transfer of the dryer assembly, the storage pit canal is deep enough so
the top of the dryer can be kept at least 2 feet below the operating floor level during
transfer. Wet transfers extend the refueling outage. The storage pit is deep
enough below the canal that, with the reactor well drained, a minimum of 6 inches of
water shielding can be maintained above the separator plenum dome.

Special liner considerations account for the abrasion and high unit loadings that
occur on areas where the dryer and separator assemblies are placed. Provisions
are made to control airborne contamination from storage pit walls and equipment
during reactor well draindown. This control includes storage pit covers and
adequate ventilation to preclude contaminant out-leakage t'o s'econdary
containment.

10.4.10 S ent Fuel Shi in Cask Decontamination

Decontamination of spent fuel shipping casks is carried out in a facility located on
the EI. 664 floor adjacent to the Unit 2 fuel storage pit (Figure 1.6-2). The facility,
which is shown in Figure 10.4-7, consists of a housing, a spray nozzle system, a
ventilation system, an inspection lift, and means for rotating the cask. This facility
serves all three units.

After a loaded shipping cask has been removed from a spent fuel pit with the
overhead crane, the cask is moved into position in front of the housing, and the
safety cables are removed from between the crane lower block and the cask yoke.
The cask is then moved into the housing, the housing door closed, rubber seals
placed around the rotator link, the rotator power supply cable connected, and the
ventilation system started.

Water for the spray system is delivered by a hydraulic jet unit in which steam and
cold water are mixed to produce a hot water stream at elevated pressure.
Approximately 50 gpm is delivered to the spray nozzles at a temperature of about
200'F and a pressure of about 330 psig. The system is put into operation at a
control panel outside the housing. As the cask rotates, water is sprayed from the
top nozzles onto the top of the cask. Thereafter, the water flow is diverted to the
vertical nozzle bank, which is positioned at the top of the cask. After remaining
stationary through one or more rotations of the cask, the nozzle bank is lowered
about 6 inches and the process is repeated. This continues until the nozzle bank
reaches the lower edge of the cask. The water flow then is diverted to the bottom
nozzles, which spray the bottom of the cask through a number of cask rotations.
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After the spray nozzles have been shut off, an operator enters the housing.
Working from the inspection lift, he hand-cleans areas not reached by the spray
nozzles. Smears are taken to locate areas that need additional hand cleaning.

A temporary ventilation system is provided to maintain a slight negative pressure
within the housing, thereby minimizing outleakage of spray. The temporary system
consists of a moisture separator, a HEPA filter and a blower mounted on the top of
the housing. The blower has a capacity of'approximately 1000 cfm.

Water is drained from the housing to a 15,000-gal cask decontamination tank
located in the radwaste building (see paragraph 9.2.4.4). It is expected that about
10,000 gallons will be utilized in the decontamination of a cask.

When decontamination is completed, the cask is moved out of the housing, and the
safety cables are replaced.
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Table 10.4-1

'OOLS AND SERVICING EQUIPMENT
(Quantities listed are for three units)

uel enriicin ui en
Fuel Prep Machine
New Fuel Inspection Stand
Channel Bolt Wrench
Channel Handling Tool
Fuel Container Sipping Head
Fuel Inspection Fixture
Channel Gaging Fixture
General Purpose Grapple
Channel Transfer Grapple
Fuel Leak Detector

~Serridn ids
Pool Tool Accessories
Actuating Pole
General Area Underwater Light
Local Area Underwater Light
Drop Light
Underwater TV System
Underwater Vacuum Cleaner
Light Support Bracket
In-Core Cutter
In-Core Manipulator
Vieviing Tube

eacto I Senricin
Reactor Vessel Servicing Tools
Steam LIne Plugs
Shroud Head Bolt Wrench
Vessel Nut Handling Tool
Head Holding Pedestal
Head Nut and Washer Rack
Head Stud Rack
Dryer and Separator Sling
Head Strongback
Service Platform
Service Platform Support
Power Wrench

'tudTensioner Assembly

Vessel Seivici
Instrument Strongback
Control Rod Grapple

Quantity

2 lots
6

12
8
8
2
1

4
1

1

1

1 modified lot'

4
1

9
32

2
1

1

1

2
2
1

n-Vessel Senricln Continu
Control Rod Guide Tube Grapple
Fuel Support Grapple
Control Rod Latch Tool
Instrument Handling Tool
Orifice Grapple (Peripheral)
Control Rod Guide Tube Seal
Incore Guide Tube Seal
Orifice Holder (Peripheral)
Blade Guide
Fuel Bail Cleaner
Grid Guide
Jet Pump Servicing Tools

Refueling Equipment Servicing Tools
Refueling Platform Equipment Assembly
Jib Crane

Spent Fuel Storage Rack
Channel Storage Rack
Storage Rack (Control Rod and Defective Fuel)
Invessel Rack
New Fuel Storage Rack
Safety Curtain
Defective Fuel Storage Container
Channel Storage Adapter
Spent Fuel Rack Covers

U der- eactor Vessel Se cin ui en
Neutron Monitoring System Servicing
Spring Reel
CRD Handling Equipment
Equipment Handling Equipment
CRD Drain Facile
Thermal Sleeve Installation Tool
Incore Flange Seal Test Plug

Co t
'

raulic S e Senricin
/<oui men

CRD Servicing Equipment
CRD Hydraulic System Tools

Quantity

1

1

2
2
1

2
2
1

10
1

1

1 lot

1 lot
3I~

4

174
3

144
24

278
12

3 lots
4
3
3
4
1

1

3 lots
3 lots

'Double Stud Thread Protectors and Guide Caps. Share Other Equipment.)

-Refueling Platform Equipment Assembly includes the refueling platform and the main fuel grapple in its contents.
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10.5 FUEL POOL COOLING AND CLEANUP SYSTEM

10.5.1 Power Generation Ob'ective

The objective of the Fuel Pool Cooling and Cleanup System is to remove the decay
heat from the fuel assemblies and maintain the fuel pool water within specified
temperature limits.

10.5.2 Safet Desi n Basis

The Fuel Pool Cooling and Cleanup System shall be designed to remove decay
heat from the fuel assemblies and maintain fuel pool water within specified
temperature limits. Seismic design requirements are discussed in Section 10.5.5
safety evaluation.

10.5.3 Power Generation Desi n Basis

1. The Fuel Pool Cooling and Cleanup System shall minimize corrosion product
buildup and control water clarity, so that the fuel assemblies can be efficiently
handled underwater.

2. The Fuel Pool Cooling and Cleanup System shall minimize fission product
concentration in the water which could be released from the pool to the
Reactor Building environment.

3. The Fuel Pool Cooling and Cleanup System shall monitor fuel pool water level
and maintain a water level above the fuel sufficient to provide shielding for
normal building occupancy.

10.5.4 ~0

The Fuel Pool Cooling and Cleanup System for Unit 2 is shown in Figures 10.5-1 a
and 10.5-1b. The fuel pool cooling systems for Units 1 and 3 are similar in
configuration to the referenced figures for Unit 2. The system cools the fuel storage
pool by transferring the spent fuel decay heat (see Table 10.5-1) through heat
exchangers to the Reactor Building Closed Cooling Water System. Water purity
and clarity in the storage pool, reactor well, and dryer-separator storage pit are
maintained by filtering and demineralizing the pool water through a filter
demineralizer, which is shown in Figure 10.5-2.

The system for each fuel pool consists of two circulating pumps connected in
parallel, two heat exchangers, one filterdemineralizer subsystem, two skimmer
surge tanks, and the required piping, valves, and instrumentation. Each pump has
a design capacity equal to, or greater than, the system design flow and is capable
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of simultaneous operation. Four filter demineralizers are provided (one spare unit
shared between the three active units), each with a design capacity equal to or
greater than the design flow rate for a fuel pool. The pumps circulate the pool water
in a closed loop, taking suction from the surge tanks, circulating the water through
the heat exchangers and filter demineralizer, and discharging it through diffusers at
the bottom of the fuel pool and reactor well. The water flows from the pool surface
through skimmer weirs and scuppers to the surge tanks. The fuel pool pumps and
heat exchangers are located in the Reactor Building below the bottom of the fuel
pool. The fuel pool filterdemineralizers, which collect radioactive corrosion and
fission products, are located in the Radwaste Building. The fuel pool concrete
structure and metal liner are designed to withstand earthquake loads per project
seismic requirements as a Class l system.

Fuel pool water is normally recirculated. The heat exchangers are designed to
remove the decay heat load of the normal discharge batch of spent fuel. The heat
exchangers in the Residual Heat Removal System are used in conjunction with the
Fuel Pool Cooling and Cleanup System to supplement pool cooling in the event that
a larger than normal amount of fuel is stored in the pool. Normal makeup water for
the system is transferred from the condensate storage tank to the skimmer surge
tanks to make up evaporative and leakage losses. A seismic Class I qualified
source of makeup water is provided through the crosstie between the RHR system
and the fuel pool cooling system. (The intertie between the RHRSW system and
the RHR can be utilized to admit raw water as makeup.) Also, a standpipe and
hose connection is provided on each of the two EECW headers which provides two
additional fuel pool water makeup sources. Each hose is capable of supplying
makeup water in sufficient quantity to maintain fuel pool water level under
conditions of no fuel pool cooling.

The reactor well and dryer-separator pit are filled for refueling by transferring water
from condensate storage to the reactor vessel via various pathways such as the
Condensate and Feedwater Systems, the Core Spray System, and the Residual
Heat Removal System. During the fillingoperation, water temperature is monitored
for reactivity/shutdown margin considerations. A flow path can be established from
the reactor well through the skimmer surge tanks to the fuel pool coolant system
flilters/demineralizers. This flow path allows filtering of water in the reactor well
when filled. Following refueling, the water is drained to condensate storage.
The circulation patterns within the reactor well and storage pool are established by
the placement of the diffusers and skimmers so as to sweep particles dislodged
during refueling operations away from the work area and out of the pools. The
normal flow pattern may be altered by taking suction from the bottom of the
dryer-separator storage pit to control particles dislodged from parts transferred to
the dryer-separator storage pit. Suction may also be taken from the bottom of the
reactor well. A portable, submersible-type, underwater vacuum cleaner is provided
to remove crud and miscellaneous objects from the pool walls and floor.

10.5-2



BFN-16

Pool water clarity and purity are maintained by a combination of filtering and ion
exchange. The filter demineralizer maintains a pH range of 5.6 to 8.6 for
compatibility with fuel racks and other equipment.

Material is removed from the circulated water by the pressure precoat filter
demineralizer unit in which finely divided powdered ion exchange resin serves as a
disposable filter medium. The resin is replaced when the pressure drop is
excessive or the ion exchange resin is depleted. Backwashing and precoating
operations are controlled from the Radwaste Building. The spent filter medium is
flushed from the elements and transferred to the waste backwash receiver tank by
backwashing with air and condensate. New ion exchange resin is mixed in a
precoat tank and transferred as a slurry by a precoat pump to the filterwhere the
solids deposit on the filterelements. The holding pump maintains circulation
through the filter in the interval between the precoating operation and the return to
normal system operation.

The filterdemineralizer units are designed to operate with water flowing at normal
2 gpm/sq ft. Powdered ion exchange resin or resin mixed with cellulose is used as
a filter medium. The holding element for the filter material is a stainless steel mesh,
mounted vertically in a tube sheet and replaceable as a unit. Venting is possible
from below the tube sheet and from the upper head of the filtervessel. The upper
head is removable for installation and replacement of the holding elements. The
filtervessel is constructed of phenolic resin-coated carbon steel. A poststrainer is
provided in the effluent stream of the filterdemineralizer to limitthe migration of the
filter material. The strainer element is capable of withstanding a differential
pressure greater than the developed pump head for the system.

The ion exchange resin is a mixture of finely ground, 300 mesh or less, cation and
anion resins in proportions as determined by service requirements. The cation
resin is a strongly acidic polystyrene with a divinylbenzene cross-linkage and is
supplied in the fully regenerated hydrogen form. The anion resin is a strongly
basic, Type I, quarternary ammonium polystyrene with a divinylbenzene
cross-linkage and is supplied in a fully regenerated hydroxide form.

The maximum pressure drop across the filter and associated process valves and
piping at the time for filtermedia replacement should not exceed the value shown in
Table 10.5-1. A holding pump is connected to each filterdemineralizer. This pump
starts automatically to maintain sufficient flow through the filter media to retain it on
the filterelements during loss of system flow. The holding flow rate is 0.1 gpm/sq ft
of filter area. The backwash system is used to completely remove'esins and
accumulated sludge from the filterdemineralizers with a minimum volume of water.
Backwash slurry is drained to a local waste backwash receiver tank. The precoat
system is designed to rapidly apply a uniform precoat of filter media to the holding
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elements of a filterdemineralizer. The precoat tank is carbon steel coated with
phenolic materials and sized to provide adequate volume for one precoating. An
agitator is furnished with the tank for mixing. One centrifugal precoat pump and
associated piping and valves are provided to precoat any filter demineralizer and
recirculate the water to the precoat tank or suction side of the precoat pump at a
rate of 1.5 gpm/sq ft of filterarea. The precoat system is also capable of cleaning
or decontaminating any filter demineralizer unit with a detergent or citric acid
solution. The filter demineralizer units are located separately in shielded cells.
Sufficient clearance is provided to permit removal of the filter elements from the
vessels. Each cell contains only the filterdemineralizer and piping. All inlet, outlet,
recycle, vent, drain, and other valves are located on the outside of one shielding
wall of the room, together with necessary piping and headers, instrument elements
and controls. Penetrations through shielding walls are located so as not to
compromise radiation shielding requirements.

The system instrumentation is provided for both automatic and remote-manual
operations (see Figures 10.5-4a and 10.5-4b). Fuel pool skimmer surge tank high,
low, and low-lowwater level switches are provided. The fuel pool skimmer surge
tank high and low level switches provide level change indications in the control
room and the pump area for Units 2 and 3. For Unit 1, the fuel pool skimmer surge
tank high and low level switches provide change indications in the pump area and
are inputs to the Fuel Pool System Abnormal Main Control Room Common Alarm.
Control of flow to or from the reactor well is accomplished manually during refueling.
A level indicator mounted at the valve rack is provided to monitor reactor well water
level during refueling. A fuel pool high water level switch operates a local indicator
light. A fuel pool high water level condition would be indicated by the fuel pool
skimmer surge tank level alarms in the Main Control Room. A fuel pool low water
level switch alarms in the Main Control Room as a Fuel Pool System Abnormal
Common Alarm. The trip point is adjustable over the range of skimmer weir
adjustment. Seismic requirements are discussed in Section 10.5.5 safety
evaluation.

The Fuel Pool System Abnormal Main Control Room Common Alarm initiates on
pump low discharge pressure, low fuel pool level, Gate seal or drywell to reactor
well seal leakage, or refueling bellows leakage. For Unit 1, the fuel pool skimmer
surge tank low or high level is part of this common alarm.

The pumps are controlled from the control room. Pump low-suction pressure
automatically turns off the pumps. A pump low-discharge pressure alarm indicates
in the Main Control Room. The controls for the remote manually controlled valves
which discharge the fuel pool water to the condenser hotwell and condensate
storage tank are located on the pump room deck. The open or closed condition of
each of these valves is indicated by lights on the pump room panel.

10.5-4



The flow rate through each of the filter demineralizers is indicated by flow indicators
in the pump area and on the radwaste panel. The flow indicators on the pump area
panel can be seen by the operators from the vicinityof the fuel pool cooling system.

A high rate of leakage through the refueling bellows assembly, drywell to reactor
seal, or the fuel pool gates is indicated by lights on the instrument rack in the pump
area and is alarmed in the Main Control Room. Seismic requirements are
discussed in Section 10.5.5 safety evaluation.

The filter demineralizers are controlled from a panel in the Radwaste Building.
Differential pressure and conductivity instrumentation is provided for each filter
demineralizer unit to indicate when backwash is required. Suitable alarms,
differential pressure indicators, and flow indicators are provided to monitor the
condition of the filter demineralizers.

10.5.5 Safet Evaluation

Maximum normal heat load of spent fuel stored in the pool is the sum of the decay
heat released by the average spent fuel batch discharged from the equilibrium fuel
cycle at the time the last assembly enters the pool, as calculated from the
equilibrium refueling time estimate, plus the heat being released by the batch
discharged at the previous refueling. The maximum possible heat load is the decay
heat of the full core load of fuel at the end of the fuel cycle plus the remaining decay
heat of the spent fuel discharged at the two previous refuelings. The Residual Heat
Removal System can be operated in parallel with the Fuel Pool Cooling and
Cleanup System to remove this heat load. The Fuel Pool Cooling and Cleanup
System can maintain the fuel pool water temperature below 125'F when removing
the maximum normal heat load from the pool with the maximum Reactor Building
closed cooling water temperature. The fuel pool water temperature may be
permitted to rise to approximately 150'F when larger than normal batches of spent
fuel are stored in the pool. lf it appears that the fuel pool temperature will exceed
125'F, the Fuel Pool Cooling and Cleanup System can be connected by operator
action to the Residual Heat Removal System. This increases the cooling capacity
of the Fuel Pool Cooling and Cleanup System so that a water temperature below
150'F is maintained for the benefit of the personnel working in the vicinityof the
pool.

The flow rate is designed to be larger than that required for two complete water
changes per day of the fuel pool or one change per day of the fuel pool, reactor
well, and dryer-separator pit. The maximum system flow rate is twice the flow rate
needed to maintain the specified water quality.
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To assure adequate makeup under all normal and off normal conditions (i.e. fuel
pool water boil off), the RHR/RHRSW crosstie provides a permanently installed
seismic Class I qualified makeup water source for the spent fuel pool. This ensures
that irradiated fuel is maintained submerged in water and that reestablishment of
normal fuel pool water level is possible under all anticipated conditions. Two
additional sources of spent fuel pool water makeup are provided via a standpipe
and hose connection on each of the two EECW headers. Each hose is capable of
supplying makeup water in sufficient quantity to maintain fuel pool water level under
conditions of no fuel pool cooling.

Two diffusers are placed in both the reactor well and the fuel pool to distribute the
return water as efficiently and with as little turbulence as possible, and to minimize
stratification of either temperature or contamination. Flow control valves at the
operating floor enable the operator to achieve optimum recirculation patterns to
control and maintain the specified water quality and operational conditions.
The circulating pump motors are powered from their corresponding unit 480-V
shutdown board. These boards receive power from the diesel generators on loss of
normal auxiliary power. They are considered nonessential loads and willbe
operated as required under accident conditions.

A recirculation loop for circulating water through the spent fuel pool is provided. A
seismic Class I makeup water supply is provided for the spent fuel pool from the
RHR system.

Automatic isolation and bypassing of the nonseismically designed filter
demineralizer portion of the system (that portion of the system in the Radwaste
Building) and automatic isolation of the nonseismically designed reactor well
recirculation piping are actuated upon a low-level signaI in the skimmer surge tank.
Reactor well recirculation piping diffusers through the first normally closed isolation
valve is seismically qualified.

Redundant level instrumentation is provided in the skimmer surge tank for actuation
of the motor operated valves on low level as well as for annunciation in the control
room of high and low levels. The fuel pool skimmer surge tank high and low level
switches provide level change indications in the'control room and the pump area for
Units 2 and 3. For Unit 1, the fuel pool skimmer surge tank high and low level
switches provide change indications in the pump area and are inputs to the Fuel
Pool System Abnormal Main Control Room Common Alarm.

The dryer/separator pit and the reactor well structures have been analyzed and it
was determined that a design basis earthquake willnot cause a failure during the
refueling mode with the well pit full of water. (This analysis includes the refueling
bellows, drywell-to-reactor-well seal, bulkhead plates, and the upper portion of the
drywell.)

10.5-6



Each fuel storage pool is designed so that no single failure of structures or
equipment will cause inability to (1) maintain irradiated fuel submerged in water, (2)
reestablish normal fuel pool water level, or (3) safely remove fuel from the plant. In
order to limit the possibility of pool leakage around pool penetrations, each pool is
lined with stainless steel. In addition to providing a high degree of integrity, the
lining is designed to withstand abuse that might occur when the spent fuel cask is
moved about. Drains in the drywell, reactor well, and fuel transfer canal are
seismically qualified through the first normally closed valve or temporary plugs are
inserted before initiation of the refueling mode. The 1-1/2-inch. refueling bellows
drains are permanently sealed. The bellows is drained by means of a portable
pump after refueling. Each check valve in the fuel pool cleanup return diffuser lines
is provided with a siphon breaking vent pipe in order to prevent siphoning of fuel
pool water to no more than 6 inches below the normal water level. Interconnected
drainage paths are provided behind the liner welds. These paths are designed to
(1) prevent pressure buildup behind the liner plate, (2) prevent the uncontrolled loss
of contaminated pool water to relatively cleaner locations within the secondary
containment, (3) provide expedient liner leak detection and measurement. These
drainage paths are formed by welding channels behind the liner weld joints and are
designed to permit free gravity drainage to the floor drain tank via the floor drain
sump.

10.5.6 Ins ection and Testin

No special tests are required because at least one pump, heat exchanger, and filter
demineralizer are normally in operation while fuel is stored in a pool. The spare
unit is operated periodically to handle abnormal heat loads or to replace a unit for
servicing. Routine visual inspection of the system components, instrumentation,
and trouble alarms is adequate to verify system operability.
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TABLE 10.5-1

FUEL POOL COOLING AND CLEANUP
SYSTEM SPECIFICATIONS

SYSTEM FUNCTION

RATED CORE THERMALPOWER

TOTALPOOL, WELL, AND PIT VOLUME

FUEL STORAGE POOL VOLUME

SYSTEM SPECIFICATION

3,293 Mwt

106,881 cu ft

51,340 cu ft

SYSTEM DESIGN FLOW (1 PUMP)

MAXIMUMFLOW (2 PUMPS)

DESIGN HEAT LOAD

600 gpm

1,200 gpm

8.8x10 Btu/hr

Temperature 125'F

MAXIMUMPOSSIBLE HEAT LOAD 29.0 x 10 Btu/hr

Temperature 150'F

PUMP CHARACTERISTICS (1 PUMP) 600 gpm, 330 ft TDH

HEAT EXCHANGER-CAPACITY 4.4 x 10 Btu/hr/Hx.

FILTER DEMINERALIZER 270 sq ft, 550 gpm

20 psi max dp (dirty)

HOLDINGPUMP FLOW

PRECOAT FLOW

27 gpm

405 gpm

FUEL POOL SPECIFIC CONDUCTIVITY ~ 10.0 pmho/cm

FUEL POOL CHLORIDE 5 500 ppb
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10.6 REACTOR BUILDINGCLOSED COOLING WATER SYSTEM

10.6.1 Power Generation Ob ective

The power generation objective of the Reactor Building Closed Cooling Water
System (RBCCWS) is to provide a continuous supply of cooling water to designated
plant equipment located in the primary and secondary containments.

10.6.2 Power Generation Desi n Basis

1. The RBCCWS shall be designed to cool auxiliary plant equipment over the full
range of reactor power operation.

2. The RBCCWS shall be designed to limit the possibility of radioactive material
release to the raw cooling water.

3. The RBCCWS shall be designed so that failure of the offsite power supply will
not impair cooling water supply to equipment within the primary containment.

10.6.3 Safet Desi n Basis

The portion of the RBCCWS inside the drywell out to and including the containment
isolation valves shall be designed so that an earthquake would not impair the
System's ability to function as a primary containment pressure boundary.

The portion of the Unit 3 RBCCW system from the Secondary Containment
Boundary penetration to the Secondary Containment Isolation valves shall be
designed so that an earthquake would not impair the system's ability to function as
a secondary containment pressure boundary.

10.6.4 ~0

The Reactor Building Closed Cooling Water System for Unit 2 is shown in Figure
10.6-1b. The system consists of pumps, heat exchangers, and necessary control
and support equipment. The cooling water pumps, located in the Reactor Building,
are centrifugal-type with mechanical seals. The materials used in construction are
listed in Table 10.6-1. Each of the three cooling water pumps delivers 1700 gpm;
two pumps can provide 100 percent of the flow requirements for a unit during
normal plant operation. One pump is provided as a common spare for all three
units and is located in the Unit 1 Reactor Building. Selected heat exchangers,
which are located in the primary and secondary containments, are connected to the
RBCCWS as indicated in Figures 10.6-1 a and b. The RBCCWS heat exchangers
are of the straight tube type, with tubes rolled into the tube sheets. The heat
exchangers are designed to allow for expansion and contraction of all parts and are
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constructed of the materials given in Table 10.6-1. The heat exchangers are
designed with raw-cooling-water flow on the tube side and corrosion-inhibited
demineralized-water flow on the shell side. The two heat exchangers per unit can
transfer 100 percent of the heat load requirements for the unit over the full range of
reactor power operation. One heat exchanger is provided as a common spare for
all three units. Table 10.6-2 lists the operating conditions of the RBCCWS heat
exchangers.

All equipment outside the primary containment is provided with manual flow-control
valves (accessible during plant operation) or fixed orifices. They are located on the
RBCCWS side of the heat exchangers for flow regulation. Fixed orifices are placed
so that high velocity water from the orifice does not impinge on valves and fittings.

Suitable water level is maintained in the surge tank by manual control.
Demineralized water is used for RBCCWS makeup to the surge tank to restore the
level. High and low levels are alarmed in the control room to indicate a leak into or
out of the System. The surge tank low level alarm occurs in time to permit manual
refilling.

Each RBCCWS pump discharge is equipped with a pressure gauge. Low discharge
pressure in the common discharge header closes the nonessential loop isolation
valve and is alarmed in the Main Control Room. High common suction header
temperature is also alarmed in the Main Control Room. Local temperature
indicators, accessible during plant operation, are provided as shown in
Figures 10.6-1 a and b.

The portion of the RBCCWS inside primary containment out to and including the
containment isolation valves is seismic Class I to ensure that the system's ability to
function as a primary containment pressure boundary is not compromised as a
result of an earthquake. Cooling is maintained on all equipment inside primary
containment during failure of offsite a-c power. At such times, cooling to the
equipment outside primary containment can be stopped by closing the
sectionalizing valve shown in Figures 10.6-1 a and b. Electrical power for operating
the RBCCWS during such periods is supplied by the diesel generators. A list of the
components cooled and their cooling requirements are given in Table 10.6-3.

Raw cooling water pumps are the normal supply to the RBCCW system. An
alternate cooling water supply for the RBCCWS heat exchangers is provided from
the Emergency Equipment Cooling Water System (see Subsections 10.7 and
10.10).

Following a loss-of-coolant accident (LOCA) in either Unit 1 or 2, cooling water is
automaticafly restored to equipment in both drywells. Drywell cooling, which is
accomplished by the drywell atmosphere cooling coil blowers, is automatically
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restored to the nonaccident Unit 1 or 2. On the accident-affected unit, four blowers
may be manually restarted (all other accident unit blowers are locked out).

A Unit 3 LOCA signal has no effect on Units 1 or 2. On Unit 3, cooling water is
automatically restored and four drywell blowers may be manually restarted. The
control logic for the RBCCW's pumps, valves, drywell cooling blowers, and dampers
is presented in Figures 10.6-2a and 10.6-2b.

The RBCCWS is monitored by a process radiation monitor (see Subsection 7.12) to
detect possible in leakage from the cooled systems. Early detection of any increase
in radioactivity in the RBCCWS limits the possibility of radioactive material release
to the raw cooling water System.

To maintain the Unit 3 drywell at a comfortable temperature during plant outages,
when the RBCCW will not facilitate personnel activities the drywell can be cooled
with the drywell coolers supplied with chilled water via RBCCW piping. The chilled
water is supplied from a chiller/pump combination located outside the Unit 3
Reactor Building. The chiller/pump combination contains two air cooled water
chillers with two in-line circulating pumps.

The chiller/pump is operable only during plant outages, when cooling is not required
for the Reactor Recirculation Pumps and the Drywell Sump Heat Exchangers.
During plant operation the supply and return lines from the chiller will be isolated
from the operating RBCCW system by closed isolation valves located between the
chiller and RBCCW piping.

10.6.5 Safet Evaluation

As described in paragraph 10.6.4, the portion of the RBCCWS inside the primary
containment isolation boundary meets the safety design basis by designing to
Seismic Class I specifications.

10.6.6 Ins ection and Testin

The spare RBCCWS pump and spare RBCCWS heat exchanger may be
periodically placed on the line to assure operability. System components are
located where routine visual inspections may be conducted to verify system
operability.

Flow measuring devices may be temporarily installed in all major equipment cooling
water headers. The flowmeasuring devices can then be used to balance RBCCW
water flows, and with temperature indicators the heat load being removed from the
drywell can be determined when necessary.
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Table 10.6-1

REACTOR BUILDINGCLOSED COOLING WATER SYSTEM

AND EQUIPMENT DATA

RBCCWS Design Pressure/Temperature Piping - 150 pslg/230'F

Equipment - 150 psig/200'F

Raw Cooling Water

Type

Normal Design Inlet Temperature

Maximum Inlet Temperature

River Water
90'F

95'F

RBCCWS Heat Exchangers

Number Provided 2/unit -1 common spare

Materials

Tubes

Tube Sheets

Shell

Admiralty
Carbon Steel

Carbon Steel

RBCCWS Pumps

Number Provided 2/unit-1 common spare

Materials

Casing

Impeller

Shalt

Cast Steel

Bronze

Heat Treated High

Carbon or Alloy
Steel
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Table 10.6-2

REACTOR BUILDINGCLOSED COOLING WATER SYSTEM

HEAT EXCHANGER OPERATING CONDITIONS

Heat Transfer (Btu/hr X 10 )/HX

Number of HX's in

operation per unit

Normal

Startup
Cooldown

Shutdown

15.65

15.80

11.10

3.18

Normal Flow (GPM)

Shell Side

Tube Side

1685

2550

Fluid

Tube Side (river water) Additives to minimize corrosion

Shell Side (demineralized water)

Additives to minimize corrosion

Seismic Coefficients

1.0g

0.07g

horizontal

vertical
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'I0.7 RAW COOLING WATER SYSTEM

10.7.1 Power Generation Ob ective

The objective of the Raw Cooling Water System is to remove heat from
turbine-associated equipment and accessories located in and adjacent to the
Turbine Building, from the Reactor Building Closed Cooling Water heat exchangers,
and from other reactor-associated equipment that utilizes raw cooling water.

10.7.2 Power Generation Desi n Basis

1. The system shall be capable of supplying the flow requirements of the
equipment it serves during the full range of operation.

2. Under loss of power conditions the system shall not be required to perform
any essential function, but shall be available for equipment protection and to
facilitate restarting.

3. After a design basis accident the system shall not be required for safe
shutdown, its essential cooling functions having been assumed by the EECW
system.

10.7.3 ~DI
The Raw Cooling Water System (shown in Figures 10.7-1 a-l,-2 and 10.7-1b-1,-2,-3)
furnishes cooling water to the following:

a.
b.
C.

d.
e.
f.
g.
h.
I.

l.
k.
I.

Turbine lube oil coolers,
Generator stator water coolers,
Generator hydrogen coolers,
Reactor feed pump turbine oil coolers,
Service and control air compressors,
Steam jet air ejector precoolers,
Generator alternator coolers,
Air-conditioning condensers,
Recirculation pump M-G set coolers,
Reactor Building Closed Cooling Water heat exchangers, and
Other miscellaneous coolers.
Generator breakers to main 500 KVtransformers

The main Raw Cooling Water System pumps, located in the Turbine Building, are
supplied with river water from the condenser circulating water conduits of each unit,
which is passed through fine mesh strainers. The suction headers for Units 1 and 2
are interconnected. The Unit 3 suction header is served separately due to physical
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limitation. Three pumps are required per unit and one is provided as a spare for
Units 1 and 2. There is a total of 5 RCW pumps in Unit 3. All pumps discharge into
a common header. These pumps have sufficient head to supply all but the reactor
recirculation pump motor-generator set coolers, which require the addition of
booster pumps which are located in the Reactor Building. There is one booster
pump per unit, and there is one spare for the 3-unit plant. Fully automatic
temperature controls for the Raw Cooling Water System are provided by the turbine
building auxiliary coolers. The system control diagram is shown in Figure 10.7-2-1,
-2 and -3.

Under loss of power conditions two of the raw cooling water pumps may be
operated, if standby diesel-generated power is available, to supply water to
selected turbine auxiliary equipment to prevent equipment damage and to assist
getting back into operation. The booster pumps are not required at this time. The
raw cooling water pumps are not started automatically in the loss-of-power mode
since they are not required for safe shutdown. The automatic start feature is also
defeated, when offsite power is available in the design basis accident mode to
minimize the loading on the safety-related busses.

'A backup cooling water supply for the Reactor Building Closed Cooling Water heat
exchanger and control air compressors is provided from the Emergency Equipment
Cooling Water System. The EECW system automatically supplies water in place of
raw cooling water ifthe Reactor Building Closed Cooling Water System or Air
Compressor System raw cooling water pressure is lost at any time. A maximum of 8
pumps may be aligned and automatically started to serve the EECW system at any
time.

It should also be noted that a cooling source from the Raw Cooling Water System is
available to the control room air conditioning chillers (Units 1 and 2 only). This
source is normally available only when EECW is made temporarily unavailable to
the chillers in support of testing and maintenance activities (Units 1 and 2 only).

There are four cooling water inlet penetrations of secondary containment, each
consisting of a section of seismic Class I piping containing a loop seal and vacuum
breaker.

Raw cooling water is chemically treated consistent with NPDES permit limitations.

10.7.4 Ins ection and Testin

No special tests are required. Routine visual inspection of the system components,
instrumentation, and trouble alarms are adequate to verify system operability.
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10.8 RAW SERVICE WATER SYSTEM

10.8.1 Power Generation Ob'ective

The objective of the Raw Service Water System is to supply river water for
yard-watering, cooling for plant equipment which the Raw Cooling Water System
may not conveniently serve, and washdown services in unlimited access areas; and
to provide a means of pressurizing the station Fire Protection System.

10.8.2 Power Generation Desi n Basis

1. The system shall be capable of supplying all normal plant requirements for
raw service water.

2. The system shall not be required for safe shutdown.

3. The pumps shall not be automatically started in either the design basis
accident or the loss of power modes.

10.8.3 ~O

The Raw Service Water System furnishes water for yard-watering, cooling for
miscellaneous plant equipment which require small quantities of cooling water,
washdown services in unlimited access areas, and provides the means of
pressurizing the station fire protection system. The Raw Service Water System is
supplied river water from the condenser circulating water inlet conduit through a
strainer section to the main raw cooling water pump suction header for each unit.
Unit 1 and Unit 2 each have one RSW pump and Unit 3 has two RSW pumps.
Therefore, four pumps (375 gpm 200-foot-tdh) supply the common plant system.
The pumps discharge into a distribution system common to the raw service water
and fire protection systems. Two 10,000-gallon capacity storage tanks are located
atop the reactor building. Water level in the tanks controls operation of the raw
service water pumps except during operation of the high-pressure fire protection
pumps. When the high-pressure fire protection pumps are operating, the raw
service water pumps willautomatically be deenergized and the raw service water
storage tanks willalso be isolated from the system.

In the event of small fires, the service water pumps will provide 120 gpm of raw river
water for fire fighting. This is enough water to provide 60 gpm to each of two
1-1/2-inch fire hoses at elevations below 617.0. The fire pumps should be actuated
for any fires above El. 617.0 and for all conditions where more than the
above-stated quantity of water is required. The fire pumps may be actuated by
electrical pushbuttons located strategically throughout the plant. Fire signals from
automatic spray or fog systems willautomatically actuate the fire pumps.

10.8-1



The raw service water pumps are powered from the 480-V turbine MOVboards 1C,
2C, 3B, and 3C. During the loss-of-power mode they may be backfed through these
boards, ifpower is available from the diesel generators.

For flowdiagrams of this system, refer to Subsection 10.11, "Fire Protection
Systems."

10.8.4 Ins ection and Testin

No special tests are required. Routine visual inspection of the system components,
instrumentation, and trouble alarms is adequate to verify system operability. The
Raw Service Water System is chemically treated consistent with NPDES permit
limitations.

10.8-2
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10.9 RHR SERVICE WATER SYSTEM

10.9.1 ~Sf t Ob

The ultimate safety objective of the RHR Service Water System is heat removal
from the primary water of the RHR Systems, using cooling water from Wheeler
Reservoir delivered by service water pumps located within the intake pumping
station. The system also provides standby core and containment cooling and
supplies water to the Emergency Equipment Cooling Water System.

10.9.2 Safet Desi n Basis

1. The system shall be manually operated to supply cooling water to the primary
RHR System heat exchangers and provide standby core and containment
cooling, and shall be automatically operated to supply water to the EECW
System.

2. Piping and equipment, including support structures, shall be designed to
withstand the effects of an earthquake without failure.

3. The pumps on the intake pumping station shall be designed to withstand
tornado winds and weather.

10. ~ .3 ~Oa
The RHR Service Water System, although it is a plant-shared system, is
remote-manually operated from each of the three unit control rooms to pump raw
river water from the intake station to the RHR heat exchangers and provide standby
core cooling (see Subsection 4.8). The RHR Service Water System operates
automatically to supply water to the EECW System (see Subsection 10.10).

The RHRSW is a twelve-pump, four-header system with four pairs of pumps
normally assigned to the RHR System and four additional pumps normally assigned

'o

the EECW System. Each of the pairs (assigned to the RHRSW System) feeds
one independent RHR service water header which, in turn, feeds one RHR heat
exchanger in each unit. The four pumps assigned to the EECW are also paired,
one pair serving each of the two EECW headers. Ifnecessary, one of each pair of
pumps normally assigned to the RHRSW can be manually realigned to the EECW.
The entire system is seismic Class I. On a per-unit and -plant basis, the system
provides several ways to supply water to shut down equipment. Each RHR service
water and EECW header is physically, mechanically, and electrically
independent of the alternate headers performing the same function. (See Appendix
F for more details.) Aflowdiagram is shown in Figure 10.9-1a. System
instrumentation is shown in Figures 10.9-1b, 10.9-2a, 10.9-2b, and 10.9-2c.

10.9-1
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The RHRSW pumps take suction below the breach of Wheeler Dam (El. 529.0) and
will, therefore, remain operable in the unlikely event of failure of the dam. Each
pump is rated at 400-hp with a capacity of 4500 gpm at 275-foot total head. Each
pump has the capacity to supply 100 percent of the cooling water required by one
RHR heat exchanger.

Within 1 hour following a design basis accident, six RHR service water pumps will
be required to supply cooling water to the RHR heat exchangers and two to supply
EECW requirements. System logic diagrams are shown in Figures 10.9-3 and
10.9-4.

Connections are provided on the RHR Service Water System for use as a supply of
cooling water to the standby coolant supply system. Standby coolant for Units 1

and 2 is provided by the "D" service water header and by the "B" header for Units 2
and 3.

Although individual service water supply headers are provided to each RHR heat
exchanger, the discharges from two adjacent exchangers (A and C, or B and D) are
joined as a common discharge. Prior to discharge into Wheeler Reservoir, this
common discharge is split and subsequently recombined with the discharge from
the other pair of heat exchangers. This configuration provides a more uniform
temperature of discharge into Wheeler Reservoir. The layout of the discharge lines
from the RHR heat exchangers to the reservoir is shown on FSAR Figure 10.9-1b.
Each common discharge is equipped with a radiation monitor. Drain and fill
connections are provided on the service-water side of the RHR heat exchangers in
order to drain or fillthe heat exchangers.

The piping and valves from the heat exchanger inlet check valve to the discharge
motor-operated globe valve are designed for 450 psig at 350'F, with the remainder
of the supply piping and the Reactor Building discharge piping designed for
185 psig at 150'F. The yard discharge piping is designed for 80 psig at 150'F. For
Units 2 and 3 only, the portion of piping from the discharge motor-operated globe
valves to the point where the individual discharge lines form a common header is
designed for 185 psig at 350'F.

Redundant RHRSW sump pumps are located within a l95 cu. ft. sump pit in rooms
A, B, C, and D of the intake pumping station. Each sump pump is designed to
remove 300 gpm of water at a total design head of 20 feet. The sump pumps are
safety related and protect essential equipment in the pump rooms from damage due
to flooding of the intake state pump rooms as a result of local maximum 1-hour
rainfall.

10.9-2



10.94 Safet Evaluation

Power for the RHR service water pumps is provided by the four 4160-V shutdown
boards (two pumps per board) in Units 1 and 2 and four 4160-V shutdown boards in
Unit 3 (one pump per board). Each shutdown board is supplied by its individual
standby diesel generator in the event of failure of the Normal Auxiliary Power
System.

Two RHR service water pumps (A3 and C3) provide direct feed to the EECW north
header and are powered from the shutdown boards in Unit 3. Another pair (B3 and
D3) provide direct feed to the EECW south header and are powered from the
shutdown boards in Units 1 and 2. One RHR service water pump (A2, B2, C2, and
D2) on each RHR service water header is powered from the shutdown boards in
Units 1 and 2. The other service water pumps on the B and D'headers (B1 and D1)
are powered from Unit 3 shutdown boards. The other service water pumps on the A
and C headers (A1 and C1) are powered from Units 1 and 2 shutdown boards.

The RHR service water pumps are deck-mounted on the intake structure in an
accessible location so that maintenance may be performed under emergency
conditions. They will remain operable under flood conditions to about El. 578,
which is approximately 6 feet above the maximum possible flood level of El. 572.5.
The pumps are designed to operate in severe wind and weather such as during
tornadoes. The pumps are widely dispersed and physically separated into groups
of three on the intake deck to prevent common damage from one or more missiles.

The RHR Service Water System is designed as a Class I system for withstanding
the specified earthquake loadings (see Appendix C). The system piping and
equipment are designed, installed, and tested in accordance with USAS B31.1.0,
Section 1, 1967 edition.

10.9.5 Ins ection and Testin

The RHR service water pumps and piping are tested periodically to verify
operability. The system is tested during initial startup to simulate breach of
Wheeler Dam. The flow through each heat exchanger is measured for compliance
with the specifications. After testing or use, the heat exchangers are left filled and
the motor-operated valve downstream of the heat exchangers is closed.

The RHR service water system piping and components are monitored by routine
inspections, general housekeeping practices, and system operability testing which
maintains system leakage to an as-low-as-possible level.

10.9-3
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10.10 EMERGENCY EQUIPMENT COOLING WATER SYSTEM

10,10.1 ~Sf
Qb'he

safety objective of the Emergency Equipment Cooling Water (EECW) System
is to provide cooling water to the Standby Diesel engine coolers, the Residual Heat
Removal (RHR) pump seals and pump room coolers, the Core Spray pump room
coolers, the Unit 1/2 Control Bay (CB) chillers, the Unit 3 CB chillers, Unit 1 Electric
Board Room AirConditioning Units, the Unit 2 Shutdown Board Room (SDBR) Air
Conditioning Units, Unit 3 Shutdown Board Room Chillers, Unit 3 Electrical Board
Room AirConditioning Units, the H>-0> analyzers, and additional makeup for the
fuel pool.

ln addition the system provides, as a backup to the Raw Cooling Water (RCW)
System, cooling water for the Reactor Building Closed Cooling Water (RBCCW)
heat exchangers and the Control Aircompressor intercoolers and aftercoolers. The
system can be aligned to provide cooling water to the Unit 1/2 Emergency
Condensing Unit (ECU), if required.

10.10.2 Safet Desi n Basis

The system shall be capable of operating automatically to maintain sufficient
cooling water to all essential components (users) listed below:

Unit 1/2 Standby Diesel engine coolers
Unit 3 Standby Diesel engine coolers
Units 1,2,3 Core Spray pump room coolers
Units 1,2,3 RHR pump room coolers
Unit 1 Electric Board Room ACU Condensers
Units 1,2,3 RHR pump seal coolers
Unit 2 Shutdown Board Room ACU condensers
Unit 3 Electric Board Room ACU Condensers
Unit 3 Shutdown Board Room chillers
Unit 1/2 Control Bay chillers
Unit 3 Control Bay chillers
Units 1,2,3, H~-O~ Analyzers

2. Piping and equipment, including support structures, shall be designed to
withstand effects of the design basis earthquake without failure.

10.1tl.3 ~Oi ~

The Emergency Equipment Cooling Water System has automatic actuation from the
„Main Control Room to distribute cooling water supplied by the RHR Service Water



System pumps which have been assigned as the principal supply to the EECW
System (RHRSW pumps A3, B3, C3 and D3). Flow diagrams for this shared system
is shown in Figure 10.10-1 a and -1b. System instrumentation is shown in Figures
10.10-2 and 10.10-3.

The maximum required design EECW flowfor the three unit plant is satisfied by
EECW pumps rated at 400-hp with a capacity of 4500 GPM at a 275-foot head.
This includes cooling non-essential components (i.e., the RBCCW heat exchangers
and Control Aircompressor intercoolers and aftercoolers). Three of the four
RHRSW pumps assigned to EECW are necessary to supply the EECW System
maximum design flow requirements. Two pumps feed each EECW supply header.
There are two completely redundant and independent headers (north and south
headers) in a loop arrangement inside and outside the Reactor Building. These
headers also provide additional makeup for the fuel pool via hormally closed fire
hose connections. Also, the north header and south header have a connection to
the RCW and Raw Service Water (RSW) Systems, respectively, for charging
purposes. To insure absence of air voids in the EECW piping, each header is
maintained flooded either by the charging method described above and/or the
continuous operation of an assigned RHRSW pump. The piping system is shown
on Figures IO.I0-1 a and IO.I0-1b. These figures provide the design pressure and
temperature conditions of the various portions of the system. The two RHRSW
pumps (A3 and C3) assigned to EECW and powered from shutdown boards in Unit
3 will start automatically in less than 32.5 seconds after starting of a diesel
generator or 30 seconds for a core spray pump in Unit 3 (see Figure 10.10-4).

Similarly, the two RHRSW pumps (B3 and D3) assigned to EECW and powered
from shutdown boards in Units 1 and 2 will start automatically in less than 32.5
seconds after starting of a diesel generator or 30 seconds for a core spray pump in
Units 1 and 2. When a high drywell pressure plus tow reactor vessel pressure or
low reactor water level signal is received in any unit, all four EECW pumps will start.
In addition, the signals that start the A3 and C3 pumps and the B3 and D3 pumps
also start the B1 and D1 pumps and the A1 and C1 pumps, respectively, when they
are valved into the EECW header.

Each EECW supply header from the intake station has a continuous self-cleaning
strainer with a screen size of 1/8 inch to prevent clogging of the various coolers.
Each EECW supply header is provided with manual motor-operated sectionalizing
valves to permit isolation of leaking equipment in a unit area, while retaining flow to
the essential components. The branch runouts are arranged for complete
redundancy to each heat exchanger, cooler, or set of coolers, except the one
supplying the air compressors located in a Class II structure, which are not
essential to shutdown and may be isolated in case of an accident. Each redundant
branch runout, except the ones to the RBCCW heat exchangers and the normally
isolated Unit 1/2 CB ECU, are fitted with double-check valves to prevent back or



cross flow into alternate headers. Protection against excess flow is provided at the
larger branches in the event of a piping or equipment failure.

During normal operation, the RCW System provides cooling water to the RBCCW
heat exchangers and the Control Aircompressor intercoolers and aftercoolers. If
the pressure in the RCW system falls below a predetermined minimum level, the
aligned RHRSW pumps receive auto-start signals. In this manner the Class I

EECW System provides an automatic backup supply for the closed cooling water
heat exchangers and the air compressor coolers. The runouts to the Reactor
Building Closed Cooling Water heat exchangers are provided with a hydraulically-
operated back-pressure valve using EECW header pressure and water as the
hydraulic medium for Unit 1, and pneumatically operated flow control valves
controlled by EECW and RCW header pressure for Units 2 and 3. The runout to
the control air compressors is provided with a pneumatically operated flow control
valve controlled by EECW header pressure.

These valves are designed to shut offflow to the equipment on low header pressure
in order to guarantee adequate flow to the essential components.

The design provides multiple paths for the return of water from the coolers to a point
outside the Reactor Building.

10.10.4 Safet Evaluation

To assure power to the RHR service water pumps serving the Emergency
Equipment Cooling Water System, two pumps (A3 and C3) are connected to
4160-V shutdown boards in Unit 3 and two pumps (B3 and D3) to boards in Units 1

and 2. Each shutdown board is supplied by its individual standby diesel generator
in the event of failure of the normal auxiliary power system.

The service water pumps are deck-mounted on the intake structure in an accessible
location so that maintenance may be performed under emergency conditions. They
will remain operable under flood conditions to about El. 578, which is approximately
6 feet above the maximum possible flood level of EI. 572.5. The pumps are
designed to operate in severe wind and weather such as during tornadoes. The
pumps are separated on the intake deck inside individual walled compartments to
prevent common damage from one or more missiles.

The Emergency Equipment Cooling Water System is designed as a Class I system
for withstanding the specified earthquake loadings (see Appendix C). The system
piping and equipment are designed, installed, and tested in accordance with USAS
B31.1.0, Section I, 1967 edition. The Emergency Equipment Cooling Water System
is chlorinated consistent with NPDES permit limitations.
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10.10.5 Ins ection and Testin

The Emergency Equipment Cooling Water System will be tested periodically to
verify operability.

The system is tested during initial startup by simulating the breach of Wheeler Dam.
The flow through each cooler is regulated by its globe valve to maintain required
minimum flowunder all operating conditions. Each globe valve will remain under
administrative control as initiallyadjusted unless future testing indicates inadequate
flow is being received by the equipment at which time necessary throttle valves will
be readjusted.

The Emergency Equipment Cooling Water System piping and components are
monitored by routine inspections, general housekeeping practices, and system
operability testing which maintains system leakage to an as-low-as-possible level.

10.10-4



through door grilles (with the exception of the offgas monitor cubicle which has a
labyrinth entry arrangement), with backflow or air-check dampers and adjustable
dampers for manually balancing air flow quantities. Each plant unit has two

-100-percent capacity Turbine Building exhaust fans located on the Reactor Building
roof. These fans discharge through a fan stack with the top at EI. 735. The air is
monitored before release. The turbine room roof ventilator fans provide additional
exhaust capacity in the summer season (see Figure 10.12-1).

Per plant unit, the Turbine Building exhaust fan and the nine turbine room
roof-ventilator exhaust fans are collectively capable of exhausting a maximum of
approximately 269,000 CFM of building air to the outdoors. The Turbine Building
discharge dampers and Reactor Building exhaust fans are pneumatically activated.
These dampers are located on the Reactor Building roof. The turbine-spaces
supply fan, the mechanical-spaces supply fan, the two electrical-spaces supply fan,
and the five turbine room supply fans are collectively capable of supplying a
maximum of approximately 255,000 CFM of outdoor air to the building. The
building can thus be maintained at a slight negative pressure relative to the
outdoors to minimize possible exfiltration of contaminated air.

During cold weather, the two-speed, building exhaust fan may be operated at
half-speed and the roof-ventilator exhaust fans turned off, by groups, to maintain
any of various building exhaust air flow rates to a minimum of 62,500 CFM. The
two-speed, mechanical-spaces supply fan may be operated at half-speed; the
two-speed supply fans may be reduced in speed or turned off; and the single-speed
supply fans may be either operated or turned off, in various operating combinations,
to maintain slightly less air-supply flow rate to the building than is exhausted.

Toxic Gas Protection

The evaluation of control room habitability included consideration of possible
hazards created by the accidental release of potentially toxic chemicals. The
evaluation considered chemicals stored both onsite and offsite within a 5-mile
radius of BFN. Possible shipments of toxic chemicals by barge, rail, or road routes
within a 5-mile radius were also considered. Methods of analysis used were those
outlined in NRC Regulatory Guide 1.78, "Assumptions for Evaluating the
Habitability of a Nuclear Power Plant Control Room During a Postulated Hazardous
Chemical Release."

All chemicals stored onsite which are considered to be potentially hazardous to the
control room personnel were analyzed utilizing the approach outlined in NRC
Regulatory Guide 1.78. The analysis (1) confirmed that these chemicals have no
effect on the main control room habitability. Additional chemicals are stored onsite,
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however, it was assumed that these chemicals do not constitute a hazard to control
room personnel due to the fact that they are stored in small quantities, are solids, or
are liquids with a very low vapor pressure at ambient temperatures.

There are no industrial or military facilities located within a 5-mile radius of BFNP
where stored chemicals could cause a potential hazard to the plant.

The only rail line or road passing within a 5-mile radius of the plant is Alabama
State Route 20, which at its closest point, is 4-1/2 miles from the plant. Route 20 is
a rural state route connecting many small towns and it is improbable that
particularly hazardous chemicals will be transported along this route.

These analyses" indicated that the worst-case accident would be from nearby
barge traffic transporting benzene, ethyl benzene, toluene, vinyl acetate,
acrylonitrile, and chlorine. Analyses were performed utilizing the approach outlined
in NRC Regulatory Guide 1.78. Major assumptions included Pasquill stability Class
G and adverse wind direction. Wind speed was chosen to maximize the 2 minute
concentration at the control room air intakes. The analysis indicated that, upon a
release of these chemicals from a barge accident, the concentration in the control
room would pose a potential threat to the control room operators. With the
exception of chlorine, these chemicals can be detected by smell by the control room
operators in sufficient time to don protective equipment without experiencing any
physical impairment. Upon a chlorine release from a barge accident, the
concentration in the control room would impact control room habitability.
However, the probability of a barge accident which results in a chlorine
concentration in the control room which exceeds the concentration limits in NRC
Regulatory Guide 1.78 is 8E-7 events per year. This value is lower than the level of
probability specified in the NRC Regulatory Guide 1.78; therefore, the chlorine
release can be excluded from consideration in the control room habitability analysis.

It was concluded that, of chemicals stored onsite, offsite within a 5-mile radius, or
transported by the site by barge, rail or road within a 5-mile radius, only chlorine
traveling by barge could present a hazard to control room personnel. However, due
to the low probability of this event it can be excluded from the control room
habitability analysis.

h

Calculation T1-517 R3 (B45 870722 235)

Submittal to NRC dated August 16, 1990 (L44 900816 801)
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Control Buildin HVAC

The Control Building Heating, Ventilating, and AirConditioning Systems serve the
three floors in the control bay and the six shutdown electrical board rooms in the
Reactor Building immediately adjacent to, and normally entered from, the control
bay. There are several separate subsystems serving these areas.

The Control Building air conditioning is divided into eight general areas with five
separate air supply systems each serving a room or group of rooms with cooling
and heating thermostatically controlled. These systems are the Units 1 and 2
Control Room, Units 1 and 2 Auxiliary Instrument Rooms, Relay Room, Unit 3
Control Room, and Unit 3 Auxiliary Instrument Rooms. The remaining three areas
serve a group of rooms with only cooling. These areas are the Unit 1 Electric Board
Rooms, Unit 2 Electric Board Rooms, and the Unit 3 Electric Board Rooms. Three
of the eight Control Building air-conditioning systems are shared, in that one system
serves the Units 1 and 2 Main Control Room, the second serves the Units 1 and 2
Auxiliary Instrument Rooms, and the third serves the Switchyard Relay Room
common to the three units. (For additional information, refer to Appendix F.) Each
system is equipped with two 100-percent capacity air handling units or air
conditioning units (see Figure 10.12-2a).

The Control Room Emergency Ventilation System (CREVS) processes outside air
needed to provide ventilation and pressurization for the Control Room Habitability
Zone (CRHZ) during isolated conditions. When the CRHZ is isolated, a fixed
amount of outside air is processed through a HEPA filter bank, air heater, charcoal
adsorbers, and post filters. A seismically-qualified safety-,related Control Room
Emergency Ventilation System (CREVS), composed of two redundant trains, is
provided (as shown in Figure 10.12-2b) in the Unit 2 control bay area. This system
of filtered outside air aids in positive pressurization of the CRHZ with respect to the
outdoors. Test facilities to conduct standard DOP and Freon leak tests are
provided for this system. Carbon sample canisters are provided for Laboratory
Carbon Sample Analysis.

The CREVS is started automatically by a primary containment isolation signal or
high radiation signal, or it can be started manually at any time. The CREVS, once
activated, continues to operate until shut down manually.

The control bay HVAC flow diagram is shown in Figures 10.12-2a and 10.12-2b.
Cooling of the atmosphere in the Main Control Room is provided by a recirculation
air system with refrigeration units. During normal operation, a small stream of
makeup air drawn through NBS dust filters is used to maintain a slight positive
pressure in the control room. Upon receipt of a primary containment isolation signal
or high radiation signal, the normal control room pressurization and makeup



network is automatically isolated from the CRHZ. This same signal automatically
starts the operation of the CREVS.

Outside air for the CREVS is drawn from both of the main outside air intake ducts
supplying ventilation tower 1 and ventilation tower 3. Outside air pulled from these
two intakes passes through a HEPA filter bank located in ventilation tower 2.

The CREVS is activated by a primary containment isolation signal or high radiation
signal from the Control Building intake duct radiation monitors, the same signals
also initiates the isolation of the CRHZ. The two 100 percent redundant filter trains
are safety-related and are powered from separate divisions of normal and
emergency diesel power. Only one train operates following auto actuation with the
other train on standby.

In each train, a Class 1E electric duct air heater is mounted upstream of charcoal
adsorber filters to maintain the incoming air's relative humidity to below 70 percent
for high charcoal adsorption efficiency. The CREVS is designed to process outside
air post DBAfor 30 days without danger of saturation.

The control room air handling units provide ventilation to the main control room
area. Two 100-percent capacity air handling units are provided, each containing:
heating and cooling coils, a humidifier, controls, and motor-operated dampers. The
dampers isolate the air handling unit when on standby. The air handling cooling
coils are equipped with vent and drain valves. Room return air is proportionally
mixed with fresh air by manual dampers and filtered by renewable media filter cells
rated at 85-percent NBS.

Fresh air is mechanically supplied for makeup to air-conditioning systems, for
ventilating system requirements, and for pressurizing the Control Building. Fresh
air supply systems separately serve the Units 1 and 2 air-conditioned spaces
except the Electric Board Rooms, the Unit 3 air-conditioned spaces except the
electric board rooms and spreading rooms. Each of the air-conditioned spaces has
two 100-percent capacity supply fans.

Each spreading room is ventilated by one 100-percent capacity fresh-air supply fan.
Two 100-percent capacity exhaust fans serve both spreading rooms. The fresh air
is filtered. The air fiow is balanced with the exhaust flowexceeding the total supply
flow in order to prevent a positive pressure in the spreading rooms in relation to the
Control Bay Habitability Zone (CBHZ) thus precluding the possibility of unfiltered air
infeakage into the CBHZ. Dampers exist in the ventilation exhaust lines from the
spreading rooms. Manual provisions exist to restart one spreading room ventilation
system independent of the other.
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Two 100-percent capacity, water-cooled, water-chilling units, located in the Unit 1

mechanical equipment room, provide essential cooling for the Units 1 and 2 control
bay air-conditioning systems. The Chiller cooling water is supplied from two
redundant Emergency Equipment Cooling Water System loops.

Two 100-percent capacity chilled water pumps for Unit 3 are each designed to
circulate water through a water cooled water chilling unit. Chilled water is then
circulated through a chilled water piping loop to each air-handling unit's cooling coil.
The system is equipped with test wells for water analyses.

II

Two 100-percent capacity hot water pumps are each designed to circulate water
that is heated by a hot water generator located in the Unit 1 mechanical equipment
room. The hot water is circulated through a hot water piping loop to various air-
handling unit heating coils and reheat coils mounted in branch air supply ducts.

To prevent overheating of essential electrical equipment as a result of loss of
cooling due to failure of both water chillers serving Units 1 and 2, or by the rupture
of the chilled water loops, supplementary cooling is provided. Water-cooled
condensing units are connected to direct-expansion cooling coils mounted in each
air-conditioning system return air separate duct. Condenser cooling water
is taken from the Emergency Equipment Cooling Water System.

The Unit 3 control bay ventilation and heating instruments are strategically located
to sense a mixture of return and supply air for optimum system performance.

The rooms containing the Unit 1 shutdown boards and the rooms containing the
Unit 2 shutdown boards, and the rooms containing the Unit 3 480V shutdown
boards are each cooled by two 100-percent capacity air-conditioning units located

-in each of the Reactor Buildings. The air distribution system and damper
configuration allows each room to be independently isolated and cooled. Fire
dampers allow each board room to be independently isolated when an excessively
high temperature is detected. Smoke detectors in the return ducts of the Unit 2
board rooms alarm in the main control room.

The 4-kV shutdown boards for Unit 3 are located in rooms within the Unit 3 Diesel
Generator Building. The 3EA and 3EB shutdown board rooms are cooled by
redundant air-conditioning units. Induced fresh air and the recirculated air are
filtered by NBS-rated filters. Fire dampers allow each board room to be
independently isolated when an excessively high temperature is detected.

The Unit 3 shutdown board room air conditioning units described above are
seismically qualified and are powered from emergency electric power sources.
Condenser cooling water is supplied by the EECW System.

10.12-7



The battery rooms, motor-generator set rooms for Unit 3 only, and Units 1 and 2
mechanical equipment room are ventilated for the removal of heat and dangerous
fumes by two exhaust systems, one serving Units 1 and 2 and the other serving Unit
3. Each system contains two 100-percent capacity exhaust fans located on the
control bay roof. A third exhaust fan for each system is provided within the control
bay structure. Fire dampers are present in all ventilation ducts which penetrate the
perimeter of the auxiliary battery rooms for all 3 units.

Cooling for the Switchyard Relay Room is provided by two safety related air
handling units. Normally, Relay Room Air Handling Unit A provides cooling for the
Relay Room. This unit contains a prefilter, heating and cooling coils, a humidifier,
controls and a motor operated damper. Ventilation is provided for the Relay Room
from the Unit 1 board room normal or emergency supply fan through air handling
Unit A. Relay Room AirHandling Unit B automatically starts dn high relay room
temperature, which is annunciated in the Main Control Room, and will continue to
operate until it is manually shut off. Relay Room Air Handling Unit B, located in the
Relay Room, is a local room cooler which contains a prefilter, cooling coil, controls
and a backdraft damper at its discharge. During emergencies, ifoffsite power is
available, the operating air handling unit will continue to run. Upon loss of offsite
power, either Relay Room AirHandling Unit can be started locally within three
hours to assure sufficient cooling.

The non-safety-related Process Computer Room, Units 1/2 Computer Room,
Communications Battery Board Room, and Communications Room are cooled by
redundant 100-percent capacity non-safety-related air-conditioning units located in
the Turbine Building. Damper configuration allows each room to be independently
isolated and cooled.

The Unit 3 Computer Room is cooled by the safety-related air supply system which
serves the Unit 3 Auxiliary Instrument Room.

10.12.5.4 Radwaste Buildin

The Radioactive Waste Building ventilating system consists of two 50-percent
capacity supply fans which supply a total of 28,000 CFM of filtered air to central
areas on the various floor levels. Two 50-percent capacity exhaust fans with a total
rated capacity of 30,000 CFM exhaust air from individual spaces in the Radioactive
Waste Building through roughing and HEPA filters. Exhaust air is routed through
the Reactor Building by a separate exhaust duct before being discharged on the
Reactor Building roof. The filters are arranged in two separate plenums, each of
which can handle 50-percent of the capacity and each of which can be isolated for
servicing. When one plenum is isolated, one supply fan and one exhaust fan are
stopped and the system operates on 50-percent capacity. Vents from tanks, sumps,
and hoods are routed to the exhaust ducts. Allexhaust grilles are equipped with



opposed blade dampers for balancing, and doors used for air intakes to spaces are
equipped with backdraft dampers (see Figure 10.12-4).

Generally, the Radioactive Waste Building is heated by tempering the building air
supply with hot water coils located in the fan room. Sufficient heat is furnished to
preheat the supply air for equipment protection and reasonable personnel comfort.
The power stores, Elevation 580.0, which have a separate ventilation system are
heated by suspended electric heaters. Additional electric heat is furnished for
personnel comfort in the following areas: clothes change, clean laundry, ventilating
equipment, and fan rooms.

Comfort air-conditioning is provided for the radio-chemical laboratory and the
radioactive waste control room. The system consists of an air-handling unit,
water-cooled condenser, and electric duct heaters located in the Service Building.
A 100-percent fresh air supply with no return is used to prevent possible buildup of
contaminants. The air supplied is exhausted through the five laboratory hoods each
of which is connected to a separate exhaust fan and HEPA filters. The fans and
filters are located in the fan room at Elevation 580.0 and discharge to the roof of the
Radioactive Waste Building.

10.12.5.5 Diesel Generator Buildin

The Diesel Generator Building (DGB) Heating, Ventilation and AirConditioning
(HVAC) system is designed to maintain the required environmental conditions for
safety related equipment located in the Units 1, 2, and 3 DGB.

The protective safety functions are accomplished through the various ventilation
methods described below. Ventilation cooling and fume removal from each of the
eight (8) (DG) rooms is provided by one of two redundant exhaust fans (A 8 B) with
associated room inlet and outlet, and fan discharge motor operated dampers.
These fans discharge into a common exhaust plenum, which is open to the
atmosphere.

Each DG room contains a separate battery vent hood exhaust fan. This fan is
normally operating to prevent hydrogen gas buildup during battery charging
operation.

Each Unit 1 and 2 Diesel AuxiliaryBoard room (480-V A and B) have roof mounted
exhaust fans and air intakes. Each exhaust fan and each air intake have motor
operated dampers which close when fan is off.

The Unit 3 480-V Diesel AuxiliaryBoard rooms (3EA and 3EB) are ventilated similar
to Unit 1 and 2 with additional exhaust duct connections from room 3EA to an



adjacent toilet room, and additional ventilation exhaust ducting from the pipe and
electrical tunnel to the 3EB fan.

Unit 1 and 2 DGB Emergency Transformer, located in the pipe and electrical tunnel
area, is cooled by a separate roof mounted exhaust fan with motor operated
damper.

The Unit 3 250-V Battery Room 3EB, is ventilated and maintained at a negative
pressure with two redundant roof mounted exhaust fans, each with associated back-
draft dampers.

The Central Diesel Information Center, which is located in Units 1 and 2 DGB, is
cooled by a roof mounted exhaust fan with an associated motor operated damper.

The Electrical Access and Miscellaneous Equipment Room, which is located in Unit
3 DGB, is cooled by a roof mounted exhaust fan with an associated motor operated
damper.

For the four 4160-V Shutdown Board Rooms of Unit 3 (3EA, 3EB, 3EC, and 3ED)
and the Bus Tie Board Room air conditioning is provided. In addition, outdoor air is
available for pressurization and exhaust.

10.12.6 Safet Evaluation

The air-conditioning and ventilation systems of the Control Building, Diesel
Generator Building, and shutdown board rooms shown on Figures 10.12-2, 10.12-5,
and 10.12-6 of the FSAR, are provided to condition the environment so that
safety-related controls and electrical equipment will remain operable at all times.
Sufficient equipment redundancy and alternate power sources ensure that tolerable
limits are maintained and, therefore, extreme environmental conditions are not part
of the design bases. These systems are discussed in Subsection 10.12.5.3 of the
FSAR. (The Unit 3 4-kV shutdown board room air conditioning systems do not have
single failure proof power sources. If required, manual actions ensure area
temperatures remain within limits.) In general, three cooling coils are provided,
whereas only one is required; and at least two blowers are provided, with one being
a standby. Alternate electrical boards feed power from the offsite or emergency
supplies to the redundant units. The dampers are motor- or air-operated; however,
they can be easily and quickly positioned manually in the event of a operator
malfunction. Thus, no criteria or design analyses are needed to cope with extreme
environmental conditions associated with a loss of all air-conditioning and
ventilation systems servicing the control rooms and equipment rooms.

Environmental control of the control bay is maintained for personnel occupancy and
for continuous operation of plant equipment during any type of accident and



throughout the life of the plant. All cooling facilities have redundant or backup
systems. All essential functions are provided by two or more separate and
redundant systems or subsystems. Power supplies for essential equipment are
taken from separate shutdown boards and routed through separate boards and
trays. Cooling water for essential equipment is taken from the Emergency
Equipment Cooling Water System.

10.12.7 Ins ection and Testin

The control bay and shutdown board room air-conditioning and ventilating systems
are in continuous operation and are accessible for periodic inspection. Essential
electrical components, switchovers, and starting controls are tested initiallyand
periodically.

10.12-11
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10.13 DEMINERALIZEDWATER SYSTEM

10.13.1 Power Generation Ob ective

The objective of the Demineralized Water System is to provide a supply of high
purity water which is free of radioactive material. This shared system provides high
purity water to all three units and to the common plant facilities such as the
radiochemical laboratory. All secondary containment penetrations are designed to .

prevent seismically induced failure from causing a breach of containment.

10.13.2 Power Generation Desi n Basis

The system shall be capable of supplying all normal plant requirements for
demineralized water.

10.13.3 ~0

Demineralized water is used for makeup to the Primary Coolant System, the
Reactor Building Closed Cooling Water Systems, and the Standby Liquid Control
Systems. The water is piped to the radiochemical and health physics laboratories,
sampling sinks, and various points in the plant where radioactive decontamination
work is performed. Demineralized water is used extensively during preoperational
cleaning of the reactor and piping systems.

In the makeup water-treatment plant (Figure 10.13-1 ), raw water from the river is
passed through a filtration plant and a demineralized water plant. The latter
consists of a pair of cation exchangers, a vacuum degasifier, a pair of anion
exchangers, and a pair of mixed-bed exchangers.

The treatment plant has a capacity of 120,000 gallons per day. This is adequate to
meet all normal plant requirements for demineralized water, with sufficient reserve
capacity to replenish the storage system within a reasonable time after occasional
large demands.

The Makeup Water Treatment Plant is currently not in use. Makeup demineralized
water required to support plant operations is supplied by a makeup demineralized
water unit.

Demineralized water is pumped from the treatment plant to a 375,000-gallon
outdoor storage tank. The treatment plant is operated as needed to keep this tank
full. Water needed for makeup in the Primary Coolant System is pumped from the
demineralized water storage tank to one or more of the three condensate storage
tanks. Other requirements for demineralized water are supplied by a distribution
system drawing from three 10,000-gallon head tanks located on the roof of the
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Reactor Building. Level controls on the head tanks actuate pumps which supply
water from the demineralized water storage tank to the head tanks.

The Demineralized Water System is designed to prevent the intrusion of water from
other sources. Tanks containing demineralized water are of aluminum, pumps are
of stainless steel, and valves and piping are either aluminum, stainless steel, or
other non-corrosive material. These measures assure that purity of the water is
maintained.

Under loss-of-power conditions, the system serves no essential functions. Primary
system makeup requirements are met from the condensate storage tanks.

10.13.4 Ins ection and Testin

The Demineralized Water System requires no inspection other than normal
maintenance. Operation of the system to meet construction and preoperational
cleaning needs satisfies testing requirements.

DEIVIINERALIZEDWATER STORAGE TANKS WATER SPECIFICATIONS

Specific Conductivity ........ s 1.0 thos/cm

Chloride

Silica. .........5 50 ppb

Filterable Iron..............

10.13-2
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10.14 CONTROL AND SERVICE AIR SYSTEMS

10.14.1 Power Generation Ob ective

To provide oil-free, control air, dried to a low dewpoint and free of foreign
materials, to all pneumatically-operated instruments and controls and final
operators, such as control valves, throughout the entire plant and yard.

2. To provide service air to hose connections throughout the plant and yard, and
to miscellaneous equipment in the Standby Liquid Control System, and the
Radwaste System.

10.14.2 Power Generation Desi n Basis

The system shall be capable of supplying all normal plant requirements for
control and service air.

2. Loss of control air pressure in any single unit shall not result in tripping of any
other unit.

3. Control air shall be filtered and dried. Service air does not require special
moisture removal (except moisture separators, traps, and drains) beyond the
aftercooler.

10.14.3 Safet Desi n Basis

Accumulators shall be provided in the containment drywell to assure the Automatic
Depressurization System main steam relief valves will be held open, and the I

inboard main steam isolation valves may be closed following control air failure (see
Subsections 4.4 and 4.6). Redundancy for these ADS main steam relief valves is
achieved by operation cables that are routed along different paths. Accumulators
shall also be provided in the steam and feedwater valve room to assure the
outboard main steam isolation valves may be closed.

10.14.4 ~0

10.14.4.1 Control and Service AirS stems

Four 61 0-SCFM, 100-psig, air compressors, each designed for continuous
operation, are connected to a common discharge header which supplies three
266-ft control air receivers. One 950-SCFM and one 642-SCFM (nominal),
100-psig air compressor, each designed for continuous operation, are connected to
a common discharge header. The 950-SCFM compressor supplies one 266-ft'nd



one 48-ft'ervice air receiver, and the 642-SCFM compressor supplies the
266-ft'erviceair receiver only. The air receivers are provided with moisture traps.

Service Airfor the Radwaste Building is supplied by a separate system. This
system consists of three skid mounted compressors with integral air receivers,
located in the Radwaste Building. Two of the compressors are 45 CFM
displacement type units, with 10.7 ft'eceivers. The third compressor is a 113 CFM
displacement type unit, with a 16 ft receiver. The operation of the compressors is
staged to keep the Radwaste Building Service AirSystem pressure between 95 and
125 psig. The design pressure and temperature for the system is 150 psig and
150'F, respectively. Each receiver is provided with a moisture trap.

Each compressor is equipped with an intercooler between stages. The second
stage discharge of the A-D compressors is connected to the horizontal, two-stage,
water-cooled aftercooler of shell and tube design with moisture separator, which, in
turn, is connected to the associated discharge header. The final stage discharge of
the E'compressor is connected to a horizontal pipeline-type shell and tube design
water-cooled aftercooler with a moisture separator, which, in turn, is connected to
the associated discharge header. The final stage of the F compressor is connected
to an internal shell and tube water cooled after cooler with moisture separator which
is connected to the discharge header.

The Service AirSystem provides backup control air through a check valve and a
backpressure control valve which opens ifcontrol air pressure drops below 85 psig
Thus, the Control and Service AirSystems are normally separate, with the service
air acting as a backup to control air. This backpressure control valve can be
manually operated from the Main Control Room. Service air is piped from the
receiver to conveniently located service outlets throughout the plant (see Figures
10.14-2a and 10.14-2b).

Automatic scram is initiated by a low-pressure situation existing in the Control Air
System at the scram inlet and outlet valves. Ifthe Control AirSystem fails to
provide air at the proper design pressure to the diaphragm of the scram valves,
instrumentation (Table 7.2-1) that monitors the air supply will initiate an automatic
scram. This scram willprohibit the possibility of premature fillingof the scram
discharge volume (SDV), which would prevent a full scram from being experienced
under accident conditions. This feature, along with continuous monitoring of the
SDV water level, was required by IE Bulletin 80-17.

Additional lines for stable pressure have been added to the system to avoid the
low-pressure scram situation.

The discharge header from the control air receiver supplies four air dryers, one in
each unit plus one standby in Unit 1. The dryers are fullyautomatic with a timed



regeneration cycle based on air dryer size; regeneration purge rate maintains the
required dewpoint. There is one dryer for each unit, with one additional standby air
dryer which can provide supplemental air to any unit. Each discharge from the Unit
1, Unit 2, Unit 3, and the standby dryers is routed through a paper cartridge-type
filter. Each unit dryer filter station discharges into a 4-inch header which runs the
length of the unit. The standby dryer filter station discharges through separate lines
to each unit header, with check valves arranged to prevent loss of air pressure in
one unit from affecting another unit.

From these unit headers, the control air is routed through 1-1/2-inch branch
headers to the various locations in the unit. All of these branch headers are
provided with shutoff valves (handwheels removed) to facilitate additional future
control air requirements without requiring complete system shutdown. In addition,
the 4-inch control air header for each unit is connected to the adjacent unit through
manual valves which are normally closed.

During emergencies, the accumulators installed in the steam and feedwater valve
room provide sufficient air for closure of the outboard main steam isolation valves.
Since air-handling equipment is located in the Turbine Building (a Class II

structure), the compressors and air receivers could conceivably be lost during an
earthquake. Therefore, the headers routed to the Reactor Building are provided
with remote manual valves operated from the Main Control Room for secondary
containment isolation.

An emergency control air compressor is located in the Unit 1 Reactor Building
Control Bay to supply control air for the Unit 1 - Unit 2 Control Room
Air-Conditioning System (see Figure 10.14-3). The receiver for this compressor
rides on the air supply line leading into the control room. Unit 3 has a similar piping
arrangement to provide this emergency air (using the same compressor).

Service air is provided throughout the entire plant. Service air entering the drywell
is isolated with remote, manually-operated shutoff valves, with handwheels, which
are normally closed.

Two control air compressor motors are powered from the common station service
board and two are powered from the shutdown board. The two service air
compressor motors are powered from the common station service board. The
auxiliary compressors are powered from the shutdown boards. Compressors must
be manually restarted when shutdown boards are supplied from the diesel
generators.

10.14-3



10.14.4.2 D ell Control Air S stem

Each reactor unit has a drywell Control AirSystem that provides control air for the
equipment inside the drywell. The system takes its suction from the drywell inerted
atmosphere, and this "atmosphere" is compressed, cooled, and dried prior to being
fed to the control air header. This equipment virtually eliminates the dilution of
nitrogen and the buildup of pressure from the operation of pneumatic equipment
inside the drywell. Thus, the frequency of drywell venting during normal operation
is only a few times per operating cycle. The air receivers in the system are sized to
provide sufficient control air to assure operation of the drywell equipment in the
event that an isolation signal (for the drywell) exists. Qn the drywell control air
supply lines, upstream and downstream of the drywell penetration, two check valves
exist which function as isolation valves. Also, a test connection and two normally
open manual valves are present on the supply line. The manual valves are useful
in providing backup to the check valves for positive containment isolation. All of
this drywell control air equipment is located in the Reactor Building to protect it from
natural phenomena.

The flowpath for the Drywell Control AirSystem is shown in Figure 10.14-4. In this
system, two 9.4-ACFM (actual cubic feet per minute at 100 psig), oil-free air
compressors are connected to common inlet and outlet lines. The common inlet
line penetrates the drywell boundary, passes through a prefilter, and splits into two
parallel headers to carry the suction air for the compressors from the drywell. This
line has two remotely-operated isolation valves in series located as close as
possible to the drywell and branches into separate suction lines to the compressors.
Each suction line contains a manual isolation valve before the compressor. The
discharge from each compressor passes through an aftercooler and a dryer on its
way to a receiver having a 57-ft'apacity. Pressure gauges and sensing points for
the compressors are provided to enhance compressor surveillance. The outlet of
each receiver contains both a manual isolation valve and a check valve.

After these valves, the two lines join before penetrating the drywell and terminate
within the drywell in the control air header. This common control air line is provided
with a normally open isolation valve and a check valve just before entering the
penetration.

For Unit 2 and Unit 3, the control air header inside the drywell is divided into two
sections. The DCA air receivers discharge into a common header which in turn
supplies compressed air through two penetrations into the drywell and provides
compressed air to each of the DCA headers. Each header section supplies
pneumatic pressure to one-half of the DCA users including three Automatic
Depressurization System (ADS) main steam relief valves, two inboard main steam

,isolation valves, and either three or four of the remaining main steam relief valves
(MSRVs). Each penetration has a check valve inboard and outboard of the drywell
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which serve as primary containment isolation valves. A test connection and block
valve are installed on both sides of the penetration for Appendix J testing. An
emergency source of nitrogen supply is furnished at each penetration. Each
nitrogen supply, which is normally valved closed, is from only one of the two
Containment Atmospheric Dilution (CAD) trains.

Normally, the Drywell Control AirSystem furnishes control air for the drywell
equipment and the plant Control Air System provides control air for the outboard
main steam isolation valves. However, provisions, with closed isolation valves and
check valves, are made to use the plant Control AirSystem to supply the drywell
control air and to use the Drywell Control AirSystem to supply the outboard main
steam isolation valves ifthe need arises.

The compressor, auxiliaries, and controls are designed for continuous operation.
The compressor shuts off at 100 psig and starts at 85 psig. A low-pressure alarm
set at 80 psig is provided on the air receiver.

Because of the control air requirements of the ADS main steam relief valves and
inboard main steam isolation valves, accumulators are installed in the drywell to
assure sufficient air in emergencies.

The compressor motors are powered as follows:

Reactor
Unit

Number
Compressor
Number

Reactor MOV
Board Number

1A
1B
2A
2B
3A
3B

The compressors must be manually restarted when shutdown boards are supplied
from the diesel generators.

10.14.5 Safet Evaluation

The Control and Service AirSystems are not essential to safe shutdown except for
the Control AirSystem accumulators serving the ADS main steam relief and main
steam isolation valves. These accumulators are designed as Class I for
withstanding the specified earthquake loadings (see Appendix C). In the event of
control air failure, accumulator air is trapped by check valves. An auxiliary

10.14-5



compressor is provided to maintain Control Building instrument air so that the
Control Building environment can be held within safe limits for the equipment and
personnel. (By disconnecting the control air operators upon loss of air, and using
bypass valves, the reactor operators can manually control the air-conditioning
system.)

Although the Drywell Control AirSystem is not essential for safe shutdown of the
plant, it could be effectively utilized during this operation. Therefore, redundant
components and a backup source of control air from the plant Control AirSystem
are provided to increase the reliability of these drywell air systems. Also, portions
of the Drywell Control AirSystem outside of the drywells are designed to meet
Seismic Class I requirements. These portions are: (A) from the suction side
primary containment penetration out to the outboard isolation valve, and (B) from
the discharge side primary coritainment penetrations out to the outboard check
valve.

10.14.6 Ins ection and Testin

No special tests are required. Routine visual inspection of the system components,
instrumentation, and trouble alarms is adequate to verify system operability.

10.14-6
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10.15 POTABLE WATER AND SANITARYSYSTEMS

The potable water for use in the plumbing systems is supplied in a 6-inch main by
the city of Athens, Alabama. Obtaining water from this state-approved water
supply was more economical than constructing and operating either a temporary
and permanent purification plant.

Backflow preventers have been installed at each cross connection to other
systems to protect the potable water supply from possible contamination due to
backflow. Sewage from the project is collected in a yard sewerage system and
flows to a central receiving point by gravity. Sewage ejectors, which discharge
into the yard system, are provided at the pumping station and gate house. The
sewage is collected and pneumatically ejected through a comminutor into a
holding tank. From this point sewage is mechanically ejected to a five acre
sewage lagoon complex (three holding ponds) for natural treatment. The system
has a 65,000 gallon-per-day capacity. The treated effluent is discharged into the
switchyard drainage canal.

These shared systems do not influence the operational safety of the plant. The
portions of the systems which penetrate secondary containment are designed to
prevent seismically induced failure from causing a breach of containment. The
lines are provided with valves to insure the containment integrity ifthe piping
systems are damaged by seismically induced loads.

10.15-1
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10.16 EQUIPMENT AND FLOOR DRAINAGESYSTEMS

10.16.1 Power Generation Ob ective

The objective of the drainage systems is to collect and remove from the plant all
liquid wastes from their points of origin to the river directly, or, ifnecessary, to the
Radioactive Waste Building (see Subsection 9.2), where they are treated and
returned for reuse or discharged to the river.

10.16.2 Power Generation Desi n Basis

Liquid wastes shall be collected and discharged in a manner such that the
operation or availability of the plant is not limited thereby.

The Reactor Building floor and equipment drain, and drywell floor drain
sump pumps shall be powered from diesel-backed power sources to allow
operation in a loss of normal auxiliary power situation.

10.16.3 Safet Desi n Basis

The drainage systems shall be designed to prevent the inadvertent release of
significant quantities of liquid radioactive material from the restricted area of the
plant so that resulting radiation exposures are within the guideline values of
10 CFR 20.

10.16.4 ~Di I
10.16.4.1 General

The plant drainage is handled through two completely separate drainage systems
of the following categories:

a. Radioactive drainage, and
b. Nonradioactive drainage.

The Reactor Building floor drainage system (Radioactive Drainage) is shared in
respect to the common drain header into which the unitized Reactor Building floor
drainage pumps discharge. Two Reactor Building floor drainage pumps are
provided for each unit. These are powered from diesel-backed power sources to
allow operation in a loss of normal auxiliary power situation. They are designed to
accommodate several times the maximum expected drainage fiow. Each pump
has a capacity of 160 gpm at 90 ft of head, and both pumps may operate
concurrently.
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10.16.4.2 Radioactive Draina e

Radioactive drainage consists of both equipment and floor drainage. Equipment
drainage consists of waste leakage from equipment such as rotating shaft glands,
miscellaneous line drains, and equipment drains for maintenance. With the
exception of Turbine Building equipment drains, these drains are collected in
closed piping systems which terminate in closed and shielded sumps located
where necessary to accommodate a gravity drainage system. In the Turbine
Building, equipment drains from equipment that might contribute to airborne
contamination are connected into closed headers (no funnels) and routed to
equipment drain sumps. Equipment drains that are not considered to have this
potential for airborne contamination are collected into open headers and routed
separately to equipment drainage sumps. From these sumps the waste is
pumped to the Radwaste Building, where it enters the waste collector tank to be
held for treatment.

The radioactive floor drainage system drains areas which may contain radioactive
materials. These are collected and piped to shielded sumps in a manner similar
to equipment drains. Floor drains are separated into individual systems according
to the level of contamination from a higher to a lower contaminated level area.
Each separate drain header is terminated below minimum water level in the sump
to effectively seal it from other drains. From these sumps, waste liquid is pumped
to radwaste, where it enters the floor drain collector tank to be held for treatment.
After operation of the HPCI system, radioactive water is left in the HPCI turbine
exhaust drain pot line. To prevent siphoning of water from the torus, a vacuum
breaker exists in the drain line inside the torus.

10.16.4.3 Nonradioactive Draina e

The nonradioactive floor drains or drains from unlimited access areas are further
divided into two collection systems:

a. Nonradioactive, noncontaminated drains, and
b. Nonradioactive drains of possible contamination.

The nonradioactive, noncontaminated drains are collected in drain sumps located
conveniently throughout the plant where level controlled sump pumps pump this
drainage into the condenser circulating water discharge tunnels.

Drains of possible nonradioactive contamination, such as floor drains installed
below oil-filledtransformers or lubricating oil tanks where accidental oil spills
could take place, are collected in a separate drainage system and sump. A very
small amount of potentially radioactive drainage will be directed to this sump.
However, removal from the sump is done on a noncontinuous basis, with

10.16-2



BFN-16

treatment for oil removal, and after the determination that the discharge from the
plant is always within the limits specified in 10 CFR 20.

16.1644 ~PS
All Reactor Building drainage system pumps are fed from the reactor 480-V MQV
boards and are immediately available in a loss of normal auxiliary power situation.
The Turbine Building drainage system pumps are fed from the turbine 480-V MQV
boards and are available for operation by manual backfeed when power is
available.

10.16.4.5 Diacirams

For flow diagrams of the radwaste drainage, refer to Subsection 9.2, "Liquid
Radwaste System."

10.16.5 Safet Evaluation

For the safety evaluation of safety design basis 1, refer to Subsection 9.2.

10.16.6 lns ection and Testin

No special tests are required. Routine visual inspection of the system
components, instrumentation, and trouble alarms is adequate to verify system
reliability.

10.16-3
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10.17 PROCESS SAMPLING SYSTEMS

10.17.1 Power Generation Ob'ective

The objective in sampling process liquids and gases is to provide representative
samples for testing to obtain data from which the performance of the plant, items of
equipment, and systems may be determined.

10.17.2 Power Generation Desi n Basis

1. Sampling points shall be located so as to provide information needed for plant
operation as well as for special tests.

2. The sampling systems shall be designed to provide samples which are
representative of the fluids being sampled.

10.17.3 ~Oi I

10.17.3.1 Li uid Sam lin S stems

Table 10.17-1 gives a list of liquid samples taken, the location of the sample
connection, the purpose for which the sample is taken, and the expected
radioactivity concentration of the sample. Figures 10.17-1a, 10.17-1b, and
10.17-1c provide diagrams of the systems.

All liquid grab samples which could contain radioactivity in excess of background
are taken within sampling hoods. The hoods have doors which are normally kept
closed except when sample bottles are being inserted or removed. Handles of most
sample valves are located outside the hood. The hoods have windows for
observation of the sampling. Manually-operated, 3-way valves are present to
bypass the grab sampling stations to aid in flushing the lines.

Hoods are located close to sample points to minimize the lengths of sample lines.
For each of the three reactor systems, there are five hoods in the Reactor Building
and five in the Turbine Building. In addition, there is one hood in the Radwaste
Building.

10.17.3.1.1 Reactor Water Cleanu S stem

When the Reactor Water Cleanup System is in operation, reactor water quality is
monitored by means of a sample connection located upstream of the two cleanup
filter/demineralizers.



Performance of the individual filter/demineralizers can be assessed on a
comparison of samples taken downstream of each filter/demineralizer to those
samples taken upstream. At each of these sample points, a continuously flowing
stream is passed through a constant-temperature bath and then through a
conductivity cell. The streams from the three sample points are combined and
routed back into the cleanup system or to radwaste. Grab samples can be taken at
each of the three sample points for determination of pH, radioactivity, turbidity,
chloride, and other constituents of interest.

When the Reactor Water Cleanup System is not in operation, grab samples of
recirculation system reactor water can be taken at a sample connection located in
one of the jet pump inlet headers. The reactor water recirculation system sample is
cooled by a cooler which is supplied with cooling water from the Reactor Building
Closed Cooling Water System.

10.17.3.1.2 Main Steam S stem

Reactor steam may be sampled for determination of radioactivity and content of
noncondensables. Samples can be withdrawn from each of the four steam lines at
points upstream of the respective stop valves. The four sample streams are
combined and passed through a sample cooler. Liquid and noncondensable gases
are collected separately; their relative volumes give the content of
noncondensables of the steam. Determination of the hydrogen content of the gas
phase gives a measure of the radiolytic gas-production rate in the reactor.
Radiolytic gas-production rate as a function of reactor power was determined during
initial operation.

Determinations are made of radioactive constituents in the condensed and
noncondensed portions of the steam sample, as desired.

10.17.3.1.3 Condensate S stem

Inleakage of condenser cooling water is indicated by an increase in conductivity of
the condensate or reactor water. Condenser leaks are located by use of a Helium
leak detection system.

Continuously flowing sample streams from the filter/demineralizer inlet and outlet
headers and from the outlets of filter/demineralizer units are monitored for
conductivity with values being recorded. Exhaustion of the ion exchange capacity
of a demineralizer results in an increase in conductivity in the outlet of that
demineralizer.

10.17-2
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jLeel QCRcCfgLIIQ

1 Reactor Water

~tl
Recirculation Pipe

TABLE 10.17-1

LIQUIDSAMPLES

(Sheet 1)

u ose

Monitor reactor
water when cleanup
system Is Isolated

Expected ActMty
'UG/

Ul

10 1(a) 6.5(b)

~ea jets

Grab Sample
Sample Cooling

2 Reactor Water Cleanup
a. Filter-Demlneralizer

Influent
b. Filter-De mineralize r

Effluent

Steam Samples

Standby Uquld
Control System
a. Tank
b. Recirculation Line

Pressure Suppression
Pool

Filter<lemineralizer
Inlet pipe
Outlet piping from each
filterdemineralizer

Main steam lines
(before stop valve)

At tank
Recirculation pipe

Suppression
Recirculation and
equipment test line

Monitor reactor
water conductMty
Filter<femlneralizer
efficiency conductivity

1. Carryover
2. Steam Quality
3. H2and02

Borate Concentration
Borate Concentration

Check on activity
concentrations

10 (a) 6.5(b)
5x10
2x10+ 0.6(b)
(a)

10+(a) 6 x10+
85(f)

Background
Background

<10-2

Cont. (c), C.E.(d)
Grab Sample
Cont. (c), C.E.(d)
Grab Sample

Grab Sample

Grab Sample
Grab Sample

Grab Sample

Feedwater
a. Feedwater Heater

b. Feedwater
c. Heater Drain

Closed Loop
Cooling Water
a. Closed Loop

Cooling Water

b. Closed Loop
Cooling Water

Between No. 3 and
No. 4 heaters In heater
train on feed piping.

After last heater
After last heater
Drain pump discharge

Outlet of each major
heat exchanger

Pump Discharge

Corrosion studies

Corrosion studies

Corrosion studies

Determine location
of heat exchanger leaks

Check corrosion
inhibitorconcentration

10+(a)

10 6(a)

104(a)

Background

Background

2x10 (b) Grab Sample
Sample Cooling

2x10 (b) Grab Sample

2x10 (b) Sample Cooling

Grab Sample

Grab Sample

'or notes, see linal sheet of Table10.17-1
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TABLE 10.17-1

LIQUIDSAMPLES

(Sheet 2)

~e geese fp~to ~us Expected Activity'carps
Waste Disposal
a. Waste Surge Tank
b. Waste Collector Tank
c. Floor Drain Collector

Tank
d. Chemical Waste Tank
e. Waste Sample Tank
f. Floor Drain Sample Tank
g. Fuel Pool Filter-

Demlneralizer Influent
h. Fuel Pool Fllter-

Demlnera!izer ENuent
I. Floor Drain Filter

Effluent
J. Waste Demlnerallzer

Effluent

Condensate
a. Condensate

b. Condensate Demineralizer
ENuent

10 Raw Cooling Water

Makeup
a. Cation Effluent
b. Anion Effluent
c. Mixed-Bed Effluent
d. Demineralized

Water Storage Tank
e. Condensate Storage Tank

Outlet P/pe
Pump Discharge
Pump Discharge

Pump Discharge
Pump Discharge
Pump Dhcharge
Inlet Pipe

Outlet Pipe

Outlet Pipe

Outlet Pipe

Condensate Pump
Discharge

Demineralizer
Outlet Pipe

Discharge from Closed
Cooling Water Heat
Exchanger

Outlet Pipe
Outlet Pipe
Outlet Pipe
Pump Discharge

Pump Discharge

Process data
Process data
Process data

Process data
Discharge suitability
Discharge suitability
Fuel pool quality

Filter-0emlnerallzer
ENctency
Filter Efliclency

Demlneralizer
Efficiency

Condensate quality
and tube leaks

Treated condensate
quality

Determine radtoacthrity
release

Demlneralizer efiiciency
Demlneralizer eNclency
Demlneralizer efficiency
Water quality

Water quality

«10 S

<10 2
«10+

«10+
«10+
«10+
«10+

«0<

«10+

10+

10 4(a)

10-6(a)

Background

Background
Background
Background
Background

«10+

Grab Sample
Grab Sample
Grab Sample

Grab Sample
Grab Sample
Grab Sample
Grab Sample

Cont.(c),C.E.(d)
Grab Sample
Cont.(c),C.E.(d)
Grab Sample
Cont.(c),C.E.(d)
Grab Sample

2x10 (b) Cont.(c),C.E.(d)
Grab Sample

2 x 10+(b) Cont.(c),C.E.(d)
Grab Sample

Grab Sample

Grab Sample
Grab Sample
Grab Sample
Grab Sample

Grab Sample

'or notes, see final sheet of Table 10.17-1
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TABLE10.17-1

LIQUIDSAMPLES
(Sheet 3)

~t ~spy ur se
Expected Activity
~U ~e~aQs

12

13

Special Samples
a. LaundryDralnTanks

Condenser Circulating
Water
a. Inlet

b. Discharge

Pump Discharge

Intake to Condenser

Discharge Canal

Discharge suitability

Determine background

Monitor plant activity
release

510 5

Background

10-10(a)
10 7(b)

Grab Sample

Composite Sample

Composite Sample

14 RHR Heat Exchanger Service Water Discharge Radioactive release Background Cont. (c) Grab Sampl)

NOTES:

a. Activitydue to corrosion products.
b. Activitydue to fission products.
c. Continuously flowinsample.
d. Sample line conductivity element.
e. Actlvitydueto N-16.
f. Activitydue to N-16 in condensed steam at a time "0" (activitywilldecay by a factor of 2 every 7.35 seconds).
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TABLE 10.17-2

GASEOUS SAMPLES

ocat o
Expected Activity
~UCC ~ear <s

AirEjector Off-
gas Sample (c)

Offgas Filter
Samples

Stack Sample (c)
a. Noble Gas
b. Particulate
c. Iodine

VenUlation (d)
a. Reactor Bldg.

b. Radwaste Bldg.
c. Turbine Bldg.

Standby Gas Treat-
ment System

AfterAirEjectors
(Before 30 min.
holdup)

Inlet and Outlet
(After30 min.
holdup)

Stack

Fan Discharge

Fan Discharge
Fan Discharge

Before and after
each fitter

1. ActhityRelease
2. H2, 02 and Air

Leakage

Determine filter
efficiency

Activityrelease
Particle release
Iodine release

Activityrelease

Activityrelease
Activityrelease

Filter efflciency

%0

Sto

10-1

Cont.(a),R.E.(b)
Grab Sample

Grab Sample

Cont. (a), R.E.(b)
Grab Sample (e)
Grab Sample (e)

Cont.(a),R.E.(b)
Grab Sample
Grab Sample
Grab Sample

Grab Sample

NOTES:

a. Continuous liowlng sample, continuously monitored.
b. Radiaflon element on sample Une, continuously monitored.
c. ConUnuously flowing sample.
d. Bulk stream monitored.
e. Postwccldent high range, continuously monitored.
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10.18 PLANT COMMUNICATIONSSYSTEM

10.18,1 ~Oi B

The design of the plant communications system is such that the requirements for
safe operation and safe shutdown are met and that compliance with the
Radiological Emergency Plan is adequate. Plant communications are divided into
two areas: onsite and offsite. The evacuation alarm is discussed in Section
10.18.6.

10.18.2 Onsite Communications - General

The primary onsite communications needs are furnished by the telephone switching
system, the in-plant radio system which includes paging, the loudspeaker paging
system, and an independent sound-powered telephone system which can be used
to shut down the reactor units when the main control room has been abandoned
and other communications systems are inoperative.

10.18.2.1 Onsite Communications-S ecific

10.18.2.1.1 Tele hone Switchin S stem

The telephone switching system provides the primary means for two-way voice
communications throughout the site. Multiple nodes or switches are interconnected
by a network of copper and fiber optic cable and are powered by battery-backed
supplies. This concept lends itself to a relatively easy expansion or contraction of
capacity as dictated by changing plant needs. Node 1 primarily serves the
powerhouse area and the other switching nodes primarily serve
office/administrative type areas. The system is capable of providing service for
several thousand voice and data lines and is equipped with provisions for the
following:

Regular two-way voice conversations
Data circuits
Access to loudspeaker paging
Access to radio paging
Access to off-site telephone lines
Various convenience options
Code Call (Fire and Medical Emergency Alarm)

The power for the Node 1 telephone switch is supplied from a 48 volt battery
charger system that consists of a 48 volt battery and two chargers, one of which is a
spare. Each charger is powered by two sources, including one which is diesel-
backed. The battery is capable of providing power for a minimum of three hours
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should both chargers fail. Each of the other switching nodes is powered by an
Uninterruptible Power Supply (UPS) with a three hour battery duty cycle. The
switchover from primary source to battery is automatic for all nodes.

10.18.2.1.2 Sound-PoweredTele hone S stems

Backu Control Center Sound-Powered S stem

The backup control center system consists of two completely redundant systems.
Each subsystem is wired directly and independently of any other communication
system. Wiring routes avoid the spreading room, unit control rooms, and auxiliary
instrument room. Sound-powered equipment and circuits are provided in the diesel
generator building, electrical board rooms "A"through "F" in the reactor building,
Units, 1, 2, and 3 backup control centers, and reactor core isolation cooling control
panel 25-31 in each unit area.

There are eleven telephones equipped with magnetos and magneto howlers
provided in each system. The selector switch on the calling telephone is placed on
the assigned number of the called telephone and then the magneto on the calling
telephone is operated to sound the howler on the called telephone. There is no
signaling on the jacks in this system, but jacks are near enough to telephones so
that the howler on the telephone can be heard.

Health Ph sics Sound-Powered S stem

A circuit is provided between the health physics office, the Units 1 and 2 control
rooms (physically on the electrical control area desk), and the Unit 3 control room.
Two pairs are provided between these locations-one for magneto signaling and
one for talking over sound-powered handsets.

10.18.2.1.3 In lant Radio S stems

Nuclear Securit Service VHF Radio S stem

This system is provided for communication between nuclear security officers, the
central alarm station, the secondary alarm station, and patrol vehicles located within
the BFN reservation. Coverage includes the reservation and all plant areas. This
level of coverage is obtained through an inplant repeater system that directs
transmissions to the NSS portables. Access to the system is limited to operations
and the nuclear security service.

10.18-2



In lant VHF Radio S stem

Several voice radio channels, which are designated for use by operations and
maintenance, provide coverage in all vital areas of the plant and also in outdoor
areas. Each channel consists of a VHF radio repeater that can be accessed by
hand-held portable radios or by hard-wired remote control units in various areas of
the plant. Two of these repeaters, which are separate and independent of each
other in regard to location, power, and antenna systems, are allocated for manual
shutdown actions during a fire. The fire brigade also has access to this system.

10.18.2.1A Pa in S stem Louds eaker

Paging speakers are installed throughout the Reactor, Turbine, and Control
Buildings.

This equipment may be accessed by telephone. The speaker-amplifiers in each
unit area are fed in parallel from a local AC lighting source.

10.18.2.1.5 Radio Pa e S stem

A radio page system is provided to signal key plant personnel throughout the BFN
reservation. The telephone system is equipped with signaling trunks to permit the
dialing of assigned radio page numbers from any plant telephone.

10.18.3 Offsite Communications - General

The offsite communications are accomplished by several diverse means, each
having a redundant pathway. Dedicated telephone lines link the plant to the major
administrative offices in Chattanooga for daily plant operations, and to the Central
Emergency Control Center (CECC) to comply with the Radiological Emergency Plan
(REP). TVA's microwave system serves as a redundant path for these lines. The
plant also interfaces with the public switched network which provides local and long
distance access. The emergency radio network and the power systems operations
(PSO) radio serve as a voice pathway to the area surrounding the plant site. The
offsite radio paging serves the same area for contacting key personnel carrying
pagers. Insulated Shield Wire Carrier (ISWC) circuits are also available for
transmission offsite.

10.18.3.1 Offsite Communications - S ecific

10.18.3.1.1 Public Tele hone Network

The public telephone system circuits enter the plant through a buried fiber-optics
transmission cable. Power for the fiber-optics interface equipment is 120-V AC. A



battery provided by South Central Bell powers the system upon loss of AC power.
Connections to the plant telephone system are made in the communications room.

Several types of connections are provided into the plant. These include:

Direct inward dial trunks;
Direct outward dial trunks;
WATS services;
Dedicated tie lines to Chattanooga TVAtelephone

network;
Dedicated tie lines to Chattanooga CECC.

10.18.3.1.2 Microwave S stem

The microwave system enters the plant via antennae mounted on the roof to the
Turbine Building. Two independent microwave systems are provided. The radio
frequency equipment on each microwave system is duplicated, with automatic
switchover to the redundant unit. The power for the microwave system is fed from a
dedicated 24-V battery system, with redundant chargers. The battery is sized to
operate at least three hours upon loss of charger power. A redundant portion of the
communications circuits to the Chattanooga administrative telephone network and
to the TVADirect Distance Dial Network are routed through the microwave system.

10.18.3.1.3 Emer enc Radio S stem

This system is provided to communicate with field radiological monitoring teams,
provide backup communication to the Chattanooga CECC, and provide mobile
communications for key plant managers. Access to the system is provided from the
main control room, the health physics laboratory, the technical support center, the
Operations support center, and the plant simulator.

Two independent repeaters are provided, accessing redundant, spatially diverse
VHF transmitters. Field radiological monitoring vans are provided with VHF
transceivers. The approximate area of coverage extends fiftymiles from the plant.

10.18.3.1.4 Customer Grou PSO UHF Radio S stem

This system is provided to assist the coordination of power transmission system
control and maintenance activities. Control stations are provided in the technical
support center (TSC) and the main control room. This system is independent of all
other interplant communications systems and may be used in an emergency to
communicate with the CECC in Chattanooga.



10.18.3.1.5 Sheriff's Radio S stem
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A UHF radio is provided for communication between BFN Public Safety Service and
the Limestone County Sheriffs Department. Access is provided from the Central
Alarm Station and the Secondary Alarm Station.

10.18.3.1.6 Radio Pa in S stem

This system is used to signal an employee carrying a pager in the surrounding
areas of the plant. The range is approximately the same as the emergency radio
system and the operation is the same as the onsite paging.

10.18.3.1.7 Insulated Shield Wire Carrier ISWC
Circuits

The ISWC circuits enter through the plant switchyard. Terminal equipment is
located in the communications rooms.

Allchannels are routed through test jacks and may be accessed at BFN if
necessary.

ISWC channels are completely independent of the telephone system. These
circuits terminate at remote TVA locations, manned continuously. In the event of
failure of all interplant communications, the ISWC channels can be cross-connected
to the public switched telephone systems at the remote locations to reestablish
communication.

Access is provided at the electrical operator's desk in the main control room. Power
is supplied from the 48-V communications battery, supplied for the telephone
system.

10.18.3.1.8 NRC FEDERAL TELECOMMUNICATIONSSYSTEM FTS
2000 NETWORK

The NRC Federal Telecommunications System (FTS) 2000 Network provides
dedicated communication lines for the following emergency communication
functions:

Emergency Notification System (ENS)
Health Physics Network (HPN)
Reactor Safety Counterpart Link (RSCL)
Protective Measures Counterpart Link (PMCL)
Management Counterpart Link (MCL)
Local Area Network (LAN)Access

10.18-5
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10.18.4 Evaluation

Onsite S stems

The telephone switching system, which is one of the primary onsite systems, is
designed so that failures in individual processors or lines do not interrupt service.
Such failures are annunciated and repairs are made promptly. The Node 1

switching equipment, which primarily serves the powerhouse area, is located in the
communications room which is in a Seismic Class I building.

The sound-powered telephone systems are completely independent of power, each
other, and all other systems provided. As long as a complete metallic path exists
between instruments, communications can be maintained since the instruments
supplied with these systems are very rugged and willsuccessfully withstand high
shocks, negligence, and abuse. Ifpermanently installed wires are rendered
unusable for any reason, a temporary pair of wires can be used with the
sound-powered instruments.

The Public Safety Service (PSS) radio must provide continuous coverage from all
areas of the plant to the Central Alarm Station (CAS) and the Secondary Alarm
Station (SAS). Both the CAS and the SAS have radio control units that have diesel
generator backup to the 120-V AC lighting power. The combiner is on
emergency-backed power. The Sheriffs radio is a separate system with radios in
the CAS and in the SAS and a transmitter in the turbine building to send to the
Limestone County repeater. PSS transmits on a low band frequency to reach the
offsite posts and mobile units.

The Customer Group (PSO) radio is located in the Telecommunication 8 Computer
Center (Node 3) Building with a remote terminal unit in the TSC and in the Main
Control Room. This radio operates on 120-V AC lighting power feed and is backed
by a 3-hour 48-V DC source in the TBCC Building. This radio system keys the
repeater at Monte Sano Mountain which provides communication to the main PSO
office in Chattanooga. The transmitter at the Monte Sano repeater is primarily
powered by 120-V AC and emergency backed by motor generator.

The loudspeaker paging equipment is dispersed in the control building and
powerhouse areas. Single or multiple open circuits or amplifier failure in individual
units willnot prevent the remaining equipment from functioning.

Both onsite and offsite radio paging are accomplished through a fully redundant
paging terminal located in Chattanooga and powered from an uninterruptable power
supply. Access is provided by dedicated circuits with diversely routed backups.

10.18-6



Offsite S stems

Commercial telecommunications circuits enter the plant through a buried cable.
The demarcation point is in a hut provided by South Central Bell just outside the
security fence. If this cable was cut, an alternative offsite route would be the TVA
microwave system. Both systems are redundantly powered. The ISWC is also an
alternate means of communicating offsite.

The Emergency Radio System operates with either of two separate and spatially
diverse repeater sites. These sites are redundant with respect to operating area
and access to the CECC.

10.18.5 Ins ection and Tests

The most effective test of the telecommunications at the plant is the constant daily
usage of this system. User troubles are reported and repaired promptly. In addition
to daily usage, the Emergency Preparedness Staff performs periodic checks of the
TSC telephones.

10.18.6 Evacuation Alarm S stem

Plant-wide siren coverage is provided for signaling accountability and evacuation to
the plant personnel. These sirens are operated in two modes, undulating for
accountability and monotone for evacuation.

There are two completely separate control stations provided for the system and also
redundant automatic timers. The timers may be manually bypassed in case both
fail.

The motor-driven sirens operate in groups by separate contactors, each of which
has two diesel-backed, 480-V AC power supplies and two redundant actuating
relays.

The electronic sirens and strobe lights operate in groups. Each group has two
redundant actuating relays and is powered from an uninterruptible power supply.

The design of the siren system is such that it will not likely be inoperative for the
following reasons.

Two independent, widely separated operating centers are provided.

2. Duplicate timers located in widely separated bays are furnished with provision
for manual override in case both fail. Each timer is powered by a separate ac
source.



3. Duplicate actuating relays are provided in each remote control unit.

4. Independent, remote-control units are provided, each controlling a group of
sirens or sirens and strobe lights. Failure of one control unit will not affect the
others.

5. Two sources of diesel-backed AC power are provided for each control unit,
with provisions for annunciation upon failure of each source. The control units
that control the sirens and strobe lights are supplied from an uninterruptible
power supply.

6. Power failure to the timers and to the remote control unit actuating relays is
annunciated.

10.18-8
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10.21 POSTACCIDENT SAMPLING SYSTEM

10.21.1 Power Generation Ob ective

The power generation objective of the postaccident sampling system for BFNP
Unit 2 and Unit 3, is to provide representative samples of reactor coolant, torus
liquid, drywell atmosphere, torus atmosphere and secondary containment
atmosphere after a LOCA and during testing and training.

10.21.2 Power Generation Desi n Basis

PASS is designed to fulfillthe requirements of NUREG-0737, Item II.B.3 and to be
able to obtain and analyze the required samples at any time without exceeding the
personnel exposure limits of GDC 19 in Appendix A of 10CFR50. In addition, the
PASS shall be available to perform the following tasks:

1. To safely cope with and obtain fluid samples contaminated by a Regulatory
Guide 1.3 release and using source terms determined by TID-14844
methodology,

2. To allow the safe transport of grab fluid samples to the on-site laboratory,

3. To provide for the required analysis of fluid samples in accordance with the
requirements of Regulatory Guide 1.97, and to provide pertinent data to the
operator with adequate accuracy, range and sensitivity to describe the
radiological and chemical status of the reactor coolant and containment
systems,

4. To safely dispose of the sampling and flushing fluids by returning those to the
torus, with the exception of the secondary containment atmosphere which is
returned back to secondary containment,

5. To reduce activity following sampling, by using nitrogen gas to purge gas
sample return lines and demineralized water to flush liquid sample return
lines,

6. To provide for the packaging of the samples for shipment to an offsite facility
for additional or backup analyses,

7. To ensure obtaining representative fluid samples, by maintaining turbulent
flow through the lines,

8., To minimize the volume of fluid to be taken from containment, by keeping
sample line lengths as short as reasonably achievable, and
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9. To provide adequate cooling and ventilation of the sample station, by
connecting to a two-inch valved vent pipe included in the penetration and
exhausting to the secondary containment for processing through the standby
gas treatment system.

10.2't.3 ~D

As shown on Figures 10.21-1 and 10.21-2, grab samples can be obtained from the
reactor coolant, RHR liquid, drywell gas, torus gas and secondary containment
atmosphere. From the various sources in the reactor building, the samples are
routed to the piping station, through a seismically qualified secondary containment
penetration and to the sampling station installed in the turbine building.

Located nearby the sampling station is the PASS control panel which provides
readouts for conductivity and radiation level; indications for flow, pressure and
temperature; and switches for the various control valves. A graphic display is also
provided on the control panel to show the status of the pumps and valves (except
for the isolation valves). The control panel is designed for sequential and manual

'peration. A selector switch is provided which allows selection of either liquid or
gas sampling mode. Table 10.21-1 provides a listing of PASS in-line
instrumentation.

The sample station consists of a wall mounted frame and enclosures which includes
an upper gas sampler and a lower liquid sampler. Lead shielding is provided for the
gas and liquid sampling compartments.

The piping station, which is installed in the reactor building, consists of sample
coolers and control valves serving the liquid samples.

l

Primary containment isolation valves with isolation signals from the PCIS are
provided for the RHR liquid sample line and the liquid/gas return line to the torus.
System isolation valves are also furnished for the torus gas, drywell gas and the
RBCCW cooling supply lines. These isolation valves are remote manually
controlled from the main control room using 1E control power and 1E qualified
components.

Although the reactor coolant sample is taken from the jet pump instrument line
downstream from an orifice and an excess flowcheck valve, a system isolation
valve is also provided as a precautionary measure and to allow ease in component
maintenance. This isolation valve is remote manually controlled from the main
control room using non-1 E power.

10.21-2
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10.21.4 Safet Evaluation

The PASS is not required to support safe shutdown of the plant. Thus, the PASS
does not perform a safety function, with the exception of providing primary
containment isolation and meeting the requirements for the interface points with the
drywell/torus gas sample lines tied-in to the H2/02 analyzer system, RBCCW and
the secondary containment penetration. A system isolation valve is provided for the
reactor coolant sample line, as an additional safety feature, even though the tie-in
point is downstream from an orifice and an excess flow check valve. This design
meets the requirements of NUREG 0737, Item II.B.3 and Regulatory Guide 1.97.

10.21.5 Ins ections and Tests

PASS equipment is to be operated at least semiannually (+25%) to ensure the
capability to obtain and analyze reactor coolant and primary containment
atmosphere samples under accident conditions. This semiannual operation
provides adequate familiarity and training for plant personnel to assure operational
skills when required.

10.21-3
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11.0 POWER CONVERSION SYSTEMS

11.1 SUMMARYDESCRIPTION

The equipment and evaluations presented in this section are applicable to all three
units.

Steam from the reactor flows directly to the steam turbine (see Figures 11.1-1a and
11.1-1b). Condensed extraction steam is cascaded through the feedwater heaters
to the main condenser where it is deaerated and collected in the condenser hotwell
along with condensed steam from the turbine exhaust and miscellaneous drains
from the turbine cycle. Condensate pumps, taking suction from the hotwell, pump
the condensate through the air ejector condensers, gland exhaust condensers,
off-gas condenser, and filter/demineralizers to the condensate booster pumps which
increase the condensate pressure and discharge through the low-pressure heaters
to the reactor feed pump suctions. The reactor feed pumps discharge through the
high-pressure heaters to the reactor.

Normally, the turbine will utilize all the steam being generated by the reactor.
Automatic pressure-controlled bypass valves are supplied which will discharge
excess steam directly to the condenser. The capacity of the bypass valves is
sufficient to allow load rejections of up to 25% of rated steam flowwithout a turbine
trip or reactor scram.

11.1-1
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11.2 TURBINE-GENERATOR

11.2.1 Power Generation Ob ective

The power generation objective of the turbine-generator is to utilize steam produced
in the reactor core to produce electric power. The turbine-generator controls work
in conjunction with the Nuclear Steam Supply System controls to maintain
essentially constant reactor pressure and to limit transients during load variations.

11.2.2 Power Generation Desi n Basis

The turbine-generator shall be capable of accepting the steam flow from the reactor
vessel and producing a nominal electrical output of 1098 Mw(e).

The probability of a turbine-generator failure leading to ejection of external missiles
has been determined as follows:

a.
b.
C.

d.

At design overspeed (<127 percent)
At runaway failure
Total lifetime probability
Average annual probability

2.6x10-7 per 30 years
1.6x10-7 per 30 years
4.2x10-7 per 30 years
1.4x10 8 per year

The details of the evaluation leading to the determination of these numbers is
presented in the GE memo report, "Probability of Turbine-Generator Rotor Failure
Leading to Ejection of External Missiles," dated February 22, 1971. Based on these
numbers, the failure of the Browns Ferry main turbine-generators resulting in
external missiles is considered improbable. However, the plant has been evaluated
for the consequences of such a hypothetical missile. The results of this evaluation
are presented in the responses to questions B-4-1 of Amendment 3 and C-8-1 of
Amendment 6 to the Browns Ferry Units 1 and 2 "Design and Analysis Report," and
in GE Topical Report, "An Analysis of Turbine Missiles Resulting from Last Stage
Wheel Failure," TR67SL211, dated October 1967.

11.2.3 ~0

The turbine is an 1,800-rpm tandem-compound, six-flow, nonreheat unit with
43-inch last stage buckets. It has a double-flow, high-pressure cylinder and three
double-flow low-pressure cylinders. Steam from the high-pressure cylinder passes
through moisture separators before entering the low-pressure units. The turbine
has five extraction stages for reactor feedwater system heating. Turbine controls
include an electric-hydraulic speed governor, overspeed governor, steam admission
control valves, emergency stop valves, combined intermediate stop-intercept

11.2-1
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valves, bypass valves, and a pair of initial pressure regulators (see Subsection 7.11
for turbine instrumentation and control).

Design conditions for the turbine are:

a. 965 psia steam pressure at the stop valves (essentially saturated), maximum
moisture 0.28 percent,

b. 2.00-in. Hg absolute backpressure (based on 65'F main condenser cooling
water),

c. Zero-percent system makeup, and

d. Extraction of steam and moisture from turbine to provide'five stages of
feedwater heating with feedwater return temperature to the reactor at 376.1'F.

The rated design flow is 13,369,581 pounds of steam per hour. The turbine is
designed to accept, however, a maximum expected flowof 14,038,061 pounds of
steam per hour under the above conditions with the control valves wide open.

The generator is rated at 1,280,000 kVAat a 0.9 power factor and a 75-psig
hydrogen pressure, and has a short circuit ratio of 0.60. The generator exciter
system is of the Alterrex type rated at 2,635 kW and 500-V. The generator is a
direct-coupled, 60-Hz, 22,000-V synchronous unit, with a water-cooled armature
winding and a hydrogen-cooled rotor and stator core. When the turbine is
operating at design backpressure, with valves wide open and all feedwater heaters
in service, the generator will not be overloaded at a 0.9 power factor.

The turbine-generator produces 1,098,420 kW at the generator terminals and
passes 13,369,581 pounds of steam per hour at rated operating conditions.

During normal operations, the steam admitted to the turbine is controlled by the
pressure regulator which maintains essentially constant pressure at the turbine
inlet, thus controlling reactor vessel pressure. The ability of the station to follow
system load depends on adjustment of reactor power level. This is accomplished
by changing Reactor Coolant Recirculation System flow or repositioning of control
l ods.

The steam admission valves close ifan increase in system frequency or loss of
generator load causes an increase in turbine speed. Reactor steam in excess of
that which the admission valve will pass is bypassed directly to the main condenser
through pressure-controlled bypass valves.
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All other interlocks and features necessary to maintain system integrity, such as
those for lube-oil pressure, seal oil pressure, and backpressure, are similar to those
used in conventional turbine-generator systems.

The turbine-generator system is illustrated in Figure 1.6-29 of Subsection 1.6.

11.2.4 Tests and Ins ections

The standard turbine tests at the factory consist of tests of such components as
governor and control mechanisms, regulators, auxiliary oil pumps system,
mechanical balance, and overspeed of rotors. The turbine was assembled at the
factory to establish and verify the fits and operating clearances.

The generator was given standard factory tests which include the following:

Mechanical inspection,
Rotor balance,
Rotor overspeed run,
Measurement of cold resistance of stator and rotor windings,
Winding-insulation resistance measurement,
Dielectric tests,
Air leakage test on hydrogen cooled stator frame,
Resistance-temperature detector test, and
Flow continuity for armature winding.

Tests and inspection are conducted prior to and during operation to ensure
functional performance as required for continued safe operation, and to provide
maximum protection for operating personnel. Among these tests which are
periodically performed are the following:

Testing of main stop valves and protective valves,
Testing of bypass valves and power-operated extraction
system check valves,
Oil-level gauge testing,
Emergency governor testing by oil trip and lockout,
Thrust-bearing wear-detector testing,
Oil trip testing of the emergency governor (during shutdown),
Automatic pump starting,
Control valve tightness test, and
Main stop valve tightness test.

During normal operating periods duplicate equipment is rotated on a regular basis
to assure backup equipment is in operational readiness at all times.
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11.3 IVIAINCONDENSER SYSTEM

11.3.1 Power Generation Ob ective

The objective of the Main Condenser System is to provide a heat sink for the steam
leaving the turbine-generator during power operation.

11.3.2 Power Generation Desi n Basis

The Main Condenser System shall be capable of providing an adequate heat sink
for the turbine-generator at rated reactor vessel steam flow and at 105% rated
steam flow.

11.3.3 S stem Descri tion

The Main Condenser System consists of three deaerating, single-pass,
single-pressure, radial flow type surface condensers with divided waterboxes. Each
one-third-capacity condenser is located beneath one of the three low-pressure
turbines with the tubes oriented transverse to the turbine-generator axis and is
rigidly supported on a foundation. A rubber belt-type expansion joint is installed
between the upper and lower steam inlet sections to permit movement resulting
from the temperature changes of the equipment. Cross connections are provided
for equalization of pressure between condenser shells. Provisions have been made
for the mounting of two one-third-capacity low-pressure extraction feedwater
heaters and a separate drain cooler in the neck of each condenser.

The design heat load for the main condensers is 7.770 x 10'tu/hr which includes
exhaust flowfrom three reactor feed pump turbines. Deaeration is provided to
remove dissolved gases from the condensate, limiting oxygen content to 0.005 cc
per liter at any load during normal operation.

The condenser hotwells have sufficient condensate storage capacity to provide the
quantity of condensate required for 3 minutes of full-power turbine operation.
Baffling in the hotwell is arranged to assure a 2-minute retention time for any given
particle of condensate. This will permit decay of short-lived radioactive isotopes.

With a circulating water temperature of 90'F, the condenser can accept 3,499,764
Ib/hr of bypass steam flow based on approximately 25% of maximum expected flow
at a maximum pressure of 250 psig and a maximum enthalpy of 1191.2 Btu/Ib, in
addition to the normal duty at any operating condition, without exceeding the turbine
low vacuum trip point. Moreover, the turbine exhaust hood temperature will not
exceed 175'F.
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The Main Condenser System will produce a back pressure of 2.0 inches of mercury,
absolute, when operating at rated turbine output with 65'F cooling water and 85%
clean tubes. A continuous tube cleaning system is provided to keep the condenser
operating at peak performance. The condensate leaving the system will have
negligible dissolved gas concentrations.

Admiralty tubes are used throughout Unit 1 condenser; Allegheny Ludlum's AL-6XN
tubes are used throughout Unit 2 and Unit 3 condensers. The condenser shells,
tube sheets, tube support plates, and waterboxes are constructed of carbon steel,
ASTM A 285, Grade C.

The condenser maintains a negligible oxygen concentration in the effluent
condensate by limiting subcooling and thereby limiting gas solubility. Steam jet air
ejectors evacuate the noncondensible gases during normal operation. Mechanical
vacuum pumps (hoggers) evacuate noncondensible gases during startup.
Subsection 11 4 includes a description of the Main Conderiser Gas Removal
System.

The extraction steam and turbine drain piping located internal to the condensers are
designed in accordance with USAS B31.1, 1967.

11.3.4 Ins ection and Testin

The condenser may be tested for leaks by completely fillingwith water, by helium
leak detection, or by other methods. Manways provide access to waterboxes, tube
sheets, lower steam inlet section, shell, and hotwell for purposes of inspection,
repair, or tube cleaning.
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11.4 MAINCONDENSER GAS REMOVALAND TURBINE SEALING SYSTEMS

11.4.1 Power Generation Ob'ective

The objective of the Main Condenser Gas Removal System is to remove
noncondensible gases from the main condenser and deliver these gases to the
Gaseous Radwaste System (modiTied) (see Subsection 9.5).

The objective of the Turbine Sealing System is to prevent the leakage of steam into
the Turbine Building and also prevent the leakage of air into the main condenser.

11.4.2 Power Generation Desi n Basis

1. The Main Condenser Gas Removal System shall be capable of handling the
oxygen and hydrogen produced by disassociation of water in the reactor and
the estimated air inleakage rate.

2. The Turbine Sealing System shall provide adequate sealing steam to the main
turbine and the three reactor feed pump turbines with double clearances on all
shaft seals. The system shall function automatically at all conditions of
operation including startup.

31.4.3 S stem Descri tion

Two full-capacity steam jet air ejectors complete with inter-condensers are provided
for each unit. Two half-capacity, motor-driven, rotary vacuum pumps are provided
to establish the vacuum for the condenser-turbine system at startup. These vacuum
pumps discharge into the same pipe system as the steam-packing exhauster
blowers. Additional air ejector and mechanical vacuum pump system details are
shown in the Offgas System Flow Diagram (Figures 9.5-1, and 9.5-3).

Each Turbine Sealing System includes a steam seal regulator with the necessary
valves to maintain a constant positive pressure in the steam seal supply header and
a single steam-packing exhauster condenser equipped with two full-capacity
blowers to prevent steam leakage at the turbine shaft seals.

11.4.4 Ins ection and Testin

The S JAE was shop-tested in accordance with Heat Exchanger Institute (HEI)
steam jet ejector section requirements.

The mechanical vacuum pumps were shop-tested to verify the capacity and
horsepower requirements over the entire operating range.
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11.5 TURBINE BYPASS SYSTEM

11.5.1 Power Generation Ob'ective

The objective of the Turbine Bypass System is to provide a bypass around the
, turbine directly to the condenser for steam flow which cannot be absorbed by the
turbine.

11.5.2 Power Generation Desi n Basis

The Turbine Bypass System shall provide adequate bypass capacity to limit primary
system pressure increases resulting form sudden load changes.

11.5.3 S stem Descri tion

The Turbine Bypass System consists of nine bypass valves individually piped to the
condenser through a pressure breakdown device (called a trumpet). The steam is
delivered to the condenser at 250 psig.

The bypass system is capable of accepting up to approximately 25 percent of
valves wide open throttle steam flow. The Turbine Bypass System is designed to
pass 3,499,764 pounds per hour of main steam at 1191.2 Btu/Ib to the condenser at
a pressure of 250 psig. The bypass valves are controlled by the initial pressure
regulator to minimize pressure spikes and to compensate for sudden load changes
to 25 percent of design.

This system also provides a means for utilizing the condenser as a heat sink during
startup and shutdown.

Heating and loading of the turbine are accomplished by first establishing a flow of
steam to the condenser through the bypass system, then gradually transferring this
flow to th'e turbine.

During normal shutdown, steam is released to the main condensers through the
bypass system to give the desired rate of cooldown of the reactor.

11.5.4 Ins ection and Testin

Test and inspection:of the system components and equipment will be conducted to
assure functional performance as required for continued safe operation.
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11.6 CONDENSER CIRCULATINGWATER SYSTEM

11.6.1 Power Generation Ob'ective

The power generation objective of the Condenser Circulating Water System is to
provide an efficient means of rejecting waste heat from the power generation cycle
into the ambient surroundings, while meeting all applicable thermal criteria. A
secondary purpose is to provide water for auxiliary cooling service and to dilute and
disperse low-level radioactive liquid waste from the radwaste treatment facilities.

11.6.2 Power Generation Desi n Basis

a. The Condenser Circulating Water System shall provide flow to the condensers
to remove the heat produced during power operation and maintain the
condenser shell pressure at an economical level.

b. The Condenser Circulating Water System shall allow the plant to operate
within the applicable State water-quality standards with a minimum of load
reduction.

c. The Condenser Circulating Water System shall provide the normal raw
cooling water flowfor each unit.

d. The Condenser Circulating Water System shall be capable of providing
adequate flow to the condensers under shutdown conditions without the
normal offsite power supply.

e. The Condenser Circulating Water System shall provide for the dilution and
dispersion of radioactive liquid wastes from the plant.

11.6.3 S stem Descri tion

The flow diagram for this system is shown in Figures 11.6-1, -2, and -3.

The Condenser Circulating Water System is designed to provide a flow of 630,000
gpm for Unit 1 and 675,000 gpm for Unit 2 and Unit 3 to the condenser during open
cycle operation (see paragraph 11.3.3), and a flow of 30,000 gpm for Unit 1 and
25,000 gpm for Unit 2 and Unit 3 to auxiliaries of each unit.

Three pumps are provided per unit, each with a capacity of 220,000 gpm for Unit 1

and 233,333 gpm for Unit 2 and Unit 3 at a design head of 32.5 feet for Unit 1 and
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29.7 feet for Unit 2 and Unit 3. The hydraulic gradient for Unit 3 is similar to that of
Unit 2.

This was the minimum number of pumps which could supply the total flowand yet
remain in an economical size within manufacturer's capability. Head losses are
held to a minimum by designing the system to maintain the most practical velocities
and smoothness of flow commensurate with construction and operating costs.

The intake pumping station is located at the land end of the intake channel, which
has a bottom EL. 523 ft above sea level.

On the reservoir end of the intake channel is located gate structure No. 3, which
consists of three motor-operated wheel gates which are capable of acting as a
skimmer wall by blocking the intake channel down to EL. 527.

The nine circulating water pumps are vertical, nonpullout-type, single-stage,
mixed-flow, wet-pit-type. Suction for these pumps is provided to EL. 532. Each
group of three pumps, operating in parallel, supplies the condenser cooling water
requirements for full power requirements of a generating unit. The pumps are
directly driven by 2,250-HP, vertical, solid-shaft, 253-rpm, weather-protected-type
outdoor motors. Each pump is installed in a separate suction well with entering
water strained by trash racks and two 3/8-inch mesh traveling screens, 7-1/2 feet
wide, operating in parallel. Each pump discharge is equipped with 96-inch
diameter, motor-operated butterfly valves. The discharges of the three pumps are
brought together in a steel trifurcation transition to a single tunnel which varies
throughout its length from a 16 ft 6 in. diameter culvert to a 14 ft 6 in. square culvert.
The water is channeled to the condenser by this tunnel.

No chemical treatment is used in the condenser circulating water.

An Amertap cleaning system is provided for automatically cleaning condenser tubes
when the system is in operation (see paragraph 11.3.3).

Normally, fillingand operating of the condensers are accomplished by (1) venting,
(2) evacuation of the condenser water box by a vacuum system, and (3) operation
of at least two circulating water pumps. Each condenser has three cooling water
paths. The three cooling sections of the three condensers can be operated fully
flooded by only one pump by (1) throttling the condenser discharge valves, and (2)
venting. The discharge from the condensers passes to the discharge tunnel and
then either to the warm water channel going to the cooling towers or to the
discharge diffusers in the reservoir.
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Gate 1A is provided to either allow the discharge from the condenser to pass out
through the diffusers in the reservoir or to divert the water to the warm water
channel by way of the vacuum loop. Gate 1A consists of three motor-operated
wheel gates, with one gate in the discharge conduit from each unit. The gates are
controlled to operate independently of one another.

The vacuum loop is a high point in each tunnel which carries water to the warm
water channel while operating under vacuum at the normal design flow. The
discharge of the tunnel at the warm water channel is submerged under all operating
conditions. When gate 1A is closed, water is pumped over the high point at a
reduced flow rate by the operation of three circulating water pumps. The air which
is displaced by the water is vented through vent valves. When all air can be
vented, a vacuum is established and one circulating water pump can be stopped.
The flow through the vacuum loop then stabilizes to the desigh flow rate. The
vacuum is maintained by a vacuum priming system.

Water is pumped to the four cooling towers by pumps located in four pumping
stations located along the warm water channel. Each pumping station has two
137,500 gpm pumps at a design head of 75 feet. As a result of fires in 1986 and
1996, two of the original six cooling towers have been destroyed. The liftpumps,
piping, and basin for station 43 can still be used to provide a flow path from the
warm water channel to the cold water channel to control water level in the warm
water channel.

The twelve cooling tower supply pumps are 440-rpm, mixed-flow, vertical, wet-pit,
nonpullout-type, above the deck discharge. The pumps are direct-connected to
3100-HP, solid-shaft electric motors. Each pump is installed in a separate concrete
pumping pit which has long approach walls to reduce flow turbulence and to prevent
vortices.

The four mechanical-induced-draft, crossflow cooling towers consisting of sixteen
cells each are designed for a cold water temperature of 84'F at a flow of 275,000
gpm, at a wet bulb temperature of 55'F and a range of 31.7'F when the cooling
towers are used in the once-through mode (helper mode). Fans are electrically
driven by 200-horsepower, 1800-rpm, totally enclosed fan-cooled motors. A
20-inch-diameter, 5-foot-high standpipe is located at the top of each tower riser to
provide a vent to the atmosphere in the event of a sudden reverse flow of the water
due to the loss of pump flow.

Tower cool-water basins are reinforced concrete structure, and framing is of
redwood; the exterior is of corrugated cement-asbestos board sheathing, and the
heat exchanger fill is polyvinyl chloride.
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The discharge from the cooling tower cold water basins flows into an open channel,
over a discharge control structure, and then through gate 1 back to the reservoir
through the diffuser. The design of the cold water channel, discharge control
structure, and gates 1 and 2 is described in paragraph 12.2.7.

The Condenser Circulating Water System provides for a diffuser discharge system
which injects the waste heat into the reservoir in such a way so as to maximize the
area of the mixing zone.

The diffusers are extensions of the discharge tunnels, made of corrugated metal
pipe laid on the bottom of the reservoir. They have a series of nozzles on the
downstream side to inject the condenser discharge water into the main flow of the
reservoir. Fordetailsofthediffusersystem, seeparagraph12.2.7.5. The
Condenser Circulating Water System is a combined system capable of operation in
open or helper modes, or any combination thereof.

In the open mode, water is drawn into the circulating water pumping station forebay
from the reservoir, pumped through the main condenser, passed through gate 1A,
and discharged back into the reservoir through the diffusers. Gate 3 is open to
allow water to flow into the pumping station forebay, gate 1A is open to allow water
to flow back to the reservoir from the plant, gate 2 is closed, and gate 1 is open to
allow rainfall in the cooling tower area to run off. Additionally, gate 1 can be
opened to assist in CCW pump back pressure control. The vacuum loop in the
tunnels to the cooling towers is vented to the atmosphere, and the vacuum system
is on auto-standby.

In the helper mode, water is drawn into the circulating water pumping station
forebay from the reservoir, pumped through the main condenser, diverted through
the vacuum loop into the warm water channel going to the cooling towers, and
pumped out of the warm water channel through the cooling towers by the liftpumps.
The discharge from the cooling towers flows into the cold water channel, over the
discharge control structure, and is then diverted through gate 1 (gate 2 is closed)
and is discharged back to the reservoir through the discharge diffusers. Gate 1A
may be throttled to assist in warm water channel level control.

The Condenser Circulating Water System is designed so that one of the nine
circulating water pumps can furnish adequate flow to the condensers of all three
units under shutdown conditions and without normal offsite power supply. Two
standby diesel-generators are operated in parallel to start the single pump required
for this condition.

One pump cannot be operated alone without its discharge being throttled to
produce a head on the pump sufficient to provide a downthrust on the pump. To
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operate a pump without downthrust willdamage the Kingsbury-type thrust bearing
in the pump motor.

Practically all of the head in the system is friction, with the exception of the loss
through the diffuser nozzles. The entire Condenser Circulating Water System is
below siphon-break limitations. A vacuum system operating continuously keeps all
passages of the open mode system full.

The pumping station also houses the makeup water treatment plant filter and
demineralizers, makeup demineralized water supply pumps, traveling screen wash
pumps, motor-driven fire pumps and strainers, residual heat removal service water
pumps, emergency equipment cooling water pumps and strainers, and associated
electrical equipment.

The screen wash system can be operated in manual or automatic modes.
Differential pressure across each pair of traveling screens is monitored by an air
bubbler system. When operating the system in the automatic mode, the screen
wash pump is started when a preset pressure differential is reached across any of
the three pairs of screens. When a pressure of 70 psi is established at the screen
wash nozzles, the screen motors are automatically started and the screens are
washed. In either manual or automatic mode the pump and screens run until
manually stopped.

Water supply to the RHR service water pumps passes through these screens;
however, the pumps take suction from their own pit, separate from the Condenser
Circulating Water pumps.

The traveling screens are not designed to operate under loss-of-power conditions.
Since the ratio of flowfor normal operations to that for loss of normal auxiliary
power conditions is about 100:1 (33:1 with loss of Wheeler Dam), adequate flow to
the RHR service water pumps is assured without automatic cleaning of the screens.

11.6.4 Power Generation and Safet Evaluation

The intake pumping station is a watertight structure below the top deck which is at
EL. 565.

The design of the intake channel and pumping station structure is described in
paragraph 12.2.7. The Condenser Circulating Water pumps and valves are not
designed to Class I design considerations. The circulating water pump motors and
traveling screens are the only parts exposed above grade. The pumps have been
analyzed and determined to be stable under tornado wind conditions. They are
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subject to individual missile damage, but there is virtually no possibility of all nine
pump motors being damaged simultaneously by missiles.

One circulating water pump has more than adequate capacity to dissipate the
shutdown heat for the three units. A cross-tie with electric-operated butterfly valves
is provided between the three circulating water tunnels so that any one pump in
emergency, can supply water to all units. As previously stated, throttling of the
pump is required to prevent its operating at too-low head conditions. Ifthe units
happen to be operating in the helper mode during a power blackout, gate 1A must
be manually cranked partially open within 4 hours. This is necessary to avoid the
overflow of water out of the warm water channel, due to the single circulating water
pump delivering water to the warm water channel with all tower liftpumps off.

The design of gate structures 1, 1A, 2, and 3 is described in paragraph 12.2.7.
None of the gates in the system has Class I design considerations. The vacuum
priming system on the vacuum loop does not have Class I design considerations,
but a vacuum breaking system with the remote manual control to break vacuum on
the vacuum loop is a redundant, seismic Class I engineered safeguard. The
vacuum must be broken by the operator upon loss of the downstream dam to
prevent backflow of warm water from the tower warm water channel through the
plant to the pumping station forebay.

The Condenser Circulating Water System would be susceptible to backflow to the
pumping station forebay, until the operator breaks the siphon at the vacuum loop, if
all the main condenser circulating water pumps were to stop with the level in the
warm water channel above the forebay level. Therefore, whenever the CCW
system is operating with a vacuum in the vacuum loop, the operator shall maintain
the warm water channel level below the level of the forebay.

Whenever the level in the warm water channel exceeds the forebay level, the
operator is alerted by redundant warm water channel indicator and a forebay/warm
water channel differential level indicator in the control room. The control room
indicators, level sensors, and control room instrumentation power supply are all
designed to seismic Class I criteria. The cabling between the control room and the
sensors is not seismically designed. However, the control room indicators give an
indication of adverse differential water level or an indication of instrument
malfunction, ifthe cables are short-circuited or open-circuited, respectively. In
addition, both of these conditions are alarmed in the control room.

Neither operation of the mechanical draft cooling towers nor of the cooling tower lift
pumps serves any safety-related function.
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11.6.5 Ins ection and Testin

Components of the system which are in continuous service during normal plant
operation require no additional periodic testing. Gates, cooling towers, and other
nonsafety-related components which operate intermittently are inspected and tested
periodically for operability. All safety-related features such as the vacuum breaking
system are also inspected and tested periodically to verify their operability.

11.6.6 0 erational Re uirements

In addition to the condenser cooling requirements, the Condenser Circulating Water
System supplies water to the plant raw cooling water pumps, which, in turn, supply
cooling water to certain essential systems (not as an essential source) and to all
nonessential water-cooled systems.

In the event of complete outage of the circulating water pumps, at least one raw
water cooling pump per unit can still be supplied by the gravity head in the
condenser intake tunnels. In the event of complete failure of the Condenser
Circulating Water System, the essential systems are provided with backup supply
from the RHR service water pumps feeding through the EECW system.

11.6.7 Radioactive Waste Dischar e

Operation of the radioactive system discharge, in conjunction with the Condenser
Circulating Water System, is described in paragraph 9.2.5.
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11.7 CONDENSATE FILTER-DEMINERALIZERSYSTEM

11.7.1 Power Generation Ob'ective

The objective of the Condensate Filter-Demineralizer System is to treat the flowof
condensate from the condenser hotwell to remove dissolved and suspended solids
which result from corrosion in the condenser and associated piping systems and
from leakage of cooling water into the condenser.

11.7.2 Power Generation Desi n Basis

1. The system will be capable of processing the full flow of condensate under
normal operating conditions.

2. The system will be capable of handling, at less than full flow, the high
concentrations of dissolved and particulate material present in the condensate
during startup and restart operations.

3. The system will be capable of handling some inleakage of condenser cooling
water without increase in effluent conductivity.t 11.7.3 S stem Descri tion

The Condensate Filter-Demineralizer System for each reactor unit consists of nine
filter-demineralizer units, a backwash system, a precoat system, and a bodycoat
system (Figure 11.7-1 ).

The flilter-demineralizer units are located in individual concrete cells. No valves or
other equipment with moving parts are located within the cells. Holding pumps,
which serve to keep the precoat in place while their associated units are out of
service, are located in a pump and valve room adjacent to the demineralizer units.

The filter-demineralizer units, arranged in parallel, are supplied by the condensate
pumps via an inlet header. An outlet header collects the effluent from the individual
filter demineralizer. When the unit is shut down for refueling, one or more
filter-demineralizer units may be used to polish condensate for fillingthe reactor
well and dryer-separator pit. The fillwater is normally supplied from condensate
storage to the reactor via the condenser hotwell and the condensate and feedwater
lines. At the end of the refueling period, filter-demineralizer units are used to treat
water drained from the reactor well and dryer-separator pit before it is returned to
condensate storage.
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The filter-demineralizer system effluent water should meet the following quality
criteria during power operation:

Loading Effluent

Specific conductivity
Total iron.
Total copper................

....... Less than 0.1 micromho/cm
Less than 10 ppb

.......................... Less than 2 ppb

The filter-demineralizer vessels are vertical cylinders with dished heads. They are
6 feet in diameter by 6 feet 6 inches straight side height. Each vessel contains 302
filter elements which are removable for inspection or replacement. The system is
designed for a total flow of 26,800 gpm. Flow rates are approximately equal
through each filter-demineralizer unit.

The filter-demineralizer filter elements are coated with a mixture of cation and anion
exchange resins in hydrogen and hydroxyl forms, respectively. The coating is
applied to the filter elements to a thickness of about 1/4 inch. This coating serves
the dual functions of filtration and ion exchange. A fibrous filter aid may be included
in the coating. A body feed of filter aid slurry may be fed into the inlet header for
distribution to the filter demineralizers.

A filter-demineralizer unit may be removed from service when its pressure drop
exceeds operational requirements or when the effluent conductivity increases
above water chemistry specification. The exhausted unit is backwashed to remove
the spent resin, which is flushed to a backwash receiver tank. Fresh resin slurry is
prepared as required and pumped to the unit, where the resin particles are
deposited on the filter elements to a thickness of about one-quarter inch. Backwash
and precoating operations are normally performed automatically but may be
performed manually. After precoating is completed, flow produced by the holding
pump keeps the resin coating in place on the filter elements until the unit is placed
in service. Backwash receiver tank contents are pumped to one of the condensate
phase separator tanks in the Radwaste Building.

A strainer which serves as a resin trap is located in the effluent line from each
filter-demineralizer unit. The resin trap is designed to stop particulates that might
leak through in the event of a failure of one or more filter support elements.
Instrumentation and controls are provided to perform the following functions:

a. Measure electrical conductivity of water in the influent header, effluent line of
each filter-demineralizer, and effluent header. Alarms are provided for each of
the effluent points.
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b. Measure pressure drop across each filter-demineralizer, and alarm on high
differential pressure..

c. Measure pressure differential between influent and effluent headers, and open
the system bypass valve on system high-differential signal.

d. Measure flow rates.

e. Start holding pump when flow rate through any filter-demineralizer unit
decreases to a preset setpoint.

f. Alarm high-pressure drop across resin traps.

Controls and local instrumentation for the system are mounted on a panel located
near the precoat system. Recorders and alarms are on this panel. In the Main
Control Room, an alarm indicates trouble in the condensate demineralizer system.
A hand switch which operates the system bypass valve is also located in the Main
Control Room. Recorders and alarms for conductivity are also located in the
analytical laboratory.

Decontamination of filter-demineralizer units can be performed using the precoat
system to make up and circulate decontaminating solutions.

11.7.4 Power Generation Evaluation

In the event of a complete power failure, the condensate pumps stop, and flow
through the filter-demineralizers ceases. The holding pumps are not supplied with
emergency power, so that they are unable to maintain a minimum flow. Under
no-flow conditions, the coating on the filter elements tends to fall to the bottom of
the vessel. Before the filter-demineralizers are returned to service, after power is
restored, they should be backwashed and precoated.

11.7.5 Ins ection arid Testin

The filter-demineralizer system is used extensively during preoperational testing
and during startup operations. This use provides thorough testing of the system.

Filter-demineralizers elements are replaced, as required, by high differential
pressure across a filter demineralizer unit. Other equipment in the system receives
routine maintenance.
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11.8 CONDENSATE AND REACTOR FEEDWATER SYSTEMS

11.8.1 Power Generation Ob ective

The objective of the Condensate and Reactor Feedwater Systems is to provide
feedwater to the reactor to maintain a constant reactor water level.

11.8.2 Power Generation Desi n Basis

The Condensate and Reactor Feedwater Systems shall provide adequate feedwater
to the reactor vessel during power operation.

11.8.3 S stem Descri tion

The Condensate and Reactor Feedwater Systems take suction from the main
condensers and deliver demineralized water to the reactor vessel at an elevated
temperature and pressure. Refer to Figures 11.8-1, 11.9-1 a and 11.9-1b for system
flow paths.

The Condensate and Reactor Feedwater Systems for Units 1 and 3 are designed to
provide 13,997,300 Ib/hr of 380.1 F water to the reactor vessel under main turbine
control valves wide-open conditions. For Unit 2, the design flow is 13,845,200 Ib/hr
at 378.4'F.

Feedwater heaters are designed in accordance with the Heat Exchange Institute
(HEI) Standards for Closed Feedwater Heaters. The Condensate and Reactor
Feedwater Systems are Class II systems, with associated piping designed in
accordance with USAS B31.1, 1967. The boundaries of the system extend from the
condenser hotwell to the containment isolation valves downstream of the reactor
feedwater pumps. The major system components are described below.

11.8.3.1 Condensate and Reactor Feedwater Pum s

Three vertical, centrifugal, motor-driven condensate pumps; three horizontal,
centrifugal, motor-driven condensate booster pumps; and three horizontal,
centrifugal, single-stage reactor feedwater pumps with variable-speed steam
turbines are provided for these systems. In the event one condensate pump or one
condensate booster pump is out of service, approximately 90%-load can be carried.
In the event one reactor feedwater pump is out of service, reactor power operation
is limited by the feedwater flowwhich can be supplied by the remaining two reactor
feedwater pumps. The feedwater pumps utilize water from the injection water
system for sealing and cooling. A differential pressure indicator exists in the line
between the duplex strainer and the feedwater pumps. This decreases the
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possibility of a loss of feedwater transient caused by inadequate cooling flow to the
feedwater pump due to a clogged strainer.

11.8.3.2 Feedwater Heaters

Three parallel strings of heaters, each consisting of three low-pressure feedwater
heaters and two high-pressure feedwater heaters, are provided. The feedwater
heaters may be taken out of service in various combinations without plant
interruption but at a slightly reduced generator output. Analyses show that
operation with final feedwater temperature reduced by up to 47 degrees Fahrenheit,
at rated conditions, can be accommodated within the licensing basis.

The lowest-pressure heaters have separate drain coolers. All others have integral
drain coolers. The two sets of lowest-pressure heaters, along with the separate
drain coolers, are located horizontally in the condenser necks.

The remaining three sets of feedwater heaters are vertical. All heaters are of the
two-pass, U-tube type. The separate drain coolers are of the one-pass,
straight-tube type.

All tubes are stainless steel, rolled, and welded to the tube sheets. Stainless steel
baffles are provided at entering steam and drain connections.

Condensate drainage from the drain coolers of each feedwater heater flows to the
next lower-pressure heater by means of pressure differential between successive
heaters. Condensate drainage exiting from the separate drain cooler of the
lowest-pressure heater is returned to the condenser.

11.8.3.3 Condensate Filter/Demineralizer S stem

A complete full-flowdemineralizing system is provided in the condensate system to
ensure that required water quality to the reactor vessel is maintained. A description
of this system is included in Subsection 11.7.

11.8.3.4 Steam Jet Air E'ector SJAE inter-Condensers

Condensate leaving the condensate pumps is divided and directed through SJAE
inter-condensers, offgas condenser, and the steam-packing exhauster. A
description of the air removal equipment is included in Subsection 11.4.
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11.8.3.5 Steam-Packin Exhauster

The steam-packing exhauster is arranged in parallel with the SJAE to minimize the
pressure loss in the condensate system. Description of the exhauster system is
included in Subsection 11.4.

11.8.3.6 Off as Condenser

The offgas condenser is also arranged in parallel with the SJAE. A description of
the offgas condenser is included in Subsection 9.5. To further minimize the
pressure loss, a butterfly valve is provided to permit part of the condensate to
bypass the parallel heat exchangers when flow is adequate to satisfy all
performance requirements of the heat exchangers. The condensate side of the
offgas condensers is equipped with flow measuring devices. A pressure tap is
located at each end of the piping, leading from the condenser to other process
systems. These pressure taps are connected to differential pressure indicators
which constitute the flow measuring devices. These devices are strategically
placed to avoid areas of moisture concentration whenever possible.

11.8.3.7 Feedwater Control

Feedwater flow is normally controlled by varying the speed of the reactor feedwater
pump turbine drives. However, during startup, feedwater flow is controlled by
startup level control valves (see Subsection 7.10).

11.8.3.8 Condensate and Reactor Feedwater S stem Minimum
FFIB F

The condensate system is provided with a minimum flow bypass located
downstream of the condensate filter/demineralizers. The bypass valve receives its
operating signal from a flow device located in the condensate pump discharge line.
The purpose of this bypass is to protect the condensate system pumps, and to
provide cooling water (condensate) flow to the SJAE condensers, offgas condenser,
and steam-packing exhauster at all times.

The reactor feedwater system has a minimum flow bypass line located downstream
of each feedwater pump to permit direct recirculation of condensate to the main
condensers. The bypass control valve in each line opens on a low-flowsignal from
a flow-measuring device located downstream of each pump and thereby protects
the pumps from damage due to insufficient flow.
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11.8.3.9 Condensate 0 en In ection S stem

The condensate system is provided with means to inject oxygen gas into the
condensate in order to minimize corrosion in the condensate and feedwater system
piping. A program of feedwater dissolved oxygen control minimizes corrosion
product input into the reactor, thereby decreasing radiolytic activation products,
pipe wall thinning, plate-out, and fouling of heat transfer surfaces. The non-safety,
non-seismic oxygen injection system is located in the turbine building in an area
where no safety-related equipment is located. (See Figure 11.9-1 a)

The injection system consists of supply tanks with regulators supplying oxygen gas
to a flow control panel equipped with a manual flow regulator, flow. indicator,
pressure indicator and manual isolation valves. The injection tubing connects to
each of the three condensate pumps'uction. The manually operated injection
system design provides safety features to limitexcess oxygen flow into the
condensate/feedwater system. An excess flow check valve protects against excess
gas flow due to regulator failure or injection tube break. The tubing and panel are
protected from over pressure with a relief valve, and check valves prevent backflow
of condensate into the oxygen injection system.

11.8.3.10 Zinc In ection Skid

The Unit 3 Feedwater System is provided with a passive Zinc Injection System. The
system consists of a simple recirculation loop around the feedwater pumps which
injects (dissolves) small amounts of zinc oxide into the reactor feedwater. The
presence of trace quantities of zinc reduces occupational radiation exposure to
plant personnel by promoting the formation of a thin oxide layer on stainless steel
piping and components. This thin oxide layer results in reduced soluble Co-60
buildup and is a primary factor in reducing shutdown dose rates on piping and
components (see Figure 11.8-1, Sheet 3).

11.8.4 Ins ection and Testin

Test and inspection of system components and equipment are conducted to ensure
functional performance as required for continued safe operation, and to provide
maximum protection for operating personnel.

The initial factory acceptance testing of the condensate and reactor feedwater
pumps, and the shell and tube sides of the feedwater heaters, consists of
hydrostatic testing at 1-1/2 times the design pressure.
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Condensate and reactor feedwater pumps receive shop tests verifying pump head,
capacity, efficiency, and BHP requirements over the entire flow range. Certified
pump curves are on record and final pump data have been incorporated into system
design.
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11.9 CONDENSATE STORAGE AND TRANSFER SYSTEMS

11.9.1 Power Generation Ob'ective

The power generation objectives of the Condensate Storage and Transfer Systems
are to deliver condensate to other systems at the flow rates and pressures required,
and to receive inputs of water of condensate quality from other systems.

11.9.2 Power Generation Desi n Basis

1. The Condensate Storage System, including the supply-return headers, shall
be capable of supplying makeup water to the hotwells of the main condensers,
and water to the suctions of the control rod drive pumps and the condensate
transfer pumps; for test purposes, to the headers in the basement of each
Reactor Building which supply the core spray, RHR, RCIC, and HPCI pumps.

2. The Condensate Storage System, including headers, shall be capable of
receiving inputs of water from the Radioactive Liquid Waste System,
condenser hotwell high-level reject water, and water returned during tests of
the RCIC and HPCI pumps.

3. The Condensate Transfer System shall provide water under pressure for such
purposes as backwashing filters and demineralizers, makeup to the spent-fuel
pools, and decontamination of reactor well, dryer-separator pit, and spent fuel
shipping cask.

4. The Condensate Transfer System shall be capable of transferring water from
one condensate storage tank to another.

5. The Condensate Storage System shall provide a reserve supply of
condensate to serve as the preferred source of water for the operation of the
HPCI and RCIC Systems.

6. The Condensate Storage System, including the associated supply-return
headers, shall be sized such that while it is supplying normal requirements for
condensate at maximum demand, the system shall be capable of supplying
the added demand created by a design basis accident.

11.9.3 S stem Descri tion

Flow diagrams of the Condensate Storage and Transfer Systems are shown in
Figures 11.9-1 a and 11.9-1b.

11.9-1



BFN-16

11.9.3.1 Condensate Stora e S stem

Condensate meeting the quality requirements given in Table 11.9-1 is stored in
three 375,000-gallontanks. Thetanksare located out-of-doors. Theyare
constructed of steel, and are painted inside with a phenolic-epoxy protective
coating. Makeup water is supplied from demineralized water storage.

Two supply return lines per unit, one 20 inches (steel on Unit 1, aluminum on Units
2 and 3), and one 24 inches (aluminum) in diameter, interconnect the storage tanks
and lead to the Turbine Building, from which branch lines lead to points of use. The
20-inch lines terminate in standpipes within the tanks. These standpipes prevent
the level in the individual tanks from being drawn below the 135,000-gallon level via
the 20-inch pipe. The 24-inch lines terminate near the bottoms of the tanks. The
valves between the tanks and the 20- and 24-inch lines are normally closed to
prevent crossload, resulting in a unitized system.

The 20-inch line normally supplies water for nonsafeguards uses. The line
connects directly to the condensate transfer pump suctions and to the condenser
hotwells for makeup. The transfer pumps supply water to the following:

Condensate, cleanup, and fuel pool filter-demineralizers for backwashing,

Reactor Building operating floor for decontaminating spent-fuel shipping
casks and walls of reactor wells and dryer-separator pits, and for makeup to
the fuel pools,

RHR and core spray systems flush and fill, and

Floor drain and waste filters and waste demineralizer for backwashing.

The 20-inch line receives return flows from HPCI and RCIC pump tests. The
24-inch line receives return flow from the high-level reject from the condenser
hotwells. The latter includes water drained from the reactor well and
dryer-separator pit following the refueling, and reactor water released via the
Reactor Water Cleanup System during startup.

The 24-inch supply-return header, which has access to the entire volume of the
storage tanks, is lined up to supply water to the condensate header in the basement
of each Reactor Building, which, in turn, is the primary supply of water to the HPCI
and RCIC pumps. The 24-inch supply-return header also provides water to the
control rod drive pumps.
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Water recovered in the radwaste system is returned to condensate storage via the
Unit 1 20-inch line.

The three storage tanks and the two supply-return headers for each unit are not
designed to Class I seismic requirements.

The condensate ring header and branch lines from the supply-return headers that
supply condensate to the systems are designed to seismic Class I requirements
inside the Reactor Building.

In addition to the three tanks described above, two 500,000-gallon condensate
storage tanks are available for temporary storage of torus and reactor vessel cavity
water during outages.

11.9.3.2 Condensate Transfer S stem

The Condensate Transfer System includes two centrifugal pumps rated at 1,000
gpm each at 200 feet head. A 10,000-gallon head tank is connected into the pump
discharge line. The tank is located on the roof of the Reactor Building,
approximately 150 feet above the pump. Normally, one pump is used at a time.

The transfer system operates such that small quantities of water are supplied from
the head tank, while larger quantities are supplied by the operating pump. The
head tank sets the system pressure. When large quantities of water are required,
the head tank is valved offfrom the rest of the system, and both pumps are placed
on manual operation.

Ifone of the condensate storage tanks is to be taken out of service, the water in it
can be transferred to the other storage tanks, using the transfer pumps. Valves are
set so that the 20-inch supply-return header is connected to the bottom of the tank
to be emptied. The valves in the 24-inch supply-return header are closed to the
tank being emptied and open to the tanks being filled. The transfer pump is set to
take suction via the 20-inch line and discharge through the 24-inch line. Should an
accident occur during the transfer, all of the water in the tanks being filled, and
some in the tank being emptied, is available to the safeguards systems. The only
operator action required is to open the valve in the 24-inch line and to stop the
transfer pumps before the suction is lost from the tank being emptied.

11.9.3.3 Instrumentation and Controls

Figure 11.9-2 is a control diagram of the systems. Figure 11.9-3 is a logic diagram.
Instruments and controls for the condensate storage tanks and the condensate
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transfer pumps are located in the Unit 1 control room. Included on panel 9-20 are
the following:

Level indicator for each of the three condensate storage tanks,

Control switch for each of the six motor-operated valves in the two
supply-return headers, with position-indicating lights,

Control switch for each of the two condensate transfer pumps, with status
lights, and

Control switch for air-operated valve which isolates the condensate head tank
from the condensate transfer pump discharge line, with position-indicating
lights.

Annunciators mounted on Main Control Room panel 9-20 are actuated by the
following signals:

High level in a condensate storage tank,
Low level in a condensate storage tank,
High-high level in condensate head tank, and
Low-low level in condensate head tank.

The high-level alarm on the condensate storage tank, located just below the
overflow, informs the operator that inputs to the tanks must be stopped to avoid
overflow. The low-level alarm is located just above the 135,000-gallon level, and
informs the operator that the level is approaching the point at which outflow into the
20-inch header will cease.

Controls on the condensate head tank start the selected condensate transfer pump
at low-tank level, and stop the pump at high level. Should the demand exceed the
capacity of one pump, the alternate pump is started at low-low level.
Simultaneously, the low-low level alarm is actuated. Should the cutoff switch at the
high level fail to stop the pump, the second cutoff switch at the high-high level stops
it. The high-high level alarm is actuated simultaneously.

Level indicators are locally mounted on each of the condensate storage tanks.

11.9.4 Power Generation Evaluation

The Condensate Storage and Transfer System, as described in paragraph 11.9.3, is
capable of meeting the requirements listed under paragraph 11.9.2.
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The Condensate Storage System is designed such that each of the three storage
tanks contains a reserve supply of 135,000 gallons. The only normal water
requirements drawn from the reserve volume are a substantially continuous flow of
about 65 gpm per operating BFN unit for control rod drive cooling water, and
periodic, short-term requirements for tests of engineered safeguards system pumps.
Since the latter flows are returned to the storage tanks, the tests do not reduce the
amount of water in storage.

Standard operating practice is to maintain a reserve of 135,000 gallons per
operating reactor. This reserve is the preferred source of cooling water for any kind
of accident condition that requires operation of the HPCI and RCIC pumps to supply
water to the reactor. Ifthe tanks or headers were destroyed, as by an earthquake
or tornado, the HPCI pumps would automatically take suction from the suppression
chamber. This action is initiated by redundant level switches located in the line
leading from the supply-return headers to the header in the Reactor Building
basement. The switches respond to a low-level signal which indicates that the
24-inch supply-return header is not delivering water. The basement header
contains sufficient water to supply the pumps while the transfer to the suppression
chamber is being made.

Only one tank normally supplies water to each unit. However, if it becomes
necessary to remove a condensate storage tank on one unit from service, one of
the other unit's condensate storage tanks can furnish the needed water by opening
the appropriate valves separating the three-unit supply and return lines. It is
possible to provide all the water for all three units from one unit's tank by opening
all the valves.

If it becomes necessary to remove all three storage tanks from service, the plant will
be shut down.

The 20- and 24-inch supply-return headers are of adequate size that, while carrying
maximum normal flows, they can accommodate the added flows occasioned by an
accident on one of the units and provide adequate NPSH to the safeguards system
pumps. When both lines are in service, maximum normal flows include tests of
safeguards pumps.

11.9.5 Ins ection and Testin

The condensate storage tanks are inspected at appropriate intervals to ascertain
the condition of the protective coating, and routine inspection and maintenance are
performed on valves, pumps, and piping. No special tests of the Condensate
Storage and Transfer System are required.
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TABLE 11.9-1

QUALITYREQUIREMENTS FOR CONDENSATE IN STORAGE

Specific Conductivity pmho/cm

Silica (as SIO~), ppm

Chloride (as C1), ppm

Filterable Iron ppm,

5 1.0

5 0.05

6 0.05

5 0.2
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12.0 STRUCTURES AND SHIELDING

12.1 SUMMARYDESCRIPTION

The principal structures include the reactor, turbine, radwaste, diesel generator,
office and service, off gas treatment, and the standby gas treatment buildings, and
the equipment access lock, hydrogen trailer port, guardhouse, chimney (stack), and
the intake water pumping station. Where required, design consideration has been
given to wind loads at 100 mph, tornado loads at 300 mph, operating basis
earthquake with 0.1g maximum ground acceleration, and design basis earthquake
with 0.2g maximum ground acceleration. Live loads, dead loads, and impact and
reaction loads have been accounted for, as well as pipe and equipment loads,
thermal loads, and the effects of earth, hydrostatic, and ground water pressure.
Where appropriate, jet loads and other forces resulting from ruptured piping and the
effects of possible missiles have been included.
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12.2 PRINCIPAL STRUCTURES AND FOUNDATIONS

See Figure 12.2-1 for location of structures.

12.2.1 Loadin ConsiderationsforStructures Foundations E ui mentand
~Sstems

Structures and Foundations

Dead Loads
Live Loads
Pipe and equipment loads
Reactions from cranes
Impact toads for equipment handling
Wind loads - 100 mph
Tornado wind loads - 300 mph
Tornado depressurization
Generated missiles
Operating Basis Earthquake loads
Design Basis Earthquake loads
Thermal loads
Jet load - main steam or recirculating line break
Pressure from rupture of primary piping
Lateral earth pressure loads
Ground water hydrostatic pressure loads
Hydrostatic water pressure
Lateral pressure of freshly placed concrete
Temporary construction loads

Reactor Building Crane

Dead loads
Live loads
Impact loads
Trolley and bridge movements
Trolley and bridge collision
Motor stall
Tornado wind loads - 300 mph
Operating Basis Earthquake loads
Design Basis Earthquake loads

12.2-1
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12.2.2 Reactor Buildin Class I

12.2.2.1 Concrete Structure Below EL. 565.0

This portion of the Reactor Building is a reinforced concrete structure founded on
rock surrounded by earth backfill or adjacent to another unit Reactor Building
structure. It is divided into three similar units by a one-inch-wide expansion joint
filled with Fiberglas insulation. Each unit consists of a base slab, a circular mass
of concrete at the center supporting the drywell, exterior walls and diagonal corner
walls, and a top slab which is haunched over the torus and flat over the
triangular-shaped corner areas. Floor plans and sections are shown in Figures
12.2-2 through 12.2-6. See Subsection 2.5 for rock foundation and foundation
treatment.

12.2.2.1.1 Base Slab

The portion of the base slab under the torus is a circular plate spanning an area
from the face of the concrete mass under the drywell to the exterior walls. The slab
is assumed fixed at each end and is analyzed for radial and circumferential stresses
using the loading cases as given in Table 12.2-1. ln no case do the maximum
stresses approach the allowable stresses given in Table 12.2-1. Live loads on the
slab are not included in the loading cases, since their inclusion would have an
offsetting effect on the hydrostatic uplift on the slab. Because the settlement of the
concrete mass under the drywell is greater than that of the exterior walls, differential
settlement of the supports for the slab is included in the analysis, as applicable, to
produce the maximum stresses.

The triangular areas of base slab in the corners of the structure are analyzed as
modified two-way slabs fixed at the supports for the loading cases as given in Table
12.2-1.

12.22.1.2 ~21 112 II

These walls are the exterior building walls, which extend from the base slab up to
El. 547.0, as shown on Section B-B on Figures 12.2-3 and 12.2-6. Construction
above El. 547.0 was temporarily discontinued during erection of the torus; and,
during this period, these walls were subjected to the applicable construction
condition loads as given in Table 12.2-2.

The center portions of the walls are analyzed as vertical cantilevers from the base
slab partially supported by ring action. The corner walls are analyzed as two-way
slabs fixed on three sides and free at the top. Horizontal bending moments are
distributed at the corners by moment distribution.
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earth pressure determined as described in paragraph 12.2.2.10. Vertical
accelerations for Operating Basis Earthquake and Design Basis Earthquake are
used respectively, to increase or decrease the vertical load, whichever is
conservative.

12.2.2.1.6 Personnel Access Locks

Reactor Building locks are indicated in FSAR Figures 1.6-2, 1.6-3, 1.6-5, 1.6-6,
1.6-11, 1.6-1 2, and 1.6-1 3 (see Section 5.3 of the FSAR).

All of the Reactor Building locks are identified on FSAR Figures 1.6-2, 1.6-3, 1.6-5,
1.6-6, 1.6-11, 1.6-12 and 1.6-1 3 by means of a "radiation" type symbol encircling
the letter "A". The large equipment access lock is described in paragraph 12.2.9 of
the FSAR and shown on Figure 12.2-80. The other access locks are described
below.

The personnel access locks at El. 664 and the equipment access locks at El. 565
are constructed as shown in Figure 12.2-2b. These walls are made of concrete
blocks with reinforcement added. The blocks'avities are filled with concrete when
the top slabs are poured to form a monolithic structure. The walls are anchored by
dowels to the floor slabs of the building. The pressed steel door frames are
mounted as shown in Figure 12.2-2d. The jambs are anchored with three equally
spaced straps on each side of the frames, and a sealant is added all around the
frames to reduce infiltration. Hollow metal doors are mounted to the frames with
weatherstripping to further reduce infiltration.

The personnel access locks at all the other elevations are constructed of poured
concrete as shown in Figure 12.2-2c for a typical lock. These reinforced locks are
formed and poured in place following standard construction procedures. The walls
are doweled to the floor slabs. The pressed steel door frames are mounted as
shown in Figure 12.2-2d. The jambs are anchored with three equally spaced cinch
anchors on each side of the frames, and sealant is added all around the frames.
Hollow metal doors are mounted to the frames with weatherstripping to reduce
infiltration.

The loads imparted to all access lock structures, other than the large equipment
access locks, are dead loads combined with either Operating Basis Earthquake or
Design Basis Earthquake loads. The acceleration values at the various lock levels,
calculated by the dynamic analysis of the building, are the basis for horizontal and
vertical earthquake loading. The various walls and roof slabs of the locks are
designed as structural members to resist the loads described above. Allowable
stresses are those specified for Principal Design Cases II and III, as given in Table
12.2-9 in the FSAR.
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In the case of locks constructed of concrete block, the reinforcement actually used
is that calculated according to the criteria given in the preceding paragraph.

In the case of locks constructed of poured-in-place concrete, the walls contain
minimum reinforcement as specified in the ACI 318-63 Code for load bearing walls.
The sections are investigated according to the criteria above, and the calculated
stresses are considerably less than allowables.

After initial installation, all doors were tested for operation of hinges, latches, and
keylocks. Doors and locking mechanisms are to be inspected quarterly for free
operation and interlock functions. (Only one door can be opened at a time.) These
inspections include an examination of the frame sealant to determine ifcracks are
developing and only normal deterioration is taking place. Also included in the
inspection program is the weatherstripping, which is evaluated for fit and
deterioration.

12.2.2.2 D ell Concrete Structure

12.2.2.2.1 Introduction

This paragraph covers the structural analysis of the biological shielding surrounding
the drywell vessel. The shielding is made of concrete having a minimum 28-day
compressive strength of 3000 psi.

The drywell concrete structure is in a biaxial stress condition. There are vertical
compressive stresses and tensile hoop stresses. The plane of shear resistance is a
horizontal plane upon which compressive stresses act and is unaffected by the
tensile hoop stresses. The radial shear stress caused by the outward thrust at the
bottom of the conical part of the structure is considered to be diagonal tension, and
the allowable stress is given in the ACI 318-63 Code for the condition which
includes compressive stress on a section. For the longitudinal or seismic shear, the
allowable stress is as given in the SEAOC code for shear walls.

For the splices in the tensile hoop reinforcement in the drywell concrete structure,
the allowable stress for bond is as given in the ACI 318-63 Code. These code
allowables are for a uniaxial stress condition. They should be conservative for this
structure, since the biaxial compression which exists on the splices should improve
the bond capability of the concrete.

Steel reinforcing for the shield is of ASTM A432, having a minimum guaranteed
yield strength of 60,000 psi. The shielding conforms generally to the "inverted
lightbulb" shape of the drywell vessel and is separated from it by an annular layer of
polyurethane foam. The geometry of the shielding is shown on Figures 12.2-2
through 12.2-6.
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the above is used. The calculated shearing stresses in the walls do not exceed
these values.

Moments in the walls resulting from loads perpendicular to the plane of a given wall
are calculated by Method 2 for two-way slabs as given in ACI Code 318-63 or as
one-way slabs, using the method applicable to each individual structural layout.
The vertical tensile or compressive stresses due to earthquake are considered as
axial loads in combination with these moments. Reinforcing is determined by the
working stress design method.

Wind loads are determined as described in paragraph 12.2.2.9. For a tabulation of
stresses resulting from 300-mph wind and rapid depressurization, see reply to
question 2.1 of Amendment 2 to the Unit 3 Design and Analysis Report. For a
discussion of the upper limit tornado that the walls can withstand, see reply to
question 2.3 of Amendment 2 to the Unit 3 Design and Analysis Report. For a
discussion of the capability for resisting penetration by tornado-generated missiles,
see paragraph 12.2.2.9.2.

Lateral earth pressures are determined as described in paragraph 12.2.2.10.

The expansion joint loads as listed in Table 12.2-8 are determined by two factors:
(a) the lateral movement, during earthquake, of adjacent Reactor Buildings, and (b)
fluid pressure of freshly placed concrete.

The lateral movement of the Reactor Buildings is determined by the dynamic
earthquake analysis described in paragraph 12.2.2.8. It is assumed that the two
buildings move in opposing directions, thereby reducing or expanding the width of
the expansion joint by their movement. Using the compression characteristics of
the 1-1/2-inch-thick Fiberglas insulation in the joint and the amount the material is
compressed, the load imposed on the walls by lateral movement during earthquake
can then be determined.

The fluid pressure of freshly placed concrete is determined by the methods given in
ACI Publication SP-4.'he rate of placement is limited to three feet per hour, or
two feet per hour for temperature of concrete, in the forms of 70'F and above or
below 70'F, respectively.

Hurd, M. K., "Formwork for Concrete," Special Pubiication No. 4, American Concrete Institute,
Detroit, Michigan, 1963, pp 74, 75.
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12.2.2.3.2 Floor Slabs Beams and Columns

Floor Slabs

In general, the slabs are two-way slabs with support on four sides by beams and
walls. They are designed by using the moment coefficients given in Method 2 for
two-way slabs in ACI Code 318-63. Design cases I, II, and III in Table 12.2-9 are
used. Where equipment occurs on floor slabs, the actual equipment load per
square foot is computed to determine if it exceeds the uniform floor design load.
The larger of these two values is used as the design load. The maximum building
vertical acceleration at the elevation for the slab is used to increase the vertical
loads.

At the 639 floor, vibration isolators are used under the variable speed
motor-generator sets to prevent the structure and the machine from becoming
resonant.

The slabs at El. 606 and 617 between columns n and p are one-way slabs with the
dead load supported by metal decking spanning two steel floor beams. The steel
beams are supported on concrete brackets or pockets at the n and p line walls. The
slabs are designed by the moment distribution method using design cases I, II, and
III in Table 12.2-9. DL is not included, as the metal decking carries this load.

The roof slab at EI. 635 is a one-way concrete slab spanning between the n and p
line walls. The slab is analyzed as a part of a frame consisting of the n and p line
walls, with the connecting slabs at EI. 635, 617, 606, and 593. The analysis is by
the moment distribution method using design cases I, II, and III of Table 12.2-9.
The area in the center of the building where ventilating ductwork occurs is designed
for 150 psf equipment load and reactions from steel columns that frame the duct
enclosure.

Beams and Columns

As can be seen on Figures 12.2-2 through 12.2-6, concrete frames occur on the
building column lines. The frames are analyzed for the cases given in Table 12.2-9
using the IBM FRAN computer program. Each frame is analyzed for various load
combinations, including moments, shears, and axial loads from the steel frames
above the refueling floor, so as to produce maximum positive and negative
moments. The effect on the frames resulting from thermal growth of the drywell is
included. The moments induced in the columns by differential displacement of
column ends as a result of the building deflecting horizontally from earthquake are
included. These moments are calculated by assuming that column ends do not
rotate but are displaced. The moments are added directly to those calculated for
the columns by the computer program. Vertical accelerations from the Operating
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vault as shown in FSAR Figures M.0-1, 1.6-8, and 12.2-3 which is designed to span
horizontally and vertically to the supporting walls and floor.

12.2.2.4 Steel Structure Above El. 664

The Reactor Building structure above the refueling floor consists of transverse steel
rigid frames and horizontal girt framing supporting insulated metal-siding exterior
walls. The rigid frames are spaced on 26-foot centers and provide support for the
roof, siding, and crane runway. For longitudinal expansion, the superstructure is
provided with joints between units by using a double row of frames spaced 4 feet
apart.

Rigid frames are built up of a horizontal member and two haunched column
sections, which, in turn, are made up of solid web plates and flange plates. Web
plates and flange plates are of varying width and thickness to suit the moments and
shear loads at points along the frame. The horizontal member is 43 inches deep at
the center, haunched to 63 inches at the corners. The top flange is sloped
3/16-inch per foot from center of frame to corner for roof drainage. Vertical column
sections are 67 inches deep maximum, and the haunches are 64-1/4 inches
maximum at the corners. The general shape of the column above the crane runway
is determined by the clearance requirements of the building crane. Maximum plate
thickness is limited to 2-1/2 inches. The frames are designed with fixed bases to
resist lateral forces from the overhead crane, wind loads, and seismic loading, in
addition to supporting the vertical dead and live loads. A typical cross-section of
the superstructure showing the intermediate rigid frames is shown by
Figure 12.2-21.

Overhead crane runway girders are supported on thick plate brackets which are an
integral part of the columns. This is accomplished by slotting the column flange so
the thick bracket plate can be inserted to replace the web for the full depth of the
column at this point. The crane runway girders are fabricated by welding 16-inch
flange plates to a 42-inch-deep web plate. The top flange of the girder is
strengthened for seismic and crane lateral loads by welding a horizontal wide flange
section to the flange plate. The girders are continuous over two spans. Bumpers
are provided at each end of the crane runway to take the force produced by a
collison with the crane traveling with full load at full speed with power off. The
crane stops on the east end of the Reactor Building provide a tie-down for the crane
holding it against the bumpers preventing crane movement when subjected to the
forces of short-term tornado or earthquake loadings. An alternate method of tie-
down is provided when the crane is located away from the crane stops wherein
slings attached to the superstructure rigid frames prevent movement of the crane.
The crane runway layout and girder details are shown by Figure 12.2-22a. Vertical
x-bracing is installed in two adjacent end bays of each unit in the longitudinal
direction of the Reactor Building. Diagonal bracing is provided in the plane of the
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roof to carry seismic and wind loads from the roof framing to the longitudinal vertical
x-bracing. Wide flange sections are used for longitudinal bracing to satisfy stress
requirements and harmonize with the lines of the rigid frames. Structural tee
sections are used for diagonal roof bracing.

Roof framing consists of conventional rolled sections supporting metal decking and
built-up roof. Heavy roof framing is required to support the dead load, seismic load,
and wind load on large tanks, fans, and ducts located on the roof. Beams located at
rigid frame interior corners are haunched and welded to the frame to provide
support for the frame flange at this point of high compression. Wind and seismic
loads from end columns are taken into roof bracing by haunching roof beams
adjacent to the columns, thereby preventing torsion in the frame horizontal member.

Exterior insulated siding is suspended 12 feet off the center of the frame columns
for architectural appearance by a girt system of channels and box beams. The
siding is stepped in at the top and base of the frame in two-foot steps. Girts are
designed to remain in place under tornado wind loading.

Design of the superstructure is based on the 1963 American Institute of Steel
Construction (AISC) "Specification for the Design, Fabrication, and Erection of
Structural Steel for Buildings." For either structural re-design or re-evaluation, the
8th Edition of the AISC Specification'may be used. The one-third increase in
allowable working stress for the design seismic loading as allowed by the AISC
Specification has not been used, and may not be used for either re-design or
re-evaluation. An allowable stress of 90 percent yield is used for tensile or bending
stresses for the maximum hypothetical seismic loading or tornado wind loading. All
material conforms to ASTM A-36 except anchor rods, which are ASTM A-307 steel.
Shop connections are ASTM A-502 Gr 1 rivets or welding, and field connections
ASTM A-325 high-strength bolts.

Seismic design loads were obtained as described in Section 12.2.2.8.3.

The average design wind pressure is obtained by applying a shape factor of 1.3 to
the dynamic wind pressure, which is the product of one-half the air density and the
square of the design velocity. The value 1.3 is the shape coefficient for a typical
building with vertical walls normal to the wind direction, consisting of windward side
coefficient of 0.9 and leeward side coefficient of -0.4. The normal design wind of
100 mph corresponds to an average design pressure of 33 Ib/ft'consisting of
23 Ib/ft'n windward side and 10 Ib/ft'n leeward side) and the tornado wind to a
design pressure of 297 Ib/ft'consisting of windward and leeward sides combined).
The maximum allowable stresses used for various loading conditions are given in
Table 12.2-13. The term "dead load" includes the weight of the structural
components, equipment, and architectural appurtenances for each design case.
"Live load" is an assumed design load on the roof and may be composed of snow



no credit for beam or concrete strength; and failure commences when shear stress
at the filletweld, joining the plates to the column flanges, reaches 90 percent of
shear yield; (2) shear yield is only 1.5 times code allowable which results in a failure
commencement at approximately 24 ksi for the weld material, whereas shear
ultimate is in the order of 40 ksi; and (3) the pressure differential is a constant load,
whereas the pressure differential would actually decrease as the drywell
pressurized. For these assumptions and criteria, the beginning of wall failure
occurs when the pressure in the annulus reaches 19 psi. This 19 psi is a
differential pressure across the shield wall from the annulus to the drywell space.

Effects of postulated loss-of-coolant accidents occurring within the sacrificial shield
area have been investigated. Pipes with nominal diameters of 4 inches or smaller
are the only reactor coolant lines investigated, because the reactor vessel safe-end
welds for these nozzles are located within the sacrificial shield area. The minimum
wall thickness for the various piping systems occurs at the safe-end joint to the
piping. All other sections from this joint back to the reactor vessel have thicker wall
sections and, therefore, have lower stresses. The largest line which has the safe
end located in the annulus is the 4-inch jet pump instrument line nozzle. (For all
larger lines, the double-ended line break results in the flow being directed into the
drywell volume and not into the annulus: ) The rupture of this 4-inch line results in a
pressure differential less than 2 psi across the sacrificial shield wall, which is
considerably less than the capability of the shield wall. The pressure load on the
reactor vessel and the support skirt are far less than their capability.

The effects of this 4-inch rupture in terms of missile generation were also
investigated. The 2 psi pressure differential will not generate a missile, because
removable plugs are retained by hinged and locked doors as described above.
Forces are not large enough to fail these attachments.

No valves are located inside the sacrificial shield; therefore, valves are not potential
missiles within the sacrificial shield area.

An analysis has also been performed of the effects of jet forces resulting from a
double-ended break of the 4-inch line, assuming the jet forces from the break were
to impinge directly on the removable plug. The resulting load would be 11 kips,
which is less than the capability of the locking bars and hinges, the capability of the
shield wall, and the capability of the reactor vessel and its support skirt.

With one exception, the piping within the sacrificial shield area is routed from the
reactor nozzle directly through the steel shielding doors and outside the sacrificial
shield. One 2-inch line has a tee with pipe runs of a few inches. Due to
the location of the reactor nozzle safe-end welds and the short runs of small pipe,
pipe whip is not a problem.
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The sacrificial shield wall consists of 12 steel columns equally spaced around the
circumference. The outside surface of the wall is formed by 1/4-inch-thick steel
liner plate welded to the outboard flange of the columns. The inside surface of the
wall is formed by 1/4-inch-thick steel liner plate welded to the outboard face of the
inboard column flange.

A concrete fill is placed between these liner plates to act only as a biological shield.
The concrete is assumed to have no structural purpose, except for the lower 10 feet
6 inches of the wall. A heavier density shielding concrete fill, having a density of
215 pcf, is used from one foot below the active core area to 10 inches above the
active core area.

There is a removable section of biological shielding at each reactor pressure vessel
penetration to facilitate inspection of the penetration and two removable sections
near the base of the wall for inspection opening access at the base of the reactor
pressure vessel. There are steel beams framing into the column webs to support
pipe hangers and access platform floor beams. The sacrificial shield wall is
anchored and transfers loading acting on it to the reactor concrete pedestal by the
column base anchor bolts and shear bars. The reactor pressure vessel is laterally
supported by stabilizers between the vessel and the shield wall and at El. 625 feet
3 inches. There is a pipe truss between the shield wall and Reactor Building to
laterally support the shield wall at El. 624 feet 8 inches.

The sacrificial shield wall is designed, without considering the concrete for any
structural purpose, to withstand seismic forces, and to support normal pipe loading
and pipe restraint loads in the event of a pipe rupture in the drywell. The design
seismic loads, moments, and shears are as given in paragraph 12.2.2.8.2.

The jet load used in the design is the worst condition of either a clean break of the
26-inch main steam reactor pressure vessel penetration resulting in a jet reaction
force of 595 kips, or a clean break of the 28-inch recirculating loop outlet
penetration resulting in a jet reaction force of 658 kips.

The American Institute of Steel Construction (AISC) Specification for the Design,
Fabrication, and Erection of Structural Steel for Buildings, adopted April 17, 1963, is
used in the design of the steel in the sacrificial shield wall for all the forces on the
structure, including the design seismic and jet loads, without any increase in the
allowable stresses due to short duration loads. For either structural re-design or re-
evaluation of the sacrificial shield wall steel, the 8th Edition of the AISC
Specification may be used. The method used to design reinforcing is given in
paragraph 12.2.2.2.4. The method applied to crack control is to limit reinforcing
stresses to that given in paragraph 12.2.2.2.3. Shearing stresses in the wall do not
exceed that permitted by equation 12-4 in the ACI code; therefore, no shear
reinforcing is required. However, a design is made of the steel under all loading
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conditions, including jet load plus a hypothetical double seismic loading using the
allowable tension and bending stresses as 90 percent of yield stress and the shear
as 60percent of yield stress. These are 1.5 times the corresponding AISC stresses
of 60 percent and 40 percent of yield stress used under the design seismic plus jet
plus dead loading. This stress criterion is considered desirable for this application
and adequate for the 'once-in-a-lifetime'oading condition.

The stresses in the steel due to seismic and jet loading acting in conjunction with
dead load of the shield wall, pipe, and platform loads do not exceed the applicable
AISC allowable stresses, as described above, for ASTM A-36 steel having a yield
stress of 36,000 psi.

The resulting forces used in the design of pipe restraint support steel for
recirculating loop are 666 kips for 28-inch pipe, 393 kips for 22-inch pipe, and 127
kips for 12-inch pipe. The stresses in the pipe restraint support steel due to these
loadings, in conjunction with other applicable loads, do not exceed the 1.5 times the
allowable AISC stresses of 60 percent of yield stress for tension and bending stress
nor 40 percent of yield stress for shear stress.

12.2.2.7 Structural Steel Inside D ell

12.2.2.7.1 D ell Access Platforms

Description

The drywell access platforms include two main platforms, one at El. 584 feet
11 inches, and one at El. 563 feet 2 inches. The flooring is standard grating, with
1-1/2-inch X 3/1 6-inch load bars. The grating and support steel extends from the
reactor pedestal to the drywell shell at El. 563 feet 2 inches and from the sacrificial
shield wall to the drywell shell at El. 584 feet 11 inches.

The platforms are supported by 24-inch-deep, wide-flange beams radiating from the
reactor pedestal and sacrificial shield wall to the drywell shell. The radial support
beams for EI. 584 feet 11 inches are field-welded to header beams framed to the
columns of the sacrificial shield wall.

The radial support beams for EI. 563 feet 2 inches are field-bolted to embedded
plates in the outside face of the reactor pedestal. All beams are supported by beam
seats welded to the drywell shell. Lubrite pads under the beams allow drywell shell
expansion. Shear bars welded to the bottom flange of the radial beams on both
sides of the beam seat prevent lateral movement of the beams. Intermediate
grating support beams at 6 feet 6 inches maximum spacing are framed between the
radial beams.
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All support beams were designed to meet American Institute of Steel Construction
(AISC) specification requirements. AII structural material used for the platforms is
ASTM A-36 with high-strength bolts, ASTM A-325, and E70XX welding electrodes.

Stresses were held to less than the allowable given in Table 12.2-16.

In Table 12.2-16, the term "dead loads" (D.L.), includes the weight of the grating
and beams only. Seismic load factors were applied to both dead and live loads.

Tie-down columns have been provided from El. 549 feet 11 inches to the EI. 563
feet 2 inches platform radial beams. These columns prevent the beams from lifting
off the beam seats of the shell when there is uplift acting on the beam. Plans,
sections, and details of the platform are shown in Figures 12.2-24 and 12.2-25.

12.2.2.7.2 Su ort Steel for Pi e Guides Inside D ell

The pipe guides included in this paragraph are for the Main Steam and Feedwater
Systems. The guides protect the nozzles, attached to the drywell, after a rupture of
the pipe inside the drywell.

The support steel for the pipe guides is located approximately 23.4 feet from the
centerline of the reactor on the 180'zimuth. It furnishes a "base" on which to set
the four main steam and two feedwater guides between El. 563 and elevation 584.
The "base" is a wide flange beam supported by two columns anchored to the
concrete at El. 549.92.

The load applied to the guide and support is an impact load resulting from rupture
of the pipe inside the drywell. Each guide and support is designed individually for
the load from the pipe it restrains. This design load is the product of the operating
pressure and the cross-sectional area of the inside of the pipe.

All structural material used is ASTM A-36, with ASTM A-307 bolts and E70 series
welding electrodes. The brackets attached to the pipes are stainless steel. For
design, the columns and beams are assumed pin-connected and the brackets on
the columns are assumed fixed.

The stresses in all components of the support are less than 90 percent of yield for
tension and bending and 0.52 percent of yield for shear for all loading except
postulated pipe breaks. For loads resulting from the postulated pipe break accident
conditions, the support will behave inelastically resulting in a load path change to
the concrete floor at Elevation 549'-11" instead of loading the drywell floor steel at
Elevation 563'-0 1/2".
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The lateral thrust from the pipe is first transferred to the "base" and thence to
bracing members welded to embedded plates in the pedestal.

This support is designed for a load of 520 kips acting in any direction perpendicular
to the axis of the pipe.

12.2.2.7.3 D ell Tem erature Effects

The containment drywell vessel is capable of withstanding combinations of
pressure-temperature transients other than the specified values of 56 psig and
281 F. The vessel's capability for withstanding higher temperatures and lower
pressures is largely dependent on vessel expansion, because the allowable design
stress intensities are not affected for the vessel material in the 20'F to 650'F
temperature range in accordance with the ASME Boiler and Pressure Vessel Code,
Section III, Class B Vessels, 1968 Edition.

The drywell expands both radially and vertically with increases in vessel
temperature and compresses the expansion gap material between the vessel and
the Reactor Building concrete. This compression of the resilient material (2-inch
minimum thickness) develops an external loading that tends to buckle the shell, and
the worst loading condition occurs with an internal pressure of zero psig, which was
assumed in the analysis. The magnitudes of the expansions perpendicular to the
vessel surface for three points on the vessel were calculated for a 340'F shell
temperature. The 1.169-inch vessel expansion (point D, just below the "neck" of the
vessel) produces a corresponding maximum deformation of the resilient material.
This deformation is resolved into an equivalent 1.1 psi external load on the vessel.
The critical buckling load on the vessel at this point is 7.1 psi as calculated by the
rules of the ASME Boiler and Pressure Vessel Code, Section III, Class B,
1968 Edition. This 1.1 psi load is substantially less than the critical load, and, in
fact, it is less than the 2 psi design value used for the vessel; therefore, buckling of
the drywell vessel will not occur.

Although the containment temperatures willbe limited, an evaluation was conducted
into the behavior of the containment at higher temperatures. An atmospheric
temperature of 340'F, the maximum which the drywell could possibly achieve from
steam leaks, is associated with partial reactor depressurization and throttling from
about 500 psia into the containment at 45 psia. To be conservative, 45 psia was
assumed as the containment pressure, and the very short-term transient effects of
large breaks were neglected. (See Figure 14.6-1 0.) Throttling from rated reactor
pressure will superheat the containment atmosphere to about 320'F, whereas
throttling from lower reactor pressures (<300 psia) will superheat the atmosphere to
about 330'F. Thus, an upper limitof 340'F was used to evaluate the drywell
vessel.
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The containment stress analysis report was reviewed, and in no case did the effects
of an increase of temperature from 281'F to 340'F result in calculated stresses
higher than code allowable stress intensity values.

Jets that might impinge on the structure could produce local thermal effects wherein
the local temperature would exceed the wall temperatures. The high conductivity in
the drywell wall will relax the temperatures in the small affected area so that the
temperatures are only slightly above the wall temperatures. The thermal stresses
associated with these slightly elevated temperatures will be correspondingly small.
Excessive stresses will be self-limiting by yielding of the material, but could lead to
thermal ratcheting. However, thermal ratcheting from jets will not constitute a
serious problem because of the anticipated small number of incidents expected in
the life of the vessel.

The electrical penetrations were purchased with a specified short-term temperature
rating of 325'F (for 15 min) and a long-term rating of 281'F. The pressure ratings
for both temperatures were specified as 125 psig. (These ratings are for Units 1

and 2; Unit 3 has a higher temperature rating.)

The piping penetrations were investigated by conservatively analyzing the
penetrations with the largest temperature movements in the upper part of the vessel
and at the equator. The peak stresses in these penetrations were determined to be
less than the stresses at the design conditions of 281'F and 56 psig.'rom this
conservative examination, it was deduced that the stresses in the piping
penetrations would be less than the allowable stress intensities for all penetrations
on the vessel at a temperature of 340'F and a pressure of 30 psig. The vessel
movements are definitely less than the constructional clearance built in between the
penetrations and concrete pipe sleeves. Therefore, the piping penetrations in the
vessel will not be a limiting factor at a condition of 340'F and 30 psig.

The safety components inside the drywell that must function following a LOCA have
been successfully tested in a steam atmosphere at higher temperatures than the
containment design temperature of 281 F.

12.2.2.8 D namic Earth uake Anal sis

12.2.2.8.1 Reactor Buildin Structure

Three mathematical models are used in the dynamic earthquake analyses of the
reactor building. The analyses of the reactor building, outside the drywell
containment (enclosure structure) are described in this section; the reactor building
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analyses inside the drywell containment are described in 12.2.2.8.2; and the reactor
building steel superstructure analyses are given in 12.2.2.8.3.

A time interval of integration of 0.005 seconds is used in these analyses and in the
seismic analyses of all other seismic class I structures. Separate analyses are
performed for the north-south east-west and vertical directions. Coupling effects
between the horizontal and vertical responses are considered only for soil-
supported structures. Amplified response spectra (ARS) are generated at the
center of mass of the seismic Class I structural models.

For the design of the reactor building enclosure structure and subsystems located
in the reactor building outside the drywell containment, analyses are performed
using the one branch, lumped mass model consisting of eight masses lumped at the
five floors, the elevation of the suppression chamber, the crane rail and the roof as
shown in figure 12.2-26. The model is considered fixed at the base since the
reactor building is founded on sound rock. The model element properties are
calculated considering shear and bending deformations. Floor slabs are assumed
to provide rigid inplane diaphram actions; out of plane flexibilities are not
considered. The fixed-base model frequencies and modal masses for modes up to
the frequency limitof 20 cps are summarized in Table 12.2-16.1, for each horizontal
and the vertical response directions. A minimum of 90 percent of the total mass is
included in, the cumulative modal mass for each response direction. For the vertical
direction, the modal properties for modes with frequencies beyond 20 cps up to
mode giving a cumulative modal mass of approximately 90% of the total mass, are
also shown in the table. Five (5) percent of critical damping is used for all modes of
vibration of this fixed based structure for both the OBE and DBE.

Two separate modal superposition time history analyses were performed using the
model shown in figure 12.2-26.

a) Designs using the EI Centro earthquake for the input ground motion (Refer to
2.5.4).

A minimum of the first six seconds of the El Centro earthquake acceleration
time history is used in the analyses. Building responses (shear forces,
bending moments, axial forces and ARS) resulting from these analyses are
used in the design of the concrete structure and subsystems housed in the
enclosure structure. Since the lumped mass model is uncoupled in the
horizontal directions, there is no calculated torsional response. To account
for possible torsional moments, an eccentricity equal to'the distance between
the shear center and mass center at each elevation is calculated. This
eccentricity is compared to 5 percent of the largest plan dimension of the
building, and the larger of these two values is used to calculate a torsional
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moment. This moment is used along with the other calculated forces and
moments to design the shear walls.

Concrete floors which are integrally connected to the reactor building are
designed for the maximum vertical acceleration of the structure at the
elevation where the floor is located if they have a fundamental natural
frequency greater than 20 Hz. If they have a natural frequency less than 20
Hz, they. are evaluated using the ARS derived from the calculated EL Centro
based acceleration time history at that elevation.

ARS are generated at periods varying from 0.05 seconds to 20 seconds in
increments of 1 radian per second of circular frequency. The ARS are not
peak broadened.

b) Alternate design basis using the artificial earthquake time history for the input
ground motion (refer to 2.5.4).

The results of these analyses are building accelerations, displacements and
ARS and are applicable for use in analyses and design of subsystems located
outside the drywell containment.

A minimum of 24 seconds of the artificial earthquake acceleration time history
is used in the analyses. The ARS are generated at periods varying from 0.05
seconds to 2.0 seconds in increments of 1 radian per second of circular
frequency. The ARS are peak broadened+ 10 percent.

12.2.2.8.2 Reactor Pressure Vessel - Shield Wall - Pedestal and Reactor Buildin
~CI d F

A multi-branch, lumped mass, model with branches representing the drywell
containment, sacrificial shield wall and pedestal, reactor pressure vessel (RPV) and
RPV intervals coupled with the enclosure structure is used in the dynamic
earthquake analyses of the reactor building inside the drywell containment. The
model is shown in figure 12.2-27A, 27B, and 27C. The branches representing the
various structural elements are discretely modeled and interconnected at the
appropriate points such as the star truss, stabilizers and control rod drive (CRD)
housing lateral restraints. The drywell containment is embedded in concrete at
elevation 547.089 feet and braced in the horizontal direction at elevation 624.667
feet. The damping values used for the various elements of the model are given in
table 12.2-1 7.

Two separate modal superposition time history analyses are performed. The fixed-
base model frequencies, modal masses, and the composite modal damping ratios
computed using the strain energy method for modes up to the frequency limitof
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20 cps are summarized in Table 12.2-17.1A, 17.1B, and 17.1C respectively, for
each of the horizontal NS and EW, and the vertical response directions. A
minimum of 90 percent of the total mass is included in the cumulative modal mass
for each response direction. For the vertical direction the modal properties for
modes beyond 20 cps up to the mode giving a minimum of 90% of the total mass,
are also shown in the table.

a) Designs using the El Centro Earthquake for the input Ground Motion (refer to
2.5.4).

A minimum of the first six seconds of the EL Centro earthquake acceleration
ground motion is used in the analyses. The results of the analyses are used
for qualification of the RPV and RPV internals, drywell containment, shield
wall and pedestal, structural elements connecting the branches and
subsystems located inside or attached to the drywell containment.

Amplified Response Spectra (ARS) are generated at frequencies varying from
0.2 Hz to 20 Hz at intervals consistent with those given in the Standard
Review Plan (SRP). The ARS are not peak broadened.

b) Alternate design basis using the artificial earthquake time history for the input
ground motion (refer to 2.5.4).

The results of these analyses are building accelerations, displacements, and
ARS and are applicable for use in the analyses and design of subsystems
located inside or attached to the drywell containment.

A minimum of 24 seconds of artificial earthquake acceleration time history is
used. The ARS are generated at frequencies varying from 0.2 Hz to 20 Hz at
intervals consistent with those given in the SRP. The ARS are peak
broadened+ I0%.

12.2.2.8.3 Steel Structure above EL 664.0

The steel superstructure is modeled as a three-dimensional frame structure and
coupled with the one branch reactor building enclosure model shown in Figure
12.2-26. The superstructure model replaces masses and elements 1 and 2 of the
reactor building enclosure structure model. The 125 ton reactor building crane is
discretely modeled and coupled with the model of the superstructure. The analyses
are similar to the reactor building analysis described in 12.2.2.8.1.

Two dynamic analyses using the time history model superposition method are
performed.
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a) Designs using the El Centro earthquake for the input ground motion (refer to
2.5.4).

A minimum of the first six seconds of the EL Centro earthquake acceleration
time history is used in the analyses. The results of the analyses are used for
qualification of the reactor building steel superstructure above elevation 664.0
and subsystems supported by this structure.

Amplified response spectra (ARS) are generated at periods varying from 0.05
seconds to 2 seconds in increments of 1 radian per second of circular
frequency. The ARS are not peak broadened.

b) Alternate design bases using the artificial earthquake time history input
ground motion (refer to 2.5.4).

The results from these analyses are structural accelerations, displacements,
and ARS and are applicable for use in analyses and design of subsystems
supported by the steel superstructure.

A minimum of 24 seconds of the artificial earthquake acceleration time history
is used in the analyses. The ARS are generated at periods varying from 0.05
seconds to 2.0 seconds in increments of 1 radian per second of circular
frequency. The ARS are peak broadened+ 10 percent.

12.2.2.9 Wind Load

12.2.2.9.1 Pressure Ma nitude and Distribution

The magnitude and distribution of wind pressures, both for the 100 mph wind and
the 300 mph tornado wind, are determined by following the recommendations of
ASCE Paper No. 3269."

The dynamic pressure is determined by

q = 0.002558V'
= dynamic pressure, psf

V = wind velocity, mph

The pressure for various parts of the building surface is determined by use of shape
coefficients, the selection of which is guided by those given in Table 4(a) of Paper

Task Committee on Wind Forces, "Wind Forces on Structures," Paper No. 3269, Transactions,
American Society of Civil Engineers, Vol. 126, Part II, 1961, pp. 1149-1167.
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No. 3269. The product of the shape coefficient and the dynamic pressure gives the
design pressure for the various parts of the building. The total force in any direction
is obtained by summing the pressures on appropriate surfaces.

In determining shape coefficients, various structures given in Table 4(a) are
compared, since the Reactor Building dimensional ratios are not exactly as those
tabulated. To compare the effect of the ratio of width to length, the following is
taken from Table 4(a), using h = height, b = width and L = length with wind
perpendicular to structure.

External Pressure Coefficient

Structure

House - Roofs 0 to 10 degrees
h:b:L = 1:1:1

0.9 -0.5 -0.6

Windward Leeward Parallel to
Side Side Wind

House - Roofs 0 to 10 degrees
h:b:L = 2.5:2:5

0.9 -0.5 -0.7

Comparison of the above shows that, with the height and width approximately equal,
an increase in length has no effect on the windward and leeward coefficients but
does affect the coefficient on the side parallel to the wind (short side).

To compare the effect of roof slope, the following is taken from Table 4(a) using h, b
and L as above.

Roof Slope External Pressure Coefficient

Windward Leeward Parallel to
Side Side Wind

Closed hall - Roofs 0 to 3 degrees
h:b:L = 1:4:4

0.9 -0.3 -0.4

Closed hall - Roofs 30 degrees
h:b:L = 1:8:16

0.8 -0.5 -0.5

Comparison of this tabulation shows that the coefficient on the leeward side for
buildings with flat roofs is less than for pitched roofs.

The Browns Ferry Reactor Building has a ratio for h:b:L = 1:1:4. From the
preceding tabulation, it is obvious that the pressure coefficient on the windward side
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should be 0.9. The pressure coefficient on the leeward side should lie somewhere
between -0.3 and -0.5. The Reactor Building h:b:L ratio approximates that
tabulated above for a house with h:b:L of 2.5:2:5 and a roof 0 to 10. It has been
shown above that for a flat roof, the leeward coefficient is less than for a pitched
roof. Since the reactor building does have a flat roof, a selection of -0.4 for the
pressure coefficient on the leeward side seems justified. For the sides parallel to
the wind, it is logical to select the most conservative of the above tabulated
coefficients.

In summary, the pressure coefficients for design are as follows:

Windward Side
Leeward Side
Parallel to Wind

Cpe = 09
Cpe= -0.4
Cpe= -0.7

The pressure on the walls is computed by using the equation:

P = (Cpe)(q)
P = pressure, Ib per sqft

Cpe = shape coefficient
q = dynamic pressure, Ib per sq ft

The resulting design pressures in pounds per sq ft are as follows:

Wind Condition

100 mph Wind

300 mph Tornado Wind

Windward Leeward Parallel
Side Side to Wind

23 -10 -18

206 -91 -160

In addition to the pressures described above, consideration is given to the
pressures resulting from the depressurization effect when the Reactor Building is
enveloped by the eye of a tornado. The method of analysis and determination of
loadings are as given in Appendix 2.1A, pp. 2.1-5 through 2.1-22 of Amendment 2
to the Unit 3 Design and Analysis Report.

12.2.2.9.2 Tornado Generated Missiles

The potential missiles that could be generated at any point, with respect to the
Reactor Building, and which serve as the design basis missiles are:

a. A 2-inch x 4-inch x 12-foot board weighing 40 pounds/cu ft, end on;
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b. A cross-tie, 7 inches x 9 inches x 8-1/2 feet weighing 50 pounds/cu ft, end on;

c. A compact car weighing 1800 pounds with an impact area of 20 square feet;

d. Pieces of concrete 6-1/2 inches x 12 inches x 2 inches thick, end on, as a
result of the spalling effect from the concrete chimney during postulated failure
of chimney from tornado winds; and

e. Aircraft warning beacon from chimney.

As an upper limit, each missile is assumed to be traveling 300 mph at impact. No
credit is taken for the crushing effect of missiles. The depth to which these missiles
will penetrate the exterior concrete walls of the Reactor Building is calculated by the
modified Petry formula as given in report by Amirikian. The results are given in
Figures 12.2-40 and 12.2-41. Maximum penetration is 9 inches (one half of wall
thickness). According to Moore'palling on the inside face will not occur for
penetration less than two-thirds the wall thickness. The reactor building walls can
therefore adequately resist the spectrum of postulated missiles.

12.2.2.10 Lateral Earth Pressures

Static earth pressures are determined by means of Coulomb's 'Wedge of pressure"
theory. The angle of internal friction ($) is taken as 32', the weight of moist earth is
120 pounds per cubic foot, and the weight of submerged earth is 65 pounds per
cubic foot. Where a fill is completely or partially saturated, the static water pressure
below the saturation line is computed as if no fillwere present. To this pressure is
added static earth pressure computed by the Coulomb theory using the buoyant
weight of the fillmaterial.

As a result of seismic motions, the lateral soil pressure against structures founded
on rock will be greater than the static soil pressure. The magnitude of this increase
has been determined by shaking table experiments performed for the design of
TVA's Kentucky hydro project. For a ground acceleration of 0.1g, the static soil
pressure is increased by 23 percent for a moist filland 11 percent for a saturated
fill. This incremental increase is combined with the static pressure as a triangle of
pressure whose apex is at the rock surface and maximum ordinate is at the ground
surface. In addition to the soil pressure increase, as described above for a

Amirikian, A., "Design of Protective Structures," NP-3726, Bureau of Yards and Docks,
Department of the Navy, Washington, D.C., August 1950.

Moore, C. V., "The Design of Barricades for Hazardous Pressure Systems," Nuclear Engineering
and Design, Vol. 5, 1967, pp. 85-86.
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saturated fill, the static pressure of water within the fill is increased 11 percent. This
incremental increase is combined with the static water pressure as a triangle of
pressure whose apex is at the water surface and maximum ordinate is at the rock
surface.

For a ground acceleration of 0.20g, the incremental pressure increase will be twice
that given above.

12.2.2.11 Waterti ht Personnel and E ui ment Access Lock Doors

12.2.2.11.1 ~0

The doors are watertight closures for the north openings in the Reactor Building
personnel and equipment access locks and are identified as follows:

One door, 3 feet 8-1/4 inches x 7 feet 1-3/8 inches, for the north opening to
Unit 2 personnel access lock located immediately east of column line R8
along column line n; see Figure 1.6-6.

One door, 3 feet 8-1/4 inches x 7 feet 1-3/8 inches, for the north opening to
Unit 3 personnel access lock located immediately east of column line R15
along column line n; see Figure 1.6-13.

One double-leaf door for 8 feet 4-3/4 inches wide x 8 feet 8-3/8 inches high
opening to Unit 2 equipment access lock located immediately east of column
line R9 along column line n; see Figure 1.6-6.

One double-leaf door for 8 feet 4-3/4 inches wide x 8 feet 8-3/8 inches high
opening to Unit 3 equipment access lock located immediately east of column
line R16 along column line n; see Figure 1.6-13.

The single-leaf personnel access doors are the sealed, hinged, manually-operated,
welded steel type. The doors are provided with electrical interlocks and are
normally closed and latched by dogs to provide watertight units. The dogs are
operated by a single mechanism which is actuated by handwheels on both sides of
the doors.

The double-leaf equipment access doors are the sealed, hinged, manually-operated,
welded steel type. Each leaf is provided with electrical interlocks. The active and
inactive leaf of each door is normally closed and latched by dogs to provide a
watertight unit. The dogs on each leaf are operated by a single mechanism. The
dogging mechanism is actuated by handwheels on both sides of the active leaf and
from lock side only of the inactive leaf.
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Load combinations used in designing the doors with corresponding allowable
stresses are listed in Table 12.2-38. For all combinations, the resulting stresses do
not exceed the allowable. Structural portions of the door and frame assemblies are
fabricated from ASTM A-36 steel.

12.2.2.11.2 Safet Evaluation

The doors for the two personnel access locks and the two equipment access locks
seal the openings and provide adequate flood protection for the probable maximum
flood. The doors are designed to withstand static water pressure to El. 572.5 feet
and the Design Basis Earthquake (0.20g). The doors will remain intact and retain
their seal after the occurrence of either of these conditions, or any combination of
conditions as listed in Table 12.2-38.

Allwelding was done in accordance with the requirements of the American Welding
Society in its Standard Code for Welding in Building Construction. All steel
fabrication was in accordance with the applicable requirements of the American
Institute of Steel Construction. Certified mill tests, covering chemical analyses and
physical properties, are on file for all materials.

12.2.2.11.3 lns ection and Testin

After initial installation, each door was tested for operation of hinges and dogging
mechanism. Thereafter, all parts of the doors are to be inspected periodically.
Doors and dogging mechanisms are to be inspected for free operation. Seals are to
be visually inspected to see ifany cracks or blemishes have developed, and the
surface of the skin plate is to be inspected for paint deterioration.

12.2.2.12 Mason Wall Desi n

Concrete masonry walls in the Reactor Building, as well as all other category I

structures, have been evaluated in accordance with NRC OIE Bulletin 80-11,
"Masonry Wall Design." Each masonry wall in the category I structure was
identified and located by a drawing survey and then verified by a plant survey. All
postulated loads required by NRC OIE Bulletin 80-11 were identified and the walls
evaluated for the effects upon safety-related equipment. The design reevaluation
criterion was developed using the allowable stresses of ACI Code 531-79 and the
alternate design method of ACI 318-77 as its basis. The results of this investigation
were reported by letter from L. M. Mills, Manager, Nuclear Regulation and Safety,
TVA, to J. P. O'Reilly, Office of Inspection and Enforcement, NRC Region II, entitled
"Office of Inspection and Enforcement," Bulletin 80-11-Rll:JPO 50-259, -260, -296
Browns Ferry Nuclear Plant, dated October 1, 1981.
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The results of the evaluation showed that masonry walls may be subjected to loads
due to tornado depressurization, seismic events, and pipe breaks. The analysis
resulted in the requirement of some additional structural steel restraints to ensure
the adequacy of the walls whose failure could jeopardize safety-related equipment.

These restraints consist of structural steel shapes spanning the block walls either
horizontally or vertically. The restraints are to be anchored into the surrounding
concrete walls (ifrestraint spans horizontally), or the floor and ceiling (if restraint
spans vertically). The analysis and addition of restraints assure that masonry walls
do not adversely affect Class I features.

12.2.3 Turbine Buildin Class II

12.2.3.1 Concrete Structure Fi ures12.2-42 throu h12.2-49

12.2.3.1.1 Columns Beams and Slabs

The building below the operating floor, El. 617, is a reinforced concrete framed
structure supported on steel H-piles to bedrock. Piles are spaced far enough apart
within each cluster to ensure that the maximum average unit bearing stress on the
rock area is limited to 500 psi. Stresses in the piles are limited to one third of the
yield stress. See Subsection 2.5 for rock foundation and foundation treatment.

During installation of piling, drilling logs are maintained for recording the number of
blows per inch of penetration. This record provides assurance that the piles are
driven to the specified refusal criteria shown on design drawings.

The reinforced concrete building columns are assumed pinned at the bottom where
they join the pile caps. Full continuity is assumed in the remainder of each building
frame. A unique aspect of this building is its variation in concrete structural
sections from bay-to-bay. Due to different shielding requirements for each area,
floor thicknesses vary radically. In some bays, shield walls stiffen the frame, while
in other bays only beams are required with the resulting decrease in frame stiffness.

The design moments and shears for the concrete frames are determined by use of a
computer program. The design moments and shears for the slabs are determined
either by the coefficients in Appendix A of ACI Code 318-63, or by moment
distribution methods.

Using the moments and shears, as calculated above, the beams and slabs are
designed by the working stress method using allowable stresses as given in
Table 12.2-23. The columns are designed by the working stress method and
checked by the ultimate strength design method using a load factor of 1.8.
Applicable factors are as set forth in ACI Code 318-63.
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12.2.3.1.2 Earth Retainin'alls

Where walls must retain lateral earth pressure, horizontal reactions are provided by
the building frames. Horizontal reactions at the bottom of the walls are provided by
either the basement floor slab, or by batter piles.

Lateral earth pressures are calculated using the Coulomb theory and the following
values.

Angle of internal friction
Angle of friction between
filland structure

$ = 32 degrees
5 = 16 degrees

Moist Unit weight of fill
Surcharge

w = 120 pcf
200 psf

12.2.3.1.3 Main Steamline Enclosure

Within the Turbine Building, between the high-pressure turbine and the Reactor
Building, the main steamlines are enclosed in special compartments with shield
walls approximately 4 feet 6 inches thick.

These compartments and the adjoining area between columns m and j are
investigated for compliance with the earthquake regulations of Section 2314 of the
Uniform Building Code. Pile caps in this area are interconnected by ties, each of
which can carry, by tension or compression, a horizontal force equal to 10 percent
of the larger pile cap loading.

The 4-foot-6-inch-thick walls of each unit steamline compartment are designed as
shear walls to protect the main steamlines in the event of earthquake forces of
intensity assumed in zone 1 of the Seismic Probability Map of the above
code. This structural system is assumed a box system as defined in
Section 2314(b) of the Uniform Building Code. The value of "K'sed is 1.33.

12.2.3.1.4 Turbine Foundation

A one-inch expansion joint separates the turbine foundation from the building frame,
above the basement floor.

The foundation design is based on the General Electric Co. booklet, Steam
Turbine-Generator Foundations, GET-17498, except as noted below. The principal
design cases and allowable stresses are as given in Table 12.2-24.
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For live and dead loads combined with temperature change, allowable stresses
specified in Chapter 10 of the 1963 ACI Building Code are used. In addition, the
allowable value of shear is 120 psi with shear reinforcing, and 25 psi without shear
reinforcing. The effect of temperature is based on a change of 30F in the top
longitudinal beams. Minimum reinforcement is 0.75 percent of the cross-sectional
area for beams and columns and 0.50 percent for bearing walls and slabs.

Although the turbine-generator foundation is not specifically designed for
earthquake loading, a horizontal force equal to 25 percent of the machine weight is
applied at the shaft centerline in both the longitudinal direction and the transverse
direction. This design case includes foundation dead load, machine load, and floor
live load. Stresses for this case are the normal allowable stresses given in
Chapter 10 of the 1963 ACI Code.

12.2.3.2 Steel Su erstructure

The Turbine Building, above the operating floor El. 617, is framed by transverse
welded steel rigid frames spanning, approximately 107 feet. An expansion joint is
provided between a 2-bay frame for the first two units and a single-bay frame for
Unit 3. These buildings house common services to all three units. For longitudinal
expansion, the superstructure is provided with joints by using double rows of frames
spaced four feet apart. Assurance that the Turbine Building will not damage the
Reactor Building is provided by the inherent strength of that part of the Turbine
Building that is adjacent to the Reactor Building. As can be seen in FSAR Figures
12.2-42 through 12.2-44, the Turbine Building is constructed in essentially two
parts, separated by an expansion joint. The part adjacent to the Reactor Building
consists of floor slabs 18 to 48 inches thick which act as diaphragms. Walls, 48 to
54 inches thick, support the floor slabs and act as shear walls. It can, therefore, be
seen that the structure is inherently strong in resistance to horizontal loads. The
steel frames which form the Turbine Building structure above the concrete structure
are braced to provide rigidity in the direction of the Reactor Building. The frames
provide support for the turbine cranes as well as the elaborate girt system which
cantilevers eight feet from center of columns to support the metal siding. Frames
are designed with fixed bases to resist lateral forces from the overhead cranes and
wind-loads, in addition to supporting the vertical dead and live loads. A typical
cross section of the superstructure showing the intermediate rigid frames is shown
by Figures 12.2-50 and 12.2-51.

Design of the superstructure is based on 1963 American Institute of Steel
Construction 'Specification for the Design, Fabrication, and Erection of Structural
Steel for Buildings.'or either structural re-design or re-evaluation, the 8th Edition
of the AISC Specification may be used. All material conforms to ASTM A-36, except
anchor rods which are ASTM A-307 steel. Shop connections are ASTM A-502 Gr. 1

rivets or welded, and field connections ASTM A-325 high-strength bolts.
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12.2.3.3 Cranes

Each unit is provided with an overhead, electric, single-trolley, traveling crane. The
main hoist of each crane is rated at 180 tons and the auxiliary hoist at 25 tons. The
cranes are designed as Class II equipment.

12.2.4 Reinforced Concrete Chimne Class I (Figure 12.2-52)

12.24.1 Shell

The design cases and allowable stresses are as given in Table 12.2-25. A
discussion of each case follows.

Case 1 - 100-mph Wind

This case is treated in accordance with the ACI Chimney Code (ACI 307-69), and
allowable stresses are those specified in that revision and also shown in
Table 12.2-25. This case does not control the design of any section in the chimney.

Case 2 - Tornado

This is the controlling design case for most of the height of the chimney. The
tornado moments are those caused by a 300-mph wind. Since the wind pressure is
proportional to the square of the velocity, these moments are nine times the
moments for a 100-mph wind. It is not practical to design the chimney for these
forces by the working stress method and to limit stresses in the extreme reinforcing
bars to yield stress. The chimney is 600 feet high and is located south of the
Class I Off-Gas Treatment Building and approximately 365 feet from the
Class I Diesel Generator and Standby Gas Treatment Buildings. In order to ensure
that the chimney does not fall on these buildings in the event of a tornado, the top
320 feet of the chimney are designed to fall well before the lower 280 feet reach
their ultimate load capacity.

The following design approach is used.

a. Calculate moments, Mw, for a 300-mph wind on entire chimney.

b. Design the bottom 280 feet of the chimney for ultimate moments, Mu, equal to
1.1 times Mw. Calculations for Mu are based on the assumptions given in
Section 1503 of the ACI Building Code (ACI 318-63). Design the upper 320
feet of the chimney for values of Mu equal to 0.55 Mw.
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Calculations are made using a computer program in which the computer selects the
reinforcement for any required moment capacity when the concrete and steel
strengths, the dimensions of the section, and the direct load acting are given. The
computer also determines ifcompression or tension controls the design. For this
chimney, tension is the controlling factor at all sections.

The ultimate strength design method is not yet included in the ACI Chimney Code.
However, the approach is well established for normal concrete structural
components; and, when applied to a chimney, if proper load factors are used, the
results are in line with results of a working stress analysis. Figure 12.2-53 shows
the relation between tornado moments and the calculated ultimate moment
capacity.

This design case resulted in very heavy reinforcing, generally two or three times
that which would be expected in a chimney designed for conventional forces.
Figure 12.2-54 shows the calculated steel areas and ratios used.

With the final reinforcing selected for the chimney, stresses are calculated for
various wind velocities. These calculations support the ultimate strength approach.
They show that the top portion of the chimney will fail at a wind velocity of less than
250 mph, while at that velocity the reinforcing in the lower portion will not have
reached its yield stress, nor will the concrete in that region be overstressed.
Figures 12.2-55 and 12.2-56 show steel and concrete stresses, respectively, as
functions of wind velocities.

Case 3 - Earthquake

The idealized lumped mass model used to calculate structural earthquake
responses of the concrete chimney, interior structure and off-gas stack is shown in
figure 12.2-63. The interior structure includes concrete floor slabs at elevations
568.0, 580.5, 599.5 and a steel roof at elevation 665. The slab at elevations 668 is
built monolittically with the chimney shell. The slabs at elevations 580.5 and 599.5
are separated from the chimney shell by 1-inch expansion joints filled with
fiberglass. The steel roof is supported by the chimney. The off-gas stack is
supported horizontally by a pinned connection at elevation 665.0 by the steel roof
and vertically by the interior structure at elevation'599.5. The seismic model is fixed
at the base since the foundation is founded on sound rock and anchored into the
underlying rock as described in section 12.2.4.2.

Dynamic earthquake analyses were performed using the normal mode time history
method. The analyses were performed using structural damping values of 3
percent for the concrete structures and 1 percent for the steel roof and off-gas stack
system and composite modal damping. Analyses were performed using the El
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Centro earthquake and artificial earthquake time histories described in section
2.5.4.

Results from the analyses using the EL Centro earthquake input ground motions
are used in the design of the chimney shell, interior structure and off-gas stack.
The earthquake loads are combined with other loads using the load combinations
and allowable stresses given in table 12.2-25. The load combinations with
earthquake govern the design of the top portion of the chimney shell.

Results from the analysis using the artificial earthquake input ground motion are
used in the analyses of subsystems located in the chimney. Amplified response
spectra (ARS) were generated at frequencies from 0.2 Hz to 20 Hz at intervals
consistent with the Standard Review Plan. The ARS were peak broadened+ 10
percent.

Case 4- Resonant Wind

This analysis is based on a method described by Professors L. C. Maugh and W.
S. Rumman in the September 1967 issue of the ACI Journal. The assumption is
made that vortex shedding occurs and that the wind velocity causing vortex
shedding is directly proportional to the diameter of the chimney. This particular
chimney has unusual proportions. Its diameter varies'from 6 feet at the top to 62
feet at the base. It does not appear logical to assume that vortex shedding could
occur simultaneously over its full height. A conservative estimate appears to be to
assume vortex shedding possible for its upper portion where a change in diameters
is not as pronounced as in the lower portion and then assume an average diameter
for that portion to establish the critical wind speed and the resonant wind force.
Two cases are considered.

a. Vortex shedding is assumed to occur from the top of the chimney down 300
feet. Assumed average diameter is 11.15 feet. Based on these assumptions,
the calculated resonant wind moments are less than moments from a 100-mph
static wind. The critical wind speeds are 17, 44, and 90 mph for resonance in
the first, second, and third mode, respectively.

b. Vortex shedding is assumed to occur from the top of the chimney and down
420 feet. Assumed average diameter is 15.40 feet. With these assumptions,
the calculated resonant wind moments are less than the earthquake moments
caused by the El Centro 1940 records, when those records are normalized to
0.1g maximum ground acceleration. The critical wind speeds are 23, 59, and
122 mph for resonance in the first, second, and third mode, respectively.

12.2-47



BFN-16

Case 5 - Thermal Loading

The stack was originally designed to emit gases at ambient temperatures.
Therefore, no thermal analysis was included in the original design. However, due
to the installation of the HWWVthe temperatures in the chimney could reach 241'F.
The concrete chimney was analyzed for a conservative temperature differential of
236'F across the chimney shell. Thermal stresses are calculated using the ACI
Chimney code (ACI 307-69) and combined with stresses due to dead load + 100
mph wind load. These combined stresses are less than the allowable shown in
Table 12.2-25.

Shear

Generally, shearing stresses are not high in ordinary chimneys. Due to the extreme
tornado loading assumed on this chimney, the maximum shearing stress calculated
is 317 psi. The shear due to the tornado load is calculated assuming the whole
chimney standing during a 300-mph wind.

Shear reinforcing is designed using the method described by Taylor and Turner,
using 1.1 V for the bottom 280 feet and 0.55 V for the upper 320 feet of the
chimney. Reinforcing is designed to resist all the shear, i.e., no allowance is made
for the concrete in resisting shear.

12.2.4.2 Foundation

The foundation for the chimney shell is shown in Figure 12.2-60. It is a concrete
slab 21 feet thick, circular in shape with a diameter of 82 feet. It is founded on sound
rock and keyed into it 2 to 3 feet deep. The slab projects outside the chimney shell
10 feet and is reinforced in the top and bottom faces as well as the side.

Comparison of the moments in the chimney shell at El. 568.0 for the 100-mph wind,
0.1g earthquake, 0.2g earthquake, and 300-mph tornado wind result in the obvious
conclusion that the controlling design case is the 300-mph tornado wind. The
foundation is therefore designed to the same criteria as the lower part of the
chimney shell; i.e., 1.1 times the tornado moments assuming the entire chimney
standing.

To provide stability against overturning requires that the foundation be anchored
into the underlying rock. This is done by a ring of 122 No. 11 reinforcing bars
(ASTM A-432, FY = 60,000 psi) spaced equally around the circumference of a circle

7
Taylor, C. P., and Turner, L., Reinforced Concrete Chimneys, 2nd Edition, Concrete Publications
Limited, London, 1960, pp. 52-53.

12.2-48



whose radius is two feet less than the radius of the foundation slab. These bars are
grouted in three-inch-diameter holes drilled to a depth of 23 feet into sound rock.

In the design of the anchor bars it is assumed that the ground is saturated to El.
561.0. The compressive stress under the foundation and the tensile stress in the
anchor bars are calculated according to the straight line stress distribution in a
reinforced cracked section. The maximum compression is 1030 psi, well below the
allowable concrete stress of 0.85 fc or 2550 psi, and the minimum value of 11,419
psi for the rock as given in subsection 2.5. The maximum stress in the reinforcing
bar at the maximum distance from the center of gravity of the transformed section is
limited to 60,000 psi. The depth of the anchor bars is sufficient to engage a wedge
of rock whose buoyant weight is equal to the tensile force in the bars.

The toe of the foundation, extending 10 feet past the shell, is designed for the
moment and shear at the face of the shell produced by the compressive stress on
the rock or the tensile stress in the anchor bars. Reinforcing is placed in the bottom
and top face of the toe to resist this moment. The calculated shear stress is 163
psi, which is less than the allowable of 4 e fc (186 psi) given in Section 1707 of ACI
Code 31 8-63.

12.2.4.3 Internal Structures

The internal structures, as shown in Figure 12.2-61, include of a central shaft of
reinforced concrete below El. 599.5 with concrete shielding slabs at El. 599.5 and
580.5. Above this concrete structure is a steel stack to El. 670.0, below which point
there is a steel framed roof at El. 665.5.

12.2.4.3.1 Concrete Structure Fi ure 12.2-61

The central shaft acts as a vertical support for the slabs and steel standpipe. The
slab at El. 599.5 is also supported around the periphery by concrete columns. The
slab at El. 580.5 cantilevers from the central shaft. To prevent interaction between
the internal concrete structure and the chimney shell for earthquake conditions, the
slab at El. 599.5 is separated from the shell by a one-inch expansion joint filledwith
fiberglas insulation.

Concrete slab thicknesses are determined entirely by shielding requirements. In
the slabs at El. 580.5 and 599.5 the minimum steel percentage is 200/fy in
accordance with Section 911 of the ACI Code 318-63. This percentage is more
than adequate for the dead, live, and equipment loads.

In addition, the slab at El. 599.5 is investigated for a 3 psi tornado depressurization
creating a low pressure beneath the slab. Using allowable stresses of 0.85 fc and
0.90 fy, steel required is less than the minimum described above.
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The central shaft is designed to resist the forces resulting from the dynamic
earthquake analysis.

12.2.4.3.2 Steel Structure

The off-gas stack exhaust vent shown in Figure 12.2-62 is a cylindrical steel shell
approximately 70 feet 6 inches high and is considered to be fixed at the base to the
concrete floor at EI. 599.5.

This vent is designed for an internal pressure of 50 psi and external loads of the
roof support beams. Design stresses do not exceed the allowable stresses
specified in Section Villof the ASIVIE Boiler and Pressure Vessel Code for low alloy
steel with a minimum tensile strength of 70,000 psi.

The vent material conforms to ASTM A-242. Full penetration butt welds are dye
penetrant tested.

12.2.4.3.3 D namic Earth uakeAnal sis

ln order to evaluate the off-gas duct work, equipment and piping of the off-gas
system, an additional dynamic analysis is performed. Using the model described in
Section 12.2 4.1, a modal time history analysis was performed, using the artificial
acceleration time history input ground motions described in Section 2.5.4. AmpliTied
Response Spectra (ARS), displacement and accelerations are calculated at
attachment points on the concrete shell and internal structures for use in subsystem
seismic analyses. These spectra were calculated at frequencies ranging from .2 Hz
to 20 Hz at intervals consistent with those given in the Standard Review Plan. The
ARS were peak broadened 2 10 percent.

12.2.5 Radwaste Buildin Class II Fi ures 12.2-64 12.2-65

12.2.5.1 Concrete Structure

The Radwaste Building is a cellular box-type concrete structure extending
approximately 20 feet below grade and 30 feet above grade and is supported by
steel H-piles driven to bedrock. This building houses common services to all three
units. It is located adjacent to the Turbine Building, Service Building, Reactor
Building, and Diesel-Generator Building. It is isolated from the Reactor and
Diesel-Generator Buildings by a two-inch expansion joint filled with Fiberglas
insulation.

This building is comprised predominantly of thick walls and slabs, the dimensions of
which are determined by shielding requirements. In a few instances, walls and
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slabs are determined by structural requirements. The roof system is a steel framed
structure with either bracket supports on concrete walls or steel columns supported
by the concrete floor at EI. 580.0. One exception is the waste packaging area, the
roof of which is concrete.

Two methods of design approach are used. Where frames through the total
building can be assumed, moments and shears for the walls and slabs are
determined by use of the IBM FRAN computer program. For these same frames,
moments and shears are also determined considering the walls and slabs as
two-way spans by use of method 2. Moments and shears due to the partial
triangular loading on the exterior walls of the waste surge and waste collector tank
room are determined by use of Bureau of Reclamation Monograph No.

27.'utput

from these analyses is compared and the largest moments are used for
design of the sections. Where the building arrangement does not lend itself to a
total frame assumption, Method 2 of Appendix A in ACI Code 318-63 is used to
determine moments and shears. The principal design cases and allowable stresses
are shown in Table 12.2-26.

The walls and slabs of the building which house radioactive tanks and equipment
are also investigated for the effect of tornado depressurization forces. The
assumption is made that the building is not vented, with the result that a 3 psi
internal bursting pressure occurs. The allowable stress criteria is 0.85 fc for
concrete in compression and 0.90 fy for reinforcing in tension. The result of this
investigation is that the walls and slabs are more than adequate for the
internal bursting pressure. Lateral earth pressures are calculated using the
Coulomb theory and the following values:

Angle of internal friction
Angle of friction between
filland structure
Unit weight of fill:

Moist
Submerged

Surcharge

$= 32 degrees

5 = 16 degrees

w = 120 pcf
w=65pcf
200 psf

The Radwaste Building willwithstand the design basis tornado except for the steel
supported portion of the roof. The remainder of the Radwaste Building roof and all
walls and floor slabs willwithstand the tornado. The only radwaste equipment that
could be affected is the waste sample tanks and the floor drain sample tanks, and

Moody, W. T., "Moments and Reactions for Rectangular Plates," Bureau of Reclamation
Engineering Monograph No. 27, U.S. Government Printing Office, Washington, D.C., April 1966.
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liquid radwaste processing equipment which are located under the steel supported
roof. The tornado could result in failure of these tanks, the associated piping
systems, or liquid radwaste processing equipment. A small fraction of gaseous
radioactivity would escape from the building; and, therefore, would result in
negligible doses to persons in unrestricted areas (see paragraph 9.2.6 of the
FSAR).

The Radwaste Building will not flood because all entrances are either above flood
level or are protected by appropriately designed sealed doors. All piping
penetrations below flood level are sealed to exclude the water and withstand the
water pressure. Thus, the Radwaste Building is adequately protected from the
Probable Maximum Flood.

The exterior walls of the room enclosing the waste surge and the waste collector
tanks are designed to withstand the Design Basis Earthquake, using maximum
allowable concrete stresses in bending of 0.85 fc and reinforcing steel stresses of
0.90 fy. The remainder of the building was not designed for seismic conditions;
however, the concrete walls and slabs have been examined for seismic loading. It
has been determined that the remainder of the walls and slabs housing radioactive
equipment will experience stresses, under Design Basis Earthquake loading,
approximately 20 percent greater than the normal stresses specified in the ACI
318-63 code for working stress design. Therefore, reinforcing steel stresses will be
approximately 29,000 psi. After the earthquake, maximum reinforcing steel stresses
will be 24,000 psi, the normal permissible stress for working stress design.

lt can, therefore, be concluded that the Radwaste Building walls and slabs housing
radioactive equipment can withstand Design Basis Earthquake loading.

12.2.5.2 Flood Protection Doors

The doors are closures for all personnel and equipment access openings into the
Radwaste Building and are identified as follows:

Door for 10-foot by 10-foot exterior opening located in the south wall between
column lines W2 and W3; see Figure 1.6-24.

Door for 15-foot 10-1/8-inch-high by 14-foot-wide exterior opening located in
the south wall between column line W1 and the outside wall line; see Figure
1.6-19.

Two doors, each 3 feet 0-3/4 inch by 6 feet 7-1/4 inches, for the openings
between the Turbine Building and Radwaste Building on column line T1; see
Figure 1.6-1 9.
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Two doors, one 3 feet 6-1/4 inches by 7 feet 1-1/4 inches adjacent to column
line W4 and one 4 feet 5-1/2 inches by 7 feet 10-1/4 inches at column line
W7, for the openings between the Service Building and Radwaste Building on
column line Wa; see Figure 1.6-19.

One door 2-feet wide by 4-feet-1-inch high for the opening to the pipe and
cable tunnel on column line T1 between column lines k and m at EL. 554.2.

12.2.5.2.1 ~5

The doors for the two exterior openings are double doors of the sealed, hinged,
welded-steel type. They are normally open for personnel and equipment access,
but may be closed and latched by dogs to provide watertight units. The door swing
and latching dogs are operated by hydraulic cylinders. Hydraulic power units and
control stations are provided for each double-door unit. In addition, each door unit
is provided with a manually operated hydraulic pump and quick disconnect fittings
to provide a means for manual operation of the door. The closure mechanics are
part of the Plant Preventive Maintenance Program and are tested periodically.

Load combinations used in designing the exterior doors with corresponding
allowable stresses are listed in Table 12.2-39. For all combinations, the resulting
stresses do not exceed the allowable. Structural portions of the doors and frame
assemblies are fabricated of ASTM A-36 steel.

The four doors for the openings from the Turbine and Service Buildings and the
door from the pipe and cable tunnel are the sealed, hinged, manually operated,
welded-steel type. The doors are normally closed and latched by dogs to provide
watertight units. The dogs are operated by a single mechanism which is actuated
by handwheels on both sides of the doors. The two doors from the Turbine Building
are to serve as exit doors only from the Radwaste Building; therefore, the
handwheels on the Turbine Building sides of the doors latch the dogs only.

Load combinations used in designing the doors with corresponding allowable
stresses are listed in Table 12.2-40. For all combinations the resulting stresses do
not exceed the allowable. Structural portions of the door and frame assemblies are
fabricated from ASTM A-36 steel.

12.2.5.2.2 Safet Evaluation

The doors for the two exterior openings in the Radwaste Building seal the openings
and provide adequate flood protection for the Probable Maximum Flood. These
doors are designed to withstand wind to 100 miles per hour; water to EL. 578.0
resulting from floods to EI. 572.5 and wave runup or from floods to a lower elevation
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and greater wave runup; broken waves; and an Operating Basis Earthquake (0.10g)
when in the closed position.

In addition, the door at the radwaste packaging room, door 183, is designed to
withstand a Design Basis Earthquake (0.20g) when open to prevent the possibility
of the door falling on a radwaste package loaded on a transport truck.

The four doors for the openings to the Turbine and Service Buildings and the door
for the pipe and cable tunnel provide adequate flood protection for the personnel
access openings against the Probable Maximum Flood and are designed to
withstand a static water pressure to El. 572.5.

All the doors will remain intact and retain their seal after the occurrence of any one
of the above listed conditions, or any combination of conditions listed in the
applicable load combination table, Table 12.2-39 for doors in exterior walls and
Table 12.2-40 for doors in interior walls.

Welding for all the doors was done in accordance with the requirements of the
American Welding Society in its Standard Code for Welding in Building
Construction. All steel fabrication was in accordance with the applicable
requirements of the American Institute of Steel Construction.

12.2.5.2.3 Ins ection and Testin

After initial installation, each door was tested for operation of hinges and dogging
mechanism. Thereafter, all parts of the doors are to be inspected periodically.
Doors and dogging mechanisms are to be inspected for free operation. Seals are to
be visually inspected to see ifany cracks or blemishes have developed and the
surface of the skin plate is to be inspected for paint deterioration.

12.2.6 Office and Service Buildin Class II

12.2.6.1 ~QB B ~ 1161

This is a conventional type structure consisting of concrete footings and floors with
a structural steel frame enclosed by architectural panels and walls. The structure is
designed for applicable dead loads, wind loads, and floor live loads. Floor plans
and elevations are shown in Figures 12.2-66 and 12.2-67.

122.62 B~iB 1161 ~

This structure consists of exterior concrete walls and footings with an interior
structural steel frame supported by concrete footings. Concrete floor slabs are
used. The structure is designed for applicable dead loads, wind loads, and floor
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live loads. Typical sections through the Service Building are shown in Figure
12.2-68.

12.2.7 Condenser Coolin Water S stem

12.2.7.1 Pum in Station Structures Class I

Fi ures 12.2-69 12.2-70

12.2.7.1.1 Concrete Structure

This structure is 232 feet long, 81 feet wide, and 50 feet high. It is founded on
bedrock and backfilled on three sides to approximately the elevation of the top
deck. Retaining walls hold back the fillat the ends of the intake side of the
structure.

The structure is built without contraction or expansion joints. In the longitudinal
direction, it is stiffened by two full height walls and three partial height walls
extending the full length of the structure. These are shown in section B-B on Figure
12.2-69. In the transverse direction, the structure is stiffened by the many walls and
piers making up nine pump bays shown in Plan EI. 532+ on Figure 12.2-70.

Transverse walls are thicker than necessary for structural design because of pump
spacing and pump well requirements. All structural concrete elements are thicker
than necessary for balanced flexural design of the reinforced concrete. Concrete
stresses are therefore far below the allowable compressive stress.

The working stress method of design is used in the interest of crack control. Crack
width tolerances vary from 0.005 inch for structural elements of the electrical board
and equipment room to 0.015 inch for underwater elements of the structure.

Normal allowable stresses used in design are as specified in the ACI Code 318-63
for concrete having a 28-day compressive strength of 3000 psi and for deformed
bars having a yield strength of 60,000 psi or more.

Load conditions for which normal allowable stresses are used include the normal
maximum reservoir water level, increases in structure and fill loads for 0.1g ground
acceleration due to the Operating Basis Earthquake, and normal operating loads.

The walls from the deck and grade El. 565+ to EI. 578+ are designed to protect the
RHRSW pumps from water and wave forces resulting from the Probable Maximum
Flood. The design is in accordance with the design method given in paragraph 8.1
of ACI Code 318-71. The members are proportioned such that they have a strength
capability 1.24 times that required for the water and wave forces from the Probable
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Maximum Flood. The walls are capable of withstanding a Design Basis Earthquake,
since a strength capability of only one-third of that for the Probable Maximum Flood
is required.

Full hydrostatic heads measured from the reservoir surface are applied to the entire
area of the structure. Stop logs are furnished for the closure of two pump bays, and
design is based on the premise that any two pump bays could be unwatered at any
time.

Principal design cases, allowable stresses, and calculated safety factors against
overturning, floating, and sliding are summarized in Table 12.2-27. The top slab or
deck of the structure is designed for a 400-psf uniform live load and in the roadway
area is investigated for a 35-ton capacity mobile crane.

The deck was investigated for a flood to El. 578 creating maximum water pressure
on the underside and no pressure on the top. The design method given in
paragraph 8.1 of ACI Code 318-71 was used for this investigation, with the
determination that the deck has a strength capability of 1.4 times that required to
resist this flood condition.

The seismic analysis was performed for the DBE case with water elevation at 529
feet and for the OBE case with water elevation at 556.0 feet. This was done so that
the analyses would be consistent with the load cases given in Table 12.2-27. The
mass of the water enclosed by the structure was included as a lumped mass in the
model. The effects of the water in the channel were not included in the analysis.

The structure is surrounded by soil on three sides and by the water in the intake
channel on the fourth. Two analyses were performed. In both seismic analyses the
soil on the east and west sides were modeled using soil springs. One of the
analyses modeled the soil on the north side with soil springs, and one did not.
Results from the two analyses were enveloped for use in the design.

Since the structure is founded on sound rock, it is considered fixed in the base.
The model was analyzed using the EI Centro record, which is described in Section
12.2.2.8.1. to evaluate the structure. The model was analyzed using the artificial
acceleration time history, which is also described in'Section 12.2.2.8.1 to generate
amplified response spectra. Amplified response spectra are generated at
frequencies from 0.5 Hz to 20 Hz at intervals consistent with those given in the
Standard Review Plan.

Static and dynamic lateral external soil pressures were calculated as described in
Section 12.2.2.10 and included in the design.



The structure is investigated for a tornado consisting of an atmospheric pressure
decrease of 3 psi in 5 seconds. The calculated pressure differential for the
enclosed parts of the intake building, including its ventilation exhaust openings, is
126 psf. This is less than the floor design live loads and is less than the roof deck
dead load. The minimum reinforcing in the two-foot-thick walls is also more than
adequate for this small pressure, using normal allowable design stresses.

Water conduit transitions are designed to span between the wall of the pumping
station and a pile support. Earth support for the transitions is assumed only for the
dead load of the first concrete pour. The steel liner is neglected in the structural
design of the reinforced concrete conduit transitions. The transitions are designed
for two conditions: no external load and full internal pressure, and maximum
external load when empty.

12.2.7.1.2 Personnel Access Doors

Description

The doors are closures for the four 3 feet 11 inches wide x 7 feet 4 inches high
openings at El. 565 in the intake structure north wall (see Figure 12.2-69), which
provide personnel access to the Residual Heat Removal Service Water (RHRSW)
pump compartments.

The doors are identical and are the sealed, hinged, manually operated, welded
steel type. The doors are normally closed and latched by dogs to provide watertight
units. The dogs are operated by a single mechanism which is actuated by
handwheels on both sides of the doors.

Load combinations used in designing the doors with corresponding allowable
stresses are listed in Table 12.2-41. For all combinations, the resulting stresses do
not exceed the allowable. Structural members of the doors and frame assemblies
are fabricated of ASTIVIA-36 steel.

Safety Evaluation

These personnel access doors provide adequate flood protection against the
Probable Maximum Flood for the Residual Heat Removal Service water pumps and
are designed to withstand a wind velocity of 300 mph, static water pressure to El.
578.0 (13 feet) and the Design Basis Earthquake (0.20g). The doors will remain
intact and retain their seal after the occurrence of any one of these conditions or
any combination of conditions listed in Table 12.2-41.

Allwelding was done in accordance with the requirements of the American Welding
Society in its Standard Code for Welding in Building Construction. All steel
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fabrication was in accordance with the applicable requirements of the American
Institute of Steel Construction. Certified mill tests, covering chemical analyses and
physical properties, are on file for all materials.

Inspection and Testing

After initial installation, each door was tested for operation of hinges and dogging
mechanism. Thereafter, all parts of the doors are to be inspected periodically.
Doors and dogging mechanisms are to be inspected for free operation. Seals are to
be visually inspected to see if any cracks or blemishes have developed and the
surface of the skin plate is to be inspected for paint deterioration.

12.2.7.2 Intake Channel

The intake channel that connects the pumping station to Wheeler Reservoir is
designed to provide water to the pumps during both of the following conditions:

a. The probable maximum flood condition of the reservoir; and
b. The minimum water level which could conceivably be caused by the breach of

Wheeler Dam.

The pumping station intake building houses equipm'ent which provides all cooling
water for the plant.

The depth of the intake channel shown in Figure 12.2-71a is controlled by item b.
above. The side slopes are controlled by the requirement for a 1.5 minimum safety
factor for a sudden drawdown condition-the channel drained and the embankment
saturated.

The design was based on the following investigations.

1. Soils values for static and dynamic design analysis were obtained in a soils
investigation program in 1966, as described in paragraph 2.5.2.4.3. The soil
structure is such that liquification should not be a problem.

2. Slip-circle analyses of the channel slopes were performed, and the minimum
safety factor calculated for the critical design condition was 1.67. These
calculations were based on the assumption that all soils in the cross section
had the same values as the least desirable material sampled.

3. An assessment was made of the seismic-resistant capabilities of 1 on 3 earth
slopes when subjected to the Operating Basis and Design Basis Earthquake
ground motions. A two-dimensional finite-element method of analysis was
used to obtain the seismic response of the channel slopes.
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In order to simulate the condition at drawdown, the effect of the water in the channel
was neglected. The mathematical model was subjected to both static (dead load)
and dynamic earthquake forces, and the resulting shear stresses were computed.
Under both the severe drawdown condition and the Operating Basis Earthquake,
the maximum combined shear stress was calculated to be about 1400 psf. With an
allowable shear stress of 3000 psf, the safety factor was more than 2.1. In addition,
the shear stress determined on the basis of the Design Basis Earthquake criteria
(twice the design stress of OBE or about 2800 psf) did not exceed the allowable
value.

The original intake channel was excavated with a 1 on 3 slope over its full length.
Subsequently, a slide occurred in one slope of a portion of the channel between a
construction dike and the pumping station. This slide occurred in April 1970, about
1-1/2 years after the channel was excavated and before the dike was removed. The
slide took place betwe'en two of the locations where samples were taken during the
1966 soils investigation program. To evaluate the cause of the slide, additional
tube and block samples were then taken approximately midway between the old
sampling locations and on both sides of the channel. Two conditions were noted
which had not been observed in the 1966 investigation: (1) the in-situ clay was
fissured, and (2) there was a thin low-shear strength fat clay layer between the
fissured cherty clay and bed rock. Analytical investigations resulted in the
conclusion, that the slide action was that of a motive wedge sliding on the
near-horizontal lens of fat clay, being driven by full hydrostatic pressure in a
near-vertical crack.

Using the motive wedge approach and the shear strength of the fat clay lens just
above bed rock, static analyses of the slope were made using various lengths of
rock fill in place of the in-situ material. For a safety factor equal to 1.5, it was
necessary to replace all in-situ material above bed rock for a minimum width of 52 ft
measured on each side of the Underline of the intake channel, as illustrated in
Figure 12.2-71b. The channel was rebuilt in this manner between the construction
dike and the pumping station.

Beyond the construction dike the slopes were flattened to 1 on 6 as shown in
Figure 12.2-71b. The static factor of safety for this slope is greater than 1.5.

After the safe slopes for the static conditions had been determined, two analyses
were performed to evaluate the seismic stability of the channel slopes. The first
analysis determined the increase in the driving forces on the motive wedge required
to reduce the static factor of safety from 1.5 to 1.0. This incremental force was then
divided by the saturated weight of the motive wedge to give a pseudo acceleration
necessary to cause movement of the motive wedge. Since the peak acceleration at
bedrock exceeded the pseudo acceleration, it was concluded that during a Design
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Basis Earthquake a crack would form and the wedge would begin to move. The
second analysis assumed that the movement of the wedge as outlined above would
occur and an evaluation of the horizontal displacement was made using the method
outlined by Newmark in Geotechnique, Volume 15, 1965. A maximum displacement
of 8.5 was computed for the Design Basis Earthquake.

The sensitivity of the soil was investigated to determine the effect of a possible loss
in shear strength on the stability of the slopes after an earthquake. It was
concluded that the shear strength of the soil used in the post earthquake static
analysis was representative of the residual shear strength which the soil would have
following disturbance by an earthquake.

From the earthquake analysis it was concluded that movement of the intake channel
slopes due to the Design Basis Earthquake following a rapid drawdown of the
reservoir would not pose a threat to safe shutdown of the reactor.

The Corps of Engineers Waterways Experiment Station, Vicksburg, Mississippi,
provided consulting services for this investigation. These services included a field
examination of the slide, recommendations for additional field and office
investigations, a review of all field, laboratory and design office investigations and
analyses, and several consultations. The consultant's final report states that the
investigations and analyses of the channel slopes are reasonable and sufficient and
provide a basis on which to initiate repair and reconstruction of the slopes.

12.2.7.3 Circulatin Water Conduits

The conduits are constructed of reinforced concrete, 14 feet 6 inches square, or 16
feet 6 inches round, as shown in Figure 12.2-71a. The conduits are designed by
column analogy and checked by the IBM FRAN computer program. The principal
design cases and allowable stresses are as given in Table 12.2-28.

12.2.7.4 Dischar e Sto lo Structure

This structure was located over the three barrel discharge conduit at the edge of the
reservoir, as shown in Figure 12.2-71a. This structure has been abandoned and
cut off below grade as shown in Figure 12.2-72c. Modification of this structure is
discussed in paragraph 12.2.7.7.

12.2.7.5 ~DII S

When conditions permit operating the condenser circulating water system in the
open mode, the warmed condenser water is returned to the Wheeler Reservoir by
means of diffuser pipes. Three partially perforated pipes are connected to the
discharge conduits of the three units as shown in Figure 12.2-73. These
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perforated, corrugated, galvanized steel pipes are laid side by side across the
bottom of the 1800-foot-wide channel, which is approximately 30 feet deep. The
pipes (17 feet, 19 feet, and 20 feet 6 inches in diameter) are of different lengths.
Each has the last 600 feet perforated on the downstream side with more than 7000
two-inch-diameter holes. Thus, approximately 22,000 holes spaced 6 inches on
centers in both directions distribute the 4400 cfs (approximate) of warm water into
the river for thermal mixing.

The diffuser pipes within the channel are secured firmlyby a system of
plastic-coated steel cables and anchor rods grouted into bedrock. The anchorage
system is designed to withstand design exposures ranging from high speed barge
crossings at minimum water elevation to maximum design floods.

12.2.7.6 Gate Structure in Intake Channel for Coolin Tower
~S' I

The gate structure across the intake channel is shown in Figures 12.2-72a and
12.2-74. Parts of the gate structure were built before the first unit was placed in
operation. The gate, the skimmer wall, and the machinery deck were installed after

'peration began. These latter items are identified in Figure 12.2-74. The gate guide
cells were built before startup of the first unit; and construction of the closure cells
was started, but not completed, before startup of the unit.

The gates are not seismically designed. Therefore, the gate was investigated for a
free fall. In a free fall from the open position, neither gate nor the gate supports will
fail in such a way that the gate can prevent the required emergency flow through the
opening below the gate. It is also practically inconceivable that all three gates can
be buckled laterally to the extent that they are pushed out of the guide slots and in
this shape completely block the flow through all three gate openings.

The gate has no safety-related function. The gate will not shut offflow to the RHR
service water pumps located in the pumping station. The design will ensure
sufficient emergency cooling water at all times by providing a permanent fixed
opening below the gate.

The gate guide cells consist of steel sheet piling driven to bedrock and filled with
concrete. Concrete was placed under water by tremie. Steel and concrete keys into
bedrock were provided by drilling large holes through the cell concrete into rock and
placing steel and concrete in these keyways. The keys are designed to resist sliding
without taking advantage of any friction between the cell concrete and the rock
surface.

The gate cells are designed for loads representing both final closed cycle conditions
and initial construction conditions. For both of these conditions, design loads
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include dead loads, earth pressures, water pressures for the design maximum water
level, and Design Basis Earthquake loads. For the final condition, gate and skimmer
wall loads are added to the direct loads on the gate guide cells.

The closure cells were built by driving sheet steel piling through the overburden to
rock and fillingthe enclosures above the overburden with crushed stone. Material
tests were conducted to verify design requirements, including the density of the
crushed rock, and for the steel sheet piling, chemical analysis, yield strength of steel,
and strength of interlocks. Vertical shear is transferred from the piling to a concrete
cap block. Design loads include dead load, earth pressures, water pressures for the
design maximum water level, and Design Basis Earthquake loads.

A load diagram is shown in Figure 12.2-75a, and loads and design cases are defined
in more detail in Table 12.2-37.

Factors of safety against overturning and sliding have been computed as follows.

Desi n Case
Factors of Safet

Overturnin Slidin

Gate Cells
Initial condition
Final condition

Large Closure Cells
Small Closure Cells

1.54
1.13
1.06
1.10

1.85
1.33
1.09
1.50

Description of the Design Basis Earthquake is given in paragraph 2.5.4. Seismic
water and lateral earth pressures are determined as described in paragraph
12.2.2.10. Cells partially embedded in the earth are assumed to have the same
accelerations as the earth around the cells.

The accelerations of the earth were found by amplifying the accelerations of the
rock. This amplification factor was found by considering the earth as an elastic
medium and making a dynamic analysis of a slice of unit thickness using only the
horizontal shearing resistance of the earth. A damping ratio of 0.10 was used for the
earth in this analysis.

Based on analyses for the design cases in Table 12.2-37, considering the cells
individually and their interaction effects, the cells are stable.

In addition to the design cases with water at the design maximum water level, the
cell loads were analyzed for the water at El. 529.0, based on the loss of the
downstream dam in conjunction with the Design Basis Earthquake. This condition
was less severe than the design maximum water level cases.
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The gate guide cells were also investigated for the unlikely event of impact due to a
runaway, fully-loaded coal barge at Maximum Probable Flood. Under these
conditions the cells can absorb sufficient energy to stop a barge traveling at 5 mph
without overturning. Even ifa gate guide cell were to turn over so that it fell across
the channel, flow to the intake pumping station would be through either or both
remaining gate openings. The smallest opening with the gates closed provides an
area of approximately 130 square feet to accommodate the 80 cfs flow needed for
shutdown cooling of all three units, as noted in paragraph 2.4.2.2.2.

If a barge were to sink in the channel, flow of water to the intake pumping station
would not be blocked since normal minimum pool level is El. 550, bottom of the
intake channel is El. 523, and a maximum depth of a coal barge is less than 15 feet.

12.2.7.7 Alteration to Dischar e Conduits for Coolin Tower S stems

The discharge conduits were constructed as shown in Figure 12.2-71a. In order to
provide for discharge of condenser circulating water to the cooling towers (paragraph
12.2.7.6), alterations were made to 80 ft of discharge conduits immediately upstream
of the stoplog structure.

These alterations are shown in Figure 12.2-72c. Two existing blocks (80 ft in length)
were removed and replaced with a combined conduit and two gate structures (No.
1A, No. 1B). Gate structure No. 1A, will serve the function now performed by the
existing stoplog structure. In addition, it will serve as a gate to divert discharge
water to the cooling towers through gate structure No. 1B.

The altered discharge conduits are shown in Sections A3-A3, B3-B3, C3-C3 and
D3-D3, of Figure 12.2-72c. These altered conduits permit the discharge water to
pass to the diffuser or be diverted to the cooling towers.

Figure 12.2.-72c also shows gate structure No. 1 and openings cut into the top of
each discharge conduit to allow cooled water to be discharged to the reservoir.

12.2.7.8 Auxilia Condenser Coolin Water S stem

The AuxiliaryCondenser Cooling Water System is shown on Figures 12.2-72a,
12.2-72b, and 12.2-72c. The system consists of waterways, control structures and
cooling towers to permit helper system operation. The triple-box culvert leading from
the original discharge area to the cooling tower area is shown in Figures 12.2-75b(1),
12.2-75b(2), and 12.2-75b(3).

Concrete structures are designed in general in accordance with the Building Code of
the American Concrete Institute (ACI 318-71).
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Operation of the discharge control structure, gate structure No. 1, gate structure No.
2, and the cool water channel between the cooling towers and the pumping station
was model tested. The needs for structure modifications, channel blocks, and
protective paving and riprap were determined by these model tests.

12.2.7.8.1 ~Waterwa a

The waterways include a reinforced concrete triple-box culvert, precast pipe, and
open channels. The culvert and precast pipe are designed for normal applicable
dead, live, and surcharge loads with appropriate load factors. The triple-box culvert
has also been investigated and determined safe for a fuel cask truck surcharge load.

The dike which forms the waterway between the discharge control structure and the
intake channel (Figure 12.2-72a) is designed to be placed partly under water.
Where this dike crosses the diffuser pipes, a pile supported protective slab is
provided to protect the diffuser from the crushing load of the dike.

There are two operations in the construction of the cool water channel which relate
'to the intake channel design. The first is the addition of the earth dike for the new
channel. This operation does not affect the design for the intake channel side
slopes. The second operation is the removal of a portion of the west bank of the
intake channel having the shape of the new channel. Removal of this material from
the intake channel west bank increases the greater-than-1.5 safety factor referred to
in paragraph 12.2.7.2.

12.2.7.8.2 ~Cti T

Each of four cooling towers is supported on a grade level shallow depth reinforced
concrete basin which is designed as a spread footing for the cooling tower. The
basins are approximately 51 feet wide by 585 feet long and vary in depth from 2 to 4
feet. They are designed for normal, applicable dead and live loads and normal
allowable differential settlement and soil bearing capacity.

12.2.7.8.3 Control Structures

The control structures consist of a pumping station, several gate structures, a
discharge control structure, and a hump in the warm water conduits. Allof these
structures are founded directly or indirectly on rock, as indicated in Figures
12.2-72b, 12.2-72c, and 12.2-74. They are seismically unclassified and were
designed for normal applicable dead, live, and surcharge loads with appropriate load
factors. Subsequent to the initial design and construction, a seismic analysis was
performed on gate structure number 2. This analysis determined that gate 2 would
maintain its structural integrity during and after a Design Basis Earthquake.
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A vacuum breaker system, associated with the hump in the warm water discharge
conduits, ensures that the vacuum established in the warm water conduits under
normal operation can be broken under Design Bases Earthquake conditions. This is
necessary to ensure that the water in the warm water channel can be prevented from
flowing back to the intake channel, because of a loss of the downstream dam, and
polluting the emergency raw cooling water supply.

The vacuum breaker system is housed in a vacuum pump building and a vacuum
pipe building. Both buildings are below grade. The pump building is seismically
unclassified. The pipe building is a Class I building and is located directly above the
hump or steel-lined siphon portion of the warm water conduits. Earth backfill covers
the top of this building to a depth of about 2 feet. The building is founded on earth
backfill compacted to 95 percent of maximum Standard Proctor density at optimum
moisture content.

The Vacuum Pipe Building is basically a single-barreled concrete box frame with
closed ends. The walls and top and bottom slabs are designed as one-way slabs
using coefficients from the ACI Building Code 318-71 for reinforced concrete and the
basic strength design method. The Vacuum Pipe Building is dynamically rigid and,
therefore, the seismic accelerations throughout the building are the same. The
seismic accelerations at bedrock were amplified through the soil to the elevation of
the Vacuum Pipe Building. The amplification factors used to calculate accelerations,
displacements, and Accelerations Response Spectra (ARS) were 1.6 in the
horizontal directions and 1.3 in the vertical direction. The static analysis is
performed in a conventional manner with earth pressures determined as described in
paragraph 12.2.2.10. Stresses resulting from the static analysis are combined by the
method of superposition with stresses from the Design Basis Earthquake loading.
The magnitude of the increase in lateral soil pressure due to seismic motion has
been determined by shaking table experiments performed for the design of TVA's
Kentucky hydro project. A ground acceleration of 0.4g is used in design based on a
shear-wave-to-height ratio approximately equal to ten (10). The maximum
accelerations at the top of the soil occur at this ratio. For ground acceleration of
0.4g, the static soil pressure is increased by a factor of 2.4 for dry soil. This
incremental increase is combined with the static pressure as a triangle of pressure,
whose apex is at the rock surface and maximum ordinate is at the ground surface.
This structure is not designed for tornado conditions.

12.2.8 Diesel Generator Buildin Units 1 and 2 Class I

12.2.8.I Concrete Structure Fi ure 12.2-76

This structure is located adjacent to the west side of the Reactor Building and the
south side of the Radwaste Building. It is separated from these buildings by a
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two-inch expansion joint filled with Fiberglas insulation. The south end of the
building faces an earth backfill varying to a height of approximately 29 feet above the
lower floor level. The west side of the building is exposed. The foundation for the
structure is 3+ feet of earth backfill compacted to 95 percent of maximum Standard
Proctor density at optimum moisture content. The only materials used for backfill are
clay sand (SC) and lean clay (CL). Laboratory testing of soil samples has
determined that the allowable static soil bearing values are 1.5 tons/ft3. Underlying
this earth backfill is approximately 32 feet of crushed stone backfill replacing the
material excavated for the construction of the Reactor Building.

This is a well graded stone placed in 4- to 6-inch layers and compacted with 3-wheel
vibrating rollers.

The structure is a two-story concrete box, with one longitudinal dividing wall full
length and height, and four transverse dividing walls full height terminating at the
longitudinal wall. Each of the four bays encloses a diesel generator and its auxiliary
equipment. A low clerestory over each generator bay provides for air intake and
exhaust. The grade floor slab consists of diesel fuel storage tanks encased in
concrete.

Along the side adjacent to the Radwaste Building a wall extends down from the
structure to the bottom of the Radwaste Building. This wall is integral with the Diesel
Generator Building and is designed to retain the fillunder the building without any
dependence on the Radwaste Building. Since the Radwaste Building is a Class II
structure, this integral wall will guarantee that the Class I capability of the Diesel
Generator Building is not compromised.

The analysis of the structure assumes the exterior walls fixed at El. 565.5,
continuous across the El. 583.5 floor, and pinned at the roof El. 595.0. This frame is
analyzed by the moment distribution method using the loading conditions as given in
Table 12.2-29, with lateral earth pressures determined as described in paragraph
12.2.2.10. The El. 583.5 floor and roof El. 595.0 are one-way slabs continuous
across interior walls and restrained at exterior walls. Moments and shears are
determined by use of coefficients as given in section 904 of ACI Code 318-63. All
horizontal loads are transmitted through floor and roof to parallel walls and thence to
the foundation.

Stresses resulting from the static analysis are combined by the method of
superposition with stresses resulting from moments, shears, deflections, and
accelerations determined by the dynamic earthquake analysis described below in
paragraph 12.2.8.3. Members are proportioned by the working stress method of ACI
Code 318-63 so that the above stresses do not exceed the allowable stresses given
in Table 12.2-29.
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The expansion joint loads as listed in Table 12.2-29 are determined by two factors:
(1) the lateral movement during earthquake of the Diesel Generator Building and
Reactor Building, and (2) the fluid pressure of freshly placed concrete.

The lateral movement of the Reactor Building is as determined by the dynamic
earthquake analysis described in paragraph 12.2.2.8. This movement in relation to
the two-inch expansion joint between buildings is insignificant. The lateral
movement of the diesel generator building is conservatively assumed to be the same
as that for the surface of the overburden when the rock surface is subjected to
earthquake accelerations of 0.1g or 0.2g. The amount of this movement is
calculated to be 0.11 inch and 0.22 inch for Operational Basis Earthquake (0.1g) and
Design Basis Earthquake (0.2g), respectively. It is assumed that the two buildings
move in opposing directions, thereby reducing the width of the expansion joint by
their movement. Using the compression characteristics of the Fiberglas insulation in
the joint and the amount the material is compressed, the load imposed on the walls
by lateral movement during earthquake can then be determined.

The fluid pressure of freshly placed concrete is determined by the methods given in
the ACI Publication SP-4.'he rate of placement was limited to a maximum of two
feet per hour and the temperature of concrete in the forms was limited to a minimum
of 50'F. This results in a maximum lateral pressure of 51 0 psf.

The tornado depressurization load as listed in Table 12.2-29 is determined by an
analysis that considers pressure versus time as a function of the vent area
available. The computer program used is the same referred to in answer to
question 2.1 in Amendment 2 of the Unit 3 Design and Analysis Report. The result
of this analysis is that the pressure differential is less than 40 psf. This is the
internal pressure load used for case V.

The static load of 230 Ib/sq ft from tornado wind used for case Vl is determined as
described in paragraph 12.2.2.9.

The concrete walls are capable of resisting the spectrum of postulated
tornado-generated missiles as described in paragraph 12.2.2.9.2 except for walls
less than 18-inches thick above El. 583.5'. A probabilistic analysis of these walls
shows that the frequency of occurrence of tornado-generated missile strike is less
than or equal to 1.0 x 10-7 per year which meets the NUREG-0800 U.S. NRC
Standard Review Plan acceptance criteria of 1.0 x 10-7 per year. The analysis
demonstrated that tornado-generated missile strikes are not credible events.

Hurd, M. K., 'Formwork for Concrete,'pecial Publication No. 4, American Concrete Institute,
Detroit, Michigan, 1963, pp. 75-75.
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Several walls less than 18-inches thick are not included in the probability
calculation. The east side of the units 1 and 2 and the west side of unit 3 cloistered
air intake and exhaust plenum are not considered as probable targets of a missile
hit because of protection provided by the taller reactor building. The north, south,
and east walls of the unit 3 mechanical equipment room above El. 597.6're not
included because even ifthere is a loss of air conditioning equipment due to
tornado missiles, acceptable temperatures can be maintained in the 4KV shutdown
board rooms 3EA, B, C, and D and the bus tie boardroom for up to 72 hours.
Beyond that time, Plant Procedures (0-AOI-100-7 and 0-01-31) will be followed.

Therefore, it is concluded that the integrity of system 82 and its associated
components can be maintained. These conclusions have been documented in the
closure of CAQR BFP890327.

12.2.8.2 Access Doors

12.2.8.2.1 ~O

The doors are closures for the four 8 feet high x 9 feet 6 inches wide openings and
one 8 feet high x 11 feet 6 inches wide opening in the Diesel-Generator Building.
The four doors provide access to the diesel generator units, and the one door
provides access to the CO2 room. Doors at the rear of rooms for the diesel
generator units connect these rooms to the CO2 room.

The two leaves of each door are hinged on the outside to an embedded frame and
held at the top and bottom from swinging inward by shear bars. Both leaves are
held near the center of the opening by latching pins. On one leaf, the inactive leaf,
the latching pins are manually positioned from the inside only. On the other leaf,
the active leaf, the pins are spring loaded to engage when the door is closed and
are manually released from either side. The active leaf, which is used for normal
access, is locked from the outside only, but may be unlocked and opened from
either side. On units 1 and 2, the active leaf is normally opened and closed. On
unit 3, the active leaf is open and closed by a pneumatic system. Operation of the
pneumatic system is initiated by moving the latching handle to the open or closed
position. The inactive leaf on all three units is normally opened and closed. Each
door is of welded steel construction and is fabricated from ASTM A-36 steel. Each
door leaf has a structural steel framework with a solid steel skin plate on both sides.

Load combinations used in designing the doors with corresponding allowable
stresses are listed in Table 12.2-30. For all combinations (except Vl), the resulting
stresses do not exceed the allowable. For combination Vl, the doors willdeform,
but will stop a missile.
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12.2.8.2.2 Safet Evaluation

These access doors provide adequate protection for the diesel-generator units and
are designed to withstand tornado conditions and missiles generated by tornadoes,
flood conditions, or earthquakes, with only one of these conditions occurring at any
one time. During plant operation, the doors are normally closed, latched, and
locked. Replaceable rubber seals on the doors are always in place and seal
anytime the doors are closed.

Tornado conditions consist of winds to 300 mph and missiles generated by the 300
mph wind. Flood conditions consist of floods up to and including a probable
maximum flood to EI. 572.5, with wave runup to El. 578.0. Broken waves and surge
forces may occur during floods, and wave runup for floods less than the maximum
may vary, but not exceed EI. 578.0.

Allwelding was done in accordance with the requirements of the American Welding
Society in its Standard Code for Welding in Building Construction. All steel
fabrication was in accordance with the applicable requirements of the American
Institute of Steel Construction. Certified mill tests, covering chemical analyses and
physical properties, are on file for all materials.

12.2.8.2.3 Ins ection andTestin

After initial installation, all doors are to be tested for operation of hinges, latches,
and locks. Thereafter, all parts of the doors are to be inspected periodically.
Doors, openers, and locking mechanisms are to be inspected for free operation,
and the surface of the skin plate is to be inspected for paint deterioration. Seals are
to be inspected for cracks, wear, and deterioration.

12.2.8.3 D namic Earth uakeandAnal sis

The structure is characterized by the mathematical model shown in Figure 12.2-77
consisting of lumped masses resting on weightless, elastic columns, with the linear
springs KT, KR, and Ky. Here, KT represents the resistance to horizontal motion
offered by the soil, KR represents the resistance to rotation offered by the soil, and
Ky represents the resistance to vertical motion by the soil. The values of KT, KR,
and Ky are found by using a plane strain finite element analysis of typical slices
along the two axes of the building and subjecting the slice to horizontal and vertical
forces, and moments. Finite element model used in determining KT, KR, and Kyfor
east-west loading is shown in Figure 12.2-78. The value of Kq was determined by
averaging the values calculated using the east-west and north-south finite element
models. The values of material properties used in the finite element analysis are as
follows.
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Material Young's Modulus Poisson's Ratio

Soil
Crushed Stone
Concrete

63,300 psi
230,000 psi

3,000,000 psi

0.37
0.31
0.20

The peak of the input time history for the diesel generator building models was
determined by multiplying the acceleration time history at the top of sound rock by
amplification factors for the vertical and horizontal directions. These amplification
factors were determined by calculating the first mode frequencies of the soil deposit
in the horizontal and vertical directions, using the soil properties given above.
These frequencies were used to find the spectral accelerations from the design
ground acceleration spectrum at 10% damping. For each direction, the ratio of the
spectral acceleration to the zero period acceleration was multiplied by the
participation factor and mode shape for the first mode to calculate the amplification
factor. Amplification factors of 1.6 in the horizontal direction and 1.1 in the vertical
direction were conservatively used in the analysis of the diesel generator building.

Using the model in Figure 12.2-77 (including soil springs) described above, two
time history analyses were performed using 5% damping for all modes.

a) For the design of the primary structure as well as floors integrally
connected to the primary structure, the analysis was performed using the
El Centro earthquake record described in Section 2.5.4. The peak
horizontal acceleration of .20 g for DBE and .10 g for OBE and the peak
vertical acceleration of .13 g for DBE and .067 g for OBE are increased
by the amplification factors described above. Resulting axial forces,
moments and shears are used in the design of the structure and integrally
connected walls and slabs.

b) For use in the design of the subsystems housed in the building, the
analysis was performed using the artificial Time History ground
acceleration record described in Section 2.5.4, multiplied by the
amplification factor described above. Amplified Response Spectra (ARS)
were developed at each mass location for frequencies ranging from 0.2
Hz to 20 Hz at intervals consistent with those given in the Standard
Review Plan. These spectra were peak broadened by+15 percent.

Vertical responses due to rocking caused by the horizontal input motion
are combined with vertical responses due to the vertical input motion
using the SRSS method.

Since the dimensions of the diesel generator building for Units 1 and 2 and the
depth of the underlying soil deposit differ from those of the Unit 3 diesel generator
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building, separate analyses are performed for the two structures. The model for the
Unit 3 Diesel Generator Building has an additional node point to represent the story
above El. 594.5.

The model is shown in Figure 12.2-77. Amplified Response Spectra (ARS)
developed from the analyses of the two buildings were enveloped for use in
subsystem analyses.

12.2.8.4 Portable Bulkhead

12.2.88.1 ~0

The portable bulkhead is part of the Diesel-Generator Building flood protection for
the Probable maximum Flood. It will be used to seal any one of the four rear interior
doorways between the affected Diesel-Generator Room and the pipe and electrical
corridor, to protect the other Diesel-Generator Rooms from the flood water. When
an exterior watertight door to a Diesel-Generator Room is inoperable and not
capable of performing its flood protection function and flooding is imminent, the rear
interior door in the affected Diesel-Generator Room will be removed from its hinges
and the portable bulkhead bolted over the doorway.

Flooding is considered imminent when the Lake Elevation High alarm at the Intake
Pumping Station is activated at elevation 564 and all upstream dams have been
breeched as discussed in Appendix 2.4A of Chapter 2 (maximum Possible Flood).

The bulkhead is approximately 7 feet 7 inches high and 3 feet 10 inches wide, of
welded steel construction, and fabricated from ASTM A-36 steel. It consists of a
structural steel framework with a solid steel skin plate on one side. The other side
is equipped with eye bolts and channels for bolting to a doorway.

Load combinations and corresponding allowable stresses used in designing the
bulkhead are listed in Table 12.2-42. The resulting stresses do not exceed the
allowable for any load combination used.

12.2.8.4.2 Safet Evaluation

This bulkhead provides adequate protection against flooding of adjacent
Diesel-Generator Rooms due to water traveling through an open access door, into
the pipe and electrical corridor, and through the doorways between the corridor and
other diesel generator rooms. It is equipped with replaceable seals to seal against
static flood heads to El. 578.

Allwelding was done in accordance with the requirements of the American Welding
.Society in its Standard Code for Welding in Building Construction. All steel
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fabrication was in accordance with the applicable requirements of the American
Institute of Steel Construction; and certified mill tests, covering chemical analyses
and physical properties, are on file for all materials.

12.2.8.4.3 Ins ection and Testin

The bulkhead is to be inspected for deterioration of seals and structural members
before each use.

12.2.9 E ui ment Access Lock Class I

12.2.9.1 Concrete Structure

The equipment access lock is a concrete box structure approximately 26 feet wide
by 26 feet high, extending outward from the south side of the Reactor Building
approximately 106 feet. The structure is supported by a row of steel bearing piles
to rock under each vertical wall, and another row at the midpoint of the ground level
slab. In this manner, differential settlement and alignment problems are eliminated
at the face of the rock-supported Reactor Building.

The structure is covered to a depth of approximately three feet by the 30-foot-high
earth berm which surrounds the reactor building. Separation from the Reactor
Building is provided for by a two-inch expansion joint filled with Fiberglas insulation.
Static and dynamic lateral earth pressures are determined as described in
paragraph 12.2.2.10. Vertical accelerations from the Operating Basis Earthquake,
(0.067g) and Design Basis Earthquake (0.13g) are used to increase or decrease
the vertical load, whichever is conservative.

The loading on the ground level slab consists of the spent fuel cask and carrier.
Provisions in the structure are made to accept either a rubber tired trailer or a
railcar. The design considers either of these loadings, with the result that the railcar
loading is the most critical load condition.

The structure is analyzed as a box-type frame by a computer program for the design
cases given in Table 12.2-32. For each design case, the loads are combined in
various combinations so as to produce maximum design moments at any point in
the frame. The stresses at each section do not exceed the allowable stresses given
in Table 12.2-32.
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12.2.9.2 Doors

122.921 ~OI
The equipment access lock doors as shown in Figure 12.2-80 provide a sealed
closure for the 21-foot 6-inch by 24-foot 6-inch opening at each end of the access
lock. Each door consists of two leaves. Each leaf is hinged on the outer side, held
at the center of the opening by manually-operated locking pins, and sealed on four
sides by inflatable rubber seals. The seals are mounted on the door leaves and are
pressurized after the door is closed. The structural portion of each door is airtight,
of welded steel construction, and fabricated from A-36 steel.

Operation of the doors is interlocked so that only one door is open at any given
time. Motor-driven units are sized so the doors will operate against a 10-psf wind
and hold against a 30-psf wind. The separate drive units on the two leaves of each
door operate simultaneously and provide simultaneous operation of the door
leaves. Each door is controlled from a pushbutton station mounted on the wall in
the vicinityof the door.

'oad combinations used in designing the structural portions of the doors with
corresponding allowable stresses are listed in Table 12.2-33.

For all combinations, the resulting stresses do not exceed the allowable.

The rubber seals are designed for a wind load of 30-psf and a static pressure
differential of 1/4-inch of water. Seals are to be inflated to an internal pressure of 8
to 10 psi.

For the mechanical portions of the doors, resulting stresses do not exceed
allowable stresses. For load combinations with 30 psf winds, stresses do not
exceed 90 percent of yield.

12.2.9.2.2 Safet Evaluation

The equipment access lock doors provide an effective air lock between the Reactor
Building and outside entrance. During normal operation, both doors remain closed
and at no time will more than one door be opened. While closed, the door seals are
kept inflated with a positive pressure. Awarning light gives a remote indication in
case the sealing force is lost due to the reduced seal pressure.

The locking pins on both leaves of each door must be manually operated from the
inside before a door can be opened. In addition, the two doors are electrically
interlocked to provide the following conditions.
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a. Only one door may be opened at any given time."

b. Before one door can be opened, the other door must be closed, locked, and
sealed.

c. Doors cannot be opened until seals are deflated.

d. Seals on one door cannot be inflated until the door has been closed and
locked.

Allwelding was done in accordance with the requirements of the American Welding
Society in its Standard Code for Welding in Building Construction. All steel
fabrication was in accordance with the applicable requirements of the American
Institute of Steel Construction.

A personnel access lock is provided adjacent to the equipment access lock. This
personnel lock provides an emergency access from the equipment access lock to
the Reactor Building or the outside.

12.2.9.2.3 Ins ection andTestin

The rubber seals are to be visually inspected on a quarterly basis, to see ifany
cracks or blemishes have developed. The surface of the skin plate is to be
inspected annually for paint deterioration.

12.2.9.3 Flood Gate

1229 31 ~0

The equipment access flood gate is located on the outside face of the equipment
access lock and is part of the Reactor Building flood protection for the Probable
Maximum Flood. The gate will normally be in the open position for access into or
from the equipment access lock, but may be lowered in the event of impending high
water.

Hoisting and lowering of the gate are by a motorized, two-drum hoist unit equipped
with means for manual operation. Control of the hoist unit is from a pushbutton
station mounted in the equipment access lock near the outer pushbutton station for
the lock doors. As a backup, the plant mobile crane can be used for lowering the
gate.

The gate is approximately 23-feet-wide by 14-feet-high and of welded steel
construction, with structural parts fabricated from A36 steel. It consists of a
structural steel frame with a solid steel skin plate on one side. Rubber seals provide
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sealing to El. 578. The gate is guided during raising and lowering by wheels at
each end, which operate in steel guides.

Power-operated, seismically-qualified dogging devices are provided as a backup for
holding the gate in the open position.

Operating machinery for the gate was not seismically qualified or subject to the
same quality assurance requirements as the gate, since the machinery has no
function relative to flood protection.

Load combinations and corresponding allowable stresses used in designing the
gate are listed in Table 12.2-43. The resulting stresses do not exceed the allowable
for any load combination.

12.2.9.3.2 Safet Evaluation

This gate provides adequate protection against flooding of the Reactor Building.
The gate will normally be in the open position for access into or from the equipment
access lock. Gate operation from raised to lowered position takes less than 5
minutes. The gate can be lowered manually should the machinery fail to operate.
Also, the plant mobile crane provides an additional means for lowering the gate.
The dogging devices provide a backup for holding the gate in the open position,
and provide additional protection against the remote possibility of the gate falling on
a spent fuel cask. The dogs are equipped with an alarm which will be activated if
the dogging devices fail to engage when the gate is raised, and electrical interlocks
will prevent lowering the gate ifthe dogging devices fail to disengage properly. The
closure mechanisms are part of the Plant Preventive Maintenance Program and are
tested periodically. The gate is designed for static head to El. 578 and for all static
heads, broken waves, and surge forces due to flood conditions ranging from mean
flood levels of El. 556 to 568, with concurrent winds of 85 mph, to the probable
maximum flood, with a mean flood level of El. 572.5 concurrent with 45-mph winds.
Seals on the gate are the replaceable type.

Allwelding was done in accordance with the requirements of the American Welding
Society in its Standard Code for Welding in Building Construction. All steel
fabrication was in accordance with the applicable requirements of the American
Institute of Steel Construction. Certified mill tests, covering chemical analyses and
physical properties, are on file for all materials.

12.2.9.3.3 Ins ection andTestin

After initial installation, the gate was raised and lowered sufficiently to determine
that the gate seats and seals properly. Thereafter, the gate and its components are
inspected periodically.
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The rubber seals are to be inspected for cracks, blemishes, and wear. Lifting
cables are to be inspected for wear and defects, and painted surfaces are to be
inspected for paint deterioration. Lifting and lowering of the gate are to be
observed for proper operation, seating, and sealing in the lowered position.

12.2.9.4 Waterti ht Personnel Access Door

12.2.9.4.1 ~Oi I

The watertight personnel access door is located at the south (outside) end of the
personnel corridor, which is on the east side of the equipment access lock. This
door is a part of the flood protection for the Reactor Building from the Probable
Maximum Flood.

Physical description, design load combinations, safety evaluation, and inspection
and testing criteria are the same as for the condenser cooling water system
personnel access doors, as described in paragraph 12.2.7.1.2.

'2.2.10 Standb Gas Treatment Buildin Class I

12.2.10.1 Concrete Structure Fi ure 12.2-76

There are two Standby Gas Treatment Building at Browns Ferry; Building No.1 and
Building No.2. The buildings are located side-by-side adjacent to the southwest
corner of the Reactor Building and lie within the earth berm surrounding the Reactor
Building. They are isolated from each other and the Reactor Building by two inch
wide expansion joints filled with fiber glass insulation. These structures are
basically single-story, double-barreled concrete box frames with closed ends. The
length of Building No. 2 is 77 feet, 10 inches, the width is 36 feet, 6 inches, and the
height is about 20 feet. Building No. 1 is similar to Building No. 2 except there is an
8 feet, 10 inches by 12 feet, 2 inches recess in the northwest corner. Earth backfill
surrounds all sides and covers the top of the structure in varying depths of 2 feet to
11 feet. The structure is founded on 10+ feet of earth backfill compacted to 95
percent of maximum Standard Proctor density at optimum moisture content. The
only materials to be used for backfill, as identified by the soils investigation
program, are a clay sand (SC), or a lean clay (CL). Laboratory testing of soil
samples has determined that the allowable soil-bearing values are 1.5 tons/ft3.
Underlying this earth backfill is a crushed stone backfill as described in paragraph
12.2.8.1.

The model used for the static analysis in the transverse direction is shown in Figure
12.2-79. This frame is analyzed by the moment distribution method using the

.loading conditions as given in Table 12.2-34, with lateral earth pressures
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determined as described in paragraph 12.2.2.10. The east and west end walls are
analyzed as two-way slabs for lateral earth pressures determined in the same
manner.

Stresses resulting from the static analysis are combined by the method of
superposition with stresses resulting from the moments, shears, deflections, and
accelerations determined by the dynamic earthquake analysis described in
paragraph 12.2.10.2. Vertical accelerations of 0.067g and 0.133g are assumed to
act simultaneously with the horizontal accelerations for the 0.1g Operating Basis
Earthquake and 0.2g Design Basis Earthquake, respectively. Members are
proportioned by the working stress method of ACI Code 318-63, so that the above
stresses do not exceed the allowable stresses given in Table 12.2-34.

12.2.10.2 D namic Earth uake Anal sis

The dynamic earthquake analysis of the Standby Gas Treatment Buildings were
done in the same manner as the Diesel Generator Buildings. Two analyses were
performed for the two buildings. The results for both buildings were enveloped to
produce a single set of data to be used in subsequent analyses of either building.

Each mathematicl model consisted of two lumped masses, one at the center of the
roof slab and one at the center of the base slab. The soil structure interaction was
modeled by a translational spring KT, rotational spring, KR and vertical spring KV.
The values of KT KR and KV were obtained from the values computed for the
Diesel Generator Buildings (see paragraph 12.2.8.3 and Figure 12.2-78), using the
relations:

KT= CtA
KR= Cgl

KV= CVA

Where Ct, C< and CV are coefficients of the soil, and A and I are the area and
moments of inertia of the slabs contact area, The spring constants were calculated
for each building from:

KT SGT BLDG = ASGT BLDG

A
X KT DG BLDG

KR SGT BLDG = lSGT BLDG

lDG BLDG

X KR DG BLDG
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AND

Ky SGT BLDG = Assr sum

Aos ei.oe
X KyDG BLDG

The values of KT, KR, Ky and masses of roof and base used in the analysis is
given in Table 12.2-35. Since the structures are suppported on a soil deposit, the
DBE and OBE accelerations at the top of rock are amplified to the foundation level
using the method described in Section 12.2.8.3. The amplification factors used are
1.6 and 1.2 for the horizontal and vertical motions, respectively.

The analyses were performed using the normal mode time history method. The
vertical motion of the structure due to horizontal input earthquake motion was
included in the analyses. A structural damping value of 5 percent of critical
damping was used for all modes. The results of the analyses are shown in Table
12.2-36. The lateral restraint of the soil along the sides of the buildings was
neglected as far as retarding the motion of the buildings (the increased lateral
pressure is used in analyzing stresses, however). The mass used in the analysis
includes the weight of the earth on top of the building roof slab and all equipment.

Analyses as described above were performed using both the E1 Centro earthquake
and artificial earthquake time histories input ground motion described in Section
2.5.4. Results of the analyses using the E1 Centro earthquake input were used in
the design of the buildings. Results from the analyses using the artifical earthquake
input were used in the analyses and design of subsystems housed in the building.
ARS were generated at frequencies ranging from 0.2 Hz to 20 Hz at intervals
consistent with those given in the Standard Review Plan. The ARS were peak
broadened + 15 percent.

12.2.11 H dro en Trailer Port Class II

This structure is used for storing two trailers containing cylinders of hydrogen gas.
lt is a concrete structure composed of a ground supported slab, walls on three
sides, and roof. The orientation of the structure on the site is such that, ifthe gas
cylinders become missiles, they will not strike any Class I structure.

12.2.12 Guardhouse Class II

This is a conventional-type structure consisting of concrete slab and walls below
grade and concrete slab at grade. Above grade, the building is framed by structural
steel and enclosed by architectural panels.
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12.2.13 Diesel Generator Buildin Unit 3 Class I

12.2.13.1 Concrete Structure Fi ure 12.2-81

This structure is located adjacent to the east side of the Reactor Building as shown
in Figure 12.2-1. It is separated from the Reactor Building by a 2-inch expansion
joint filled with Fiberglas insulation. The north and south ends of the building face
an earthfill which slopes in the east-west direction to a height of 30 feet above the
lower floor level at the reactor building. The east side of the building is exposed.

The foundation for the Unit 3 structure is specified to be the same as that for the
Units 1 and 2 structure as described in paragraph 12.2.8.1.

The structure is a two-story concrete box with two longitudinal dividing walls full
length and height, and four main transverse dividing walls full height terminating at
the east longitudinal wall. Each of the four bays encloses a diesel generator and its
auxiliary equipment. A low clerestory over each generator bay provides for air
intake and exhaust. The grade floor slab of each generator bay consists of diesel
fuel storage tanks encased in concrete. The west longitudinal wall separates the
diesel generator portion of the building from the shutdown board rooms and
contains no doors or any open penetrations. A corridor extending west to east on
the roof of the building provides access to the shutdown board room area and the
diesel generator area from the Reactor Building. Separate stairways lead from the
corridor to the shutdown board area and diesel generator area. Mechanical
equipment rooms located on the roof of the board room provide for heating and
ventilating of the board room.

The description of the analysis of the structure is as given in paragraph 12.2.8.1.
The diesel generator portion of the Unit 3 structure is of the same configuration as
the Units 1 and 2 structure, and the designs performed in 1968 using the ACI Code
318-63 are applicable to this portion of the Unit 3 structure. Designs were made in
1972 for the shutdown board rooms and are in accordance with the alternate design
method of ACI 318-71.

.The Diesel Generator Building lower floor is at El. 565.5. The building is protected
against flood-water and wave action and kept dry to El. 578. There are five sets of
large double doors in the east wall of the building for both personnel and
maintenance access. These doors are designed for all static heads, broken waves,
and surge forces up to El ~ 578 with replaceable seals which are always in place.
The electrical boards are located in rooms in the building conforming to the
appropriate separation criteria required. If a diesel compartment must be blocked
open for maintenance, provisions are made to protect the remainder of the building.
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12.2.13.2 Access Doors

The access doors for the Unit 3 building are identical to those described in
paragraph 12.2.8.2 for the Units 1 and 2 building.

12.2.13.3 D namic Earth uake Anal sis

The results of the analysis described in paragraph 12.2.8.3 for the Units 1 and 2
structure are accepted as being applicable to the Unit 3 structure.

The foundation material for the two structures is the same and is as described in
paragraph 12.2.8.1. As can be seen by a comparison of Figures 12.2-76 and
12.2-81, the two structures are of the same configuration, with the exception that
the Unit 3 structure is wider in the east-west direction.

The predominant motion of the Units 1 and 2 structure is rocking and translation of
the base. The translatory motion at the base is more significant, since the majority
of the structure's mass is concentrated at the base. Therefore, the response of the
structure depends mainly on the horizontal soil spring, K~, and the mass of the
structure. The effect of the increased width for the Unit 3 structure is twofold. First,
the stiffness of the soil springs is increased, lowering the natural period of the
structure and reducing the response of the structure, as shown by a comparison of
the north-south and east-west direction responses for Units 1 and 2 structure.
Second, the mass of the structure increases, tending to increase the response and
the natural period of the structure. The soil spring, K~, for the Unit 3 structure
increases approximately 15 percent, while the mass of the structure increases only
about 10 percent. The effect of the increased soil springs exceeds the effect of the
increased mass, resulting in a reduction of the total responses. However, as stated
above, the results determined for the Units 1 and 2 structure are applicable to, and
are used for, the design of the Unit 3 structure.

12.2.14 Off as Treatment Buildin Class I

Concrete Structure

The offgas treatment structure is a rectangular box-type concrete structure
completely covered with an average of 10 feet of backfill. The structure is located
between the stack and centerline of reactors (column line r). See general outline
features (Figure 12.2-82). The access into the building is a covered stairway at one
end and a spiral stairway at the other for emergency exit. The interior members are
comprised predominantly of thick walls and slabs, the dimensions of which are
determined by shielding requirements.
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The building is sealed against flood to the elevation of the stairway entrance at EL.
568.0. PVC seals are provided in all construction joints in the exterior walls, roof,
and base slabs to prevent leakage through the joint.

The structure is designed for water pressure, earth pressure with surcharge,
equipment loads, and Design Basis Earthquake. The structure is designed to
remain in the elastic range for the Design Basis Earthquake and remain waterproof.
The roof is not designed to withstand the load caused from the collapse of the
reinforced concrete chimney due to a tornado. The exterior walls and bottom slab
are designed to remain in the elastic range, assuming the roof slab has collapsed,
and they will not permit water leakage into or out of the building below EL. 566.25.

For loads and load combination with appropriate load factors used, see Table
12.2-44.

The base slab is poured on sound rock or a concrete subpour taken to sound rock.
Reinforcing bars grouted into 3-inch-diameter holes are provided where required to
resist the net uplift due to hydrostatic pressure. The exterior walls, acting as
cantilever walls after the roof and interior slabs collapse, are anchored into rock
with reinforcing bars to resist the maximum moment which they have to resist. The
interior walls are load bearing, but are separated from the exterior walls and base
slab by a contraction joint, so the deformation or collapse of the top slab and interior
member will not compromise the structural integrity of the exterior walls and base
slab. Shear keys are provided in the contraction joints to resist horizontal loads.

The condition of rapid depressurization during a tornado is provided for in the
following way. The latches on the two exterior doors will fail, allowing the interior to
be vented; so the interior is designed for a negative pressure of 240 psf.

The structure is founded on rock and is rigid; hence there is no amplification of the
motion through the structure. However, since the structure is buried, the roof slab is
conservatively considered to have the same horizontal motion as the surrounding
soil. The amplificatio factors used are 1.6 in the horizontal direction and 1.3 in the
vertical direction using the method described in Section 12.2.8.3 The structure is
designed for the increase in soil pressure on the structure from the horizontal and
vertical soil accelerations. Subsystems housed in the Offgas Treatment Building are
designed for the site design spectrum multiplied by the soil amplification factor.

12.2.15 Radwaste Eva orator Buildin Class II

Concrete Structure

The Radwaste Evaporator Building is a box-type concrete structure extending from
grade to approximately 30 feet above grade, and is supported by steel H-piles
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driven to bedrock. It is located adjacent to the west side of the Radwaste Building
as shown in Figure 12.2-83. The structure is separated from the radwaste building
by a 1-I/2-inch expansion Ojoint.

The building is comprised, predominantly of thick walls and slabs, the dimensions of
which are primarily determined by shielding requirements. About two-thirds of the
roof system is a steel-framed structure supported on concrete wall brackets. The
remainder of the roof system is a thick concrete slab required for shielding over the
area that houses the radwaste evaporator equipment.

The structure is designed using the alternate design method in Section 8.10 of ACI
318-71 for normal design loads, with higher stresses allowed for load cases as
shown in Table 12.2-45. Moments and shears for frame and one-way slabs are
designed by the moment distribution method. Two-way slabs are designed using
the publication, Moments and Reactions for Rectangular Plates, by W. T. Moody,
also known as Bureau of Reclamation Engineering Monograph No. 27. The
structure is designed using the load, loading conditions, and allowable stresses as
shown in Table 12.2-45. The total horizontal force located at the top of the pile
group is resisted by the passive earth pressure exerted by the soil against
individual piles. Earth pressure and pile designs are based on Soil Mechanics in
Engineering Practice, by Terzaghi and Peck; Foundations of Structures, by
Dunham; and Steel HPiles, by U.S. Steel Corporation.

The minimum percentage of reinforcing in the slabs is 0.0015bt in the top face and
0.0018bt in the bottom face.

~ The structure is designed to be flood-proof for the Maximum Possible Flood (water
level EL. 572.5) plus waves. The construction interface between the structure and
the radwaste building is sealed for flood protection to EL. 578.0.

12.2.16 Residual Heat Removal Service Water Intake Class I

The Residual Heat Removal Service Water (RHRSW) pumps on the deck of the
intake structure are surrounded by concrete walls which extend from the deck
elevation to a minimum elevation of 578. This protective structure provides
permanent, in-place protection to EL. 578 and requires no operator action for its
implementation. These pumps serve both the RHRSW system and the Emergency
Equipment Cooling Water (EECW) System.

The walls are reinforced, poured-in-place concrete, including three inner partitions
which provide four individual pump compartments. The walls are designed for static
water pressure with water level to EL. 578, or for the dynamic force resulting from a
wave whose height is 5.1 feet with reservoir water level at EL. 572.5, or for a wave
.whose height is 10 feet with reservoir water level at EL. 568. For the design of the
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walls, it is assumed that the wave strikes the wall with the force that would occur if
the wall were located at the front face of the intake structure. The walls are also
designed to withstand the Design Basis Earthquake (0.20g) or tornado winds to
prevent damage to the enclosed equipment.

The outer and inner compartment walls, as erected, form an effective water barrier.
All pipe or instrument openings are sleeved through the outer and inner walls and
are sealed. The protective structure is open at the top to the weather, and access to
each individual compartment is by a watertight door which will be normally closed.
Each compartment presently contains three RHRSW pumps and their immediate
piping and valving, an EECW strainer, one or more condenser circulating water
pump valve access hatch(es), and a deck opening for a future RHRSW pump; each
of the two central compartments contains a vent hold.

12.2-83



BFN-16

Table 12.2-16.4

(Deleted by Amendment 9)
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Table 12.2-17

DAMPINGVALUES FOR THE RPV, RPV INTERNALS,
INTERNALSTRUCTURES, AND REACTOR BUILDING

Com onent/Structure Dam in Ratio % of Critical

R/B Enclosure Structure

Drywell Steel

Shield Wall

Pedestai

Star Truss

Stabilizer

Refueling Bellows

Reactor Vessel

Vessel Support Skirt

Shroud and Supports

Fuel

CRD Guide Tubes

CRD Housings

Spring K~

Spring Q

Spring f4

Spring K4

Horizontal

3.5

Vertical
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12.3 SHIELDING AND RADIATIONPROTECTION

12.3.1 OOOO 3Bi
Plant shielding is designed to provide for personnel access to the plant to perform
maintenance and carry out operational duties with personnel exposures limited to
the dose criteria set forth in the Code of Federal Regulations Title 10 Part 20 (10
CFR 20) and the Radiation Protection Plan, as appropriate. The shielding design
requirements for the Reactor, Turbine, and Radwaste Buildings and for the offgas
stack for both normal and shutdown conditions are established considering the total
activity in the core, coolant, liquid waste, and offgas systems. The shielding and

, radiation protection design requirements also consider the radiation conditions in
the control room following a design basis accident. Within these requirements the
plant is shielded to provide work areas for operation and maintenance of the plant
and for the control of the plant during the design basis accident.

Full power operation design conditions assume that the core is operated at the
design power of 3440 MWt. At this power level the "N coolant activity leaving the
reactor vessel is 1.60 x 10'icrocuries per second per unit (see Subsection 9.5,
"Gaseous Radwaste System" ). The offgas system shielding is designed for a stack
release rate of 350,000 microcuries per second per unit after a 30-minute holdup.
Reactor water fission product concentrations and activated corrosion product
concentrations are assumed to have maximum values of 7.4 pCi/cc and 0.07
pCi/cc, respectively. These sources are used in determining the maximum

,shielding requirements in the condensate system filter demineralizers and for the
reactor water cleanup system.

12.3.2 ~Oi 3

The design basis for shielding work areas is based on the expected radiation levels
and estimated occupancy times. The plant is divided into zones dependent upon
the intensity of radiation within the given area. Zone classifications are listed in
Table 12.3-1. The entrances into all zones are marked in accordance with the
regulations of 10 CFR 20. Regulated zones are also appropriately identified at the
points of access. Barriers restrict entry to controlled zones with dose rates greater
than 100 mRem/h. In addition, radiation work permits are required, and health
physics surveillance may be necessary before entry to controlled zones.

Entrances to prohibited zones are barred by locked or guarded doors. Access
control requirements for prohibited zones are contained in technical specifications
and plant procedures. The entrances to the various zones in the buildings are
shown on Figures 1.6-1 through 1.6-7 and Figures 1.6-11 through 1.6-14. For the
purposes of this document and plant drawings and implementing procedures,
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radiation exposure as expressed in units of R/hr and sub-units, thereof, is
equivalent to dose (rad) and dose equivalent (rem).

Exposure of personnel to concentrations of radioactive materials in air or water is
controlled under 10 CFR 20.

The radiation monitoring systems are described in subsections 7.12, "Process
Radiation Monitoring"; 7.13, "Area Radiation Monitoring System"; 7.I4, "Drywell
Leak Detection Radiation Monitoring System", and 7.15, "Health Physics Laboratory
Radiation Monitoring Equipment."

The design basis accident, which is the loss of coolant, defines the protection
required for the plant Main Control Room and is described in Subsection 14.6,
"Analysis of Design Basis Accidents." The Main Control Room is located on the top
floor of the control bay. The entire control bay is shielded from secondary
containment by concrete walls, roof, and floor. The roof is 27 inches thick, the wall
separating the control bay and secondary containment is 30 inches thick, the wall
between the Turbine Building and the control bay is 18 inches thick, the floor over
the steam tunnel is 54 inches thick, and the remainder of the floor is 30 inches thick.
Penetrations from the secondary containment enter the control bay on the lower two
floors which are separated from the main control room by 8-inch-thick concrete
floors.

The control bay shielding was analyzed for normal occupancy in the control bay
using the maximum normal sources. The dose rate to people in the control bay was
calculated to be less than 0.5 mrem/hr.

The control bay shielding was analyzed for the design basis accident using the
source strengths listed in Appendix F of the Units 1 and 2 Design and Analysis
Report. The primary containment contribution to the control bay accident dose was
found to be less than 2 mrem/hr. The dose from the secondary containment activity
was found to be less than 675 mrem in any continuous 8-hour period.

During accident conditions the exit route from the main control room and plant is
that of least possible exposure and is determined at the time of the accident.

The Reactor Building contains five major shielding structures-the reactor sacrificial
shield, the drywell biological shield, the main steampipe tunnel, the fuel pool, and
the cleanup demineralizer system equipment rooms. The concrete drywell
biological shield with the sacrificial shielding provides the main protection for the
area surrounding the reactor vessel, the primary coolant piping, and the
recirculation system. Approximately 8 feet of concrete is used to reduce the
radiation levels in accessible areas. Entrances to each drywell space are shielded
with 5-foot-thick shield plugs in the equipment locks on El. 565 and a 4-foot-thick
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concrete wall at the personnel airlock. The main steampipe tunnel with its 4-foot
6-inch thick concrete walls is the connecting shielded structure between the Reactor
and Turbine Buildings. The spent fuel assemblies are stored inside the spent fuel
storage pool. Six-foot-thick concrete walls are provided as shield barriers on all
sides of the fuel storage pool approximately up to the top of the fuel storage racks.
In addition, the bottom of the storage pool is also provided as a shield barrier and is
6-foot thick. A minimum cover of 8-l/2 feet of water above the fuel assemblies is
maintained to protect plant personnel during fuel storage. During transfer
operations a minimum of 6-I/2 feet of water is maintained. The reactor water
cleanup demineralizer and its associated system are housed in several
concrete-shielded rooms surrounding the drywell concrete structure.

Activityenters the Turbine Building with the steam from the Jeactor. The activity is
primarily "N, "'N, "'N, "0, fission product gases, and some carryover of other
activity. Approximately 80 percent of the nitrogen activity goes to the offgas system
with the other 20 percent going with the condensate. The activity in the condensate
is reduced to a negligible value by hotwell holdup and the condensate
demineralizers. Shielding is provided around the following Turbine Building areas,
and the interior zones are typically classified as shown below.

Equipment Area Zone Radiation

Main steam lines and valves
Main turbine.
Main condenser hotwell area.
Moisture separators.
Reactor feedwater heaters
Reactor feed pump turbines
Extraction steam piping .

Airejectors and steam packing exhauster...
Condensate demineralizers and backwash

equipment.

Prohibited
Prohibited
Controlled
Prohibited
Prohibited
Controlled
Prohibited
Prohibited

Controlled

Shielding for the radwaste facilities is based on the processing of wastes having
concentrations of 7.4 pCi/cc of fission products and 0.07 pCi/cc of corrosion
products from the reactor water. Phase-separator tanks hold up activity for decay of
essentially all isotopes except the long-lived radionuclides. Shielding is provided
around the following Radioactive Waste Building areas and the interior zones are
typically classified as shown below.
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Radiation Zone

Cleanup phase-separator tanks ......................
Cleanup sludge pump
Cleanup decant pumps .

Condensate phase-separator tanks...........
Condensate phase-separator sludge pumps
Condensate phase-separator decant pumps ...
Waste-collector tanks ......................................
Waste-collector pumps..... ~ ..
Waste demineralizer
Waste backwash tank..................................
Waste resin tank .

.......... Prohibited

.......... Prohibited

......Regulated

..........Prohibited
...Regulated

........Regulated

..........Controlled
.Regulated

.......... Prohibited

..........Prohibited
...Controlled

The shielding design for the plant stack is based on a gaseous fission product
release of 350,000 pCi/sec per unit, and the accompanying particulate radioactive
daughter products which are collected on the offgas filters. Shielding is provided at
the ground level section of the stack. Offgas piping and filters are located in the
stack basement in shielded cubicles.

Most areas in the Service Building are designated as unlimited access areas, with
dose rates well below 0.5 mrem/hr. The office building is an unlimited access area.

12.3.3 Performance Anal sis

The normal construction quality control program assures that there are no major
defects or voids in the shielding. After plant startup, both the attenuation provided
by the shielding and the integrity with respect to voids and openings will be checked
by radiation surveys which will be performed at various reactor power levels and
under various operating conditions. Using these surveys and routine health physics
monitoring and control, exposure of personnel is expected to be a fraction of the
dose criteria set forth in 10 CFR 20.
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Table 12.3-1

PLANT RADIATIONZONE CLASSIFICATIONS

Zone
Access
Conditions

Unlimited

Occupancy

Continuous

Shielding
Design

Dose Rate

<1.0 mRem/hr

Access
Dose Rate
Range

Action Requirements
to Enter Zone

2a Regulated Continuous 1.0 mRem/hr

2b Regulated Periodic 15 mRem/hr

Controlled Unoccupied 50-1,000 mRem/hr

Prohibited Unoccupied >1,000 mRem/hr

Access Dose Rate Range willmeet 10 CFR 20 requirements as given In Radiation Control Instructions.

Action Requirements to Enter Zone are given In Radiation Control Instructions.
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13.2 ORGANIZATIONAND RESPONSIBILITY

13.2.1 CORPORATE ORGANIZATION

The organization of the Tennessee Valley Authority's Nuhlear Power Organization
is presented in Tennessee Valley Authority Topical Report TVA-NPOD89-A,
Nuclear Power Organization Description.

13.2.2 NUCLEAR POWER

Nuclear Power (NP) is responsible for the safe design, construction, operation, and
modification of TVAnuclear plants; for compliance with TVApolicy on safety and
quality; and for compliance with regulatory requirements as applicable to all
activities. Nuclear Power plans and manages the nuclear energy supply programs
to meet the requirements of the TVApower program consistent with safety,
environmental, quality and economic objectives. It develops and implements
policies, programs and plans for the nuclear power program.

13.2.3 Offsite Or anizations

The Nuclear Power Organization is presented in Tennessee Valley Authority
Topical Report, TVA-NPOD89-A, Nuclear Power Organization Description.

Qualification requirements for positions providing corporate technical support,
specifying required education and experience are maintained in approved position
descriptions on file at the site and central office by the Nuclear Human Resources
Organization. Numbers of positions are contained in approved staffing plans also
maintained by the Nuclear Human Resources Organization.

13.2.4 Onsite Or anization

The Browns Ferry Nuclear Plant Organization is presented in Tennessee Valley
Authority Topical Report, TVA-NPOD89-ANuclear Power Organization Description.

13.2.5 Personnel Functions Res onsibilities andAuthorities

During normal plant operations, the plant manager is responsible for all plant
activities. In the event of absence, incapacitation of personnel, or other
emergencies, the plant manager shall delegate in writing the succession to this
responsibility in accordance with Technical Specification 6.1.
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13.2.6 Qualification Re uirements for Nuclear Facilit Personnel

Nuclear Power (NP) personnel at the Browns Ferry Nuclear Plant are required to
meet the qualification standards specified by NRC Regulatory Guide 1.8, Revision 2
(which endorses ANSI N"I8.1-1 971 and ANSI/ANS 3.1-1 981) with the alternatives
outlined in the Nuclear Quality Assurance Plan, TVA-NQA-PLN89-A. Shift
Technical Advisors are required to meet the qualiTications specified in Technical
Specification 6.0. The Radiological Control Manager shall have five years of
experience in applied radiation protection. Minimum qualification requirements are
detailed in SPP-1.1.

Below are various onsite and offsite positions correlated to ANSI N18.1-1971 and
ANSI/ANS 3.1-1981 positions as appropriate. Site positions will meet these
requirements at a minimum. Additional qualifications are detailed in SPP-1.1.

POSITIONS COVERED BY LICENSING COMMITMENTS

NOTE TVAwill meet the requirements of Regulatory Guide 1.8, Revision 2
, (4/87) for all new personnel qualifying on positions identified in regulatory
position C.1 after January 1, 1990. Personnel qualified on these
positions prior to this date will still meet the requirements of Regulatory
Guide 1.8, Revision 1-R (5/77). As specified in regulatory position C.2,
all other positions will meet the requirements of ANSI/ANS N18.1-1971.

Source

ANSI N18.1-1 971
FSAR 13

ANSI N18.1-1 971
FSAR 13

ANSI N18.1-1 971
FSAR 13

ANSI N18.1-1971
FSAR 13

Title from Source

Plant Manager (or
Assistants)

Operations Manager

Maintenance Manager

Technical Manager

TVATitle

Plant Manager or
(Operations
Manager)

Operations
Superintendent

Maintenance
Manager

Systems
Engineering
Manager
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ANSI N18.1-1971
FSAR 13

ANSI/ANS 3.1-1 981
USNRC Reg Guide 1.8
(R2) NPP IV
FSAR 13/Tech Spec 6.0

ANSI/ANS 3.1-1 981
USNRC Reg Guide 1.8
(R2) NPP IV
FSAR 13/Tech Spec 6.0

ANSI/ANS 3.1-1 981
USNRC Reg Guide 1.8
(R2)
FSAR 13/Tech Spec 6.0

BFN-16

Supervisors
Requiring NRC
Licenses

Shift Supervisor

Senior Operator

Licensed Operator

(See Below)

Shift Manager

Shift Manager
Unit Supervisor

Unit Supervisor
Unit Operator

USNRC Reg Guide 1.8 Shift Technical
(R2) Advisor

Shift Technical
Advisor
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ANSI N18.1-1971
FSAR 13

ANSI N18.1-1 971
FSAR 13

ANSI N18.1-1 971
FSAR 13

Supervisors Not
Requiring NRC
License

*Note: Position
covered by
paragraphs 4.3.2
and 4.4 of ANSI
N18.1 do not
require NRC
License.

Reactor Engineering
and Physics

Instrumentation
and Control

Maintenance
Supervisors
(Mechanical,
Electrical,
*Instrumentation);
Site Quality
Manager; Site
NABL Manager,
Radiological
Control
Supervisors;

Program Manager,
*Industrial Safety;
General Craft
Supervisors and
Craft Foremen over
instrument mechanics,
machinists,
electricians,
steamfitters, and
boilermakers;
Chemistry Manager;
Reactor Engineering
Supervisor; BOP
Systems Supervisor;
NSSS Systems
Supervisor; and
Engineering Support
Supervisor

Reactor
Engineering
Supervisor

Instrument and
Control/
Electrical
Supervisor

ANSI N18.1-1 971
FSAR 13

Radiochemistry Chemistry
Manager
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ANSI/ANS 3.1-1981
USNRC Reg Guide 1.8
(R2)

ANSI N18.1-1971
FSAR 13

ANSI N18.1-1 971
FSAR 13

ANSI N18.1-1971
FSAR 13

ANSI N18.1-1 971
FSAR 13

BFN-16

Radiation Protection

Technicians

Repairmen

Engineer in Charge

Staff Specialists

Radiological
Control Manager

Rad Chem Lab
Analysts,
Instrument
Mechanics,
Radiological
Control
Technicians

Craftsmen
(rriachinist
electrician,
steamfitter,
boilermaker)

Site Engineering
Manager

Offsite
Supervisory
Personnel
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13.3 TRAININGPROGRAMS

13.3.1 Accredited Trainin Pro rams

The BFN training programs have been developed in accordance with the Systems
Approach to Training as prescribed by the Institute of Nuclear Power Operations
(INPO). The National Academy for Nuclear Training, through a formal accreditation
process, verifies that BFN training programs meet the established criteria. BFN is a
branch of the National Academy and has achieved accreditation of the following
programs:

nonlicensed operator
reactor operator
senior reactor operator
continuing training for licensed personnel
shift supervisor
shift technical advisor
instrument and control technician
electrical maintenance personnel
mechanical maintenance personnel and supervisor
radiological protection technician
chemistry technician
engineering support personnel

The training programs are periodically evaluated and reviewed by management for
effectiveness. Revisions are made as appropriate. Records are retained as
necessary to support management needs and to provide historical data.

13.3.2 GeneralEm lo eeandFitnessforDut Trainin Pro rams

All persons regularly employees at BFN are trained in the following areas
commensurate with their job duties:

fitness for duty
general plant description
job related procedures and instructions
radiological protection
emergency preparedness
industrial safety
fire protection
security
quality assurance
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13.3.3 Other Trainin Pro rams

Responsible managers ensure that personnel performing quality-related activities
receive indoctrination and training to ensure that adequate proficiency is achieved
and maintained.

13.3.4 References

1. 10 CFR Part 55, Operator's License
2. 10 CFR Part 120, Training and qualification of nuclear power plant personnel
3. Browns Ferry Technical Specification 6.4, Training
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13.5.1.3 Initial Heatu to RatedTem erature and Pressure

Heatup follows satisfactory completion of the Phase II tests, and further checks are
made of coolant chemistry together with radiation surveys at the selected plant
locations. All control rod drives are scram timed at rated temperature and pressure;
selected drives are timed at intermediate reactor pressures and for different
accumulator pressures. The control rod sequence is further investigated to obtain
rod pattern versus temperature relationships. The process computer checkout
continues as more process variables become available for input. The RCIC and
HPCI systems will undergo controlled starts at low rector pressure and at rated
conditions; the RCIC system is tested in the quick start mode at 1,020 psig.
Correlations are obtained between reactor vessel temperatures at several locations
and the values of other process variables as heatup continues. The movements of
drywell piping systems as a function mainly of expansion are recorded for
comparison with design data. The steam separator-dryer test equipment is checked
out and initial samples taken. An intermediate APRM calibration is made using
coolant temperature rise data during nuclear heatup.

13.5.1.4 Power Testin from 25 to 100 ercent of Rated Out ut

The power test phase comprises the following tests, many of which are repeated
several times at the different test levels; consequently, reference should be made to
Figure 13.5-1 (Unit 1) and Figure 13.5-2 (Units 2 and 3) for the probable order of
execution for the full series. It must be appreciated that, while a certain basic order
of testing is maintained relative to power ascension, there is, nevertheless,
considerable flexibilityin the test sequence at a particular power level which may be
used whenever it becomes operationally expedient.

Coolant chemistry tests and radiation surveys are made at each principal test level
to preserve a safe and efficient power increase. Selected control rod drives are
scram timed at various power levels to provide correlation with the initial data. The
effect of control rod movement on other parameters (e.g., electrical output, steam
flow and neutron flux level) is examined for different power conditions. Following
the first reasonably accurate heat balance (25 percent power) the IRMs are reset.
At each major power level (25, 50, 75, and 100 percent) the LPRMs are calibrated;
the APRMs are calibrated at each new power level initiallyand following LPRM
calibration. Completion of the process computer checkout is made for all variables,
and the various options are compared with backup calculations as soon as
significant power levels are available. Further tests of the RCIC and HPCI systems
are made with and without injection into the reactor pressure vessel. Collection of
data from the system expansion tests is completed for those piping systems which
had not previously reached full operating temperatures. The axial and radial power
profiles are explored fully by means of Traversing Incore Probe (TIP) system at
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representative power levels (25, 50, 75, and 100 percent) during the power
ascension. Core performance evaluations are made at all test points above the 10
percent power level and for selected flow transient conditions; the work involves the
determination of core thermal power, maximum fuel rod surface heat flux, and the
minimum critical heat flux ratio (MCHFR).

Overall plant stability in relation to minor perturbations is shown by the following
group of tests which are made at all test points:

Flux response to rods
Pressure regulator setpoint change
Water level setpoint change
Bypass valve opening

For the first of these tests a centrally located control rod is moved and the flux
response noted on a selected LPRM chamber. The next two tests require that the
changes made should approximate, as closely as possible, a step change in
demand, while for the remaining test the bypass valve is opened as quickly as
possible. For all of these tests the plant performance is monitored by recording the
transient behavior of numerous process variables, the principal one of interest
being neutron flux. Other imposed transients are produced by step changes in
demanded core flow, dropping a feedwater heater, and failing the operating
pressure regulator to permit takeover by the backup regulator. Table 13.5-2
indicates the power and flow levels at which all these stability tests are performed.

The category of major plant transients includes full closure of all the main steam
isolation valves, fast closure of the turbine generator control valves, fast closure of
turbine generator stop valves, loss of the main generator and offsite power, tripping
a feedwater pump, and several trips of the recirculation pumps.

The plant transient behavior is recorded for each test and the results may be
compared with the predicted design performance. Table 13.5-2 shows the
operating test conditions for all the proposed major transients.

A test is made of the relief valves in which the capacity, leak tightness, and general
operability is demonstrated. At all major power levels the jet pump flow
instrumentation is calibrated and carryover/carryunder measurements are made to
facilitate assessment of the steam separator-dryer performance. The as-built
characteristics of the recirculation pump drives are investigated as soon as
operating conditions permit full core flow. The local control loop performance
(based on the drive motor, fluid coupler, generator, drive pump, jet pumps, and
control equipment is checked. The vibration is testing conducted at the cold flow
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13.6 Normal 0 erations

13.6.1 General

Day-to-day operations are carried out by the various plant organizations. Each
organization, within its assigned area of responsibility, operates with some degree
of independence and freedom from close supervision, yet their actions are closely
coordinated to best achieve the common purpose.

The Site Vice President, BFN, issues procedures governing employee actions and
establishing standards for plant activities. Managers of principal organizations
issue instructions governing activities under their cognizance. The plant manager
issues instructions which contain administrative restrictions and station
requirements established to ensure safe operation of the plant within the limits set
by the facility licenses and technical specifications. They provide that plant
activities will be conducted in a manner to protect the general public, plant
personnel, and equipment.

A formalized system of written procedures is employed conforming to the
requirements of the Nuclear Quality Assurance Plan (TVA-NQA-PLN-89). Figure
13.6-1 shows the organizational structure of these procedures. Procedures
covering plant activities which might adversely affect safety are put into effect only
after being reviewed and approved by appropriate members of the plant staff as
specified in section 6.0 of the technical specifications. These activities include
operation, maintenance, testing and modifications.

The Plant Operations Review Committee (PORC), is responsible for reviewing
proposed changes as outlined in section 6.0 of the technical specifications. The
plant manager has the responsibility to ensure that safety related procedures
prepared by his staff or submitted to him by other organizations receive required
reviews and approvals before authorizations are issued.

There is, in addition to planned changes in the plant and procedures, the area of
accidental or gradual changes in plant equipment characteristics or conditions.
Each supervisor and employee has the responsibility to be continually alert for such
changes and for reporting them upon detection. The periodic inspection of plant
equipment and the continuing review and analysis of operating data from plant logs,
instruments, and tests provide regular sources of information on plant conditions.

13.6.2 Normal 0 eratin Instructions

Normal Operating Instructions include those procedures for individual system
operation, including precautions, preoperational requirements, startup, and
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shutdown; integrated operations for major plant activities, including startup,
shutdown, and refueling; general equipment operation, such as valves and
electrical breakers; responses to annunciators; anticipated equipment or system
abnormalities; layup of systems; and instructions for operation during special
circumstances to compensate for changed plant conditions (usually used only once
for those special conditions).

13.6.3 Emer enc 0 eratin Instructions

As a result of the accident at the Three Mile Island Nuclear Plant, the NRC required
the upgrade of Emergency Operating Instructions (EOls) from event based
procedures to symptom-based procedures. Symptom-based procedures are
procedures which do not require the operator to diagnose the event in order to be
able to correctly respond to the event. Instead, the operator responds to symptoms
that result from the initiating event(s) and attempts to control these symptoms within
established limits. Browns Ferry EOls are symptom-based procedures and are
based on the Boiling Water Reactor Owners Group (BWROG) Emergency
Procedure Guidelines (EPGs). The EOls specify actions necessary to address any
event including less than design basis events, design basis events, and beyond
design basis events (e.g., multiple equipment failures) and specifies limits to assure
continued safe operation of the plant.

The operator monitors the general state of the plant. Ifany of the entry conditions
for the EOls are met, the operator takes actions to control reactor power, reactor
pressure, reactor water level, primary containment pressure and hydrogen
concentration, drywell temperature, suppression pool temperature, suppression
pool water level, and secondary containment temperatures, water levels, and
radiation levels. The EOls are used until either directed out by the EOls or when
the operator concludes that an emergency condition no longer exists. All operating
personnel through training and experience learn to recognize and evaluate
impending failures or malfunctions and to initiate proper corrective actions.

The EOls are used to train the operating personnel and make them aware of the
accidents or situations that could occur, and the proper course of action.

Safe Shutdown Instructions are a specialized form of emergency instruction which
direct activities for taking a unit to cold shutdown ifa 10CFR50 Appendix R fire
should occur. These instructions detail which equipment will be reliable for
performing the shutdown, dependent upon the location of the fire.
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instructions) which provide plant personnel with instruction on the types and
frequency of chemical and radiochemical analysis, steps to be taken to maintain
conditions within established limits, reactor calculations procedures, and test
procedures on CSSC equipment beyond that required by technical specifications.
The plant computer normally will perform the calculations and assessments on the
reactor core and primary system to assure that the reactor is operated safely and
efficiently within limits specified by the technical specifications. The reactor
calculation procedures outline the backup calculations necessary to assure overall
compliance when the computer is unavailable.

Fuel Accountability Procedures delineating the requirements, responsibilities, and
methods of nuclear material control from the time new fuel is received until it is
shipped from the plant as spent fuel are contained within the technical procedures.
They provide detailed steps for physical safeguards, inventory, accounting, and for
preparing reports to the Nuclear Regulatory Commission.

13.6.9 Securit Plan Procedures

Procedures for implementing the plant Physical Security Plan are prepared as
required. Included are procedures regarding badging, access control, search
requirements, posting of personnel, keys and locks, lighting, and reporting
requirements.

13.6.10 S ecial Test Instructions.

Instructions for special activities which are normally performed one time are not
covered by existing plant instructions. These are prepared as required.

13.6.11 Modification/Addition Instructions

Routine continuing requirements for fabrication, installation, and checkout of
materials and components concerning plant modifications are placed in
modification/addition instructions. Typically included are instructions regarding
supports, bolting, coatings, cabling, and electrical terminations.
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13.7 Records

The TVArecords program observes all acts of Congress, Executive orders, and
regulations of Federal agencies having jurisdiction in records administration. TVA
complies with Federal Power Commission regulations concerning the preservation
and disposal of records of public utilities and licensees, insofar as these regulations
apply to TVArecords relating to the generation, transmission, and sale of electric
energy.

The Site Management Services (MS) Manager has responsibility for general
supervision and coordination of all plant records including those required by the
Nuclear Regulatory Commission pertaining to the operation of a nuclear plant.

Records reflecting plant or equipment performance and records of tests and
inspections which support compliance with the plant licenses, including records of
radioactivity release to the environs, are evaluated by a cognizant reviewer in the
appropriate plant sections and forwarded to Site MS for storage and retention.
Such records may be originated by any plant section.

The duty Shift Manager maintains an operating log which is a chronological record
of significant plant events and conditions. The unit operators input details
pertaining to the operation of their individual units into the operating log. The plant
operators also maintain operating data sheets which ensure their frequent
observations of equipment condition and operating values. These records are
examined daily by the operations management and are support documents for
performance analysis.

The station computer printouts and the operators'ata sheets serve as the normal
source of operating data and statistics. To ensure continuity of information,
provision is made for supplementary data sheets to be maintained if the computer
becomes inoperative. These records are reviewed by the plant on a regular basis
and then forwarded to Site MS for storage and retention. In addition, this
information is supported by installed recording and data logging instrumentation.

Equipment history records are maintained by the Work Control Support Group and
retained by Site MS. These records include failures of safety related equipment,
corrective and preventative maintenance, post-maintenance testing, surveillance
testing and temporary alterations. Records of individual radiation exposure are
maintained by Radiological Control and retained by Record Systems in
Administrative Services. Plant Environmental Radioactivity surveillance records are
maintained by Radiological Control and retained by Site MS.
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13.8 OPERATIONAL REVIEW AND AUDITS

13.8.1 GENERAL

Reviews and audits are performed to ensure that activities which affect the safety
related functions of the plant's structures, systems, and components are carried out
without undue risk to the health and safety of the public including plant employees
and that the plant is operated under a well formulated and detailed administrative
controls and quality assurance program. Review and audit organizations and their
responsibilities are described in the Nuclear Quality Assurance Plan (TVA-NQA-
PLN-89-A), and the plant Technical Specifications.

13.8.2 Onsite Reviews

13.8.2.1 PLANT OPERATIONS REVIEW COMMITTEE PORC

The PORC is one of the two onsite organizations involved in the reviews of safety
related activities at the plant. A detailed description of the functions, composition,
meeting frequency, quorum, responsibilities, authority, and records requirements of
the PORC are contained in the Technical Specifications. The PORC advises the
plant manager in matters related to nuclear safety and is responsible for the review
of administration programs and procedures; technical specification changes; safety
evaluations; programs and manuals which describe controls of radiological
effluents, measurements, and releases; radwaste systems changes; reportable and
unusual events; operating anomalies and abnormal performance of plant
equipment; and unit operations. The PORC also performs investigations and
special reviews as dictated by incidents and/or as requested by the Plant Manager
or the Nuclear Safety Review Board (NSRB).

13.8.2.2 Site Qualit Assurance

The site quality assurance organization has specific responsibilities in the area of
review of plant operations. These responsibilities are described in the Nuclear
Quality Assurance Plan (TVA-NQA-PLN-89-A).

Site Quality Assurance is responsible for assisting site management in meeting
quality assurance and quality control requirements, pursuing the necessary
corrective actions when quality assurance problems occur up to and including the
initiation of "Stop Work" action, verifying that site instructions contain applicable
quality assurance requirements, reviewing complete work document packages for
compliance with applicable requirements on a selective basis, developing and
implementing a quality control inspection program covering material receipt,
construction modifications, maintenance, and testing activities, surveying quality
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assurance program implementation and making recommendations to site
management regarding identified deficiencies, performing trend and root cause
analysis of quality problems, evaluating disposition of major quality issues,
interfacing with the line management on quality improvement initiatives, and
developing quality assurance and startup readiness assessment plans.

13.8.3 Inde endent Reviews

Independent review of operational activities is the function of the TVANuclear
Safety Review Board (NSRB). A detailed description of the function, composition,
qualifications, meeting frequency, quorum, and review responsibilities of the NSRB
are contained in the Technical Specifications. The function of the NSRB
encompass plant operations, the scientific and engineering disciplines, radiolo'gical
safety, and quality assurance. The NSRB reviews safety evaluations, unreviewed
safety questions, changes to the Technical Specifications and Operating License,
violations having nuclear significance, significant operating abnormalities or
deviations, reportable events, indications of unanticipated deficiencies in the design
or operation of the plants structures, systems, or components, and reports and
minutes of PORC. Additionally, the NSRB performs oversight of those quality
assurance audit activities identified in the Technical Specification.

The chairman and members of the NSRB are appointed by the President, TVA
Nuclear and Chief Nuclear Officer. It advises the President on the nuclear safety
significance of their reviews, the quality assurance audits, and on the adequacy and
implementation of the TVAnuclear safety policies and programs.

ln addition to the above, the procedures are in place which define the responsibility,
authority, and method of operation of the NSRB which ensures compliance with the
requirements of ANSI N18.7-1976, "Administrative Controls and Quality Assurance
for the Operational Phase of Nuclear Power Plants," Reference 1. (References are
listed in section 13.8.5)

13.8.4 A~dt P«
The Nuclear Quality Assurance organization is responsible for performing
comprehensive planned and periodic audits of the plant and site organizations,
other TVAorganizations which support the nuclear program, and
contractors/suppliers to determine and assess the adequacy and effectiveness of
the QA program.

A detailed description of this audit program including areas to be audited, frequency
of audits, and disposition of the audit findings is contained in the Nuclear Quality
Assurance Plan (TVA-NQA-PLN-89-A),and the plant Technical Specifications.

13.8-2
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The audit program complies with the requirements of ANSI STD N18.7-1976,
"Administrative Controls and Quality Assurance for the Operational Phase of
Nuclear Power Plants."

13.8.5 References

1. "Administrative Controls and Quality Assurance for the Operational Phase of
Nuclear Power Plants," ANSI STD-N18.7-1 976.

2. "Nuclear Quality Assurance Plan." TVA-NQA-PLN-89-A. (This plan was
approved on January 18, 1990. It supersedes the TVATopical Report, TVA-
TR75-1A.)

3. Plant Technical Specifications.

13.8-3
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13.9 Refuelin 0 erations

The first refueling outage occurred after approximately 18 months of operation
following startup and thereafter approximately every 18 months.

Detailed refueling procedures will be used to ensure a safe and orderly refueling.
The procedures will specify or make reference to other system operation documents
that specify periodic shutdown margin checks, detailed channeling and fuel
handling techniques, and other precautionary steps to assure that the facility
license and technical specifications are not violated.

When fuel is being inserted, removed, or rearranged in the core or when control
rods are being installed, removed, or manipulated, licensed operators will be in the
control room and on the refueling floor supervising the operations. Technical
personnel will provide guidance where necessary and willverify that all fuel has the
proper orientation and is in the correct location.

An essential part of plant nuclear materials control and of refueling outage
requirements is to have complete knowledge of the identity, location, composition,
and condition of all fuel and other core components.

The location of each control rod in the core will be recorded by serial number. Each
fuel assembly is identified by a serial number on the handle. A permanent file of
NRC material transfer reports will be maintained onsite. Documentation for each
fuel assembly will have assembly type, unit and batch number, serial number, date
received, as-built uranium weight, as-built U-235 weight, net weight, and other
applicable data. The fuel transfer forms and documentation are lifetime records.

In addition, there are records for the reactor and the spent fuel storage pool. All
instructions for removing, rearranging, or adding fuel to the core are performed from
detailed procedures. An independent check will be made after the core is fully
loaded to ascertain that all fuel assemblies have been loaded correctly.

During the reactor refuelings the fuel of highest burnup in general will be removed
from the core, some fuel will be rearranged, and new fuel will be loaded into the
core. The loading patterns for all refuelings are selected to provide an optimum
power distribution to satisfy plant safety and economic considerations.

Other refueling operations will include the replacement of control rods and in-core
monitors, channeling operations, fuel sipping when necessary, and the inspection of
selected portions of the reactor vessel and primary system.

Refueling operations will be similar for all three units.

13.9-1
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Descri tion

This test is separated into the testing done at zero psig and the testing done at
greater than 800 psig. Following maintenance on a control rod, that rod is
functionally checked by stroking it to full length. While the rod is being stroked, a
visual check of the RPIS position indication is made; and, upon reaching the end of
travel the coupling is checked for over travel. After fuel loading is finished, the
functional/position indication check and the coupling check are performed for each
rod. Additionally, friction testing is performed as a diagnostic tool on suspected
problem rods. Sometime after reaching rated pressure but before 40 percent
power, all CRD's are scram timed and the LPRM hookup to the process computer is
verified by observing LPRM response to control rod motion.

Acce tance Criteria

Level 1

1. Each CRD must have a normal withdraw speed of less than or equal to 3.6
inches per second, indicated by a full 12-foot stroke time of no less than 40
seconds.

2. The control rod scram insertion times must be within the limiting conditions for
operations specified in Technical Specifications.

Level-2

1. Each CRD must have a nominal insert or withdraw speed of 3.0+.6 inches
per second, indicated by a full 12-foot stroke time between 40 and 60
seconds.

2. With response to the control rod drive friction tests, if the differential pressure
variation exceeds 15 psid for a continuous drive in, a settling test may be
performed, in which case, the differential settling pressure should not be less
than 30 psid nor should it vary by more than 10 psid over a full stroke.

3. Proper LPRM connections shall be verified and adjustments made to provide
proper inputs to the process computer.
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13.10.2.4 Process Com uter

~Pur oee

This test verifies the capability of the process computer to monitor plant conditions
and to evaluate core performance parameters.

Descri tion

Phase I

Following completion of the Cycle NSSS data installation the NSSS data will be
verified for accuracy and proper location in the computer memory.

Phase II

1. After reaching 10 percent power but before reaching 25 percent power, the
core thermal power calculated by the process computer will be compared to a
detailed manual heat balance.

2. The thermal limits for minimum critical power ratio (MCPR), maximum average
planar linear heat generation rate (MAPLHGR), and maximum linear heat
generation rate (LHGR) are compared to a qualiTied backup method.

Phase III

The testing done for Phase II.2 is repeated after calibrating the LPRM's.

Criteria

Level 1

Not applicable.

Level 2

The process computer programs P1 and OD-6 are considered operational when:

1. The location and value of the MCPR as calculated by the process computer
are in the same location and within 2 percent of the MCPR as determined by
any offline computer system qualified; or,

13.10-4
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2. Ifthe MCPR, as determined by the process computer, is in a different location
than that determined by any offline computer system qualified, the values
calculated for CPR by the two methods shall agree to within 2 percent for
each fuel assembly.

13.10.2.5 Core Power Distributions

~Pur oee

This test confirms the reproducibility of the TIP system readings, determines the
core power distribution and checks the core power symmetry.

Descri tion

At least two full TIP sets will be run in order to measure the TIP uncertainty. The
data from these TIP sets will be compared statistically to determine total TIP
uncertainty. In addition, TIP data and P1/OD10 data taken after TIP sets will be
analyzed to determine TIP asymmetry and core power symmetry. One of the TIP
sets must be taken at > 75 percent power level and it is recommended that neither
TIP set be taken below 50 percent power. The core must be in an octant symmetric
rod pattern to perform these tests.

Acce tance Criteria

Level 1

Not applicable.

Level 2

1. The total TIP uncertainty shall be less than 9.0 percent. This total TIP
uncertainty will be obtained by averaging the total uncertainty for all data sets
obtained. A minimum of two data sets is sufficient for determination of the
total TIP uncertainty. The 9.0 percent represents the limiting uncertainty for
which the present MCPR safety limit is valid. Ifthis 9.0 percent uncertainty is
exceeded, a detailed analysis will be made and possibly additional data sets
will be taken.

2. The gross check of the TIP signal symmetry should yield a maximum deviation
between symmetrically located pairs of less than 25 percent. If this criterion
cannot be met, the cause of the asymmetry should be investigated.

13.10-5
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13.10.2.6 APRM Calibration

~Pur ose

This test calibrates the average power range monitor system.

~0

Before there is sufficient feedwater flow to obtain an accurate heat balance, the
APRMs are initiallyadjusted to maximum amplifier gains. During the heatup phase,
the APRMs are recalibrated to a core thermal power determined either by a
constant heatup rate balance or by a bypass valve comparison. APRMs will be
calibrated using a heat balance after feedwater flow becomes reliable.

Criteria

Level 1

(Unit 2, only)
At least three of the four APRMs must be calibrated to read greater than or equal to
the actual thermal power.

(Units 1 and 3)
At least two APRMs in each RPS channel must be calibrated to read greater than or
equal to the actual thermal power.

Level 2

lf the level 1 criterion is satisfied, then the APRM channels are considered to be
reading accurately ifthey do not read more than 7 percent greater than the actual
core thermal power.

13.10.2.7 Pressure Re ulator

~Pur ose

This test demonstrates: (a) smooth pressure control during transients induced in
the reactor pressure control by the pressure regulators, (b) smooth pressure control
transition between control valves and bypass valves and (c) take-over capability of
the backup pressure regulator and sets appropriate values for this take-over.

13.10-6
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b. Time from 10 percent to 90 percent of demand should be 1.9 seconds
and must be less than or equal to 2.5 seconds.

c. Settling time to within+ 5 percent of the final value should be 14
seconds.

d. Peak overshoot should be equal to or less than 15 percent of
demand.

13.10.2.9 RecirculationMotor-Generator M-G Set Control Pur ose

This test demonstrates that the recirculation speed control system can
satisfactorily perform its function by comparing transient test results against
system criteria.

Descri tion

Pre-heatup tests are performed to test individual components and make other
preparations for the tests at power. Once the unit has reached the 100 percent
rated core flow point, several small step changes to M-G set speed will be
made and applicable data recorded.

Acce tance Criteria

Level 1

The decay ratio must be less than 1.0 for each process variable that exhibits
oscillatory response to recirculation system changes.

Level 2

When the unit is operating above the lower limitof the master manual limiter,
the decay ratio of any oscillatory control loop mode must be s 0.25 for each
process variable that exhibits oscillatory response to recirculation system
changes.

13.10-9
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13.10.2.10 D ell Atmos here Coolin S stem

~Pur oee

This test verifies the ability of the drywell atmosphere cooling system to
maintain design conditions in the drywell during operating conditions.

Descri tion

The drywell atmosphere cooling system will be placed in operation and its
ability to maintain normal operating temperatures inside the drywell is verified.
For this test, 8 of 10 fans (and associated coils) are on, thereby demonstrating
a 25 percent standby heat removal capability.

Acce tance Criteria

Level 1

Not applicable.

Level 2

1. Deleted.

2. Deleted.

3. The drywell cooling system shall maintain the bulk volumetric average
temperature in the drywell below design values during normal operation.

13.10-1 0
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14.0 PLANT SAFETY ANALYSIS

14.1 ANALYTICALOBJECTIVE

The objective of the Plant Safety Analysis is to evaluate the ability of the plant to
operate without undue hazard to the health and safety of the public.

Previous sections of this report provide the objective, design basis, and description
of each major system and component. Systems that have unique requirements
arising from considerations of nuclear safety are evaluated in the safety evaluation
portions of those sections of the report. The safety evaluations consider the effects
of failures within the system being investigated. Systems essential to safety are
capable of performing their functions in adverse circumstances.

This chapter provides the analytical objective, design basis, and safety evaluation
for the overall plant integrated systems. Limiting events which may be affected by
reload core designs are evaluated and documented in reload licensing reports for
each fuel cycle. Safety evaluations for specific reload fuel types are documented or
referenced in either the Reload Licensing Report for the specific cycle or in the
licensing topical report, "General Electric Standard Application for Reactor Fuel,"
NEDE-24011-P-A, and revisions thereto.

Safety analyses have also been performed to justify plant operating flexibility
options such as operation in the Extended Load Line Limit (ELLL) Region, operation
in the Increased Core Flow (ICF) Region and operation with Final Feedwater
Temperature Reduction (FFWTR). Subsequent to these analyses, additional
analyses have been performed', and plant performance improvements have been
implemented on Unit 2 for operation in the Maximum Extended Load Line Limit
(MELLL)Region. Results of these analyses are reconfirmed with each reload
analyses as documented in the Reload Licensing Reports for a specific cycle.

Definitions for key terms used in this section are presented in Subsection 1.2,
"Definitions."

NEDC-32422P, "Maximum Extended Load Line Limitand ARTS Improvement Program Analyses
for Browns Ferry Nuclear Plant Unit 1, 2 and 3," GE Nuclear Energy, April 1995
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14.4 APPROACH TO SAFETY ANALYSIS

14.4.1 General

The most informative approach to safety analysis is generally one based on
probabilistic analysis. Such an approach allows precise statements of
unacceptable safety results and permits categorization and evaluation of failures by
relative probabilities. To satisfactorily effect such an approach, adequate data on
component failure rates, failure modes, failure distributions, repair times, and repair
time distributions are required. With the necessary data, models can be
constructed and analyzed to reveal the realistic probabilities of events pertinent to
nuclear safety. General Electric is currently compiling sources of data and
developing the techniques of probabilistic analysis. Although probabilistic analysis
currently provides much insight into the problems of safety, the technique has not
matured sufficiently or gained the general acceptance necessary to permit it to be
the major analysis tool.

Until the probability approach matures, two basic groups of events pertinent to
safety (abnormal operational transients and accidents) will be investigated
separately. The preclusion of unacceptable safety results requires that no damage
to the fuel occurs and that no nuclear system process barrier damage results from
any abnormal operational transient. Thus, analysis of this group of events
evaluates the plant features that protect the first two radioactive material barriers.
Analysis of the events in the second group (accidents) evaluates situations that
require functioning of the engineered safeguards including containment. Tables
14.4-1 and 14.4-2 display the overall results of these analyses.

In considering the various abnormal operational transients and accidents, the full
spectrum of conditions in which the core may exist is considered. This is
accomplished by investigating the differing safety aspects of the six BWR operating
states, as described in Appendix G. In general, only the most severe event of a
given type is described in detail.

Since the preclusion of unacceptable safety results for abnormal operational
transients requires that no fuel damage occur, the limiting abnormal operational
transients are examined for each fuel cycle to ensure this requirement is met.
Three different transient methodologies have been employed for the Browns Ferry
abnormal operational transient analyses. Early analyses for events that are most
severe from high power were analyzed from an initial power of 3440 IVlWt
corresponding to 105 percent of initial rated steam flow. The next analysis
methodology initiates events from initial rated power (3293 MWt) and provides
conservatism by accounting for uncertainties in computed results. The latest
methodology is similar except that it utilizes NRC approved best estimate methods.
The first two analysis methodologies and applicable fuel design limits are described
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in NEDE-24011-P-A. The latest analysis and results are described in NEDC-
32484P and GE-NE-B13-01755-2. These analyses are based upon an assumed
power of 3458 MWt (nominal) and 3527 MWt (Appendix K). These values are
conservatively above the Browns Ferry rated power of 3293 MWt. Many non-
limiting abnormal operational transients have not been updated using the newer
methodology, thus the analyses are a mixture of the three approved methodologies.
The Reload Licensing Report, NEDE-24011-P-A, NEDC-32484P, and GE-NE-B13-
01755-2 should be consulted for the currently applicable analysis results and
methodology.

14.4.2 Abnormal 0 erational Transients

Figure 14.4-1 shows (in block form) the general method of identifying and
evaluating abnormal operational transients. Eight nuclear system parameter
variations are listed as potential initiating causes of threats to the fuel and the
nuclear system process barrier; the parameter variations are as follows:

a. Nuclear system pressure increase,

b. Reactor vessel water (moderator) temperature decrease,

c. Positive reactivity insertion,

d. Reactor vessel coolant inventory decrease,

e. Reactor core coolant flowdecrease,

f. Reactor core coolant flow increase,

g. Core coolant temperature increase, and

h. Excess of coolant inventory.

These parameter variations, ifuncontrolled, could result in excessive damage to the
reactor fuel or damage to the nuclear system process barrier, or both. A nuclear
system pressure increase threatens to rupture the nuclear system process barrier
from internal pressure. A pressure increase also collapses the voids in the
moderator, causing an insertion of positive reactivity that threatens fuel damage
from overheating. A reactor vessel water (moderator) temperature decrease results
in an insertion of positive reactivity as density increases. This could lead to fuel
overheating. Positive reactivity insertions are possible from causes other than
nuclear system pressure or moderator temperature changes; such reactivity
insertions threaten fuel damage caused by overheating. Both a reactor vessel
coolant inventory decrease and a reduction in the flow of coolant through the core
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threaten to overheat the fuel as the coolant becomes unable to adequately remove
the heat generated in the core. An increase in coolant flow through the core
reduces the void content of the moderator, resulting in an increased fission rate. If
uncontrolled, excess of coolant inventory could result in excessive carryover.

These eight parameter variations include all of the effects within the nuclear system
caused by abnormal operational transients that threaten the integrities of the
reactor fuel or. nuclear system process barrier. The variation of any one parameter
may cause a change in another listed parameter; however, for analysis purposes,
threats to barrier integrity are evaluated by groups according to the parameter
variation originating the threat. For example, positive reactivity insertions resulting
from sudden pressure increases are evaluated in the group of threats stemming
from nuclear system pressure increases.

Abnormal operational transients are the results of single equipment failures or
single operator errors that can be reasonably expected during any mode of plant
operations. The following types of operational single failures and operator errors
are identified:

a. The opening or closing of any single valve (a check valve is not assumed to
close against normal flow),

b. The starting or stopping of any single component,

c. The malfunction or maloperation of any single control device,

d. Any single electrical failure, and

e. Any single operator error.

Operator error is defined as an active deviation from written operating procedures
or nuclear plant standard operating practices. A single operator error is the set of
actions which is a direct consequence of a single erroneous decision. The set of
actions is limited as follows:

a. Those actions that could be performed by not more than one person,

b. Those actions that would have constituted a correct procedure had the initial
decision been correct, and

c. Those actions that are subsequent to the initial operator error and have an
effect on the designed operation of the plant, but are not necessarily directly
related to the operator error.
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Examples of single operator errors are as follows:

a. An increase in power above the established flow control power limits by control
rod withdrawal in the specified sequences,

b. The selection and complete withdrawal of a single control rod out of sequence,

c. An incorrect calibration of an average power range monitor, and

d. Manual isolation of the main steam lines due to operator misinterpretation of an
alarm or indication.

The five types of single errors or single malfunctions are applied to the various plant
systems with a consideration for a variety of plant conditions to discover events that
directly result in any of the listed undesired parameter variations. Once discovered,
each event is evaluated for the threat it poses to the integrities of the radioactive
material barriers. Generally, the most severe event of a group of similar events is
described.

Two additional events are analyzed as special cases: (1) loss of habitability of the
control room. This abnormal condition is postulated to demonstrate the capability to
perform the operations required to maintain the plant in a safe condition from
outside the control room, and (2) Inability to shut down the reactor with the control
rods. This event is presented to justify the requirement for the Standby Liquid
Control System and results in a normal shutdown using this system. Therefore, no
further analysis or evaluation is required other than that presented in Subsection
3.8 ("Standby Liquid Control System" ).

14.4.3 Accidents

Figure 14.4-2 shows (in block form) the method of identifying and evaluating
accidents. For analysis purposes, accidents are categorized as follows:

a. Accidents that result in radioactive material release from the fuel with the
nuclear system process barrier, primary containment, and secondary
containment initially intact,

b. Accidents that result in radioactive material release directly to the primary
containment,

c. Accidents that result in radioactive material release directly to the secondary
containment with the primary containment initially intact,
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d. Accidents that result in radioactive material release directly to the secondary
containment with the primary containment not intact, and

e. Accidents that result in radioactive material release outside the secondary
containment.

Accidents are defined as hypothesized events that affect one or more of the
radioactive material barriers and which are not expected during the course of plant
operations. The accident types considered are as follows:

a. IVIechanical failure of various components leading to the release of radioactive
material from one or more barriers. The components referred to here are not
components that act as radioactive material barriers. Examples of mechanical
failures are breakage of the coupling between a control rod drive and the
control rod, failure of a crane cable, and failure of a spring used to close an
isolation valve.

b. Overheating of the fuel barrier. This includes overheating as a result of
reactivity insertion or loss of cooling. Other radioactive material barriers are
not considered susceptible to failure due to any potential overheating situation.

c. Arbitrary rupture of any single pipe up to and including complete severance of
the largest pipe in the nuclear system process barrier. Such rupture is
assumed only if the component to rupture is subjected to significant pressure.

The effects of the various accident types are investigated, with a consideration for a
variety of plant conditions, to examine events that result in the release of
radioactive material. The accidents resulting in potential radiation exposures
greater than any other accident considered under the same general accident
assumptions are designated design basis accidents and are described in detail.

To incorporate additional conservatism into the accident analyses, consideration is
given to the effects of an additional, unrelated, unspecified fault in some active
component or piece of equipment. Such a fault is assumed to result in the
maloperation of a device which is intended to mitigate the consequences of the
accident. The assumed result of such an unspecified fault is restricted to such
relatively common events as an electrical failure, instrument error, motor stall,
breaker freeze-in, or valve maloperation. Highly improbable failures, such as pipe
breaks, are not assumed to occur coincident with the assumed accident in the short
term. The additional failures to be considered are in addition to failures caused by
the accident itself.

In the analyses of the design basis accidents consideration for a variety of single
additional failures is made by making analysis assumptions that are sufficiently
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conservative to include the range of effects from any single additional failure. Thus,
there exists no single additional failure of the type to be considered that could
worsen the computed radiological effects of the design basis accidents.

14.4.4 Barrier Dama e Evaluations

144 4.1 ~FI D

Subsection 3.7 ("Thermal and Hydraulic Design" ) describes the various fuel failure
mechanism and establishes fuel damage limits for various plant conditions.
Preclusion of unacceptable safety result 1 and 2, for Abnormal Operational
Transients is determined by demonstrating that abnormal operational transients do
not result in a minimum critical power ratio (MCPR) of less than 1.0. IfMCPR does
remain above 1.0, no fuel failures result from the transients, and thus the
radioactivity released from the plant cannot be increased over the operating
conditions existing prior to the transient. It should be noted that maintaining MCPR
greater than 1.0 is a sufficient but not necessary condition to assure that no fuel
damage occurs. (This is discussed in Subsection 3.7.)

For situations in which fuel damage is sustained, the extent of damage is
determined by correlating fuel energy content, cladding temperature, fuel rod
internal pressure, and cladding mechanical characteristics. These correlations are
substantiated by fuel rod failure tests and are discussed in Subsection 3.7 and
Section 6.

Preclusion of unacceptable safety result 2 for accidents is shown by demonstrating
that fuel clad temperature remains below 2200'F. The selection of this temperature
limitation is discussed in Section 6.

14.4.4.2 Nuclear S stem Process Barrier Dama e

Preclusion of unacceptable safety result 3 for abnormal operational transients and
unacceptable safety result 3 for accidents is assessed by comparing peak internal
pressure with the overpressure transient allowed by the applicable industry code.
The only significant areas of interest for internal pressure damage are the
high-pressure portions of the nuclear system primary barrier: The reactor vessel
and the high-pressure pipelines attached to the reactor vessel. The overpressure
below which no damage can occur is taken as the lowest of pressure increases over
design pressure allowed by either the ASME Code Section III for the reactor vessel
or USAS B 31.1 Code for the high pressure nuclear system piping. The ASME
Code Section III permits pressure transients up to 10 percent over design pressure
(110 percent x 1250 psig = 1375 psig); USAS B 31.1 permits pressure transients up
to 20 percent over the design pressure.
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Thus, it can be concluded that the high-pressure portion of the nuclear system
process barrier meets the design requirement ifpeak nuclear system pressure
remains below 1375 psig.

An analysis performance measurement, which is discussed in Subsection 3.6
("Nuclear Design" ), is used to evaluate whether nuclear system process barrier
damage occurs as a result of reactivity accidents. Ifpeak fuel enthalpy remains
below 280 calories per gram no nuclear system process barrier damage results
from nuclear excursion accidents.

14.4.4.3 Containment Dama e

Preclusion of unacceptable safety result 1 (for abnormal transients) and 4 (for
accidents) requires that the primary and secondary containment retain their
integrities for certain accident situations. Containment integrity is maintained as
long as internal pressures remain below the maximum allowable values. The
maximum allowable internal pressures are as follows:

Drywell (primary containment)
Suppression Chamber (primary containment)
Secondary Containment

62 psig
62 psig

2 inches H20

Damage to any of the radioactive material barriers as a result of accident-initiated
fluid impingement and jet forces is considered in the other portions'of the Safety
Analysis Report where the mechanical design features of systems and components
are described. Design basis accidents are used in determining the sizing and
strength requirements of much of the essential nuclear system components. A
comparison of the accidents considered in this section with those used in the
mechanical design of equipment reveals that either the applicable accidents are the
same or that the accident in this section results in less severe stresses than those
assumed for mechanical design.
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TABLE 14.4-2

PLANT SAFETY ANALYSIS

RESULTS OF DESIGN BASIS ACCIDENTS

Design Basis
Accident

Percent of Core
Reaching Cladding
Tem erature of 2200'F

Peak
S stem Pressure

30-Day
Maximum Total Offsite
Exposures (rems)
W~hore Bod ~Th roid

Rod Drop
Accident

Loss of Coolant
Accident

Not applicable <1375 psig

Not applicable"

1.2 x 10 1.0 x 10 3~*

3 0 x 10-1 2 9 x 101

Refueling Accident Not applicable 1.1 x 10-2 8.9 x 10-1~

Main Steam Line
Break Accident

Not applicable 1.2x10 6.5x101

This accident results in a depressurization.

*"Thisaccident occurs with the reactor vessel head off.

Peak fuel enthalpy is less than 280 cal/gm.

Essentially equivalent to 24 hour dose.

Essentially equivalent to 2 hour dose.
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14.5 ANALYSES OF ABNORMALOPERATIONALTRANSIENTS

This section contains general descriptions of abnormal operational transients
analyzed for the initial operating cycle of Browns Ferry Units I and 2. The bounding
transients are reanalyzed for each fuel reload and subsequent operating cycle to
determine which is most limiting. The results of these specific analyses may
change with subsequent core reloads. These results can be found in the
appropriate reload licensing document. Events for which a newer fuel reload
specific analysis have been performed will be noted; however, the original analysis
descriptions will be retained in this chapter.

14.5.1 Events Resultin in a Nuclear S stem Pressure Increase

Events that result directly in significant nuclear system pressure increases are
those that result in a sudden reduction of steam flowwhile the reactor is operating
at power. A survey of the plant systems has been made to identify events within
each system that could result in the rapid reduction of steam flow. The following
events were identified:

a. Generator Trip
b. Loss of Condenser Vacuum
c. Turbine Trip
d. Bypass Valve Malfunction
e. Closure of Main Steam Isolation Valve
f. Pressure Regulator Malfunction

14.5.1.1 Generator Tri Turbine Control Valve TCV Fast
Closure)

A loss of generator electrical load from high power conditions produces the
following transient sequence:

a. Turbine-generator acceleration protection devices trip to initiate turbine control
valve fast (about 0.20 second) closure,

b. Turbine control valve fast closure is sensed by the reactor protection system,
which initiates a scram and simultaneous recirculation pump trip (for initial
power levels above 30 percent rated),

c. The turbine bypass valves are opened simultaneously with turbine control valve
closure,
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d. Reactor vessel pressure rises to the main steam relief valve setpoints, causing
them to open for a short period. The steam passed by the main steam relief
valves is discharged into the suppression pool, and

e. The turbine bypass system controls nuclear system pressure after the main
steam relief valves close.

Below about 25 percent of rated power, the bypass system will transfer steam
around the turbine and thereby avoid reactor scram. Between about 25 percent to
30 percent power, high-pressure scram will result unless operator action can reduce
power to within the bypass capacity.

14.5.1.1.1 Generator Tri TCV Fast Closure With B ass
Valve Failure

The most severe transient for a full-power generator trip occurs ifthe turbine bypass
valves fail to operate. Although the TCV fast closure time is slightly longer than that
of the turbine stop valves, the control valves are considered to be partially closed
initially. This results in the generator trip steam supply shutoff being faster than the
turbine stop valve steam shutoff.

A generator trip from high power conditions produces a transient sequence similar
to the sequence described in Section 14.5.1.1 except the turbine bypass valves are
assumed to remain closed.

This abnormal operating transient is evaluated for each reload core to determine if
this event could potentially alter the previous cycle MCPR operating limit. The
analyses of this event for the most recent reload cycle is contained in the Reload
Licensing Report. A typical generator load rejection bypass is shown in Figure
14.5-20. Assuming the initial reactor power level is 105 percent nuclear boiler rated
steam flow, the neutron flux peaks at 281 percent nuclear boiler rated, the average
heat flux peaks at 111 percent of its initial value and MCPR remains greater than
the safety limitMCPR. The peak pressure at the bottom of the vessel is
approximately 1245 psig which is well below the established transient limit of 1375
psig. (Reference - "Basis For Installation of Recirculation Pump Trip System",
NEDO-24119A, April 1978).

14.5.1.2 Loss of Condenser Vacuum

This case is a severe abnormal operational transient resulting directly in a nuclear
system pressure increase. It represents the events that would followan assumed
instantaneous loss of vacuum and closure of the turbine stop valves and bypass
valves with a turbine trip scram. It is assumed that the plant is initiallyoperating at
design power (105 percent rated).
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Figure 14.5-1 shows a typical transient with relief capacity equal to 61 percent of
rated steam flow. Peak neutron flux reaches 198 percent of the rated power;
however, the fuel surface heat flux does not exceed 107 percent of its initial value
and peak fuel center temperature increases less than 150'F. No damage to the fuel
results from the transient. The main steam relief valves open fully to limit the
pressure rise, then sequentially reclose as the stored energy is dissipated. The
peak nuclear system pressure at the bottom of the vessel is also well below the
nuclear process barrier transient pressure limitof 1375 psig.

This case represents the events that would followan assumed trip of the turbine
stop valve producing the fastest possible steam flow shutoff and severe nuclear
system pressure increase. It is assumed that the plant is initiallyoperating at
design power.

The sequence of events for a turbine trip is very similar to that for a generator load
rejection. However, the valve closure is faster, occurring over a period of about
0.1 second. Position switches on the stop valves provide the means of sensing the
trip and initiating immediate reactor scram, recirculation pump trip, and bypass
valve opening. Figure 14.5-2 shows a typical transient expected from design power
conditions with 61 percent relief capacity. The main steam relief valves open for a I

short time to help relieve the pressure transient, and then the bypass valves control
the reactor pressure for post-trip conditions. The fuel thermal transient is mild.
Peak pressure in the bottom of the vessel and at the steam lines is below the ASME
Code limits for the nuclear process barrier. Turbine trips from lower initial power
levels decrease in severity to the point where scram may even be avoided within
the bypass capacity ifauxiliary power is available from an external source.

14.5.1.4 B ass Valves Failure Followin Turbine Tri Hi h Power

This event is included to illustrate that single failure could prevent the turbine
bypass valves from opening in conjunction with a turbine trip.

14.5.1.5 8 ass Valves Failure Followin Turbine Tri Low Power

This abnormal operational transient is of interest because turbine stop valve closure
and turbine control valve fast closure scrams are automatically bypassed when the
reactor power level is low. Turbine first-stage pressure is used to initiate this
bypass at 154 psig. The highest power level for which these scrams remain
bypassed is about 30 percent of rated power. Figure 14.5-3 graphically shows the
transient starting with the recirculation pumps at about 20 percent speed producing
40 percent core flow at 31 percent rated power. Reactor scram is initiated at about
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3.0 seconds by high vessel pressure. No bypass flow is assumed; however, the
main steam relief valves partially open to relieve the pressure transient. The peak
pressure at the main steam relief valves is well below the ASME Code limits. Since
pressure remains below 1375 psig at the bottom of the vessel, no damage occurs to
the nuclear process system barrier. No fuel damage occurs since peak heat flux is
significantly lower than rated conditions.

14.5.1.6 Main Steam Isolation Valve Closure

Automatic circuitry or operator action can initiate closure of the main steam isolation
valves. Position switches on the valves provide reactor scram ifvalve(s) in three or
more main steam lines are less than 90 percent open and reactor pressure is
greater than 1,055 psig or the mode switch is in the Run position. However,
Protection System logic does permit the test closure of one valve without initiating
scram from the position switches. Inadvertent closure of one or all of the isolation
valves from reactor scrammed conditions (such as Operating States C or E) will
produce no significant transient. Closures during plant heatup (Operating State D)
will be less severe than the maximum power cases (maximum stored and decay
heat) which follow.

14.5.1.6.1 Closure of All Main Steam Isolation Valves

Figure 14.5-4 shows typical changes in important nuclear system variables for the
simultaneous isolation of all main steam lines while the reactor is operating at
design power. Reactor scram is initiated by the isolation valve position switches
before the valves have traveled more than 10 percent from the open position. A
three-second nonlinear valve closure was simulated, which is the fastest closure
attainable. Scram is initiated very early into the event; therefore, no fuel center
temperature, or fuel surface heat flux peaks occur. A small neutron flux peak
occurs near 2 seconds. The nuclear system main steam relief valves begin to open
when pressure reaches the lowest setpoint at about 2.5 seconds after the start of
the isolation. They close sequentially as the stored heat is dissipated and will
continue to intermittently discharge the decay heat. The peak pressure in the main
steam line near the spring setpoint main steam relief valves is well below their
setpoint. Peak pressure at the bottom of the vessel is also below the pressure limits
of the nuclear system process barrier.

14.5.1.6.2 Closure of One Main Steam Isolation Valve

Closure of only one isolation valve without scram is permitted for testing purposes.
Normal procedures for such a test will normally require an initial power reduction to
about 80-90 percent of design conditions in order to avoid high flux or pressure
scram. Figure 14.5-5 graphically shows typical changes of important nuclear
system variables during the simulated three-second closure of one main steam
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isolation valve from design power conditions. The steam flow disturbance raises
vessel pressure and reactor power causing a high neutron flux scram. Peak
pressures remain below the setting of the lowest main steam relief valves and peak j
fuel parameters are well below the point at which damage might occur.

14.5.1.7 Pressure Re ulator Failure

Pressure regulator malfunctions that result in the turbine steam flow shutoff and a
nuclear system pressure increase are similar to but of milder consequence than the
generator trip described previously.

14.5.2 Events Resultin in a Reactor Vessel Water Tem erature Decrease

Events that result directly in a reactor vessel water temperature decrease are those
that either increase the flow of cold water to the vessel or reduce the temperature of
water being delivered to the vessel. The events that result in the most severe
transients in this category are the following:

a. Loss of a feedwater heater,
b. Shutdown cooling (RHRS) malfunction-decreasing temperature,

and
c. Inadvertent pump start.

14.5.2.1 Loss of a Feedwater Heater

A feedwater heater can be lost if the steam extraction line to the heater is shut, the
heat supply to the heater is removed, producing a gradual cooling of the feedwater.
The reactor vessel receives cooler feedwater which produces an increase in core
inlet subcooling. Due to the negative void reactivity coefficient, an increase in core
power results. An assumed loss of feedwater heating event is analyzed for each
reload cycle using the methodology in NEDE-24011-P-A and the results are
contained in the Reload Licensing Report.

Figure 14.5-6 shows a typical response of the plant to the loss of 100'F of the
feedwater heating capability of the plant. This represents the maximum expected
single heater (or group of heaters) which can be tripped or bypassed by a single
event. The reactor is assumed to be at design power conditions on automatic
recirculation flow control when the heater is lost. For this analyzed case, the
feedwater flow delay time of approximately 25 seconds between the heaters and the
feedwater sparger is neglected. The plant would continue at steady-state
conditions during this delay period. The recirculation flow control system responds
to the power increase by reducing core flow so that steam flowfrom the reactor
vessel to the turbine remains essentially constant throughout the transient. Neutron
flux increases above the initial value to produce turbine design steam flowwith the
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higher inlet subcooling. Normally the reactor would be on manual flow control, and
this neutron flux increase would have reached within 1 percent of the scram setting.
In the case with automatic control, reactor power settles out slightly below the
scram setting, but with core flow reduced to about 90 percent. The average power
range monitors provide an alarm to the operator at about 20 seconds after the
cooler feedwater reaches the reactor vessel. Because nuclear system pressure
remains essentially constant during this transient, the nuclear system process
barrier is not threatened by high internal pressure. All fuel parameters remain
below the limiting values at which fuel damage could occur.

This transient is less severe from lower power levels for two main reasons: (1)
lower initial power levels will have initial fuel parameter values less limiting than the
values assumed here, and (2) the magnitude of the power rise decreases with the
initial power condition. Therefore, transients from other reactor operating states or
lower power levels within operating state F will be less severe.

14.5.2.2 Shutdown Coolin RHRS

Malfunction-Decreasin Tem erature

A shutdown cooling malfunction leading to a moderator temperature decrease could
result from misoperation of the cooling water controls for the RHRS heat
exchangers. The resulting temperature decrease causes a slow insertion of
positive reactivity into the core. If the reactor were critical or near critical (operating
states B or D), a very slow reactor power increase could result. If no operator
action were taken to control the power level, a high neutron flux reactor scram
would terminate the transient without fuel damage and without any measurable
nuclear system pressure increase.

14.5.2.3 Inadvertent Pum Start

Several systems are available for providing high-pressure supplies of cold water to
the vessel for normal or emergency functions. The control rod drive system and the
makeup water system, normally in operation, can be postulated to fail in the
high-flow direction introducing the possibility of increased power due to higher core
inlet subcooling. The same type of transient would be produced by inadvertent
startup of either the RCIC System or the HPCI System. In all of these cases, the
normal feedwater flowwould be correspondingly reduced by the water level
controls. The net result is simply a replacement of a portion of the 370'F feedwater
flow (at design power operation) by approximately 100 F flow.

The severity of the resulting transient is highest for the largest of these abnormal
events: the inadvertent startup of the large, 5000 gpm HPCI System.
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Since the startup of the steam-turbine driven pump takes approximately
25 seconds, the transient that occurs is very similar to the loss of feedwater heater
transient given above. As in that case, the most threatening transient would occur
where minimum initial fuel thermal margins exist (maximum power within reactor
operating state F). The HPCI startup transient is clearly less severe than the loss of
feedwater heater case because its effect on mixed feedwater temperature will
produce a change of only 46'F compared to the 100'F change previously analyzed.
For this reason, no fuel clad barrier damage will result for the malfunction or
inadvertent startup of any of these auxiliary cold water supply systems.

14.5.3 Events Resultin in a Positive Reactivit Insertion

Events that result directly in positive reactivity insertions are the results of rod
withdrawal errors and errors during refueling operations. The following events result
in a positive reactivity insertion:

a. Continuous rod withdrawal during power range operation,
b. Continuous rod withdrawal during reactor startup,'. Control rod removal error during refueling, and
d. Fuel assembly insertion error during refueling.

14.5.3.1 Continuous Rod Withdrawal Durin Power Ran e 0 eration

Control rod withdrawal errors are considered over the entire power range from any
normally expected rod pattern. The continuous withdrawal, from any normal rod
pattern, of the maximum worth rod (approximately 0.01 hk) results in a very mild
core transient. The system will stabilize at a higher power level with neither fuel
damage nor nuclear system process barrier damage.

The limiting control rod withdrawal error during power range operation is examined
for each reload cycle using the methodology in NEDE-24011-P-A and the results
presented in the Reload Licensing Report.

Figure 14.5-7 shows typical results of an analysis of the continuous withdrawal, at
design power, of the rod with the maximum possible worth. For this analysis, the
central rod was left fully inserted in the core and all other rods withdrawn such that
the worth of the central rod was maximized. This rod configuration could only be
achieved by deliberate operator action or by numerous operator errors during rod
pattern manipulation prior to the selection and complete withdrawal of the rod.
Many abnormal indications and APRM alarms would warn the operator as he
approaches this abnormal rod pattern. The rod block monitors (RBM) stop the rod
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withdrawal. The increase in nuclear system pressure is less than 50 psi. Thus,
neither nuclear system process barrier damage nor fuel damage occur.

14.5.3.2 Continuous Rod Withdrawal Durin Reactor Startu

Control rod withdrawal errors are considered when the reactor is at power levels
below the power range. The most severe case occurs when the reactor is just
critical at room temperature and an out-of-sequence rod is continuously withdrawn.
The rod worth minimizer would normally prevent withdrawal of such a rod. It is
assumed that the Intermediate Range Neutron Monitoring (IRM) channels are in the
worst conditions of allowed bypass. The scaling arrangement of the IRMs is such
that for unbypassed IRM channels a scram signal is generated before the detected
neutron flux has increased by more than a factor of ten. In addition a high neutron
flux scram is generated by the APRMs at 15 percent and at 120 percent of rated
power.

The analysis was performed for a 2.5 percent hk control rod withdrawal at the rod
drive speed of 3 in./sec starting from an average moderator temperature of 82'F.

The results of these analyses indicate a maximum fuel temperature well below the
melting point of UO~ and a maximum fuel clad temperature which is less than the
normal operating temperature of the clad. The possible failure of the fuel clad due
to strain was analyzed using the following conservative assumptions:

1. The total volume expansion of UO~ is in the radial direction,
2. There is no thermal expansion of the fuel cladding, and
3. The fuel is assumed to be incompressible.

The results of these analyses indicate a maximum radial strain analogous to a
radial expansion of 0.6 mils, which is much less than the postulated cladding
damage limitof approximately 1 percent plastic strain, which corresponds to
approximately 3.3 mils radial expansion.

Thus, no fuel damage will occur due to a continuous rod withdrawal during reactor
startup.

14.5.3.3 Control Rod Removal Error Durin Refuelin

The nuclear characteristics of the core assure that the reactor is subcritical even in
its most reactive condition with the most reactive control rod fullywithdrawn during
refueling.
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When the mode switch is in Refuel, only one control rod can be withdrawn.
Selection of a second rod initiates a rod block thereby preventing the withdrawal of
more than one rod at a time.

Therefore, the Refueling Interlocks will prevent any condition which could lead to
inadvertent criticality due to a control rod withdrawal error during refueling when the
mode switch is in the Refuel position.

In addition, the design of the control rod, incorporating the velocity limiter, does not
physically permit the upward removal of the control rod without the simultaneous or
prior removal of the four adjacent fuel assemblies, thus eliminating any hazardous
condition.

14.5.3.4 Fuel Assembl Insertion Error Durin Refuelin

The core is designed such that it can be made subcritical under the most reactive
conditions with the strongest control rod fullywithdrawn. Therefore, any single fuel
assembly can be positioned in any available location without violating the shutdown
criteria, providing all the control rods are fully inserted. The refueling interlocks
require that all control rods must be fully inserted before a fuel bundle may be
inserted into the core.

14.5.4 Events Resultin in a Reactor Vessel Coolant Invento Decrease

Events that result directly in a decrease of reactor vessel coolant inventory are
those that either restrict the normal flow of fluid into the vessel or increase the
removal of fluid from the vessel. Four events are identified as causing the most
severe transients in this category:

a. Pressure regulator failure,
b. Inadvertent opening of a main steam relief valve,
c. Loss of feedwater flow, and
d. Loss of auxiliary power.

14.5.4.1 Pressure Re ulator Failure

If either the controlling pressure regulator or the backup pressure regulator fails in
an open direction, the turbine admission valves can be fully opened, and the turbine
bypass valves can be partially or fullyopened. This action initiallyresults in
decreasing coolant inventory in the reactor vessel as the mass flow of steam
leaving the vessel exceeds the mass flow of water entering the vessel. The total
steam flow rate resulting from a pressure regulator malfunction is limited by the
turbine controls to about 125 percent of design flow.
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Figure 14.5-8 graphically shows a typical transient, starting at design power,
resulting from a pressure regulator malfunction in which a steam flow demand
capable of fullyopening the turbine control and bypass valves is assumed as a
most severe case. The depressurization results in the formation of voids in the
reactor coolant causing a rapid rise in reactor vessel water level up to the high level
trips (level 8). The reactor scrams after about 2 seconds due to the trip of the main
turbine. A typical turbine trip response occurs, but it is milder than the limiting
cases since power had begun to drop due to the depressurization. The peak
neutron flux and fuel surface heat flux do not exceed the initial power. There is no
reduction in fuel thermal margins. The bypass system is also already open (due to
the failed regulator), therefore the pressure increase is mild, opening only part of
the main steam relief valves. They quickly reclose and the depressurization trend is
reestablished. The main steam isolation valves automatically close when pressure
at the turbine decreases below 840 psia (and the reactor mode switch is in RUN)
near 50 seconds. (See Subsection 7.3, "Primary Containment and Reactor Vessel
Isolation Control System" ). The reactor vessel isolation limits the duration and
severity of the final depressurization so that no significant thermal stresses are
imposed on the nuclear system process barrier. After the rapid portion of the
transient is complete and isolation is effective, the nuclear system main steam relief . )

valves may again operate intermittently to relieve the pressure rise resulting from
decay heat generation. Because the initial portion of the transient results in
depressurization of the nuclear system and power reduction, only a portion of the
main steam relief valves need to operate to relieve the pressure increase due to the
nuclear system process barrier.

14.5.4.2 Inadvertent 0 enin of a Main Steam Relief Valve

The opening of a main steam relief valve allows steam to be discharged into the
primary containment: The sudden increase in the rate of steam flow leaving the
reactor vessel causes the reactor vessel coolant (mass) inventory to decrease. The
result is a mild depressurization transient. Figure 14.5-9 shows a typical transient
resulting from the opening of a main steam relief valve with the capacity to pass 6.5
percent of rated nuclear system steam flow. An initial power level corresponding to
design power conditions is assumed.

The pressure regulator senses the nuclear system pressure decrease and closes'he turbine control valves far enough to maintain constant reactor vessel pressure.
Reactor power settles out at nearly the initial power level. Automatic recirculation
flow control (assumed to be active) increases recirculation flow to the maximum.
Because the recirculation flowcannot satisfy the additional load demand, the
pressure regulator setpoint is automatically reduced to its lower limit, and nuclear
system pressure decreases. No fuel damage results from the transient. Because
pressure decreases throughout the transient, the nuclear system process barrier is
not threatened by high internal pressure. The small amounts of radioactivity
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discharged with the steam are contained inside the primary containment; the
situation is not significantly different, from a radiological viewpoint, from that
normally encountered in cooling the plant using the main steam relief valves to
remove decay heat.

14.5.4.3 Loss of Feedwater Flow

A loss of feedwater flow results in a situation where the mass of steam leaving the
reactor vessel exceeds the mass of water entering the vessel, resulting in a net
decrease in the coolant inventory available to cool the core.

Feedwater control system failures or feedwater pump trips can lead to partial or
complete loss of feedwater flow. Figure 14.5-10 graphically shows a typical
transient resulting from the trip of all feed pumps from design power. Feedwater
system inertia results in a 5 second feedwater flow decrease before flow is
completely stopped. The decrease in feedwater flow produces a slight pressure
drop and a decrease in core inlet subcooling which both increase core void fraction,
and reduce reactor power initiallyand helps moderate the decrease in actual
reactor vessel water level for the first few seconds of the transient. However,
sensed reactor vessel water level decreases quickly, causing a reactor low water
level scram at about 6 seconds. The maximum rate of actual level decrease is
about 7 inches/second. Startup of the RCICS, HPCI, isolation of the main steam
lines and recirculation pump trip occurs near 16 seconds when wide range level
reaches about 50 inches below the separator skirt (-51.5 inches in Figure 14.5-10).
The ability of the RCICS alone to maintain adequate core coverage is described
under "Loss of Auxiliary Power" below.

Pressure in the reactor vessel decreases gradually with the power reduction so that
no threat is posed for the nuclear system process barrier. After the main steam
isolation valves close, decay heat slowly raises nuclear system pressure to the
lowest main steam relief valve setting, but no excessive overpressure occurs.

This transient is most severe from high power (operating state F) conditions, since
the rate of level decrease is greatest and the amount of stored and decay heat to be
dissipated is highest.

After lowering the Main Steam Isolation Valve (MSIV) reactor water level set point
(Reference NEDE-30012 December 1982), the transient for loss of feedwater flow
was re-evaluated. This evaluation was performed by General Electric using the
Appendix K evaluation models with the following conservative assumptions:

a. Conservative decay heat values (1973 ANS + 20%) are used to maximize heat
addition to the vessel, main steam relief valve challenges, and inventory loss.
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b. The initial reactor power is assumed at 102% of licensed power which also
maximizes the above parameters.

c. The initial water level in the reactor vessel is assumed to be at the scram level
(Level 3) and the reactor is scrammed at time zero. This is consistent with
Appendix K LOCA analysis.

d. The feedwater pumps are assumed to coast down in 1 second. This is also
consistent with the Appendix K LOCA analysis.

e. Only RCIC will initiate at Level 2. Since the HPCI injection rate is about 10
times that of RCIC, this assumption provides the most severe challenge to the
reactor core cooling.

The major change in the transient is that the main steam lines are not isolated with
the startup of HPCI and RCIC when the reactor water level reaches the reactor
water level 2 setpoint. As shown in Figure 14.5-10a, RCIC alone is still capable of
maintaining adequate core coverage with the MSIV's open. RCIC also maintains
reactor water level above the MSIVwater level isolation setpoint; therefore, the
MSIV's remain open and the main condenser remains as a heat sink. As shown in
Figure 14.5-1 Ob, reactor pressure is maintained at approximately 950 psig by the
turbine bypass valves. Suppression pool heatup which could occur as a result of
main steam relief valve actuation is totally eliminated from this event with the new
MSIV reactor water level setpoint.

14.5.4.4 Loss of Auxilia Power

The reactor is subjected to a complex sequence of events when the plant loses all
auxiliary power. This can occur ifall external grid connections are lost or iffaults
occur in the auxiliary power system itself. Estimates of the responses of the various
reactor systems to loss of auxiliary power provided the following simulation
sequence:

a. All pumps are tripped at time = 0. Normal coastdown times were used for the
recirculation and feedwater pumps.

b. At time = 5 seconds, the reactor protection system MG sets are assumed to
coast down to the point that RPS instrumentation power is lost. This initiates
closure of the MSIVs which also produces a scram signal after the valves
have moved 10 percent of their total movement.

c. The condenser vacuum was assumed to continue dropping and reaches the
turbine trip setting by 6 seconds. The turbine bypass valves open for a short
period (about 2 seconds), then they close due to the loss of pressure in the
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main steam lines downstream of the MSIV's once the MSIV's complete their
closure at time = 8 seconds.

Figure 14.5-11 graphically shows for loss of auxiliary power the simulated transients
from design power. The initial portion of the transient is very similar to the loss of
all feedwater described above except for the recirculation pump trip. Initiation of
scram, isolation valve closure, and turbine trip all occur between 5 to 6 seconds and
the transient changes to that of an isolation. The main steam relief valves open for
a short time then sequentially reclose as the remainder of the stored heat is
dissipated. Peak pressures reached only 100 psi above nominal operating
pressures; therefore, no safety valve liftingwas initiated nor were the vessel
pressure limits approached. Note how the lowest main steam relief valve group in
the model was reopened and reclosed as the generated heat drops down into the
decay heat characteristic. This pressure and relief cycle will be continued with
slower frequency and shorter relief discharges as the decay heat drops off up to the
time the RHRS, in the shutdown cooling mode, can dissipate the heat. Sensed
level dropped to the RCIC, HPCI and isolation initiation setpoint (about -51.5 inches
in Figure 14.5-11) 25 seconds after the loss of auxiliary power.

A different transient results ifcomplete connection with the external grids is lost at
time = 0. The same sequence as above would be followed except that the reactor
would also experience a generator load rejection and its associated trip scram at
the beginning of the transient. Figure 14.5-12 shows this simulated loss of auxiliary
power event from design power. No increase in neutron flux occurs due to the trip
scram and the recirculation pump trips. No increase in fuel surface heat flux
occurs, and the thermal behavior is again much like a simple recirculation pump
trip. Peak pressures are virtually identical to the previous case; however, they
occur sooner during the transient. Wide range (WR) sensed level dropped to the
RCIC, HPCI and isolation initiation point by 30 seconds.

No fuel damage occurs in either case, since the only critical fuel transient is almost
exactly the same as that experienced during the trip of both recirculation motor
generator (MG) set drive motors. By about 20 seconds after the simulated losses of
power, both transients look essentially identical. Pressure is cycling about the
lowest main steam relief valve setpoints and water level is dropping gradually,
waiting for RCIC (or HPCI) operation to restore water level control. Figure 14.5-13
shows the calculated long-term water level transient conservatively considering
RCIC operation only beginning at 90 seconds and reaching full RCIC flow (600
gpm) at 120 seconds. The minimum calculated water level is 100 inches above the
top of the active fuel, providing ample margin.

14.5-13
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14.5.5 Events Resultin in a Core Coolant Flow Decrease

Events that result directly in a core coolant flow decrease are those that affect the
reactor recirculation system. Transients beginning from operating state F are the
most severe since only in this state do power levels approach fuel thermal limits.
The following events result in the most significant transients in this category:

a. Recirculation Flow Control Failure-Decreasing Flow,
b. Trip of One Recirculation Pump,
c. Trip of Two Recirculation Pump MG Set Drive Motors, and
d. Recirculation Pump Seizure.

14.5.5.1 Recirculation Flow Control Failure-Decreasin Flow

Several varieties of recirculation flow control malfunctions can cause a decrease in
core coolant flow. The master controller could malfunction in such a way that a zero
speed signal is generated for both recirculation pumps. The recirculation flow
control system is provided with a speed demand limiter which is set so that this
situation cannot be more severe than the simultaneous tripping of both
recirculation pump MG set drive motors. A simultaneous trip of both recirculation
pump MG set drive motors is evaluated in paragraph 14.5.5.3.

The remaining recirculation flow controller malfunction is one in which the speed
controller for one recirculation pump set fails in such a way that the speed controller
output signal changes in the direction of zero speed. This transient is similar but
less severe than the trip of one recirculation pump. A trip of one recirculation pump
is evaluated in paragraph 14.5.5.2.

14.5.5.2 Tri of One Recirculation Pum

Normal trip of one recirculation pump is accomplished through the drive motor
breaker. However, a worse coastdown transient occurs ifthe generator field
excitation breaker is opened, separating the pump and its motor from the inertia of
the MG set. This condition was assumed for this calculation. Figure 14.5-14 shows
a typical transient from design power conditions. Diffuser flows on the tripped side
reverse at about 3 seconds; however, M-ratio in the active jet pumps increases
greatly, producing about 150 percent of normal diffuser flow. No fuel damage
results from this transient.

14.5.5.3 Tri of Two Recirculation Pum MG Set Drive Motors

This two-loop trip provides the evaluation of the fuel thermal margins maintained by
the rotating inertia of the recirculation drive equipment. No single operator act or
plant protection action can produce simultaneous trip of the generator field breakers
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in both loops. Plant protection action can, however, simultaneously trip the power
supplying the MG set drive motors. Also, the recirculation pump trip (RPT) system
can trip both pumps.

Figure 14.5-15 graphically shows the transient resulting from the trip of both MG set
drive motors with the minimum design rotating inertia from design power. Fuel
thermal margin reached its worst condition near 2.0 seconds; however, no damage
to the fuel barrier occurs. No scram is initiated directly by the simultaneous MG set
motor trip and the power will settle out at part-load, natural circulation conditions.
An inadvertent RPT has also been analyzed and shown to have similar results.

14.5.5.4 Recirculation Pum Seizure"

This case represents the instantaneous stoppage of the pump motor shaft of one
recirculation pump. It produced the most rapid decrease of core flow. The reactor
is assumed to be operating at design power. Figure 14.5-16 shows a typical
transient. The fast decrease in recirculation flow in the seized loop is due to the
large hydraulic resistance introduced by the stopped rotor. Core coolant flow
reaches its minimum value at about 1.5 seconds. Nucleate boiling is maintained
throughout the transient and no damage occurs to the fuel barrier. No scram
occurs. The initial pressure regulator maintains pressure control as the reactor
settles out at the final, lower power condition. Because nuclear system pressure
decreases throughout the transient, the nuclear system process barrier is not
threatened by overpressure.

'This event has been reclassified as an accident (see NEDE-24011-P-A-US)

14.5.6 Events Resultin in a Core Coolant Flow Increase

Events that result directly in a core coolant flow increase are those that affect the
reactor recirculation system. The following events result in the most significant
transients in this category:

a. Recirculation Flow Control Failure-Increasing Flow, and
b. Startup of Idle Recirculation Pump.

14.5.6.1 Recirculation Flow Controller Failure - Increasin Flow

Several possibilities exist for an unplanned increase in core coolant flow resulting
from a recirculation flow control system malfunction. Failure of the master controller
can result in a speed increase for both recirculation pumps. The maximum output
signal of the master controller is provided with rate limits which are adjusted in such
a way that a master controller failure is less severe than a failure of one of the MG
set speed controllers. The most severe case of increasing coolant flow results
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when the MG set fluid coupler for one recirculation pump attempts to achieve full
speed at maximum acceleration. The maximum acceleration for this failure is 25
percent of full speed per second. The most severe transient results when reactor
power is initiallyat 68 percent of rated, which is at the lower end of the automatic
flow control range. These conditions correspond to the lowest power and flow
conditions on the automatic flow control characteristic curve for the reactor.

Figure 14.5-17 shows typical results of the transient. The changes in nuclear
system pressure are not significant with regard to overpressure. The pressure
decreases over most of the transient. The rapid increase in core coolant flow
causes an increase in neutron flux, which initiates a reactor scram. The transient
fuel surface heat flux reaches 83 percent of rated heat flux, but it barely exceeds
the steady state power-flow control curve. No fuel damage occurs.

14.5.6.2 Startu of Idle Recirculation Pum

The transient response to the starting of an idle recirculation loop without warming
the drive loop water is shown in Figure 14.5-18. The assumed initial conditions are
as follows:

a. One recirculation loop is idle and filled with cold water (100'F). (Normal
procedure requires warming this loop.),

b. The active recirculation pump is operating at a speed that produces about 125
percent of normal rated jet pump diffuser flow in the active jet pumps,

c. The core is receiving 48 percent of its normal rated flow; the remainder of the
coolant flows in the reverse direction up through the inactive jet pumps,

d. Reactor power is 68 percent of design power. This is the highest initial power
for which a high neutron flux scram is not initiated. (Normal procedures require
startup of an idle loop at a much lower power.) Iftransient is initiated from
higher power scram will occur and the results will be less severe,

e. The idle recirculation pump suction and bypass valves are open: the pump
discharge valve is closed, and

f. The idle pump fluid coupler is at a setting which approximates 50 percent of
generator speed demand.

The loop startup transient sequence is:

a. The recirculation pump MG set breaker is closed at t = 0,
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b. The motor reaches near synchronous speed quickly, while the generator
approaches full speed in approximately 5 seconds,

c. Next, the generator field breaker is closed, loading the generator and applying
starting torque to the pump motor and generator speed decreases as the
generator tries to start the stopped rotor of the pump. Pump breakaway is
modeled to occur at 8 seconds. Speed demand is sequentially programmed
back to 20 percent of rated speed, and

d. The pump discharge valve is started open as soon as its interlock with the drive
motor breaker is cleared. (Normal procedure would delay valve opening to
separate the two portions of the flow transient and make sure the idle loop
water is properly mixed with the hot water in the reactor vessel.) A nonlinear
30-second valve opening characteristic is used.

Shortly after the pump begins to move, a surge in flow from the started up jet pump
diffusers gives the core inlet flow a sharp rise. A short-duration neutron flux peak of
almost 105 percent (no scram occurs) is produced; however, surface heat flux
follows the slower response of the fuel. No damage occurs to the fuel barrier and
no significant changes in nuclear system pressure result from the transient.

Throughout the transient, diffuser flow in the startup loop jet pumps is either
reversed or less than about 10 percent of rated. For this reason, the cold loop
water does not significantly affect the transient.

14.5.7 Event Resultin in Excess of Coolant Invento

An event which can cause directly, an excess of coolant inventory is one in which
makeup water flow is increased without changing other core parameters. The
Feedwater Control System Failure - Maximum Demand is the limiting event of the
excess coolant inventory type. The analysis results for the feedwater controller
failure to maximum demand for the current cycle are presented in the Reload
Licensing Report. The methodology and analysis assumptions for the current
reload cycle analysis described in NEDE-24011-P-A differ from the older analysis
described below.

The typical response of the plant to a failure of the feedwater controller which
demanded maximum flow is shown in Figure 14.5-19. The transient was initiated
from the low end of the analytical automatic flow control range (68 percent rated
power) producing a more severe steam/feed flow mismatch and level transient than
would be produced at higher power. The feedwater pumps were assumed to
accelerate to their maximum capability.
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Sensed and actual water level increase during the initial part of the transient at
about 4.0 inches/sec. The high water level main turbine trip and feedwater turbine
trip was initiated at 5 seconds when sensed level had increased about 19-21 inches
preventing excessive carryover from damaging the turbines. Scram occurs
simultaneously with the turbine trip, limiting the neutron flux peak and fuel thermal
transient so that no fuel damage occurs.

The turbine bypass system opens to limit the pressure rise. The lower set main
steam relief valves open only momentarily and no excessive overpressure of the
nuclear system process barrier occurs. The bypass valves close at about 24
seconds, bringing the pressure in the vessel under control during reactor shutdown.

Although lower initial power conditions would result in more rapid increases in level,
high power cases represent the maximum threat to fuel clad and nuclear system
process barriers. Obviously, no power transient willoccur if the reactor is shut
down (operating States C and E).

14.5.8 Loss of Habitabilit of the Control Room

Loss of habitability of the control room is arbitrarily postulated as a special event to
demonstrate the ability to safely shut down the reactor from outside the control
room.

14.5.8.1 Criteria for Loss of Habitabilit of the Control Room

1. It shall be possible to bring the reactor to a hot shutdown condition from any
steady-state normal plant condition by manipulating in their standard and
normal manners controls and equipment outside the control room.

2. The plant design shall not preclude the ability to bring the reactor to a cold
shutdown condition from a hot shutdown condition by using controls and
equipment outside the control room.

14.5.8.2 Conditions

The plant is operating initiallyat or less than design power.

2. Simultaneous or subsequent accidents are not considered.

14.5.8.3 Evaluation-Achievement of Hot Shutdown Condition

A number of methods can be used to achieve the hot shutdown condition from
outside the control room. Interrupting electrical power by opening circuit breakers
on power supply panels to the Reactor Protection System or to the control rod drive
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system willcause control rod insertion. Any of the following methods can be
performed by the operator:

a. Open the Reactor Protection System (RPS) bus A and bus B branch circuit
breakers to the Reactor Protection System logic channels A and B located on
the RPS power distribution panel. Loss of power to the RPS will cause reactor
scram and MSIVclosure (by interruption of power to isolation logic).

b. Open the power supply breakers for the reactor protection system motor
generator sets at the 480-V motor control centers. This causes all rods to be
inserted and the main steam isolation valves to close, and

c. Open the circuit breakers to the scram pilot valves at the reactor protection
system buses. This causes control rods to be inserted in clusters or groups; all
breakers must be open to assure insertion of all control rods.

It is concluded that this action satisfies the requirements of criterion 1 of paragraph
14.5.8.1.

'14.5.8.4 Evaluation-Achievement of the Cold Shutdown Condition

The following actions occur in achieving the cold shutdown condition from outside
the control room:

a. Steam pressure rises due to decay heat generation in the core. Pressure
continues to increase to the setpoint of the first main steam relief valve which,
after opening, relieves steam to the suppression pool. Without an inflowof
feedwater, water level decreases,-

b. The RCICS and HPCIS are automatically initiated, at a level of 470 inches
above reactor vessel zero. Either of these systems can supply water to the
reactor vessel, thus increasing water level and decreasing pressure. After the
RCICS and HPCIS shut off on a high water level signal, the reactor vessel
pressure would again increase, this time at a slower rate, and the above
sequence of events repeats. Each cycle would be at a decreasing frequency in
time,

c. The HPCIS and RCICS can take suction from either the condensate supply
header or the suppression pool. At a minimum, the condensate storage system
will have a several hour supply of makeup water. On a condensate tank low
level signal, the HPCIS suction willautomatically shift to the suppression pool.
RCICS may be manually aligned to the suppression pool,
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d. Suppression pool temperature will increase with repeated main steam relief
valve blowdowns. Temperature can be controlled by manual initiation of the
RHR System and RHR Service Water System in the containment cooling mode
if required,

e. The cooldown cycle consisting of the pressure increase, main steam relief
valve blowdown, HPCI/RCIC initiation, reduction of steam pressure, and
increase of water level, main steam relief valve closure, and HPCI/RCIC shutoff )

continues until there is insufficient steam pressure to drive the HPCI/RCIC
turbine-pumps, and

f. When pressure drops to less than 75 psig, the RHRS can be placed into
operation in the shutdown cooling mode. Reactor makeup water can be
supplied by either the condensate booster pumps or temporary operation of the
RHR System in the LPCI mode. Reactor vessel pressure and water level can
be monitored via indications in the reactor building.

It is concluded that this action satisfies the requirements of criterion 2 of paragraph
14.5.8.1.
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14.6 ANALYSISOF DESIGN BASIS ACCIDENTS

14.6.1 Introduction

The methods described in Subsection 14.4 for identifying and evaluating accidents
have resulted in the establishment of design basis accidents for the various
accident categories as follows:

Accident Cate o Desi n Basis Accident

a. Accidents that result in
radioactive material release
from the fuel with the nuclear

'ystemprocess barrier, primary
containment, and secondary
containment initially intact.

Rod drop accident
(single control rod).

b. Accidents that result in radio-
active material release directly
to the primary containment.

Loss-of-coolant accident
(rupture of one recir-
culation loop).

c. Accidents that result in radio-
active material release directly
to the secondary containment
with the primary containment
initially intact.

d. Accidents that result in radio-
active material release directly
to the secondary containment
with the primary containment
not intact.

Accidents in this
category are less severe
than those in categories
"d" and "e", below.

Refueling accident (fuel
assembly drops on spent
fuel during refueling).

e. Accidents that result in radio-
active material releases outside
the secondary containment.

Steam line break accident
(main steam line breaks
outside of secondary
containment).

An investigation of accident possibilities reveals that accidents in category "c" are
less severe than those in categories "d" and "e". There are two varieties of
accidents in category "c": (1) failures of the nuclear system process barrier inside
the secondary containment, and (2) failures involving fuel that is located outside the
primary containment but inside the secondary containment. Under the accident
selection rules described in Subsection 14.4, a main steam line break inside the
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reactor building is the most severe accident of the first variety, but this accident
results in a radioactivity release to the environs no greater than that resulting from
the main steam line break outside the secondary containment. Similarly, the most
severe accident of the second variety is the dropping of a fuel assembly into the
fuel pool during refueling. Because the consequences of accidents in category "c"
are less severe than those resulting from similar accidents in other categories, the
accidents in category "c" are not described.

14.6.2 Control Rod Dro Accident RDA

The accidents that result in releases of radioactive material from the fuel with the
nuclear system process barrier, primary containment, and secondary containment
initially intact are the results of various failures of the Control Rod Drive System.
Examples of such failures are collet finger failures in one control rod drive
mechanism, a control drive system pressure regulator malfunction, and a control
rod drive mechanism ball check valve failure. None of the single failures associated
with the control rods or the control rod system results in a greater release of
radioactive material from the fuel than the release that results when a single control
rod drops out of the core after being disconnected from its drive and after the drive'as been retracted to the fullywithdrawn position. Thus, this control rod drop
accident is established as the design basis accident for the category of accidents
resulting in radioactive material release from the fuel with all other barriers initially
intact. A highly improbable combination of actual events would be required for the
design basis control rod drop accident to occur. The actual events required are as
follows:

Failure of the rod-to-drive coupling. The design of the coupling itself reduces
the probability of separation. Tests conducted under both simulated reactor
conditions and the conditions more extreme than those expected in reactor
service have shown that the coupling does not separate, even after
thousands of scram cycles. Tests also show that the coupling does not
separate when subjected to forces 30 times greater than that which can be
achieved with a control rod drive.

b. Sticking of the control rod in its fully inserted position as the drive is
withdrawn. The control rods are designed to minimize the probability of
sticking in the core. The control rod blades, which are equipped with rollers
or spacer pads at the top of the control rod blade and rollers at the bottom
that make contact with the channel walls, travel in gaps between the fuel
assemblies with approximately 1/2-inch total clearance. Control rods of
similar design, now in use in operating reactors, have exhibited no tendency
to stick in the core due to distortion or swelling of the blade.

c. Full withdrawal of the control rod drive.
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d. Failure of the operator to notice the lack of response of neutron monitoring
channels as the rod drive is withdrawn.

Failure of the operator to verify rod coupling. The control rod bottoms on a
seal, preventing the control rod drive from being withdrawn at the overtravel
position. Attempting to withdraw a control rod drive to the overtravel position
provides a method for verifying rod coupling: this verification is required
whenever neutron monitoring equipment response does not indicate that the
rod is following the drive.

The accident is analyzed over the full spectrum of power conditions. Nuclear
excursion results are presented for three points in this range: the cold (68'F)
critical condition for moderator and fuel, a hot (547'F) critical condition, and the 10
percent of rated power condition. The results of the rod drop accident initiated from
higher than 10 percent power are less severe than the 10 percent power case
because of the faster doppler response. Only the radiological results of the most
severe case are presented.

Subsections 14.6.2.1 through 14.6.2.7 discuss the RDA and the analysis performed
for the initial core loading. It is retained in the FSAR because the information
presented is useful to understanding the Control Rod Drop accident and the related
licensing bases for the initial core and cycle. A complete and detailed discussion of
the RDA including accident description, causes, sequence of events, consequences
of the accident, and the accident analysis (analysis methods, assumptions,
conditions, results and consequences) using refined analytical methods is given in
the licensing topical report, "GESTAR II," NEDE -24011-P-A, May 1986 and
revisions thereto. Subsection 14.6.2.8 discusses the current RDA performed for
BFN. This analysis documents the safety design basis for eliminating the IVlain

Steam Line Radiation Monitors as required components to mitigate a RDA.

The RDA is a limiting event that is impacted by core and fuel design and thus it
must be considered for each reload cycle. An improved Rod Worth Minimizer
incorporating a "Banked Position Withdrawal Sequence" (BPWS) has been
developed which greatly reduces the maximum control rod worth that could occur
during an RDA such that in all cases the peak fuel enthalpy is much less than the
acceptance criteria of 280 cal/gm. For reload cycles in which the BPWS is utilized a
cycle specific RDA analysis is not required. The cycle specific RDA results or a
commitment to employ BPWS are contained in the Reload Licensing Report.
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14.6.2.1 Initial Conditions
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The following initial conditions were assumed for the three cases presented in the
initial RDA analysis:

Case A (cold): Reactor critical
Moderator and fuel at 68'F
Power level 10 x design
Rod worth (for dropped rod)
0.025 hk.

Case B (hot): Reactor critical
Moderator and fuel at 547'F
Power level 10 x design
Rod worth (for dropped rod)
0.025 6I<.

Case C (power) Reactor critical
Moderator and fuel at 547'F
Power level 10' design
Rod worth (for dropped rod)
0.038 AI<.

In considering the possibilities of a control rod drop accident, only the rod worths of
the lower curve of Figure 14.6-1 are pertinent at less than ten percent power.
These are the rods which are normally allowed to be moved by operating
procedures and the rod worth minimizer. The non scheduled rods, those described
by the central envelope, do not have a withdrawal permissive during the time their
worths are greater than the lower curve, so they are held full in by the control rod
drive and cannot drop from the core. Ifa nonscheduled rod were selected, the rod
worth minimizer blocks rod movement. Therefore, the worth of the strongest rod
which could be stuck is limited to about 0.01 hk, and the 0.025 dk worth assumed
for cases A and B is considerably above the rod worth values available for stuck
rods under the assumed reactor conditions. In the greater than ten percent power
range, the maximum rod worth is determined by the FLARE'nd WANDA'omputer
codes and is shown in Figure 14.6-2. Thus, in case C the rod worth is assumed to
be 0.038 hk.14.6.2.2.

1
Delp, D. L., et al.: "FLARE-AThree Dimensional Boiling Water Reactor Simulator," GEAP-4598,
July 1964.

2
Marlowe, O. C., and Suggs, M. C.: "WANDA-5-AOne Dimensional Neutron Diffusion Equation
Program for the Philco 2000 Computer," WAPD-TM-241, November, 1960.
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Excursion Anal sis Assum tions

The following assumptions are used in the analysis of the nuclear excursion for
each case:

a. The velocity at which the control rod falls out of the core is assumed to be 5
ft/sec. The control rod velocity limiter'n engineered safeguard, limits the
rod drop velocity to less than this value. 6

Control rod scram motion is assumed to start at about 200 milliseconds after
the neutron flux has attained 120 percent of rated flux. This assumption
allows the power transient to be terminated initiallyby the Doppler reactivity
effect of the fuel. This assumption is particularly conservative for cases A
and B because a high neutron flux scram would be initiated earlier by the
intermediate range neutron monitoring channels (IRM).

c. No credit is taken for the negative reactivity effect resulting from the
increased temperature of, or void formation in the moderator because the
time constant for heat transfer between the fuel and the moderator is long
compared with the time required for control rod motion.

d. No credit is taken for the prompt negative reactivity effect of heating in the
moderator due to gamma heating and neutron thermalization.

14.6.2.3 ~FI 6

Fuel rod damage estimates (initial core) were based upon the UO> vapor pressure
data of Ackerman'nd interpretation of all the available SPERT, TREAT, KIWI, and
PULSTAR test results which show that the immediate fuel rod rupture threshold is
about 425 cal/gm. Two especially applicable sets of data come from the

PULSTAR'nd

ANL-TREAT'ests. The PULSTAR tests, which used UO> pellets of six percent
enrichment with Zr-2 cladding, achieved maximum fuel enthalpies of about 200
cal/gm with a minimum period of 2.83 msec. 'he coolant flowwas by natural

"Control Rod Velocity Limiter," General Electric Company, Atomic Power Equipment Department,
March 1967 (APED-5446).

Ackerman, R. J., Gilles, W. P., and Thorn, R. J.: "High Temperature Vapor Pressure of UO~,"
Journal of Chemical Physics, December 1956, Vol. 25, No. 6.

MacPhee, J., and Lumb, R. F.: "Summary Report, PULSTAR Pulse Tests-ll," WNY-020,
February 1965.

Baker, L., Jr., and Tevebaugh, A. D.: "Chemical Engineering Division Report, January-June
1964, Section V - Reactor Safety," ANL-6900.
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convection. Film boiling occurred and there were local clad bulges; however, fuel
pin integrity was maintained and there were no abnormal pressure rises.

The two ANL-TREATtests used Zircaloy clad UO2 pins with energy inputs of 280
and 450 calories per gram.

Test 1 Test 2

Input Energy (cal/gm)
Final Mean Particle Diameter (mils)
Pressure Rise Rate (psi/sec)

280
60
30

450
30

600

The ultimate degree of fuel fragmentation and dispersal of the two cases is not
significantly different; however, the pressure rise rate in the higher energy test is
increased by a factor of 20. This strongly implies that the dispersion rate in the
higher energy test was significantly higher than that of the lower energy test. This
leads to the logical conclusion that although a high degree of fragmentation occurs
for fuel in the 200 to 300 calories per gram range, the breakup and dispersal into
the water is gradual and pressure rise rates are very modest. On the other hand,
for fuel above the 400 calories per gram range, the breakup and dispersal is prompt
and much larger pressure rise rates are probable.

Based on the analysis of the above referenced data, it was estimated that 170
cal/gm is the threshold for eventual fuel cladding perforation. Fuel melting is
estimated to occur in the 220 to 280 cal/gm range and a minimum of 425 cal/gm is
required to cause immediate rupture of the fuel rods due to UO> vapor pressures.

A parametric analysis was made of the rod drop accident for various starting
conditions and rod worths. The results are shown in Figures 14.6-3 and 14.6-4, and
the reduction in final peak fuel enthalpy with increasing initial power level is
clearly shown. The cold critical case (case A) is shown as point A on Figure 14.6-3,
and the hot standby critical case (case B) is shown as point B on Figure 14.6-4.
Figure 14.6-5 is a conservative description of the consequences when the core is at
rated temperature and the coolant is boiling. Here the ten percent of power case
(case C) is represented by point C. In these cases the maximum initial enthalpy
generally is not in the fuel which experiences the greatest enthalpy addition during
the excursion. Ifa rod were dropped from a high initial enthalpy region, the results
would not be as great as with one dropped from a lower enthalpy region. However,
for conservatism, it is assumed that the peak enthalpy increment is added to the
maximum fuel enthalpy that existed in the vicinity of the excursion center prior to the
accident.

In the hot standby critical case, the power transient is calculated to have a total
energy generation of 4000 MW-seconds (approximately 1.2 full power seconds).
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The excursion energy is calculated to be distributed in the fuel such that about 330
fuel rods have enthalpies greater than 170 cal/gm. The maximum UO2 enthalpy is
calculated to be 220 cal/gm. Essentially no fuel will melt because fuel melting
occurs in the range from 220 to 280 cal/gm.

The power transient in the ten percent of power rod drop accident is less severe
than the one at hot standby. The peak enthalpy is about 200 cal/gm and only about
50 fuel rods have enthalpies exceeding 170 cal/gm.

The power transient in the cold condition rod drop accident is calculated to be
distributed in the fuel such that about 200 fuel rods have enthalpies greater than
170 cal/gm. The maximum UO> enthalpy is calculated to be 250 cal/gm.
Approximately 50 pounds of UO~ have enthalpies in excess of 220 cal/gm. Because
fewer fuel rods are perforated and because the shutdown cooling system would be
operating, allowing no radioactivity release to the main condenser, the radiological
results of the cold rod b drop accident are insignificant when compared to the hot
standby critical case.

All of these peak enthalpies are far below 425 cal/gm which is estimated to be the
threshold for immediate rupture of fuel rods due to UO> vapor pressure.
Furthermore, the above peak enthalpies are well below the design limitof 280
cal/gm. Thus, there are no damaging pressure pulses as a result of the rod drop
accident; and the only damage expected would be the failed fuel rods.

14.6.2.4 Fission Product Release From Fuel
ll

The following assumptions were used in the initial calculation of fission product
activity release from the fuel:

Three hundred thirty fuel rods fail. This is the largest number of failed fuel
rods resulting from the analysis of the rod drop accident over the full
spectrum of power conditions.

The reactor has been operating at design power until 30 minutes before
accident initiation. When translated into actual plant operations, this
assumption means that the reactor was shut down from design power, taken
critical, and brought to the initial temperature conditions within 30 minutes of
the departure from design power. The 30-minute time represents a
conservative estimate of the shortest period in which the required plant
changes could be accomplished and defines the decay time to be applied to
the fission product inventory for the calculation.

The reactor has been operating at design power for 1,000 days prior to the
accident. This assumption results in equilibrium concentration of fission
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products in the fuel. Longer operating histories do not increase the
concentration of longer lived fission products significantly.

An average of 1.8 percent of the noble gas activity and 0.32 percent of the
halogen activity in a perforated fuel rod are assumed released. These
release percentages are consistent with actual measurements made on
defective fuel experiments. The basis for these values is presented in
APED-5756.

The following fission product concentrations in all fuel rod plenums are
applicable for the core at the time the accident occurs:

Noble gases
Halogens

4.5 x 10'i
8.3 x 10'i

These concentrations are the result of a nuclear analysis of the fuel assuming
operation at design power for 1,000 days followed by a 30-minute decay period.

f. None of the solid fission products is released from the fuel. Because the
fraction of solid fission product activity available for release from the fuel is
negligible, this assumption is reasonable.

The fission products produced during the nuclear excursion are neglected.
The excursion is of such short duration that the fission products generated
are negligible in comparison with the concentration of fission products
already assumed present in the fuel.

Using the above assumptions, the following amounts of fission product activity are
released from the failed fuel rods to the reactor coolant:

Noble gases (Xe,Kr)
Halogens (Br,l)

7.1 x 10" Ci
2.4x10" Ci

14.6.2.5 Fission Product Trans ort

The following assumptions were used in calculating the amounts of fission product
activity transported from the reactor vessel to the main condenser (initial core):

Horton, N. R., Williams, W. A., And Holtzclaw, J. W. "Analytical Methods for Evaluating the
Radiological Aspects of the General Electric Boiling Water Reactor," General Electric Company,
Atomic Power Equipment Department, March 1969, (APED-5756).
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The recirculation flow rate is 25 percent of rated, and the steam flow to the
condenser is five percent of rated. The 25 percent recirculation flow and five
percent steam flow are the maximum flow rates expected when the reactor is
being taken to power and the main condenser is still being evacuated by the
mechanical vacuum pump. The recirculation flow rate is used in determining
the volume of coolant in which the activity released from the fuel is
deposited. The five percent steam flow rate is greater than that which would
be in effect at the reactor power level assumed in the initial conditions for the
accident. This assumption is conservative because it results in the transport
of more fission products through the steam lines than would actually be
expected. Because of the relatively long fuel-to-coolant heat transfer time
constant, steam flow is not significantly affected by the increased core heat
generation within the time required for the main steam isolation valves to
achieve full closure.

The main steam isolation valves are assumed to receive an automatic I

closure signal 0.5 seconds after the radiation monitors are tripped and to be
fullyclosed at 10 seconds from the receipt of the closure signal. The
automatic closure signal originates from the main steam line radiation
monitors. The 10-second closure time of the main steam isolation valves is
the maximum closing time permitted by valve setting. The total time required
to isolate the main steam lines (10.5 seconds), combined with the
assumptions in "a", allows calculation of the total amount of fission product
activity transported to the condenser before the steam lines are isolated.

All of the noble gas activity is assumed released to the steam space of the
reactor vessel. None is retained in the liquid reactor coolant.

The ratio of the halogen concentration in steam to that of water is assumed
to be 3 x 10 by volume. Measurements, taken under applicable chemical
and physical conditions at Dresden Nuclear Power Station Unit No. 1,
indicate that the steam-to-water halogen concentration ratio is in the range
of1x10 to3x10 .

Water carryover in the main steam lines is assumed to be 0.1 percent of the
total mass of steam transferred to the condenser. Measurements of the
steam separation effected by the same types of separators used in this
reactor vessel show that water carryover is less than 0.1 percent even at
rated steam flow. The carryover fraction permits computation of the halogen
activity carried to the main condenser in the water entrained in the steam.

None of the fission products released from the fuel is assumed to plate out.
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The main steam line radiation monitors initiate closure of all main steam isolation
valves when a preestablished radiation level is exceeded. This action prevents
further transport of the fission products to the condenser. Using the listed
assumptions, the following amounts of fission product activities are carried to the
condenser:

Noble gases
. Iodine 131
Iodine 132
Iodine 133
Iodine 134
Iodine 135

80x10 Ci
4.2 x10'i
6.4 x10'i
2.2 x10'i
5.5 x10'i
1.4x10'i

14.6.2.6 Fission Product Release to Environs

The following assumptions and initial conditions were used in the calculation of
fission product activity released to the environs (initial core):

The accident is assumed to occur while condenser vacuum is being
maintained with the mechanical vacuum pump. During normal operation,
vacuum is maintained with the steam-jet-air ejector, the discharge from which
is through a holdup (time delay) and filter system. The assumed operation of
the mechanical vacuum pump results in the discharge of the condenser
activity directly to the environment via the elevated release point but without
the benefits of holdup (decay) or filtration.

b. All of the noble gas activity transferred to the condenser during the assumed
10.5 second isolation valve closure time is assumed to be airborne in the
condenser. The halogen activity transferred to the condenser experiences
the removal effects of the condensate and forms an equilibrium condition
between the condensate and the vapor volume.

The rate at which the condenser activity is discharged to the environment is
dependent upon the free volume of the turbine and condenser, the volume of
liquid in the condenser, and the discharge rate of the mechanical vacuum
pump. The numerical values appropriate to these parameters are 208,000
ft3 turbine plus condenser free volume, 12,500 ft3 condenser liquid, and
1,800 cfm mechanical vacuum pump discharge rate.

Ifthe mechanical vacuum pump is isolated, the activity released will be
contained within the condenser. Due to the condenser air being at lower
pressure than its surroundings, the only leakage, ifany, would be inward.
Therefore, no activity would be transported to the environs.
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Based upon these conditions, the fission product release rate to the environment is
shown in Table 14.6-I.

14.6.2.7 Radiolo ical Effects

The radiological exposure resulting from the activity discharged to the environment
(initial core) was determined for six meterological conditions. These conditions
range from very stable to unstable and consider wind speeds of 1 meter/sec and 5
meters/sec. Table 14.6-2 shows that the maximum offsite exposure occurs at the
site boundary, which is approximately 0.9 miles from the releasegoint. The
maximum radiological exposures at the site boundary are 1 x 10 rem thyroid and
1.2 x 10'em whole body, which are well below the respective thyroid and whole
body gamma reference values of 300 rem and 25 rem, respectively, set forth in
10 CFR 100. Due to the large flow rate of the mechanical vacuum pump, essentially
all of the activity is exhausted to the environment in the 24-hour release period
investigated. Therefore, a 30-day dose would be essentially equivalent to the dose
obtained for the 24-hour period. NEDE-24011-P-A-9-US describes how the
radiological effects of a RDA have been affected by the change from 7 x 7 fuel to 8
x 8 fuel. The radiological effects are still orders of magnitude below those set forth'n IO CFR IOO.

14.6.2.8 Elimination of the IVlain Steam Line Hi h Radiation Si nal

Upon detection of high radiation in the main steam lines, the main steam line
radiation monitors (MSLRMs) originally performed the following actions: 1) scram
the reactor, 2) close the main steam isolation valves, 3) close the Main Steam Line
(MSL) drain isolation valves, 4) isolate the reactor coolant sample lines and 5)
isolate and trip the condenser mechanical vacuum pump (MVP).

General Electric(GE) Licensing Topical Report, NEDO-31400A, October 1992,
presents a generic bounding safety analysis which supports the removal of the
automatic MSIVclosure, MSL drain line isolation valve closure and the automatic
reactor shutdown functions of the Main Steam Line Radiation Monitor (MSLRM).
BFN has performed additional analyses as described below to justify eliminating the
remaining trip/isolation functions of the MSLRMs. Eliminating the MSLRM
automatic functions will reduce the potential for unnecessary reactor shutdowns and
increase the plant operational flexibility. Following the elimination of these
functions, the calculated radiological release consequences of the RDA will not
exceed the acceptable dose limits as specified in 10 CFR 100 and Standard Review
Plan (SRP) 15.4.9, "Radiological Consequences of Control Rod Drop Accident
(BWR)"
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14.6.2.8.1 Summa of Revised Rod Dro Accident Anal sis

The NEDO-31400A analyzes the consequences of the RDA by assuming the RDA
source term carried away by the reactor steam is instantaneously deposited in the
turbine and condenser and either leaks out of the condenser into the turbine
building and then enters the environment or is released to the environment through
the steam jet air ejector (SJAE) off-gas system via the plant stack. The bounding
analysis is performed without the MSLRM automatic reactor shutdown and MSIV
closure functions. The RDA source term and radiological transport from the
condenser are consistent with the standard approach outlined in the SRP 15 4.9.
The NEDO-31400A generic results are presented in graphs such that site specific
atmospheric dispersion coefficient (X/Q) values and offgas holdup times can be
applied to determine the resulting RDA doses.

Two additional analyses have been performed to demonstrate that the MVP
trip/isolation function and the reactor coolant sample line isolation are not required
in order to limit the consequences of an RDA within acceptable values. Without the
MVP trip/isolation, the RDA source term in the condenser was assumed to be
exhausted from the condenser at the MVP flow rate and released to the atmosphere
via the plant stack. This release path goes directly to the stack with no holdup or
filtering. Without the reactor coolant sample line isolation, the analysis assumes
reactor coolant containing RDA iodine source term is released into the secondary
containment and is released to the environment via the standby gas treatment
system (SGTS) to the plant stack. Fission products exiting the secondary
containment prior to SGTS initiation are considered.

The results of these analyses are considered acceptable if the resulting doses are
well within the.10 CFR 100 limits for offsite doses. SRP 15.4.9 defines 'well within"
as being below 25 percent of the 10 CFR 100 limits.

14.6.2.8.2 A lication of NEDO-31400A to BFN

NEDO-31400A explicitly discusses the elimination of the automatic reactor
shutdown and MSIVclosure functions of the MSLRM. Since the MSL drain
discharges to the condenser (as do the main steam lines), the NEDO analysis is
also applicable to and bounds the elimination of the MSL drain isolation function. In
order to apply the generic NEDO-31400A analysis to BFN, it must be demonstrated
that the assumptions made and analysis performed bound those of BFN for a RDA.
The following is a comparison of the key input parameters used in the BFN RDA
analysis to demonstrate NEDO-31400A applicability.
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Power

Parameters BFN FSAR

0.109 MW/Rod*
105%

NED0-31400A

0.12 MW/Rod (105%)

Failed Fuel Rods

Operation

Releases (non melt) to
reactor coolant melted

X/Q Ground (EAB)

X/Q Fumigation
EAB

X/Q Elevated (EAB)

Holdup (Delay Time)

850 (FSAR pg 14.6-3
and GESTAR II,
NEDE-24011-P-A

1000 days (FSAR pg
14.6-8

10% Noble 10% lod
100% Noble 50% lod

1.22x10
sec/m'SAR

Table 14.6-7

2.4x10
sec/m'.70

x 10"
sec/m'SAR

Table 14.6-7

7.3 days for Xenon 9.7
hours for Kr (FSAR) pg
9.5-5

850

Long Term

10% Noble 10% lod
100% Noble 50% lod

2.5x10 sec/m3

N/A

3.0x10 sec/m3

Graphs provided for
various holdup times

*Calculated as: (3293 x 1.05 x 1.5) MW/ (764 x (64-2)) rods
= 0.109 MW/rod

Utilizing the BFN site specific parameters and the graphs provided in the NEDO-
31400A analysis, the resulting BFN Exclusion Area Boundary (EAB) and Low
Population Zone (LPZ) doses for the condenser 1% per day leakage and off gas
system release paths following a RDA are well below the 10 CFR 100 limits and
SRP 15.4.9 guidelines.

14.6.2.8.3 Elimination of Additional Main Steam Line Radiation
Monitor Functions

The BFN MSLRM also isolates and trips the condenser mechanical vacuum pump
(MVP) and isolates the reactor coolant sample lines. The NEDO-31400A assumes
the MVP trips and is isolated such that the RDA source term either leaks out of the
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condenser at 1% per day or is processed through the off-gas system with holdup
volumes and charcoal filters. However, the MVP trip and isolation on high MSL
radiation is not a safety-related function. This release path was not analyzed with
the RDA condenser source term in the NEDO or in the original BFN RDA analysis.
Therefore, the offsite dose impact with the RDA source term being exhausted from
the condenser via the MVP has been analyzed. The RDA source term in the
condenser as described in the NEDO was exhausted to the environment via the
plant stack at the MVP flow rate of 1850 cfm. The flow in the stack was split
between the base and top of the stack and the atmospheric dispersion coefficients
were used as discussed in Section 14.6.3.6.f, g, and h. The resulting EAB and LPZ
doses from the MVP release path are well below the 10 CFR 100 limits and the SRP
15.4.9 guidelines.

The release due to the elimination of the reactor water sample line isolation is
another potential path that was not analyzed by the generic NEDO-31400A. This
3/4" sample line is connected to the discharge of a reactor recirculation pump but is
normally isolated by its primary containment isolation valves. The line is used as an
alternate means of obtaining samples for continuous conductivity monitoring of the
reactor coolant. Thus, this line is normally closed unless the normal sample path

'from the RWCU demineralizers is out of service. The recirculation sample station is
protected from overpressurization by pressure control valves, sample coolers, and
relief valves (relief valves are in Unit 3 only). However, these overpressurization
protection devices are not safety related. The samples are discharged from the
sample station to a reservoir and pumped back to the RWCU demineralizers or to
Radwaste.

lf this alternate sample path is in operation at the time of a RDA and the nonsafety-
related overpressurization protection devices failed, the result could potentially
overpressurize the instruments and produce a continuous blowdown of reactor
coolant into the reactor building. This scenario is essentially a small break LOCA
outside containment which is releasing RDA source term directly to the secondary
containment. Since the break is from a subcooled section of reactor coolant piping
which is well below the reactor vessel normal water line, the analysis assumes that
only RDA source term iodines (i.e., no noble gases) exit through the break. This
analysis demonstrates that this unlikely blowdown release to the reactor building
would initiate isolation of secondary containment and start the standby gas
treatment system. Fission products exiting the secondary containment prior to
SGTS initiation have been considered and are treated as a ground level release.
The fission products removed via SGTS were exhausted to the environment via the
plant stack as per the assumptions in Section 14.6.3.6.b, c, e, f, g, and h. The
resulting EAB and LPZ doses from the reactor coolant sample line release path are
well below the 10 CFR 100 limits and the SRP 15 4.9 guidelines.
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14.6.2.8.4 Radiolo ical Effects of Eliminatin the MSLRM Functions

The BFN analysis for the RDA without MSLRM automatic reactor shutdown and
isolation functions now consists of four potential release paths; condenser leakage
at 1% per day into the turbine building or through SJAE and off-gas system as
analyzed by the NEDO-31400A, and the MVP discharge and recirculation sample
line discharge as analyzed in accordance with SRP 15.4.9. The "worst-case"
radiological exposure resulting from the activity discharged from a RDA and a SRP
15.4.9 source term would be from the MVP and recirculation sample line release
paths combined. The combination of these paths maximizes the RDA source term
released and could occur simultaneously. The resulting combined EAB and LPZ
doses from the MVP and reactor coolant sample line are well below the SRP 15.4.9
reference values of 75 REM thyroid and 6 REM whole body.

Based on the analyses above, the MVP, recirculation sample line, and MSL drain
release paths have been analyzed and their isolation on a MSL high radiation signal
is not required to mitigate the consequences of a RDA. Units 2 and 3 have
physically disconnected the MSLRM functions for automatic reactor shutdown,
MSIVclosure, MSL drain isolation, and recirculation sample line isolation but has
retained the MSLRM function for MVP trip and isolation as an additional nonsafety-
related preventative means of reducing the consequences of a RDA. Unit 1 has not
physically disconnected these functions.

14.6.3 Loss of Coolant Accident LOCA

Accidents that could result in release of radioactive material directly into the primary
containment are the results of postulated nuclear system pipe breaks inside the
drywell. All possibilities for pipe break sizes and locations have been investigated
including the severance of small pipe lines, the main steam lines upstream and
downstream of the flow restrictors, and the recirculation loop pipelines. The most
severe nuclear system effects and the greatest release of radioactive material to the
primary containment results from a complete circumferential break of one of the
recirculation loop pipelines. This accident is established as the design basis loss of
coolant accident.

Subsection 14.6.3 presents information on the analytical models used to analyze
the LOCAfor the initial operating cycle including the results of the analyses. This
description is applicable only to the initial operating cycle but is generally applicable
to analytical LOCAwork performed for subsequent cycles. Additional information
on LOCA models currently in use is given in NEDO-20566'nd

NEDC-32484P.'eneral

Electric Company Analytical Model for Loss-of Coolant Analysis in Accordance with
10CFR50 Appendix K, NEDO-20566.
General Electric SAFER/GESTR-LOCA, Loss of Coolant Analysis, Browns Ferry Units 1, 2, and

* 3, NEDC-32484P.
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Detailed plant specific information on models used and results of the LOCA analysis
for the current operating cycle is given in a separate document prepared in
conjunction with the reload licensing amendments. Additional information on the
sequence of events during a LOCA and the response of the primary containment
during a LOCA is given in NEDO-10320" and NEDC-32484P."

14.6.3.1 Initial Conditions and Assum tions

The analysis of this accident is performed using the following assumptions:

The reactor is operating at the most severe condition at the time the
recirculation pipe breaks, which maximizes the parameter of interest:
primary containment response, fission product release or Core Standby
Cooling System requirements.

b. A complete loss of normal AC power occurs simultaneously with the pipe
break. This additional condition results in the longest delay time for the Core
Standby Cooling Systems to become operational.

The recirculation loop pipeline is considered to be instantly severed. This
results in the most rapid coolant loss and depressurization with coolant
discharged from both ends of the break.

14.6.3.2 Nuclear S stem De ressurization and Core Heatu

In Section 6, "Core Standby Cooling Systems," the initial phases of the loss of
coolant accident are described and evaluated. Included in that description are the
rapid depressurization of the nuclear system, the operating sequences of the Core
Standby Cooling Systems, the heatup of the fuel, and the perforation of fuel rods.
Analysis shows that a maximum of 9.0 percent of the fuel rods reach the pressure
and temperature conditions necessary for perforation.

10
The General Electric Pressure Suppression Containment Analytical Model, NEDO-10320.

11
General Electric SAFER/GESTR-LOCA, Loss of Coolant Analysis, Browns Ferry Units 1, 2, and
3, NEDC-32484P.
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14.6.3.3 Prima Containment Res onse

14.6.3.3.1 Initial Conditions and Assum tions

The following assumptions and initial conditions were used in calculating the effects
of a loss of coolant accident on the primary containment. (These assumptions are
in addition to those specified for the loss of coolant accident described in
paragraph 14.6.3.1.)

The reactor is assumed to be operating at the maximum possible steady-
state power level and pressure at the time the accident occurs. This
maximizes the reactor pressure during the blowdown which in turn
maximizes the blowdown flow rate.

The break area through which the reactor coolant can escape to the drywell
is maximized by assuming the reactor is operating on one recirculation loop
with the equalizer valves open. In this configuration, mass escapes from the
reactor vessel via the broken loop as well as from jet pump backflow from the
unbroken loop through the equalizer valves to the broken loop. This results
in the most severe primary containment pressure transient. For the
equalizer line to be open, an interlock requires the reactor to be operating on
only one recirculation pump with the idle pump's discharge valve closed.
The maximum power level under this condition is approximately 80 percent.
It is recognized that this assumption is inconsistent with the assumption
regarding initial reactor power but is used to maximize the break area. It is
also recognized that this assumption is conservative for Unit 3 since the
recirculation ring header has been split into two independent halves and the
equalizer valves removed. Removal of the equalizer valves prevents the
cross flowfrom the unbroken loop and thus reduces the break effluent.

C. The reactor is assumed to go subcritical at the time of accident initiation due
to void formation in the core region. Scram also occurs in less than one
second from receipt of the high drywell pressure and low water level signals,
but the difference in shutdown time between zero and one second is
negligible.

The sensible heat released in cooling the fuel to 545'F (the normal primary
system operating temperature) and the core decay heat were included in the
reactor vessel depressurization calculation. The rate of energy release was
calculated using a conservatively high heat transfer coefficient throughout
the depressurization. Because of this assumed high energy release rate the
vessel is maintained at near rated pressure about ten seconds. The high
vessel pressure increases the calculated flow rates out of the break; this is
conservative for containment analysis purposes. With the vessel fluid
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temperature remaining near 545'F, however, the release of sensible energy
stored below 545'F is negligible during the first ten seconds. The later
release of this sensible energy does not affect the peak drywell pressure.
The small effect of this energy on the end-of-transient suppression pool
temperature is included in the calculations.

The main steam isolation valves were assumed to start closing at 0.5 I

seconds after the accident, and the valves were assumed to be fullyclosed
in the shortest possible time of three seconds following closure initiation.
Actually, the closures of the main steam isolation valves are expected to be
the result of low water level, so these valves may not receive a signal to
close for over four seconds, and the closing time could be as high as 10
seconds. By assuming rapid closure of these valves, the reactor vessel is
maintained at a high pressure which maximizes the discharge of high energy
steam and water into the primary containment.

The feedwater flowwas assumed to stop instantaneously at time zero. This
conservatism is used because the relatively cold feedwater flow, if
considered to continue, tends to depressurize the reactor vessel, thereby
reducing the discharge of steam and water into the primary containment.

The vessel depressurization flow rates were calculated using Moody's critical
flow model" assuming "liquid only" outflow because this maximizes the
energy release to the containment. "Liquid only" ouNow means that all
vapor formed in the vessel due to bulk flashing rises to the surface rather
than being entrained in the exiting fiow.

Some entrainment of the vapor would occur and would significantly reduce
the reactor vessel discharge flow rates. Moody's critical flow model, which
assumes annular, isentropic flow, thermodynamic phase equilibrium, and
maximized slip ratio, accurately predicts vessel ouNows through small
diameter orifices. However, actual flow rates through larger flowareas are
less than the model indicates due to the effects of a near homogeneous
two-phase flowpattern and phase nonequilibrium. These effects are in
addition to the reduction due to vapor entrainment discussed above.

The pressure response of the containment is calculated assuming:

Thermodynamic equilibrium in the drywell and suppression chamber.
Because complete mixing is nearly achieved, the error introduced by

12
Moody, F. J. "Maximum Flow of a Rate Single Component Two-Phase Mixture," Journal of Heat
Transfer ASME Series C, Vol 83, p. 134.
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assuming complete mixing is negligible and in the conservative
direction.

2. The constituents of the fluid flowing in the drywell to suppression
chamber vents are based on a homogeneous mixture of the fluid in the
drywell. The consequences of this assumption result in complete liquid
carryover into the drywell vents. Actually, some of the liquid
will remain behind in a pool on the drywell floor so that the calculated
drywell pressure is conservatively high.

3. The flow in the drywell suppression pool vents is compressible except
for the liquid phase.

4. No heat loss from the gases inside the primary containment is assumed.

The initial conditions within the containment assumed for the analysis were:

Drrwell
Pressure, psig
Temperature, 'F
Humidity, percent

0.75
135
20

Su ression Chamber
Pressure, psig
Water Temperature, 'F
Humidity, percent

0.75
95
100

14.6.3.3.2 Containment Res onse

The calculated pressure and temperature responses of the containment are shown
in Figures 14.6-1 0 and 14.6-11. Figure 14.6-1 0 shows that the calculated drywell
peak pressure is 49.6 psig, which is well below the maximum allowable pressure of
62 psig. After the discharge of the primary coolant from the reactor vessel into the
drywell, the temperature of the suppression chamber water approaches 170'F
(Figure 14.6-12), and the primary containment pressure stabilizes at about 27 psig,
as shown on Figure 14.6-10. Most of the noncondensible gases are forced into the
suppression chamber during the vessel depressurization phase. However, the
noncondensibles soon redistribute between the drywell and the suppression
chamber via the vacuum breaker system as the drywell pressure decreases due to
steam condensation. The Core Spray System removes decay heat and stored heat
from the core, thereby controlling core heatup and limiting metal-water reaction to
less than 0.1 percent. The core spray water transports the core heat out of the
reactor vessel through the broken recirculation line in the form of hot water. This
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hot water flows into the suppression chamber via the drywell-to-suppression
chamber vent pipes. Steam flow is negligible. The energy transported to the
suppression chamber water is then removed from the primary containment system
by the RHRS heat exchangers.

Prior to activation of the RHRS containment cooling mode (arbitrarily assumed at
600 seconds after the accident), the RHRS pumps (LPCI mode) have been adding
liquid to the reactor vessel. After the reactor vessel is flooded to the height of the
jet pump nozzles, the excess flowdischarges through the recirculation line break
into the drywell. This flow offers considerable cooling to the drywell and causes a
depressurization of the containment as the steam in the drywell is condensed. At
600 seconds, the RHRS pumps are assumed to be switched from the LPCI mode to
the containment cooling mode. The containment spray would normally not be
activated at all and the changeover to the containment cooling mode need not be
made for several hours. There is considerable time available to place the
containment cooling system in operation because about eight hours will pass before
the maximum allowable pressure is reached with no containment cooling.

To assess the primary containment long term response after the accident, an
analysis was made of the effects of various containment spray and containment
cooling combinations. For all cases, one of the core spray loops is assumed to be
in operation. The long term pressure and temperature response of the primary
containment was analyzed for the following RHRS containment cooling mode
conditions:

Case A Operation of both RHRS cooling loops - four RHRS pumps, four service
water pumps, and four RHRS heat exchangers - with containment spray.

Case B Operation of two RHRS cooling loops with one RHRS pump, one service
water pump, and one RHRS heat exchanger on each loop - with
containment spray.

Case C Operation of one RHRS cooling loop with two RHRS pumps, two service
water pumps, and two RHRS heat exchangers - with containment spray.

The initial pressure response of the containment (the first 30 seconds after break) is
the same for each of the above conditions. During the long term containment
response (after depressurization of the reactor vessel is complete), the suppression
pool is assumed to be the only heat sink in the containment system. The effects of
decay energy, stored energy, and energy from the metal-water reaction on the
suppression pool temperature are considered.
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Case A

This case assumes that both RHRS loops are operating in the containment cooling
mode. This includes four RHRS heat exchangers, four RHRS pumps, and four RHR
service water pumps. The RHRS pumps draw suction from the suppression pool
and pump water through the RHRS heat exchangers and into the drywell as
containment spray. This forms a closed cooling loop with the suppression pool.
This suppression pool cooling condition is arbitrarily assumed to start at 600
seconds after the accident. Prior to this time the RHRS pumps are used to flood the
core (LPCI mode).

The containment pressure response to this set of conditions is shown as curve "a"

in Figure 14.6-10. The corresponding drywell and suppression pool temperature
responses are shown as curves "a" in Figures 14.6-11 and 14.6-12. After the initial
rapid temperature rise in the containment. When the energy removal rate of the
RHRS exceeds the energy addition rate from the decay heat, the containment
pressure and temperature decrease to their preaccident values. Table 14.6-3
summarizes the cooling equipment operation, the peak containment pressure
following the initial blowdown peak, and the peak suppression pool temperature.

Case B

This case assumes that both RHRS loops are operating in the containment cooling
mode. However, only one RHR heat exchanger, one RHR pump, and one RHR
service water pump on each loop are assumed to be in operation. As in the
previous case, the RHRS containment cooling mode is assumed to be activated at
600 seconds after the accident. The containment pressure response to this set of
conditions is shown as curve "b" in Figure 14.6-10. The corresponding drywell and
suppression pool temperature responses are shown as curves "b" in Figures
14.6-11 and 4.6-1 2. A summary of this case is shown in Table 14.6-3.

Case C

This case assumes that one RHRS loop is operating in the containment cooling
mode. This includes two RHRS heat exchangers, two RHRS pumps, and two RHR
service water pumps.

This case represents the most degraded condition of heat removal while in the
containment cooling mode. It is assumed that this condition is established at 600
seconds after the accident.

The containment response to this set of conditions is shown as curve "c" in Figure
14.6-10. The corresponding drywell and suppression pool temperatures are shown
as curves "c" in Figures 14.6-11 and 14.6-12. A summary of this case is shown in
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Table 14.6-3. Case C suppression pool responses have been reanalyzed by
NEDC-32484P, Revision 1, and GE-NE-B13-01755-2, Revision 2.

14.6.3.3.3 Metal Water Reaction Effects on the Prima
Containment

IfZircaloy in the reactor core is heated to temperatures above about 2000'F in the
presence of steam, a chemical reaction occurs in which zirconium oxide and
hydrogen are formed. This is accompanied with an energy release of about 2800
Btu per pound of zirconium reacted. The energy produced is accommodated in the
suppression chamber pool. The hydrogen formed, however, will result in an
increased drywell pressure due simply to the added volume of gas to the fixed
containment volume. Although very small quantities of hydrogen are produced
during the accident, the containment has the inherent ability to accommodate a
much larger amount as discussed below.

The basic approach to evaluating the capability of a containment system with a
given containment spray design is to assume that the energy and gas are liberated
from the reactor vessel over some time period. The rate of energy release over the
entire duration of the release is arbitrarily taken as uniform, since the capability
curve serves as a capability index only, and is not based on any given set of
accident conditions as an accident performance evaluation might be.

It is conservatively assumed that the suppression pool is the only body in the
system which is capable of storing energy. The considerable amount of energy
storage which would take place in the various structures of the containment is
neglected. Hence, as energy is released from the core region, it is absorbed by the
suppression pool. Energy is removed from the pool by heat exchangers which
reject heat to the service water. Because the energy release is taken as uniform
and the service-water temperature and exchanger flow rate are constant, the
temperature response of the pool can be determined. It is assumed that the
suppression chamber gases are at the suppression chamber water temperature.

The metal-water reaction during core heatup is calculated by the core heat-up mode
described in Subsection 14.8. The extent of the metal-water reaction thus
calculated is less than 0.1 percent of all the zirconium in the core. As an index of
the containment's ability to tolerate postulated metal-water reactions, the concept of
"Containment Capability" is used. Since this capability depends on the time
domain, the duration over which the metal-water reaction is postulated to occur is
one of the parameters used.

Containment capability is defined as the maximum percent of fuel channels and fuel
cladding material which can enter into a metal-water reaction during a specified
duration without exceeding the maximum allowable pressure of the containment. To
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evaluate the containment capability, various percentages of metal-water reaction
are assumed to take place over certain time period. This analysis presents a
method of measuring system capability without requiring prediction of the detailed
events in a particular accident condition.

Since the percent metal-water reaction capability varies with the duration of the
uniform energy and gas release, the percent metal-water reaction capability is
plotted against the duration of release. This constitutes the containment capability
curves as shown in Figure 14.6-14. All points below the curves represent a given
metal-water reaction and a given duration which will result in a containment peak
pressure which is below the maximum allowable pressure. The calculations are
made at the end of the energy release duration because the number of moles of
gases in the system in then at a maximum, and the suppression pool temperature is
higher at this time than at any other time during the energy release.

It should be noted that the curves are actually derived from separate calculations of
two conditions: the "steaming" and the "nonsteaming" situation. The minimum
amount of metal-water reaction which the containment can tolerate for a given
duration is given by the condition where all of the noncondensible gases are stored'n the suppression chamber. This condition assumes that "steaming" from the
drywell to the suppression chamber results in washing all of the noncondensible
gases into the suppression chamber. This is shown as the flat portion of the
containment capability characteristic curve. Activation of containment sprays
condense the drywell steam so that no steaming occurs, thus allowing
noncondensibles to also be stored in the drywell. This is denoted by the rising
(spray) curve. The intersection between the no spray curve and the spray curve
represents the duration and metal water reaction energy release which just raises
all the spray water to the saturation temperature at the maximum allowable
containment pressures.

For durations to the left of the intersection, some steam is generated and all the
gases are stored in the suppression chamber. For durations to the right of the
intersection, the spray flow is subcooled as it exits from drywell by increasing
amounts as the duration is increased.

The energy release rate to the containment is calculated as follows:

@0+ Q~+@s
qw TD

14.6-23



BFN-16

where:

qi~ = Arbitrary energy release rate to the containment Btu per sec,

Qp = Integral of decay power over selected duration of energy gas
release, Btu,

QMw = Total chemical energy released exothermically from selected
metal-water reaction, Btu,

Q> = Initial internal sensible energy of core fuel and cladding, Btu. and

Tp = Selected duration of energy and gas release, seconds.

The total chemical energy released from the metal-water reaction is proportional to
the percent metal-water reaction. The initial internal sensible energy of the core is
taken as the difference between the energy in the core after the blowdown and the
energy in the core at a datum temperature of 250'F.

The temperature of the drywell gas is found by considering an energy balance on
the spray flows through the drywell as described in Subsection 14.8.

Based upon the drywell gas temperature, suppression chamber gas temperature
and the total number of moles in the system, as calculated above, the containment
pressure is determined. The containment capability curves in Figure 14.6-14
present the results of the parametric investigation.

14.6.3.4 Fission Products Released to Prima Containment

The following assumptions and initial conditions were used in calculating the
amounts of fission products released from the nuclear system to the drywell:

Source terms based on TID 14844 methodology. These source terms are
generally comparable to those based on the methodology utilized by the
ORIGEN Code.

The reactor has been operating at design power (3458 MWt) for 1,000 days
prior to the accident. This is appropriate for irradiation times up to 1400
days as noted by calculations performed utilizing the ORIGEN Code.

C. One hundred percent of the equilibrium radioactive noble gas inventory
developed as a result of such operation is released.
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Twenty-five percent of the equilibrium radioactive iodine inventory
developed as a result of such operation is released. Of this 25 percent, 91
percent is assumed to be elemental iodine, 5 percent in particulate form,
and 4 percent in the form of organic iodides. Table 14.6-4 gives the
inventory of each isotope in the primary containment available for leakage.

14.6.3.5 Fission Product Release From Prima Containment

Fission products are released from the primary containment to the secondary
containment via primary containment penetration leakage at the Technical
Specification leakage limit. Additionally, primary containment atmosphere is
released via the main steam lines to the low pressure turbines and condensers.
The main steam isolation valves are assumed to leak at their Technical
Specification limit. The following assumptions were used in calculating the amounts
of fission products released from the primary containment:

The primary containment free volume is 283,000 ft'.

The primary to secondary containment leak rate was taken as two percent
volume per day (235 cfh).

The four main steam lines are assumed to leak a total of 46 scfh.

14.6.3.6 Fission Product Release to Environs

Seconda Containment Releases

The fission product activity in the secondary containment at any time (t) is a function
of the leakage rate from the primary containment, the volumetric discharge rate from
the secondary containment and radioactive decay. During normal power operation,
the secondary containment ventilation rate is 75 air changes per day; however, the
normal ventilation system is turned off and the Standby Gas Treatment System
(SGTS) is initiated as a result of low reactor water level, high drywell pressure, or
high radiation in the Reactor Building. Any fission product removal effects in the
secondary containment such as plateout are neglected. The fission product activity
released to the environs is dependent upon the fission product inventory airborne in
the secondary containment, the volumetric flowfrom the secondary containment and
the efficiency of the various components of the SGTS.

The following assumptions were used to calculate the fission product activity
released to the environment from the secondary containment:

The leakage from primary containment to secondary containment mixes
instantaneously and uniformly within the secondary containment.
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The effective volume of the secondary containment is 50 percent of the total
free volume of a single reactor zone plus 50 percent of the refueling zone.
The resulting effective secondary containment volume is 1,931,502 ft'.

The SGTS removes fission products from secondary containment. Ifonly
two of the SGTS trains are in operation (i.e., SGTS flowof 16,200 cfm), a
short period exists at the start of the accident during which the secondary
containment becomes pressurized relative to the outside environment.
During this short time period, a very small amount of secondary
containment atmosphere (-35 ft') will be released directly to the
environment unfiltered from the Reactor Building. Once the secondary
containment pressure is reduced below atmospheric pressure, all releases
from secondary containment to the environment are through the SGTS
filters via the plant stack. Ifall three trains of SGTS are in operation (i.e.,
SGTS flowof 22,000 cfm), all releases to the environment from secondary
containment are through the SGTS filters via the plant stack.

The Containment Atmospheric Dilution (CAD) system operates for a
period of 24 hours at a flow rate of 139 cfm at 10 days, 20 days, and 29
days post accident. This flow is filtered via the SGTS filters.

Filter efficiency for the SGTS was taken as 90 percent for organic and
inorganic (elemental) iodine.

Release to the environment from the plant stack is composed of two flow
paths. A continuous ground level release of 10 cfm occurs at the base of
the stack. This flow results from leakage through the backdraft dampers in
the base of the stack. Subsection 5.3.3, "Secondary Containment System
Description" describes the backdraft dampers. The 10 cfm leakage mixes
uniformly within the rooms at the base of the stack (34,560 ft'). The
remaining SGTS flowexits the stack at a height of 183 meters above
ground elevation.

Fumigation conditions exist for the first 30 minutes post accident.

Atmospheric dispersion coefficients, X/Q, for elevated releases under
fumigation conditions, elevated releases under normal atmospheric
conditions and ground level releases at the base of the stack are used.
X/Q values applicable to the time periods, distances and geometric
relationships (offsite and control room) are shown in Table 14.6-8.
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Based upon these assumptions, the fission product activity being released to the
environs from the secondary containment is shown in Table 14.6-5 for the top of the
stack and Table 14.6-6 for the base of the stack.

Main Steam Isolation Valve Leaka e Release

The control room doses due to release of main steam isolation valve (MSIV)
leakage were calculated in accordance with the BWROG methodology as given in
NEDC-31858P, Revision 1.

The leakage from primary containment via the isolation valves in the four main
steam lines to the low pressure turbines and condensers is exhausted to the
Turbine Building deck and subsequently to the atmosphere via the Turbine Building
roof vents. The following assumptions were used to calculate the fission product
activity released to the environment from the Turbine Building:

Each of the four main steam lines is assumed to leak at 11.5 SCFH which
is the maximum leakage permitted by the BFN Technical Specifications.

b. Iodine plateout and reentrainment is treated in accordance with the
BWROG methodology.

The free volume of the low pressure turbines and condenser is 187,000 ft3.

The free volume of the Turbine Building is 2.1 million cubic feet and is
comprised of the volume above a single unit turbine deck.

The roof vent exhaust flow rate from the turbine deck is 8.64 million cfh.

Atmospheric dispersion coefficients, NQ, for releases from the Turbine
Building roof vents to the control bay intakes applicable to the time periods,
distances and geometric relationship are shown in Table 14.6-8.

Based upon these assumptions, the fission product activity being released to the
environs from the Turbine Building due to main steam isolation valve leakage is
shown in Table 14.6-7.

The dose from the MSIV leakage is divided by 2 because of the dual air intake
configuration for the control bay ventilation. The dual air inlets are placed on
opposite sides of the Turbine Building release points and are capable of functioning
with an assumed single active failure in the inlet isolation system.
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14.6.3.7 Radiolo ical Effects

The LOCA provides the most severe radiological releases to the primary and
secondary containments and thus serves as the bounding design basis accident in
determining post-accident offsite and control room personnel doses.

Offsite Doses

Offsite doses of interest resulting from the activity released to the environment as a
consequence of the loss of coolant accident are the 2-hour whole body gamma
dose, beta dose and the thyroid inhalation dose at the site boundary (1,465 meters),
and the corresponding 30-day doses at the low population zone (LPZ) boundary
3,200 meters).

The offsite doses are calculated using a combination of the STP and FENCEDOSE
computer programs. The STP program models the fission product transport from
the primary containment to release to the environment. The model accounts for
fission product decay, flow rates, filter absorption, dilution, release rates and
release points. The FENCEDOSE computer program models the atmospheric
dispersion to the offsite receptor points by use of appropriate X/Qs and calculates
the gamma, beta, and thyroid doses.

The largest calculated total offsite dose is well within the 10 CFR 100 guideline
values.

Control Room

The control room doses resulting from MSIV leakage are calculated using the
methodology and computer codes described in the BWROG methodology given in
NEDC-31858P, Revision 1. The control room doses from the other sources are
calculated using a combination of the STP and COROD computer programs. The
STP program models the fission product transport from the primary containment to
release to the environment. The model accounts for fission product decay, flow
rates, filterabsorption, dilution, release rates, and release points. The COROD
computer program accounts for the atmospheric dispersion to the control room
intakes by use of appropriate X/Qs and models the control bay habitability zone
filtered pressurization flow, unfiltered inleakage, occupancy times, breathing rates
and calculates the gamma, beta, and thyroid doses. Atmospheric dispersion
coefficients are based on release point, geometric relationship of the release point
and receptor and atmospheric conditions based on site specific meteorological data.
The COROD computer code calculates the gamma dose by a typical point-kernel
methodology accounting for the control room, geometry. The thyroid dose was
reduced by ratioing to the ICRP-30 conversion factors. This resulted in a reduction



factor of 1.7 for the dose for the 0 to 30 minute time frame and a factor of 1.35 for
times after 30 minutes.

The direct gamma dose contribution from the piping inside secondary containment,
the secondary containment atmosphere and the cloud dose are included. One
section of core spray piping in each unit is routed just outside the common Control
Building/Reactor Building wall. This piping will be carrying suppression chamber
water in the event of a LOCA.

All of these exposure mechanisms (filtered pressurization flow, unfiltered inleakage,
cloud dose and direct dose) are combined to produce a total control room dose for
the duration of the accident. It was determined that the differences between the
case with two SGTS fans in operation with a small amount of unfiltered secondary
containment release and the case with three SGTS fans in operation with all
releases being filtered and via the plant stack are negligible. The 30 day integrated
post-accident doses in the control room are within the limits of 5 REM whole body
gamma dose, 30 REM beta and 30 REM to the thyroid as specified in 10 CFR 50,
Appendix A General Design Criteria 19.

The Committed Effective Dose Equivalent (CEDE) for the thyroid plus the whole
body gamma Deep Dose Equivalent (DDE) is below the 5 REM Total Effective Dose
Equivalent (TEDE) limit.

14.6.4 Refuelin Accident

The current safety evaluation for the Refueling Accident is contained in the
licensing topical report for nuclear fuel, "General Electric Standard Application For
Reactor Fuel," NEDE-24011-P-A, and subsequent revisions thereto. Accidents that
result in the release of radioactive materials directly to the secondary containment
are events that can occur when the primary containment is open. A survey of the
various plant conditions that could exist when the primary containment is open
reveals that the greatest potential for the release of radioactive material exists when
the primary containment head and reactor vessel head have been removed. With
the primary containment open and the reactor vessel head off, radioactive material
released as a result of fuel failure is available for transport directly to the reactor
building.

Various mechanisms for fuel failure under this condition have been investigated.
Refueling Interlocks will prevent any condition which could lead to inadvertent
criticality due to control rod withdrawal error during refueling operations when the
mode switch is in the Refuel position. The Reactor Protection System is capable of
initiating a reactor scram in time to prevent fuel damage for errors or malfunctions
occurring during deliberate criticality tests with the reactor vessel head off. The
possibility of mechanically damaging the fuel has been investigated.



The design basis accident for this case is one in which one fuel assembly is
assumed to fall onto the top of the reactor core.

The discussion in Subsection 14.6.4.1 applies to the dropping of a 8 x 8 assembly.
The analyses for all current General Electric product line fuel bundle designs are
contained in supplements to NEDE-24011-P-A. The NEDE evaluates each new fuel
design against the 7x7 fuel design for the original core load. The 7x7 fuel handling
accident resulted in 111 failed fuel rods. For the 8x8 fuel design, the activity
released due to a fuel handling accident will be less than 84% of the activity
released by the original 7x7 fuel design. For the 9x9 fuel design the activity will be
less than 83.5% of the activity released by the original 7x7 fuel design. The
historical and current calculated doses are much less than the regulatory
guidelines.

146 4.1 4~6
The fuel assembly is dropped from the maximum height allowed by the fuel
handling equipment.

The entire amount of potential energy, referenced to the top of the reactor
core, is available for application to the fuel assemblies involved in the
accident. This assumption neglects the dissipation of some of the
mechanical energy of the falling fuel assembly in the water above the
reactor core and requires the complete detachment of the assembly from
the fuel hoisting equipment. This is only possible if the fuel assembly
handle, the fuel grapple, or the grapple cable breaks.

None of the energy associated with the dropped fuel assembly is absorbed
by the fuel material (uranium dioxide).

14642 ~616

Dropping a fuel assembly onto the reactor core from the maximum height allowed by
the refueling equipment, less than 30 feet, results in an impact velocity of 40 ft/sec.
The kinetic energy acquired by the falling fuel assembly is approximately 18,150
ft-Ib and is dissipated in one or more impacts. The first impact is expected to
dissipate most of the energy and cause the largest number of cladding failures. To
estimate the expected number of failed fuel rods in each impact, an energy
approach has been used.

The fuel assembly is expected to impact on the reactor core at a small angle from
the vertical, possibly inducing a bending mode of failure on the fuel rods of the
dropped assembly. Fuel rods are expected to absorb little energy prior to failure



due to bending, if it is assumed that each fuel rod resists the imposed bending load
by a couple consisting of two equal, opposite concentrated forces. Actual bending
tests with concentrated point loads show that each fuel rod absorbs about 1 ft-Ib
prior to cladding failure. For rods which fail due to gross compression distortion,
each rod is expected to absorb about 250 ft-Ibs before cladding failure (this is based
on 1 percent uniform plastic deformation of the rods). The energy of the dropped
assembly is absorbed by the fuel, cladding, and other core structure. A fuel
assembly consists of about 72 percent fuel, 11 percent cladding, and 17 percent
other structural material by weight. Thus, the assumption that no energy is
absorbed by the fuel material inserts considerable conservatism into the
mass-energy calculations that follow.

The energy absorption on successive impacts is estimated by consideration of a
plastic impact. Conservation of momentum under a plastic impact show that the
fractional kinetic energy absorbed during impact is where

1 - M

M> + Mz

M1 is the impacting mass and IVI2 is the struck mass. Based on the fuel geometry
within the reactor core, four fuel assemblies are struck by the impacting assembly.
The fractional energy loss on the first impact is about 80 percent.

The second impact is expected to be less direct. The broad side of the dropped
assembly impacts approximately 24 more fuel assemblies, so that after the second
impact only 135 ft-Ibs (about 1 percent of the original kinetic energy) is available for
a third impact. Because a single fuel rod is capable of absorbing 250 ft-Ib in
compression before cladding failure, it is unlikely that any fuel rods fail on a third
impact.

If the dropped fuel assembly strikes only one or two fuel assemblies on the first
impact, the energy absorption by the core support structure results in about the
same energy dissipation on the first impact as in the case where four fuel
assemblies are struck. The energy relations on the second and third impacts
remain about the same as in the original case. Thus, the calculated energy
dissipation is as following:

First impact
Second impact
Third impact

80 percent
19 percent

1 percent (no cladding failures)
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The first impact dissipates 0.80 x 18,150 or 14,500 ft-Ibs of energy. It is assumed
that 50 percent of this energy is absorbed by the dropped fuel assembly and that
the remaining 50 percent is absorbed by the struck fuel assemblies. Because the
fuel rods of the dropped fuel assembly are susceptible to the bending mode of
failure, and because 1 ft-Ib of energy is sufficient to cause cladding failure due to
bending, all 62 rods of the dropped fuel assembly are assumed to fail. Because the
8 tie rods of each struck fuel assembly are more susceptible to bending failure than
the other 54 rods, it is assumed that they fail upon the first impact. Thus 4 x 8 = 32
tie rods (total in four assemblies) are assumed to fail.

Because the remaining fuel rods of the struck assemblies are held rigidly in place,
they are susceptible only to the compression mode of failure. To cause cladding
failure of one fuel rod due to compression, 250 ft-Ibs of energy is required. To
cause failure of all the remaining rods of the four struck assemblies, 250 x 54 x 4 or
54,000 ft-Ibs of energy would have to be absorbed in cladding alone. Thus, it is
clear that not all the remaining fuel rods of the struck assemblies can fail on the first
impact. The number of fuel rod failures due to compression is computed as follows:

0.5 x 14,500 x

250

Thus, during the first impact, the fuel rod failures are as follows:

Dropped assembly
Struck assemblies
Struck assemblies

- 62 rods (bending)
- 32 tie rods (bending)
- 12 rods (compression)
106 failed rods

Because of the less severe nature of the second impact and the distorted shape of
the dropped fuel assembly, it is assumed that in only 2 of the 24 struck assemblies
are the tie rods subjected to bending failure. Thus, 2 x 8 = 16 tie rods are assumed
to fail. The number of fuel rod failures due to compression on the second impact is
computed as follows:

0.19
x 18,150 x 11

2 '1+17 =3
250
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Thus, during the second impact the fuel rod failures are as follows:

Struck assemblies - 16 tie rods (bending)
Struck assemblies - 3 rods (compression)

19 failed rods

The total number of failed rods (GE 8x8 fuel design) resulting from the accident is
as follows:

First impact
Second impact
Third impact

-106 rods
19 rods

0 rods.
125 failed rods (total)

14.6.4.3 Fission Product Release From Fuel

Fission product release estimates for the accident are based on the following
assumptions:

The reactor fuel has an average irradiation time of 1000 days at design
power up to 24 hours prior to the accident. This assumption results in an
equilibrium fission product concentration at the time the reactor is shut down.
Longer operating histories do not significantly increase the concentration of
the fission products of concern. The 24-hour decay time allows time for the
reactor to be shut down, the nuclear system depressurized, the reactor
vessel head removed, and the reactor vessel upper internals removed. It is
not expected that these evolutions could be accomplished in less than
24 hours.

b. The activity in the fuel rod is determined from

where

0.865 x 10'
q(ci)

n

f = peaking factor, taken as 1.5
n = number of fuel bundles in core (n = 764)

P, = thermal power level (P, = 3458 MWt)
fission yield for isotope i

To

e

decay constant of isotope i

T, = residence time in core (T, = 8.64 x 10" sec)
tD = decay time between shutdown and removal of the vessel head

(24 hrs)
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c. Due to the negligible particulate activity available for release in the fuel
plenums or from the unmelted fuel, none of the solid fission products is
assumed to be released from the fuel.

d. One hundred twenty-five fuel rods are assumed to fail. This was the
conclusion of the analysis of mechanical damage to the fuel based on the GE
8x8 fuel design.

14.6.4A Fission Product Release to Seconda Containment

The following assumptions were used to calculate the fission product release to the
secondary containment:

a. Fraction of Fuel Rod Inventory Released
Noble Gases (Except Kr 85)
Kr 85
lodines

10 percent
30 percent
10 percent

b. Iodine Decontamination Factor in Reactor
Cavity Pool Water 100

14.6.4.5 Fission Product Release to Environs

The following assumptions and initial conditions are used in calculating the dose
existing at the exclusion area boundary and at the low population zone due to
fission product release.

a. High radiation levels in the reactor building will isolate the normal ventilation
system and actuate the Standby Gas Treatment System. The isolation
dampers were assumed to close in 15 seconds.

The relative humidity in the secondary containment is 70 percent. Since the
refueling accident does not result in the release of any liquid or vapor to the
secondary containment, the normal environmental condition existing prior to
the accident will also exist after the accident, except for the addition of the
released fission products. The relative humidity in the secondary
containment will therefore be considerably below any levels which may be
detrimental to the filter media in the Standby Gas Treatment System.
However, as mentioned previously, the charcoal beds and absolute filter
media, as well as the air flowing through the filter system, are heated 5'F
above the mixture entering the system, reducing the relative humidity to
70 percent or less.
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Standby Gas Treatment System Filter Efficiency

Height of the Main Stack

Distance to Exclusion Area Boundary

Distance to Low Population Zone

0.90

183 meters

1,300 meters

3,200 meters

g. Mixing AirVolume

Ventilation Air Flow Prior to Damper
Isolation

4,900 FT

22,000 CFM

The design basis fuel handling accident assumes that during the refueling period a
fuel bundle is dropped into the reactor cavity pool. The dropped fuel bundle strikes
additional bundles in the reactor core fracturing 125 fuel pins (assuming GE 8x8
fuel design). Ten percent of the halogen isotopes inventory plus 10 percent of all
noble gases inventory (except Kr 85 which is 30 percent of this inventory) will be
released from the fractured fuel rods. An overall effective decontamination factor of
100 is applicable for iodine released at depth under water. The radioactive
releases to the air space above the pool are released through the refueling zone
ventilation and the Standby Gas Treatment Systems. The assumptions used to
evaluate the fuel handling design basis accident event are defined in Nuclear
Regulatory Commissions Regulatory Guide 1.25. Further guidance is contained in
the standard review plans in NUREG-800, Section 15.7.4.

In order to evaluate the effect of refueling zone ventilation damper closure time, the
analysis includes doses from air bypassing the Standby Gas Treatment System.
The bypass is occurring through the Refueling Zone Ventilation System. For this
evaluation, it is assumed that the portion of the ventilation system dedicated to the
reactor vessel pool and the spent fuel storage pool provides the bypass flow. The
gases released from the damaged fuel bundles are assumed to be confined to an
air volume bounded by the perimeter of the pool and mixed to a height of no more
than 4 feet above the pool. The activity released to the environment before the
dampers close is taken from the air volume over the pool expelled through the
ventilation system. The total activity released is greater for a fuel handling accident
in the reactor cavity pool than for an accident in the fuel storage pool. Normally, the
number of fuel rods fractured in a drop into the reactor vessel pool is slightly larger
than the number of rods fractured in a drop into the storage pool. This provides a
bigger source for the vessel event. However, the ventilation flowfrom the storage
pool area is twice the size of the flowfrom the reactor vessel area. The difference
in flows transports more activity to the environment in a given time period.
Therefore, for conservatism the number of rods damaged and resulting activity
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released is based on a fuel handling accident in the reactor cavity, and the mixing
volume and ventilation is based on a release over the spent fuel pool.

The bypass flow not only bypasses the SGTS filters, it is also released from a roof
vent rather than the main stack. The atmospheric dispersion, X/Q, of releases from
the top of the stack is significantly smaller than the atmospheric dispersion factors
for the roof vent releases. The result of this change is to make the dose
contribution from the roof vent releases more important than if all releases were
through the stack. Almost all the dose is from the roof vent release.

The fuel handling accident was evaluated using the STP, FENCEDOSE, and
COROD computer programs described in Section 14.6.3.7. The calculations
simulate an initial time period without filtration of the releases. Following the initial
time period, the releases are filtered. Computations were prepared with an
atmospheric dispersion, X/Q, for elevated releases and with X/Q data for ground
level releases appropriate for the EAB and LPZ boundaries. The final dose
evaluations become the dose contributions from the initial ground level release plus
the contribution from the release of the balance of the activity through the stack
(base and top).

14.6.4.6 Radiolo ical Effects

The radiological exposures following the refueling accident have been evaluated at
the site boundary and at the LPZ boundary. The calculated dose assumes that the
bypass activity is exhausted through a roof vent and, after the dampers close, the
activity is processed through the SGTS and the plant stack.

Boundary dose resulting from design basis accident events has been judged by
comparing the dose to the dose in 10 CFR 100, Reactor Site Criteria. This
regulation uses radiation doses of 300 rem to the thyroid and 25 rem whole body as
guides for doses to the public under accident conditions. Fuel handling accidents in
the past have been judged as having acceptable consequences if the dose is a
small part of 10 CFR 100. In the standard review plan, NUREG-800, a small part
has been defined as 25 percent. The calculated doses are much less than the
guidelines.

14.6.5 Main Steam Line Break Accident

Accidents that result in the release of radioactive materials outside the secondary
containment are the results of postulated breaches in the nuclear system process
barrier. The design basis accident is a complete severance of one main steam line
outside the secondary containment. Figure 14.6-15 shows the break location. The
analysis of the accident is described in three parts as follows:
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Nuclear S stem Transient Effects

This includes analysis of the changes in nuclear system parameters
pertinent to fuel performance and the determination of fuel damage.

Radioactive Material Release

This includes determination of the quantity and type of radioactive material
released through the pipe break and to the environs.

C. Radiolo ical Effects

This portion determines the dose effects of the accident to offsite persons.

14.6.5.1 Nuclear S stem Transient Effects

14.6.5.1.1 A~i
The following assumptions are used in evaluating response of nuclear system
parameters to the steam line break accident outside the secondary containment:

The reactor is operating at design power.

Reactor vessel water level is normal for initial power level assumed at the
time the break occurs.

Nuclear system pressure is normal for the initial power level.

The steam pipeline is assumed to be instantly severed by a circumferential
break. The break is physically arranged so that the coolant discharge
through the break is unobstructed. These assumptions result in the most
severe depressurization rate of the nuclear system.

The main steam isolation valves are assumed to be closed 10.5 seconds
after the break. This assumption is based on the 0.5 second time required
for the development of the automatic isolation signal (high differential
pressure across the main steam line flow restrictor) and the 10-second
closure time for the valves.

Faster main steam isolation valve closure could reduce the mass loss until
finally some other process line break would become controlling. However,
the resulting radiological dose for this break would be less than the main
steam line break with a ten-second valve closure. Thus, the postulated
main steam line break outside the primary containment with a ten-second
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isolation valve closure results in maximum calculated radiological dose and
is therefore the design basis accident.

The mass flow rate through the upstream side of the break is assumed to be
not affected by isolation valve closure until the isolation valves are closed far
enough to establish limiting critical flow at the valve location. After limiting
critical flow is established at the isolation valve, the mass flow is assumed to
decrease linearly as the valve is closed. This assumption results in an
almost constant mass flow out of the break until the last 3 to 4 seconds of a
10-second valve closure.

The mass flow rate through the downstream side of the break is assumed to
be not affected by the closure of the isolation valves in the unbroken steam
lines until those valves are far enough closed to establish limiting critical flow
at the valves. After limiting critical flow is established at the isolation valve
positions, the mass flow is assumed to decrease linearly as the valves close.
This assumption results in an almost constant mass flow through the break
until the last 3 to 4 seconds of a 10-second valve closure.

In calculating the rate of water level rise inside the vessel, it is assumed that
the steam bubbles formed during depressurization rise at an average
velocity of about 1 foot per second relative to the liquid. This assumption is
predicted by analysis" and confirmed experimentally.'"

After the level of the mixture inside the reactor vessel rises to the top of the
steam dryers, the quality of the two-phase mixture discharged through the
break is assumed constant at its minimum value. This assumption maximizes
the total mass of coolant discharged through the break because most of the
mixture flowwill actually be at a higher quality.

Feedwater flow is assumed to decrease linearly to zero over the first four
seconds to account for the slowing down of the turbine-driven feedpumps in
response to the rise in reactor vessel water level.

A loss of auxiliary AC power is assumed to occur simultaneous with the
break. This results in the immediate loss of power to the recirculation

13
Moody, F. J.: "LiquidNapor Action In a Vessel During Blowdown" APED-5177, June 1966,
Wilson, J.F., et al: "The Velocity of Rising Steam In A Bubbling Two-Phase Mixture," ANS
Transation, Vol 5, No. 1, Page 151 (1962).

14
Ianna, P.W., et al: "Design and Operating Experience Of The ESADA Vallecitos Experimental
Superheat Reactor (Eversr)";
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pumps. Recirculation flow is assumed to coast down according to
momentum computations for the recirculation system.

Recirculation system drive pump head is assumed to be zero when the
coolant at the pump suction reaches 1 percent quality. This assumption
accounts for the effects of cavitation on recirculation drive pump capacity as
the pumps coast down.

14.6.5.1.2 Se uence of Events

The sequence of events following the postulated main steam line break is as
follows:

The steam flow through both ends of the break increases to the value limited by
critical flow considerations. The flowfrom the upstream side of the break is limited
initiallyby the main steam line flow restrictor. The flow from the downstream side
of the break is limited initiallyby the downstream break area. The decrease in
steam pressure at the turbine inlet initiates closure of the main steam isolation

}

valves within about 200 milliseconds after the break occurs (see Subsection 7.3
"Primary Containment Isolation System" ). Also, main steam isolation valve closure
signals are generated as the differential pressures across the main steam line flow
restrictors increase above isolation setpoints. The instruments sensing flow
restrictor differential pressures generate isolation signals within about 500
milliseconds after the break occurs.

A reactor scram is initiated as the main steam isolation valves begin to close (see
Subsection 7.2, "Reactor Protection System" ). In addition to the scram initiated
from main steam isolation valve closure, voids generated in the moderator during
depressurization contribute significant negative reactivity to the core even before
the scram is complete. Because the main steam line flow restrictors are sized for
the main steam line break accident, reactor vessel water level remains above the
top of the fuel throughout the transient.

14.6.5.1.3 Coolant Loss and Reactor Vessel Water Level

The steam flow rate through the downstream side of the break increases from the
initial value of 1000 Ib/sec in the line to 2000 Ib/sec (about 200 percent of rated flow
for one steam line) with critical flow initiallyoccurring at the flow restrictor. The
steam flow rate was calculated using an ideal nozzle model. Tests conducted on a
scale model over a variety of pressure, temperature, and moisture conditions have
been used to substantiate the flow models capability to predict the steam flow
behavior in the presence of a flow restrictor.
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The steam flow rate through the downstream side of the break consists of equal flow i ~
components from each of the unbroken lines. The pipe resistance and local
restrictions in the unbroken lines result in critical flow initiallyoccurring at the
downstream side break location. The steam flow rate in each of the unbroken lines
increases from an initial value of 1000 Ib/sec to 1530 Ib/sec.

The total steam flow rate leaving the vessel is approximately 6600 Ib/sec, which is
in excess of the steam generation rate of 4000 Ib/sec. The steam flow-steam
generation mismatch causes an initial depressurization of the reactor vessel at a
rate of 35 psi/sec. The formation of bubbles in the reactor vessel water causes a
rapid rise in the water level. The analytical model used to calculate level rise
predicts a rate of rise of about 6 feet/second. Thus, the water level reaches the
vessel steam nozzles at 2 to 3 seconds after the break, as shown in Figure 14.6-16.
From that time on a two-phase mixture is discharged from'the break. The
two-phase flow rates are determined by vessel pressure and mixture enthalpy."

The vessel depressurization is calculated using a digital computer code in which the
reactor vessel is modeled as five major nodes. The model includes the flow
resistance between nodes, as well as heat addition from the core.

As shown in Figure 14.6-16, two-phase flow is discharged through the break at an
almost constant rate until late in the transient. This is the result of not taking credit
for the effect of valve closure on flow rate until isolation valves are far enough
closed to establish critical flow at the valve locations. The slight decrease in
discharge flow rate is caused by depressurization inside the reactor vessel. The
linear decrease in discharge flow rate at the end of the transient is the result of the
assumption regarding the effect of valve closure on flow rate after critical flow is
established at the valve location.

~
,'he

following total masses of steam and liquid are discharged through the break
prior to isolation valve closure:

Steam
Liquid

25,000 pounds
l60,000 pounds

Analysis of fuel conditions reveals that no fuel rod perforations due to high
temperature occur during the depressurization, even with the conservative
assumptions regarding the operation of the recirculation and feedwater systems.
MCHFR remains above 1.0 at all times during the transient. MCHFR has been
replaced by a similar fuel thermal parameter called MCPR (Minimum Critical Power
Ratio). No fuel rod failures due to mechanical loading during the depressurization

15
Moody, F. J.: "Two Phase Vessel Blowdown From Pipes", Journal of Heat Transfer, ASME
Vol, 88, August 1966, page 285.
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occur because the differential pressures resulting from the transient do not exceed
the designed mechanical strength of the core assembly.

After the main steam isolation valves close (10.5 sec), depressurization stops and
natural convection is established through the reactor core. No fuel cladding
perforation occurs even if the stored thermal energy in the fuel were simply
redistributed while natural convection is being established; cladding temperature
would be about 1000'F, well below the temperatures at which cladding can fail.
Thus, it is concluded that even for a 10.5 second main steam isolation valve
closure, fuel rod perforations due to high temperature do not occur. For shorter
valve closure times, the accident is less severe. After the main steam isolation
valves are closed, the reactor can be cooled by operation of any of the normal or
standby cooling systems. The core flow and MCHFR during the first 10.5 seconds
of the accident are shown in Figures 14.6-17 and 14.6-I8. Since the MCHFR never
drops below 1.0, the core is always cooled by very effective nucleate boiling.
Transient limits for nonstandard test or demonstration fuel bundles are given in
Appendix N.

14.6.5.2 Radioactive Material Release

14.6.5.2.1 4~6
The following assumptions are used in the calculation of the quantity and types of
radioactive material released from the nuclear system process barrier outside the
secondary containment:

a. The amounts of steam and liquid discharged are as calculated from the
analysis of the nuclear system transient. I

b. The concentrations of biologically significant radionuclides contained in the
coolant discharged as liquid are as follows:

5.0 x10 2 N,Ci/cc
2.9 x 10-" pCi/cc
3.0 x 10-" pCi/cc
4.1 x 10-" pCi/cc
3.7 x 10-" pCi/cc
2.2 x 10-" p,Ci/cc

iodine 131
iodine 132
iodine 133
iodine 134
iodine 135
Other halogens
Molybdenum-Technetium

99m 2.1 x 10-" pCi/cc
4

Because the steam to water halogen concentration ratio is on the order to 3 x 10',
only the halogens carried out of the reactor vessel by the liquid phase during the
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discharge of the steam-water mixture are significant. Because the coolant activity
contents are based on data derived from reactor operation with an unusually large
number of cladding failures, and because an unusually high normal stack gas
discharge rate is assumed in increasing the activities attributed to each of the listed
radioisotopes, considerable conservatism is inserted into the analysis.

The noble gas discharge rate, after 30 minutes holdup, is assumed to be
0.1 Ci/sec, an unusually high normal discharge rate. This assumption
permits direct computation of the amount of noble gas activity leaving the
reactor vessel at the time of the accident. The result is that 0.54 Ci of noble
gas activity leaves the reactor vessel each second that the isolation valve is
open.

d. lt is assumed that the main steam isolation valves are fullyclosed at
10.5 seconds after the pipe break occurs. This allows 500 milliseconds for
the generation of the automatic isolation signal and 10 seconds for the valves
to close. The valves and valve control circuitry are designed to provide main
steam line isolation in no more than 10.5 seconds. The actual closure time
setting for the isolation valves is less than 10 seconds.

e. Due to the short half-life of nitrogen-16 the radiological effects from this
isotope are of no major concern and are not considered in the analysis.

14.6.5.2.2 Fission Product Release From Break

Using the above assumptions, the following amounts of radioactive materials are
released from the nuclear system process barrier:

Noble gases
Iodine 131
Iodine 132
Iodine 133
Iodine 134
Iodine 135
Other halogens
Molybdenum-Technetium 99m

5.7 x10'i
5.1 x10'i
3.0x10'i
3.1 x10" Ci
4.2 x10'i
3.8 x 10'i
1.1 x10'i
2.2 x 10'i

The above releases take into account the total amount of liquid released as well as
the liquid converted to steam during the accident.

14.6.5.2.3 Steam Cloud Movement
F

The following initial conditions and assumptions are used in calculating the
movement of the steam cloud:
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a. Additional flashing to steam of the liquid exiting from the steam line break will
occur due to its superheated condition in the atmosphere.

b. The pressure buildup inside the turbine building willcause the blowout panels
to function, resulting in release of the steam cloud in a matter of seconds.

c. Steam cloud rise as predicted by the following equation could vary between
100 and 600 meters depending upon the assumptions made regarding wind
speed
h= 11Q'~

u
where:

h = Height of cloud rise (ft)
u = Wind speed (ft/sec)
Q = Heat output of cloud (cal/sec)

While the effect of cloud rise is a physical reality, this effect has been neglected for
this accident and the assumption is made that the steam cloud does not attain an
elevation greater than the height of the turbine building.

The following assumptions and initial conditions are used in calculating the
radiological effects of the steam line break accident:

a. The steam cloud movement parameters of paragraph 14.6.5.2.3, and

b. All of the activity released from the reactor vessel to the turbine building is
conservatively assumed to escape to the environment.

14.6.5.3 Radiolo ical Effects

The resulting radiological exposures are shown in Table 14.6-11 with the maximum
occurring at the site boundary. The cloud gamma dose and thyroid inhalation dose
at the site boundary is 1.2 x 10 rem and 6.5 x 10 'em, respectively. These values
are approximately 0.005 percent and 0.2 percent of the guideline doses set forth in
10 CFR 100.

Singer, I. A., Frizzola, J. A., Smith M . E., "The Predition of the Rise Of A Hot Cloud From Field
Experiments, "Journal of the AirPollution Control Association, November, 1964.
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Since all of the activity is released to the environment in the form of a puff, the
doses indicated are maximum values regardless of what dose period is being
evaluated.

It is concluded that no danger to the health and safety of the public results as a
consequence of this accident.
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Table 14.6-1

CONTROL ROD DROP ACCIDENT

FISSION PRODUCT RELEASE RATE TO ENVIRONS

(INITIALCORE)

Fission Product ActivityBeing
Released to Environment

Time After
Accident

Noble Gases
(curies/sec)

lodines
(curies/sec)

1 min

30 min

1 hr

2 hr

12 hr

1 day

2 days

5 days

1
7X10'.1

X
10'.4

X
10'.4

X
10'.4X10

1.5 X 10

1.6 X
10'.9

x 10

1.8 X 10

1.7 X10~

1.6 X 10

1.4 X 10

5.0 X 10

1.7X10

2.4 X
10'.4

X 10'



Meteorology
Distance (meters)

VS-1

TABLE 14.6-2
CONTROL ROD DROP ACCIDENTRADIOLOGICALEFFECTS

(INITIALCORE)

MS-1 N-1
0.2 Hour Cloud Gamma Doses (rem)

U-1 U-5

-

1,400',000

8,000

16,000

4.4 X 10

2.7X10

1.3 X 10
4

6.4 X 10

4.4 X 10
-3

2.9 X 10

1.4 X 10
-4

8.0 X 10

5.6X10
4

5.1 X 10
4

1.8 X 10
-4

5.8 X 10

-4
7.8 X 10

7.3X10

4.4 X 10

2.0 X 10

9.5 X 10

4.6X10

9.5 X 10
4

2.5 X 10

4
1.3 X 10

7.6 X 10

2.2X10
-5

8.2X10

0-2 Hour Thyroid tnhalation Doses (rem)

1,400',000

8,000

16,000

a
-10

2.5 X 10
-6

8.7 X 10

8.4 X 10

~5
1.3X10

4
1.1 X 10

-5
5.8 X 10

-5
2.4X10

1.4 X 10
-6

9.1 X 10
-5

1.0 X 10

4.7 X 10

4
2.4X10

-5
1.2 X 10

-5
2.7 X 10

-6
9.6 X 10

-5
2.7X10

-5
1.7 X 10

-6
4.9 X 10

-6
1.8 X 10

0-24 Hour Cloud Gamma Doses (rem)

1,400

3,000

8,000

16,000

5.4 X 10
4

35 X 10

1.6 X 10
-4

8.0 X 10

-3
5.4 X 10

4
3.6X10

-3
1.8X10

-3
1.0X10

7.1 X 10
4

6.4 X 10

2.4 X 10
-4

7.5 X 10

-4
9.8 X 10

9.1 X 10
-4

5.4 X 10
-4

2.4 X 10

-2
1.2X10

5.6X10

1.2 X 10
4

3.1 X 10

-3
1.7 X 10

9.6 X 10

2.7X10
-5

9.8X10

0.24 Hour Thyroid tnhalalion Doses (rem)

1

400',000

8,000

16,000

Symbol Definitions:

a
-9

1.1 X 10
-6

3.8X10

35 X 10

-5
5.5 X 10

-4
4.6 X 10

2.7 X 10
4

1.0 X 10

-7
6.0X10

-5
3.8 X 10

4.4 X 10
-5

2.0X10

-3
1.0X10

-4
4.9 X 10

1.2 X 10

4.2X10

-4
1.1 X 10

-5
7.3 X 10

-5
2.2 X 10

'7.8 X 10

- Nearest site boundaty
a - Dose value

10'S-1

- Very stable 1m/sec winds
MS-1 - Moderately stable 1m/sec winds
N-1 - Neutral1m/secwlnds
N4 - Neutral Smfsec winds
U.1 - Unstabte1m/sec winds
U-5 - Unstable Smfsec winds
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Table 14.6-3

LOSS-OF-COOLANT ACCIDENT

PRIMARY CONTAINMENTRESPONSE SUMMARY

Case

Service Suppression Core
RHR RHR RHR Water Chamber Spray
Loops HX Pumps Pumps Cooling (g pm)

Peak Pool Secondary
Temperature Peak Pressure

('F) (psig)

A
B
C
C*

2 4 4 4
2 2 2 2
1 2 2 2
1 2 2 2

30,000
20,000
16,000
11,700

6250 158
6250 169
6250 173
5600 172

8.0
9.8

10.7
9.0

*Reanalysis based on NEDC-32484P, Revision 1.
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Table 14.&4

INVENTORYIN PRIMARYCONTAINMENTAVAILABLEFOR LEAKAGE

Isotope

131

132

133

134

135

131 .

132.

133.

134 ~

135,

Activity(Ci)

7.7173 E7

1.1455E8

1.841 6ES

2.0719ES

1.7438 ES

3.3922 E6

5.0351 E6

8.0945 E6

9.1072E6

7.6652E6

3.8936E7

K (hr1)

3.59'.01E-1

3.30E-2

7.88E-1

1.03E-1

3.59'.01E-1

3.30E-2

7.88E-1

1.03E-1

1.5SE-1

isotope

87Kr

131 Xern

133Xem

1 33Xe

135Xem

135Xe

137Xe

Xe

Activity(Ci)

1.3977 E6

7.6039 E7

1.0720 E8

1A002E8

1.1873 E6

5.7251E6

2.0252E8

3.1599E7

1.9842ES

1.8343E8

1.8795 E8

(hr-1)

7.34'.47E-1

2ASE-1

1.31E1

2.41

'.28E-2

SASEQ

2.65EO

7.57E-2

1.09E1

2.93EO

Note: 'enotes organic form, m denotes metastable state
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Isotope

Table 14.&5

LOSS-OF-COOLANT ACCIDENT - FISSION PRODUCT RELEASE TO ENVIRONMENTTOP OF STACK

To of Stac elease Ci urin

131I

1321

1 33I

134I

135I

1311 ~

132'

33I~

134I.

135is

87K

89Kr

131 Xem

133Xem

1 33Xe

135Xem

'3 Xe

1»Xe

138Xe

(h0.5 hr

1.227+2

1.652+2

2.900+2

2.556+2

2.683+2

5.395+0

7.260+0

1.275+1

1.123+1

1.179+1

2.357+3

8,902+1

4.057+3

6.297+3

4.382+2

7.558+1

3.635+2

1.288+4

1.336+3

1.245+4

8.121+2

0.5-2 hr

1.328+3

1.323+3

3.044+3

1.297+3

2.619+3

5.837+1

5.815+1

1.338+2

5.703+1

1.151+2

2.189+4

9.666+2

2.581+4

5.332+4

3.796+0

8.193+2

3.910+3

1.394+5

1.389+4

1.284+5

1.889+1

4.865+3
" 5.000+3

2'rs
8.857+3

3.239+3

1.819+4

9.569+2

1.213+4

3.893+2

1.424+2

7.994+2

4.206+1

5.330+2

8.556+4

6.535+3

3.308+4

1.548+5

5.508+3

2.554+4

9.305+5

2.012+5

7.138+5

3.951M

1.192+2

8-24 hrs

2.394+4

6.768+2

3.594+4

9.676+0

1.202+4

1.053+3

2.975+1

1.580+3

4.253-1

5.284+2

5.503+4

1.837+4

1A69+3

4.831+4

0.0

1.524+4

6A64+4

2.509+6

6.391+5

1.084+6

0.0

1<4 days

8.868+4

5.192+0

4.505+4

3.062-5

2.710+3

3.898+3

2.282-1

1.980+3

1.191+2

4.975+3

7.929+4

2.365-1

9.246+2

0.0

6.169+4

1.738+5

8.810+6

3.674+5

5.253+5

0.0

0.0

440 days

5.395+5

1.511-9

4.610+3

0.0

1.332+0

2.371+4

6.644-11

2.027+2

0.0

5.856-2

6.748-2

1.159+6

1.996-18

0.0

5.644+5

2.027+5

3.677+7

6.024+2

2.246+3

0.0

0.0

Note: denotes organic form, m denotes metastable state
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Isotope

Table 14.64

LOSS-OF-COOLANT ACCIDENT- FISSION PRODUCT RELEASE TO ENVIRONMENTBASE OF STACK

BaseofStac lease C' n

131I

132I

133I

134i

135i

1311 ~

13214

1 33I~

134le

135I ~

87K

89K

131Xem

133xem

1 33Xe

135Xem

135Xe

137Xe

138Xe

04.5 hr 0.5-2 hr

1.656E44 8.192EZ3

2.198E4I4

3.908 E44

7.822E43

1.870 EM

3.325 E44 7.1 24E<3

3.603 E4I4 1.593E42

7.278E4I6 3.601 E%4

9.662E46 3A38EC4

1.718 E4I5 8.221 E44

1.461 E45 3.132E44

1.584 E~ 7.002 E~
3.159 E473 1.322 EC1

1.201 E4I4 5.967E4I3

5.340E~ 1.472E<t

8 402E43 3.178E%1

2.564E44
1.026'.020

E~ 5.054E43

4.901M' 406E42

1.738 E4I2 8.593E<1

1A33EC3 3.206E~

1.672 Ml2 7.787E<1

5.525 E4I4 5.185E4I5

5.652E4I3 1.989 E42

2N hrs

2.588 EZ1

7.652 E42

5.210E<1

1.666 E%2

3.306 EZ1

1.138'.363

E43

2.290 E42

7.325'A53E4I2

2.252 E+00

1.914 EZI

6.626 E4I1

3.809 E+00

2.931E-13

1.608EZ1

'.377E<1

2.708 E+01

6.112E<1

1.934 E+01

3.964E-1 1

1.378E4)3

8-24 hrs

2 401E+00

4.752 E42

3 463E+00

5.581 E~
1.050 E+00

1.055 EZ1

2.089 E~
1.522 EC1

2 453E45

4.617E4I2

4.507E+00

1.851 E+00

9.033 E<2

3.567 E+00

0.0

1.522 E+00

6.293 E+00

2.490E+02

2085 E+00

9.21 6E+01

0.0

1.723E-10

1-4 days

2.478 E+01

8.585 E~
1.088 E+01

4.750 E~
5.228 E<1

1.089 E+00

3.773E~

4.783 E<1

2.088E-1 0

2.298 E~
8.959 E<1

2.254 E+01

3.739 E45

1.562E%1

0.0

1.703 E+01

4.541 E+01

2.422E+03

1.206 E+00

1.004 E+02

0.0

1.075 E~

440 days

2168E+02

5.793E-1 3

1.781 E+00

0.0

5.218E~

9.528 E+00

2.547E-14

7.829E%2

0.0

2.294 E~
2.617E~

5.069 E+02

7.605 E-22

6.029 E~
0.0

2.307E+02

7.025 E+01

1.412E+04

1.933'.809E<1

0.0

0.0

Note: denotes organic form, m denotes metastabfe state
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Table 14.6-7

LOSS-OF-COOLANT ACCIDENT- FISSION PRODUCT RELEASE TO ENVIRONMENT
MAINSTEAM ISOLATIONVALVELEAKAGE

11.5 SCFH PER MAINSTEAM LINE

Isotope

131i

132I

133i

134I

135i

131I~

132!~

1 33I ~

134'M.5

hr

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.5-2 hr

1.27&8

1.111%

2.541M

7.570-7

2.1188

1.2144

2.411-4

7.184-5

2W hrs

4.2434

1ASO-5

4.501%

4.222-2

1.040-2

7.342-2

8-24 hrs

8.5183

1.426-4

1.062-2

3.077%

1.161+0

1.639-2

1.422+0

1.337<

T i e Buildin Reiea e i uri
1%4 days

5.612-2

3.128-6

2.473-2

1.581-11

3.578+1

6.41~

1.160+1

2.886-9

4-30 days

1.575-1

1.094-15

2A41%

0.000

7ASO-7

6.670+2

1.332-12

4.085+0

0.000

135I.

131)r

87K

89Kr

" 'IXem

1 33Xem

1 33Xe

135Xem

135Xe

1 37Xe

138Xe

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

2.00~

1.28&4

2.37&3

2.328-3

5.522'.331-10

7.31&5

1.047%

2.543-2

5.6514

2.91th3

3.498-9

1.597<

4A66-2

7.57&3

5.771-2

4.221-1

4.948-2

9.541-2

6.780-1

1.183-14

2.558-2

3.493-1

8.768+0

5.74&6

7.353-1

2.547-12

3.935-1

2.389-1

5.634-2

2.210+0

1.420+0

3.305-2

1.626+0

0.000

7.132-1

8.603+0

2.357+2

1.934-10

8.861+0

0.000

8.156-11

4.055-1

1.714+1

7.7154

8A03-1

5.249+1

3.177-5

1.472-1

0.000

2.333+1

1.697+2

6.612+3

0.000

1.837+1

0.000

0.000

9.9954

6.827+2

1.102-14

5.280-5

3.557+3

6.591-24

1.581%

0.000

6.397+2

4.501+2

7.197+4

0.000

3.395-1

0.000

0.000

Note: denotes organic form, m denotes metastable state,
r denotes resuspension form
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Table 14.6-8

VALUES FOR X/Q FOR ACCIDENT DOSE CALCULATIONS

Time Period

Top of Stack
~leases

04.5
hrs'.5-2

hrs

2e8 hrs

8-24 hrs

1e4 days

4-30 days

'Fumigation

Base of Stack
pe(eases

0-2 hrs

2e8 hrs

8-24 hrs

1% days

4-30 days

MSIV Leakage
Releases

0-2 hrs

2W hrs

8-24 hrs

1A days

430 days

Refuel Floor
Damper Bypass
{FK)~Oil(I

0-15 secs

Control Room
(secim'j

3.31

'.90E-15

3.80E-15

3.02E-15

1.90E-15

9.60E-16

8.89Ea4

7.30Ee4

6.60'AOER

4.00Ee4

3ASER

294'.53EP

201'A4EA

1ASEA

Site Boundary
(seclm')

2AOE-5

9.70E-7

1.22Ea4

1.22Ee4

LPZ Boundary
(secim')

1.30'.00E-7

8.00E-7

4.00E-7

2.00E-7

6.50'.65'.65'.24'.94Ee6

1.71Ee6

5.65'



Table 14.6-9

(Deleted by Amendment 11)
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Table 14.6-10

(Deleted by Amendment 7)
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Table 14.6-11

STEAM LINE BREAKACCIDENT

RADIOLOGICALEFFECTS

0-2 Hour Cloud Gamma Dose (rem)

Mete rorology

0-24 Hour Cloud Gamma Dose (rem)

Meteorology

Distance

(m)1,400'S-1
1.2 X 10

MS-1

1.2 X 10

N-1

7.7 X 10"
N-5

2.0X
10'-1

2.6 X 10

U-5

6.7 X 10

VS-1 MS-1 N-1 N-5 U-1 U-5

Sames Values as 0-2 Hour Dose

3,000 8.2X10 7.0X10 3.1 X10 9.1 X10 7.8X10 2.2X10

8,000

16,000

3.7 X 10 2.8 X10'.5 X 10'.4 X 10

1.6 X 10 1.0 X 10 1.5 X 10 7.6 X 10

1.2X10
2.4 X 10

4.1 X10

1.1 X 10

1,400',000

8,000

16,000—

0-2Hour Th roldlnhalation Dose rem

6.3X10'.5X10'.4X10'.9X10 6.4X10 1.7X10

3.0 X 10 3.6 X10'.5 X 10'.9 X 10 1.6 X 10 4.2 X 10

8.0 X 10'.2 X10'.7 X 10 5.1 X 10 2.7 X10 7.0 X10"

7.3 X 10 4.4 X10'.8 X 10 1.5 X 10 7.4 X 10" 1.9 X

10'-24
Hour Th roid Inflation Dose rem

Same Values as 0- Hour Dose

Definition of Symbols:

m - meters
VS-1 - Very stable 1 m'sec winds
MS-1 - Moderately stable 1 m/sec wfnds
N-1 - Neutral 1 m/sec winds
N-5 - Neutral 5 m/sec winds

U-1 - Unstable 1 m/sec winds
U-5 - Unstable 5 m/sec winds

- Nearest site boundary
a - Dose value «10"
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14.8 ANALYTICALMETHODS

14.8.1 Nuclear Excursion Anal sis

14.8.1.1 Introduction

Although extensive preventative measures in the forms of equipment design and
procedural controls are taken to avoid nuclear excursions, such an event is
assumed as a design basis accident. A continued effort is made in the area of
analytical methods to assure that nuclear excursion calculations reflect the state of
the art in the field. This section outlines only the broader aspects of the subject.
Greater detail is available in technical

literature.'4,8.1,2

~0

There are many ways of inserting reactivity into a large-core boiling water reactor.
However, most of them result in a relatively slow rate of reactivity insertion and
therefore pose no threat to the system. The one category of reactivity additions that
must be considered in evaluating large nuclear excursions is that associated with
the control rod system. It appears, at this time, that the rapid removal of a
high-worth control rod is the only way of obtaining a high enough rate of reactivity
insertion to result in a potentially significant excursion.

The rapid removal of a high-worth rod results in a high local reactivity in a small
region of the core. For large, loosely coupled cores, this would result in a highly
peaked power distribution and subsequent shutdown mechanisms. Significant
shifts in the spatial power generation would occur during the course of the
excursion; therefore, the method of analysis must be capable of properly accounting
for any possible effects of the power distribution shifts. This is an effect which is not
significant in small cores.

With this background in mind, it is now possible to categorize nuclear excursions in
water-moderated, oxide cores. The categorization criterion that seems most
definitive is one based on the principal shutdown mechanisms that come into
play. This method is particularly useful here because for fuel such as that in the
current General Electric product line reactors, the principal shutdown mechanisms
have a direct relationship to both the consequences of the excursion and the
applicable method of analysis. With respect to the energy densities presented, the
following reference points are used:

Wood, J. E.: "Analysis Methods of Hypothetical Super-Prompt Critical Reactivity Transients in
Large Power Reactors," General Electric Company, Atomic Power Equipment Department, April
1968 (APED-5448).

14.8-1
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Enthalpy = 0 cal/gm at ambient temperature,
Enthalpy = 220 cal/gm at incipient melting of UO>,
Enthalpy = 280 cal/gm at fully-molten UO>, and
Enthalpy = 425 cal/gm when UO> vapor pressure is 1000 psi.

Table 14.8-1 describes the three categories of nuclear excursions, assuming a very
low initial power level. As shown in Table 14.8-1, there is some overlap in the three
ranges of excursions. The indicated numbers for reactivity insertion rate, minimum
period, and peak energy density are nominal values and willvary somewhat from
one reactor to another.

In the low reactivity insertion rate range, the reactor is barely prompt critical, and
the energy that is stored in the fuel as a result of the nuclear burst is built up at a
relatively slow rate. As a result, there may be a significant amount of heat transfer
out of the fuel during the burst, and the negative moderator coefficient as well as
the U-238 Doppler effect contributes to the shutdown mechanisms. In the medium
range, the period is much shorter, and there is very little heat transfer out of the fuel
during the burst. In this case, the principal shutdown mechanism is the Doppler
effect. Finally, in the high range, there exists the possibility of core disassembly
during the burst, due to high internal pressure causing prompt failure of fuel rods.
This results in a significant contribution toward shutdown of the excursion.

In terms of consequences, the low range is limited to no fuel cladding damage, or at
worst, a small amount of burnout. This poses no threat to nuclear system integrity;
therefore, from a safety viewpoint, only the medium and high ranges are
considered. The design basis rod drop accident is in the medium range, well below
the range where core disassembly is possible.

14.8.2 Reactor Vessel De ressurization Anal sis

This section contains descriptions of the analytical methods utilized to analyze
accidents for the initial operating cycle. The bounding analysis has been
reanalyzed by NEDC-32484P, Revision 1 and its associated references. The
following original information is retained in this section for historical purposes.

14.8.2.1 Introduction

The analytical methods used to calculate the energy and mass release rates issuing
from a reactor vessel during rapid depressurization are described in this section.
Conservation of mass and energy equations are written for a constant-volume
system containing saturated steam and liquid in thermodynamic equilibrium to
determine the thermodynamic state in the vessel. Mass flow rates into and out of
the vessel are then used to find the rate of change of system pressure and mass
inventory.

14.8-2
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14.8.2.2 Theoretical Develo ment

The mathematical formulation for the depressurization of the reactor vessel can be
derived by considering the conservation of mass and energy in the constant-volume
system during rapid depressurization as shown in the control volume sketch below.
Ifthe mass flow rates are known it is possible to develop expressions of the rate of
change of mass, energy, and pressure within the system.

CONTROL VOLUME, V

Z|W)(t)

~ P(t)
M(t)
x(t)
h(t) ~iWi(t)

14.8.2.2.1 Mass Balance

. The volume of the control system is comprised of saturated liquid and saturated
vapor in equilibrium:

V = Mfvf+ Mgvg = constant,

where:

(14.1)

V = Total volume of the system (i.e., the reactor vessel)
v = Specific volume, and
M = Mass.

(The subscripts f and g refer to the liquid and vapor phases, respectively.)

Since the total mass in the system is simply

M = Mr + Mg (14.2)

then the steam quality by weight, is given as,

X = Mg

M
(14.3)

14.8-3
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14.8.2.2.2 Mass Rate of Chan e in Vessel

From continuity the rate of change of vapor mass in the system is equal to the net
inflowof vapor plus the rate at which liquid is flashed to vapor due to
depressurization. Hence,

Zj wg> gj wg + Wfg (1 4 4)

where:

w = mass flow rate
Wfg net flashing rate.

(The subscript j corresponds to inflowwhile i refers to the outflow from the vessel
evaluated at the thermodynamic conditions within the system.) Similarly, the rate of
change of liquid mass in the vessel is

Qj wff P'f Wfg (1 4 5)
dMf

14.8.2.2.3 Rate of Chan e of Ener in Vessel

The rate of change of energy in the system can be expressed from the First Law of
Thermodynamics:

(Net energy inflow) - (net energy outflow) = (rate of change of internal energy)

(q + Zj wjhj + Zj wg hg ) ( Zj wj hr + Z; wg hg )

d
(Mj hj + Mg h, - VP ) (14.6)

where:

h = Enthalpy,
P = Saturated pressure in the system, and

14.8-4
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q = Heat transfer rate to the fluid from the surroundings (solids).

The right hand side of Equation (14.6) can be expanded; using the chain rule, to
yield

(Rate of change of internal energy)

dh9 dg dP dMg dm) dP
M, —+ M<

— —+ h, —'
h<
—- V —(14.6a)'P dP dt dt dt dt

14.8.2.2.4 Flashin Rate in Vessel

After substituting Equations (14.4), (14.5), and (14.6a) into Equation (14.6), the
expression for the net flashing rate is:

1

W, = — q + Z,w,h, - (Z,w,)h, + Z,wihi
h(,

( Z wr) 1 - Q —+ h/h —- V — (14.7)de de dp
dp dp dt

14.8.2.2.5 Vessel De ressurization Rate

In order to arrive at an expression for depressurization rate, we start by
differentiating Equation (14.1), realizing that for a fixed total system volume
dV/dt = 0; then,

M — +dvg

dt
de +
dt

l4 — + v~
— = 0 (14.8)

dv~ . de
dt dt

14.8-5
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Now expanding this by means of the chain rule we obtain:

v ~+ vr —+ Mr—+M,~ —= 0 (149)
dM dMr dvr dv dP
dt dt dP dP dt

With expressions for dM,/dt and dMr/dt as given in Equations (14.4) and (14.5),
Equation (14.9) can be written:

[Zwr Zwr wfr
] (14.10)

vr [Z"' Zr' + Mr—+ Mrr
wrW ~ dvr dv dP

j i
J DP DP dt

. After substituting Equation (14.7) into Equation (14.10) and rearranging, the
following expression for depressurization rate is obtained:

dp
dt

f (P) + f (P)
f3 (P)

(14.11)

where:

fr(P) = vr(Zr wr - Zr wr) + v,(Zr w, - Z; w,)

f. (P)

—[q + Zrwrhr - (Zrwr)hr + Z;w h, (Zrw)h)
9

f.(P) =

+ Mr
dvr
dp

J = 778 ft lbs (enthalpy)/Btu

'14.8-6
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14.8.2.2.6 Mass Flow Rates

The mass flow rates entering the reactor vessel during the blowdown are treated as
functions of time and are independent of the internal thermodynamic conditions in
the vessel. These flow rates can be liquid or vapor or some combination of the two.
The outlet flow rate can be calculated from one of two flow models: critical flow as a
function of the control volume stagnation properties P, and h„or supercritical flow
as a function of the pressure difference P. -P .„k (sink refers to the pressure outside
the vessel).

Critical flow is flowwhich is "choked" at some point where the Mach number is unity
in the line through which depressurization is taking place. Critical or maximum flow
(both single-phase and two-phase) persists when the ratio of driving pressure
(vessel pressure) to sink pressure (dryvrett) is greater than approximately two. The
critical flow analysis of F. J. Moody is used to determine the flow rate for critical
flow conditions.

For the instantaneous values of pressure, P, enthalpy, h, and friction coefficient, f
L/d, a three-variable interpolation is performed using Moody's results to find the
critical mass velocity:

G, = G P,h,fL/0 (14.12)

The mass flow rate is now calculated from

wc= AGcI (14.13)

where:

A = minimum flow area in the line.

Supercritical flowwillexist prior to the formation of bubbles in a liquid flow and
establishment of two-phase critical flow, or when the source pressure is low so that
the ratio of P,/P.»), <2.

Moody, F. J.: "Maximum Two-Phase Vessel Blowdown from Pipes," General Electric Company,
Atomic Power Equipment Department, April 1965 (APEDQ827).
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Supercritical mass velocity is calculated from:

29(Po P k)

vr (1.4 + fL /d )~
(14.14)

where:

4 = Martinelli-Nelson two-phase
multiplier.'he

mass flow rate is:

Wsc = A Gsc (14.15)

14.8.2.3 Numerical Solution

Ifa function of time and its time derivatives are known at time t~, then the value of
the function at time t< + bt can be obtained from a Taylor series expansion. The first
three terms of the series are:

dt, dt
f(tg + At) = f(t>) + —

l
f'(tg) + —

l
f'tg) + (14.16)

where:

d
f"(t<) = —, att = t< and

ht = Size of time step.

3
Martenelli, R. C. and Nelson, D. B., "Prediction of Pressure Drop During Forced-Circulation
Boiling Water," Trans. ASME, Vol. 70, 1948, p. 695.
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Integration - Ifthe term involving the second derivative is negligible, the Euler
forward integration method is obtained ~

f(tg + ht) = f(tg) + d t f(t<) (14.17)

Time Step - A variable time step based on an accuracy criterion has been used in
the integration method. The error made in one extrapolation of the Euler method
can be approximated by the third term of Taylor's series given by Equation (14.16);
i.e.,

(14.18)

An exact equation for the second time derivative can be approximated by the rate of
change of the first derivative; i.e.,

(14.19)

After substituting Equations (14.10) into (14.18), an approximation of the error made
in one time step can be calculated:

ht
I f'1(t) + bt) - f'(tg) (14.20)

2

If the magnitude of this error is within the error criterion, then the time step is
doubled for the next calculation. If I el )s, then the time step is halved and the
previous calculations are repeated.

Calculations - Equations (14.4), (14.5), and (14.11) are programmed for machine
calculation using the numerical methods described above.

14.8.3 Reactor Core Heatu Anal sis

This section contains descriptions of the analytical methods utilized to analyze
accidents for the initial operating cycle. The bounding analysis has been

14.8-9



reanalyzed by NEDC-32484P, Revision 1 and its associated references. The
following original information is retained in this section for historical purposes.

14.8.3.1 Introduction

The analytical method used to calculate the reactor core thermal transient following
a loss-of-coolant accident is described in this section. The fuel temperature,
cladding temperature, channel temperature, and amount of metal-water reaction are
calculated as functions of time from the start of the accident. In this analysis the
power of decaying fission products, the chemical energy released by metal-water
reactions, and the stored heat in the fuel, cladding, and other metal in the core are
included as heat sources.

The fuel rods are classified such that those with similar power levels and fuel
bundle locations are analyzed as a group. A one-dimensional heat balance is then
written for each type of fuel rod. Heat is transferred from the surface of the fuel
rods by convection to the water, steam or hydrogen formed in the metal-water
reaction. In addition, thermal radiation between fuel rods and from the rods to the
channel is accounted for in the overall heat balance.

14.8.3.2 Theoretical Develo ment

A typical fuel rod consists of uranium dioxide fuel with a Zircaloy cladding. An initial
core fuel bundle consists of 49 fuel rods, grouped together to form a square array
which is surrounded by a metal channel. The fuel rods are divided into four radial
temperature zones for the numerical calculations as shown in Figure 14.8-1. The
cladding, on the other hand, is described by the average cladding temperature, with
an outer surface temperature computed from the average temperature. The
channel (Figure 14.8-1) is considered to be at a uniform temperature radially. The
fuel rods within the channel are divided into four representative zones to describe
the spatial variation of power generation. The entire reactor core is made up of
several hundred fuel bundles and channels. To describe the radial variations of
power generation, the core is divided into five radial zones. The fuel rods and
channels are divided into five axial regions. Axial conduction between regions is
neglected. Each channel is considered to be isolated from the rest of the core so
that interactions between adjacent channels is neglected.

14.8.3.2.1 Heat Sources.

The energy generated by delayed neutrons and decaying fission products is
assumed to be uniform within a fuel rod and to have the same radial and axial
variation within the core as the steady-state power distribution. The chemical

14.8-1 0
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energy released by the metal-water reaction is described by the parabolic rate law
given by Baker", where the rate of change of the metal oxide thickness is written as

dB K
exp (D I T,) (14.21)

dt

where:

K = Rate coefficient,
T, = Cladding temperature,
D = Activation coefficient, and
5 .

= Oxide thickness
The heat generation rate and hydrogen release rate are proportional to the rate of
change of oxide generated. The chemical heat liberated is given as follows:

hHp,A, (14.22)
dQ, db
dt dt

where:

H = Heat of reaction,
p, = Density of metal, and
A, = Exposed surface area of oxide.

The mass rate of hydrogen generated is

2 p As (1 4.23)
dWH db'„,

dt dt 'METAL

where:

WH = Mass of hydrogen generated and
N = Molecular weight.

The above reaction rate considers that there is an unlimited source of saturated
steam available for the reaction. The empirical reaction constants, K and D, are

Baker, L. J, and Avins, R. O.: "Analyzing the Effects of a Zirconium-Water Reaction,"
Nucleonics, 23(7), 70-74 (July 1965).
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based upon experimental data obtained under conditions where the metal and
water are at the same temperature. Therefore, for Equation (14.21) to be correct
the water must be heated to the cladding temperature. The energy required to heat
this water is deducted from the total chemical energy added to the system.

14.8.3.2.2 Conduction Heat Transfer

The heatup analysis considers only radial conduction of heat from the fuel to the
cladding surface. Axial conduction along the fuel rods or to support structures is
neglected. Resistance to heat flow through the fuel-cladding gap is taken into
account.

14.8.3.2.3 Convection Heat Transfer

Heat is transferred from the cladding and channel to the surrounding fluid by
thermal radiation and convection. During the blowdown a convection heat transfer
coefficient must be calculated. The water level is calculated from the mass
inventory in the reactor vessel during the blowdown. If an axial node is covered
with water or steam water mixtures, the heat transfer coefficient for that node is
obtained from the Jens-Lottes correlation for boiling heat transfer:

P /900

h, = —(Q,)'" (14.24)
1.9

where:

P = Reactor pressure
Qs = Surface heat flux

Equation (14.24) is used to describe the heat transfer coefficient if the calculated
water level is above the center of the node. When water level drops below the
center of the node, it is treated as being completely uncovered and the convective
heat transfer rate diminishes to zero.

14.8.3.2.4 Radiation

Thermal radiation between fuel rods and the fuel channel box is permitted if they
are not covered with water. To simplify calculations, the fuel rods are grouped into
four groups. Figure 14.8-1 shows the channel configuration. Group 1 rods
exchange radiation with Groups 2, 3, and 4 rods and the channel. Group 2 rods
exchange radiation with Groups 1, 3, and 4 rods and the channel. Group 3 rods
exchange radiation with Groups 1, 2, and 4 rods and the channels. Finally, Group 4

14.8;12
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rods exchange radiation only with Groups 1, 2, and 3 rods. Radiation view factors
are also calculated for each group of rods. The view factors together with the
emissivity and relative areas are converted to radiation coefficients used in the
Stephan-Boltzman equation for obtaining the radiant heat transfer.

14.8.3.3 Method of Solution

The fuel, cladding, and channel temperature are calculated at each time step by
considering the aforementioned energy consideration. All temperatures are
integrated using a simple Euler forward difference method:

4(t + hT) = 4(t) + —ht (14.25)
de'(t)

dt

All physical properties are considered constant with temperature and time. The
model utilizes the calculated histories of pressure, water level, and heat transfer
coefficients. The sink temperature for all convective heat transfer calculations is
determined by the saturation temperature at the given pressure.

14.8.4 Containment Res onseAnal sis

This section contains descriptions of the analytical methods utilized to analyze
accidents for the initial operating cycle. The bounding long-term suppression pool
analysis has been reanalyzed by NEDC-32484P, Revision 1, GE-NE-B13-01755-2,
Revision 2 and their associated references. The following original information for
the long-term suppression pool analysis is retained in this section for historical
purposes.

14.8.4.1 Short Term Containment Res onse

The analytical model used to evaluate the short term response of a pressure
suppression containment to a loss-of-coolant accident consists of five submodels,
i.e.,

1. Reactor vessel model,

2. Drywell model,

3. Vent clearing model,

4. Vent flow model, and



5. Suppression chamber model.
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These submodels are described in detail in the topical report "The General Electric
Pressure Suppression Containment Analytical Model," NEDO-10320, April 1971.
Included in the report are all the assumptions used in the model as well as
descriptions of experimental verification and a discussion of the degree of
conservatism inherent in the calculated results.

14.8.4.2 ion Term Containment Pressure Res onse

The preceding analytical model is used to calculate the containment transient
during the reactor vessel depressurization and during the containment
depressurization which follows the vessel transient. Once the depressurization is
over (about 600 seconds after the accident), a considerably simplified model can be
used. The key assumptions employed in the simplified model are:

a. Drywell and suppression chamber, both saturated and at the same total
pressure,

b. An energy balance is performed to determine the temperature of the
emergency core cooling flow as it drains by gravity back into the suppression
chamber. The drywell is conservatively assumed to be 5'F hotter than the
water draining back into the suppression pool,

c. The suppression chamber air temperature is taken equal to the pool
temperature which is determined from an energy balance on the pool mass,
and

C

d. No credit is taken for heat losses from the primary containment.

Since no mass is being added to the suppression pool, the pool temperature can be
calculated based on the following energy balance:

~ mpQ 5 m54 qH (q4 26)
Mw,

where:
h> = enthalpy of water leaving drywell
mp = flow rate out of drywell
h, = enthalpy of water in suppression chamber
.m., = flow rate out of suppression chamber

,14.8-14
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qH = heat removal rate of heat exchanger
M = mass of water in suppression chamber.

Assuming no storage in drywell

mo, —ms, —mcscs

And since the only heat source is the core decay heat, we have:

(ho - h.) mcs = q, (14.27)

Therefore,

Ts = "
(1 4.28)

Mw,

which can be integrated to give T as a function of time. At any point in time the
drywell temperature is given by:

Tp = Ts + . + 5 F (14 29)
mcscs

With the suppression chamber and drywell temperatures known and their total
pressures assumed equal, it is now possible to solve for the total pressure

Po = Ps

14.8-16



'FN-16

The total mass, MT, can be determined from a mass balance on the primary
containment:

MT = M„+M„= m; - m~ (14.31)

where:
'mi

Therefore, at any time, MT, is known, and

all noncondensible flow into containment, e.g., hydrogen from
metal-water reaction, and

m|.EAK = leakage from primary containment.

MT = Mas + Mad (14.32)

The two equations (14.30 8 14.32) can be solved for the two unknowns (M, and M,,)
and the pressure determined.

The leakage rate from the primary containment is determined from the following
relationship:

NLEAK LT (14.33)

where:
LT = Leak rate at test pressure
PT = Test pressure in absolute atmospheres

P = Containment pressure in absolute atmospheres

The above equations are solved simultaneously on a step-by-step basis to obtain
the long-term pressure transient of the primary containment.

14.8-16
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14.8.5 Anal tical Methods for Evaluatin Radiolo ical Effects

14.8.5.1 Introduction

This section describes the analytical techniques used to calculate the radiological
exposures for design basis accidents. The descriptions now apply to only the
evaluations of the control Rod Drop Accident (RDA) and the Main Steam Line Break
Accident. The applicable descriptions for the Loss of Coolant Accident (LOCA) and
Fuel Handling Accident (FHA) are given in Sections l4.6.3 and l4.6.4, respectively.

Methods for evaluating external exposures from airborne fission products and
internal exposures from inhalation of airborne radioactive materials are given.

The first portion of the analysis concerns the meteorological considerations that
describe the dissemination of the radioactive material as it emanates from the
source and spreads through the atmosphere. The second portion of the analysis
describes the radiological effects on man as a result of the dispersed radioactive
materials.

The radiological effects of the design basis accidents are evaluated at various
discrete distances from the plant. The nearest distance is approximately the site
boundary with other distances given to illustrate the change of the radiological
effects with distance.

Since airborne materials are released via an elevated release point, the effects at
short distances for any diffusion condition are usually much less for all modes of
exposure except from the passing cloud. At these short distances, the plume has
not yet reached ground level so that exposure from inhalation is small. The passing
cloud effect, however, remains nearly constant due to essentially line-source
geometry of the elevated plume.

14.8.5.2 Meteorolo ical Diffusion Evaluation Methods

14.8.5.2.1 General

Six points in the atmospheric diffusion spectrum are used to evaluate the
radiological effects of secondary containment leakage via the elevated release
point. These points represent the meteorological conditions which could exist at the
site.
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The atmospheric diffusion methods are the same as those reported in the Journal of
Applied

Meteorology.'4.8.5.2.2

Hei ht of Release

Discharge from the secondary containment to the atmosphere emanates from the
elevated release point. The effective height of release is the sum of the release
point height plus any effluent rise due to momentum or buoyancy. For most of the
design basis accidents, the additional effects of momentum and buoyancy are
negligible, so that the effective release height is equal to the elevated release point
height (183 meters). While buoyancy effects are significant for the steam line break
accident, the conservative assumption is made that the release height is equal to
the top of the turbine building.

14.8.5.2.3 Diffusion Conditions

An important parameter used in the atmosphere diffusion calculation is the measure
of wind direction persistence and variability of direction. This parameter is the
product of the standard deviation of the horizontal wind direction fluctuations, a e
and the average wind velocity u. Combined with the assumed stability condition,
specification of cz e u permits calculation of air concentrations at various distances
from the source.

A conservative value of 0.1 radian-meters/second is used for this parameter to
describe the horizontal spreading of the plume for 1 meter/ second wind speed
conditions. A value of 1.0 radian-meter/second is typical for a 5 meter/second
condition. These values are typical for a one hour period. A choice of wind
direction persistence (number of continuous hours) of 24 hours is used for poor
diffusion conditions. This period is conservative when used with cz e G of 0.1
radian-meter/ second and 1 meter/second wind speed, based upon the U.S.
Weather Bureau Data shown in Table 14.8-2.'able 14.8-2 shows that wind
persistency of periods as long as 24 hours occurs only about 0.1 percent of the time
or less at the sites listed. The sites include flat terrain, coastal and lake shore sites
and some valley locations. For a wind speed of 5 meters/second, a value of 1.0
radian-meters/second corresponds to a cr e of 0.20 radians which is similar to the
value of 0.1 radians for the 1 meter/second case. Thus, about the same amount of

5
Fuguay, J. J., Simpson, C. L., and Hinds, W. T. 'Prediction of Enviommental Exposures from
Sources Near the Ground Based on Hanford Experimental Data." Journal of Applied
Meteorology, Vo. 3 No. 6, December 1964.

6
Pack, D. H., Angell, J. K., Van Der Hoven, I., and Slade, D. H., USWB, "Recent Developments in
the Application of Meteorology to Reactor Safety," presented at the 1964 Geneva Conference,'aper number A/CONF/28/P/714.
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14.9 DOSE SENSITIVITYEVALUATIONUSING ASSUMPTIONS OF THE
AEC/DRL INCORPORATED WITH TID 14844

The dose sensitivity analysis utilizes the original evaluations of the radiological
consequences of the four design basis accidents. Although two of the accidents,
the LOCA and the Fuel Handling Accident, have been completely reevaluated, the
original sensitivity analysis which provides the effects of variation of design
parameters on accident doses remains useful and is retained as background
material.

14.9.1 Loss-of-Coolant Accident 183 meter release hei ht

1. The reactor has operated for an extended period at 3440 MWt.

2. 100 percent of the noble gases in the reactor and 25 percent of the iodine
instantaneously become available for leakage from the primary containment as
an aerosol based on TID 14844.

3. The primary containment volume leaks at a rate of 0.635 percent per day for 30
days.

4. The escaping aerosol immediately flows through th'e standby gas treatment
system and the stack without mixing in the secondary containment building.

5. 90 percent of the iodine entering the standby gas treatment is retained by
charcoal filters.

6. Meteorology - For the exclusion area calculations, the concentrations are those
at the plume centerline with Pasquill C conditions. For the low population zone
calculations, the concentrations are those for Pasquill C, 1 m/sec wind speed
for the first day. For the remaining 29 days the conditions are 50 percent
Pasquill C, 3 m/sec wind speed and 50 percent Pasquill F, 2 m/sec wind
speed. During the first eight hours, the concentrations are at the plume
centerline. During the 8-24 hour period, the plume stays within a 22.5'ector.
For the 1-4 day period, the plume stays within a 22.5'ector 1/2 of the three
days. The plume stays within the 22.5'ector 1/3 of the remaining 26 days.

7. There is a ground reflection factor of 2 for the plume and there is no ground
deposition or rain wash out of the plume.

8. The breathing rate is 347 cc/sec for the first 8 hours and 232 cc/sec thereafter.

14.9-1
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14.9.2 Refuelin Accident 183 meter release hei ht

Assumptions "1", "4", "5", "7", and "8" of the loss-of-coolant accident.

Each damaged fuel rod contains 50 percent more activity than the average fuel
rod in the core.

20 percent of the noble gases and 10 percent of the iodine contained within the
damaged rods are released within two hours.

90 percent of the iodine released from the rods is retained by the refueling pool
water.

One bundle is assumed to be damaged (49 rods).

Meteorology - For the duration of the accident the concentrations are those at
the plume centerline during Pasquill C, 1 m/sec wind speed.

14.9.3 Steam Line Break Accident round level release

Assumptions "1", "7", and "8", for the loss-of-coolant accident.

The concentration of radionuclides in the reactor water are those associated
with the maximum stack gas release limitwhich may be proposed as an
operating limit.

The total mass of steam and water released from the steamline contain
concentrations of radionuclides identical with those in the reactor water.

4 All of the radionuclides contained in the steam and water mass released from
the steamline are released to the atmosphere at ground level.

It is assumed that there is no thermal rise of the steam cloud.

Meteorology - For the duration of the accident, the concentrations are those for
Pasquill F, 1 m/sec wind speed. Building wake effects are accounted for with
the plume shape factors equal to 0.5 and the building cross- sectional area
equal to 2660 square meters.

14.9.4 Control Rod Dro Accident round level release

Assumptions "1", "6", "7", and "8" for the loss-of-coolant accident.

The damaged fuel rods are from the highest burnup (activity) regions of core.

14.9-2



3. 100 percent of the noble gases and 50 percent of the iodine are released from
the damaged rods.

4. 90 percent of the iodine released from the damaged fuel rods is retained by the
reactor water.

5. The radionuclides released from the reactor water travel to the condenser
where 50 percent of the iodine plateout.

6. The leak rate from the condenser is 0.5 percent per day. (Only ifmechanical
vacuum pump is not operating.)

7. The accident duration is 24 hours.

8. Meteorology - For the duration of the accident, the concentrations are those for
Pasquill F, 1 m/sec wind speed. For the exclusion area calculations, the
concentrations are those at the plume centerline. For the low population zone
calculations, the concentrations are those at the plume centerline for the first 8
hours. For the remaining 16 hours, the plume stays within a 22.5'ector.

14.9.5 Radiolo ical Conse uences

Radiological consequences of the design basis accidents have been evaluated in
Subsection 14.6 using the General Electric method of analysis as described in a
topical report APED 5756 "Analytical Methods for Evaluating the Radiological
Aspects of the General Electric Boiling Water Reactor" (March 1969). Table 14.9-1
contains the doses calculated using the assumptions listed in paragraphs 14.9.1
through 14.9.4 above.

To demonstrate the effects of the various factors involved in making radiological
dose calculations, Table 14.9-2 lists many assumptions and their effect of the
resulting dose. Note that many of these factors are nonlinear in nature and,
therefore, cannot be interpolated or extrapolated without performing sophisticated
calculations.

14.9.6 Discussion of Assum tions

The loss-of-coolant accident has generally been interpreted as a complete core
melt (10 CFR 100.11(a) Note 1) without consideration of the geometry aspects of
molten fuel and its resultant consequences. Only the fission product release has
been considered. Such a situation would only be evaluated in light of little or no
core cooling protection. It states in 10 CFR 100.10 that "... the Commission will
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take the following factors into consideration in determining the acceptability of a site
for a power or testing reactor:

a. Characteristics of reactor design and proposed operation including:

(1) Intended use of the reactor including the proposed maximum power level
and the nature and inventory of contained radioactive materials,

(2) The extent to which generally accepted engineering standards are
applied to the design of the reactor,

(3) The extent to which the reactor incorporates unique or unusual features
having a significant bearing on the probability or consequences of
accidental release of radioactive materials, and

(4) The safety features that are to be engineered into the facility and those
barriers that must be breached as a result of an accident before a release
of radioactive materials to the environment can occur.

The plant is designed to keep the thermal response of the core below a clad
temperature of 2200'F. Because of this the use of TID 14844 assumptions of core
melt fission product release do not apply for the plant.

The above referenced topical report (APED 5756) summarizes the technical basis
for all assumptions and models used on current generation GE Boiling Water
Reactors. The use of this topical report in evaluating the radiological aspects of the
plant is consistent with good engineering and actual design.
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Faulted N and Am and R
or other

1.5 x
10'0

to
10

1.125
1.5 to
1.125

where:
N = normal loads
U = upset loads excluding earthquake
AD = Operating Basis Earthquake including any associated

transients
Am = Design Basis Earthquake including any associated transients
R = Any pipe rupture loading including any associated transients

The minimum safety factor decreases as the event probability
diminishes; and if the event is too improbable (incredible = P<o ( 10'),
no safety factor is appropriate or required.

C.3 Pi in andPi eSu orts

Piping design criteria for Class I piping and tubing, with the exception
of torus attached piping, are in accordance with USAS-B31.1.0-1967
(Reference 1). Since this early code is incomplete relative to plant
operating conditions and code equations, the later ASME Section III
code has been used in the development of load combinations and
allowable stress criteria. Section III of the 1971 ASME Boiler and
Pressure Vessel Code, including the Summer 1973 addenda
(Reference 2), are used as guidance. However, analysis
parameters, such as material allowable stresses, Stress
Intensification Factor (SIF), coefficient of thermal expansion, elastic
modulus, etc., are in accordance with the USAS-B31.1.0-1967 Code
(Reference 1).

The design criteria for torus attached piping systems are described
in Section C.3.5.

Pipe support design criteria for Class I piping and tubing supports are
based on the AISC Manual of Steel Construction (Reference 4), in
conjunction with the Manufacturers Standardization Society (MSS)
SP-58 (Reference 5) as described in Section C.3.6.

C.0-9
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C.3.1 Lar e Bore Pi in

Large bore piping is defined as all Class I, 2'$-inch Nominal Pipe
Size (NPS) and larger, process piping which is not subject to Main
Steam Relief Valve (MSRV) and postulated loss of coolant accident
(LOCA) hydrodynamic loads due to torus excitation.

C.3.1.1 Anal tical Models of Pi in S stems

Analytical models of rigorously analyzed large bore Seismic Class I

Piping Systems are consistent with as-built configurations in
accordance with the requirements of References 13 and 14.

Large bore Class I piping systems are analyzed by rigorous analysis,
which is a detailed analysis of the piping system, generally
computer-aided, to assure that the system or design and support
locations meet all code requirements. Computer programs used are
described in Section C.3.7.

The continuous piping system is mathematically idealized as an
assembly of elastic structural members connecting discrete nodal
points. Nodal points are placed in such a manner that piping
elements such as straight runs of pipe, elbows, etc., for which
force-deformation characteristics can be formulated.

System loads such as internal pressure, weight, thermal expansion,
fluid transients, and inertia forces are applied at the nodal points.
The stiffness matrix of the interconnecting members is computed and
modified to account for flexibilitycharacteristics specified in
USAS-B31.1.0 (Reference 1).

Branch lines off the header piping are either modeled and analyzed
as part of the header or decoupled from the header if its moment of
inertia is less than '4 of that of the run pipe. For decoupled branch
line analysis, header responses are considered. The header pipe
analysis includes the applicable Stress Intensification Factor (SIF)
due to branch pipe.

C.3.1.2 SeismicAnal sisof Pi in S stems

The seismic analysis of large bore piping systems is performed by the
response spectrum method. The damping is 0.5 percent of critical for both
OBE and DBE. The seismic input for both horizontal and vertical directions

C.0-1 0



The Class I small bore piping qualification program performed rigorous
analyses on a representative sample of problems in accordance with the
methodology described in Section C.3.1. The sample size is approximately
ten percent (10%) of the total program scope. The sample problems were
selected from the as-built Class I small bore piping and pipe supports that are
representative of the critical loading conditions and plant locations.

The 10 percent sample problem attributes were applied in evaluating the
remaining 90 percent of small bore piping within the program scope.

Design changes within the bounds of the LTTIP are qualified in accordance
with Section C.3.5. Class I small bore piping design changes outside these
bounds are qualiTied in accordance with large bore piping criteria
(Section C.3.1) using rigorous analysis or equivalent static analysis
techniques.

C.3.2.2 Control Rod Drive H draulic Pi in

The Control Rod Drive Hydraulic (CRDH) system consists of 185 1-inch
diameter insert and 185 '4-inch diameter withdrawal lines routed in generally
bundled arrangements with up to 100 pipes per bundle. It was not necessary
to explicitly analyze each line; however, rigorous analysis has been performed
for each of the typical configuration groups of lines which represent the range
of line configurations within each bundle.

Lines are arranged in groups based on similar geometry, size, and span
length to enable justification of typical configurations for analysis. These
typical configuration lines have been analyzed to assure. that both maximum
primary and primary plus secondary loads have been evaluated for pipe
stress levels and for each CRDH support frame.

CRDH insert and withdrawal lines are attached to the CRD housings.
Analytical models and seismic input of CRDH lines are consistent with the
TVAcommitment to complete installation of seismic lateral restraints on the
CRD housings prior to restart (References 3, 35), as described in
Section C.4.1.6.

Support reaction forces for all CRDH pipes have been compiled based on
the typical line analyses. These reaction forces are then combined for
qualification of the CRDH support frames as described in Section C.3.6.2.2.
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CRDH insert and withdrawal pipe guides have been removed from a few
locations on the support frames in order to accommodate thermal expansion
of the pipes and the drywell vessel. Seismic pipe stresses and support
loads are calculated by omitting these unidirectional supports in the piping
dynamic models. However, seismic support loads and local pipe stresses
due to impact of the pipes at the unidirectional support points are included
when the piping models indicate that impact will occur.

These unidirectional loads are included in the reaction forces applied to the
CRDH support frames as described in C.3.6.2.2.

Load combinations and allowable stress criteria for CRDH piping are
described in Table C.3-1 C. CRDH piping stresses are maintained below
these allowables. Interface loads with CRD housing, drywell penetrations,
and CRD hydraulic control unit components are also maintained within
established limits.

C.3.3 Instrument Tubin

Class I tubing required for the safe shutdown is qualified by field
verification, evaluation, and analysis using generic attributes to meet the
same methodology and criteria as specified in Section C.3.1. Qualification
of tubing supports is described in Section C.3.6.3.

The tubing qualification program performed rigorous analyses on a sample
of representative tubing problems consisting of approximately 25 percent of
the total program scope. The sample problems were selected from the
as-built tubing and supports on a plant wide basis. The details of the
rigorous analysis for tubing are consistent with the large bore piping
analysis described in Section C.3.1. The 25 percent sample problem
attributes were applied in evaluating the remaining 75 percent of the tubing
within the program scope.

Design changes for tubing within the bounds of the LTTIP are qualified in
accordance with Section C.3.5. Class I tubing design changes outside
these bounds are qualified in accordance with large bore piping criteria
(Section C.3.1) using rigorous analysis of equivalent static analysis
techniques.

L3A ~Bi d Pi

Buried Class I piping has been qualified by rigorous analysis of representative
models from all the systems containing buried piping. Similar configurations

C.0-14



Interface requirements between torus attached piping and other
piping (e.g., large bore piping) were clarified. When a torus attached
piping model terminates in a lapping zone with other Class I piping,
loads and stresses calculated from the separate analytical models
are enveloped within the lapping zone and LTTIP criteria is satisfied
for the enveloped loads and stresses. The torus attached piping
problem boundaries remain at the locations originally defined to
satisfy LTTIP criteria.

BFN design criteria documents and engineering procedures control the
qualification of torus attached piping systems for design changes.
Compliance with these documents ensures that the allowable stresses,
deflection limits, nozzle load limits, and other interface limits described in
LTTIP PUAR section 4, appendix A, appendix b, and the
clarification/refinements described above are satisfied.

Discrepancies between the initial as-designed and as-built conditions of
LTTIP torus attached piping system modifications, described in the PUAR,
were identified by reinspections and corrected. Those modifications now
comply with engineering requirements assuring compatibility
with the LTTIP design criteria.

Unit 2

The Emergency Core Cooling System (ECCS) suction strainers were
initiallymodified to satisfy LTTIP structural design criteria requirements as
described in PUAR Section 8.5.2 and Figure 8-4. Later, in response to
NRC Bulletin 96-03 concerning potential plugging by debris (Reference 42),
those strainers were replaced by larger, more functionally efficient strainers
designed by GE.

The replacement strainers are securely fastened to the previously existing
30-inch diameter flanges by twenty-four 3/4-inch bolts. Each bolting flange
face is located approximately one foot inside its associated ECCS suction
penetration.

The replacement ECCS suction strainers and associated header/piping and
penetrations were structurally qualified to LTTIP design criteria and
analytical methodology described in the PUAR with the following
refinements and clarifications:
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The ECCS suction header/piping models were modified to simulate the
added mass of the new strainers and associated water mass. Strainer
stiffness was simulated based on structural properties determined from a
detailed model of the strainers. The effective water mass was
determined based on GE Research 8 Development (R8 D) test data for
the strainer.

Applied hydrodynamic drag loads for the LOCA and Main Steam Relief
Valve (MSRV) LTTIP load cases were defined by extIapolation of
applied drag loads for the previously existing strainers. Hydrodynamic
drag load factors were based on comparison of the size, location,
hydrodynamic mass, and drag coefficients for the replacement and
previously existing strainers. The effective hydrodynamic masses and
drag coefficients for the replacement strainers were based on GE R8 D
test data.

LOCA and MSRV drag load responses for the new strainers were
determined by multiplying the applied hydrodynamic drag loads by
Dynamic Load Factors (DLFs) in three orthogonal directions. LOCA
Pool Swell DLFs were maintained at 2.0. LOCA Condensation
Oscillation (CO)/Chugging and MSRV DLFs were calculated based on
characteristic frequencies of the submerged strainers mounted to the
ECCS suction header/piping models. Load combination techniques for
the harmonic source and fluid structure interaction CO and Chugging
drag loads on the strainer were per LTTIP criteria requirements (PUAR
Sections 4.2.3 and 4.2 4).

4. Load reduction ("knockdown") factors for the single and multiple main
steam relief valve torus dynamic response effects were justified based
on correlation of the test results from the LTTIP inplant MSRV tests
described in Appendix C of the PUAR with the ECCS suction
header/piping analyses for those conditions. These load reduction
factors conservatively account for increased MSRV flow rates due to 3%
setpoint tolerance and anticipated 5% power uprate conditions, plus a
four-inch increase in maximum suppression pool level. The MSRV load
reduction factors were applied to the torus dynamic response MSRV
inputs to the ECCS suction header/piping and associated torus

, penetrations analyses. They were not applied to MSRV hydrodynamic
drag loads.

Compliance of the ECCS header/piping systems and penetrations with
LTTIP structural criteria (PUAR Section 4.3) was demonstrated for the
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Concrete Anchors

Concrete Anchors for pipe supports are ductile type or expansion anchors.
Ductile anchors at BFN are predominantly welded studs or undercut anchors.
To ensure that the ductile anchor capacity is controlled by the anchor steel
capacity, the allowable load is limited to one-fourth the anchor concrete
pullout capacity.

Expansion anchors transfer loads to the concrete by expanding laterally
against the side of a hole drilled in hardened concrete. Expansion anchors at
BFN are predominantly wedge bolts and expansion shell anchors. The tensile
allowable loads for all support loading conditions for the wedge bolts and
expansion shell anchors are limited to one-fourth and one-fifth, respectively,
of the anchor concrete pullout capacity.

C.3.6.2 Small Bore Pi e Su orts

C.3.6.2.1 General Small Bore Pi e Su orts

The design criteria for all Class I small bore pipe supports, other than LTTIP
and the CRDH small bore pipe supports, is the same as that for Class I large
bore pipe supports as described in Section C.3.6.1.1. (See Section C.3.2.1).

C.3.6.2.2 CRDH Pi e Su orts

For Control Rod Drive Hydraulic (CRDH) insert and withdrawal piping
supports, in addition to the load combinations listed in Table C.3-2 the
following load combinations are also evaluated.

Load Combination Direction
Design Load
Combination

Upset DW + T2('~

DW+ T2~)

Emergency DW+ T3'>
DW+ T3<.>

where: T2 is abnormal scram thermal mode, and
T3 is normal scram with post-LOCA thermal
mode.
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Normal full scram thermal loads are combined with seismic loads in the upset,
emergency, and faulted load combinations of Table C.3-2.

Since the CRDH piping are routed in generally bundled arrangements as
described in Section C.3.2.2, special types of CRDH pipe supports are
defined as follows.

Rack - A two-dimensional frame which provides support/restraint for a CRDH
pipe bundle.

Bar - An individual member in a support rack which provides direct
support/restraint for a row of pipes within a CRDH pipe bundle.

The following methodology is used to determine and evaluate CRDH piping
support stresses and stress-related load effects, thereby accounting for the
fact that the peak seismic forces from multiple individual pipes will not occur
simultaneously.

a. To calculate support stresses due to pipe seismic restraints on a pipe
bundle support rack and on each individual support bar in that rack, the
stresses caused by application of individual pipe peak seismic inertia
forces in each separate orthogonal restraint direction are combined by a
factored Absolute Sum (ABSUM) method. By this method, the support
stresses due to individual pipe seismic inertia forces in an orthogonal
restraint direction are multiplied by a factor and then combined by
ABSUM. The multiplication factor is 0.5 for pipe seismic inertia (not
impact) forces on racks which support 23 pipes or more; it is 0.75 for pipe
seismic inertia forces on racks and individual bars which support from 9
to 22 pipes; and it is 1.0 for pipe seismic inertia forces on racks and
individual bars which support from 1 to 8 pipes.

Pipe seismic impact force effects and the net (combined) pipe seismic
inertia force effects are combined by the SRSS method.

The net (combined) pipe seismic inertial and impact force effects are
combined with the support frame seismic self-weight excitation effects by
the ABSUM method.

This process is repeated for each orthogonal restraint direction.

b. Support frame stresses from seismic forces applied in each separate
orthogonal restraint direction are combined by ABSUM. Similarly, seismic
stresses from multiple racks in an overall support frame are combined by
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GTSTRUDL is verified and maintained by using formal software QA
procedures.

C.4 Ma'or Com onents

C.4.1 Reactor Pressure Vessel RPV RPV Internals and Su orts

General Electric Company (GE) originally designed and qualified the BFN
PRVs, RPV internals, and supports as described in Sections C.4.1.1
through C.4.1.5. In 1989, an upgraded seismic analysis was performed and
a reassessment of the combined loading effects was made as described in
Section C.4.1.6. Stresses and loads remain within design basis allowables,
as indicated by Table C.4-1.

C.4.1.1 RPV Stress Anal sis

The RPVs were designed, fabricated, inspected, and tested in
accordance with the ASME Boiler and Pressure Vessel Code,
Section III, its interpretations, and applicable requirements for
Class A vessels as defined therein, as of the date that the reactor
vessel order was placed (Reference Appendices J, K, and L for BFN
1, 2, and 3, respectively).

Stress analysis requirements and load combinations for the RPVs
were evaluated for the cyclic conditions expected throughout the
40-year life, with the conclusion that ASME code limits are satisfied.

The RPV design report (original Appendix J that was redocketed by
Reference 23 on June 23, 1989) provides the results of the original
detailed design stress analyses performed for the RPV to meet the
code requirements. Selected RPV components considered to have
possibly higher than code design primary stresses, as a result of rare
events or a combination of rare events, were also analyzed in
accordance with the requirements of the loading criteria in this
section and the safety margins in Section C.2.6.

Results (critical load combinations, locations, and allowables) for the
most critical.,of those original analyses are included in Table C.4-1.

, The allowables were met in all cases.
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C.4.1.2 RPV Fati ue Anal sis

The analysis of the RPV shows that all components are adequate for
cyclic operation by the rules of Section III of the ASME Boiler and
Pressure Vessel Code. The critical components of the vessel are
evaluated on a fatigue basis, calculating cumulative usage factors
(ratios of required cycles to allowed cycles-to-failure) for all operating
cycle conditions. The cumulative usage factors for the critical
components of the RPV are below the code allowable of 1.0.

C.4.1.3 RPV Internals and Su orts Stress Anal sis

The RPV internals are designed using Section III of the ASME Boiler
and Pressure Vessel Code as a guide. The material used for
fabrication of most of the internals is solution heat-treated,
unstabilized, Type 304 austenitic stainless steel conforming to ASTM
specifications. Allowable stresses for the internals materials under
normal operating conditions are taken directly from Section III.

For rare events or a combination of rare events, the RPV internals
and supports were analyzed in accordance with the requirements of
the loading criteria in this section and the safety margins in
Section C.2.6, and results (critical load combinations, locations, and
allowables) for the most critical of those analyses are included in
Table C.4-1. The allowables were met in all cases.

C.4.1.4 RPV Internals Deformation Anal sis

C.4.1.4.1 Control Rod S stem

Ifthere were to be excessive deformation of the Control Rod System,
made up of the control rod drive, control rod drive housing, control rod,
control rod guide tube and fuel channels, and the core structural elements
which support them (top guide, core support, and shroud and shroud
support), it could possibly impede control rod insertion. The maximum
loading condition that would tend to deform these long, slender
components is the Design Basis Earthquake. The highest calculated
stresses occur where the Design Basis Earthquake and loads resulting
from the DBA pipe break are considered to occur simultaneously. Even in
these cases the general stress levels are relatively low. No significant
deformation is associated with these calculated stresses; therefore, rod
insertion would not be impeded after an assumed simultaneous Design
Basis Earthquake and pipe break accident. The addition of control rod
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drive housing lateral restraints (reference Section C.4.1.6) provides
added assurance in this regard.

L4.1@2 ~CS

The core support sustains the pressure drop across the fuel. This
pressure drop is the only load which causes significant deflection of
the core support. Excessive core support deflection could lift the
control rod guide tubes off their seats on the control rod drive
housings and thereby increase core bypass leakage. This upward
deflection would have to be "4-inch to begin to lift guide tubes. The
maximum deflections under normal operating conditions and pipe
rupture differential pressures for the core support are calculated to
be very small as compared to '4-inch. The guide tubes will, therefore,
not be lifted off.

C.4.1.5 RPV Internals Fati ue Anal sis

The fatigue analysis was performed using as a guide the ASME
Boiler and Pressure Vessel Code, Section III. The method of
analysis used to determine the cumulative fatigue usage is described
in APED-5460, 'Design and Performance of GE-BWR Jet

Pumps,'eptember1968. The most significant fatigue loading occurs in the
jet-pump shroud support area of the internals.

The analysis was performed for a plant where the configuration (leg-
type shroud support) was almost identical to Browns Ferry.
Therefore, the calculated fatigue usage is expected to be a
reasonable approximation for BFN.

The following loading combinations and transients were considered.

1. Normal startup and shutdown;

2. Operating Basis and Design Basis Earthquakes;

3. Ten-minute blowdown from a stuck main steam relief valve;

4. HPCI operation;

5. LPCI operation (DBA); and
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6. Improper start of a recirculation loop.

Calculated Cumulative Fatigue Usage was less than the allowable of 1.0.

Remarks

The location of maximum calculated fatigue usage is at the bottom
side of the baffle plate at the point where the baffle plate attaches to
the shroud in the vicinity of the minimum ligament.

C.4.1.6 RPV RPVlnternals and Su ortsSeismicAnal sis

GE originally performed a detailed seismic analysis of the RPV, RPV
internals, and supports as described in redocketed Appendix J. Loads from
other load sources were combined with the seismic loads from that analysis,
with the results described in Sections C.4.1.1 through C.4.1.5.

The seismic loads on the RPV, RPV internals, and supports are now based
on a dynamic analysis of an upgraded model of the RPV and RPV internals
coupled with the Reactor Building as described in Section 12.2.2.8.2. The
results of the upgraded seismic analyses were combined with the results of
other loads for the various loading conditions in the reassessment
documented by Reference 21. All stresses and loads remain within the
allowables given in Table C.4-1.

The upgraded RPV, RPV internals, and supports seismic model includes
consideration of the Control Rod Drive (CRD) housing lateral restraints
which were added (References 3 and 35) to limit CRD housing and attached
CRD hydraulic piping seismic stresses and displacements.

C.4.2 Prima S stem Com onents Stress Anal sis

GE supplied, specified the allowables, and performed the original
qualifications for the primary system components listed in Table C.4-2.
Seismic loads used in these qualifications were based on El Centro input
motion as described in Section C.2.4.

The extent of GE's stress analyses performed on equipment/components
were dependent upon the type of equipment/components and the type of
fabrication. Fabricated shapes are generally made from plate or rolled
shapes with uniform thickness and shapes with regular geometric
configurations. Cast shapes are generally made with nonuniform material
thickness in complicated shapes that are not regular geometric
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configurations. Manufacturers have traditionally designed cast shapes
conservatively since they do not lend themselves to rational analysis.
Usually a design is developed based on extensive tests and experience.
Selected components considered to have possibly higher than code design
primary stress as a result of rare events or a combination of rare events
were analyzed in accordance with the requirements of the loading criteria in
this section and the safety margins in Section C.2.6. Results (critical load
combinations, locations, and allowables) for the most critical of those
analyses are included in Table C.4-2.

Class I large bore and torus attached piping systems have been qualified to
satisfy requirements described in Section C.3. As part of this qualification
the piping nozzle loads on primary system components are maintained
within the allowable nozzle loads described in Table C.4-2.

In addition, primary system component stresses are within the allowable
stresses and component thicknesses are greater than the required
thicknesses described in Table C.4-2.

C.5 Prima Containment S stem and Penetrations

Each Browns Ferry unit employs a pressure suppression primary
containment system which houses the reactor vessel, the reactor coolant
recirculation loops, and other branch connections of the Reactor Primary
System (RPS). The main functions of the primary containment system are:

1) to withstand the pressures resulting from a loss-of-coolant
accident (LOCA) and/or main steam relief valve discharge,

2) to provide enclosure for the decay of any radioactive material
which may ultimately be released,

3) to store sufficient water to condense steam released as a
result of a LOCA and/or MSRV discharge, and

4) to supply water to the Emergency Core Cooling Systems
(ECCS).

The primary containment system consists of a drywell, a pressure
suppression chamber (wetwell or torus) which stores a large volume of water,
a connecting vent system between the drywell and the wetwell, isolation
valves, a vacuum relief system, containment cooling systems, equipment for
establishing and maintaining a pressure differential between the drywell and
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the wetwell, and other service equipment. Section C.5.2 provides a more
complete description of the primary containment system.

The following C.5 sections describe the structural qualification of the
primary containment system except for the torus attached piping systems.
Qualification of torus attached piping systems, including S/RV discharge
piping systems, is described in Section C.3.5.

C.5.1 Prima Containment Vessels Stress Anal sis

The primary containment vessels (consisting of the drywell, torus, vent
system, and associated integral penetrations) were originally designed,
fabricated, inspected, and tested in accordance with the ASME Boiler and
Pressure Vessel Code, Section III, its interpretations, and applicable
requirements for Class B vessels as defined therein as of the date that the
vessel order was placed.

The Browns Ferry Containment vessels for Units 1 and 2 were built to
Section III of the ASME Boiler and Pressure Vessel Code, 1965 edition, and
Addenda through Winter 1966, inclusive (Reference 17). The Unit 3
containment vessel was built to Section III of the ASME code, 1965 edition,
and Addenda through Summer 1967, inclusive. The ASME code design
condition categories presently defined as Normal, Upset, and Emergency
,were not defined in these editions.

The loading conditions and allowable stresses for the drywell are presented
in Table C.5-1. The accident condition allowables are based on 1968 ASME
Section III Code with Addenda through Summer of 1969. Stresses in the
drywell vessel including its integral penetrations are maintained within these
allowables.

See Sections C.5.3 and C.5.4 for qualification of the torus vent system,
non-safety related internal structures, and wetwell/drywell vacuum breakers.

C.5.2 Prima Containment Bellows Stress Anal sis

The vent pipes bellows were designed, fabricated, and tested in accordance
with ASME Boiler and Pressure Vessel Code, 1965 edition to Winter 1966
Addenda, and including Code Case Interpretations 1177-5 and 1330-1.

In accordance with Code Case 1177-5, the membrane stress in the bellows is
limited to the tabulated maximum allowable stress value of 15,500 psi for the
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material (SA-240-T304) at 300'F in accordance with the ASME Boiler and
Pressure Vessel Code, Section III, Table UHA-23.

Pressure tests were conducted on each bellows by sealing the annulus
between the bellows and protective guard plate and pressurizing and
monitoring the pressure decay for several hours. All bellows were found to
be leak-tight.

The bellows-type expansion joints for containment penetrations and vent
pipes are designed for an internal pressure of 56 psig at 281'F and an
external pressure of 2 psig (7 psig in the steam vault room) at 281'F. The
joints are also designed to permit an axial extension of 0.6 in., an axial
compression of 2.0 in., and a lateral offset of from 0.3 to 1.55 in. depending
on the elevation of the penetration. The design fatigue life of the joints is
7000 cycles.

The containment penetration expansion joints are designed, fabricated, and
tested to meet Interpretations of the ASME Boiler and Pressure Vessel Code,
Cases 1177 and 1330, and to meet the standards of the Expansion Joint
Manufacturer's Association, Inc. The primary stresses are limited in
accordance with Code Cases 1177 and 1330 to ASME Boiler and Pressure
Vessel Code, Section Vill (Reference 18) allowable stress intensities. The
secondary stresses are limited to the design fatigue life stress values for the
expansion joint at 7000 cycles.

The longitudinal butt welds in the expansion joints are radiographed in
accordance with the ASME Boiler and Pressure Vessel Code prior to forming.
The welds attaching the bellows elements to the transition elements are
made and inspected in accordance with Code Case 1330. The vent pipe
bellows were evaluated further for the effects of postulated hydrodynamic
loads in the LTTIP (Section C.5.3).

C.5.3 Lon Term Torus Inte rit Pro ram(LTTIP)

In July 1980, the Nuclear Regulatory Commission (NRC) issued
NUREG-0661, "Safety Evaluation Report, Mark I Containment Long-Term
Program" (Reference 6) to address the NRC acceptance criteria for the
Mark I nuclear plant containment system evaluation on the identified loss-
of-coolant accident (LOCA) and main steam relief valve hydrodynamic
loads.

K

The BFN Long Term Torus Integrity Program (LTTIP) reevaluated the
plant-specific responses, in compliance with the intent of NUREG-0661.
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Results of. the reevaluation, qualification, and implemented modifications
are documented in the BFN-LTTIP Plant Unique Analysis Report (PUAR)
(Reference 12) and the NRC safety evaluation report (Reference 22). This
program addressed the torus (wetwell), vent system, torus attached piping
systems, and non-safety related internal structures portions of the BFN
primary containment system.

LTTIP structural qualification criteria, methods, and modifications for the
torus and torus penetrations, vent system and vent pipe bellows, and
non-safety related internal structures are described in Sections 4, 5, 6, 9,
and Appendix B of the LTTIP PUAR. There have. been no significant
changes in the criteria or methods described therein since the LTTIP SER
was issued in May 1985, except as follows:

a. Analyses have been performed to account for a maximum analytical
suppression pool water level elevation of 536'-10", which is 4 inches
higher than the previously analyzed value. The new analytical water
level includes consideration of potential instrument error and a margin
for future use.

b. Applied pool swell and vent thrust loads were generated based on a
more refined Design Basis Accident blowdown analysis performed using
the LAMBvessel blowdown model described in NEDO-20566
(Reference 41). Structural analysis methods were not changed.

c. Stresses and loads remain below the acceptance limits considered in the
LTTIP SER.

BFN design criteria documents and engineering procedures control the
qualification of these primary containment system components for design
changes. Compliance with these documents ensures that the allowable
stresses and interface limits described in PUAR Section 4 and Appendix B
are satisfied.

Discrepancies between the initial as-designed and as-built conditions of the
LTTIP modifications for these components were identified by re-inspection
and corrected. Those modifications now comply with engineering
requirements assuring compatibility with the design criteria.

See Section C.3.5 for structural qualification of the torus attached piping
system.
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Changes in LTTIP design criteria and methodology for structural
qualification of replacement ECCS suction strainers and associated
header/piping systems and penetrations are described and justified in
Section C.3.5.

C.5.4 Wetwell/D ell Vacuum Breakers

Wetwell/drywell vacuum breaker dynamic loads associated with the LOCA
chugging phenomena were identified during full scale tests for the Mark I

Containment Program. Those loads were not included in NUREG-0061
and, consequently, were not addressed by the LTTIP PUAR. They were the
basis of NRC Generic Letter 83-08 (Reference 37). The BFN
wetwell/drywell vacuum breakers were evaluated and modified for these
chugging dynamic loads in response to GL 83-08, as described by
Reference 38.

C.6 EcCEui ment

The general question regarding the adequacy of seismic qualification of
safety-related equipment in operating plants has been recognized as an
industry wide concern by the nuclear industry. The NRC established this
concern in December 1980 as Unresolved Safety Issue (USI) A-46,
"Seismic Qualification of Equipment in Operating Plants", (NUREG-0606
and -0705). It is important to note, however, that the A-46 statement of the
issue recognizes the industry consensus position that the application of the
rules and procedures in existence at the time of operating plant design
served to ensure that conservative margins were incorporated into safety
equipment design.

Browns Ferry Nuclear Plant has been identified as one of the operating
plants applicable to A-46 requirements. The existing Browns Ferry safety
equipment was qualified originally to have sufficient margin of safety to
withstand seismic loading. Plant-specific verification of seismic adequacy of
equipment will be implemented in accordance with References 24 and 25.

Qualification of replacements for existing equipment and new items is
described in Section C.6.3. For historical purposes, the original equipment
seismic loading and analysis methods are described in Sections C.6.1 and
C.6.2.
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C.6.1 E ui ment Seismic Loadin Historical

For GE-supplied equipment, seismic design conditions were included in the
purchase specification of seismic Class I equipment. These were in the
form of equivalent static seismic coefficients both in the horizontal and
vertical directions. Vendor design submittals in this area (as well as all
other functional areas) were reviewed for adequacy and applicability by the
design engineer. Qualifications of GE-supplied mechanical equipment,
which are primary system components, are described in Section C.4.2.

For TVApurchased Class I mechanical equipment, static seismic
coefficients were specified for pumps, motors, etc., that were known to have
a natural frequency greater than 20 Hz. The DBE building response in the
vertical and horizontal directions at the equipment location was specified.
Valves, relays, etc., were specified to withstand seismic loads equal to or
greater than resonance response at the equipment location. For equipment
whose natural frequency was felt to be less than 20 Hz, TVArequired the
vendor to determine the natural frequency. Appropriate spectral curves
were included in the specifications for equipment suspected of having a low
natural frequency (s20 Hz), and the vendor was required to make a
thorough dynamic analysis or test of this equipment.

The support structure of all Class I equipment was designed to adequately
protect the equipment it supports.

For TVA-purchased Class I electrical equipment, the following requirements
were included in the purchase specifications to assure adequate design and
functional integrity under the seismic design conditions.

1. The equipment, the devices mounted on it, and its supports shall be
designed to withstand seismic forces determined from floor
accelerations of (A) g horizontal, and (B) g vertical, provided that all of
the natural frequencies of vibration of the equipment are greater than
20 Hz.

2. Devices located in equipment or in areas of the equipment which have
natural frequencies of vibration less than 20 Hz shall be designed to
withstand seismic forces determined from resonant acceleration of (C) g
horizontal and (B) g vertical.

3. The stresses in the supports and the anchor bolts due to seismic loads
shall be combined with the stresses due to other live and dead loads
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The ARS analysis considers all effective concentrated weights lumped
along the ductwork. Differential building seismic movements are also
considered. In addition, weather induced loads (as applicable) are
considered for ductwork exposed to exterior conditions.

The damping ratio of DBE (SSE) response spectra used on each type of the
ductwork are as follow:

Ductwork
Critical
Dam in

Rectangular, companion angle or pocket lock
Rectangular, all welded
Round duct, all types except scheduled pipe
Scheduled pipe

C.7.3 Ductwork Load Combinations and Allowable Stresses

Ductwork systems are designed for Normal and Emergency loading
conditions. Normal condition consists of Deadweight loads. Emergency
condition is a combination of Deadweight and DBE (SSE) seismic loads.

C.7.3.1 Duct Allowable Stresses

~Bendin

Bending stresses are limited to the following allowables:

Rectangular Duct: 8000 psi (Normal)
12000 psi (Emergency)

Round Duct: 10000 psi (Normal)
15000 psi (Emergency)

* Not applicable to scheduled pipe analyzed in accordance with Sections
C.3.1 and C.3.4.

Shear

1) Rectan ular Duct:

Va = 5.5 w (6.4) (le/w)" (Emergency)
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Where,

Va = 'llowable shear capacity of a rectangular duct cross Section, 1b.

w = Uniform weight per foot length of ductwork, Ib/ft.
I

le = Effective moment of inertia (bending) of cross
section,'in." (based on approach in Reference 26).

Notes

a) For evaluating the shear load at a section with an unreinforced
opening, Va is reduced in proportion to the reduction in gross
shear area.

b) For ductwork with heavier gauge steel than the SMACNA
construction, an alternative method of qualification by AISI
Specification (Reference 39) is adopted. If this method is used,
a '$ increase is allowed for the Emergency load combination.

2) Round Duct

Maximum shear stress: 0.53 F„(Emergency)

where, F„= Minimum specified yield stress of duct section, psi.

~Bucklin

Maximum allowable = 0.9 x critical buckling for axial compression (Emergency)

C.7.3.2 Ductwork Su orts Allowable Stresses

The allowables for Class I ductwork supports, connecting bolts, and welds
are as follows:

Normal: AISC Manual allowables (Reference 4)

Emergency: Tensionand Bending: 1.5xNormal*

Compression 1.5 x Normal *Shear: 0.9 F„/1.7321
Bolt stress in tension: 1.5 x Normal
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Bolt stress in shear: 1.4 x Normal
Weld stress 1.5 x Normal *

Buckling 0.9 x Critical

"Maximum allowable: 0.9 F„.
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TABLE C.3-2 CONTINUED
Sheet 5 of 5

Notes:

7. Allowable stress shall not exceed the lesser of 2.05'~ or the linear support allowance.
However, the lesser shall not exceed available LCD Level 'D'imits.

Maximum allowable stress for hydrotest condition shall not exceed 0.8F„.

SRSS combinations shall be consistent with the provisions of Section C.3.1.2.
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Table C.4.1

REACTOR VESSEL, REACTOR VESSEL INTERNALSAND SUPPORTS
CRITICALLOAD COMBINATIONS,LOCATIONS, AND ALLOWABLES

Sheet 1

Criteria Loading Primary Stress Type Allowable Stress (psi)

Stabilizer Bracket and Adjacent Shell

Primary Stress Umit - ASME Boiler
and Pressure Vessel Code, Sect. III
defines primary membrane plus
primary bending stress intensity
limitforSA302-Gr. B

For normal and upset condition
Stress limit = 1.5 X26,700 = 40,000 psi

For emergency condition
Stress limit= 1.5 X 40,000 = 60,000 psl

For faulted condition
Stress limit= 2.0 X 40,000 = 80,000 psi

Vessel Support Skirt

Primary Stress Umit - ASME Boiler
and Pressure Vessel Code, Sect. III
defines stress limit for SA 302
Gr. B

For normal and upset condition
SM "- 26,700 psi

For emergency condition
S~ = 1.5 SM = 1.5 X26,700 = 40,000 psi

For faulted condition
S~ = 2.0 SM = 20 X26,700 = 53,400 psl

Normal and upset condition loads
1. Operating Basis Earthquake
2. Design pressure

Emergency condition loads
1. Design Basis Earthquake
2. Design pressure

Faulted condition loads
1. Design Basis Earthquake
2. Jet reaction forces
3. Design pressure

Normal and upset condition loads
1. Dead weight
? Operating Bash Earthquake

Emergency condition loads
1. Dead weight
2. Design Basis Earthquake

Faulted condition loads
1. Dead weight
2. Design Basis Earthquake
3. Jet reaction forces

Membrane and bending

Membrane and bending

Membrane and bending

General membrane

General membrane

General membrane

60,000

80,000

26,700

40,000



BFN-16

Table CA-1 (Continued)

REACTOR VESSEL, REACTOR VESSEL INTERNALSAND SUPPORTS
CRITICALLOAD COMBINATIONS,LOCATIONS, AND ALLOWABLES

Sheet 4

Criteria Loading Primary Stress Type Allowable Stress (psi)

Core support

Primary Stress Limit- The allowable
primary membrane stress plus bending
stress is based on ASME Boiler and
Pressure Vessel code, Sect. III for
Type 304 stainless steel plate

For allowable stress see top guide
longest beam above

Core Support Aligners

Primary Stress Limit-ASME Boiler
and Pressure Vessel Code, Sect. III
defines material stress limitfor
Type 304 stainless steel

For allowable shear stresses, see
top guide beam end connections
above

Normal and Upset condition loads
1. Normal operation pressure drop
2. Operating Basis Earthquake

Emergency condition loads
1. Normal operation pressure drop
2. Design Basis Earthquake

Faulted condition loads
1. Pressure drop atter recircu-

lation line rupture
2. Design Basis Earthquake

Normal and upset condition load
1. Operating Basis Earthquake

Emergency condition load
1. Design Basis Earthquake

Faulted condition load
1. Design Basis Earthquake

General membrane plus
bending

General membrane plus
bending

General membrane plus
bending

Pure shear

Pure shear

Pure shear

25,388

38,081

50,275

10,155

15,232

20,310
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Table C.41 (Continued)

REACTOR VESSEL, REACTOR VESSEL INTERNALSAND SUPPORTS
CRITICALLOAD COMBINATIONS,LOCATIONS, AND ALLOWABLES

Sheet 5

Criteria Loading Primary Stress Type
Moment LimitAccounting
for Pressure Loads (in-Ib)

Fuel Channels

Primary Stress Umit - The allowable
S for Zircaloy determined according
to methods recommended by ASME
Boiler and Pressure Vessel Code,
Sect. III. Allowable moment
determined by calculating limit
moment using Table C.2-2
equation (b), then applying SF~
for applicable loading conditions.

(S„=9,270psi,1.5S =13,900psi)

Emergency limitload = 1.5 X
Normal limitload calculated using
1.5S =oyield

Normal and Upset condition loads
1. Operating Basis Earthquake
2. Normal pressure load

Emergency condition loads
1. Design Basis Earthquake
2. Normal pressure load

Faulted condition loads
1. Design Basis Earthquake
2. Lomef~hnt accident

pressure

Membrane and bending

Membrane and bending

Membrane and bending

28,230

42,350

56,500
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Table C.4-1 (Continued)

REACTOR VESSEL, REACTOR VESSEL INTERNALSAND SUPPORTS
CRITICALLOAD COMBINATIONS,LOCATIONS, AND ALLOWABLES

Sheet 8

Criteria Loading Location Allowable Stress (ps)

Control Rod Drive Housing

Primary Stress Limit-,The allowable
primary membrane stress Is based on
the ASME Boiler and Pressure Vessel
Code Sect. III, for Class A vessels
for Type 304 stainless steel

For normal and upset condition
S =16,925pslat575'F

For emergency conditions
~=1.5S =1.5X16,925=25,400psl

Control Rod Drive

Normal and upset condition loads
1. Design pressure
2. Stuck rod scram loads
3. Operating Basis Earthquake

Emergency condition loads
1. Design pressure
2. Stuck rod scram loads
3. Design Basis Earthquake

Maximum membrane
stress intensity occurs
at the tube to tube
weld near the center of
the housing for normal
upset and emergency
conditions

16,925

25,100

Primary Stress Limit- The allowable
primary membrane stress plus
bending stress is based on ASME
Boiler and Pressure Vessel Code
Sect. III for SA-212 TP 316
tubing

For normal and upset condition
SA = 1.5 S~ = 1.5 X 17.375 = 26,060 psi

Normal and upset condition loads
Maximum hydraulic pressure
from the control rod drive
Supply pump.
NOTE - Accident conditions
do not increase this loading
Earthquake loads are negligible

Maximum stress intensity
occurs at a point on the
Y-Yaxis of the indicator
tube

26,060
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Table C.4-1 (Continued)

REACTOR VESSEL, REACTOR VESSEL INTERNALSAND SUPPORTS
CRITICALLOAD COMBINATIONS,LOCATIONS, ANDALLOWABLES

Sheet 9

Criteria Loading Location Allowable Stress (psi)

Control Rod Guide Tube

Primary Stress Limit- The allowable
primary membrane stress plus
bending stress Is based on the ASME
Boiler and Pressure Vessel Code
Sect III for Type 304 stainless
steel tubing

For normal and upset conditions
S =16,925psi

Faulted condition loads
1. Dead weight
2. Pressure drop across guide

tube due to failure of
steam line

3. Design Basis Earthquake

The maximum bending
stress under faulted
loading conditions
occurs at the center of
the guide tube

25,400

For faulted condition
S~ = 1.5 Sg = 1.5 X 16,925-25,400

Incore Housing

Primary Stress Limit- The allowable
primary membrane stress is based on
ASME Boiler and Pressure Vessel
Code, Sect. III, for Class A vessels
for Type 304 stainless steel

Emergency condition loads
1. Design pressure
2. Design Basis Earthquake

Maximum membrane
stress intensity occurs
at the outer surface of
the vessel penetration

25,400

For normal and upset conditions
S =16,925 psi at 575'F

For emergency condition (N + Au)
S~ = 1.5 S„-" 1.5 X 16,925 = 25,400 psl
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APPENDIX E

SITE GASEOUS RELEASE RATE LIMITCALCULATION

Site Gaseous Release Rate Limits

The stack and building release rate limits correspond to the 500 and 3,000 mRem
per year noble gas dose rate limits which are contained in the Browns Ferry Nuclear
Plant Technical Specifications Section 6.8.4.1.g. The calculational methods used to
determine these limits utilize actual site characteristics and meteorological
conditions and are consistent with Regulatory Guide 1.109, "Calculation of Annual
Doses to Man from Routine Releases of Reactor Effluents for the Purpose of
Evaluating Compliance with 10 CFR Part 50 Appendix I," and Regulatory Guide
1.111, "Methods for Estimating Transport and Dispersion of Gaseous Effluents in
Routine Releases from Light-Water-Cooled Reactors." The techniques used for
these calculations provide realistic, conservative estimates of the radiation doses
resulting from potential releases of radioactive materials and, when considered in
conjunction with the other parts of the operational program, provide assurance that
plant operations will be well within applicable limits and guidelines.

The calculated release rate limits are adjusted as necessary utilizing additional
available data.

The plant is designed to limit releases of radioactive material as low as is
reasonable achievable.

The plant is equipped to measure and/or accurately monitor actual releases from
the plant thereby providing a basis for control to ensure operation within the
operating limits.

TVAoperates an onsite system of meteorological instruments including an
instrumented 300-foot meteorological tower. Temperature, wind speed, and wind
direction are obtained at three levels. Data from the meteorological instruments are
obtained and analyzed and provide a basis for confirming and adjusting, if
necessary, the calculated release rate limits.

E.0-1
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APPENDIX F

UNIT SHARING AND INTERACTIONS

F.1 INTRODUCTION

The Browns Ferry Nuclear Plant is a three-unit plant. As in the case of any
multi-unit plant in which the units are contiguous or even in the same general
vicinity, the design must be evaluated in respect to possible influence of one unit on
the others through the various coupling mediums which exist in the design. An
obvious coupling medium is simply the atmosphere, in the sense that a radioactive
release from one unit could require emergency action to protect operators at a
contiguous or nearby unit. Another coupling is the interconnected electrical grid. In
this case, a hypothetical accident on one unit must be considered as having the
potential, however small, of causing a general electrical system loss of offsite
power, and thus inducing trips and shutdowns of all reactors which are connected to
that system. A less obvious coupling may be a conventional service system, such
as compressed air or any of several conventional service water systems, failure
which might cause the unit(s) to shut down either directly or indirectly. Couplings
from intense natural events such as tornadoes, earthquakes, and floods are
considered in these designs, as well as intense unnatural events such as fire,
steaming, flooding, and collision or impact from mechanical failures.

Such couplings are evaluated under the following categories of events.

1. Normal Events

These are events that occur regularly and frequently under normal operating
conditions. For a three-unit plant, any or all of the units may be operating at
any power level or may be shut down. However, it is unlikely that all units will
be shut down at the same time.

2. Ex ected Events

These events are expected to occur infrequently during the life of the plant.
They may be due to such causes as operator error, failure in a unit or plant
system, normal weather extremes, and transmission line faults.
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3. Postulated Events

These events are postulated to occur during the life of one of several plants
from such causes as severe floods, minor Operational Basis Earthquakes, or
tornadoes; or severe unnatural events such as fire, mechanical failure of small
equipment or failure in equipment and components in the conventional
nonredundant systems of this plant.

4. Limitin Postulated Events

Certain limiting events are postulated in order to establish the limiting design
conditions for the Protection and Engineered Safeguards Systems. They have
potential for serious public damage and plant damage extending to the
complete functional loss of a unit or the plant. These events are not expected
to occur within thousands of plant years. They include such events as
recirculation line failure, design basis earthquake associated with recirculation
line failure, sustained loss of offsite power, or curtailed flow of water due to
earthquake damage combined with loss of downstream dams.

The demands on the unitized and the shared systems under these categories
of events vary according to the state of the individual units. These states are
represented by Matrix 1 in Appendix G.

Appendix G, in general, refers to the operational status of a single unit. The design
of shared features of the plant is based on all combinations of states possible with
three units, except that in the class of the limiting postulated events associated with
the loss-of-coolant accident, the loss-of-coolant event is limited to only one of three
reactors.

Certain shared plant systems, such as electric power and ventilation systems, have
a significant importance in that they must be in essentially continuous operation
under all of the event categories and plant states listed above. The design includes
features which recognize the importance of continuity of these services with due
regard for allowable outage or repair times.

F.2 SCOPE

The scope of this appendix includes all plant features in which unit sharing and
interaction are a significant consideration, except that it does not include those
aspects of design and operation associated with refueling operations.

"Unit sharing" implies a coupling of some kind between two or three operating
reactors. Where appropriate, this appendix also briefly discusses shared system
interactions with each other.
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One of the objectives of this appendix is to provide additional information to support
the technical specifications and the associated operating and emergency
procedures in respect to shared systems. It will be noted that the degree of-
disablement of plant systems, equipment and components, both in a unit and a
plant or intersystem sense, cannot always be defined simply within individual
groups or sets of equipment without consideration of the condition of other sets of
equipment. For example, certain pumps cannot be deliberately disabled for
maintenance if certain diesel generators are concurrently disabled. The reasons for
this are explained in the following sections.

F.3 REFERENCES

Interaction between units is briefly discussed in the Browns Ferry Units 1 and 2
Design and Analysis Report (DAR), Chapter 1-9.0, and Amendment 6, Question
C-10 (sharing of control rod drive hydraulic pumps).

The Browns Ferry Unit 3 Design and Analysis Report (DAR) is referenced to this
subject in the following chapters and amendments:

1. Browns Ferry Design and Analysis Report, Chapter XV (Unit Sharing and
Interactions),

2. Amendment 2, Question 3.9 (Listing of components, systems, and structures
designed to Class I criteria),

3. Amendment 2, Question 4.2 (Onsite electric system),

4. Amendment 2, Question 4.6 (DC system),
JE

5. Amendment 2, Question 5.4 (Failure of control and service air system),

6. Amendment 2, Question 6.6 (Loss of offsite power operation with and without
main condensers),

7. Amendment 2, Question 6.4 (EECW, RHRSW, 8 RBCCW systems),

8. Amendment 2, Question 7.2 (Sharing of controls,
instrumentation and alarms between control rooms),

9. Amendment 4, Question 3 (Watertight sealing of the corner rooms of the torus
area),
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10. Amendment 4, Question 4 (Additional information on diesel-generator
system), and

Amendment 5, Question 3 (Additional information with respect to parallel
operation of diesel generators).

The balance of Appendix F provides additional information on the subjects related
to shared systems in the above amendments.

F.4 CRITERIA

The criteria for the design of shared systems are as follows:

Only one of the three units shall be assumed to be in a loss-of-coolant
accident or postaccident recovery mode at any point in time; however, the
system shall be adequate to address accident signals, spurious and real, in all
three units in any order (real followed by spurious or spurious followed by
real).

b. The most severe combinations of thermal, hydraulic and electrical loads
associated with the various combinations of plant states shall be assumed to
establish the design basis for capacity of the shared systems, consistent with
the assumption in (a) above.

Shared engineered safeguards and supporting service systems shall provide
reliable and redundant services to the units and to the plant in all
combinations of modes of operation of the units.

Systems which are potentially contaminable by accident consequences such
as core spray and RHR shall not be shared except in the extremely degraded
postaccident cases described in (e) and (f) below.

It shall be assumed that gross flooding of the basement (El. 519.0) areas
could occur as a consequence of torus or torus header piping failure below
the water line in the torus in the long term following a loss-of-coolant accident.
Additional core damage shall be prevented under these circumstances. The
effect of gaseous releases shall not be accommodated in this design; the sole
intent shall be to provide continuous core cooling to preclude further core
damage.

Postaccident core cooling shall be provided in the long term without
incremental fuel damage after all of the accident unit Core Standby Cooling
Systems have failed because of flooding or other cause. For this case,
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long-term postaccident cooling is defined to begin no sooner than 10 minutes
after the accident.

g. Incidents or accidents in one unit shall not directly influence the operation of
the other units; they may indirectly cause or require shutdown of the other
units. Examples of such incidents are loss of offsite power and compressed
air.

h. Control rooms and other common rooms requiring temporary occupancy in
order to operate or shut down the plant shall be protected by appropriate
shielding and atmospheric filter systems, so that the most severe radiation
release event from one unit shall not cause excessive dose levels in these
rooms.

Common plant features shall be designed to resist the most severe postulated
natural phenomena, such as tornado, flood, and earthquake, without causing
fuel damage, except that fuel damage is permissible in the limiting postulated
event involving the maximum postulated (Design Basis) earthquake coincident
with recirculation line failure on one unit. The design shall allow for random
failures which might occur as the result of these conditions, such as pump
losses from possible missile impact or water header failures which could
cause both partial loss of cooling water and flooding of critical features.

j. Redundant shared systems shall be appropriately isolated and/or separated to
avoid loss of essential services from single intense events, including failure of
such systems.

k. Shared systems which are in the category of engineered safeguards or their
auxiliary supporting systems shall be protected from failure of lower class
systems or structures.

F.5 LIST OF SHARED FEATURES

The following lists include two categories of shared systems. The first list includes
several shared systems which are not in the category of Class I seismically
designed Engineered Safeguards Systems. The second list itemizes the
safeguards systems and their supporting auxiliary systems. On some of the
systems, only a portion of the system serves a safeguard or supporting function. All
of the portions that serve safe- guard or supporting functions are designed to
seismic specifications in redundant configurations, and are otherwise qualified as
elements of the overall protection and actuator systems in the plant. The
parenthetical numbers refer to sections, subsections, 'or paragraphs of the FSAR.
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Shared Conventional Features
(Not Engineered Safeguards)

1. Offsite Power System including Switchyard, Station Service Transformers, and
Normal Auxiliary Power Switchboards (8.0)

2. Environmental Radiological Monitoring Program (2.6)

3. Control and Service Air System (10.14)

4. Condenser Circulating Water System (11.6)

5. Raw Cooling Water System (10.7)

6. Raw Service Water System (10.8)

7. Radioactive Waste System (9.0)

8. Drywell Equipment and Floor Drain System (10.16)

9. Fire Protection System (10.11)

10. Condensate Storage and Transfer System (11.9)

11. Potable Water and Sanitary System (10.15)

12. Auxiliary Boiler System (10.20)

13. Plant Communication System (10.18)

14. Turbine Building and Radwaste Building (12.2.3 and 12.2.5)

15. Lighting System (10.19)

16. Plant Preferred and Nonpreferred AC System (8.7.3.2)

17. Auxiliary DC Power Supply and Distribution System (8.8)

18. Demineralized Water System (10.13)

19. Reactor Building Closed Cooling Water System (10.6)

F.0-6



20. Reactor Building Equipment and Floor Drain System (10.16)

21. Hardened Wetwell Vent (5.2.7)

The shared features listed above are those that are significant to unit and plant
operation, and to this extent have an interface relationship with the Engineered
Safeguards Systems. Maloperation of some of these systems may challenge the
protection and safeguards systems of the units or plant by requiring unit trips and
shutdown cooling; however, none of these systems is required to safely shut down
the plant.

Common plant features that have little, ifany, connection with reactor operation and
safety considerations are not included in this list. Examples would be the Service
and Office Buildings, hydrogen trailer port, and Gatehouse.

Shared Class I Seismic Features, Structures,
Safeguards Systems and

Their Auxiliary Support Systems

1. Reactor Building (Secondary Containment System) (5.3 and 12.2.2)

2. Control Bay (12.2.2)

3. Spent Fuel Storage System (10.3)

4. Reactor Building Crane (12.2.2.5)

5. Process Radiation Monitoring System (7.12)

6. Diesel Generator Buildings (12.2.8 and 12.2.13)

7. Pumping Station (Intake Building) and Intake Channel (12.2.7 and 12.2.7.2)

8. Standby Gas Treatment Building (12.2.10)

9. Standby AC Power Supply System (8.5)

10. 250V DC Power Supply System (8.6)

11. Subsections of the Reactor Building Heating and Ventilating System (5.3.3.6
and 10.12)

12. Control Rod Drive Hydraulic System for Units 1 and 2 (3.4.5.3) (Note: Portion
of this system is shared but this shared portion is not Class I seismic.)
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13. Deleted

14. Gaseous Radwaste System (Stack) (9.5 and 12.2.4)

15. Standby Coolant Supply System (4.8.6.4)

16. RHR Service Water System (10.9)

17. Emergency Equipment Cooling Water System (10.10)

18. Standby Gas Treatment System (5.3.3.7)

F.6 DESCRIPTION OF SHARED CONVENTIONALSYSTEMS

F.6.1 Normal Auxilia Power S stem Includes Offsite and Station Sources

This system basically consists of seven 500-kV lines which transmit power from the
station into the interconnected grid, two 161-kV lines which furnish incoming power
to the plant, and the three turbine-generator units.

The shutdown auxiliary power requirements can be met by any of five normal power
sources as follows:

a. The two 161-kV lines connected to the two common station service
transformers are capable of providing shutdown auxiliary power to any two
units.

b. Either of the 500-kV sources for Units 1 or 2 can provide shutdown power to
either Unit 1 or Unit 2.

c. The 500-kV source for Unit 3 can provide shutdown power for Unit 3.

The capacity and mode of operation of the offsite power systems ensure that there
is a very low probability of system upset if the largest generating unit on the grid is
tripped. In the case of earthquake, possible loss of the offsite power system is
recognized; the onsite standby diesel generators are designed for this occurrence.

In the event that both of the Browns Ferry units were tripped within a short interval,
the possibility of offsite power loss would be increased considerably. However, the
probability of a two-unit trip is very low.
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The offsite power system is subject to perturbations from many sources besides
those due to events at the Browns Ferry Nuclear Plant itself. However, the reliability
of the offsite system is considered to be compatible with the reliability of the onsite
system with respect to providing an adequate power supply to the plant under any
emergency situation.

F.6.2 Environmental Radiolo ical Monitorin Pro ram

The Environmental Radiological Monitoring Program includes periodic sampling of
vegetation, crops, milk, soil, and various water sources in the environs for
determination of radioactivity level of various kinds.

F.6.3 Control and Service Air S stem

Each unit has its own drywell control air system for supplying air-operated devices
inside its drywell. The remainder of the control air system and the service air system
are shared in the plant. Control air is not required for proper functioning of the
engineered safeguards and their supporting auxiliary systems. All necessary
air-operated devices, such as main steam isolation and relief valves, which are part
of the safeguards complex, are equipped with Class I accumulators which provide a
sufficient quantity of stored air for a sufficient number of cycles. This shared system
does not influence the nuclear safety of the plant, except the portions which
penetrate primary and secondary containment. These portions prevent seismically
induced failure from causing a breach of secondary containment and maintain
primary containment integrity by providing primary containment isolation and through
a seismic Class I design.

F.6 4 Condenser Circulatin Water S stem

In the normal mode of operation, this system is unitized. The three condenser
circulating water pumps per unit are powered from the unit 4160-V boards. The
pumps are 2250-hp each. Power is normally supplied either from offsite sources or
from station sources (unit turbo-generators).

In the shutdown mode, with all the units down and with the reactors steaming to the
condensers via the turbine bypass system, only a small amount of condensing water
is required to hold normal condenser vacuum which is essential to continuing
operation of both the bypass system and the turbine-driven feedwater pumps. One
of the nine condenser circulating water pumps has sufficient capacity to furnish a
surplus of cooling water for all three units in this condition.

The design provides circulating water tunnel inter-ties so that any one circulating
pump can provide condensing water to all units under shutdown conditions. This
mode of operation may also be used during outage of the normal onsite sources and
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loss of offsite power, in preference to discharging steam to the torus or resorting to
shutdown cooling operation of the RHR system.

Under such conditions, two of the eight diesel generators would be synchronized on
one of the shutdown buses and connected to the appropriate unit 4160-V
switchboard. The two generators would be used to carry the circulating water pump.
The other diesel generators would be used for other shutdown loads.

This mode of operation will not be used with an accident unit. It will be used for
nonaccident units in the unlikely case of sustained loss of offsite power coupled with
loss of normal onsite generation. This mode minimizes the onsite power requirement
for shutdown heat removal.

F.6.5 Raw Coolin Water S stem

This system supplies water to all units and common equipment. It is designed to
maintain adequate cooling flow to various loads which are nonessential to safe
shutdown, and it provides the preferred source of cooling water for certain shutdown
functions such as RBCCW heat exchanger cooling and the control and service air
compressors. The Raw Cooling Water System also serves as a secondary source of
cooling water to some components which are normally supplied by the Emergency
Equipment Cooling Water System in Units 1 and 2.

The Raw Cooling Water System is normally operated in conjunction with the
condenser circulating water pumps. Under loss of normal auxiliary power conditions,
when the circulating pumps are inoperative, the raw cooling water consumption must
be conserved. However, adequate flow is maintained to avoid equipment damage.

This shared system does not influence the nuclear safety of the plant, except the
portion which penetrates secondary containment. This portion is designed to
prevent seismically induced failure from causing a breach of secondary containment.

F.6.6 Raw Service Water S stem

This system provides miscellaneous shared noncritical services with raw water. It
maintains pressure on the fire mains and provides enough water for small fires. It is
not a critical system.

This shared system does not influence the nuclear safety of the plant, except the
portion which penetrates secondary containment. This portion is designed to
prevent seismically induced failure from causing a breach of secondary containment.
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F.6.7 Radioactive Waste S stems

The Shared Liquid and Solid Radwaste Systems are essential to normal operation of
any or all plant units, but are not essential for shutdown. Emergency power and
Class I seismic design are not required for this system.

This shared system does not influence the nuclear safety of the plant, except the
portion which penetrates secondary containment. This portion is designed to
prevent seismically induced failure from causing a breach of secondary containment.

The Gaseous Radwaste System discharges a mixture of gases from the condensers
through holdup piping and filters to the stack. Unitized air dilution fans in the base of
the stack dilute the explosive mixture of hydrogen, oxygen, and air at the point where
these gases are discharged from the explosion-resistant piping system. Two fans
are provided per unit. These fans are not required in either the accident or loss of
offsite power cases. The ducting within the stack and the stack itself are designed to
Class I seismic requirements (see paragraph F.7.14).

F.6.8 D ellE ui mentand Floor Drain S stem
4

This system is shared to the extent that the drains discharge into common receivers
through piping systems which are common for all units. The receivers are higher
than the sump; thus, natural drainage will not occur.

The drywell equipment and floor drain dual sump pumps and drainage system are
not seismic Class I except from the viewpoint of containment of any unit in an
accident mode. Seismic failure of these systems would necessitate a unit shutdown
for the affected unit, but would present no significant problem in itself.

This shared system does not influence the nuclear safety of the plant, except the
portion which penetrates secondary containment. This portion is designed to
prevent seismically induced failure from causing a breach of secondary containment.

F.6.9 Fire Protection S stem

The common parts of this system are the high-pressure water based suppression
systems (i.e., water spray deluge and preaction systems, hose stations, hydrants,
etc.), the low-pressure CO2 systems, and the fire detection, annunciation, and
initiation systems. These systems are described in detail in the Fire Protection
Report, Volume 1, as referenced in FSAR Section 10.11.

The Fire Protection System piping is seismically supp'orted to ensure that it will not
fall on ESS equipment during a seismic event. The system itself is not designed to
seismic requirements. However, portions of the CO2 subsystems within the Diesel
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Generator Buildings and the Control Building, designed to Class I seismic criteria
and part of the detection circuitry, which closes the Diesel Generator Rooms for CO>
flooding, have been designed to prevent spurious closing of these rooms under
earthquake shock conditions.

This shared system does not influence the nuclear safety of the plant, except the
portion which penetrates secondary containment. This portion is designed to
prevent seismically induced failure from causing a breach of secondary containment.

F.6.10 Condensate Stora e and Transfer S stem

This shared system, which is operated in the unitized mode, provides a common
source of preferred water supply to the RCIC and HPCI systems of all units. The
system may also furnish water for non-safety related purposes to all the control rod
drive hydraulic, Residual Heat Removal, and Core Spray pumps. The common
portion of the piping, tanks, and valves outside of the reactor building are not
required for safe shutdown and do not have any seismic requirements. The HPCI
system for each unit is provided with an automatic suction transfer to the torus of that
unit. The associated level switches for this transfer are mounted on the Condensate
Storage and Supply System piping.

This system penetrates secondary containment and is designed to prevent
seismically induced failure from causing a breach of secondary containment. The
unitized portions of this system do provide a safety function in support of the HPCI
System.

F.6.11 Potable Water and Sanita S stem

These shared systems do not influence the operational safety of the plant, except in
the sense that those portions of the systems which penetrate secondary containment
are designed to prevent seismically induced failure from causing a breach of
containment. The lines are provided with valves to insure the containment integrity if
the piping systems are damaged by seismically induced loads.

F.6.12 Auxilia Heatin Boiler S stem

This system provides a common means to test the HPCI and RCIC steam turbines at
low pressure and a common way to periodically reduce torus water levels in each
unit. The outage of this system does not influence the capability of the plant to shut
down in any mode.

The boilers are relatively low-pressure (250 psig). They are located in the Turbine
Building. The Turbine Building is separated from the control bay by a two-foot-thick
concrete wall. This protection, plus backup protection in the event control room
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equipment becomes inaccessible or inoperative, effectively prevents a boiler
accident from interfering with the safe shutdown of the plant.

This shared system does not influence the nuclear safety of the plant, except the
portions which penetrate secondary containment. These portions prevent
seismically induced failure from causing a breach of secondary containment through
a seismic Class I design.

F.6.13 Plant Communication S stem

This common system provides routine communication needs and, in addition,
provides emergency communication by independent sound-powered systems. Six
separate, sound-powered systems are provided between the control room and
various areas in the plant. A seventh, redundant and independent sound-powered
system interlinks the Diesel Generator Rooms with the backup control center and the
4-kV shutdown boards.

F.6.14 Turbine Buildin and Radwaste Buildin

These buildings house common services to all three units. The Turbine Building is

physically divided into unit areas wherein shielding from on-line N-16 radiation is the
main consideration for the wall designs. Neither of these buildings is required for
safe shutdown. Damage by tornado, earthquake, turbine failure, or other cause is
considered to be credible and allowable.

The interfaces between these buildings and their internal structures, and the Class I

control bay and Diesel Generator Building, have been examined for possible
influence of failure of the lower-class system. Portions of the Radwaste Building
structure have been assigned to Class I seismic criteria because of their influence on
the Diesel Generator Building. Similarly, the interface wall between the control bay
and the Turbine Building has been designed to withstand impact from failure of the
lower-class Turbine Building.

F,6,15 ~Uhl~ S

This common system is ordinarily powered from the Normal Auxiliary Power System.
There are two backup subsystems, each of which has multiple circuits. One backup
subsystem uses the 250-V DC system as a Class IE source of power. The other
backup system, which also has a Class I power source, uses the standby diesel
generators to furnish lighting in critical areas.

F.0-1 3
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F.6.16 Plant Preferred and Non referred AC S stem

This system provides the plant with a transient-free, constant-frequency system for
such items as clocks and chart drives. While it is a highly reliable system, its failure
does not represent a nuclear safety problem.

F.6.17 Auxilia DC Power Su I and Distribution S stem

The 48-V DC system provides power to the general plant communication and
annunciator systems. Although the system is highly reliable, with three batteries and
four chargers, it is not a Class I seismic design. Failure of the system would cause
loss of the annunciator complex, but this would not directly influence continued
operation nor prevent a safe shutdown of the plant.

F.6.18 Demineralized Water S stem

This shared system provides high purity water to all three units and to the common
plant facilities such as the radio-chemical laboratory. It serves no essential
shutdown function.

This shared system does not influence the nuclear safety of the plant, except the
portions which penetrate primary and secondary containment. These portions
prevent seismically induced failure from causing a breach of secondary containment
and maintain primary containment integrity by providing primary containment
isolation and through a seismic Class I design.

F.6.19 Reactor Buildin Closed Coolin Water S stem

This system is normally unitized but a common spare pump and heat exchanger are
used for all three units. The system differs from the design described in Section
6.4.3 of Amendment 2 of the Unit 3 DAR, wherein the common pump was shared
only by Units I and 2. Otherwise, in respect to utilization of the spare pump, the
design is unchanged. Each reactor normally operates with two pumps and two
exchangers; however, one is sufficient in an emergency.

The multi-unit plant requires consideration of maintaining RBCCW operation for
nonaccident units under combined accident and loss of offsite power conditions. It is
necessary to avoid high drywell temperature and seal damage in the nonaccident
units to avoid creation of secondary emergencies in addition to the primary
emergency which requires concentration of pumping and electrical power capacity
on the accident unit.

The RBCCW systems provide cooling for the spent fuel pool heat exchangers. This
cooling function must be reestablished in the long term following an accident to
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prevent discharge of excessive water vapor into the secondary containment, where
the vapor could enter the SGTS and damage the filters.

To this end, approprate parts of the RBCCW systems are programmed to
automatically start on diesel power. They thus protect the recirculation pump seals
and, through operation of the multiple blowers, maintain satisfactory drywell
temperatures in the nonaccident units. Also, spent fuel pool cooling can be restored
to maintain pool temperatures within acceptable limits.

The systems are nonredundant in respect to the piping system. If a system should
fail for this or any other reason, drywell temperature would be maintained by
operation of the RHR drywell spray system and/or programmed blowdown of the unit
to reduce primary coolant temperature. Heatup of the drywell is slow enough to
permit manual operation of the drywell spray system. Alternate means of cooling the
spent fuel pools are provided by an inter-tie with the RHR systems. The pool water
can be circulated through the RHR system, where it is cooled before it is returned to
the pool.

F.6.20 Reactor Buildin E ui ment and Floor Drain S stem

This system is shared in respect to the common drain header into which the unitized
Reactor Building floor drainage pumps discharge. Two pumps are provided for each
unit, each of which is powered from diesel-backed sources. They are designed to
accommodate several times the maximum expected drainage flow. Each pump has
a capacity of 160 gpm at 90 ft of head, and both pumps may operate concurrently.

In the event that system failures lead to flooding of the Reactor Building floor at
elevation 519.0, only one zone would be affected. Doors between the zones are
designed as bulkheads and are administratively maintained closed.

Essential raw water headers (EECW system) are sectionalized to provide isolation of
possible leak sources into the zone while maintaining sufficient flowfor essential
safeguards equipment.

In the event of gross failure of the torus or torus header piping under postaccident
conditions, the unit drainage system would be greatly exceeded and the drainage
flowwould stop because of pump failure. The system cannot naturally drain into the
receiver tanks. The Standby Coolant Supply System (see paragraph F.7.15) would
be used to cool the reactor.

F.6.21 Hardened Wetwell Vent HNMN

The shared portion of the HWWVcontains a common header from outside the
Reactor Building of each unit to a vent point inside the stack.

F.0-15
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F.7 DESCRIPTION OF SHARED CLASS I SEISMIC FEATURES STRUCTURES
SAFEGUARDS SYSTEMS AND SUPPORTING AUXILIARYSYSTEMS

F.7.1 Reactor Buildin Seconda Containment S stem

The Reactor Building is shared by all three units. It serves as the secondary
containment envelope for any radiation release from the primary containments and
as the primary envelope for any release from sources inside the building but exterior
to the drywell or torus piping of any unit.

The design basis of the Secondary Containment System and the Standby Gas
Treatment System is to maintain a negative pressure inside secondary containment.
The Reactor Building is designed as a Class I structure in order to maintain its
integrity and, hence, pressure boundary following a Design Basis Earthquake. The
penetrations through the secondary containment membrane in conjunction with the
Standby Gas Treatment System are designed to maintain a negative pressure inside
the secondary containment boundary following a Design Basis Earthquake, thus
limiting the release of radioactive material directly to the environment.

The building is divided into three reactor zones and one common refueling zone.
Upon receiving an initiation signal, the SGTS provides for reduction of pressure in
the reactor zone to be isolated and in the shared common refueling zone.

Isolation results in all normal ventilation ceasing in the isolated zone(s). Subsection
5.3.3.2 describes the sequence and logic for isolation of the secondary containment
system. Normal plant operation requires the ventilation in order to maintain
equipment operability and to prevent trips based on high ambient temperatures.
Recent operating history has demonstrated that the loss of ventilation to the main
steam and feedwater valve vaults for an operating unit can quickly (approximately 10
to 30 minutes) result in a main steam system isolation (and hence reactor trip) based
on high area temperatures.

The unit zones provide a means to support postaccident cooling of a unit in the
postulated case of subsequent loss-of-torus water which would cause zone flooding.
This is discussed in paragraph F.7.15.

F.T.2 ~GIB
The control bay houses facilities for all three units. In respect to direct shielding
from accident-created sources and to atmospheric control, the control bay includes
the separate rooms in the Reactor Building which contain the 4160-V and
480-V shutdown switchboards. These rooms are therefore accessible for direct
switching operations during any postulated event except, of course, for some

F.O-'I6
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unnatural occurrence in one such room. The board rooms are shielded from
accident-created sources to enable temporary occupancy, whereas the control bay
proper is shielded for long-term occupancy.

The control bay is approximately 400 feet long and is roughly separated into two
areas in plan views. The first area contains the normal control complex for Units 1

and 2; the second for Unit 3. Separation is by multiple masonry walls, except for a
hallway at the 606 elevation, with doors to separate the Unit 1 and Unit 2 areas from
the Unit 3 area.

The control bay has been designed to provide an environment protected from
tornado missiles and differential pressures. With respect to incidents arising from
causes within the control bay which might necessitate evacuation by operators,
facilities have been provided in the Reactor Building to enable operators to safely
shut down all units to either the hot or cold shutdown condition.

F.7.3 S ent Fuel Stora e Facilities

The spent fuel storage facilities are shared only for Units 1 and 2, and the sharing
feature is only a transfer canal which connects the two storage pools. Watertight
gates are provided at each end of the transfer canal.

An incident arising from a fuel handling accident from an open reactor or from the
storage pools influences the entire three-unit refueling floor. This zone of the
secondary containment would beisolated and placed on the Standby Gas Treatment
System. Units which might be in operation would not be directly affected by such an
incident and would not necessarily have to shut down.

F.7.4 Reactor Buildin Crane

The crane is shared by all three units. However, from an operational viewpoint, it
influences only one unit at a time.

F.7.5 Process Radiation Monitorin S stem

The four subsystems that are shared are the Main Stack Radiation Monitoring
System, the Reactor Building Ventilation Radiation Monitoring System, the Plant
Ventilation Exhaust Radiation Monitoring System, and the Liquid Radwaste Effluent
Monitor. The main stack system monitors the diluted gaseous release from all three
units. It may therefore become the first source of information which would require
power reduction or shutdown of any or all units.
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The Main Stack Radiation Monitoring System does not initiate any control action,
since it cannot distinguish which unit may be the source of high radiation. Additional
unitized process radiation systems, including those in each off-gas holdup pipe,
provide source recognition so that the offending unit may be identified. The unitized
systems provide control action which would result in a unit trip if no corrective action
is taken to reduce activity release.

The Reactor Building Ventilation Radiation Monitoring System is shared in the sense
that radiation monitors in the common refueling zone act in conjunction with unitized
zone monitors to cause alarms, isolation of the affected zone plus refueling floor,
and closure of unit primary containment purge and exhaust paths. The latter paths
are normally closed when the units are in operation. If radiation from an accident
unit is detected in a non-accident operating unit, the principal effect would be
isolation of the non-accident unit's reactor zone of secondary containment and loss
of normal ventilation. The effect of isolating the secondary containment and the
associated loss of ventilation for an operating unit is discussed in Section F.7.1.

The Plant Ventilation Exhaust Radiation Monitoring System records the activity
released by way of the ventilation exhaust and alarms when the activity released
reaches a preset value. The system is unitized and is shared only in the sense that
the unitized detectors monitor samples from the common Turbine Building, Radwaste
Building and refueling zone.

The Liquid Radwaste Effluent Monitor records the activity released by way of the
Liquid Radwaste System and alarms when the activity released reaches a preset
value.

F.7.6 Diesel Generator Buildin s

These buildings provide a protected environment for the standby diesel generators
which are essential to safe shutdown in the event of a sustained offsite power loss
and complete loss of station sources.

The buildings are independent structures. Internally, each is divided into four
reinforced concrete bays, or stalls, that contain the engine generators and their
respective auxiliaries. Each stall is separately ventilated to cool the engine exterior
and generator. The engine jacket water is separately cooled by the Emergency
Equipment Cooling Water System. Combustion air and exhaust are independent of
the ventilation system, but the generators are dependent on room ventilation.

A gallery at the rear of the generator stalls houses two auxiliary boards which
provide dual auxiliary supply power to all four of the diesel generators. These
auxiliaries include two 100-percent-capacity ventilation fans per generator. The
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boards are in separate rooms; however, the gallery below the boards extends across
the full length of the building.

A fifth room, or stall, in the Diesel Generator Building contains the CO2 storage
system and a central information panel for diesel operation. This panel is a passive
backup information center for use under abnormal conditions which might require
operator evacuation of the Main Control Rooms.

The buildings are designed to Class I seismic requirements. They have also been
designed for tornado missile impact and for the differential pressures arising from a
tornado.

Access to the buildings is provided from outside by doors at the end of each stall. In
addition, shielded accesses are provided via doors and stairways from the Control
Building. Operators may thus enter the Diesel Generator Buildings from the control
bay.

F.7.7 Pum in Station Intake Buildin

This building houses equipment which provides all cooling water to the plant.
Integrity of this building is essential to plant safety in any mode of operation, since
continuity of operation of at least part of the pumps therein is required. Similarly, the
intake channel must always supply at least enough water to effect shutdown heat
removal and auxiliary equipment cooling.

For this reason, these structures have been designed to resist tornados, floods and
earthquakes, and to provide physical separation of essential pumps so that any
violent event of natural or unnatural origin will not damage enough pumps to prevent
safe shutdown cooling. The essential pumps are not dependent on the general
building circuitry; instead, they are powered by separate feeders entering the
building from physically separated routes.

The RHR service water pumps assigned to the RHRSW System, which provide
shutdown cooling water, are mounted outdoors in pairs on the deck within
compartments in addition to one RHRSW pump per compartment assigned to the
EECW System, to minimize the possibility of missile damage.

The intake channel has been designed to assure continuity of water flow into the
plant under postulated Design Basis Earthquake conditions, which are further
hypothesized to cause loss of the downstream dam. The channel is cut sufficiently
deep to insure continued flow from the main river channel assuming failure of the
dam. The channel walls are sloped and otherwise designed to preclude channel
blockage under any postulated conditions.



Normally, a large amount of cooling water enters the plant via the intake structure.
Under shutdown conditions, intake flow is reduced to a few percent of normal, thus
not requiring continued use of the traveling feature of the screens used under normal
operating conditions. Water flow rate is reduced to near zero in the channel and
within the building under emergency conditions.

F.7.8 Standb Gas Treatment Buildin

This shared building is essentially a four-compartment, concrete box buried in the
berm in the southwest end of the Reactor Building (see Section 12.2.10.1 for a
description of the structure). It contains the blowers, filters and other auxiliaries of
the Standby Gas Treatment System. The building is Class I seismic. Internal
shadow-shielding is provided between the three subsystems. The building is
drained by four sump pumps, located in two sumps. The pumps are powered by
emergency power.

F.7.9 Standb AC Power Su I S stem

This paragraph is intended to supplement the information contained in Subsection
8.5 with regard to the common or shared character of the system. The system is
composed of four independent, diesel generator units coupled as an alternate
source of power to four independent, 4160-V boards for Units 1 and 2. There are
four additional diesel generator units coupled as an alternate source of power to the
four Unit 3 4160-V boards. Each board furnishes essentially identical services. Any
given Unit 1 and Unit 2 4160-V board has, as a possible load, two RHR pumps, each
assigned to a different unit. Thus, the four shutdown boards supply four RHR pumps
on eachunit. Any given Unit 34160-V boardhas, as a possible load, one RHR
pump; thus, the four Unit 3 boards also supply four RHR pumps. Two of four RHR
pumps are designated per unit for LPCI service; two are required per unit for long
term torus cooling. Similarly, the four Unit 1 and Unit 2 shutdown boards power eight
core spray pumps, and the Unit 3 shutdown boards power four core spray pumps.
Two such pumps operating in parallel on the same core spray loop are required for
core spray on a particular unit.

No single 4160-V shutdown board will have more than the following loads:

1 RHR pump,
1 Core Spray pump,
2 RHRSW pumps, and associated 480-V loads.

Additional discussion of the 4160-V shutdown board loading is given in Section 8.5.

Below the 4160-V level, the system is basically unitized, having two 480-V unit
shutdown or diesel auxiliary boards. The two 480-V unit shutdown boards, one



physically isolated from the other, have independent supplies from different 4160-V
boards; and, in addition, each has a backup supply from a third 4160-V board. The
four 480-V diesel-auxiliary boards which provide common services to the diesel
generators are similar to the unit 480-V shutdown boards in respect to physical and
electrical separation and supply.

As mentioned previously in this appendix, this system must meet the maximum
power requirement, assuming prolonged loss of offsite power and station sources
and the worst possible combination of unit operating modes. This is determined to
be the design basis earthquake plus design basis loss-of-coolant accident in one
unit, with the other units being tripped, for any reason, or already shut down and
operating on their respective shutdown pumps.

The system is required to cope with this mode for a period of at least 10 minutes
without assistance from the operators. In this mode, the 4160-V boards will
disconnect from the normal supply and will shed their normal loads, including any
pumps which may already be in operation, and will then be automatically connected
to their respective diesel generator as soon as voltage and frequency are obtained
after the automatic start.

The accident-initiate signals from the reactor system in the accident mode perform
two essential functions: (1) they align the core cooling function to the accident unit
and process any accident-initiate signals which may subsequently arise, and (2) they
initiate the timed loading of the 4160-V shutdown boards. Timing is required to
enable the diesel generators to successfully start the comparatively heavy pump
loads. Timers are independent; the failure of any timer may prevent successful
operation of only one 4160-V board and generator combination.

In the event that normal auxiliary power is not lost under the single- or multi-unit trip
cases, a different timing system is used to avoid the simultaneous starting of all
accident-unit pumps on the common Normal Auxiliary Power System. Timers are
again independent; the loss of one such timer may cause the loss of the pumps
assigned to one board if it fails to operate. Maltiming such that two pumps start
simultaneously will only result in a lower than expected, but adequate, voltage on the
common system.

In the event of an accident and the failure of one diesel generator the Standby AC
Power Supply System would retain in operation three of four RHR pumps on LPCI
and two parallel core spray pumps for ten minutes. Nonaccident units would be on
RCIC-HPCI operation, if they had tripped from normal operation, and would be
discharging heat to their respective suppression chambers.

At ten minutes, the operators are assumed to begin to manually operate the system.
Basically, their task is to verify that the accident unit is under control with core spray
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and RHR pumps, after which they willwithdraw one or two of the three or four RHR
pumps which are serving the accident unit in LPCI mode. The reactor operators will
manually begin the operations necessary to successfully remove heat from the
suppression chambers of all three units, including paralleling the Units 1 and 2
diesel generators with the Unit 3 diesel generators.

The automatic mode of operation during the initial ten minutes after generation of an
accident-initiate signal and loss of normal auxiliary power provides for automatic
recovery of those service functions for tripped, but nonaccident, units which cannot
tolerate outages for longer than about ten minutes without causing minor problems.
An example is preservation of drywell atmospheric cooling and recirculation pump
seal cooling.

In the postaccident recovery mode, the Standby AC Power Supply System is
realigned and supervised by the operators to reflect its long-term function as a
shared system. Six out of eight of the diesel generators can provide sufficient
power, with a fair margin based on their rated capacity. However, the diesel
generators, switchboards, headers and valving, and pumps and heat exchangers are
arranged in certain sets which must be considered as integrated subsystems in
developing detailed emergency loading and operating procedures. Core spray on
the accident unit is provided from two of the three boards available and other shared
services are appropriately divided between the three boards.

In the long term, the Emergency Equipment Cooling Water System becomes the
system most sensitive to interruption. The redundancy of the Emergency Equipment
Cooling Water System is discussed in paragraph F.7.17.

As noted above, both the automatic and manual modes of operation of the Standby
Diesel Generator System utilized eight independent electrical sources.

Iffailure of the Normal Auxiliary Power System should be the only occurrence, the
preferred method of removing afterheat is through the main condensers, because
this is simpler and requires less electrical power. However, one of the nine 2250-hp
condenser circulating water pumps must be started and operated. This would
require the paralleling of two diesel generators. The design provides for this mode
of operation.

F.7.10 250-V DC Power Su I S stem

The 250-V plant DC system is unitized in the sense that there are three batteries,
one per unit. The batteries are so connected and sized that any two of the three unit
batteries can provide a backup to the third unit battery in any mode of operation.
Furthermore, the redundant services which are unitized are normally connected so
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that the 250-V power supplies for such redundant services are derived from separate
batteries.

The fourth, fifth, and sixth batteries located in the Turbine Buildings are provided as
non-class 1E sources for unit specific non-class 1E loads and common station
services.

The battery chargers are also unitized in normal operation; however, the unit
chargers and a spare charger can be manually switched to any of the unit batteries.

A possible shared influence particularly significant in the DC services is related to
circuit faults in circuits which are not properly tripped, due to failure of the overload
device nearest the fault, and inability of the fault to trip the next device in the
coordination chain. In such cases, fires could be caused along the length of the
faulted cable. This has been prevented in two ways.

Circuits that are assigned to a given separations division are not permitted to
be routed with circuits assigned to the other separations division. Hence, a
fault originating in such a circuit could influence only one separations division
and could affect only one of a set of redundant functions.

b. The circuit coordination system has been examined from the viewpoint of
performance if the overload devices fail to trip. Where necessary, backup
fuses have been incorporated to assure that a single device failure will not
cause a fire due to general heating along the conductors.

The 250-V DC Control Power Supply System consists of five batteries and chargers
(one set assigned for each of the Unit 1 and Unit 2 shutdown boards and shutdown
board 3EB). Thus, the sharing is limited to one of the four shutdown boards that
supplies the Standby AC Power Supply System for Units 1 and 2.

F.7.11 Reactor Buildin and Control Ba Ventilation and Coolin S stems

These shared systems are described in paragraph 5.3.3.6 and Subsection 10.12 of
the FSAR. The effect of loss of normal ventilation in the Reactor Building is
discussed briefly in paragraph F.7.1.

The Turbine Building heating and ventilating system is shared in the sense that the
turbines are in a common ventilation zone. Each unit has its own complement of
intake and exhaust fans, and the normal air flow patterns should not cause any
significant cross flow in the common turbine room.
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For the purpose of this description, the control bay includes the shutdown board
rooms which are actually within the Reactor Building, but outside the perimeter

of'econdarycontainment.

The Unit 1 and Unit 2 rooms contain both the 4-kV and 480-V shutdown boards
whereas the Unit 3 rooms contain only the 480-V shutdown boards. (The Unit 3 4-kV
shutdown boards are housed in the Unit 3 Diesel Generator Building.)

Eight separate air-conditioning systems serve eight separate areas of the Control
Building. Three of the eight systems are shared, in that one system serves the Unit
1 and Unit 2 Main Control Room; the second serves the Unit 1 and Unit 2 Auxiliary
Instrument Rooms, and the third serves the Switchyard Relay Room common to the
three units. The other two systems are not shared, in that the fourth serves the Unit
3 Main Control Room and the fifth serves the Unit 3 Auxiliary Instrument Rooms.
The sixth, seventh, and eighth serve the respective Unit 1, 2, or 3 Electrical Board
Room spaces.

Separate ventilation systems supply outside air to the Control Building. The outside
air serves as makeup air for the air-conditioned areas and for open-cycle cooling of
the spreading rooms, and the Units 1 and 2 Elevation 606 Mechanical Equipment
Room. Two of the outside air systems are shared. The first serves the Unit 1 and
Unit 2 Main Control Room, the Switchyard Relay Room, Units 1 and 2 Elevation 606
Mechanical Equipment Room, and the Unit 1 and Unit 2 Auxiliary Instrument Rooms;
and the second serves the Units 1 and 2 spreading room. The third and fourth are
not shared, as the third serves the Unit 3 Main Control Room and Auxiliary
Instrument Rooms, and the fourth serves the Unit 3 spreading room.

The air-conditioning for the Unit 3 4-kV shutdown board rooms is provided by the
Unit 3 Diesel Generator Building systems, as discussed in FSAR paragraph
10.12.5.3. There are two separate systems serving two different areas in the
building. Two of the four boards are in one area and two boards are located in the
other area.

Maloperation of the air-conditioning or ventilation air systems could adversely affect
the operation of any or all generating units in any mode. These systems are
therefore designed as redundant sets serving corresponding rooms or groups of
rooms. Each redundant set has two 100-percent-capacity air-handling (recirculation)
systems and are designed as engineered safeguards support systems. Although the
temperature rise in most of the rooms served by the air-conditioning and ventilation
air systems would be fairly slow after system failure, calculations show that the
ultimate temperatures would be too high to predict reliable operation of the
equipment therein. A typical example would be a room containing a 250-V battery
charger wherein the continued set operation is contingent on maintaining room
ventilation. Therefore, the systems are designed in redundant configurations, have
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access to normal and emergency power, and, where appropriate, are designed to
Class I seismic requirements.

The rooms containing the Unit 1 shutdown boards, Unit 2 shutdown boards, and Unit
3 480-V shutdown boards are each cooled by two 100 percent capacity air
conditioning units located in each of the Reactor Buildings. These are
air-conditioning units which operate as a closed loop within the corresponding board
rooms.

F.7.12 Control Rod Drive H draulic S stem

A Control Rod Drive Hydraulic System water pump is shared between Units 1 and 2.
There is no direct safety-related function required of this or the other pumps, since
control rod scram is accomplished by accumulators on each rod backed up at high
reactor pressure by the reactor primary coolant system.

The use of the shared pump is fully discussed in Amendment 6 of the Browns Ferry
Units 1 and 2 DAR, with the conclusion that no adverse interaction would result
between Units 1 and 2. It should be noted that an additional feature of the CRD
system is to provide purge water for the recirculation pump seals.

F.7.13 Deleted

F.7.14 Gaseous Radwaste S stem Stack and Internals

These systems are unitized except for the common discharge plenum, ducting, and
the stack itself. The unitized systems have dual air-dilution fans; the common
portions of the system see only safely diluted gaseous radwaste.

In the postaccident mode, the stack and internal ducting are used to obtain elevated
discharge from the Standby Gas Treatment System. For this and other reasons, the
stack and the internal ducting which perform this function are designed to Class I

seismic requirements.

The 600-foot stack is also designed for controlled failure if it.should be damaged by
a violent tornado. The upper portion is designed to fail first and thereby to limit the
reach of the stack if it should be blown down. It would therefore not strike the Diesel
Generator or Reactor Building.

F.7.15 Standb Coolant Su I S stem

This shared system is designed to provide continuing'core cooling in the most
degraded state of the unit RHR and Core Spray Systems, namely, that of complete
failure due to inundation from torus, torus header piping failure, or other cause. The



system provides for an open-cycle mode of core cooling with discharged water from
the primary system leak passing into the basement area. For this mode, the only
pump required for the accident unit would be one of the two RHRSW pumps
connected to the RHR service water header supplying the standby coolant system.
This mode of operation would be used only until a sufficient hydrostatic head of
water is built up in the basement to supply adequate NPSH to RHR pumps on the
unit cross-connection. The building walls, bulkhead doors, and penetrations are
designed for a hydrostatic head considerably greater than that necessary to achieve
adequate NPSH on the cross-connected RHR pumps at the specified flow rate for
this mode. Subsequent cooling would be a closed-cycle mode using one of the two
available RHR heat exchangers on the adjacent unit.

This shared system is normally valved off. Valves are located high enough to insure
adequate time for lineup before they become inundated. The zones are provided
with instrumentation which annunciates when the floor is flooded at the 519.0
elevation.

The Standby Coolant Supply System provides means for core cooling for any
postulated failure of the RHR cooling complex, provided the reactor has been tripped
for several minutes and sufficient time is available for system alignment. Additional
features of the system are discussed in paragraph 4.8.6.4.

F.7.16 RHR Service Water S stem

This shared system consists of four pairs of RHR service water pumps assigned to
the RHR systems and four additional pumps assigned to the EECW system. Each of
the pairs feeds one independent RHR service water header which, in turn, feeds one
RHR heat exchanger in each unit. Two of the individual pumps feed one emergency
equipment cooling water header. The two remaining pumps feed the alternate
header. The entire system is Class I seismic. On a per unit and plant basis, the
system provides several ways to furnish raw cooling water to essential shutdown
equipment. Each RHR service water and EECW header is physically, mechanically,
and electrically independent of the alternate headers performing the same function.

The main function of the RHR Service Water System is to provide an assured heat
sink for long-term dissipation of afterheat to Wheeler Reservoir, when the normal
means of heat rejection through the condensers is not available for any reason or
cannot be used because the reactors are depressurized or isolated from the
condensers. The reactor cooling systems have sufficient heat storage capacity so
that under emergency conditions temperature changes are slow enough to permit
manual operation of the RHR Service Water System. Therefore, all system
operations are manually controlled both in the normal and postaccident modes.



A second function of the RHR Service Water System is to provide an assured supply
of water for the Emergency Equipment Cooling Water System, which supplies
cooling water for the various auxiliary systems and items of equipment which support
the shutdown operations. These may be unit or plant functions. Examples are RHR
seal coolers, RHR and core spray room coolers, the Control Building emergency
cooling unit, and the diesel-engine coolers. In these cases, a dependable and
promptly-available raw cooling water flow is required, thus necessitating a fully
automated source (see paragraph F.7.17).

Two RHRSW pumps and two RHR heat exchangers (and associated RHR pumps)
are required per unit to effectively remove afterheat under emergency conditions.
Each unit has four such RHR pump/heat-exchanger combinations.

The RHR service water headers feed the RHR heat exchangers individually. The
service water discharge from each heat exchanger is provided with a combined
throttling and stop valve. The discharge from this valve is combined with the
discharge from a second RHR heat exchanger valve so that each unit has two
independent drain systems, one from each pair of heat exchangers. Heat exchanger
flow is controlled as desired by the throttling valves, so that service water is available
to any of the three heat exchangers on a given RHR service water header, although
no more than two heat exchangers may be operated at any one time due to pump
capacity limitations. The discharge from each pair of heat exchangers is provided
with a radiation detector.

Because of pump alignment, no one train's heat exchanger set can be operable for
all three units at any given time. Only two of any train's heat exchangers A, 8, C, or
D can operate simultaneously for the three-unit plant. One header per train has
three supply connections, e.g., 1A, 2A, and 3A heat exchangers. There are only two
pumps serving the "A,"as well as the remaining, trains; and it takes one pump to
supply enough coolant to serve each heat exchanger.

Since the RHR primary pumps are rated at 2000-hp, and the companion RHRSW
pumps have a rating of 400-hp, the major part of a single diesel generator capacity is
required for operation of one such set of pumps. For the three-unit plant, six sets
are required; thus, six out of the eight diesel generators are required ifnormal
auxiliary power is not available. On a unit basis, two-out-of-four RHR pump/service
water pump sets are required.

Selection of a given unit set of such equipment for afterheat removal implies that all
or a sufficient fraction of that set is operational for that purpose. The respective
RHRSW header for each such set has sufficient flow capacity to serve the RHR heat
exchangers of two units at full capacity by running two RHRSW pumps on that
header-even three heat exchangers could be accommodated at reduced capacity.
However, such an operation, while possible, is not contemplated.



The RHR Service Water System is designed to provide adequate cooling even when
degraded by selected multiple failures, but it is limited to certain allowable loading
combinations of diesel generators, electrical boards, and pumps. Therefore, certain
sets of multiple failures are not allowable. A sufficient number and kinds of failures
could be postulated to disable the system; however, the probability of these sets of
failures in independent systems is too low to be of concern.

The technical specifications permit temporary disabling of elements of this system for
the purpose of maintenance. Detailed procedures consider elements of the separate
sets or subsystems in the RHR-RHRSW and standby power systems to insure that
an adequate number of fully-operable subsystems is provided during the
maintenance interval.

F.7.17 Emer enc E ui ment Coolin Water S stem

As discussed above, this shared system distributes cooling water to equipment and
auxiliary systems which are required for shutdown of all three units. Since some
equipment cannot tolerate loss of water flow for more than a few minutes, the
RHRSW pumps start automatically to supply water to this system.

The piping system is designed as two independent, closed-ended loops with an
independent RHRSW pump feeding the closed ends of each loop. A system of
check valves on each critical load ensures that such loads will be served from either
of the two loops. Only mechanical check valves are used; consequently, when the
header(s) are pressurized, all of the loads in the three-unit plant are served
simultaneously, whether such loads are in actual operation or not. The plant is thus
treated essentially as a single unit in respect to use of this system.

To accommodate the possibility of header piping or tap failure, the headers are
sectionalized and the taps are either restricted in size or orificed to limitflow to
individual loads. Doubled check valves insure against a header or tap failure
draining water from the alternate header.

Sectionalizing valves and the headers are so located that, ifa header failure should
occur in a unit zone, one core spray system and two of the four RHR pumps and
their respective room coolers would still be served in the affected unit and one of its
adjacent units. Flow from the fault would be stopped to avoid flooding the zone.
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The operational philosophy is to require the availability of two fully-pressurized
headers and eight diesel generators for the case of loss of normal power. A
pressure failure in one header would be annunciated and manually restored.

This system has been designed with the intent of achieving very high reliability in
view of its root function during loss-of-power and other emergency situations. It has
been checked against postulated natural and unnatural events which might affect it,
and against the field of failures which might occur in the system itself. The system is
fully adequate for its purpose.

F.7.18 Standb Gas Treatment S stem

This shared system operates to filter and exhaust the air from a unit zone plus the
refueling zone, the refueling zone only, or the entire secondary containment of four
zones (see also paragraph F.7.1). The system is used only when an abnormal
activity release occurs. It will tend to localize the influence of activity release and
minimize the possibility of having to shut down and decontaminate all unit areas.
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APPENDIX J

REACTOR PRESSURE VESSEL DESIGN SUMMARYREPORT - UNIT 1

J.1 INTRODUCTION

During the general update of the FSAR in 1984, the original Appendices J, K,
and L were deleted and replaced with short summaries. These appendices
were redocketed June 23, 1989 by the reference letter. Section J.2 is an
abbreviated summary of the Unit 1 design and fabrication requirement
presented in the redocketed Appendix J.

J.2 DESIGN AND FABRICATION REQUIREMENTS - SUMMARY

The Browns Ferry reactor vessel, Unit No. 1, was designed, fabricated,
inspected and tested in accordance with the American Society of Mechanical
Engineers Boiler and Pressure Vessel Code, Section III Nuclear Vessels,
1965 Edition and Addenda to and including Summer 1965 Addenda, and the
following additions:

a. Low alloy steel forgings for pressure parts in accordance with ASTM
A-508 C1. 2 material, Code Case 1332-2.

b. Inconel nozzles in accordance with SB-166 material, Code Case 1336,
paragraph 1.

c. Nozzle ends for austenitic pipe and flange ends for low alloy steel
nozzles in accordance with SA-105 GR-II material, Code Case
1332-1.

d. Studs, nuts, bushings, and washers in accordance with ASTM A-530,
GR. B23 or 24 material, Code Case 1335-2, paragraph 4, Class 3 or
5.

e. Shroud support legs, baffle plate, and ring in accordance with SB-168
annealed material, Code Case 1336.

f. Core spray brackets in accordance with ASTM A-276 TP 304 material,
Code Case 1334.

The date of the contract between the Buyer, General Electric Company, Atomic
Power Equipment Department, San Jose, California, and the Seller, Babcock and
Wilcox Company, Barberton, Ohio, was May 5, 1966. There were no deviations
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from the Code throughout the design, fabrication, inspection, and testing of the
reactor vessels.

REFERENCE

TVALetter from M. J. Ray to U. S. Nuclear Regulatory Commission, Brown's
Ferry Nuclear Plant, Unit 1, 2, 3, Original Final Safety Analysis Report
(FSAR) Appendix J, K, and L submittals, June 23, 1989.

J.0-2
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Appendix M

REPORT ON PIPE FAILURES OUTSIDE CONTAINMENTIN THE BROWNS
FERRY NUCLEAR PLANT

M.1 INTRODUCTION

The Browns Ferry Nuclear Plant was reanalyzed for the consequences of
postulated pipe failures in the main steam and feedwater lines located outside the
containment structure. This reevaluation was performed in accordance with the
information guide forwarded by AEC to TVA in a letter dated December 18, 1972.
The objective of the reanalyses was to show that the plant had been designed so
that the reactors could be shut down and maintained in a safe shutdown condition
following a postulated rupture in the main steam and feedwater systems. The plant
structures, systems, and components important to safety were examined to assure
that they could accommodate such a postulated rupture without compromising the
ability of the plant to be put into a cold shutdown condition.

This appendix provides the documentation to support TVA's position that Browns
Ferry complies with Criterion No. 4 of the AEC's General Design Criteria, listed in
Appendix A of 10 CFR 50, as far as the main steam and feedwater systems are
concerned. The information and analyses contained in Appendix M have been
further supplemented by two separate reports. The title of each of the reports and
the date of its submittal to the Atomic Energy Commission are given below.

"Concluding Report on the Effects of Postulated Pipe Failure Outside of
Containment for Unit 1 of the Browns Ferry Nuclear Plant," DED-TM-PF1,
November 2, 1973.

"Concluding Report on, the Effects of Postulated Pipe Failure Outside of
Containment for Units 2 and 3 of the Browns Ferry Nuclear Plant," DED-TM-PF2,
March 29, 1974.

In addition to these supplemental reports, Reference 4 documents the Browns Ferry
Unit 2 cycle 5 and Unit 3 cycle 6 restart evaluation conducted to assure compliance
with the original pipe rupture licensing commitments and to assure that the original
pipe rupture design basis for the plant has not been invalidated by design changes
subsequent to the original evaluation.

Furthermore, documentation has been previously supplied that describes how
flooding from ruptures in low-pressure fluid systems is accommodated. This
information provides additional confirmation and substantiation that the Browns
Ferry Nuclear Plant is in compliance with Criterion No. 4 of Appendix A, 10 CFR 50,
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as well as Criteria Nos. 40 and 42 of the previous (1967) issue of AEC's General
Design Criteria, which reflected similar requirements as Criterion No. 4.

The steam vault, shown in Figure M.0-1, contains all major steam and feedwater
piping components running between the drywell penetrations and the Turbine
Building. This part of the vault in the Reactor Building is maintained at a slightly
negative pressure during normal reactor operation via the duct connection to the
normal ventilation system. The blowout panel, which seals the vault in the Reactor
Building from the Turbine Building, is designed to be blown out when a pressure of
90 psf exists. (This feature assures the vault in the Reactor Building does not
become uniformly pressurized in excess of the design value of 10 psi.)

M.2 PRESSURE ANALYSES

Most of any major blowdown into the steam vault (inside the Reactor Building or
Turbine Building) is discharged via the Turbine Building to the atmosphere,
whereas a small portion will be discharged to the Reactor Building via the
ventilation duct and labyrinth passageway. Our analysis accounted for the parallel
paths and evaluated the pressure transient and consequential effects of the
blowdown fluid for both paths.

Break locations were considered for the piping arrangement shown in Figure M.O-'1
in accordance with the information request. Both circumferential and longitudinal
breaks were considered; however, only the worst-case pressure transient was
analyzed. That is, the double-ended break of a main steam line near the outboard
isolation valve on the drywell penetration results in the maximum pressure the
structural enclosure willexperience. This maximum pressure included blowdown
from a consequential break of the 4-inch RCIC steam line located in the steam vault
as part of the worst-case analysis. The efflux passing through the steam vault was
assumed to travel over the anchor wall and on through the vault in the Turbine
Building, where it must make a right angle upward, turn, and pass into the room
housing the stop valves, bypass valves, and control valves. From there it exits
through some additional blowout panels and the opening at the front of the turbine
pedestal into the Turbine Building. Then it passes from the Turbine Building to the
atmosphere.

The efflux, passing through the ventilation duct and labyrinth passageway,
discharges into the Reactor Building. The Reactor Building was treated as a large
enclosed volume without leakage or condensation of the efflux in determining the
consequential effects of flow into the Reactor Building.

The blowdown flow rates from the PSAR (D and A report) and FSAR were
compared to assure that we had 'a common starting point. The original design
calculations were made in January 1967, using flow rates from the PSAR to

M.0-2
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establish the 10-psi design value for the steam vault pressure loading. The
idealized flow in Figure M.0-2 was used in our present evaluation for a 5-second
closure of the isolation valves and a time of 0.5 second to sense and initiate closure
(total of 5.5 seconds to close valve). Figure 14.6-16 of the FSAR gives the
idealized flow for a 10-second isolation valve closure and 0.5 second to sense and
initiate closure. The total mass losses for these times and the corresponding total
mass losses given in the PSAR were as follows:

Time FSAR PSAR

5.5 seconds
10.5 seconds

61,200 pounds
185,000 pounds

58,000 pounds
185,000 pounds

The flow, averaged over the 2-phase region of Figure M.0-2, was approximately
14,400 Ib/sec which matches the value quoted in the PSAR. Thus, we conclude
that we had a common basis for our analysis of the maximum pressure transient in
the steam vault.

The maximum pressure transient was calculated for the 2-phase blowdown period
shown in Figure M.0-2 with the following set of assumptions:

a. A steady state flow model,
b. An average flow over the 2-phase regime of 14,400 Ib/sec,
c. A RCIC steam flow of 100 Ib/sec, and
d. A moisture entrainment of 50 percent.

The calculations were made with the anchor wall, the blowout panel area, the
ventilation duct entrance, and the passageway entrance as square-edged orifices.
The right angle turn was treated as a 90-degree miter bend, and the flow into the
room that houses the valves was treated as a sudden expansion. The results of
applying this model gave the maximum pressures along the steam vault flow path
as follows.

Location Pressure

Reactor Building Vault
Turbine Building Vault
Turbine Valve Room

8.1 psig
2.6 psig
0.7 psig

The calculated maximum pressure was 4.9 psig (compared to 8.1 psig) in the 1967
evaluation. However, the original calculation did not include the anchor wall (added
later) or moisture entrainment. The 1967 design value for pressure loading in the
steam vault was taken as 10 psi to provide margin to take care of model
improvements as well as physical layout changes. Some of the margin was used up
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in the latest calculation, but the design value of 10 psig for the steam vault pressure
loading is still adequate. An additional pressure transient analysis was performed
which resulted in a maximum pressure of 9.98 psig. Thus, the original design basis
of 10 psi for the pressure loading in the steam vault was a sound decision and will
continue to be used as the design basis.

The calculational model predicted that a flow of 1000 Ib/sec was discharged into the
Reactor Building during the 2-phase blowdown period and 620 Ib/sec during the
steam blowdown period. The total mass released in the reactor zone was less than
4600 pounds, and it was assumed to mix only with the building air in the reactor
zone of the ventilation system. By assuming no leakage or condensation on the
walls, the maximum pressure rise will be less than 1.4 psi. This pressure rise was
analogous to the pressure changes in the Reactor Building during a tornado. The
effect of tornadoes on the Reactor Building is discussed in paragraph 12.2.2.3.1 of
the FSAR. The transient pressure calculation for a tornado reached a maximum of
1.44 psi, which is higher than the upper limit (1.4 psig) given above. The design
value used for the Reactor Building was 1.75 psig. Thus, by analogy, the Reactor
Building was designed to accept this steam release into the Reactor Building by
virtue of the tornado design considerations.

Pressure transients in the steam vault were less severe for other break locations
than that discussed above. Also, smaller breaks resulted in lower pressures. Since
neither of these pressure transients was controlling, no further analyses were
necessary.

A negative pressure transient could occur at the end of the blowdown, since the
steam vault contained essentially a steam atmosphere that would begin
condensing. Only a small negative pressure transient would be anticipated from
condensation on the vault surfaces and water on the floor. Airwould be drawn from
the Reactor Building and the Turbine Building. Outside air would be drawn into the
Reactor Building through the ventilation system and any relief panels that had been
opened. In the event secondary containment were isolated, the vacuum relief
system would operate. The vacuum relief system would limit the negative pressure
in the Reactor Building.

The Turbine Building volume, ventilation system, and inleakage were sufficient to
prevent large negative pressures in the Turbine Building. (The Turbine Building
was not designed as a low-leakage building; that is, it has huge unsealed doors as
well as a large number of smaller unsealed doors.)

The magnitude of the slightly negative pressure in the steam vault was immaterial,
since the structural enclosure had been designed with symmetrical reinforcing on
each face of the walls and slabs. It was assumed that the vault could take a
negative pressure loading that approaches the internal design pressure loading of
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10 psi. Also, a slightly negative pressure would not be a problem for the Reactor
Building, because it had been designed for an equivalent external pressure loading
of 3.3 psi. However, the Turbine Building was not designed for negative pressures;
but the volume and inleakage are such that large negative pressures cannot be
developed. Thus, any negative pressure transient would be small and, therefore, of
little consequence to the design of the Browns Ferry Nuclear Plant.

M.3 PIPING DESIGN PHILOSOPHY

M.3.1 Pi in From Reactor Vessel Throu h the Anchor Outside the D ell

Steam-feedwater piping components from the reactor vessel nozzles, through the
isolation valves outside the drywell, are critical from the pressure-integrity point of
view, since they serve as part of the reactor coolant pressure boundary. Therefore,
these components are designed, fabricated, installed, tested, and inspected to
quality requirements that are consistent with their importance to safety. These
considerations and requirements were extended to piping beyond the isolation
valves through the anchor. A summary of the considerations given to the various
phases of designing, manufacturing, and installation of the steam-feedwater piping
components is provided below.

Analysis

a. A detailed stress analysis was made by the General Electric MASS computer
program of all significant temperature conditions.

b. The forces, moments, and stresses due to earthquake were calculated from a
detailed dynamic analysis of the system.

c. The stress conditions for all credible emergency and faulted conditions were
analyzed and compared with established limits.

d. All critical points through the system were evaluated completely to the stress
limits of USAS B31.1.0, Power Piping Code.

Materials and Fabrication

a. All butt welds used in fabricating pipe and fittings were completely examined
by radiographic and liquid penetrant methods.

b. The weld processes used were limited to those which provide the highest
quality level achievable by the industry.

M.0-5
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c. All materials were per ASTM specification, and the supplemental requirements
on tension and bending tests were invoked.

d. Quality control programs and quality control records were established to
ensure that all materials and fabrication were in accordance with
specifications.

Erection and Tests

a. All field welds were completely examined by radiographic and liquid penetrant
methods.

b. Erection procedures were carefully worked out in advance, and the installation
of the system was performed in a manner to minimize erection stresses.

c. The weld processes used were limited to those which provide the highest
quality level achievable by the industry.

M.3.2 Pi in from the Anchor Throu h Turbine Inset or Feedwater Pum Dischar e

Piping components running between the anchor outside the drywell and the turbine
stop valves (steam lines) or feedwater pump discharge (feedwater lines) have been
fabricated, erected, inspected, and tested to high quality-assurance requirements.
Deadweight supports have been located to within limits established in USAS
B3I.1.0, 1967 edition which assures the deadweight loading does not produce
stresses in excess of 1500 psi. The wall thickness, including an additional
thickness for corrosion allowance of 0.120 inch, assures the operating pressure
stresses will not exceed the code allowable during the 40-year life of the plant.
Thermal flexibilityhas been provided for in the design, and stresses have been
limited to the extent that the sum of the stresses resulting from the combined
loading of deadweight, pressure, and thermal does not exceed the code allowable
(USAS 831.1.0, 1967 edition). Piping components in this area were not seismically
designed.

M.4 BREAKS POSTULATED AND LOADING EFFECTS CONSIDERED

Circumferential and longitudinal breaks were postulated to occur in accordance with
guidelines provided in the general information request. Breaks were postulated in
piping components in the two main regions of the steam vault as follows.

a. Between drywell penetration and the anchor.

(1) Circumferential and longitudinal at the anchor, and
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(2) Critical crack size postulated to occur at locations considered to have
potential for producing adverse effects on the surroundings.

b. From the anchor through the Turbine Building region of the steam vault to the
steam chest header:

(1) Circumferential and longitudinal breaks at the anchor and at large
changes in flexibility,such as at elbows and tees.

Loading effects considered at all break locations for the circumferential and
longitudinal breaks are as follows:

a. Jet thrust acting at the point of break,

b. Jet impingement loading on surrounding structural walls and components, and

c. Pipe whip impact loading when applicable.

M.5 PIPE RUPTURE LOADS

Theoretical techniques for evaluating dynamic effects such as thrust or blowdown
loads, jet impingement loads, and jet expansion considerations are developed in
References 1 through 3. It is considered beyond the scope of this report to
redevelop those methods here. Where the methods had a direct application, they
became the tools for evaluating the effects considered and have been referenced
as such.

NOTE: See Section M.5.3.3 for current methodology regarding evaluation of jet
impingement loads for source pipes containing steam or flashing subcooled liquids.

Piping components were assumed to sever instantaneously. At the instant the pipe
ruptures, the force (Fi) acting perpendicular to the plane of break is given as:

Fi= P,A8

where P. is the operating pressure in the line and A~ is the break area. This load is
considered to be altered immediately after rupture occurs since, during the highly
transient situation, the opening to atmospheric conditions causes a decompression
wave to form (References 1 and 2). The wave moves along the axis of the pipe and
away from the break, leaving at the break opening. However, the thrust load (F>)
that develops is given by the impulse function (Reference 3) a as:

F~ = PA8 + MV

M.0-7
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where P, M, and V are the pressure, mass flow rate, and velocity of the fluid at the
point of break.

Many simplifying assumptions must be made to evaluate the dynamic effects at the
break. For example, the geometrical character of a split for a longitudinal break is
very uncertain. Therefore, a model such as a short nozzle type was,selected rather
than a sharp-edged orifice which would reduce the computed reaction thrust.
Steady thrust, considering friction effects in piping ducts, is developed in
References 1 and 2 for reactor vessel conditions similar to the Browns Ferry
Nuclear Plant (see Figure 2, Reference 1). For piping systems that have friction
parameters (fL/D)of less than approximately 7, the opportunity for error in
determining the steady thrust load is considerably greater than for larger friction
parameters. Since the steam-feedwater piping is compact in design, the friction
parameter (fL/D)was within the range for which considerable uncertainty exists.
Therefore, pressure losses due to friction were conservatively ignored in evaluating
thrust loading effects at the break points assumed.

Flow limiting devices were considered in evaluating steady thrust effects at break
locations in the steam piping components. Procedures for evaluating the thrust
loads for isentropic flow of a compressible fluid are well established and have been
experimentally verified (Reference 3). Jet thrust loading at the break was
determined by considering steam as a perfect gas with a polytropic gas constant of
1.28 expanding through an ideal nozzle.

For circumferential breaks in the steam piping components, a double-ended break
results since flow from each leg will result. On the reactor side of the break, the
steady thrust load is directly obtainable knowing the break area (A>) to throat
(upstream restrictor) area (A~) ratio. The remaining three lines were conservatively
assumed to blow down through the broken leg opposite the reactor side of the
break. The sum of the flow restrictor areas for the three lines was set equal to the
throat area (A~) in defining the area ratio (AQA~) to establish the blowdown loading
assumed to act on this piping leg.

For longitudinal breaks, blowdown flow may come from either the upstream or
downstream, or both, directions at a break. For sufficiently small breaks, flow rate
is limited by the break itself. If there are restrictions either upstream or downstream
of the break, or both, the sum of the restriction areas is set equal to A~. Note that
maximum thrust is obtained when A@A~ = 1.0. For area ratios less than 1.0, a ratio
of 1.0 was used to establish the thrust load.

M.0-8
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M.5.1 Critical Crack Size Loadin

The critical crack size assumed to occur in piping components was taken to be
one-half of the pipe diameter in length and one-half of the wall thickness in width.
The thrust is defined at the break by the impulse function (Reference 3) as:

F = PA, + M V.

For a compressible fluid such as steam, and assuming choked flow at the cracked
opening, thrust will be maximized. Therefore, the thrust load at the point of break
may be expressed as:

F =PA, (1 + kM')

where:

P = Pressure at the break opening

A, = Crack area

k = 1.28

M = Machnumber=1.

Therefore, the thrust loading assumed to act at the break point for a steam crack is:

Fg = 2.28PA,

The maximum operating pressure was used for evaluating thrust loads for the
critical crack size.

For incompressible fluids such as feedwater, the thrust loading assumed at the
point of break is given as:

Fq=2PA,

where P is the operating pressure.

M.5.2 Jet Ex ansion Considerations

The jet was assumed to expand symmetrically at an angle of 20 degrees and was
considered to be fully expanded or asymptotic at a distance equal to five pipe
diameters. These assumptions are conservatively based upon the jet expansion

,
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considerations developed in References 1 and 2. An example of an application of
the assumptions for jet expansion is shown in Figure M.0-3.

M.5.3 Jet Im in ement Loads

M.5.3.1 FlowAround Circular Tar ets

The reaction loading on a circular target is given as:

Fi = CDPiAi

where CD is the drag coefficient, P; is the pressure of the jet, and Ai is the area of
the target exposed to the jet. The jet pressure (Pi) used in the evaluation is
obtained from the following relationship:

F,
p

A,

where F~ is the thrust force and Ai is the area of the expanded jet at the location of
concern. For breaks in steam-feedwater components, the local Reynolds numbers
along an expanding jet range from 3 x 10 to approximately 9 x 10'ssuming the
velocity of jet remains constant. Published experimentally determined drag
coefficients for Reynolds numbers in this range for cylinders in crossflow range from
0.30 to 0.36. Therefore, 0.36 was used for impingement loading evaluation on
circular objects.

M.5.3.2 Jet Im in ement on a Flat or Concave Surface

The jet impingement loading assumed to act on a flat or concave surface was
assumed to be equal to the thrust load acting at the point of break. The area over
which the load was assumed to act was determined using the jet expansion
considerations discussed above.

M.5.3.3 Jet Im in ement Loadin —Steam/Flashin Li uid Sources

NUREG/CR-2913, "Two-Phase Jet Loads," (Reference 6), evaluated jet pressures
for axisymmetric target geometries for loadings associated with jet sources of
steam/flashing subcooled liquids. Based on findings in this report, it has generally
been concluded that jet impingement loading from steam or flashing subcooled
liquid sources is not significant for targets whose separation distance from the
break source is greater than ten times the inside diameter of the source pipe.

M.0-1 0
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Therefore, for evaluating pipe rupture sources containing steam or flashing
subcooled liquids, the following conclusion shall be utilized:

When the jet consists of steam or flashing subcooled liquid, unprotected
equipment/components located at a distance greater than ten diameters from the
break shall be assumed to be undamaged without further analysis provided that the
environmental qualification of the target is not exceeded.

M.5.4 Break Size

Break size for circumferential breaks was taken to be the flow area for the pipe.
Longitudinal breaks were assumed to have a flow area equal to that of the pipe and
a split length equal to twice the pipe diameter. The longitudinal break orientation
was assumed to be aligned with the longitudinal axis of the pipe and may occur at
any location around the circumference of the pipe.

The critical crack size, defined per the AEC general information guide for
considering breaks, was assumed to have any orientation and was postulated to
occur at those locations which were considered to produce the most adverse
conditions on the surrounding components.

M.6 PIPE BREAK ASSUMPTIONS ANALYSIS AND BREAK LOCATIONS

General assumptions that were applicable to the evaluation of dynamic effects of a
postulated rupture have previously been summarized in paragraph 14.6.5.1 of the
FSAR. Additional assumptions that were applied are as follows.

a. Blowdown loads acting perpendicular to the plane of break were assumed to
cause unrestrained motion of the piping component about the nearest restraint
point, provided a plastic hinge moment was capable of developing.

b. Piping components impacted by another piping component were assumed to
remain functional if they were of equal or greater schedule and of equal or
greater diameter. The reverse condition was assumed to cause a
loss-of-function of the impacted component.

*
For this application, "diameter" is defined to be the inside diameter of the broken
pipe for a circumferential/longitudinal rupture and the equivalent circular diameter
for a critical crack.



M.6.1 Pi e Ru tureAnal sis

Figures M.0-4 and M.0-5 show locations for which design basis pipe breaks were
considered in steam and feedwater-piping components. The types of breaks
(circumferential or longitudinal) and the analyses made are discussed individually
on a case basis. Critical cracks were assumed to occur at random locations
between the drywell penetration and the anchor for both systems. Their location
(not shown in the figures) was postulated to occur where the most adverse
reactions could result.

M.6.2 Case I - Circumferential Break Postulated at Point 1

A break postulated in a steam line constitutes a double-ended break. Jet thrust
loads were assumed to act along the axis of each broken element. The reactor
blows down directly through the leg on the reactor side of the break and by a
reverse of the flow from the steam chest from the three remaining steam lines.

Jet thrust reaction on the reactor side of the break for an AJAY ratio of 2.78 is 0.54
P. A~. This loading is transmitted to the anchor via tie rods (see Figure M.0-1)
connecting the flued head at the drywell penetration with the anchor. The tie rods
may permit a very slight opening to form in the event of a circumferential break.
Steam effluent from this type of break is assumed to jet radially outward from the
crack opening separating the legs of the broken component. The resulting
impingement loading will be no greater per unit length than will be shown for the
critical crack size, which for the steam lines is 15.0-kips per foot. Since a 15.0-kip
load offers no serious loading effects in general, circumferential breaks at point 1 in
the steam line are not expected to jeopardize the ability to shut down and maintain
the plant in a safe condition.

For the feedwater components, the break postulated at point 1 constitutes a
single-ended break. A break in the feedwater line is not considered to be as
serious as the steam line, since the maximum load cannot exceed P, A8 and rapidly
decays immediately after the break occurs.

M.6.3 Case II - Circumferential Break Postulated at Points 2 and 3

The circumferential break can essentially be postulated at any point along the
horizontal axis between the anchor at one end and the elbow at the other. The next
effect is essentially the same for either location. Axial thrust loads for the
double-ended break, identical to those in case I, will be imparted to each broken
element. The anchor is designed to resist the loading associated with the leg
connected to it. A plastic hinge would be expected to occur at the steam chest-pipe
connection at point 5, and the leg would be expected to move away from the anchor
until the north wall of the steam vault in the Turbine Building is struck. While an
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analysis for a more severe break considered in case Vl, below, will show that the
wall can be expected to contain the whipping pipe, consequential failure of the wall
would not cause a failure of the Turbine Building structure that could jeopardize the
reactor or Control Building structure or necessary equipment needed to mitigate the
effects of the postulated break.

In general, the comments above are equally applicable to the feedwater piping.
Since a single-ended break results, the net loading effect will be lower than that
assumed for the steam components.

M.6 4 Case III - Circumferential Break Postulated at Points 4 and 5

A circumferential break assumed to occur either at the nozzle joining the pipe to the
steam chest at point 5 or the pipe to the elbow at point 4 results in a similar
situation. The effect of the jet thrust load will be to cause a plastic hinge to occur at
the anchor (point 2). The pipe will strike the floor of the Turbine Building. Since the
floor is founded on soil and fill, no damage to the Turbine Building structure is
expected that would potentially jeopardize the reactor or Control Buildings or
equipment necessary to effect a safe shutdown of the reactor.

M.6.5 Case IV - Lon itudinal Break Postulated at Point 1

A longitudinal break on the valve side of the anchor provides a more serious
interaction with the surroundings than the circumferential break. The rupture
opening was assumed to be twice the pipe diameter in length (48 inches) for both
the steam and feedwater piping components and a flow area equal to the pipe flow
area.

Jet thrust loads resulting from breaks in the steam lines were based on flow from
both directions to the break with an area ratio AJA> = 1.0. The loading that results
Is:

Fv = 1.26 PoAe

where P, is the maximum operating pressure (1000 psi) for the design power rating
and A~ is the break flow area. Steam-feedwater piping in this area is 24.0-inch OD,
Schedule 80, ASTM A 106, Grade B piping. The steam line thrust load resulting
from this evaluation is 460 kips.

The feedwater-line-break thrust load was defined as Pg~, where P, is the maximum
operating pressure (1250 psi). The feedwater lines do not have upstream
restrictions, and the pressure is assumed to decay rapidly to the saturation pressure
for the temperature of the water. The maximum thrust at the instant the break
occurs is 456.5 kips. Since both the steam and feedwater lines are located in close
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proximity throughout the steam vault, the steam line break thrust was considered as
the limiting load for evaluating dynamic effects.

The RCIC piping connecting the discharge pump to feedwater pipe B outside the
drywell is routed between steam lines C and D. A longitudinal break was postulated
to occur at the location around the circumference of either steam lines C or D, and
the resulting impingement loads were calculated using the model shown in Figure
M.0-6.

For a break in steam line D oriented such that blowdown impinges on the RCIC line,
the area of the jet, A~, at the plane where impingement occurs is 1635 square inches
while the intercepted area of the RCIC line is 260 square inches. The resulting
impingement load is:

F> = 0.36 F~ — = 26.4 kips
Ai

A)

Torsional and bending stresses at the nozzle of the tee connecting the RCIC water
line to the feedwater line for the loading exceeded the code allowable stresses for
the material. Consequently, the RCIC line will be postulated to fail in the event of a
longitudinal break of either steam line B, C, or D.

A direct impingement is not possible from steam line A because of the shielding
effects from steam lines 8 and C. The reduced pressure effects in the jet profile
due to greater expansion in the distance traveled from line A will produce less
severe loading on the RCIC line. Therefore, the RCIC line will not be damaged to
the extent that its capability to function will be jeopardized from breaks in steam line
A.

A similar analysis was performed for the RCIC steam supply line that is located
between steam lines B and C in this area of the steam vault. The 4-inch steam
supply line will not resist the loading from the jet impingement; therefore, it is
assumed that it could fail as a consequential effect of longitudinal breaks in either
steam line A, B, C, or D in this location.

Jet impingement loading evaluations on adjacent main steam and feedwater piping
in the steam vault resulted in pipe stresses within the code allowable stress. These
results are consistent with the current industry approach that piping will not be
damaged from pipe rupture loads originating in adjacent piping of equal nominal
size and schedule.

M.0-14



BFN-16

M.6.6 Case V - Lon itudinal Breaks Postulated at and Between Points 2 and 3

Longitudinal breaks postulated in piping components in this region of the steam
vault will impart jet loads on surrounding piping components. Also, plastic hinges
may be developed which will permit the ruptured component to strike surrounding
components and/or structures.

The break considered as the most severe from the standpoint of assuring structural
integrity is considered in case Vl. There are no mechanical or electrical systems in
this region that must be relied upon to mitigate the effects of the break. Since these
breaks are postulated to occur downstream of the anchor separating the isolation
valves from the failure locations, the integrity and the operability of the valves can
be maintained.

M.6.7 Case Vl - Lon itudinal Break Postulated at the Elbow in Main Steam Lines
Turbine Buildin

This break was assumed to occur along the longitudinal axis of the elbow such that
the resulting thrust loading would tend to drive the pipe against the steam vault wall.
The purpose of this postulated break was to evaluate loading in the wall caused by
the pipe impact and to determine the design margin for failure of the wall. A sketch
of the steam piping component considered, along with pertinent analytical detail, is
shown in Figure M.0-7.

At the instant the break occurs, a thrust load (F>) of 460 kips was assumed to act
along the opening. The magnitude of the thrust load was such that elastic
resistance in the piping components at points A and C that counteracted the thrust
load was overcome. Therefore, plastic moments were shown to develop at those
hinge points.

When the pipe impacts against the wall, three separate loads will be considered to
act simultaneously during the time the pipe is brought to rest. They are:

a. Uniform pressure in the steam vault of 2.6 psi,

b. Jet thrust load assumed to continue to be applied for a finite time after impact,
and

c. Loading associated with the deceleration of the whipping pipe.

The pipe was assumed to be brought to rest, provided the structure could be shown
to be capable of withstanding the loading assumed. The analysis of the wall
supporting these loads will demonstrate the assumptions are justified.

M.0-15
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A plastic hinge was assumed to develop in the piping component when the fully
plastic bending moment is exceeded. The bending moment for a plastic hinge to be
developed in piping components is given as follows:

(R. - R,)
4 3

where R, and Ri are the outer and inner radii and m is defined for a carbon steel
material to be the minimum yield stress for the operating environment considered.
The material used in the fabrication of the piping was assumed to behave in an
elastic perfectly plastic manner.

Since the horizontal and vertical piping lengths are long (56.26 and 36.28 feet)
compared to the deflection required to cause the pipe to strike the wall (2 feet), it is
conservative to assume the two legs A-B and B-C are connected by an idealized
joint that permits only bending to occur. The torsional component may be ignored
and pure bending will be assumed to exist in each leg. The total load to produce a
plastic hinge can be assumed to be made up of two components, one being the
force required to cause a plastic hinge at A and the other to cause a hinge at C.
The sum of these forces, being less than the jet thrust loading at the break, will
demonstrate that a plastic hinge will be developed at the hinge points (A and C).

M~ ~4 )
Ro R~)

L(A-8) 3 L(A-8)

For A 106, Grade B, at 545F,

cJ y Yield stress = 27,000 psi

R. =, 12.0 in., Ri = 10.78 in., L«.» = 56.26 ft

FA = 25,328 lb.

Similarly, for the force required to cause a plastic hinge at C,

M.0-1 6
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F, = = 39,277lb.
Mp

I-p-c)

FA + Fc = 64.6 kips < 460.0 kips.

Consequently, a plastic hinge will be formed at points A and C.

The jet thrust loading at the elbow was assumed to accelerate the pipe until the wall
was struck, at which time the pipe was assumed to deform while decelerating, until
brought to rest with no rebound from the wall. The loading at the wall during
deceleration was considered from an energy point of view by equating the kinetic
energy at the instant of contact with the energy required to deform the pipe in
bringing it to rest.

The wall is constructed of reinforced concrete that is 4-feet 6-inches thick. The pipe
was considered to be structurally weaker than the wall and was assumed to locally
deform to the extent that the kinetic energy of the whipping pipe could be absorbed
by the deformation in the pipe. The pipe-crushing load per linear foot of contact
with the wall, during the decelerating stages, was calculated to be 33.2 kips. It will
be demonstrated in the wall analyses below that the pipe-crushing load is low
compared with the load-carrying capability of the reinforced concrete wall.
Therefore, it is reasonable to assume that pipe deformation can be considered as a
means of dissipating the kinetic energy of the whipping pipe.

The loading assumed to act simultaneously on the steam vault wall during the
deceleration stages of impact, and for a sufficiently long period that is greater than
the natural period of the structure, is:

a. A uniform pressure of 2.6 psi,

b. A uniform load of 33.2 kips/feet applied along the length of the wall calculated
for each leg of the piping sections, and

c. A concentrated jet thrust load (460 kips) assumed to be distributed along the
assumed longitudinal break in the elbow.

M.6.8 Case Vll - Critical Crack Loadin

The critical crack was applied at those locations considered to be capable of
producing the most adverse effects. The resulting jet was assumed to expand in
the same manner as for the large breaks. The magnitude of the load was
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determined using the expressions developed in Subsection M.5.1. A summary of
the loads for the steam and the feedwater systems is given below.

~Sstem

Main steam
Feedwater

Maximum
Operating Pressure

1000
1250

Break
Area,
|n

6.57
6.57

Thrust
Load

~ki s

14.98
16.43

The layout of the piping is such that no significant loading effects from the critical
ciack will be imparted to mechanical components. The most adverse location for
the crack was considered to be in steam line A in the vicinity of the free-standing
block wall in the Reactor Building part of the steam vault. A steel plate, sized to
resist the jet impingement loading, has been attached to the wall to protect the
isolation capabilities of the wall and to assure excessive steam is not dumped into
the Reactor Building.

M.6.9 Additional Hi h Ener Line BreakAnal sis

1. Reactor Building

In addition to the main steam lines and main feedwater lines, the following high
energy lines are located in the Reactor Building:

(1) High Pressure Coolant Injection (HPCI) steam supply to the pump
turbine (design pressure and temperature of 1146 psig and 562'F,
respectively - saturated steam)

(2) Reactor Core Isolation Cooling (RCIC) steam supply to the pump turbine
(design pressure and temperature of 1146 psia and 562'F, respectively-
saturated steam)

(3) Reactor Water Cleanup (RWCU) System (maximum design pressure
,
and temperature of 1300 psig and 564'F, respectively - subcooled
liquid).

Both double-ended circumferential ruptures and critical cracks were postulated
for the piping systems listed. The mass and energy (MRE) releases for these
breaks were generated using the RELAP5 computer code. The steam supply
lines isolate automatically on high flow following a double-ended break. The
steam supply line critical cracks and all RWCU breaks are detected by
temperature switches located in the vicinityof the high energy piping which
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assures rapid detection and isolation. In addition, MRE releases for
intermediate breaks were calculated for the steam supply lines. An
intermediate break is defined as the largest break not detectable by the high
flow sensors. The intermediate breaks rely on the temperature switches for
break detection. Isolation times for each break include break detection time
and valve stroke time. The signal process time is negligible when compared
with the detection and valve stroke times. The sensors used are redundant,
Class 1E, and electrically trained. Break locations were chosen based on pipe
routing within the Reactor Building such that all critical areas were analyzed.

A multi-node model of the Reactor Building was developed for input into the
MONSTER computer code. The Reactor Building was divided such that each
room was a separate compartment. The general floor areas (i.e., elevations
519.0', 565.0', 593.0', 621.0', and 639.0') were further subdivided into
quadrants to better represent the flow paths around the centrally located
containment. The model includes all flow paths (e.g., doorways, stairwells,
blowout panels, and ductwork) between various compartments, and concrete
and metal heat sinks. The Uchida heat transfer coefficient was used on all
heat structures with a revaporization fraction of .08. A deentrainment rate
(rate at which liquid water in the atmosphere region of each compartment is
removed and deposited in the pool region) was set so that all liquid is removed
each time step.

The M&E releases and Reactor Building model were input to the MONSTER
computer code to determine the environmental response of the Reactor
Building to the high energy line breaks. The bounding breaks for individual
systems within each break compartment were determined based on the total
M8 E releases. Temperature, pressure, and relative humidity peak values and
bounding profiles were generated for each room within the Reactor Building.
The high energy line break analyses results are reflected in the environmental
data drawings (47W225-series-Unit 2 and 3-47E225-series - Unit 3).

Radiation Environment

The radiation environments inside the drywell and in the Reactor Building after
a design basis LOCAwere calculated consistent with the requirements of IE
Bulletin 79-01B and NUREG-0588.

Initial airborne sources in the drywell were calculated assuming an
instantaneous release of 100 percent of the core inventory of iodine. Transfer
of iodine from the drywell free volume to the water in the torus was
conservatively calculated as a function of time until the airborne concentration
was reduced by a factor of 200 (considered to be at equilibrium). Sources in
the water in the torus were calculated assuming an instantaneous release of 1
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percent of the core inventory of the solid fission products and the iodine
transferred from the drywell. Airborne activity in the Reactor Building was
calculated based on a design basis leak rate from the primary containment and
design flow of the SGTS.

Source terms were calculated at various times after an accident allowing for
decay and dose rates with a point-kernel-with-buildup computer code.
Radiation exposures in the Reactor Building due to recirculation of the torus
water through the RHR and containment spray systems were also calculated.
These dose rates were then integrated over the duration of the accident.

3. Main Steam Valve Vaults

The high energy lines in the valve vaults are the main steam lines and the
main feedwater lines. Breaks in the main steam line are controlling from an
environmental standpoint due to the large line size and the high energy
associated with the steam. Conditions of the main steam are 550'F, 1050
psia, quality - 1.

A double-ended rupture of the main steam, coincident with a break of the
4-inch RCIC steam line, was evaluated. Mass and energy releases are as
described in Section M.2 for the 5.5 second closure. Break flowwas
terminated by isolation of the main steam lines based on signals from
safety-related sensors.

4. Operation Environmental Conditions

A listing of environmental service conditions is tabulated on the environmental
data drawings (47W225-series - Unit 2 and 3-47E225-series - Unit 3). The
service conditions considered were pressure, temperature, humidity, and
radiation. Normal and abnormal space ambient temperatures for nonaccident
conditions were obtained from information used in the initial design phase of
the plant in conjunction with data accumulated at the plant site in various
spaces, for all units, under extreme outside temperature conditions (100'F
outside atmosphere). Pressures and temperatures for accident conditions
were obtained from transient curves and analysis which studied the effects of a
LOCA on reactor zone spaces. Environmental service and conditions were
considered only in the reactor zone, refueling zone, and primary containment.
The control bay and electrical board room were not considered, since their
atmospheres did not interface with the reactor zone environment. The
environmental table of service conditions was developed for various plant
conditions including the following: normal average day, abnormal conditions
(outside temperature 96'-1 00'F maximum river water temperature)
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LOCNHELB inside containment, HELB outside primary containment, and
tornado (sudden pressure drop by 3 pounds per square inch).

M.7 STRUCTURAL ANALYSIS

The structural investigation showed that failure of the walls and slabs enclosing the
vault will occur via shear if failure loading is applied, with the possible exception of
the west- and east-side walls in the Turbine Building. The potential shear failures
are of the diagonal tension type, as distinguished from peripheral shears closely
surrounding load concentrations, or shears between a compressive type support
and a "critical section" for shear located "d" distance away. All of these members
were constructed of concrete for which 3000-psi compressive strength at 28 days
was specified on the drawings and in the design. At age 1 year, a 75-percent
increase above 28-day strength is indicated by TVAtests on fly-ash concrete. This
additional strength was not generally applied in these calculations. On cross
sections with shear reinforcement

(2 Jf, = 2 43000),

110 psi is considered to be the point of failure in diagonal tension.

Each loading case consisted of the 460-k jet load applied to an area which varies
with distance from pipe break location plus uniform pressure loading outside the jet
area. Concrete dead load was included. A dynamic load factor of 2.0 was applied
to all loads and the calculations were conducted to determine the particular value of
the uniform load which resulted in a failure condition.

Allwalls and slabs involve flexure in two or more directions. Determination of
flexural failures was by yield line analysis, which rests largely on the work of
Hognestad (Reference 5). Except for the east and west walls in the Turbine
Building, all flexural failure mechanisms are shown to be weaker in shear than in
bending. Shear failure calculations were repeated for shear distributions without
consideration of shear redistribution due to the development of all yield lines.

In the Reactor Building, with the 2.0 dynamic load factor, all members will carry the
460-k jet load, plus at least 15-psi steam pressure, without exceeding the failure
load.

In the Turbine Building, no member willfail under the application of the stated
loads, with a 2.0 dynamic load factor, with the possible exception of the closure
panel in the north wall of the chamber. This panel, with a 2.0 dynamic load factor,
will carry the 460-k jet load at midpanel, plus 1.1-psi pressure. For eccentric
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application of the jet load, it becomes necessary to rely on the extra strength
provided by the age of the concrete. Generally, any increase in additional strength
greater than the 28-day strength is an added safety factor.

M.8 EFFECTS ON SAFETY-RELATED COMPONENTS AND STRUCTURES

When originally submitted, the information in Appendix M was valid. TVA's
responses to IEB 79-01B, "Environmental Qualification of Class 1E Equipment,"
dated October 31, 1980, and supplements thereto, and the revised Order for
Modification of Licenses dated September 19, 1980, provide updated information.
This later information is reflected in Subsection 6.9 of Appendix M.

The safety-related components inside the Reactor Building were examined for the
environmental effects of the steam issuing from a postulated failure in a main steam
line or feedwater line in the steam vault. Of most concern were electrical
components, such as the RHR motors, core spray motors, isolation valve motors,
480-V MOV board 1C, power cables, and control cables. These components had to
be evaluated for operability in a high-humidity environment resulting from the steam
((4600 pounds) that entered the Reactor Building. The mixed-mean temperature
was raised to less than 125'F and a relative humidity that approached 100 percent.

All of these electrical components were examined and found to be essentially
unaffected by the temperature and humidity. A type test of the motors has been
conducted in a steam environment, and they have been shown to work during and
after the test. All of the safety-related isolation valves are Limitorques. Those with
type H insulation have been type-tested for service inside the drywell at >300'F and
a steam environment. Those with type B insulation have'also been tested. All of
the power and control cabling would survive these environmental conditions. The
MOV board components all have covers and probably would not be adversely
influenced by the humidity or temperature. If the board remains in good working
order, all of the essential functions would be available for the operator to establish
normal shutdown cooling after the reactor is depressurized. Should the board fail
before that time, the reactor would be cooled by another means that does not
depend on MOV board 1C. Such a method of cooling would be to depressurize the
reactor via the main steam relief valves and then to use the main steam relief valves (

for continued boiloffat low pressure. Makeup would be supplied by the core spray
systems. The steam would be condensed in the torus, while the torus would be
cooled by the RHR pumps, heat exchangers, and RHRSW pumps. Thus,
components of most concern were judged to be acceptable for service in the
environment created when steam entered the Reactor Building from the steam vault
or an alternate method of coping with failures was available. Therefore, the reactor
could be put into a safe condition and maintained indefinitely.
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The drywell, torus, and all equipment they contain would not be adversely affected
by the pressure, temperature, and humidity in the Reactor Building. The maximum
calculated pressure ((1.4 psi in Section M.2) would be less than the external design
pressure (2.0 psi) for the drywell and torus. However, the drywell and torus vacuum
breakers would open and admit sufficient reactor zone mixture to equalize the
pressure. All of the safety-related components inside the drywell have been
designed to function in such an environment and tested for the service conditions.
The temperature would be much less than the primary containment design
temperature of 281'F. The humidity would not cause any short-term damage.
Therefore, the primary containment and equipment inside would continue to perform
without any degradation to their normal function.

Another safety-related component that could be affected is the SGTS. The
temperature and humidity would be below its acceptable range ((140'F and
100-percent relative humidity). The performance of the SGTS would be degraded
with the blowout panel removed from the steam vault. That is, the amount of
negative pressure the SGTS could establish in the Reactor Buildings would be
reduced. However, the steam line-break offsite radiological dose calculations
reported in FSAR Subsection 14.6 do not depend on the functioning of SGTS.
Thus, the reduction in effectiveness of the SGTS would not result in any higher
offsite doses and, therefore, was acceptable for a high-pressure pipe failure in the
steam vault.

Other safety-related components, such as the diesel generators, RHRSW pumps,
EECW pumps, and essential air-conditioning equipment, are located where they
cannot be influenced by either the dynamic effects or the environmental effects of a
high-pressure pipe failure in the steam vault. Therefore, they would be available to
mitigate the consequences of a postulated pipe failure in the main steam and
feedwater systems outside the containment.

None of the safety-related structures, such as the intake pumping station, Diesel
Generator Buildings, Control Building, and the two remaining reactor zones, would
be jeopardized by the failure of a steam line or feedwater line in the steam vault.
There are no direct or indirect passageways that would admit any of the steam to
the pumping station or the diesel buildings. The Control Building and the other
reactor zones are connected together via personnel access locks. The high
temperature and high humidity in one reactor zone resulting from a postulated
steam vault pipe failure could possibly spread, but not very likely, through these
access locks. Any inleakage of these environmental effects into the Control
Building would be quickly dissipated in the air-conditioning systems in the Control
Building. The perturbation on the temperature and humidity would probably not be
noticed by the operators or the equipment in the Control Building. Any crossflow to
the other reactor zones would be of much less concern than the environmental
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effects discussed above for the Reactor Building, with the postulated failure in its
steam vault.

Any environmentally-induced temperature and humidity effects that would migrate to
the common refueling floor would be felt in all three units. However, the only
safety-related component that could be affected would be the SGTS, which has
been previously discussed.

In addition to the evaluations performed for environmental effects of the main steam
line and main feedwater line breaks, the safety-related components inside the
Reactor Building were examined for the environments resulting from high energy
line breaks discussed in section 6.9. These evaluations are documented in the
BFN Equipment Qualification Program Binders.

IVI.9 ADDITIONALWORK

As a result of the evaluation of both the dynamic and environmental effects of a
postulated failure in the main steam and feedwater systems inside the steam vault,
a decision was made to increase the stiffness of the steel plate covering the
stacked block wall (see Subsection M.6.8). The stiffness was added to assure that
the plate does not fail and result in additional steam release into the Reactor
Building during a postulated steam vault pipe failure. The stiffened plate was,
designed for a 10-psi uniform pressure and a 17-kip concentrated load at the worst
location. A working stress analysis was used, and the maximum stress was limited
to 90 percent of the yield stress. In addition, an ultimate analysis was performed
with at least a 15-psi uniform pressure, a 17-kip concentrated load, and a dynamic
factor of 2 applied to both loads. This additional analysis was performed to
demonstrate the amount of margin available in the strength of the stiffened plate
and to provide assurance that the stacked block wall does not fail. The stiffened
plate was installed on Unit 1 at the first refueling outage. Stiffened plates for Units
2 and 3 were installed before those units exceeded 1 percent power.

M.10 SUMMARYAND CONCLUSIONS

This report provides partial documentation for the dynamic effects and
environmental conditions resulting from a postulated failure in the main steam and
feedwater systems outside the containment. The reanalysis of the consequences of
the postulated event are complete, and this report supports TVA's position that the
Browns Ferry Nuclear Plant complies with Criterion No. 4 of the AEC General
Design Criteria as listed in Appendix A, 10 CFR 50. That is to say, all of the
postulated break locations, dynamic loads, environmental conditions, structural
analyses, and safety-related component evaluations reported herein would not
prevent Browns Ferry from being shut down and maintained in a safe shutdown
condition for the accident considered.
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The qualification of safety-related electrical equipment is further addressed in TVA's
responses to IEB-79-01B and supplements thereto, and the revised Order for
Modification of Licenses, dated September 19, 1980.
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17

16

17

17

17

16

16

16

16

17

17

16

16

16

17

16

16

16
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7.12-3

BFN-17

EFFECTIVE PAGE LISTING

Amendment Number

17

16

7.12-4 17

7.12-5 through 7.12-6

7.12-7 through 7.12-1 3

Table 7.12-1

Table 7.12-2 (Deleted Sheet)

Figure 7.12-1 (Deleted Sheet)

Figure 7.12-2a, Sheets 1 and 2

Figure 7.12-2a, Sheet 3

Figure 7.12-2a, Sheets 4 through 6

Figure 7.12-2b, Sheet 1

Figure 7.12-2b, Sheet 2

Figure 7.12-2b, Sheets 3 and 4

Figure 7.12-2b, Sheets 5 and 6

7.13-1 through 7.13-4

Table 7.13-1 (Deleted Sheet)

Table 7.13-2, Sheets 1 through 7

Figure 7.13-1 (Deleted Sheet)

16

17

16

16

16

17

16

16

17

16

17

17

16

16

16
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7;=1 4-1

7.14-2

7.15-1

7.16-1

7.16-2 through 7.16-9

Tables 7.16-1 through 7.16-2 (Deleted Sheets)

Figure 7.16-1 (Deleted Sheet)

7.17-1 (Deleted Sheet)

Tables 7.17-1 through 7.17-2 (Deleted Sheet)

Figures 7.17-1 through 7.17-9d (Deleted Sheet)

P'.18-1through 7.18-5

7.19-1 through 7.19-5

Amendment Number

16

17

16

16

17

16

16

16

16

16

17

17

8.0-i through 8.0-iii

8.0-iv through 8.0-vii

8.1-1 through 8.1-4

8.2-1

Chapter 8

16

.17

17

8.2-2 16
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8.3-1

8.3-2

8.3-3 through 8.3-5

Figure 8.3-1 (Deleted Sheet)

Figure 8.3-2

Figure 8.3-2a

Figures 8.3-3 through 8.3-5

Figures 8.3-6 through 8.3-6a

Figure 8.3-7 (Deleted Sheet)

Figures 8.3-7a through 8.3-17 (Deleted Sheet)

8.4-1

Amendment Number

17

16

17

16

17

17

16

17

16

17

16

8.4-2 through 8.4-1 5

8.4-16

8.4-1 7. through 8.4-20

Table 8.4-1, Sheets 1 through 2

Table 8.4-1, Sheet 3

Table 8.4-1, Sheets 4 through 5

Table 8.4-1, Sheet 6

Table 8.4-1, Sheet 7

17

16

17

16

17

16

17

16
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EFFECTIVE PAGE LISTING
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Table 8.4-1, Sheets 8 through 10

Table 8.4-1, Sheets 11 through 19

Tables 8.4-2 through 8.4-14 (Deleted Sheets)

Figures 8.4-1a through 8.4-1b

Figures 8.4-2 though 8.4-3

Figure 8.4-4

8.5-1 through 8.5-4

8.5-5 through 8.5-6

8.5-7 through 8.5-1 3

8.5-1 4 through 8.5-15

8.5-1 6

8.5-17

8.5-18

8.5-1 9

8.5-20

Table 8.5-1

Amendment Number

17

16

16

17

17

16

17

16

17

16

17

16

17

16

17

16

Tables 8.5-2 through 8.5-2a (Deleted Sheets)

Tables 8.5-3 through 8.5-4 (Deleted Sheets)

Table 8.5-5

16

16

16
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EFFECTIVE PAGE LISTING

Pa e Number Amendment Number

Table 8.5-6

Tables 8.5-7 through 8.5-9 (Deleted Sheets)

Figure 8.5-1

Figure 8.5-2, Sheets 1 through 3

Figure 8.5-2, Sheets 4 through 6

Figures 8.5-3a through 8.5-3b

Figures 8.5-4a through 8.5-4h

Figures 8.5-5 through 8.5-6

Figure 8.5-7 (Deleted Sheet)

Figures 8.5-7a through 8.5-7b

Figures 8.5-7c through 8.5-7f

Figure 8.5-8 (Deleted Sheet)

Figures 8.5-8a through 8.5-8b

Figures 8.5-8c through 8.5-8f

Figures 8.5-9a through 8.5-9b

Figures 8.5-9c through 8.5-9d

Figures 8.5-10 through 8.5-11

Figures 8.5-11a

Figures 8.5-11b (Deleted Sheet)

17

16

16

16

17

16

17

16

16

16

17

16

16

17

16

17

16

16
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Figure 8.5-11c

Figure 8.5-1 1d

Figure 8.5-1 2a

Figures 8.5-1 2b through 8.5-12c

Figure 8.5-1 3a

Figure 8.5-1 3b

Figures 8.5-1 3c through 8.5-1 3e

Figure 8.5-14 (Deleted Sheet)

Figure 8.5-14a through 8.5-14c

Figure 8.5-1 5

Figures 8.5-16a through 8.5-16c

Figure 8.5-1 7

Figure 8.5-1 8

Figures 8.5-1 9 through 8.5-21 (Deleted Sheets)

Figure 8.5-22

Figure 8.5-23 (Deleted Sheet)

Figure 8.5-24

8.6-1

Amendment Number

16

17

17

16

16

17

16

16

16

16

16

17

,16

16

16

16

16

17

8.6-2 16
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'PN

N

8.6-3 through 8.6-5

Table 8.6-1

Table 8.6-3 (Deleted Sheet)

Figure 8.6-1 a through 8.6-1 f

Figure 8.6-2a through 8.6-2c

Figure 8.6-3

Figure 8.6-4 (Deleted Sheet)

Figures 8.6-5 through 8.6-6

8.7-1 through 8.7-4

Figure 8.7-1

Figure 8.7-2 (Deleted Sheet)

Figure 8.7-3

Figure 8.7-4a

Figure 8.7-4b, Sheets 1 and 2

Figure 8.7-4c, Sheets 1 and 2

Figure 8.7-4c, Sheet 3

Figure 8.7-4d

8.8-1 through 8.8-2

8.8-3 through 8.8-4

Amendment Number

17

17

16

16

17

16

16

16

17

16

16

16

17

17

16

17

16

17

16
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EFFECTIVE PAGE LISTING

Amendment Number

Table 8.8-1 through 8.8-2 (Deleted Sheet)

Table 8.8-3

Figure 8.8-1 (Deleted Sheet)

Figure 8.8-2 (Deleted Sheet)

Figure 8.8-3 (Deleted Sheet)

8.9-1 through 8.9-3

8.9-4 through 8.9-6

8.9-7

8.9-8 through 8.9-13

Table 8.9-1 (Deleted Sheet)

Figure 8.9-1 (Deleted Sheet)

8.10-1

16

17

16

17

16

17

16

17

16

16

16

16

9.0-i

9.0-ii

9.0-iii

Chapter 9

17

16

17

9.1-1

9.2-1 through 9.2-7

17

17
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EFFECTIVE PAGE LISTING
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Tables 9.2-1 through 9.2-3

Table 9.2-4, Sheets 1 and 2

Figures 9.2-1 a through 9.2-1b

Figure 9.2-2 (Deleted Sheet)

Figure 9.2-3a

Figures 9.2-3b through 9.2-3k

Figure 9.2-3L

Figures 9.2-3m through 9.2-3t

Figure 9.2-4

Figures 9.2-4a through 9.2-4f (Deleted Sheet)

9.3-1 through 9.3-5

Figures 9.3-1 a through 9.31b (Deleted Sheet)

Figure 9.3-2a through 9.3-2b (Deleted Sheet)

9.4-1 (Deleted Sheet)

9.5-1 through 9.5-12

Table 9.5-1, Sheet 1

Tables 9.5-1, Sheet 2 through 9.5-2

Table 9.5-3, Sheets 1 and 2

Table 9.5-4, Sheets 1 through 3

Amendment Number

16

17

16

16

17

16

17

16

16

16

17

17

17

16

17

16

17

16

17
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Pa e Number

Table 9.5-5, Sheets 1 through 5

Tables 9.5-6 through 9.5-7

Figure 9.5-1, Sheets 1, 2, 3, and 4

Figure 9.5-2

Figure 9.5-3

Amendment Number

16

16

17

17

16

Chapter 10

10.0-i through 10.0-iii

10.0-iv through 10.0-ix

10.1-1

10.2-1 through 10.2-3

Figures 10.2-1 a through 10.2-1b

Figure 10.2-2

10.3-1 through 10.3-3

10.3-4 through 10.3-5

Figure 10.3-1 (Deleted Sheet)

Figure 10.3-2

10.4-1 through 10.4-7

Table 10.4-1

16

17

16

16

16

17

16

16

17

17

17
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Amendment Number

Figures 10.4-1 through 10.4-6 (Deleted Sheets)

Figure 10.4-7

10.5-1 through 10.5-7

Table 10.5-1

Figure 10.5-1 a

Figure 10.5-1b, Sheets 1 and 2

Figure 10.5-1b, Sheets 3 and 4

Figure 10.5-1 c through 10.5-1 d

Figure 10.5-2, Sheets 1, 2, 3, and 4

Figure 10.5-3 through 10.5-4 (Deleted Sheets)

Figures 10.5-4a through 10.5-4b

Figures 10.5-4c through 10.5-4d

10.6-1 through 10.6-3

Table 10.6-1

Tables 10.6-2 through 10.6-3b

Figures 10.6-1a through 10.6-1 b

Figure 10.6-1 c

Figure 10.6-2a

Figures 10.6-2b through 10.6-2d

16

16

17

17

17

'6
17

17

17

16

16

17

17

16

17

16

17

16

17
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Amendment Number

10.7-1 through 10.7-2

Figure 10.7-1 a, Sheets 1, 2, and 3

Figure 10.7-1b, Sheets 1 and 2

Figure 10.7-1b, Sheet 3

Figures 10.7-1b, Sheets 4 through 6

Figure 10.7-2, Sheets 1 through 3

Figure 10.7-2, Sheets 4 and 5

10.8-1 through 10.8-2

10.9-1 through 10.9-4

Figure 10.9-1 a, Sheets 1, 2, and 3

Figure 10.9-1 b

Figures 10.9-2a through 10.9-2c

Figure 10.9-2d

Figures 10.9-3 through 10.9-4

10.10-1 through 10.10-4

Figure 10.10-1 a

Figures 10.10-1b through 10.10-1 c

Figure 10.10-1 d

Figure 10.10-2

17

17

17

16

17

16

17

17

17

17

16

16

17

16

17

17

16

17

16
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Figure 10.10-3, Sheets 1 through 3

Figure 10.10-3, Sheet 4

Figure 10.10-4 (Deleted Sheet)

Figures 10.10-4a through 10.10-4b

10.11-1

Figure 10.11-1 (Deleted Sheet)

Figures 10.11-1 a through 10.11-1b (Deleted Sheet)

Figures 10.11-2 through 10.11-1 2 (Deleted Sheet)

10.12-1 through 10.12-2

10.12-3 through 10.12-11

Figure 10.12-1

Figure 10.12-2 (Deleted Sheet)

Figure 10.12-2a

Figure 10.12-2b

Figure 10.12-2c

Figure 10.12-3

Figure 10.12-4

Figure 10.12-5

Figure 10.12-6

Amendment Number

16

17

16

16

16

16

16

16

16

17

16

16

17

16

17

17

16

17

16
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Pa e Number Amendment Number

Figure 10.12-7 through 10.12-8

10.13-1 through 10.13-2

Figure 10.13-1, Sheets 1 and 2 (Deleted Sheet)

10.14-1 through 10.14-6

Figure 10.14-1, Sheets 1 through 3

Figure 10.14-2a

Figure 10.14-2b

Figure 10.14-3

Figure 10.14-4, Sheets 1 through 5

10.15-1

10.16-1

10.16-2 through 10.16-3

10.17-1

10.17-2 through 10.17-5

Table 10.17-1, Sheet 1

Table 10.17-1, Sheet 2

Tables 10.17-1, Sheet 3 through 10.17-2

Figure 10.17-1 a

Figures 10.17-1b through 10.17-1 c, Sheets 1 and 2

17

17

17

17

16

17

16

16

17

17

16

17

17

17

16

17

17

16
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Figure 10.17-1 d through 10.17-1 f

Figure 10.17-2

10.18-1

10.18-2 through 10.18-7

Figures 10.18-1 through 10.18-2

Figure 10.18-3 (Deleted Sheet)

Figure 10.18-4

Figures 10.18-5a through 10.18-5b (Deleted Sheet)

Figure 10.18-6 (Deleted Sheet)

10.19-1

10.20-1 through 10.20-2

10.21-1 through 10.21-2

10.21-3

Table 10.21-1

Figure 10.21-1 through 10.21-2

Figures 10.21-3 through 10.21-4

10.22-1 through 10.22-2

Amendment Number

16

16

17

17

16

17

16

16

16

16

17

16

16

16

17

17
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Chapter 11

Amendment Number

11.0-i through 11.0-ii

11.0-iii through 11.0-iv

11.1-1

Figures 11.1-1 a through 11.1-1 b

Figures 11.1-1 c through 11.1-1 d

11.2-1 through 11.2-4

11.3-1 through 11.3-2

11.4-1 through 11.4-2

11.5-1

11.6-1 through 11.6-7

Figures 11.6-1 through 11.6-2

Figure 11.6-3, Sheet 1

Figure 11.6-3, Sheets 2 and 3

Figure 11.6-3, Sheets 4 and 5

Figure 11.6-4

11.7-1 through 11.7-3

Figure 11.7-1

Figure 11.7-2

16

17

17

16

17

17

17

17

17

17

17

17

16

17

17

17

17
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Amendment Number

11.8-1 through 11.8-5

Figure 11.8-1, Sheet 1

Figure 11.8-1, Sheet 2

Figure 11.8-1, Sheets 3 and 4

11.9-1 through 11.9-6

Table 11.9-1

Figures 11.9-1a through 11.9-1b, Sheets 1 through 3

Figures 11.9-2 through 11.9-3

Figure 11.9-4

17

17

16

17

17

17

16

16

17

12.0-i

12.0-i>

12.0-I'll

12.0-iv through 12.0-vi

12.1-1

Chapter 12

16

17

16

17

17

12.2-1 17

12.2-2 through 12.2-4

12.2-5 through 12.2-6

16

17

43



BFN-17

EFFECTIVE PAGE LISTING

~P ~ b

12.2-7 through 12.2-11

12.2-12

12.2-13 through 12.2-1 8

12.2-19

12.2-20 through 12.2-26

12.2-27 through 12.2-83

Tables 12.2-1 through 12.2-16

Tables 12.2-16.1 through 12.2-16.3 (Deleted Sheets)

Table 12.2-1 6.4

Table 12.2-1 7

Tables 12.2-1 7.1A through 12.2-1 7.1C

Tables 12.2-18 through 12.2-22 (Deleted Sheets)

Tables 12.2-23 through 12.2-30, Sheet 2

Table 12.2-31 (Deleted Sheet)

Tables 12.2-32 through 12.2-39, Sheet 2

Tables 12.2-40 through 12.2-45

Figure 12.2-1 (Deleted Sheet)

Figure 12.2-2

Figure 12.2-2a (Deleted Sheet)

Amendment Number

16

17

16

17

16

17

16

16

17

16

16

16

16

16

16

16

17

16

16
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Figures 12.2-2b through 12.2-2d

Figures 12.2-3 through 12.2-8

Figures 12.2-9 through 12.2-20 (Deleted Sheet)

Figures 12.2-21 through 12.2-22d

Figures 12.2-23 through 12.2-24, Sheets 1 through 3

Figure 12.2-25, Sheet 1

Figure 12.2-25, Sheets 2 and 3

Figure 12.2-26

Figure 12.2-27 (Deleted Sheet)

Figures 12.2-27A through 12.2-27C

Figures 12.2-28 through 12.2-39 (Deleted Sheet)

Figures 12.2-40 through 12.2-51

Figure 12.2-52

Figures 12.2-53 through 12.2-56

Figures 12.2-57 through 12.2-59 (Deleted Sheet)

Figure 12.2-60

Figure 12.2-61

Figures 12.2-62 through 12.2-69

Figure 12.2-70

Amendment Number

16

16

16

16

16

17

16

16

16

16

16

17

16

16

16

17

16

17
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Figures 12.2-71a through 12.2-71c

Figures 12.2-72a through 12.2-72c

Figures 12.2-73

Figure 12.2-74 through 12.2-75b, Sheet 3

Figure 12.2-76 through 12.2-81

Figure 12.2-82

Figure 12.2-83

12.3-1 through 12.3-4

Table 12.3-1

Amendment Number

16

17

17

16

16

17

16

17

17

Chapter 13

13.0-i

13.0-ii through 13.0-iii

13.1-.1 through 13.1-2

13.2-1 through 13.2-5

Figures 13.2-1 through 13.2-8 (Deleted Sheets)

13.3-1

1 3.3-2

13.4-1 through 13.4-57

16

17

16

17

16

17

16

16



BFN-17
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P~NP
Figure 13.4-1

13.5-1 through 13.5-2

1 3.5-3

13.5-4 through 13.5-75

Tables 13.5-1 through 13.5-6

Figure 13.5-1, Sheets 1 and 2

Figure 13.5-2, Sheets 1 through 3

13.6-1 through 13.6-2

13.6-3 through 13.6-4

1 3.6-5

Figure 13.6-1, Sheets 1 and 2

13.7-1 (Deleted Sheet)

13.8-1 through 13.8-3

13.9-1 through 13.9-2

13.10-1 through 13.10-3

13.10-4 through 13.10-6

13.10-7 through 13.10-8

13.10-9 through 13.10-1 0

Amendment Number

16

16

17

16

16

16

16

17

16

17

17

'1 7

16

17

16

17
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EFFECTIVE PAGE LISTING

Chapter 14

Amendment Number

14.0-i through 14.0-viii

14.1-1

14.2-1

14.3-1

14.4-1 through 14.4-7

Table 14.4-1, Sheets 1 and 2

Table 14.4-2

Figures 14.4-1 through 14.4-2

14.5-1 through 14.5-47

Figures 14.5-1 through 14.5-31

14.6-1 through 14.6-42

Tables 14.6-1 through 14.6-9

Figures 14.6-1 through 14.6-10

Figures 14.6-11 through 14.6-12

Figure 14.6-1 3 (Deleted Sheet)

Figures 14.6-1 4 through 14.6-1 8

14.7-1

14.8-1 through 14.8-17

17

17

16

16

17

16

17

16

17

17

17

17

17

16

16

16

16

17

0
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14.8-18 through 14.8-26

Tables 14.8-1 through 14.8-6

Figure 14.8-1

14.9-1 through 14.9-4

Tables 14.9-1 through 14.9-2, Sheets 1 through 4

14.10-1 through 14.10-1 8

Figure 14.10-1 through 14.10-20

14.11-1 through 14.11-45

Tables 14.11-1 through 14.11-4

Tables 14.11-5 through 14.11-7 (Deleted Sheets)

Table 14.11-8

Table 14.11-9 through 14.11-11 (Deleted Sheets)

Figures 14.11-1 through 14.11-5

Figures 14.11-6 through 14.11-9 (Deleted Sheets)

Figures 14.11-1 0 through 14.11-12

Figure 14.11-1 3 (Deleted Sheet)

Figures 14.11-1 4 through 14.11-1 8

Amendment Number

16

16

16

17

16

17

17

17

17

17

17

17

17

17

17

17

17
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AppendixA

Amendment Number

A.O-i through A.O-ii

A.0-1 through A.0-11

A-1 through A-35

Tables A.0-1 through A.0-7, Sheets 1 through 3

Tables A.0-8 through A.0-9

16

16

16

16

16

Appendix B

B.0-1 (Submitted Under Separate Cover) 17

C.O.i through C.O-ii

C.0-1 through C.0-9

C..0-10,

C.0-11 through C.0-13

C.0-14

C.0-15 through C.0-16

C.0-1 7

C.0-1 8 through C.0-20

Appendix C

16

16

17

16

17

16

17

16
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Amendment Number

C.0-21

C.0-22 through C.0-26

C.0-27 through C.0-29

C.0-30 through C.0-31

C.0-32

C.0-33

C.0-34 through C.0-35

C.0-36 through C.0-41

C.0-42

17

16

17

16

17

16

17

16

17

C.0-43

C.0-44 through C.0-46

Table C.2-1 through C.2-2, Sheets 1 through 3

Table C.2-3 through C.2-4

Table C.3-1A, Sheets 1 and 2

Table C.3-1 8, Sheets 3 and 4

Table C.3-1 C, Sheets 5 and 6

Table C.3-1A, 18, 1C, Sheets 7 and 8

Table C.3-2, Sheets 1 through 5

Table C.4-1, Sheets 1 through 3

16

17

16

16

16

16

16

16

16

16
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Amendment Number

Table C.4-1, Sheet 4

Table C.4-1, Sheets 5 through 8

Table C.4-1, Sheet 9

Table C.4-2, Sheets 1 through 37

Table C.5-1

17

16

17

16

16

Appendix D

D.O-i through D.O-ii

D.0-1 through D.0-2

Figures D.0-1 through D.0-2 (Deleted Sheets)

16

16

16

E.O-i

E.0-1

Appendix E

16

17

F.O-i through F.O-ii

F.0-1

F.0-2

Appendix F
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1.2 DEFINITIONS

The following definitions apply to the terms used in the Safety Analysis Report.

1. Radioactive Material Barrier - A radioactive material barrier includes the
systems, structures, or equipment that, together, physically prevent the
uncontrolled release of radioactive materials. The four barriers are identified
as follows:

a. Reactor Fuel Barrier - The uranium dioxide fuel is sealed in a zirconium
cladding tube.

b. Nuclear System Process Barrier - The nuclear system process barrier
includes the systems of vessels, pipes, pumps, tubes, and similar
process equipment that contain the steam, water, gases, and
radioactive materials coming from, going to, or in communication with
the reactor core. The actual boundaries of the nuclear system process
barrier depend upon the status of plant operation.

For example, process system isolation valves, when closed, form part of
the barrier. The steam-jet ejector offgas path forms a planned process
opening in the barrier during power operation.

Because the nuclear system process barrier is designed to be divided
by isolation valve action into two major sections under certain
conditions, this barrier is considered in two parts as follows:

(1) Nuclear system primary barrier - This barrier includes the reactor
vessel and attached piping out to and including the second
isolation valve in each attached pipe. In various codes and
standards used in the industry, this barrier is sometimes referred
to as the "primary system pressure boundary,"

(2) Nuclear system secondary barrier - This barrier is that portion of
the nuclear system process barrier not included in the nuclear
system primary barrier.

Primary Containment - The primary containment is defined as the
drywell in which the reactor vessel is located, the pressure suppression
chamber, and process line reinforcements out to the outermost
containment isolation valve outside valve outside the containment wall.
Portions of the nuclear system process barrier may become part of the
primary containment, depending upon the location of a postulated
failure. For example, a closed main steam isolation valve is part of the
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primary containment barrier when the postulated failure of the main
steam line is inside the primary containment.

d. Secondary Containment - The secondary containment is the reactor
building, which completely encloses the primary containment. The
reactor building ventilation system and the standby gas treatment
system constitute controlled process openings in this barrier.

2. Radioactive Material Barrier Damage - Radioactive material barrier damage
is defined as an unplanned, undesirable breach in a barrier, except that the
operation of a main steam relief valve does not constitute barrier damage.

3. Nuclear System - The nuclear system generally includes those systems most
closely associated with the reactor vessel which are designed to contain or
be in communication with the water and steam coming from or going to the
reactor core. The nuclear system includes the following:

Reactor vessel
Reactor vessel internals
Main steam lines from reactor vessel to the isolation
valves outside the primary containment
Neutron monitoring system
Reactor recirculation system
Control rod drive system
Residual heat removal system
Reactor core isolation cooling system
Core standby cooling systems
Reactor water cleanup system
Feedwater system piping between the reactor vessel and the first valve
outside the primary containment.

4. Safety - The word "safety," when used to modify such words as objective,
design basis, action, and system, indicates that the objective, design basis,
action, or system is related to concerns considered to be of primary safety
significance, as opposed to the plant mission to generate electrical power.
Thus, the word "safety" is used to identify aspects of the plant which are
considered to be of primary importance with respect to safety.

5. Power Generation - The phrase "power generation," when used to modify
such words as objective, design basis, action, and system, indicates that the
objective, design basis, action, or system is related to the mission of the plant
- to generate electrical power - as opposed to concerns considered to be of
primary safety importance. Thus, the phrase "power generation" is used to
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identify aspects of the plant which are not considered to be primary
importance with respect to safety.

Operational - The adjective "operational," along with its noun and verb forms,
is used in reference to the working or functioning of the plant, in contrast to
the design of the plant.

Scram - Scram refers to the automatic rapid insertion of control rods in
response to the detection of undesirable conditions.

Limiting Safety System Setting (LSSS) - The limiting safety system setting is
a setting on instrumentation which initiates the automatic protective action at
a level such that the safety limits will not be exceeded. The region between
the safety limitand these settings represent margin with normal operation
lying below these settings. The margin has been established so that with
proper operation of the instrumentation the safety limits will never be
exceeded.

Limiting Conditions for Operation (LCO) - The limiting conditions for
operation specify the minimum acceptable levels of system performance
necessary to assure safe startup and operation of the facility. When these
conditions are met, the plant can be operated safely and abnormal situations
can be safely controlled.

Safety Limit - The safety limits are limits below which the reasonable
maintenance of the cladding and primary systems are assured. Exceeding
such a limit requires unit shutdown and review by the Nuclear Regulatory
Commission before resumption of the unit operation. Operation beyond such
a limit may not in itself result in serious consequences but it indicates an
operational deficiency subject to regulatory review.

Normal Operation - Normal operation is normal plant operation under
planned conditions in absence of significant abnormalities. Operations
subsequent to an incident (transient, accident, or special event) are not
considered planned operations until the actions taken in the plant are
identical to those which would be used had the incident not occurred. The
established planned operations can be considered as a chronological
sequence: refueling outage, achieving criticality, heatup, power operation,
achieving shutdown, cooldown, and refueling outage.

The following planned operations are identified:

a. Refueling Outage - Refueling outage is the period of time between the
shutdown of the unit prior to a refueling and the startup of the unit after

1.2-3



BFN-17

that refueling. For the purpose of designating frequency of testing and
surveillance, a refueling outage shall mean a regularly scheduled
refueling outage.

b. Achieving Criticality - Achieving criticality includes all the plant actions
which are normally accomplished in bringing the plant from a condition
in which all control rods are fully inserted to a condition in which
nuclear criticality is achieved and maintained.

c. Heatup - Heatup begins where achieving criticality ends and includes
all plant actions which are normally accomplished in approaching
nuclear system rated temperature and pressure by using nuclear power
(reactor critical). Heatup extends through warmup and synchronization
of the turbine generator.

d. Power Operation - Power operation begins where heatup ends and
includes continued operation of the plant at power levels in excess of
heatup power.

e. Achieving Shutdown - Achieving shutdown begins where power
operation ends and includes all plant actions normally accomplished in
achieving nuclear shutdown (more than one rod subcritical) following
power operation.

Cooldown - Cooldown begins where achieving shutdown ends and
includes all plant actions normally accomplished in the continued
removal of decay heat and the reduction of nuclear system temperature
and pressure.

12. Incident - An incident is any event-abnormal operational transient, accident,
special event, or other event, not considered as part of planned operation.

13. Abnormal Operational Transient - An abnormal operational transient includes
the events following a single equipment malfunction or a single operator error
that is reasonably expected during the course of plant operations. Power
failures, pump trips, and rod withdrawal errors are typical of the single
malfunctions or errors initiating the events in this category.
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14. Abnormal Occurrence - Abnormal occurrence refers to the occurrence of any
plant condition that:

a. Causes any abnormal operational transient, or

b. Violates a limiting condition for operation as established in the technical
specifications, or

c. Exceeds a limiting safety system setting as established in the technical
specifications, or

d. Causes any uncontrolled or unplanned release of radioactive material
from the site.

15. Accident - An accident is a single event, not reasonably expected during the
course of plant operations, that has been hypothesized for analysis purposes
or postulated from unlikely but possible situations, and that causes or
threatens a rupture of a radioactive material barrier. A pipe rupture qualifies
as an accident; a fuel cladding defect does not.

16. Design Basis Accident - A design basis accident is a hypothesized accident
the characteristics and consequences of which are utilized in the design of
those systems and components pertinent to the preservation of radioactive
material barriers and the restriction of radioactive material release from the
barriers. The potential radiation exposures resulting from a design basis
accident are greater than any similar accident postulated from the same
general accident assumptions. For example, the consequences of a
complete severance of a recirculation loop line are more severe than those
resulting from any other single pipeline failure inside the primary
containment.

17. Special Event - A special event that neither qualifies as an abnormal
operational transient nor an accident but that is postulated to demonstrate
some special capability of the plant or its systems.

18. Safety Action - A safety action is an ultimate action in the plant that is
essential to the avoidance of specified conditions considered to be of primary
safety significance. The specified conditions are those that are most directly
related to the ultimate limits on the integrity of the radioactive material
barriers or the release of radioactive material. There are safety actions
associated with planned operation, abnormal operational transients,
accidents, and special events. Safety actions include such actions as the
indication to the operator of the values of certain process variables, reactor
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scram, core standby cooling, and reactor shutdown from outside the control
room. See Figures 1.2-1 and 1.2-3 and Tables 1.4-2A and 1.4-2B.

19. Power Generation Action - A power generation action is an action in the plant
that is essential to the avoidance of specified conditions considered to be of
primary significance to the plant mission-the generation of electrical power.
The specified conditions are those that are directly related to the following:

a. The ability to carry out the plant mission-the generation of electrical
power-through planned operation,

b. The avoidance of conditions that would limit the ability of the plant to
generate electrical power, and

c. The avoidance of conditions that would prevent or hinder the return to
conditions permitting the use of the plant to generate electrical power
following an abnormal operational transient, accident, or special event.
There are power generation actions associated with planned operation,
abnormal operational transients, accidents, and special events. See
Figure 1.2-3.

20. Protective Action - An action initiated by the protection system when a limit is
reached. A protective action can be at a channel or system level.

21. Protective Function - A system protective action which results from the
protective action of the channels monitoring a particular plant condition.

22. Safety System - A safety system is any system, group of systems,
component, or group of components the actions of which are essential to
accomplishing a safety action. See Figure 1.2-3 and Table 1.4-2A and 1.4-
2B.

23. Process Safety System - A process safety system is a safety system the
actions of which are essential to a safety action required during planned
operation. See Figure 1.2-3 and Table 1.4-2A and 1.4-2B.

24. Nuclear Safety System - A nuclear safety system is a safety system the
actions of which are essential to a safety action required in response to an
abnormal operational transient. See Figure 1.2-3 and Table 1.4-2A and
1.4-2B.

25. Engineered Safeguard - An engineered safeguard is a safety system the
actions of which are essential to a safety action required in response to
accidents. See Figure 1.2-3 and Table 1.4-2A and 1.4-2B.
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26. Protection System - Protection system is a generic term that may be applied
to nuclear safety systems and engineered safeguards. See Figure 1.2-3 and
Table 1.4-2A and 1.4-2B.

27. Special Safety System - A special safety system is a safety system the
actions of which are essential to a safety action required in response to a
special event. See Figure 1.2-3 and Table 1.4-2A and 1.4-2B.

28. Power Generation System - A power generation system is any system the
actions of which are not essential to a safety action, but which are essential
to a power generation action. Power generation systems are provided for
any of the following purposes:

a. To carry out the mission of the plant—generate electrical
power—through planned operation,

b. To avoid conditions which would limit the ability of the plant to generate
electrical power, and

c. To facilitate and expedite the return to conditions permitting the use of
the plant to generate electrical power following an abnormal operational
transient, accident, or special event.

See Figure 1.2-3 and Table 1.4-2A and 1.4-2B.

29. Safety Objective - A safety objective describes in functional terms the
purpose of a system or component as it relates to conditions considered to
be of primary significance to the protection of the public. This relationship is
stated in terms of radioactive material barriers or radioactive material
release. The only systems that have objectives are safety systems. See
Figure 1.2-3.

30. Power Generation Objective - A power generation objective describes in
functional terms the purpose of a system or component as it relates to the
mission of the plant. This includes objectives that are specifically
established so the plant can fulfillthe following purposes:

a. The generation of electrical power through planned operation,

b. The avoidance of conditions that would limit the ability of the plant to
generate electrical power, and
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31.

32.

33.

34.

35.

c. The avoidance of conditions that would prevent or hinder the return to
conditions permitting the use of the plant to generate electrical power
following an abnormal operational transient, ac'cident, or special event.
See Figure 1.2-3.

A system or piece of equipment has a power generation objective if it is a
power generation system. A safety system can have a power generation
objective, in addition to a safety objective, if parts of the system are intended
to function for power generation purposes.

Analytical Objective - An analytical objective describes the purpose or intent
of a portion of the Safety Analysis Report presenting an analysis.

Safety Design Basis - The safety design basis for a safety system states in
functional terms the unique design requirements which establish the limits
within which the safety objective shall be met. A power generation system
may have a safety design basis which states in functional terms the unique
design requirements that ensure that neither planned operation nor
operational failure by the system results in conditions for which plant safety
actions would be inadequate.

Power Generation Design Basis - The power generation design basis for a
power generation system states in functional terms the unique design
requirements that establish the limits within the power generation objective
shall be met. A safety system may have a power generation design basis
which states in functional terms the unique design requirements which
establish the limits within which the power generation objective for the
system shall be met.

Safety Evaluation - A safety evaluation is an evaluation that shows how the
system satisfies the safety design basis. A safety evaluation is performed
only for those systems having a safety design basis. Safety evaluations
form the bases for the technical specifications and establish why specific
safety limitations are imposed.

Power Generation Evaluation - A power generation evaluation is an
evaluation that shows how the system satisfies some or all of the power
generation design bases. Because power generation evaluations are not
directly pertinent to public safety, they are generally not included. However,
where a system or component has both safety and power generation
objectives, a power generation evaluation can be used to clarify the safety
versus power generation capabilities.
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36.

37.

38.

39.

40.

Operational Nuclear Safety Requirements - An operational nuclear safety
requirement is a limitation or restriction on either the value of a process
variable or the operability of a plant system. Such operational nuclear safety
requirements must be observed in the operation (not necessarily at power) of
the plant to satisfy specified operational nuclear safety criteria. The
aggregate of all operational nuclear safety requirements defines an
operational framework within which actual plant operations must remain.

Rated Power - For the pre-uprated unit(s), equivalent to Rated Thermal
Power (RTP) which corresponds to a total reactor core heat transfer rate to
the reactor coolant of 3293 MWt. For the uprated unit(s), rated power refers
to operation at a reactor thermal power of 3458 MWt. Rated power is also
termed 100 percent power and is the maximum power level authorized by the
operating license. Rated steam flow, rated coolant flow, rated neutron flux,
and rated nuclear system pressure refer to the values of these parameters
when the reactor is at rated power.

Design Power - Design power refers to the power level used in safety and
licensing analyses which support operation at rated power. Design power
corresponds to 3,440 MWt for the pre-uprated unit(s). For the uprated
unit(s), there is no distinction between "design power" and rated power. For
the uprated unit(s), design power is also equal to 3458 MWt.

Single Failure - A single failure is a failure that can be ascribed to a single
causal event. Single failures are considered in the design of certain systems
and are presumed in the evaluations of incidents to investigate the ability of
the plant to respond in the required manner under degraded conditions. The
nature of single causal event to be presumed depends on the risk of the
event being evaluated. Reasonably expected single failures are presumed
as the cause of abnormal operational transients. Single failures of passive
equipment are assumed sometimes to be the causes of accidents. Safety
actions essential in response to abnormal operational transients and
accidents must be carried out in spite of single failures in active equipment.
In any case, a single failure includes the multiple effects resulting from the
single causal event.

Operable - Operability - A system, subsystem, division, component, or device
shall be Operable or have operability when it is capable of performing its
specified safety function(s) and when all necessary attendant
instrumentation, controls, normal or emergency electrical power, cooling and
seal water, lubrication and other auxiliary equipment that are required for the
system, subsystem, division, component, or device to perform its specified
safety function(s) are also capable of performing their related support
function(s).
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41. Operating - A system or component is operating when it is performing its
intended functions in its required manner.

42. Operating Cycle - Interval between the end of one refueling outage for a
particular unit and the end of the next subsequent refueling outage for the
same unit.

43. Deleted.

44. Mode - A Mode shall correspond to any one inclusive combination of mode
switch position, average reactor coolant temperature, and reactor vessel
head closure bolt tensioning, specified as follows, with fuel in the reactor
vessel.

MODE TITLE REACTOR MODE
SWITCH POSITION

AVERAGE REACTOR
COOLANT

TEMPERATURE ('F)

Power Operation

Startup

Hot Shutdown"

Cold Shutdown"Refueling~'un

Refuel" or Startup/Hot
Standby

Shutdown

Shutdown

Shutdown or Refuel

NA

NA

) 212

5 212

NA

(a) All reactor vessel head closure bolts fully tensioned.

(b) One or more reactor vessel head closure bolts less than fully tensioned.

45. Deleted.

46. Deleted.

47. Deleted.

48. Deleted.
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49. Deleted.

50. Deleted.

51. Place in Isolated Condition - Place in isolated condition means conduct an
uninterrupted normal isolation of the reactor from the main (turbine)
condenser including the closure of the main steam isolation valves.

52. Deleted.

53. Deleted.

54. Deleted.

55. Refueling Outage - Refueling outage is a period of time between the
shutdown of the unit prior to a refueling and the startup of the unit after that
refueling. For the purpose of designating frequency of testing and
surveillance, a refueling outage shall mean a regular scheduled refueling
outage.

56. Core Alteration - Core Alteration shall be the movement of any fuel, sources,
or reactivity control components within the reactor vessel with the vessel
head removed and fuel in the vessel. The following exceptions are not
considered to be Core Alterations:

a. Movement of source range monitors, local power range monitors,
intermediate range monitors, traversing incore probes, or special movable
detectors (including undervessel replacement); and

b. Control rod movement, provided there are no fuel assemblies in the
associated core cell.

Suspension of Core Alterations shall not preclude completion of movement of
a component to a safe position.

57. Risk - Risk is the product of the probability of an event and the adverse
consequences of the event.

58. Reliability - Reliability is the probability that an item will perform its specified
function without failure for a specified time period in a specified environment.

59. Unreliability - Unreliability is the probability that a component or system will
fail to perform its specified action for a specified time period in a specified
environment. (The sum of reliability and unreliability equals unity.)
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Availability- Availability is the probability that a system will be functional at [

any randomly selected instant.

Unavailability - Unavailability is the probability that component or system will
not be functional at any randomly selected instant. (The sum of availability
and unavailability equals unity.)

62. Repair Rate - The repair rate is the number of repairs completed per unit
time.

64.

Failure Rate - The failure rate is the number of failures per unit time.

Test Duration - The test duration is the elapsed time between test initiation
and test termination.

65. Test interval - The test interval is the elapsed time between the initiation of
identical tests.

66.

67.

68.

69.

Active Component - A device characterized by an expected significant
change of state or discernible mechanical motion in response to an imposed
design basis load demand upon the system. Examples are: switch, relay,
valve not remaining in a stationary position, pressure switch, turbine,
transistor, motor, damper, pump, and analog meter.

Passive Component - A device characterized by an expected negligible
change of state or negligible mechanical motion in response to an imposed
design basis load demand upon the system. Examples are: cable, piping,
valve in stationary position, resistor, capacitor, fluid filter, indicator lamp,
cabinet, and case.

Operating Basis Earthquake - That earthquake which produces the vibratory
ground motion for which those features of the nuclear power plant necessary
for continued operation without undue risk to the health and safety of the
public are designed to remain functional.

Design Basis Earthquake - That earthquake which produces the vibratory
ground motion for which those features of the nuclear power plant necessary
to shut down the reactor and maintain the plant in a safe condition without
undue risk to the health and safety of the public are designed to remain
functional.

70. Deleted.

71. Deleted.
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72. Probable Maximum Flood - The Probable Maximum Flood (PMF) is the
hypothetical flood (peak discharge, volume, and hydrograph shape) that is
considered to be the most severe reasonable possible, based on
comprehensive hydrometerological application of probable maximum
precipitation, and other hydrologic factors favorable for maximum flood
runoff, such as sequential storms and snowmelt. The PMF design level at
the Browns Ferry site is 572.5 feet.

The term Maximum Possible Flood (MPF) has also been used in Browns
Ferry design documents, however the preferred term for all Browns Ferry
design is PMF. (See also Appendix 2A.A, Maximum Possible Flood).

73. Emergency Core Cooling Systems (ECCS) are defined as:

a. High Pressure Coolant Injection System (HPCI),

b. Automatic Depressurization System,

c. Core Spray System, and

d. Low Pressure Coolant Injection System (LPCI) (an operating mode of the
Residual Heat Removal System).

The term Core Standby Cooling Systems (CSCS) has also been used in the
FSAR, design documents, and plant procedures to describe the same
systems. The terms ECCS and CSCS may be used interchangeably.
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1.6 PLANT DESCRIPTION

1.6.1 General

1.6.1.1 Site and Environs

1.6.1.1.1 Location and Size of Site

The site contains approximately 840 acres and is located on the north shore of
Wheeler Lake at Tennessee River Mile 294 in Limestone County, Alabama. It is
approximately 30 miles west of Huntsville, Alabama.

1.6.1.1.2 ~8t 0

The plant is located on property owned by the United States and in the custody of
TVA.

1.6.1.1.3 Activities at the Site

Activities at the site are those performed by TVA in operating the three-unit nuclear
plant to produce electric power.

1.6.1.1.4 Access to the Site See Fi ure 2.2-4

The three-unit plant, including the intake and discharge canals, is enclosed by a
security fence. Primary access to the plant area is by way of an access road
through a security gate.

1.6.1.1.5 Descri tion of the Environs See Table 2.2-6

The Browns Ferry site is located in an area where the land is used primarily for
agriculture. Population densities are low, with a projected population of 33,340
within ten miles for the year 2020. There are no population centers of significance
within ten miles of the plant. The low population zone is determined to be seven
miles.

1.6.1.1.6 ~Geolo

The site is underlain by massive formations of nearly horizontal bedrock.
Historically, this region has been one of little structural deformation, and major folds
and faults are entirely absent.
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There has been no known major seismic activity originating in or near the site area.
The major seismic activity experienced at the site has been caused by distant major
earthquakes.

1.6.1.1.8 ~Hdrolocal

Groundwater movement in the area is from the plant site to the Tennessee River. A
thick mantle of residuum in the site area retards the movement of shallow
groundwater.

1.6.1.169 Re ional and Site Meteorolo

The meteorology of the Browns Ferry site provides generally favorable atmospheric
conditions for dispersion of plant emissions. The immediate terrain is flat and
slightly undulating, with scattered 400- to 600-foot foothills. Thus, local entrapment
or accumulation of emissions should not occur.

1.6.1.1.10 Desi n Bases De endent U on the Site and Environs

a. Offgas Systems

The plant offgas systems are designed to maintain gaseous waste releases to
the environment, during normal operation, at levels which assure that
concentrations at the site boundary will be within the limits of 10 CFR 20. The
effects of releases at or beyond the site boundary resulting from the design
basis accidents will be within the reference values of 10 CFR 100.

b. Liquid Waste Effluents

The plant Liquid Radwaste System is designed to maintain liquid waste
releases to the environment at levels which comply with the plant's National
Pollutant Discharge Elimination System (NPDES) permit limitations and
assure that concentrations at the site boundary will be within the limits of
10 CFR 20.

Wind Loading Design

A structural design capable of withstanding loadings resulting from a 100-mph
sustained wind is considered appropriate. All Class I structures and
equipment are designed to maintain their integrity when subjected to loading
resulting from a 300-mph tornado, except for the 600 foot tall reinforced
concrete chimney. Only the bottom 320 feet of the chimney is designed for
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the 300-mph tornado. The top 280 feet is designed only for the 100-mph
sustained wind.

d. Seismic Design

The design of all Class I structures is based on a ground motion due to an
acceleration of 0.10g (Operating Basis Earthquake). In addition, the design is
such that the plant can be safely shut down during a ground acceleration of
0.20g (Design Basis Earthquake).

e. Flooding

Plant grade is established at 565 feet above mean sea level. The probable
maximum flood at Browns Ferry would reach El. 572.5, plus wind wave runup
produced by a coincidental 45 MPH sustained wind speed.

f. Loss of Normal Heat Sinks (Downstream Dam Failure)

IfWheeler Dam downstream from the plant site were to fail, a pool of water
approximately 1,000 feet wide and 7 miles long, containing a volume of about
69.6 x 10'ubic feet of water, would be available at the plant intake. Pumps
necessary to supply shutdown cooling water to the three units are designed to
take suction from this pool.

g. Environmental Radiation Monitoring System

The availability of past wind direction and persistence data and river flow
records, along with knowing the location of population centers, has aided in
the selection of monitoring locations and frequency of sampling.

1.6.1.2 Facilit Arran ement

The facility arrangement is shown in Figure 2.2-4. Plan and elevation views of the
major buildings are shown in Figures 1.6-1 through 1.6-27.

Each nuclear system includes a single-cycle, forced-circulation, General Electric
boiling water reactor producing steam for direct use in a steam turbine. A typical
heat balance showing the major parameters of the nuclear system for the rated
power condition is shown in Figures 1.6-28 (pre-uprated) and 1.6-28a (uprated).

1.6-3



BFN-17

1.6.1.3.1 Reactor Core and Control Rods

The fuel for the reactor core consists of uranium dioxide pellets made from slightly
enriched uranium. These pellets are contained in sealed Zircaloy-2 tubes. These
fuel rods are assembled into individual fuel bundles. The detailed description of
fuel in the reactor core is given in Section 3.2 of the FSAR.

The description of the core for each unit is given in the current reload licensing
document for that unit as described in FSAR Appendix N.

1.6.1.3.2 Reactor Vessel and Internals

The reactor vessel contains the core and supporting structure, the steam separators
and dryers, the jet pumps, the control rod guide tubes, distribution lines for the
feedwater, core spray, and standby liquid control, the incore instrumentation, and
other components. The main connections to the vessel include the steam lines, the
coolant recirculation lines, feedwater lines, control rod drive housings, and core
standby cooling lines.

Each reactor vessel is designed and fabricated in accordance with applicable codes
for a pressure of 1250 psig. The nominal operating pressure is 1020 psia
(pre-uprated) and 1050 psia (uprated) in the steam space above the separators.
The vessel is fabricated of carbon steel and is clad internally (except for the top
head) with weld overlay.

The reactor core is cooled by demineralized water which enters the lower portion of
the core and boils as it flows upward around the fuel rods. The steam leaving the
core is dried by steam separators and dryers, located in the upper portion of the
reactor vessel. The steam is then directed to the turbine through the main steam
lines. Each steam line is provided with two isolation valves in series-one on each
side of the primary containment barrier.

1.6.1.3.3 Reactor Recirculation S stem

The Reactor Recirculation System pumps reactor coolant through the core to
remove the energy generated in the fuel. This is accomplished by two recirculation
loops external to the reactor vessel but inside the primary containment. Each loop
has one motor-driven recirculation pump. Recirculation pump speed can be varied
to allow control of reactor power level through the effects of coolant flow rate on
moderator void content. For Units 1 and 2 only, the two recirculation loops have a
cross-connect line with one normally closed valve and one normally open valve to
prevent pressure buildup between the valves.

1.6-4



BFN-17

1.6.1.3.4 Residual Heat Removal S stem

The Residual Heat Removal System (RHRS) is a system of pumps, heat
exchangers, and piping that fulfillsthe following functions.

a. Removal of decay heat during and after plant shutdown.

b. Injection of water into the reactor vessel following a loss-of-coolant accident
rapidly enough to reflood the core and prevent excessive fuel clad
temperatures independent of other core cooling systems. This is discussed in
paragraph 1.6.2 (Nuclear Safety Systems and Engineered Safeguards).

c. Removal of heat from the primary containment following a loss-of-coolant
accident to limit the increase in primary containment pressure. This is
accomplished by cooling and recirculating the water inside the primary
containment. The redundancy of the equipment provided for containment
cooling is further extended by a separate part of the RHRS which sprays
cooling water into the drywell and suppression pool.

d. Provide standby cooling.

e. Provide assistance for fuel pool cooling when required.

1.6.1.3.5 Reactor Water Cleanu S stem

A Reactor Water Cleanup System, which includes a demineralizer arrangement, is
provided to clean up the reactor cooling water, to reduce the amounts of activated
corrosion products in the water, and to remove reactor coolant from the nuclear
system under controlled conditions.

1.6.1.3.6 Reactor Core Isolation Coolin S stem

The Reactor Core Isolation Cooling System (RCICS) provides makeup water to the
reactor vessel whenever the vessel is isolated. The RCICS uses a steam-driven,
turbine-pump unit and operates automatically to maintain adequate reactor vessel
water level.

1.6.1.4 Power Conversion S stems

The Power Conversion Systems use the steam produced in the reactor vessel to
produce electrical power. Figure 1.6-29, Sheet 1 and Sheet 2 shows the turbine
generator heat balance for rated power conditions. Figure 1.6-30 is a flow diagram
for general plant systems.
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1.6.1.4.1 Turbine Generator

Each turbine is an 1800-rpm, tandem-compound, six-flow, nonreheat unit nominally
rated at 1,098 Mw (pre-uprated) and 1155 Mw (uprated). It has a double-flow,
high-pressure cylinder and three double-flow, low-pressure cylinders. The unit is
designed for initial steam conditions of 965 psia (pre-uprated) and 980 psia
(uprated) at a maximum moisture content of 0.28 percent (pre-uprated), 0.50
percent (uprated) and a backpressure of 2.0 inches of mercury absolute.

1.6.1 4.2 Turbine B ass S stem

The Turbine Bypass System is provided to pass steam directly to the main
condenser under the control of the pressure regulator. Steam is bypassed to the
condenser whenever the reactor steaming rate exceeds the load permitted to pass
to the turbine generator (such as during generator synchronization or following
sudden load changes). The bypass system is capable of accepting up to
approximately 25 percent of rated main steam flow.

1.6.1.4.3 Main Condenser

Three deaerating, single-pass, single-pressure, radial-flow-type surface condensers
provide the primary heat sinks for each turbine-generator. Each condenser is
located beneath one of the low-pressure turbines with the tubes oriented transverse
to the turbine-generator axis. Baffling in the hotwell is arranged to ensure
two-minute retention time for the condensate.

1.6.1.4.4 Main Condenser Gas Removal and Turbine Sealin S stems

Two 100-percent capacity steam jet air ejectors are provided for each unit to
remove air and noncondensables from the main condensers during normal
operation. A mechanical vacuum pump is provided for startup operation.

The Turbine Sealing System is provided to prevent steam leakage and air inleakage
at the turbine seals.

1.6.1.4.5 Condenser Circulatin Water S stem

Five mechanical-draft cooling towers are provided to dissipate waste heat to the
atmosphere. Water is pumped through the main condenser to an open channel
going to the towers of the circulating water pumps for each unit. Water is pumped
to each cooling tower by liftpumps. The system is designed for open and helper
modes of operation.
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In the open mode, water is drawn into the circulating water pumping station forebay
from Wheeler reservoir, pumped through the main condenser, and discharged back
into the reservoir through a diffuser discharge system consisting of perforated
metal pipes which extend across the reservoir channel to diffuse the warmer water
from the plant. In the helper mode, the water is pumped from the reservoir, through
the plant, and into an open channel going to the cooling towers where it is pumped
through the towers and is returned to the reservoir through the diffusers.

1.6.1.4.6 Condensate Filter/Demineralizer S stem

This full-flowsystem removes dissolved and suspended solids from the condensate,
providing high-quality water for the nuclear system. It consists of
filter/demineralizer vessels containing filter elements which are coated with a
mixture of powdered cation and anion exchange resins. These resins perform both
the filtration and deionization functions.

1.6.1.4.7 Condensate and Reactor Feedwater S stems

The Condensate and Reactor Feedwater Systems take suction from the main
condensers and deliver demineralized water to the reactor vessel at an elevated
temperature and pressure. Three vertical, centrifugal, motor-driven condensate
pumps; three horizontal, centrifugal, motor-driven condensate booster pumps; and
three horizontal, centrifugal, single-stage reactor feedwater pumps with
variable-speed steam turbines are provided for these systems. Feedwater is
controlled by varying the speed of the reactor feedwater-pump turbine-drives.

Five stages of feedwater heating are provided for each of the three feedwater
streams. All heaters are of the two-pass, U-tube type.

1.6.1.5 Electrical Power S stems

Each generator produces electrical power at 22-kV. This 22-kV generator output is
transmitted through isolated-phase buses to a bank of three single-phase main
power transformers, where the voltage is stepped up to 500-kV and transmitted to
the 500-kV switchyard. The 500-kV switchyard connects the plant to the TVA
500-kV system. The plant has generator breakers so that startup and shutdown are
from the 500-kV system. The 161-kV system is also available to provide plant
startup and shutdown power.

1.6.1.6 Radioactive Waste S stems

The Radioactive Waste Systems are designed to control the release of
plant-produced radioactive material to within the limits specified in the ODCM and
NPDES permits. The methods employed for the controlled release of those
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contaminants are dependent primarily upon the state of the material: liquid, solid, or
gaseous.

1.6.1.6.1 Li uid Radwaste S stem

The Liquid Radioactive Waste Control System collects, treats, stores, and disposes
of all radioactive liquid wastes. These wastes are collected in sumps and drain
tanks at various locations throughout the plant and then transferred to the
appropriate collection tanks in the Radwaste Building for treatment, storage, and
disposal. Wastes to be discharged from the system are processed on a batch
basis, with each batch being processed by such method or methods appropriate for
the quality and quantity of materials determined to be present. Processed liquid
wastes may be returned to the condensate system or discharged to the environs
through the circulating water discharge canal. The liquid wastes in the discharge
canal are diluted with condenser effluent circulating water to achieve a permissible
concentration at the site boundary.

Batches of low-conductivity liquid waste are processed through a filter and a waste
demineralizer. Demineralizer effluent is sent to a waste sample tank. Depending
upon the conductivity and level of radioactivity, the liquid may then be discharged to
the circulating-water discharge canal or the cooling tower blowdown line,
transferred to condensate storage tanks, returned for further processing through the
waste demineralizer.

High-conductivity liquids are processed through a filter and are collected in a floor
drain sample tank. If the concentration after dilution is less than or equal to the
applicable limits, the filtered liquid may be discharged.

An alternate method of processing low and high conductivity liquid is the use of
vendor supplied skid mounted equipment, interconnected to the permanent
Radwaste System. Depending on effluent quality and plant needs, the water can be
sent to either the waste sample tank or floor drain sample tank. Processing from
the waste sample tank or floor drain sample tank is identical as described above.

Equipment is selected, arranged, and shielded to permit operation, inspection, and
maintenance with minimum personnel exposure. For example, tanks and
processing equipment which will contain significant radiation sources are located
behind shielding; and sumps, pumps, instruments, and valves are located in
controlled access rooms or spaces. Processing equipment is selected and
designed to require a minimum of maintenance.

Protection against accidental discharge of liquid radioactive waste is provided by
valving redundance, instrumentation for detection with alarms of abnormal
conditions, procedural controls, interlocks, and radiation monitor controlled valves.
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1.6.1.6.2 Solid Radwaste S stem

With the Solid Radwaste System, solid radioactive wastes are collected, processed,
and packaged for storage. Generally, these wastes are stored onsite until the short
half-lived activities are insignificant. Solid wastes from equipment originating in the
nuclear system are stored for radioactive decay in the fuel storage pool and
prepared for reprocessing or offsite storage. Examples of these wastes are spent
fuel, spent control rods, incore ion chambers, etc. Process solid wastes are
collected, dewatered, and loaded in shielded containers for storage and shipping.
Examples of these solid wastes are spent demineralizer resins and filter aid.
Wastes such as paper, rags, and used clothing are placed into containers for
storage and shipment.

1.6.1.6.3 Gaseous Radwaste S stem

The Gaseous Radwaste System collects, processes, and delivers to the plant stack,
for elevated release to the atmosphere, gases from each main condenser air
ejector, startup vacuum pump, condensate drain tank vent, and steam packing
exhauster. Gases from each main condenser air ejector are passed through a
preheater, a catalytic recombiner, a condenser, a moisture separator, and a
dehumidification coil. The gases then enter a decay pipe which provides a
retention time of approximately 6 hours, during which N-16 and 0-19 decay to
negligible levels. The gases are then passed through a cooler-condenser, a
moisture separator, a'reheater, a prefilter, six charcoal beds, an afterfilter, and
mixed with dilution air, after which they are exhausted to the stack. The charcoal
beds provide about 9.7 hours retention for krypton isotopes and 7.3 days retention
for xenon isotopes. Gland seal and startup vacuum-pump gases are held up for
approximately 1 3/4 minutes, to allow sufficient decay of N-16 and 0-1 9, and then
passed directly to the stack for release.

1.6.2 Nuclear Safet S stems and En ineered Safe uards

1.6.2.1 Reactor Protection S stem

The Reactor Protection System initiates a rapid, automatic shutdown (scram) of the
reactor. This action is taken in time to prevent excessive fuel cladding damage and
any nuclear system process barrier damage following abnormal operational
transients. The Reactor Protection System overrides all operator actions and
process controls.
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1.6.2.2 Neutron Monitorin S stem

Although not all of the Neutron Monitoring System qualifies as a nuclear safety
system, those portions that provide high neutron flux signals to the Reactor
Protection System do. The intermediate range monitors (IRM) and average power
range monitors (APRM), which monitor neutron flux via incore detectors, signal the
Reactor Protection System to scram in time to prevent excessive fuel cladding
damage as a result of overpower transients.

1.6.2.3 Control Rod Drive S stem

When a scram is initiated by the Reactor Protection System, it is the Control Rod
Drive System that inserts the negative reactivity necessary to shut down the reactor.
Each control rod is controlled individually by a hydraulic control unit. When a scram
signal is received, high pressure water from an accumulator for each rod forces
each control rod rapidly into the core.

1.6.2.4 Nuclear S stem Pressure Relief S stem

A pressure relief system consisting of relief valves mounted on the main steam lines
is provided to prevent excessive pressure inside the nuclear system following either
abnormal operational transients or accidents.

1.6.2.5 [Deleted]

1.6.2.6 Prima Containment

The design employs a pressure suppression primary containment which houses the
reactor vessel, the reactor coolant recirculating loops, and other branch
connections of the Reactor Primary System. The pressure suppression system
consists of a drywell, a pressure suppression chamber which stores a large volume
of water, connecting vents between the drywell and the water pool, isolation valves,
containment cooling systems, and other service equipment. In the event of a
process system piping failure within the drywell, reactor water and steam would be
released into the drywell air space. The resulting increased drywell pressure would
then force a mixture of air, drywell atmosphere, steam, and water through the vents
into the pool of water in the suppression chamber. The steam would condense in
the suppression pool, resulting in a rapid pressure reduction in the drywell. Airthat
was transferred to the suppression chamber pressurizes the suppression chamber,
and is subsequently vented back to the drywell to equalize the pressure between
the two vessels. Cooling systems are provided to remove heat from the reactor
core, the drywell, and from the water in the suppression chamber, and thus provide
continuous cooling of the primary containment under accident conditions.
Appropriate isolation valves are actuated during this period to ensure containment
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of radioactive material, which might otherwise be released from the reactor
containment during the course of the accident.

1.6.2.7 Prima Containment and Reactor Vessel Isolation Control S stem

The Primary Containment and Reactor Vessel Isolation Control System
automatically initiates closure of isolation valves to close off all potential leakage
paths for radioactive material to the environs. This action is taken upon indication
of a potential breach in the nuclear system process barrier.

1.6.2.8 Seconda Containment

The secondary containment substructure consists of poured-in-place, reinforced
concrete exterior walls that extend up to the refueling floor. The refueling room
floor is also constructed of reinforced, poured-in-place concrete. The
superstructure of the secondary containment above the refueling floor is a structural
steel frame which supports metal roof decking, foamwall-stepped fascia panels, and
insulated metal siding panels. The secondary containment structure completely
encloses the primary containment drywells, fuel storage and handling facilities, and
essentially all of the Core Standby Cooling Systems for the three units.

During normal operation and when isolated, the secondary containment is
maintained at a negative pressure relative to the building exterior. Excessive
pressure differentials are relieved by blowout panels in the metal siding.

1.6.2.9 Main Steam Line Isolation Valves

Although all pipelines that both penetrate the primary containment and offer a
potential release path for radioactive material are provided with redundant isolation
capabilities, the main steam lines, because of their large size, are given special
isolation consideration. Two automatic isolation valves, each powered by both air
pressure and spring force, are provided in each main steam line. These valves
fulfillthe following objectives:

a. Prevent excessive damage to the fuel barrier by limiting the loss of reactor
coolant from the reactor vessel resulting from either a major leak from the
steam piping outside the primary containment or a malfunction of the pressure
control system resulting in excessive steam flow from the reactor vessel, and

b. Limit the release of radioactive materials by closing the primary containment
barrier in case of a major leak from the nuclear system inside the primary
containment.
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1.6.2.10 Main Steam Line Flow Restrictors

A venturi-type flow restrictor is installed in each steam line close to the reactor
vessel. These devices limit the loss of coolant from the reactor vessel before the
main steam line isolation valves are closed in case of a main steam line break
outside the primary containment.

1.6.2.11 Core Standb Coolin S stems

A number of standby cooling systems are provided to prevent excessive fuel clad
temperatures in the event of a breach in the nuclear system process barrier that
results in a loss of reactor coolant. The four Core Standby Cooling Systems are:

1. High Pressure Coolant Injection System (HPCI),

2. Automatic Depressurization System,

3. Core Spray System, and

4. Low Pressure Coolant Injection System (an operating mode of the Residual
Heat Removal System) (LPCI).

1.6.2.11.1 Hi h Pressure Coolant In ection S stem

The HPCI System provides and maintains an adequate coolant inventory inside the
reactor vessel to prevent fuel clad melting as a result of postulated small breaks in
the nuclear system process barrier. A high-pressure system is needed for such
breaks because the reactor vessel depressurizes slowly, preventing low-pressure
systems from injecting coolant. The HPCI includes a turbine-pump powered by
reactor steam. The system is designed to accomplish its function on a short-term
basis without reliance on plant auxiliary power supplies other than the DC power
supply.

1.6.2.11.2 Automatic De ressurization S stem

The Automatic Depressurization System acts to rapidly reduce reactor vessel
pressure in a loss-of-coolant accident situation in which the HPCI fails to
automatically maintain reactor vessel water level. The depressurization provided by
the system enables the low pressure standby cooling systems to deliver cooling
water to the reactor vessel. The Automatic Depressurization System uses some of
the main steam relief valves which are part of the nuclear system pressure relief
system. The automatic main steam relief valves are arranged to open upon
conditions indicating both that a break in the nuclear system process barrier has
occurred and that the HPCI System is not delivering sufficient cooling water to the
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reactor vessel to maintain the water level above a preselected value. The
Automatic Depressurization System will not be automatically activated unless either
the core spray or LPCI system is operating.

1.6.2.11.3 Core S ra S stem

The Core Spray System consists of two independent pump loops that deliver
cooling water to spray spargers over the core. The system is actuated by
conditions indicating that a breach exists in the nuclear system process barrier, but
water is delivered to the core only after reactor vessel pressure is reduced. This
system provides the capability to cool the fuel by spraying water onto the core and
preventing excessive fuel clad temperatures following a loss-of-coolant accident.

1.6.2.11.4 Low Pressure Coolant In ection

Low Pressure Coolant Injection is an operating mode of the Residual Heat Removal
System (RHR) but is discussed here because the LPCI mode acts as an engineered
safeguard in conjunction with the other standby cooling systems. LPCI uses the
pump loops of the RHR to inject cooling water at low pressure into the reactor
recirculation loops. LPCI is actuated by conditions indicating a breach in the
nuclear system process barrier, but water is delivered to the core only after reactor
vessel pressure is reduced. LPCI operation, together with the core shroud and jet
pump arrangement, provides the capability of core reflooding, following a
loss-of-coolant accident, in time to prevent excessive fuel clad temperatures.

1.6.2.12 Residual Heat Removal S stem Containment Coolin

The containment cooling subsystem is placed in operation to limitthe temperature
of the water in the suppression pool following a design basis loss-of-coolant
accident. In the containment cooling mode of operation, the RHR main system
pumps take suction from the suppression pool and pump the water through the RHR
heat exchangers, where cooling takes place by transferring heat to the RHR service
water system. The fluid is then discharged back to the suppression pool.

Another portion of the RHR is provided to spray water into the primary containment
as an augmented means of removing energy from the containment following a
loss-of-coolant accident. This capability is placed into service as required by
manual operator action.

1.6.2.13 Control Rod Velocit Limiter

A control rod velocity limiter is attached to each control rod to limit the velocity at
which a control rod can fall out of the core should it become detached from its
control rod drive.
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The rate of reactivity insertion resulting from a rod drop accident is limited by this
action. The limiters are passive components.

1.6.2.14 Control Rod Drive Housin Su orts

Control rod drive housing supports are located underneath the reactor vessel near
the control rod housings. The supports limitthe travel of a control rod in the event
that a control rod housing is ruptured. The supports prevent a nuclear excursion as
a result of a housing failure, thus protecting the fuel barrier.

1.6.2.15 Standb Gas Treatment S stem SGTS

The system provides a means of removing radioactive material from the secondary
containment by filtration and exhausting to the atmosphere through the plant stack
in the event of accidental release. Three trains, any 2 of which can provide 100
percent design flow, consisting of a moisture separator, heater, particulate and
charcoal filters, and blower, are provided. The results of laboratory carbon sample
analysis shall show z 90 percent radioactive methyl iodide removal when tested in
accordance with ASTM D3803-1 989. The blowers are powered from independent,
safety-related power supplies. The SGTS is a Class I system.

1.6.2.16 Standb AC Power Su I

The standby AC power supply consists of eight diesel generator sets. The diesel
generators are sized so that they can supply all necessary power requirements for
one unit under design basis accident conditions, plus necessary loads for safe
shutdown of the other unit. The diesel generators are specified to start up and
reach rated speed within ten seconds. The diesel generator system is arranged
with eight independent 4160-V load buses, each connected to one diesel generator.

1.6.2.17 DC Power Su I

Eleven 250-V batteries, associated chargers, and distribution systems (3 unit
batteries, 3 station batteries, and 5 batteries supplying control power for the 4160-V
and 480-V shutdown boards) are provided for the plant. The various safety-related
loads derive normal power from the batteries or their associated battery charger
through distribution boards.

1.6.2.18 RHR Service Water S stem

The RHR Service Water System is a Class I system that consists of four pairs of
pumps located on the intake structure for pumping raw river water to the heat
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exchangers in the RHR System and four additional pumps for supplying water to the )

Emergency Equipment Cooling Water System.

1.6.2.19 Emer enc E ui ment Coolin Water S stem

This Class I system distributes cooling water supplied by the RHR Service Water
System to essential equipment during normal and accident conditions.

1.6.2.20 Deleted

1.6.2.21 Reactor Buildin Ventilation Radiation Monitorin S stem

The Reactor Building Ventilation Radiation Monitoring System consists of a number
of radiation monitors arranged to monitor the activity level of the ventilation exhaust
from the Reactor Building. Upon detection of high radiation, the Reactor Building is
automatically isolated and the Standby Gas Treatment System is started.

1.6.3 S ecial Safet S stems

1.6.3.1 Standb Li uid Control S stem

Although not intended to provide prompt reactor shutdown, the Standby Liquid
Control System provides a redundant, independent, and different way from the
control rods to bring the nuclear fission reaction to subcriticality and to maintain
subcriticality as the reactor cools. The system makes possible an orderly and safe
shutdown in the event that not enough control rods can be inserted into the reactor
core to accomplish shutdown in the normal manner. The system is sized to
counteract the positive reactivity effect from rated power to the cold shutdown
condition (Mode 4).

1.6.3.2 Plant E ui ment Outside the Control Room

Sufficient local controls are provided to allow the plant to be shut down from outside
the control room. The plant design does not preclude bringing the plant to the cold
shutdown condition (Mode 4) from outside the control room. I
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1.6.4 Process Control and Instrumentation

1.6.4.1 Nuclear S stem Process Control and Instrumentation

1.6.4.1.1 Reactor Manual Control S stem

The Reactor Manual Control System provides the means by which control rods are
manipulated from the control room for gross power control. Only one control rod
can be manipulated at a time. The Reactor Manual Control System includes the
controls that restrict control rod movement (rod block) under certain conditions as a
backup to procedural controls.

1.64.1.2 Recirculation Flow Control S stem

The Recirculation Flow Control System controls the speed of the reactor
recirculation pumps. Adjusting the pump speed changes the coolant flow rate
through the core. This effects changes in core power level.

1.6.4.1.3 Neutron Monitorin S stem

The Neutron Monitoring System is a system of incore neutron detectors and out of
core electronic monitoring equipment. The system provides indication of neutron
flux, which can be correlated to thermal power level, for the entire range of flux
conditions that may exist in the core. The source range monitors (SRM) and the
intermediate range monitors (IRM) provide flux level indications during reactor
startup and low power operation. The local power range monitors (LPRM) and
average power range monitors (APRM) allow assessment of local and overall flux
conditions during power range operation. Rod block monitors (RBM) are provided
to prevent rod withdrawal when reactor power should not be increased at the
existing reactor conditions. The Traversing Incore Probe System (TIPS) provides a
means for calibrating the LPRM portion of the neutron monitoring sensors.

1.6.4.1.4 Refuelin Interlocks

A system of interlocks that restricts the movements of refueling equipment and
control rods when the reactor is in the refuel mode (Mode 5) is provided to prevent
an inadvertent criticality during refueling operations. The interlocks back up
procedural controls that have the same objective. The interlocks affect the refueling
bridge, the refueling bridge hoists, the fuel grapple, control rods, and the service
platform hoist.
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1.6.4.1.5 Reactor Vessel Instrumentation

In addition to instrumentation provided for the Nuclear Safety Systems and
engineered safeguards, instrumentation is provided to monitor and transmit
information that can be used to assess conditions existing inside the reactor vessel
and the physical condition of the vessel itself. The instrumentation provided
monitors reactor vessel pressure, water level, surface temperature, internal
differential pressures and coolant flow rates, and top head flange leakage.

1.6.4.1.6 Process Com uter S stem

An online process computer is provided to monitor and log process variables, and
to make certain analytical computations. The rodworth minimizer function of the
computer prevents rod withdrawal/insertion under low power conditions, if the rod to
be withdrawn/inserted is not in accordance with a preplanned pattern. The effect of
the rod block is to limit the reactivity worth of the control rods by enforcing
adherence to the preplanned rod pattern during startup or shutdown.

1.6.4.2 Power Conversion S stems Process Control and Instrumentation

1.6.4.2.1 Pressure Re ulator and Turbine Generator Control

The pressure regulator maintains control of turbine control valves to regulate
pressure at the turbine inlet and therefore the pressure of the entire nuclear system.
The turbine control system is an electrohydraulic control (EHC) system and is
integrally connected to the pressure regulator to maintain a fixed load or speed of
the turbine and to provide overspeed protection for large load rejections.

1.6.4.2.2 Feedwater Control S stem

The three element controller is used to regulate the feedwater system so that proper
water level is maintained in the reactor vessel. The controller uses main steam flow
rate, reactor vessel water level, and feedwater flow rate signals. The feedwater
control signal is used to control the speed of the steam turbine driven feedwater
pumps.

1.6.4.3 Electrical Power S stems Process Control and Instrumentation

Each generator neutral is grounded through a distribution transformer and a
secondary loading resistor. Each generator is equipped with a shaftdriven
alternator exciter, an exciter field circuit breaker, silicon rectifiers, and solidstate
voltage regulating equipment. Current transformers are provided on the generator
main and neutral terminals for relaying and metering.
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Highspeed relays provide protection for the generator stator windings against faults.

Incoming power is received from the 500-kV and 161-kV systems. The TVA 161-kV
network receives power via the 161-kV switchyard. Two 161-kV lines terminate at
separate buses which are connected by a circuit breaker. Two common station
service transformers are energized from these buses. Normally, the switchyard will
be operated with the breaker closed and both transformers energized. Disconnect
switches are provided to permit either incoming line to be isolated from the
switchyard and both transformers supplied from the remaining line.

Output from the generators is fed into the TVAsystem by seven 500-kV lines via the
500-kV switchyard. The switchyard has a main and transfer zigzag bus
arrangement. The two main bus sections are physically separated, and the transfer
bus sections are separated from the main bus section by sectionalizing disconnect
switches. Normally, the main and transfer bus sections are tied together through
their respective disconnect switches.

1.6.4.4 Radiation Monitorin and Control

1.6.4.4.1 Process Radiation Monitorin

Radiation monitors are provided on various lines to monitor either for radioactive
materials released to the environs via process liquids and gases or for process
system malfunctions. The following monitors are provided:

IVlain Stack Radiation Monitors,

AirEjector Offgas Radiation Monitor,

Raw Cooling Water System Discharge Radiation Monitor,

Reactor Building Closed Cooling Water System Radiation Monitor,

Liquid Radwaste System Radiation Monitor,

RHR Service Water System Radiation Monitors, and

Plant Ventilation Exhaust Radiation Monitors.

1.6.4.4.2 Area Radiation Monitors

A number of radiation monitors are provided to monitor for abnormal radiation at
various locations in the Reactor Building, Turbine Building, and Radwaste Building.
These monitors annunciate alarms when abnormal radiation levels are detected.
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1.6.4.4.3 Site Environs Radiation Monitors

Radiation monitoring stations are provided to monitor the effects from natural and
plant radiation sources. The stations employ appropriate devices to collect samples
as well as measure direct radiation effects which can be used to determine changes
in environmental radioactivity levels.

1.6.4.4.4 Li uid Radwaste S stem Control

Liquid wastes to be discharged are handled on a batch basis, with protection
against accidental discharge provided by procedural controls. Instrumentation with
alarms to detect abnormal concentration and terminate release of liquid waste is
pi ovlded.

1.6 4.4.5 Solid Radwaste Control

The Solid Radwaste System collects, processes, stores, and prepares solid
radioactive waste materials for offsite shipment. Wastes are handled on a batch
basis, and radiation levels of the various batches are determined by the operating
personnel.

1.6.4.4.6 Gaseous Radwaste S stem Control

The Gaseous Radwaste System is continuously monitored by a radiation monitor
located downstream of the recombiner system water separator, a monitor located
downstream of the charcoal/absorbers but upstream of the afterfilters, and the
main stack radiation monitor. Each of these monitors alarms on high radiation level.
In addition, a high level signal from the monitor downstream of the air ejectors
automatically isolates the Gaseous Radwaste System by closing a valve in the line
between the after-filters and the stack. This action causes an increase in
condenser back pressure.

Hydrogen concentration in the gas downstream of the recombiners is continuously
monitored. Although an explosion is not likely, temperature and pressure
instrumentation in the line upstream of the decay pipe, in response to an explosion,
causes valves downstream of the air ejectors to automatically isolate. These
actions stop the supply of hydrogencontaining gas, and minimize release of
radioactivity from a damaged filter. A main steamline high radiation condition will
automatically close a valve between the main condensers and the mechanical
vacuum pump. In addition, the mechanical vacuum pump is stopped.

1.6-1 9



BFN-17

1.6.5 Auxilia S stems

1.6.5.1 Normal Auxilia AC Power S stem

The normal power source for unit auxiliaries is the 20.7- to 4.16-kV unit station
service transformers. This source is connected to each unit generator's output
leads. The startup power source for unit auxiliaries is the 500 kV system, with
backup from the 161 kV switchyard through the common station service
transformers.

1.6.5.2 Reactor Buildin Closed Coolin Water S stem

The Reactor Building Closed Cooling Water System (RBCCWS) provides cooling
water to designated auxiliary plant equipment located in the primary and secondary
containments. The cooling water is available to the nuclear system auxiliaries
under normal and accident conditions.

1.6.5.3 Raw Water S stems

The Raw Cooling Water System is provided to remove heat from turbine associated
equipment and accessories located in and adjacent to the Turbine Building, from
the Reactor Building Closed Cooling Water System heat exchangers, and from
other reactor associated equipment. The Raw Cooling Water System pumps are
located in the Turbine Building and are supplied with river water from the condenser
circulating water conduits. Three pumps are provided for each unit, with one spare
provided for Units 1 and 2 and two spares for Unit 3.

A Raw Service Water System, consisting of four pumps, supplies river water from
the condenser circulating water conduits for yard watering, cooling for
miscellaneous plant equipment requiring small quantities of cooling water,
washdown services in unlimited access areas, and provides a means of
pressurizing the raw water Fire Protection System. The Raw Service Water System
also serves as a charging source for the RHR Service Water and Emergency
Equipment Cooling Water Systems.

1.6.5.4 Fire Protection S stems

A high pressure, raw water Fire Protection System provides water for fixed water
spray, water sprinkler, aqueous film forming foam, and water fog systems, and to
fire hoses and hydrants located throughout plant buildings and the surrounding
yard. Fixed CO>, halon, and portable fire extinguishers furnish protection for
hazards where use of water is not desirable. Fire detection, annunciation, and
initiation systems are installed in selected areas of the Reactor Building, Control
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Building, intake pumping station, cable tunnel to intake pumping station, Diesel
Generator Buildings, and Turbine Building.

1.6.5.5 Heatin Ventilatin and AirConditionin S stems

Heating, Ventilating, and Air Conditioning Systems are provided for the Reactor
Building, Turbine Building, Radwaste Building, and Control Building. The design of
these systems varies; but in all cases, they maintain the indoor environment
necessary for equipment protection and personnel comfort. In areas where
significant airborne activity is expected, these systems limit the spread of
contamination and filter the exhaust air before discharge.

1.6.5.6 Newand S ent Fuel Stora e

A dry vault in the Reactor Building is provided for storage of new fuel. The new fuel
is normally transferred directly to the spent fuel storage pool upon receipt. Fuel
transfer during refueling is conducted underwater. Irradiated (spent) fuel is stored
underwater in the Reactor Building until prepared for shipment from the site.

1.6.5.7 Fuel Pool Coolin and Cleanu S stem

A Fuel Pool Cooling and Cleanup System is provided to remove decay heat from
spent fuel stored in the fuel pool and to maintain a specified water temperature,
purity, clarity, and level.

1.6.5.8 Control and Service Air S stems

Clean, dry, control air is provided to pneumatically operated instruments and
controls throughout the plant and yard. Each reactor unit has a drywell control air
system that provides control air for the equipment inside its drywell. Service air
outlets are provided throughout the plant.

1.6.5.9 Demineralized Water S stem

Demineralized water treatment equipment is used to furnish a supply of high purity
water for makeup of the primary coolant systems, the Reactor Building Closed
Cooling Water Systems, the suppression chambers, and the Standby Liquid Control
Systems. The water is also used for radioactive decontamination work and
preoperational cleaning of reactor and piping systems.
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1.6.5.10 Potable Water and Sanita S stems

These systems provide potable water from a nearby municipal water system for use
in the plant plumbing systems and sewage treatment in a 65,000 gallon per day
biological treatment system.

1.6.5.11 E ui mentandFloor Draina e S stem

Radioactive drainage from equipment leaks and from areas which may contain
radioactive materials is collected and routed to shielded sumps. This waste is then
pumped to drain collection tanks in the Radwaste Building, where it is treated and
returned for reuse in the plant or discharged to the river.

Nonradioactive drainage is collected in drain sumps and discharged to the
condenser circulating water discharge tunnels.

1.6.5.12 Process Sam lin S stems

These systems provide samples of process liquids and gases to obtain data from
which the performance of the plant, items of equipment, and systems may be
determined. Sampling is continuous or periodic as appropriate. These systems will
function at all times and under all operating conditions.

1.6.5.13 Communications S stems

An extensive, private telephone system, along with a paging system, sound
powered telephone systems, and closed circuit television systems, provides
complete communications throughout the plant.

1.6.6 ~Shieldin

Plant shielding allows personnel access to the plant to perform maintenance and
carry out operational duties, with personnel exposures limited to the values given in
Table 12.3-1.

1.6.7 Im lementation of Loadin Criteria

When correctly installed in a suitable facility, structures, and equipment are
designed to substantially resist mechanical damage due to loads produced by
mechanical and thermal forces. For the purpose of categorizing mechanical
strength designs for these loads, the following definitions are established.
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This class includes those structures, equipment, and components whose
failure or malfunction might cause, or increase the severity of, an accident
which would endanger the public health and safety. This category includes
those structures, equipment, and components required for safe shutdown and
isolation of the reactor.

b. Class I I

This class includes those structures, equipment, and components which are
important to reactor operation, but are not essential for preventing an accident
which would endanger the public health and safety, and are not essential for
the mitigation of the consequences of these accidents. A Class II designated
item shall not degrade the integrity of any item designated Class I.

The loading conditions may be divided into four categories: (1) normal, (2) upset,
(3) emergency, and (4) faulted conditions. These categories are generically
described, and their meaning is expanded in quantitative, probabilistic language in
Appendix C. The purpose of this expansion is to clarify the classification of any
hypothesized accident or sequence of loading events. Event probability is used to
establish meaningful and adequate safety factors for structural design so that the
appropriate structural safety margins are applied.
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2.2 SITE DESCRIPTION

The information contained in this section is historical and applicable as of August
1982 and where revised by subsequent amendments. This section will be
examined periodically to maintain a reasonable representation of area population
and land use.

2.2.1 Location

The site is located on the north shore of Wheeler Lake at river mile 294 in
Limestone County in north Alabama. The site is approximately 10 miles southwest
of Athens, Alabama, and 10 miles northwest of the center of Decatur, Alabama.
Figures 2.2-1 and 2.2-2 show the site location.

The plant site and adjoining areas are shown in Figure 2.2-4. The site contains
approximately 840 acres which are owned by the United States and are in the
custody of TVA. The site has been developed to accommodate three units.

2,2,2 ~Po ulation

2.2.2.1 Resident Po ulation

The populations of the various towns and cities within 60 miles of the site are shown
in Table 2.2-2. Only 21 towns or cities within a 60-mile radius of the site had
population over 2,500 in 1990. Most of the smaller communities showed only small
changes in population between 1980 and 1990. The largest center of population is
about 30 miles from the site and the nearest city with a population of 25,000 or
greater is Decatur. The projected growth of the larger centers of population is

shown in Table 2.2-3. The greatest change in population is projected for Huntsville
and Decatur.

Population distributions from the site for various directions and distances for the
years 1970, 1980, 1986, 1990, 2000, 2010, and 2020 are shown in Tables 2.2-4
and 2.2-5. Within a 4-mile radius of the site, the 1990 population was 1425 persons
for a density of about 45 persons per square mile, with a slight increase expected
through 2020, as shown in Table 2.2-6.

The population within a 10-mile radius of the site is expected to increase from
26,740 in 1970 to 33,340 by 2020 with a corresponding increase in population
density from 101 to 126 persons per square mile. There are only three towns within
a radius of 20 miles (Athens and Decatur, 10 miles to the northeast and south,
south-southeast, respectively and Moulton, 18 miles to the southwest), having a

1980 population greater than 1,800 persons. The population of Athens is expected
to increase from 14,360 in 1970 to 18,600 in 2020. The population in Decatur is

2.2-1
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expected to increase from 38,044 to 54,000 in the same time period. Within a
60-mile radius the largest city is Huntsville, located approximately 30 miles due east
from the site. The population of Huntsville is expected to increase from its 1970
level of 139,282 to 177,100 by 2020.

2.2.2.2 Transient Po ulation

Transient population consists of visitors to recreation sites, students in schools, and
employees at industrial facilities.

Recreation-Estimated and projected peak hour visitation to recreation facilities
within 10 miles of the plant are contained in Table 2.2-7. The visitation is based on
the maximum capacity of facilities plus some overflow. Capacities are based on an
inventory done in 1989. There are no recreation facilities beyond 10 miles which
are large enough to cause significant variations in the total population within any
annular segment.

Schools-Eleven schools are located within 10 miles of the Browns Ferry Nuclear
Plant. In 1993 these schools served 4,350 students, distributed as shown in Table
2.2-8.

Industries —No industry is located within 5 miles of the plant site, but 10 are located
in the 5 to 10 mile area as shown in Table 2.2-8. Employment in 1993 ranges from
80 to 1,700 for the day shift.

2.2.3 Land Use

Few centers of population exist within a 60-mile radius of the site. The dominant
character of the land is small, scattered villages and homes in an agricultural area.
Employment in the counties near the site is shown in Table 2.2-9. In 1990
agriculture employment was a higher percent of the labor force in Lawrence and
Limestone counties than Morgan and Madison Counties where there was a greater
concentration of manufacturing employment.

The area immediately surrounding the site is primarily agricultural with industrial
areas concentrated along the Tennessee River primarily at the large centers of
population. The closest industrial area is adjacent to Decatur. Minnesota Mining
and Manufacturing Corporation and Monsanto Corporation are the two largest
industries in Morgan County and are about 5 to 7 air miles from the site. Browns
Ferry, GM, and Steel Case are the largest industries in Limestone County. GM is
located approximately 10 miles from the plant and Steel Case is located
approximately 9 miles from the plant. The largest industrial complex is at the
Redstone Arsenal, which is located approximately 25 miles east of the site. This is

2.2-2
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the NASA center for research and development and is the principal single economic
force in the area. The remaining industrial area is located in the quad-cities area.

The nearest site boundary is approximately 4,000 feet northeast of the reactor
building. The nearest house is approximately 5,400 feet north-northwest of the
center of the site. i

There are no railroads or principal highways penetrating the site. The closest
railroad tracks are those of the Louisville and Nashville railroad approximately 8
miles east of the site running in the north-south direction, and those of the Southern
railroad about 6 miles south of the site running in the east-west direction, as shown
in Figure 2.2-2. The nearest principal highways are U.S. 72, about 6 miles north of
the site, and State Highway 20, about 4.5 miles south of the site.

The Browns Ferry Nuclear Plant is located on a 9-foot deep navigable channel on
Wheeler Reservoir. Table 2.2-10 shows the total amount of certain hazardous
materials shipped past the Browns Ferry Nuclear Plant from 1983 to 1993 on a
yearly basis. The product listed as gasoline on the table is actually RU250.

Three pipelines pass within five miles of the center of the plant site. One is an 8"

line carrying xylene at a maximum pressure of 175 PSI. It runs north and south and
passes about 2.4 miles east of the plant. The other two carry natural gas in a
common right-of-way about 3.8 miles south-southwest of the plant. They run
generally east-west. One line is 8" and the other 12" and both have a maximum
pressure of 600 PSI.

The nearest missile testing facility is located on Redstone Arsenal about 25 miles
east of the plant. The maximum range of any tested missile is about 15 kilometers
(about 9 miles). Testing restrictions preclude testing any missile with a range that
could carry it beyond the reservation boundaries. In addition, the testing facility has
the capability of destroying an errant missile.

There are no airports within five miles of the site. The Athens-Decatur Airport is
about 10 miles east of the plant. The nearest commercial airport is located in
Huntsville about 25 miles from the site. The Athens-Decatur field may serve up
to 10 jets, 10 turboprops, and 100 light (under 150 horsepower) aircraft operations
on a busy day.

2.2-3
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(Shoat 1)
Tablo 2.2-2

90 1980PO U 0 0 COPO TDP C 9 0
N 0. I A IUSOFB 0 F SI

Trinity

Hillsboro

oun

Morgan

Lawronco

S

SW

iles

0-10

7.0

6.2

'a
i

~90

881

222

1,328

278

Total 1,103 1,606

10-20

Athens

Elkmont

Moorosvillo

Decatur

Flint City

Prie eville

Moulton

Courtland

Town Creek

Rogorsvillo

Limostono

Umestone

Limestone

Morgan

Morgan

Morgan

Lawrence

Lawrence

Lawrence

Lauderdale

NE

NNE

ESE

SE

SE8 SSE

SE

SW8 SSW

WSWSW
W

NW

10.0

16.6

13.8

10.0

15.3

18.0

18.9

11.5

17.0

13.0

14,360

394

72

38,044

404

2,470

547

1,203

950

14,558

429

58

42,002

673

966"

3,197

456

1,201

1,224

Total 58,444 64,764

Laster

Minor Hill

Elkton

Ardmore

Huntsville

Madison

Hartsollo

Somerville

Falkvillo

Leighton

KIllon

Lexington

Anderson

Llmostono

Gilos m
Gilos m
Giles (T)

and Umostono NE

Madison

Madison

Madison

Morgan

Morgan

Morgan

Colbert

Laudordafe

Lauderdale

Laud ordalo

N

N

NNE

25.5

E

E

ESE

SSE

SE

SE

W

WNW

NW

NNW

20.0

24.0

27.0

1,362

29.5

20.0

23.8

21.0

23.4

26.0

24.0

26.7

23.0

28.0

70

315

341

1,931

139,282

3,086

228

7,355

180

946

1,231

683

278

117

564

540

142,513

4,057

285

8,858

140

1,310

1,218

747

405

Total 155,357 163,569
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Table 2.2-2 (Continued)

(SHEET 2)

~CU ~eio Miles

o la ion

980

Pulaskl

Lawrenceburg

Owens Cross-

roads

South Vinomont

Cullman

Addison

Musclo Shoals

Shetlield

Tuscumbia

Uttlevillo

Russellvillo

Florenco

St. Florian

Lorotto

St. Joseph

Iron City

Giles (T)

Lawrence (T)

Madison

Morgan

Cullman

Cullman

Winston

Colbert

Colbort

Colbert

Colbert

Franklin

Laud ordalo

Lauderdale

Lawrence (T)

Lawrence (T)

Lawrence (T)

N

NNW

ESE

SE

SSE

SSE

S

W
W

W
WSW

WSW

W & WNW

WNW

NW

NW

NW

3~0
34.0

39.0

37.5

32.0

33.2

40.0

35.5

31.0

33.4

34.0

34.3

38.3

33.0

32.0

31.8

32.3

34.0

6,989

8,889

146

480

12,601

692

6,907

3,115

8,828

858

7,814

34,031

1,3?5

637

7,184

10,184

804

185

615

13,084

746

8,911

11,903

9,137

1,262

8,195

37,029

305"

1,612

897

482

Total 104,633 112,535

Lynnvillo

Comersvillo

Fayotto ville

Petersburg

Etheridge

Gudey

Now Hope

Paint Rock

Woodviile

Grant

Union Grove

Bailytown

West Point

Fairvlew

Holly Pond

Giles (I)
Marshall (T)

Uncoln (T)

Uncoln (T)

& Marshall(T)

Lawrenco (T)

Madison

Madison

Jackson

Jackson

Marshall

Marshall

Marshall

Cullman

Cullman

Cullman

Cullman

N

NNE

NE

NNE

NNW

E

ESE

E

E

ESE

SE

ESE

SE

SSE

SE

SE

40.50

46.4

46.5

43.0

49.2

45.0

41.0

41.8

44.1

47.4

49.2

43.2

44.2

42.0

43.0

40.2

46.2

327

7,030

647

1,300

226

322

4,399

118

313

325

722

7,559

548"

735

1,546

221

5,967

127

396"
177-

450
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CoOC'able
2.2-2 (Cont'd)

(SHEET 3)

ir io ilo

Po la i

~970

Hancovillo

Good Hope

Arloy

Double

Springs

Haleyvillo

Phil Campbell

Boar Creek

Cherokee

Collinwood

Cullman

Cullman

Winston

Winston

Winston

Franklin

Marion

Colbert

Wayne (T)

SSE

SSE

S

SSW

SW

SW

SW

W

NW

47.8

44,4

45.0

42.8

45.0

42.5

46.2

49.2

48.0

2,027

840

4,190

1,230

336

1,484

922

2,220

1,442

276

1,057

5,306

1,549

353

1,589

1,064

Total 28,657 36,102

Lowisburg

Mount Pleasant

Huntland

Lynchburg

Guntersvillo

Albertvillo

Garden City

Blountsvillo

Cleveland

Nectar

Rosa

Hayden

Snead

Hodgos

Vina

Hackleburg

Brilliant

Douglas

Nauvoo

Lynn

Waterloo

Waynosboro

Marshall m
Maury (7)

Franklin (7)

Moore (T)

Marshall

Marshall

Cullman

Blount

Blount

Blount

Blount

Blount

Blount

Franklin

Franklin

Marion

Marion

Marshall

Walker

Winston

Lauderdale

Wayne (T)

NNE

N

ENE

NE

ESE

ESE

SSE

SE

SSE

SSE

SE

SSE

SE

WSW

WSW

SW

SW

SE

SSW

SSW

WNW

NW

54.0

57.2

52.8

56.9

51.5

59.5

52.0

52.1

58.0

57.5

60.0

59.0

59.5

54.0

59.0

51.6

60.0

57.5

54.5

52.6

56.3

56.0

Total

7,207

3,530

849

6,491

9,963

745

1,254

413

195

347

207

366

726

726

265

286

1,983

36,353

8,706

3,375

983

9,041

12,039

655

1,509

487

36744

204"

268

667

250

871

116"

259

554

260

2,109

44,617

'Allcounties aro in Alabama except those Tennossoo counties
noted by (T).

*'Phoo incorporated since 1970.
Source: U.S. BureauofthoCensus. U C s sof la i

980 b o abita s
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Table 2.2-3
BROWNS FERRY

CITIES AND TOWNS WITHIN60 MILES HAVING2 500 OR MORE RESIDENTS IN 1990

Alabama ~Count 1970 1980 1986 1990 2000 2010 2020

Albertville
Arab
Athens
Cullman
Decatur
Florence
Guntersville
Haleyville
Harts elle
Huntsville
Madison
Moulton
Muscle Shoals
Russellville
Sheffield
Tuscumbia

Tennessee

Fayetteville
Lawrenceburg
Lewisburg
Mount Pleasant
Pulaski

Marshall
Marshall
Limestone
Cullman
Morgan
Lauderdale
Marshall
Winston
Morgan
Madison
Madison
Lawrence
Colb crt
Franklin
Colb crt
Colb crt

Lincoln
Lawrence
Marshall
Maury
Giles

9,963
4,399

14,360
12,601
38,044
34,031

6,491
4,190
7,355

139,282
3,086
2,470
6,907
7,814

13,115
8,828

7,030
8,889
7,207
3,530
6,989

12,039
5,967

14,558
13,084
42,002
37,029

7,041
5,306
8,858

142,513
4,057
3,197
8,911
8,195

11,903
9,137

7,559
10,184
8,760
3,375
7,184

13,000
6,600

15,400
13,600
44,700
37,600

7,500
5,300
9,700

156,600
5,600
3,300
8,700
8,200

11,900
9,000

7,600
10,400
9,400
3,400
7,200

14,507
6,321

16,901
13,367
48,761
36,426

7,038
4,452

10,795
159,789

14,904
3,248
9,611
7,812

10,380
8,413

6,921
10,412

8,351
4,278
7,895

15,400
6,700

17,500
13,700
50,100
36,500

7,500
4,500

11,200
166,000

15,500
3,200
9,500
7,700

10,300
8,400

7,200
10,900
9,000
4,500
7,900

16,100
7,000

18,000
14,100
51,900
37,000

7,800
4,600

11,600
170,800

15,900
3,200
9,700
7,700

10,400
8,500

7,400
11,200

9,500
4,700
8,000

16,900
7,400

18,600
14,600
54,000
38,200

8,200
4,700

12,100
177,100

16,500
3,200
9,900
7,900

10,700
8,700

7,700
11,500
9,800
4,900
8,100

1. U.S. Bureau of the Census, Census of Population: 1970, 1980, and 1990, Number of Inhabitants,
Alabama and Tennessee.

2. TVAestimates.
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Table 2.2P
(Sheet 1)

1970 POPULATION DISTRIBUTION
WITHIN10 MILES OF THE SITE

Total
Population 0-1 1-2 2-3 34 4-5 5-10

N

NNE

NE

ENE

E

ESE

SE

SSE

S

SSW

SW

WSW

W

WNW

NW

NNW

855

1,055

4,335

1,485

1,025

170

10,400

1,680

1,395

1,155

830

480

685

130

350

710

5 25

15 50

30

45 80 4,180

40 70 1,310

10 40 945

165

20

60

35

75

20 10,380

50 1,630

90 1,250

175 845

20

35

25

5 35

35 90 685

15 135 295

5 30 625

25 55 50

5 345

25 20 625

10 55 35 85 670

5 15 65 55 915

Total 26,740 40 375 410 1,000 24,915
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Table 2.2-4
(Sheet 2)

1980 POPULATION DISTRIBUTION
WITHIN 10 MILES OF THE SITE

Total
Population 0-1 1-2 2-3 3-4 4-5 5-10

N

NNE

NE

ENE

E

ESE

SE

SSE

S

SSW

SW

WSW

W

WNW

NW

NNW

820

1,010

5,175

2,060

1,435

235

11,245

2,520

1,455

1,200

860

495

685

130

345

685

5 30

20 70

45

25

60

25

35

25

5 35

50 80 5,010

55 100 1,815

15 55 1,320

230

20 11,225

50 2,470

35 90 1,305

80 170 890

40 95 700

15 140 305

5 30 625

25 55 50

5 340

20 20 605

10 50 35 80 645

5 15 60 55 875

Total 30,355 45 420 435 1,045 28,410
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TABLE2.2-4
(SHEET 3)

BROWNS FERRY NUCLEAR PLANT
1986 POPULATION DISTRIBUTION

WITHIN10 MILES OF THE SITE

N

NNE

NE

ENE

E

ESE

SE

SSE

S

SSW

SW

WSW

W.
WNW

NW

NNW

TOTAL

0-1 1-2 2-3 3-4 4-5

34 0 0 73 118

0 11 20 137 48

0 3 20 39 109

0 34 76 90 39

0 0 20 6 28

0 0 11 0 0

0 0 0 0 0

0 0 0 0 10

0 0 14 17 66

0 0 46 55 258

0 0 0 20 152

0 0 14 26 100

0 115 20 11 23

0 0 6 11 37

0 0 67 8 53

0 168 162 56 70

34 331 476 549 1111

5-10 TOTAL

1135 1360

1341 1557

4259 4430

1615 1854

1408 1462

106 117

6960 6960

2304 2314

1405 1502

1307 1666

640 812

354 494

116 285

171 225

1059 1187

1179 1635

25359 27860
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TABLE2.2-4
(SHEET 4)

BROWNS FERRY NUCLEAR PLANT
1990 POPULATION DISTRIBUTION

WITHIN10 MILES OF THE SITE

0-1 1-2 2-3 3-4 4-5 5-10 TOTAL

N

NNE

NE

ENE

E

ESE

SE

SSE

S

SSW

SW

WSW

W

WNW

NW

NNW

38 0 0 82 133

0 12 23 155 54

0 3 23 44 123

0 38 86 102 44

0 0 23 7 32

0 0 12 0 0

0 0 0 0 0

0 0 0 0 0

0 0 10 12 46

0 0 33 40 188

0 0 0 15 111

0 0 10 19 73

0 84 15 8 17

0 0 4 8 27

0 0 76 9 60

0 189 183 63 79

1338 1592

1516 1760

4560 4753

1750 2019

1586 1647

123 135

8435 8435

2483 2483

1525 1593

1345 1606

847 973

244 346

79 203

36 75

826 970

1381 1895

TOTAL 38 328 496 563 987 28073 30485



BFN-16

TABLE2.2P
(SHEET 5)

BROWNS FERRY NUCLEAR PLANT
2000 POPULATION DISTRIBUTION

WITHIN10 MILES OF THE SITE

0-1 1-2 2-3 3-4 4-5 5-10 TOTAL

N

NNE

NE

ENE

E

ESE

SE

SSE

S

SSW

SW

WSW

W

WNW

NW

NNW

40 0 0 85 137

0 13 23 160 56

0 3 23 45 127

0 40 89 105 45

0 0 23 7 33

0 0 13 0 0

0 0 0 0 0

0 0 0 0 0

0 0 10 12 45

0 0 32 39 184

0 0 0 15 108

0 0 10 19 71

0 82 15 8 17

0 0 4 8 26

0 0 78 9 62

0 196 189 65 82

1382 1644

1565 1817

4708 4908

1807 2085

1638 .1701

127 140

8777 8777

2584 2584

1520 1587

1315 1570

828 951

238 337

76 198

37 75

853 1002

1426 1957

TOTAL 40 334 508 576 993 28881 31332



BFN-16

TABLE2.2-4
(SHEET 6)

BROWNS FERRY NUCLEAR PLANT
2010 POPULATION DISTRIBUTION

WITHIN10 MILES OF THE SITE

0-1 1-2 2-3 3Q 4-5 5-10 TOTAL

N

NNE

NE

ENE

E

ESE

SE

SSE

S

SSW

SW

WSW

W

WNW

NW

NNW

41 0 0 87 141

0 13 24 164 58

0 4 24 47 131

0 41 91 108 47

0 0 24 7 34

0 0 13 0 0

0 0 0 0 0

0 0 0 0 0

0 0 10 12 45

0 0 32 39 183

0 0 0 15 108

0 0 10 18 71

0 82 15 8 17

0 0 4 8 26

0 0 80 10 63

0 201 194 67 84

1421 1691

1610 1869

4843 5048

1858 2145

1684 1749

131 144

9081 9081

2673 2673

1532 1598

1307 1560

822 944

236 335

76 197

38 76

877 1030

1467 2013

TOTAL 41 340 520 589 1006 29657 32153



BFN-16

TABLE2.2-4
(SHEET 7)

BROWNS FERRY NUCLEAR PLANT
2020 POPULATION DISTRIBUTION

WITHIN10 MILES OF THE SiTE

0-1 1-2 2-3 3-4 4-5 5-10 TOTAL

N

NNE

NE

ENE

E

ESE

SE

SSE

S

SSW

SW

WSW

W

WNW

NW

NNW

42 0 0 91 147

0 14 25 170 60

0 4 25 49 136

0 42 95 112 49

0 0 25 7 35

0 0 14 0 0

0 0 0 0 0

0 0 0 0 0

0 0 10 12 46

0 0 33 40 186

0 0 0 15 110

0 0 10 19 72

0 83 15 8 17

0 0 4 8 27

0 0 83 10 66

0 209 202 70 87

1475 1755

1672 1940

5028 5241

1930 2227

1749 1816

136 149

9452 9452

2782 2782

1574 1641

1332 1591

838 963

241 342

78 201

39 78

911 1070

1524 2091

TOTAL 42 352 539 610 1036 30760 33339



BFN-16

Total
Pop

Table 2.2-5
(Sheet 1)

BROWNS FERRY
1970 POPULATION DISTRIBUTION

WITHIN60 MILES OF THE SITE

0-10 10-20 20-30 30-40 40-50 5040

N

NNE

NE

ENE

E

ESE

SE

SSE

S

SSW

SW

WSW

W

WNW

NW

NNW

41,285

13,500

47,980

39,115

159,800

40,045

76,230

60,505

25,535

21,100

23,825

25,685

53,150

57,415

24,970

26,670

855

1,055

4,335

1,485

1,025

170

10,400

1,680

1,395

1,155

830

480

685

130

350

710

1,515

2,990

14,180

4,990

1,910

1,880

30,945

6,250

3,805

5,895

2,970

3,060

2,960

885

4,345

2,090

2,615

2,230

6,625

9,615

73,405

2,535

4,680

11,630

1,800

1,270

2,280

3,005

6,830

9,300

5,215

2,440

10,660

3,125

5,385

13,860

75,125

7,465

6,230

15,175

4,475

1,490

2,725

11,545

35,070

39,875

5,485

12,350

3,690

3,420

12,625

5,425

4,610

9,575

13,850

18,945

3,730

2,535

10,675

3,755

4,785

5,545

3,260

7,360

21,950

680

4,830

3,740

3,725

18,420

10,125

6,825

10,330

8,755

4,345

3,840

2,820

1,680

6,315

1,720

Total 736,810 26,740 90,670 145,475 250,040 113,785 110,100



BFN-16

Table 2.2-5
(Sheet 2)

BROWNS FERRY
1980 POPULATION DISTRIBUTION

WITHIN60 MILES OF THE SITE

Total
Pop. 0-10 10-20 20-30 3040 40-50 50-60

N

NNE

NE

ENE

E

ESE

SE

SSE

S

SSW

SW

WSW

W

WNW

NW

NNW

Total

46,435

12,515

55,670

46,970

168,185

48,460

91,230

71,140

40,510

23,055

23,075

28,390

59,880

63,690

26,735

32,100

838,040

820

1,010

5,175

2,060

1,435

235

11,245

2,520

1,455

1,220

860

495

685

130

345

685

30,355

1,635

3,900

17,740

6,065

2,145

2,240

34,400

9,925

4,010

6,145

3,140

3,115

2,940

905

4,975

2,290

105,570

2,605

2,385

8,065

12,225

77,390

2,665

5,045

12,855

1,900

1,305

2,265

3,080

7,750

10,500

6,055

2,475

158,565

11,460

3,255

6,440

17,105

77,680

8,265

6,645

18,595

5,565

1,840

3,150

13,650

40,615

44,435

5,905

15,260

279,865

5,970

1,265

13,330

5,670

4,735

12,095

18,935

22,305

9,660

2,700

8,760

3,770

4,985

6,025

3,620

8,155

131,980

23,945

700

4,920

3,845

4,800

22,960

14,960

4,940

17,920

9,865

4,900

4,280

2,905

1,695

5,835

3,235

131,705



BFN-16

TABLE 2.2-5

(SHEET 3)

BROWNS FERRY NUCLEAR PLANT

1986 60-MILE POPULATION DISTRIBUTION

0-10 10-20 20-30 30-40 40-50 50-60 TOTAL

N

NNE

NE

ENE

E

ESE

SE

SSE

S

SSW

SW

WSW

W

WNW

NW

NNW

TOTAL

1360 3050

1557 2680

4430 13573

1854 10211

1462 2360

117 1972

6960 31383

2314 18602

1502 5186

1666 6657

812 5028

494 " 2761

285 4170

225 2190

1187 4350

1635 2465

27860 116638

3241

4420

7600

14149

88100

4357

7856

13747

2493

1134

2456

2844

10452

7360

6957

2819

179985

11152

3714

'231
16807

75567

12995

8331

21140

6344

2332

2938

14925

31575

51760

6368

15156

288335

4028

4362

14001

8139

7899

11469

21430

19700

4899

4429

17158

2644

5607

6844

4204

9731

146544

12052

15419

4606

5603

8881

27572

10150

10945

13509

9901

4881

3306

1678

3313

5401

4096

141313

34883

32152

51441

56763

184269

58482

86110

86448

33933

26119

33273

26974

53767

71692

28467

35902

900675



BFN-16

TABLE 2.2-5

(SHEET 4)

BROWNS FERRY NUCLEAR PLANT

1990 60-MILE POPULATION DISTRIBUTION

0-10 10-20 20-30 3040 40-50 5040 TOTAL

N

NNE

NE

ENE

E

ESE

SE

SSE

S

SSW

SW

WSW

W

WNW

NW

NNW

1591

1760

4753

2019

1647

135

8435

2483

1592

1606

971

346

203

76

970

1896

2887

2756

13356

9232

15764

2466

22086

30555

4758

6369

5719

3461

3761

1970

4145

2332

3172 11844

4551 3827

7431 7554

30963 18076

48934 90006

5115 26482

7344 8313

13272 21617

2533 6218

1160 2570

2470 , 3460

2895 13472

10877 29784

7936 49335

7270 6059

2958 15381

4190

4236

13972

7866

6583

11164

21440

20244

5550

4703

13138

4772

5845

5307

4242

10031

13165

12820

4304

5086

9228„

24667

13146

12218

18001

10937

4422

4570

2533

3493

5044

4023

36850

29950

51370

73243

172161

70029

80764

100389

38652

27346

30179

29516

53003

68117

27730

36620

TOTAL 30483 131617 158882 313999 143281 147657 925919



BFN-16

TABLE 2.2-5

(SHEET 5)

BROWNS FERRY NUCLEAR PLANT

2000 60-MILE POPULATION DISTRIBUTION

0-10 10-20 20-30 3040 40-50 50-60 TOTAL

N

NNE

NE

ENE

E

ESE

SE

SSE

S

SSW

SW

WSW

W

WNW

NW

NNW

1643

1817

4908

2085

1701

140

8777

2584

1587

1570

949

339

198

76

1002

1957

2981 3196 11933 4249

2846 4621 3882 4441

13791 7681 7861 14539

9533 32224 18816 8182

16390 50939 93693 6788

2549 5323 27594 11760

22981 7642 8618 22346

31794 13802 22132 20718

4762 2610 6332 5658

6226 1143 2596 4756

5590 2414 3454 13338

3383 2849 13329 4720

3687 10801 29581 5813

1960 7951 49491 5368

4158 7301 6275 4530

2357 3051 16033 10460

13976 37979

13730 31338

4393 53173

5404 76244

9386 178897

26153 73520

13553 83916

12446 103475

18430 39380

11180 27470

4578 30324

4584 29202

2547 52627

3570 68416

5394 28659

4209 38068

TOTAL 31331 134988 163549 321621 147664 153533 952687



BFN-16

TABLE2.2-5

(SHEET 6)

BROWNS FERRY NUCLEAR PLANT

2010 60-MILE POPULATION DISTRIBUTION

0-10 10-20 20-30 30-40 40-50 50%0 TOTAL

N

NNE

NE

ENE

E

ESE

SE

SSE

S

SSW

SW

WSW

W

WNW

NW

NNW

1690

1869

5048

2145

1749

144

9081

2673

1598

1559

942

336

197

76

1030

2013

3067

2927

14186

9806

16865

2622

23776

32894

4808

6185

5554

3361

3676

1977

4215

2398

.3213

4679

7887

33156

52414

5498

7906

14275

2687

1142

2398

2848

10926

8059

7407

3132

11992 4292

3926 4613

8121 15036

19367 8428

96405 6970

28444 12246

8910 23206

22774 21316

6488 5799

2641 4841

3481 13600

13353 4724

29930 5882

50177 . 5472

6465 4768

16556 10805

14585 38838

14480 32494

4473 54750

5646 78548

9577 183980

27407 76362

13954 86834

12728 106660

18872 40251

11430 27799

4726 30701

4630 29252

2582 53193

3671 69433

5683 29568

4328 39233

TOTAL 32152 138316 167628 329031 151997 158771 977895



BFN-16

TABLE 2.2-5

(SHEET 7)

BROWNS FERRY NUCLEAR PLANT

2020 60-MILE POPULATION DISTRIBUTION

0-10 10-20 20-30 30-40 40-50 50-60 TOTAL

N

NNE

NE

ENE

E

ESE

SE

SSE

S

SSW

SW

WSW

W

WNW

NW

NNW

1755

1941

5241

2227

1816

149

9452

2782

1640

1590

961

343

201

78

1070

2090

3184 3277 12228 4384

3039 4800 4012 4766

14728 8165 8375 15482

10181 34388 20078 8721

17494 54360 99985 7220

2723 5716 29533 12789

24747 8229 9269 24197

34237 14856 23606 22094

4942 2788 6710 6000

6306 1168 2721 4990

5662 2445 3564 14036

3426 2910 13618 4813

3755 11242 30796 6054

2032 8306 51728 5647

4344 7635 6661 4948

2477 3222 17035 11119

15115 39942

15065 33623

4593 56585

5855 81449

9885 190758

28730 79641

14501 90395

13174 110750

19541 41621

11826 28601

4918 31587

4748 29857

2656 54703

3787 71578

5900 30559

4483 40426

TOTAL 33337 143277 173506 339920 157260 164776 1012076



BFN-16

TABLE2.2W
BROWNS FERRY NUCLEAR PlANT

POPULATION DENSITYATVARIOUS DISTANCES FROM THE SITE

DISTANCE
FROM

REACTOR
BUILDING

(MILES)

0.1

1-2

24

44
04
5-10

0-10

10.20

2040

@HO

4040

5060

040

0.2

35 40 11.4

119 375 33.2

16.8 410 24.4

232 1,000 43.1

55.0 1,825 332

210.5 24,915 118.4

265926,740 100.7

903.0 90,670 100.4

1,560 145,475 94.5

2,180 250,040 114.7

2,790 113,785 40.8

3,400 110,100 32.4

11,078 736,810 665

45

420

1,045

1,945

28,410

30,355

105,570

158,565

279,865

131,980

131,705

838,040

1970

LANDAREA
(SQUARE AVERAGE
MILES) POPUlATION DENSITY POPUlATION

129

372

259

45.0

35.4

135.0

1143

116.9

103.0

128.4

473

38.7

75.6

34

331

476

549

1,111

2,501

25,359

27,860

116,638

179,985

288,335

146,544

141,313

900,675

170.0

94.6

42.1

32.7

47.9

45.5

1205

104.9

1292

116c)

1323

525

41.6

813

AVERAGE AVERAGE
DENSITY POPIAATION DENSITY

AVERAGE
POPULATION DENSITY

38 190.0

328 93.7

496 43.9

563 33.5

987 425

2,412 43.9

28,073 133.4

30,483 114.8

131,617 145.8

158,882 101.8

313,999 144.0

143,281 51.4

147,657 43.4

925,919 83.6

2010 2020

AVERAGE AVERAGE
POPUlATION DENSITY POPULATION DENSITY POPUlATION

205.0

97.1

46.0

35.1

43.4

45.4

140.9

121.1

153.2

107.5

150.9

54.5

46.7

883

41

340

520

1,006

2,496

29.657

32,153

138,316

167,628

329,031

151,997

158,771

977,895

42

352

539

610

1,036

2,579

30,760

33,339

143,277

173,506

339,920

164,776

157,260

1,012,076

40 200.0

334 95.4

508 45.0

576 343

993 42.8

2,451 44.6

28,881 137.2

31/32 118.0

134,988 149.5

163,549 104.8

321,621 147.5

147,664 52.9

153,533 452

163,549 14.8

AVERAGE
DENSITY

211.5

1005

47.7

36.3

44.6

46.9

146.1

125.6

158.7

111.2

155.9

59.1

46.3

91.4



BFN-16

TABLE2.2-7

(SHEET 1)

1986 PEAK HOUR RECREATION VISITATION

WITHIN 10 MILES OF THE SITE

Total 0-1 1-2

Mile s From Site

2-3 4-5 5-10

N

NNE

NE

ENE

E

ESE

SE

SSE

S

SSW

SW

WSW

W

WNW

NW

NNW

1,538

285

568

441

305

922

0

563

568

441

0 0 0

975

285

305

922

0

TOTAL 4,059 1,572 2,487



BFN-16

TABLE 2.2-7

(SHEET 2)

BROWNS FERRY NUCLEAR PLANT

1990 ESTIMATED PEAK HOUR RECREATION VISITATION

WITHIN10 MILES OF THE SITE

Total 0-1 1-2

Mile s From Site

2-3 4-5 5-10

N

NNE

NE

ENE

E

ESE

SE

SSE

S

SSW

SW

WSW

W

WNW

NW

NNW

420

1,009

0

454

353

244

1 232

0

420

0

0

454

353

0

1,009

0

244

1 232

0

TOTAL 3,712 1,227 2,485



BFN-16

TABLE 2.2-7

(SHEET 3)

BROWNS FERRY NUCLEAR PLANT

2000 ESTIMATED PEAK HOUR RECREATION VISITATION

WITHIN10 MILES OF THE SITE

Total 0-1 1-2

Mile s From Site

2-3 4-5 5-10

N

NNE

NE

ENE

E

ESE

SE

SSE

S

SSW

SW

WSW

W

WNW

NW

NNW

432

1,038

0

467

363

251

1,267

0

0

0

0

0

0

0

0

0

0

0

0

432

0

0

0

0

0

467

363

0

0

0

1,038

0

251

1,267

0

TOTAL 3,818 1,262 2,556



BFN-16

TABLE2.2-7

(SHEET 4)

BROWNS FERRY NUCLEAR PLANT

2010 ESTIMATED PEAK HOUR RECREATION VISITATION

WITHIN10 MILES OF THE SITE

Total 0-1 1-2

Mile s From Site

2-3 3P 4-5 5-10

N

NNE

NE

ENE

E

ESE

SE

SSE

S

SSW

SW

WSW

W

WNW

NW

NNW

443

1,065

0

479

372

257

1,299

0

443

0

479

372

0

1,065

0

0

257

1,299

0

TOTAL 3,915 1,294 2,621



BFN-16

TABLE2.2-7

(SHEET 5)

BROWNS FERRY NUCLEAR PLANT

2020 ESTIMATED PEAK HOUR RECREATION VISITATION

WITHIN10 MILES OF THE SITE

Total 0-1 1-2

Mile s From Site

2-3 3-4 4-5 5-10

N

NNE

NE

ENE

E

ESE

SE

SSE

S

SSW

SW

WSW

W

WNW

NW

NNW

458

1,102

0

496

385

266

1,344

0

458

0

0

0

0

496

385

0

0

0

1,102

0

266

1,344

0

TOTAL 4,051 1,339 2,712



BFN-16

TABLE 2.2-8
Browns Ferry Nuclear Plant

Listing of 1993 School Enrollments and Industrial

. Employment Within Ten Miles of the Site

Sc o

Distance from

~S'ii KamiJgtgat

Alternative
School'lements

High

Hubbard Elementary

James L. Cowart Elementary

Leon Shef iield Elementary

Reid Elementary

Tanner
High'ennessee

Valley School

West Decatur Elementary

West Lawn Elementary

West Morgan Elementary

8.4

7.7

6.0

9.8

9.1

5.7

8.4

6.6

9.2

9.0

8.5

71

963

237

348

272

147

775

122

261

203

950

gggloor~et

American Fructose

Amoco

Diakan

Freuhauf

General Motors Plant

Hispan

Monsanto

Polysar

Prestolite

Steel Case Plant

3M Plant

Whittaker

6.4

6.0

5.5

7.4

10.0

5.5

7.4

7.7

7.4

9.3

5.5

7.5

200

450

100

150

1.717

100

800

80

300

375

450

150

1
Formerly Tanner Primary facility.

Name change - formerly West Athens Elementary.

3 Name change - formerly Lakeview Elementary.

Includes grades K-12.

Day shift.
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TABLE2.2-9
(SHEET 1)

BROWNS FERRY NUCLEAR PLANT
STATISTICALDATAFOR NEARBY COUNTIES

1990 EMPLOYMENTBY COUNTY(1)

TOTAL EMPLOYMENT

WAGE AND SALARY
PROPRIETORS

FARM
NONFARM

LAWRENCE

10,488

8,138
2,350
1 232
1,118

LIMESTONE

26,899

22,920
3,979
1 198
2,781

MADISON

162,673

147,430
15,243

1,106
14,137

MORGAN

52,401

44,778
7,623
1,363
6,260

TOTAL EMPLOYMENTBY INDUSTRY:
FARM
NONFARM

PRIVATE
AG.SERV.,FOR.,FISH., AND OTHER
MINING
CONSTRUCTION
MANUFACTURING
TRANSPORTATION AND PUBLIC UTILITIES
WHOLESALE TRADE
RETAILTRADE
FINANCE, INSURANCE, AND REAL ESTATE
SERVICES

1,492
8,996
7,065

161

(D)

176
(D)

157
2,054

1,591
25,308
17,402

165
(L)

898
2,387

371
670

1,020
532

3,634

1,630
161,043
123,082

708
131

1,461
6,923
3,705
5,268
3,643
7,093

41,558

1,575
50,826
43,353

321
140

7,252 4,329
34,270 13,666

1,803
1,929

23,097 8,605
2,642
9,918

GOVERNMENTAND GOVERNMENT ENTERPRISES 1,931

FEDERAL, CIVILIAN 141

MILITARY 316
STATE AND LOCAL 1,474

7,906
3,861

542
3,503

37,961
17,211
5,795

14,955

7,473
310

1,045
6,118

1. BY PLACE OF WORK
D - WITHHELDTO AVOIDDISCLOSURE OF INFORMATIONABOUT INDIVIDUALFIRMS

L - LESS THAN 10

SOURCE: U.S. DEPARTMENT OF COMMERCE, BUREAU OF ECONOMIC ANALYSIS,TABLECA25 FOR ALABAMA
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TABLE2.2-9 (Continued)
(SHEET 2)

BROWNS FERRY NUCLEAR PLANT
STATISTICALDATAFOR NEARBY COUNTIES

MORGAN MADISON LIMESTONE LAWRENCE

Agricultural Use-1987 1/

Total farmland (acres)
Number of farms
Cropland harvested

159,757
1,243

44,763

235,478
977

112,625

223,190
1,090

101,416

188,365
1 ~

123
77,593

Value of Products Sold-
1987 (dollars) 2/

(AII Farms)
Crops, including nursery

and greenhouse crops
Poultry and poultry

products
Dairy products
Other livestock

Total

6,429,600

27,676,000
3,865,000
8,878,000

46,848,600

23,088,000

5,271,000
2,349,000

11,356,000
42,064,000

23,250,000

993,000
2,639,000
9,333,000

36,215,000

16,453,000

27,328,000
936,000

15,577,000
60,294,000

Livestock and Poultry on
Farms - 1987 (number) 1/

Cattle and calves
Milkcows
Sheep and lambs
Hogs and pigs
Chickens (3 months old

and older)

35,979
2,235

(D)
2,706

280,865

25,471
1,164

207
7,989

(D)

25,636
1,417

(D)
5,727

(D)

27,776
570
466

6,835

1,156,297

1/ Source = 19S7 Census of Agriculture
2/ Source = Alabama Agricultural Statistics Service 1987
(D) - Withheld to avoid disclosing data for individual farms



CODE COMMODITY 1983

TABLE2.2-10

(Sheet 1)

HAZARDOUS RIVER TRAFFIC THATPASSES
BROWNS FERRY NUCLEAR PLANT

1983-1993 (TONS)
U.S. Army Corps of Engineers Data

~84 ~985 ~986 1987 ~988 1989

Old

Cornrnodity

Codes(1)

199@

New

Commodity
Codes(1)

1990 1991 1999, 1993

2871 Nitrogenous Fert.

56211 Amon Nitrate Fert.

56216 Urea FerL

56219 Min.~ Chem.

FerL, Nitrogenous

38,712

NA

NA

NA

47,301

NA

NA

NA

71,826

NA

NA

NA

28,507

NA

NA

NA

59,722

NA

NA

NA

30,155 35,961

NA NA

NA NA

NA NA

41,707

NA

NA

NA

NA

11,742

15,165

14,800

NA

4,456

46,696

16,903

NA

4,693

33,706

6,917

NA

4,666

25,871

13,216

2911 Gasoline

33411 Gasoline

0 1,283

NA

0 3/87(2) 0 4,900

NA

0

NA - NA

0 NA

2914 Distillate Fuel Oil

33419 0th Lt. Oits

From Petroleum

25,545

NA

0 7,374 29.037 3,385 8.054

NA NA NA NA

16,746

NA

NA

16,746

NA

74,983

NA

7,249

2915 Residual Fuel Oil

33440 Fuel Oils, NEC

2917 Naphtha

33429 0th Medium Oils

113,737

NA

38,295

NA

147,018

NA

63,870

NA

153,938

NA

79,690

NA

329,305

NA

110,349

NA

295,813

115.263

332,553

NA

128,011

NA

292,931

NA

143,450

NA

230,255

NA

87,586

NA

NA

230,255

NA

87,586

NA

133,642

NA

8,022

NA

235,508

NA

8,887

NA

215.461

NA

5,982

2811 Crude Pds. from

Coal Tar, Petro

33521 Tar

33525 Oils 8 Other Prod

Dist of Coal

51124 Xylene, Pure

51125 Styrene

51127 Cumene

94,594 46441 175,255 105,100 98,894 222,789 167,272 335,539

18,158

8,626

245,962

58,624

0

NA

21,878

2,878

137,597

95,008

0

3,079

3,654

190,582

109.472

1,408

1,400

5,965

276,854

164,200

0



TABLE2.2-1 0

(Sheet 2)
HAZARDOUS RIVER TRAFFIC THATPASSES

BROWNS FERRY NUCLEAR PLANT
1983.1993 (TONS)

U.S. ArmyCorps of Engineers Data

CODE COMMODITY ~985 ~986 ~98 ~99

Old

Commodity

Codes(1)

New

Commodity

Codes(1)

1990 199 ~993

51133 Tetreclorethlene

2813 Alcohols

51215 Ethylal alchol

51216 Ethyl Alcohol

Denatured

2817 Benzene 8 Toluene

33522 Benzole

51122 Benzene

0

NA

NA

16,968

NA

NA

NA

1,400

NA

NA

NA

33,780

NA

NA

NA

24,173

NA

NA

2,779

NA

NA

NA

22,352

NA

16,478

NA

NA

0 13,812

NA NA

NA NA

4169

NA

16,478

0

NA

12,412

1,400

1399

NA

11,127

5,563

NA

42,220

0

0

NA

9,487

0

NA

0

0

NA

8,511

0

NA

6,128

6,731

2819 Basic Chemicals

51372 Eslers of

Acetic Acid

51483 Acrylonitrile

51484 Nitrite Function

Compounds, NEC

52210 Carbon, NEC

52224 Chlorine

52349 0th. Sutfatesi Alum

52264 Pclass.Hydroxide

237,821

NA

341,032

NA

331,028

NA

342/46
NA

384,343

NA

458,767

NA

398,525

NA

283rr 10

NA

NA

11,861

211,094

2.649

0

46,200

9.406

2,700

NA

32,440

302.644

67,159

0

34,100

3,265

0

NA

41,530

330,668

68.236

2,869

38,500

1,423

0

NA

30,570

349,172

67,333

2,947

36,300

1,756

0

TOTAL 548,704 646,745 828,705 927,568 1,016,852 1,207,512 1,068,545 1,026,033 1,026,033 1,041,980 1,097,868 1,223,063

(1) ln 1990, more detailed and specific cornrnodity codes became available. The double entries for that year indicate the commodities under both!he old and new system.

(2) The actual product was RU250.
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Table 2.2-11

(Deleted by Amendment 12)
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2.5 GEOLOGY AND SEISMOLOGY

2.5.1 General

The regional geologic features in the Browns Ferry site area and the local geologic
formations in the immediate plant area have been investigated. The results of
extensive drilling, excavation, and testing are presented in this subsection. These

results show that the underlying bedrock will provide more than adequate
foundation for Browns Ferry plant structures.

The seismicity of the site area has also been studied. Data from many earthquakes
have been used to compile the seismic history of the area and to evaluate the

earthquake hazard at the site.

2.5,2 GeoloceGr

2.5.2.1 Introduction

The Browns Ferry area was explored first in 1962 as one of several possible sites in

the vicinity for a fossil fuel plant. The area is underlain by flat-lying, undeformed
limestone of Mississippian age. Exploration indicated and subsequent excavation

proved that no significant geologic problems would be encountered in developing
satisfactory foundations for the major structures.

2.5.2.2 Geolo ical Investi ative Pro ram

2.5.2.2.1 Site

Initial geologic investigations were made at the Browns Ferry site from January to

May, 1962, and again during February and March, 1963. During these periods 80

holes totaling 5658.6 linear feet were drilled on 200-foot spacing along lettered

ranges roughly parallel to the shoreline of Wheeler Lake and numbered sections at

right angles to the ranges as shown in Figure 2.5-1. At this time the site was under
consideration for a fossil fuel plant. For this reason drilling depth was limited to 10

feet of sound, unweathered rock and, therefore, the majority of the holes penetrated
less than 20 feet of rock. The geologic conditions revealed by this drilling are
shown on Figures 2.5-2 and 2.5-3.

2.5.2.2.2 Plant Foundations

With the decision in 1966 to utilize the site for a nuclear plant, additional exploration
was done. As shown on Figure 2.5-4, 29 additional core drill holes and 95
percussion holes were drilled in the main plant area to provide additional geologic
information. Graphic logs of the additional core drill holes are shown on Figure

2.5-1
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2.5-5. A summary of geological investigative programs from 1972 to 1980 is
presented on Figure 2.5-5a.

2.5.2.2.3 Access Hi hwa Brid e

In April of 1972 foundation investigations were conducted for the construction of an
access highway bridge over a relocated channel. Ten Nx-wireline core holes were
drilled and visually logged. The drill layout is presented on Figure 2.5-5b and the
logs are on Figures 2.5-5c through 2.5-5I.

2.5.2.2.4 Deleted

2.5.2.2.5 Low-Level Radwaste Stora e Facilit

During the period from January to April 1980, TVAconducted foundation
investigations at the site of the proposed Low Level Radwaste Facility (LLRW)
(Figures 2.5-S1 through 2.5-S4). Core borings and various geophysical methods
were used to determine the depth to rock, the configuration of the top of rock, and to
locate and zone deficiencies in order to assess the ability of the bedrock to support
the overlying soils and thus the LLRWfacility. Three vertical Nx-wireline,core holes
were drilled through the near-horizontally bedded limestones of the Mississippian
aged Fort Payne Formation into the undifferentiated shales, sandstones, and
limestones below (Figure 2.5-S5). The cores from these holes were logged
visually, and the holes were logged geophysically. The bedrock was found to lie an
average of 50 feet below the ground surface and to have an undulating to slightly
undulating top-of-rock surface containing narrow near-vertical solution features.
Subsurface geophysical investigations were carried out in 102 percussion holes
drilled 50 feet into the rock, revealed no buried sinkholes or large near-surface
cavities which could potentially collapse and cause settlement.

2.5.2.3 Re ional Geolo

2.5.2.3.1 Geolo ical Histo

The Browns Ferry area lies on the southeastern flank of the Nashville structural
dome where it merges into the foreland slope of the Appalachian geosyncline.
Throughout most of the Paleozoic Era the region was at or slightly below sea level.
During this time more than 5,000 feet of limestone, dolomite, and shale were
deposited. Since the end of the Paleozoic Era, some 250,000,000 years ago, the
area has been above sea level and has been subjected to numerous cycles of
erosion resulting in a general peneplanation. During its history this immediate
region has been one of little structural deformation. Major folds and faults are
entirely absent. The rock strata are only slightly warped with regional dips of less

2.5-2



than 1 degree to the southeast away from the Nashville dome and toward the
foreslope of the Appalachian geosyncline.

2.5.2.3.2 Re ional Strati ra h

The low plateau on which the Browns Ferry site lies is underlain by near-horizontal
limestone strata of Mississippian age having an aggregate thickness of slightly over
1,000 feet. In ascending order the formations and their maximum thicknesses,
according to the Alabama Geological Survey, are: Fort Payne, 207 feet;
Tuscumbia, 200 feet; Ste. Genevieve, 43 feet; Bethel, 40 feet; Gasper, 160 feet;
Cypress, 7 feet; Golconda, 70 feet; Hartselle, 200 feet; and Bangor, 90 feet.
Bedrock is mantled by varying thicknesses of cherty clay, silt, sand, and gravel of
residual and alluvial origin.

The only formations involved directly in the site area are the unconsolidated
materials overlying bedrock and the Tuscumbia limestone and the Fort Payne
Formation. A brief description of each of these follows.

Unconsolidated Deposits - Within the site area bedrock is mantled by an average
thickness of 54 feet of red and yellow clay containing some residual chert boulders
and lenses of sand and gravel. This material varies in thickness from a known
minimum of 41 feet to a known maximum of 69 feet.

Tuscumbia Limestone - Only the lower 50 feet of the Tuscumbia formation was
encountered at the Browns Ferry site. The Tuscumbia is characterized by
medium-to-thick beds of light-gray, medium-to-coarse-crystalline, fossiliferous
limestone. Inasmuch as the Tuscumbia Limestone is a relatively pure limestone, it
is more affected by solution (than the Fort Payne Formation). Practically all the
cavities encountered at the site were developed in this formation.

Fort Payne Formation - The maximum known thickness of the Fort Payne formation
in northern Alabama is slightly over 200 feet. At the Browns Ferry site the total
thickness, penetrated in one drill hole, is 145 feet. The formation consists of
medium-bedded, medium to dark gray, silty dolomite and siliceous limestone with a

few thin horizons of shale. Near the top of the formation, some of the beds are
cherty and some of the cores showed zones which were slightly asphaltic. The
most distinguishing lithologic feature is the presence of quartz-and calcite-filled
vugs up to 1 inch in diameter. The silty, siliceous nature of the Fort Payne
formation inhibits the development of solution cavities and very few were found in

cores drilled from this formation. In general, excavation grades for the major
structures of the Browns Ferry plant were set in the Fort Payne formation.

2.5-3
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2.5.2.3.3 Re ional Structure

The regional structure in the Browns Ferry area is controlled by the Nashville dome.
The area lies on the southeast flank of this dome and the regional dip is a degree or
less to the southeast. This regional trend is commonly obscured by the slight local
variations in dip caused by minor warping and folding. In general, axes of these
secondary flexures trend northwest-southeast which is compatible with a regional
"cross grain" that has developed on the flank of the Nashville dome.

In the immediate site area the beds of the Tuscumbia and Fort Payne formations
are essentially horizontal. Calculations based on the elevations at which the
contact between the Tuscumbia and Fort Payne formations was encountered
indicate that the direction of dip varies considerably but has an overall westward,
major component.

As is to be expected in near-horizontal strata, bedrock is cut by a pattern of
near-vertical joints. Close to the surface of bedrock, solution channels have
developed along these joints especially in the Tuscumbia Limestone. At depth,
however, in the less soluble Fort Payne, the joints are tight and most are cemented
with calcite.

Faulting is not a significant factor in considering the geologic structure in the
Browns Ferry area. No active faults showing recent surface displacement are
known within a 200-mile radius of the site. The nearest known ancient fault is in
Lawrence County, Alabama, 16.5 miles to the west-southwest from the Browns
Ferry site and is one of three apparently related near-vertical faults. The vertical
displacement varies from 0 to 60 feet and cuts Mississippian bedrock.

At the site, the only indications of any rock movement are small shears along
bedding planes which represent minor readjustments between beds when the area
was uplifted at the end of the Paleozoic Era some 250,000,000 years ago. No
accurate measurement of these displacements can be made, but movement was
probably on the order of a few hundredths of a foot.

2.5.2.4 ~GG 5

25241 ~PG 1 ~ 5

The area surrounding the Browns Ferry site lies near the southern margin of the
Highland Rim section of the Interior Low Plateaus as defined by Fenneman.'his
physiographic subdivision is characterized by a young-to-mature plateau of
moderate relief. The general level of the ground rises gradually from 600 feet

Fenneman, N.M., "Physiography of the Eastern United States," pp.415-427.
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above sea level at the north shore of Wheeler Lake to around 800 feet above sea
level 10 miles north in the vicinity of Athens, Alabama. This surface is modified by
the drainage patterns of Poplar, Round Island, and Mud Creeks, which flow across
it from northeast to southwest.

The plant site is located on an old river terrace surface with an average elevation of
575 feet above sea level. This surface represents an old flood plain of the
Tennessee River developed when the river was flowing at a higher level. The most
recent flood plain is now inundated by the waters of Wheeler Lake. Plant grade is

at El. 565.

2.5.2.4.2 Bedrock

The general description of the Tuscumbia and Fort Payne formations has been
covered in Section 2.5.2.3.2, "Regional Stratigraphy." This section will deal with the
foundation conditions as encountered and treated during the construction period.

The first bedrock uncovered was the lower portion of the Tuscumbia Limestone. As
had been expected from the results of the exploratory drilling, the Tuscumbia was
cut by frequent near-vertical solution channels developed along steeply dipping
joints. Before El. 515 had been reached, the near-vertical solution channels had
pinched out and the major indications of solution were near-horizontal zones of
weathering developed along the bedding.

At this stage additional exploratory drilling was done to determine the detailed
foundation conditions under the reactor building, turbine building, intake structure,
and chimney areas. As shown on Figure 2.5-4 a combination of core drill and
percussion holes was drilled. The core holes furnished detailed stratigraphic
control, while the primary purpose of the closer spaced percussion holes was to
ensure that no large cavities existed below the foundation.

Eleven specimens of core selected from holes drilled in the reactor area were
tested for unconfined compressive strength in the TVAmaterials laboratory. The
maximum value obtained was 17,200 psi; the minimum was 11,41 9 psi; and the
average was 14,175 psi. Additional core samples from the same area were sent to
John A. Blume and Associates for testing of other physical properties. The
following data are taken from their report:

Elastic Modulus

Shear Modulus .

8,200,000 psi

2,300,000 psi

2.5-5
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Constrained Modulus 10,000,000 psi

Poisson's Ratio 0.252

Ten selected percussion holes in the Unit 1 and Unit 2 areas were inspected with a
borehole television camera to confirm the results of the drilling, and the continuity of
horizontal seams was checked in four core drill holes by resistivity and gamma ray
logs. In addition, test pits were dug at the centers of Units 1 and 2.

The exploration and initial excavation disclosed a persistent weathered zone at the
base of the Tuscumbia Limestone, between El. 509 and 508 at the west side of the
Unit 1 portion of the reactor building, which contained one or more partially open
seams 0.1 foot to 0.15 foot thick. In some instances this seam was open, and in
others it was clay-filled. This weathered zone sloped upward to the east along the
contact between the Tuscumbia and Fort Payne formations. Midway between Unit
1 and Unit 2 this contact intersected the rock surface at approximately El. 511. As a
result, only the Fort Payne formation is the foundation rock in the Unit 2 and Unit 3
areas, and no cavities or seams were present.

Special foundation treatment was required to ensure an adequate foundation for the
structures. In the Unit 1 portion of the reactor building this was accomplished by a
system of underpinning. Trenches were excavated through the Tuscumbia
Limestone to the underlying Fort Payne Formation. These trenches are under the
perimeter walls of the reactor building and a doughnut-shaped trench is under the
periphery of the central mass under the drywell. These trenches were backfilled
with concrete to El. 513, the bottom of the reactor building slab. (Figure 2.5-19)

Under the Unit 2 and Unit 3 portions of the reactor building where the Fort Payne
formation was below the design elevation of 513, fillconcrete was placed to that
elevation over the entire area.

Foundation for the bearing pile cluster locations in the turbine building area was
provided by grouting the seam at the Tuscumbia-Fort Payne contact by
conventional consolidation grouting methods.

Surficial De osits

Plant Area - A soils investigation program was initiated in the spring of 1966 for the
purpose of establishing the allowable bearing value for soil-supported structures
and identifying adequate borrow material.

The original ground surface occurred at approximately 15 feet above final plant
grade in the area of plant structures, and approximately 2 feet above the final
transformer and switchyard area grade.

2.5-6
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The top 15-20 feet is classified as a red-to-reddish-brown, sandy clay and
lean-to-medium silty clay with a maximum thickness of 30 feet. This is designated
as the preferred borrow material.

Underlying these alluvial terrace deposits are approxim'ately 40 feet of residual
medium-to-fat clays and plastic silts interbedded with lenses of medium layers of
gravelly chert. The ground water table was established at El. 555.1 foot, which
corresponds to the level of Wheeler Reservoir.

A total of 13 borings was made. Of these, undisturbed samples were obtained from
seven, using 3-inch and 5-inch Shelby Tubes. The remaining six were drilled with a
4-inch power auger, with disturbed samples taken. Undisturbed samples were
taken at 3-foot intervals, while disturbed samples were taken at 5-foot intervals.
Standard penetration tests were made using a 2-inch split-spoon.

Laboratory testing consisted of index tests, soil classification, consolidation tests,
and vane shear tests. The laboratory testing and the standard penetration
resistance result gave an allowable soil bearing capacity of 1.5 tons per square foot
for a mat foundation and 2.0 tons per square foot for spread footings.

Intake Channel - To determine the seismic stability of materials in the intake
channel, borings and samplings were made in depth at five locations in the side
slopes of the channel connecting the intake structure with Wheeler Reservoir.
Laboratory tests and analysis then established shear and other design values of
this material (see Chapter,12). A vibroseismic survey was also made at the site to
identify the shear wave and compression wave velocities of the soils. Using the
values obtained, the seismic stability was evaluated and is described in Section
12.2.7.

Low Level Radwaste Storage Facility - A soils investigation program was initiated in
the Winter of 1980 for the purpose of determining the in-situ and borrow soil
properties. Figure 2.5-S1 shows the location of the LLRWfacility in relation to main
plant and Figure 2.5-S2 shows the location of in-situ soil borings for the LLRW
facility.

The overburden thickness varies from 37 to 50 feet with existing grade varying from
El. 588 to El. 570. Final grade is at approximate EI. 580. Figures 2.5-S3 and -S4
are generalized soil profiles in the LLRWarea.

A predominantly red lean clay layer extends from the ground surface to depths
ranging from 2 to 18 feet and averaging 16 feet. This layer is continuous except
where previously excavated for borrow. Typically, blow counts (N) from the
standard penetration test (ASTM D-1586) fall within the stiff to very stiff consistency
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range. However, surficial weakness revealed by blow counts less than 10 is not
uncommon. These clayey soils represent ancient terrace alluvium.

Underlying the lean clay is an intermediate layer consisting of predominantly tan to
red, medium to highly plastic residual clay. This layer is not continuous. In places,
it has a thickness up to 26 feet and averages about 16 feet. Inclusions of gravelly
clay, lean clay, and silt are present. Penetration resistance indicates very stiff
consistency with only scattered isolated weakness.

The intermediate layer extends to bedrock and is underlain by a basal cherty clay or
clayey chert. The fine fraction of these soils is usually'highly plastic, showing a
wide variation in color ranging from red to yellow and tan to black. The gravelly clay
containing over 10 percent gravel represents a transitional zone between the fat
clay and the clayey gravel as shown on the general cross sections, Figures 2.5-S3
and 2.5-S4.

The residual clayey gravels sampled with the 2-inch split-spoon usually showed
some particle breakage due to the penetration of the samplers. Thus, the in-place
material is coarser than the samples grain size tests indicate. This gravel layer is
continuous across the site and averages about 18 feet in thickness. Soil
consistencies indicate wide areas of relative weakness (N s 10) which is most
pronounced and persistent immediately above bedrock.

Water level readings were taken in borings 1 hour and 24 hours after completion of
drilling. Water levels varied from El. 575 in the western area of structures A-1 and
A-2 to about EI. 569 on the eastern end of A and B structures and the southern end
of the C structures. In some cases, water was not initiallyapparent at the
established elevations. On penetrating the clayey gravel (GC) soils, however,
water rose and adjusted rapidly, indicating the water is confined.

Laboratory testing consisted of index testing of split-spoon samples for
classification. Moisture contents were obtained on all samples. Undisturbed
samples were tested for moisture content, grain size, Atterberg limits, specific
gravity, and unit weight. In addition, representative undisturbed samples were
selected for determining engineering properties. Specifically, triaxial compression
unconsolidated-undrained (Q-test), triaxial compression consolidated-undrained
(R-test), and direct shear consolidated-drained (S-test) strengths were determined.
Consolidation and permeability tests were conducted.

Three borrow areas were investigated to locate a suitable quantity of an acceptable
borrow material. Each area was sampled with auger borings to collect bag samples
for laboratory testing. Standard compaction curves (ASTM D-698) were developed
for each borrow area, and shear strength, consolidation and permeability tests were
conducted on remolded samples of each identified borrow soil class. Each borrow
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area was evaluated and determined to provide an adequate source for borrow
material.

An evaluation of the in-situ and borrow soils was made. The results were used to
determine the allowable bearing capacity and predicted settlement, which were
found to be less than the design criteria limits.

In-situ dynamic soil properties were determined using cross hole, uphole, and
downhole geophysical tests. The tests were performed at three locations. The
tests were evaluated, and the results indicated a range of shear wave velocities
between approximately 500 and 2300 feet per second.

2.5.3 ~5

2.5.3.1 Introduction

The Browns Ferry Nuclear Plant is located in an area far removed from any centers
of significant seismic activity in historic time. A few major earthquakes centered at
distant points, several light-to-moderate shocks at distant points, and several
light-to-moderate shocks with nearer centers have affected the area at
low-to-moderate intensity. No known earthquake has been centered nearer than 35
miles from the site.

2.5.3.2 Seismic Investi ation Pro ram

In order to evaluate the earthquake hazard at the plant site, a study was made of
the known seismic history of a large surrounding area. This study was greatly
facilitated by research carried on over a period of more than three decades on the
seismicity of the southeastern United States in general and the Tennessee Valley
region in particular. Voluminous files of earthquake data, collected from a number
of sources, were used in the compilation of seismic histories of the several states.
By plotting the epicenters of hundreds of these earthquakes, the areas of continuing
seismic activity became apparent. The more active areas are as follows:

a. Mississippi Valley, especially the New Madrid region of Missouri, Arkansas,
Tennessee and Kentucky. This area has been seismically active since the
appearance of the white man and very probably long before. The area has
been the center of a few great earthquakes and very numerous lighter shocks
which are still occurring at intervals. The New Madrid region is about 170
miles northwest of the plant site.

b. The Lower Wabash Valley of Indiana and Illinois. This area has been the
center of several moderately strong earthquakes, some of which were felt as
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far south as Tennessee. The Lower Wabash Valley is about 225 miles
north-northwest from the plant site.

c. Charleston area, South Carolina. One of the country's greatest earthquakes
was centered in the Charleston area. Many other light-to-moderate
earthquakes have occurred in this area and the activity has continued to the
present time. Charleston is about 420 miles east of the plant site.

d. The Southern Appalachian area of western North Carolina and eastern
Tennessee. Light-to-moderate earthquakes occur in this area at an average
frequency of one or two per year. Although the activity is minor and
continuing, it is not uniform. Periods of several shocks per year are usually
followed by longer periods of no shocks. This area is centered about 200
miles east of Decatur.

In addition to these areas, shocks of light-to-moderate intensity have occurred at
many other localities in the southeastern states at various distances from the
Browns Ferry plant site. At many of these localities, only a few light-to-moderate
shocks from widely scattered centers are known. A few such shocks have occurred
to the north and east of Huntsville, from 35 to 45 miles away from the plant site.
These shocks are included in the annotated list Section 2.5.3.4, "Seismic History."

Several scales have been devised to evaluate the force of earthquake shocks.
Scales which rate earthquakes on the degree of shaking at any given locality are
known as intensity scales. In general, the intensity of an earthquake is highest in
the epicentral area and diminishes in all directions from the point of maximum
intensity..Another factor affecting the intensity of an earthquake is the character of
the ground in a given locality. The shaking is much less severe, other things being
equal, at a place on bedrock than one on thick alluvium. The most widely used
intensity scale is the modified Mercalli scale which has 12 degrees of intensity (see
Figure 2.5-7). The degrees of intensity are expressed by Roman numerals from I to
XII.

The more recently developed Richter magnitude scale applies to an earthquake as
a whole rather than the observations made at some point, or points, within the area
affected. Earthquake magnitude is calculated from measurements on seismograms
and is expressed by an Arabic numeral and a fraction, such as 6-3/4 or 5.5.

2.5.3.3 Geolo icandTectonic Back round

As discussed in Section 2.5.2, Browns Ferry Nuclear Plant is founded on a thick
succession of essentially horizontal sedimentary rocks. The site is 16.5 miles away
from the nearest known inactive fault and approximately 200 miles from the
occasionally active faults in the New Madrid region of the Mississippi Valley. Since
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the site area is very low on the southeastern flank of the Nashville structural dome,
it has undergone no tectonic movement except simple uplift. This movement
probably ceased at the close of the Paleozoic Era.

2.5.3,4 ~Si tl

An updated list of seismic events within a 200-mile radius of the plant site is
presented in Table 2.5-1. Epicenters of earthquakes within a 200-mile radius of the
plant site are shown on Figure 2.5-6.

2.5.3.5 Seismicit of the Area

Although the seismic history of the southeastern states has been known for only a
century and a half, there is no indication of seismicity in the Decatur area. Light
shocks have been centered near Huntsville, Hazel Green, Anniston, Cullman,
Easonville, and Birmingham, but most of them were felt as low intensity shocks or
not at all in the Decatur area. The shocks felt most strongly in the area have been
major earthquakes centered at distant points, especially in the Mississippi Valley.
There is continuing seismic activity in the Mississippi Valley, and the possibility of
another great earthquake in the New Madrid region of Missouri, Arkansas,
Tennessee, and Kentucky cannot be discounted. An earthquake of intensity XI or
XII at New Madrid might be felt in the Decatur area with an intensity of Vll.
2.5.4 Conclusions

The site is underlain by massive formations of bedrock, thus providing adequate
foundations for all plant structures.

Information provided in Section 2.5.3 indicates no known seismic activity originating
in or near the site area. The major seismic activity experienced at the site has been
caused by distant major earthquakes, especially those at New Madrid and
Charleston. For design purposes, a conservative assumption was made that a
seismic event at an unstated location could cause an intensity of Vll at the plant
site. Thus, the design of structures and equipment important to the plant safety
features was based on a horizontal ground motion due to a peak acceleration of
0.10g. In addition, the design is such that the plant can be safely shut down during
a peak horizontal ground acceleration of 0.20g. Vertical accelerations are two
thirds of the horizontal accelerations. Details of the earthquake design of these
structures are given in Chapter 12. Design based upon these ground accelerations
provides a margin of protection against either minor shocks originating near the site
or major shocks originating at New Madrid or Charleston.

Since the site is located in an area of extremely low seismicity, it has been
principally affected, ifat all, by distant, strong earthquakes. The response spectra
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chosen for the site are shown in Figures 2.5-8 and 2.5-9 for the OBE and DBE,
respectively. The time-history method was used in analyzing all structures; and the
El Centro, May 1940, N-S component was chosen for this purpose. This record was
felt to adequately represent any potential threat to the site. A comparison of the
response spectrum produced by this record and the spectrum used for design is
shown in Figure 2.5-10. As an alternate basis for design of subsystems, an artificial
acceleration time history input ground motion was used. Figure 2.5-11 depicts the
acceleration, velocity, and displacement time history of this record. Figures 2.5-12
through 2.5-16 compare the response spectra of this time history to the site design
spectra for the various damping levels. The artificial time history meets the
enveloping requirements of Section 3.7.1, "Standard Review Plan."

2.5.5 Seismic Instrumentation Pro ram

In order to assess the effects on the plant of earthquakes which may occur that
exceed the ground acceleration for the Operating Basis Earthquake (OBE = 0.10g
ground acceleration), seismic instrumentation is provided as described in the
following sections.

2.5.5.1 Location and Descri tion of Instrumentation

The seismic instrumentation locations are shown in Figure 2.5-17. The
instrumentation consists of the following:

1. A strong-motion triaxial time-history accelerograph at each of the following
locations:

a. El. 519.5, Unit 1 Reactor Building, south corner of the Northwest Quad
Room,

b. El. 621.75, Unit 1 Reactor Building, upper level in Electrical Board Room
1A, and

c. El. 566.0, Unit 1 and 2 Diesel Generator Building, on the base slab in
Room B.

These accelerographs are battery operated and each contains three internal
Force Balance Accelerometers (longitudinal, transverse and vertical) and a
triggered event digital recording system. All three accelerographs are
oriented with their longitudinal axes parallel with plant assumed north. The
full scale range of the accelerometers in from -1.0g to+1.0g with a bandwidth
of DC to 50 Hz. Three accelerometers initiate operation of the digital
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recording system when an acceleration of 0.01g or greater is sensed. The
digital recording system using static RAM and is capable of recording
approximately 40 minutes of acceleration data on three channels.
Maintenance consists of periodic checks of calibration and battery voltage.

2. Three biaxial seismic switches, A, B, and C, on the base slab of the Unit 1

Reactor Building, El. 519.5. These seismic switches are set to actuate
contact closure at 0.10g, the horizontal OBE acceleration for the site. The
switches will not be actuated by disturbances with a frequency greater than
25 Hz.

3. A triaxial peak accelerograph at each of the following locations:

a. El. 544.0, Unit 1 Reactor Building, on the 14-inch core spray system pipe,

b. El. 580.0, Unit 1 Reactor Building, on the 16-inch residual heat removal
service water pipe, and

c. El. 625.75, Unit 1 Reactor Building, on the 10-inch Reactor Building
Closed Cooling Water (RBCCW) pipe.

The location of each triaxial peak accelerograph was selected based on the
following guidelines:

Accelerographs are located on seismically qualiTied pipes,

Accelerographs are located at different building elevations,

Accelerographs are located on vertical runs of pipe which will respond to
any direction of earthquake motion and at different natural frequencies,

The pipes were selected to be free as possible from operational
transients such as pump starts, fast acting valves, erratic thermal induced
movements, accidental shocks, etc, and

~ The mass of the recorder is insignificant relative to the pipe and
installation will not jeopardize the pipe's safety function.

4. An IBM PC (or 100% compatible) is located at the site for direct or remote
RS-232C connection to the time-history accelerographs. The PC is used to
control the time-history accelerographs and to retrieve recorded data. The
event and header data can be displayed on the CRT and analyzed using
appropriate software.
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5. Annunciator lights on panel 1-XA-55-4B in the Unit 1 Main Control Room:

a. Window 29: START OF STRONG-MOTION ACCELEROGRAPH - Any
one of the three strong-motion accelerographs (Item 1) will activate this
window ifan acceleration greater than or equal to 0.01g is sensed.

b. Windows 22, 23, and 30: SEISMIC TRIGGER A (B) (C) REACTOR
BUILDINGEl. 519- each biaxial seismic switch (Item 2) will activate its
respective window ifan acceleration greater than or equal to 0.10g is
sensed by that instrument. NOTE: Annunicator windows 22, 23, and 30
use the term "Seismic Trigger," which is based on terminology used in the
original purchase of these instruments. The currently accepted term for
this type of instrument, however, is "Seismic Switch."

The basis for selecting the Reactor Building for installation of seismic instruments is
that it is the rock-supported building most important to safety. The basis for
selecting the Diesel Generator Building is that it is the soil-supported building most
important to safety.

2.5.5.2 Control Room 0 erator Notification

Each of the seismic triggers, internal to the triaxial time-history accelerographs
described in Item 1, Section 2.5.5.1, actuateds its respective internal tape recorder
and an annunciator in the Main Control Room informing the operator that an
acceleration equal to or exceeding 0.01g has been sensed.

Each of the biaxial seismic switches described in Item 2, Section 2.5.5.1, actuates
its respective annunciator in the Main Control Room informing the operator that an
acceleration equal to or exceeding 0.10g (horizontal OBE) has been sensed.

2.5.5.3 Com arison of Measured and Predicted Res onses

The procedure to be followed in using the data from the seismic instrumentation is
discussed below.

Ifany one or more of the three seismic switches are activated, the operator will
initiate a controlled shutdown, provided the operator can verify that an earthquake
has occurred and provided a shutdown has not already been initiated. The
operator may use the annunciator for the time-history accelerographs to aid in his
judgment as to whether or not an earthquake has occurred. If none of the
annunciators have actuated, the operator will not initiate a controlled shutdown.
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After the occurrence of any earthquake strong enough to activate any of the sites
seismic instrumentation, the earthquake data recorded in the three time-history
accelerographs and metal plates from the three peak accelerographs (three plates
per instrument) will be retrieved immediately for processing and evaluation by
Nuclear Engineering.

Using the data recorded by the triaxial time-history accelerograph on the base slab
of the Unit 1 Reactor Building, response spectra will be prepared for the structure's
foundation. These spectra will be compared with the design spectra for the OBE. If
the response spectra for the recorded earthquake exceed the design spectra for the
OBE in the frequency range of 2 to 20 Hz, (1) a controlled shutdown will be initiated
if the plant has not already been shut down, and (2) dynamic earthquake analyses
will be performed for the Reactor Building.

The peak acceleration values obtained from the peak accelerographs will be
compared with the predicted responses of the pipes used as mounts for the
accelerographs. This comparison permits evaluation of seismic effects on these
and comparable systems in the plant.

Additional analyses, plant inspections, repairs, and testing will be performed as
necessary to verify the safety function of all structures, systems, and components.

When all requirements for safety have been met, the plant shall resume operation.
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3.4 REACTIVITYCONTROL MECHANICALDESIGN

3.4.1 ~Sf t Qb

The safety objective of the reactivity control mechanical design is to provide a
means to quickly terminate the nuclear fission process in the core so that damage
to the fuel barrier is limited. The objective is met by inserting reactivity control
devices into the reactor core.

3.4.2 Power Generation Ob ective

The power generation objective of the reactivity control mechanical design is to
provide a means to control power generation in the fuel. This objective is met by
positioning reactivity control devices in the reactor core.

3.4.3 Safet Desi n Basis

1. The reactivity control mechanical design shall include control rods.

a. The control rods shall be so designed and have sufficient mechanical
strength to prevent the displacement of their reactivity control material.

b. The control rods shall have sufficient strength and be of such design as to
prevent deformation that could inhibit their motion.

c. Each control rod shall include a device to limit its free fall velocity to such
a rate that the nuclear system process barrier is not damaged due to a
pressure increase caused by the rapid reactivity increase resulting from
the free fall of a control rod from its fully inserted position.

2. The reactivity control mechanical design shall provide for a sufficiently rapid
insertion of control rods so that no fuel damage results from any abnormal
operating transient.

3. The reactivity control mechanical design shall include positioning devices
each of which individually support and position a control rod.

4. Each positioning device shall:

a. Prevent its control rod from withdrawing as a result of a single
malfunction.

b. Avoid conditions which could prevent its control rod from being inserted.
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c. Be individually operated such that a failure in one positioning device does
not affect the operation of any other positioning device.

d. Be individually energized when rapid control rod insertion (scram) is
signaled so that failure of a power source external to the positioning
device does not prevent other control rods from being inserted.

e. Be locked to its control rod to prevent undesirable separation.

f. Provide positive indication of control rod position to the operator.

3.4.4 Power Generation Desi n Basis

1. The reactivity control mechanical design shall include reactivity control
devices (control rods) which shall contain and hold the reactivity control
material necessary to control the excess reactivity in the core.

2. The reactivity control mechanical design shall include provisions for
adjustment of the control rods to permit control of power generation in the
core.

3. The reactivity control mechanical design shall provide indication of the CRDM
temperature to the operator.

3.4.5 ~0

The reactivity control mechanical design consists of control rods which can be
positioned in the core, during power operation, by individual control rod drive (CRD)
mechanisms.

The CRD mechanisms are part of the CRD System. The CRD System hydraulically
operates the CRD mechanisms using water from the condensate storage system as
a hydraulic fluid. The CRD mechanisms are used to manually position individual
control rods during normal operation but act automatically to rapidly insert all
control rods during abnormal (scram) conditions.

The control rods, CRD mechanisms, and that part of the CRD Hydraulic System
necessary for scram operation are designed as Class l equipment in accordance
with Appendix C, "Structural Qualification of Subsystems and Components."

3.4-2



3.4.5.1 Reactivit Control Devices

3.4.5.1.1 Control Rods

The control rods perform the dual function of power shaping and reactivity control.
Power distribution in the core is controlled during operation of the reactor by
manipulation of selected patterns of control rods. The control rods are positioned in
a manner which counterbalances steam void effects at the top of the core and
results in significant power flattening.

Four General Electric control rod designs are currently approved for use in BFN
reactors: (1) Original Equipment, (2) Modified BWRI6, (3) Hybrid l, and (4)
Marathon. All of these control rods are "Matched Worth" designs. The reactivity
worth of the replacement control rods is nearly identical to the Original Equipment
control rod design so that all the designs can be used interchangeably without
affecting lattice physics and core reload analyses or core monitoring software.
These control rods are also designed to be interchangeable considering system
performance and mechanical fit. A brief description of each design follows.

Ori inal E ui ment Control Rod

The Original Equipment control rod consists of a sheathed cruciform array of
neutron absorber rods consisting of stainless steel tubes filled with boron-carbide
powder. The control rods are 9.75 inches in total span and are located uniformly
through the core on a 12-inch pitch. Each control rod is surrounded by four fuel
assemblies.

The main structural member of a control rod is made of type 304 stainless steel and
consists of a top casting which incorporates a handle, a bottom casting which
incorporates a velocity limiter and control rod drive coupling, a vertical cruciform
center post, and four U-shaped absorber tube sheaths. The two end castings and
the center post are welded into a single skeletal structure. The U-shaped sheaths
are resistance welded to the center post and castings to form a rigid housing to
contain the neutron absorber rods. Rollers or spacer pads at the top and the rollers
at the bottom of the control rod provide guidance for the control rod as it is inserted
and withdrawn from the core. The control rods are cooled by the fuel assembly
bypass flow. The U-shaped sheaths are perforated to allow the coolant to freely
circulate about the absorber tubes. Operating experience has shown that control
rods constructed as described above are not susceptible to dimensional distortions,
as required by safety design basis 1.b.

The boron-carbide (B4C) powder in the stainless steel absorber tubes is compacted
to about 70 percent of its theoretical density; the boron-carbide contains a minimum
of 76.5 percent by weight natural boron. The Boron-10 (B-1 0) content of the boron
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is 18.0 percent by weight minimum. The absorber tubes are made of type 304 or a
high purity type 348 stainless steel. An absorber tube is 0.188 inch in outside
diameter and has a 0.025 inch wall thickness (Figure 3.4-2). An absorber tube is
sealed by a plug welded into each end. The boron-carbide is separated
longitudinally into individual compartments by stainless steel balls at approximately
16-inch intervals. The steel balls are held in place by a slight crimp of the tube.
Should the boron-carbide tend to compact further in service, the steel balls will
distribute the resulting voids over the length of the absorber tube.

The end of control blade life occurs when any quarter segment of the control blade
reaches a 10-percent reduction in relative reactivity worth. 'The reduction in blade
worth is due to a combination of Boron-10 depletion and boron carbide loss
resulting from cracking of the absorber rod tubes. The mechanism identified as
causing the tube failures is B~C swelling resulting in stress corrosion cracking.
Given sufficient exposure, the B<C swelling may initiate small stress corrosion
cracks on the tube surface. Examinations of high exposure blades have shown that
these surface cracks may exist at average segment Boron-10 depletions greater
than 20 percent. Ultimately, the cracks will propagate through the tube wall
allowing reactor coolant to enter the tube. In this condition, B4C can be leached out
slowly by the reactor coolant, resulting in a loss of control blade worth.
Examinations have shown that the combination of Boron-10 depletion and loss of
B~C result in a 10-percent reduction in relative control blade worth at approximately
34 percent average Boron-10 depletion. This is the defined end of useful blade life
for the standard all B4C control

blades.'odified

BWR/6 Control Rod

The Modified BWR/6 control rods differ from the Original Equipment blades by
having increased wing thickness, increased neutron absorber, and a double bail
handle (Figure 3.4-1). The absorber tubes have a 0.220 inch outside diameter and
a 0.027 inch wall thickness. The BWR/6 control rods have been modified with
replacement pins and rollers made from low-cobalt materials and sized for BWR/4
application. Cobalt reduction is desirable to reduce activation products within the
reactor system and to reduce radiation levels of spent control rods. The design
blade life for the BWR/6 control rods is 34 percent average Boron-10 depletion,
which is the same as for the Original Equipment blades.

1 "Control Blade Lifetime Evaluations Accounting for Potential Loss of B4C," NEDO-24232,
January 1980.
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H brid I Control Rod

Hybrid I Control Rod (HICR) assemblies contain improved B4C absorber rod
material to eliminate cracking during assembly lifetime." Also in the HICR design,
the three outermost absorber tubes in each wing are replaced with solid hafnium
rods which increase blade lifetime compared to standard all-B4C control blades.
End-of-life boron equivalent depletion for the HICRs is 56 percent for any quarter
segment of the control blade.

Marathon Control Rod

The Marathon control rod (Figure 3.4-12) differs from the preceding designs by
replacment of the absorber tube and sheath arrangement with an array of square
tubes, which results in reduced weight and increased absorber volume" . The
square tubes are fabricated from a high purity stabilized Type-304 stainless steel
that provides high resistance to irradiation-assisted stress corrosion cracking. The
absorber tubes are welded lengthwise to form the four wings of the control rod. For
the BFN BWR/4 D-lattice design, each wing is comprised of 14 absorber tubes.
The absorber tubes each act as an individual pressure chamber for the retention of
helium which is produced during neutron absorption reactions. The four wings are
welded to a central tie rod to form the cruciform-shaped member of the control rod.

The square tubes are circular inside and are loaded with either B4C or hafnium.
The absorber tubes have an inside diameter of 0.250 inches and a nominal wall
thickness of 0.024 inches. The B4C is contained in separate capsules to prevent its

migration. The capsules are placed inside the absorber tubes and are smaller than
the absorber tube inside diameter, allowing the B4C to swell before it makes contact
with the absorber tubes thereby providing improved resistance to stress corrosion.
The B4C capsules are fabricated from stainless steel tubing and have stainless
steel caps attached by rolling the tubing into grooves in the caps. The capsules are
loaded into the individual absorber tubes, which are then sealed at each end by
welded end caps. The capsules securely contain the B4C while allowing the helium
to migrate through the absorber tube.

The Marathon design offers increased blade lifetimes due to the increased absorber
loading and absorber tube design improvements. The Marathon blades have a

quarter segment, end-of-life Boron-10 equivalent depletion limit of 68 percent.

Safety Evaluation of General Electric Hybrid I Control Rod Assembly", NEDE-22290-A,

September 1983.

General Electric BWR Control Rod Lifetime", NEDE-30931-P, March 1985.

"GE Marathon Control Rod Assembly," NEDE-31758P-A, October 1991.
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Conclusion

Thus, the control rods and absorber tubes meet the requirements of safety design
basis 1.a.

3.4.5.1.2 Control Rod Velocit Limiter Fi ures 3.4-3 and 3.4-4

The control rod velocity limiter is an integral part of the bottom assembly of each
control rod. This static engineered safeguard protects against a high reactivity
insertion rate by limiting the control rod velocity in the event of a control rod drop
accident. It is a one way device, in that the control rod scram velocity is not
significantly affected but the control rod dropout velocity is reduced to a permissible
limit.

The velocity limiter is in the form of two nearly mated conical elements that act as a
large clearance piston and baffle inside the control rod guide tube over the length of
the control rod stroke.

It is fabricated of type 304 stainless steel. It has a nominal diameter of
approximately 9.2 inches, and is fitted inside the control rod guide tube which has
an inside diameter of 10.4 inches. This configuration results in an annulus between
the limiter and the guide tube of approximately 0.6 inch. The limiter always remains
in the guide tube except when the control rod is removed. Four adjacent fuel
assemblies and the fuel assembly support casting must be removed before the
control rod can be removed because of the shape of the velocity limiter.

The hydraulic drag forces on a control rod are approximately proportional to the
square of the rod velocity and are negligible during normal rod withdrawal or rod
insertion. However, during the scram stroke the rod reaches high velocity and the
drag forces could become appreciable.

In order to limit control rod velocity during dropout but not during scram, the velocity
limiter is provided with a streamlined profile in the scram (upward) direction. Thus,
when the control rod is scrammed, the velocity limiter assembly offers little
resistance to the flow of water over the smooth surface of the upper conical element
into the annulus between the guide tube and the limiter. In the dropout direction,
however, water is trapped by the lower conical element and discharged through the
annulus between the two conical sections. Because this water is jetted in a partially
reversed direction into water flowing upward in the annulus, a severe turbulence is
created, thereby slowing the descent of the control rod assembly to less than
5 ft/sec at 70'F.'

"Control Rod Velocity Limiter," General Electric Company APED, March 1967 (APED-5446).
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3.4.5.2 Control Rod Drive Mechanisms Fi ures 3.4-3 3.4-5 3.4-6 and 3.4-9

The CRD mechanism (drive), used for positioning the control rod in the reactor
core, is a double-acting, mechanically latched, hydraulic cylinder using water from
the condensate storage system as its operating fluid. The individual drives are
mounted on the bottom head of the reactor pressure vessel. Each drive is an
integral unit contained in a housing extending below the reactor vessel. The lower
end of each drive housing terminates in a flange to which the drive is bolted. The
drives do not interfere with refueling and are operative even when the head is
removed from the reactor vessel. The bottom location makes maximum utilization of
the water in the reactor as a neutron shield giving the least possible neutron
exposure to the drive components. The use of reactor water from the condensate
storage system as the operating fluid eliminates the need for special hydraulic fluid.
Drives utilize simple piston seals whose leakage does not contaminate the reactor
vessel and helps cool the drive mechanisms.

The drives are capable of inserting or withdrawing a control rod at a slow controlled
rate for reactor power level adjustment, as well as providing rapid insertion when
required. A locking mechanism on the drive allows the control rod to be locked at
every six inches of stroke over the twelve foot length of the core.

A coupling at the top end of the drive index tube (piston rod) engages and locks into
a mating socket at the base of the control rod. The weight of the control rod is
sufficient to engage and lock this coupling. Once locked, the drive and rod form an
integral unit which must be manually unlocked by specific procedures before a drive
and its rod can be separated; this prevents accidental separation of a control rod
from its drive.

Each drive positions its control rod in 6-inch increments of stroke and holds it in
these distinct latch positions until actuated by the hydraulic system for movement to
a new position. Indication is provided for each rod that shows when the insert travel
limitor withdraw travel limit is reached.

An alarm annunciates when withdraw overtravel limit on the drive is reached.

Normally, the control rod seating at the lower end of its stroke prevents the drive
withdraw overtravel limitfrom being reached. If the drive can reach the withdrawal
overtravel limit, it indicates that the control rod is uncoupled from its drive. The
overtravel limit alarm allows the coupling to be checked.

Individual rod position indicators are grouped together on the control panel in one
display and correspond to the relative rod location in, the core. Each rod indicator
gives continuous rod position indication in digital form. A separate, smaller display
is located just below the large display on the vertical part of the bench board. This
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display presents the positions of the control rod selected for movement and the
other rods in the rod group. For display purposes the control rods are considered in
groups of four adjacent rods centered around a common core volume monitored by
four LPRM strings. Rod groups at the periphery of the core may have less than four
rods. The small rod display shows the positions in digital form of the rods in the
group to which the selected rod belongs. A white light indicates which of the four
rods is the one selected for movement.

3.45.2.4 ~5

Figure 3.4-5 illustrates the principles of operation of a drive. Figures 3.4-6, 3.4-9
and 3.4-9a illustrate the drive in more detail. Currently BWR/6 drives
(Figure 3.4-9a) obtained from Hartsville Nuclear Plant and modified by General
Electric are acceptable replacements for BWR/4 drives (Figures SA-6 and 3.4-9).
Both BWR/6 and BWR/4 drives are currently in use at Browns Ferry Nuclear Plant.

Following is a description of the main components of the drive and their functions.

Drive Piston and Index Tube

The drive piston is mounted at the lower end of the index tube which functions as a
piston rod. The drive piston and index tube make up the main moving assembly in
the drive. The drive piston operates between positive end stops, with a hydraulic
cushion provided at the upper end only. The piston has both inside and outside
seal rings and operates in an annular space between an inner cylinder (fixed piston
tube) and an outer cylinder (drive cylinder).

The effective piston area for down-travel or withdraw is about 1.2 square inches
versus 4.0 square inches for up-travel or insertion. This difference in driving area
tends to balance out the control rod weight and makes it possible to always have a
higher insertion force than withdrawal force.

The index tube is a long hollow shaft made of nitrided type 304 stainless steel
(XM-19 for BWR/6 drives). Any index tubes which are found to need replacing
during normal CRD maintenance are replaced by index tubes of identical design
made of Grade XM-19 stainless steel. This tube has circumferential locking
grooves spaced every 6 inches along the outer surface. These grooves transmit
the weight of the control rod to the collet assembly.

Collet Assembl

The collet assembly serves as the index tube locking mechanism. It is located in
the upper part of the drive unit. The collet assembly prevents the index tube from
accidentally moving downward. The collet assembly consists of the collet fingers, a
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return spring, a guide cap, a collet housing (part of the cylinder, tube, and flange
assembly), and the collet piston seals.

Locking is accomplished by six fingers mounted on the collet piston at the top of the
drive cylinder. In the locked or latched position, the fingers engage a locking
groove in the index tube.

The collet piston is normally held in the latched position by a return spring force of
approximately 150 pounds. Metal piston rings are used to seal the collet piston
from reactor vessel pressure. The collet assembly will not unlatch until the collet
fingers are unloaded by a short, automatically sequenced, drive in signal. A
pressure of approximately 180 psi above reactor vessel pressure acting on the
collet piston is required to overcome spring force, slide the collet up against the
conical surface in the guide cap, and spread the fingers out so that they do not
engage a locking groove. The collet piston is nitrided to minimize wear due to
rubbing against the surrounding cylinder surfaces.

Fixed in the upper end of the drive assembly is a guide cap. This member provides
the unlocking cam surface for the collet fingers. It also serves as the upper bushing
for the index tube and is nitrided to provide a compatible bearing surface for the
index tube.

As reactor water is used to supplement accumulator pressure during a scram, it is
drawn through a filter on the guide cap.

Piston Tube and Sto Piston

Extending upward inside the drive piston and index tube is an inner cylinder or
column called the piston tube. The piston tube is fixed to the bottom flange of the
drive and remains stationary. Water is brought to the upper side of the drive piston
through this tube. A series of orifices at the top of the tube combined with drive
seals and bushings provides progressive water shutoff to cushion the drive piston at
the end of its scram stroke.

A stationary piston, called the stop piston, is mounted on the upper end of the
piston tube. This piston provides the seal between reactor vessel pressure and the
space above the drive piston. It also functions as a positive end stop at the upper
limit of control rod travel. A stack of spring washers just below the stop piston helps
absorb the final mechanical shock at the end of control rod travel on the BWR/4
design. In the BWR/6 design a buffer piston is included between the drive piston
and the stop piston. This isolates the higher pressures from the drive piston seals
during the deceleration phase of the scram stroke. The piston rings are similar to
the outer drive piston rings. A bleed-off passage to the center of the piston tube is
located between the two pairs of rings. This arrangement allows seal leakage from
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the reactor vessel (during a scram) to be bled directly to the discharge line, rather
than to the space above the drive piston. The lower pair of seals is used only
during the cushioning of the drive piston at the upper end of the stroke.

Position Indicator

The center tube of the drive mechanism forms a well to contain the position
indicator probe. The position indicator probe is an aluminum extrusion attached to
a cast aluminum housing. Mounted on the extrusion are a series of hermetically
sealed, magnetically operated, position indicator switches. Each switch is sheathed
in a braided glass sleeve, and the entire probe assembly is protected by a
thin-walled stainless steel tube. The switches are actuated by a ring magnet of
Alnico S carried at the bottom of the drive piston. The drive piston, piston tube, and
indicator tube are all of nonmagnetic stainless steel, allowing the individual
switches to be operated by the magnet as the piston passes. One switch is located
at each position corresponding to an index tube groove, thus allowing indication at
each latching point. An additional switch is located at each midpoint between
latching points, allowing indication of the intermediate positions during drive motion.
Thus, indication is provided for each 3 inches of travel. Duplicate switches are
provided for the full-in and full-out positions. One additional switch (an overtravel
switch) is located at a position below the normal full-out position. Because the limit
of down-travel is normally provided by the control rod itself as it reaches the
backseat position, the index tube can pass this position and actuate the overtravel
switch only if it is uncoupled from its control rod. A convenient means is thus
provided to verify that the drive and control rod are coupled after installation of a
drive or at any time during plant operation. A thermocouple is located in each
position indicator to indicate drive mechanism temperature in the control room. This
satisfies safety design basis 4.f.

C linder Tube and Flan eAssembl

The cylinder, tube, and flange assembly consists of an inner cylinder, outer tube,
and a flange. Both the cylinder tube and outer tube are welded to the drive flange.
The tops of these tubes have a sliding fit to allow for differential expansion.

A sealing surface on the upper face of this flange is used in making the seal to the
drive housing flange. Teflon-coated, stainless steel "0" rings are used for these
seals. In addition to the reactor vessel seal, the two hydraulic control lines to the
drive are sealed at this face. A drive can thus be replaced without removing the
control lines, which are permanently welded into the housing flange. The drive
flange contains the integral ball or two-way check (shuttle) valve. This valve is so
situated as to direct reactor vessel pressure or driving pressure, whichever is
higher, to the underside of the drive piston. Reactor vessel pressure is admitted to
this valve from the annular space between the drive and drive housing through
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passages in the flange. A screen is provided to intercept foreign material at this
point. A cooling water orifice, adjacent to the insert port of the fiange, permits
cooling water flowfrom the CRD through the annulus formed by the CRD outer tube
and the thermal sleeve in the CRD housing.

Water used to operate the collet piston passes between the outer tube and the
cylinder tube. The inside of the cylinder tube is honed to provide the surface
required for the drive piston seals.

Cou lin S ud Plu and Unlockin Tube

The upper end of the index tube is threaded to receive a coupling spud. The
coupling (Figure 3.4-3) is designed to accommodate a small amount of angular
misalignment between the drive and the control rod. Six spring fingers allow the
coupling spud to enter the mating socket on the control rod. The control rod weight
(approximately 250 pounds) is sufficient to force the spud fingers to enter the socket
and push the lock plug up, allowing the spud to enter the socket completely and the
plug to snap back into place. However, with the lock plug in place, a force in
excess of 50,000 pounds is required to pull the coupling apart.

Two means of uncoupling are provided. With the reactor vessel head removed, the
lock plug may be raised against the spring force of approximately 50 pounds by a
rod extending up through the center of the control rod to an unlocking handle
located above the control rod velocity limiter. The control rod, with the lock plug
raised, can then be separated from the drive. The lock plug may also be pushed up
from below to uncouple a drive without removing the reactor pressure vessel head
for access to change a CRD drive or perform maintenance or inspections. In this
case, the central portion of the drive mechanism is pushed up against the
uncoupling rod assembly which raises the lock plug and allows the coupling spud to
disengage the socket as the drive piston and index tube are driven down.

The coupling spud and locking tube meet the requirements of safety design basis
4.e.

3.4.5.2.2 Materials of Construction

Factors determining the choice of materials are listed below:

a. The index tube must withstand the locking and unlocking action of the collet
fingers. A compatible bearing combination must be provided which is able to
withstand moderate misalignment forces. The reactor environment limits the
choice of materials suitable for corrosion resistance. 'The column and tensile
loads can be satisfied by an annealed 300 series stainless steel. The wear
and bearing requirements are provided by Malcomizing the completed tube.
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To obtain suitable corrosion resistance, a carefully controlled process of
surface preparation is employed. Index tubes for BWR/6 drives and
replacement index tubes are made of XM-19.

b. The coupling spud is made of Inconel 750 which is aged to produce maximum
physical strength and also provide the required corrosion resistance. As
misalignment tends to produce a chafing in the semispherical contact area,
the entire part is protected by a thin vapor-deposited chromium plating
(Electrolyzing). This plating also serves to prevent galling of the threads
attaching the coupling spud to the index tube.

C. Inconel 750 is used for the collet fingers, which must function as leaf springs
when cammed open to the unlocked position. Colmonoy 6 hard facing is
applied to the area contacting the index tube and unlocking cam surface of the
guide cap to provide a long-wearing surface adequate for design life.

For BWR/4 CRDs, Graphitar 14 is selected for seals and bushings on the
drive piston and stop piston. The material is inert and has a low friction
coefficient when water lubricated. Since loss of strength is experienced at
higher temperatures, the drive is supplied with cooling water to hold
temperatures to normally below 250'F. Rods above 250'F are alarmed.

For BWR/6 CRDs, a composite material of nickel, chrome, graphite and resin
is selected for seals and bushings on the drive piston and stop piston. The
material reduces the leakage due to excessive wear or premature breakage.

The Graphitar is relatively soft, which is advantageous when an occasional
particle of foreign matter reaches a seal. The resulting scratches in the seal
reduce sealing efficiency until worn smooth, but the drive design can tolerate
considerable water leakage past the seals into the reactor vessel. These
seals determine the service life of the CRDM.

'lldrive components exposed to reactor vessel water are made of AISI 300 series
stainless steel except the following:

Seals and bushings on the drive piston and stop piston are Graphitar 14. For
later model BWR/6 CRDs, seals and bushings on the drive piston and stop
piston are a composite material of nickel, chrome, graphite and resin.

b. AII springs and members requiring spring-action (collet fingers, coupling spud,
and spring washers) are made of Inconel 750.

The ball check valve is a Haynes Stellite cobalt-base alloy.
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d. Elastometric 0-ring seals are ethylene propylene.

e. Collet piston rings are Haynes 25 alloy.

f. Certain wear surfaces are hard faced with Colmonoy 6.

g. Nitriding by a proprietary New Malcomizing process, Electrolyzing (a vapor
deposition of chromium), and chromium plating are used in certain areas
where resistance to abrasion is necessary.

h. The drive piston head is made of Armco 17-4Ph.

i. Replacement index tubes and piston tubes are made of grade XM-19 stainless
steel.

j. BWPJ6 drives also use XM-19 for the index tubes and piston tubes.

k. The buffer assembly for BWR/6 CRDs consists of the stop piston, buffer
piston, seal ring, nut, locking cup and the buffer shaft which is secured to the
top of the piston tube assembly. The materials used to fabricate these
components are Inconel X-750, Inconel-600, Armco 17-4PH and Haynes 25.

Pressure containing portions of the drives are designed and built in accordance with
the requirements of Section III of the ASME Boiler and Pressure Vessel Code.

3.4.5.3 Control Rod Drive H draulic S stem Fi ures 3.4-8a Sheets 1 2 3 and 4
3.4-8b 3.4-8c 3.4-8d 3.4-8e and 3.4-8

The Control Rod Drive Hydraulic System supplies and controls the pressure and
flow requirements to the drives.

There is one supply subsystem which supplies water at the proper pressures and
sufficient flow to the hydraulic control units (HCU's). Each HCU controls the flow to
and from a drive. The water discharged from the drives during a scram flows
through the HCU's to the scram discharge volume. The water discharged from a
drive, during a normal control rod positioning operation, flows through its HCU and
into the exhaust header. The discharged water then backflows through the other
184 CRD exhaust valves into the reactor vessel via the cooling water header.
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3.4.5.3.1 CRD H draulicSu I and Dischar e Subs stems Fi ures 3.4-7 3.4-8a
Sheets 1 2 3 and 4 34-8c 3.4-8d 3.4-8e and 3 4-8

The CRD hydraulic supply and discharge subsystems control the pressure and
flows required for the operation of the control rod drive mechanisms. These
hydraulic requirements identified by the function they perform are as follows:

a. An accumulator charging pressure of approximately 1400 to 1500 psig is
required. Flow is required only during scram reset or during system startup.

b. Drive pressure of about 260 psi above reactor vessel pressure is required at a
flow rate of approximately 4 gpm to insert a control rod and 2 gpm to withdraw
a control rod during normal operation.

c. Cooling water to the drives is normally supplied at pressures greater than
reactor pressure and at adequate flow rate to prevent drive component
degradation due to elevated temperatures.

d. The exhaust water header is maintained at a pressure about 20 psig above
vessel pressure to direct the flow of the water displaced during normal control
operation of the drives back into the reactor vessel by backflowing through the
other 184 CRD exhaust valves.

e. A scram discharge volume of approximately 3.3 gallons per drive to receive
the water displaced from the drives during a scram is required. The scram
discharge volume is vented and drained except during scram when it is
isolated and filled with scram water until the scram signal is cleared and the
scram reset. The scram discharge volume will reach reactor pressure
following a scram.

The CRD hydraulic supply and discharge subsystems provide the required
functions with the pumps, filters, valves, instrumentation, and piping shown in
Figures 3.4-8a sheets 1, 2, 3, and 4, 3.4-8b, 3.4-8c, 3.4-8d, 3.4-8e, and 3.4-8f and
described in the following paragraphs. Duplicate components are included, where
necessary, to assure continuous system operation ifan in-service component
requires maintenance.

~Pum s

One 100 percent capacity supply pump is provided for each unit to pressurize the
system with water from the condensate storage system. One common 100 percent
capacity spare pump is provided for Units 1 and 2. It can supply water to either
control rod drive hydraulic systems. Unit 3's system is separate and has one spare
100 percent capacity pump. Change over (or selection) of the pumps is performed
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manually, either locally or from the main control room. Each pump is installed with
a suction strainer and a discharge check valve to prevent bypassing flow backwards
through the nonoperating pump.

A minimum flow bypass connection between the discharge of the pumps and the
condensate storage tank prevents overheating of the pumps in the event that the
pump discharge is inadvertently closed. In addition, a portion of the CRD flow is
directed to the recirculation and the reactor water cleanup pump bearing seals for
pump seal cooling and Reactor Vessel Level Instrumentation System (RVLIS)
reference leg back filler. Pump discharge pressure is indicated locally at the inlet to
the drive water filters by a pressure indicator.

Filters

Two parallel filters remove foreign material larger than 50 microns absolute (25
microns nominal) from the hydraulic supply subsystem water. The isolated filtercan
be drained, cleaned, and vented for reuse while the other is in service. A
differential pressure indicator monitors the filter element as it collects foreign
material. A strainer in the filter discharge line guards the hydraulic system in the
event of filter element failure.

Accumulator Char in Pressure

The accumulator charging pressure is maintained automatically by a flow-sensing
element, controller, and an air-operated flow control valve. During normal
operation, the accumulator charging pressure is established upstream from the flow
control valve by the restriction of the flow control valve. During scram, the
flow-sensing system upstream of the accumulator charging header detects high flow
in the charging header and closes the flowcontrol valve. The flow control valve is
closed so that the proper flow to recharge the accumulators is diverted from the
hydraulic supply header to the accumulator charging header. The parallel spare
valve is provided with isolation valves to permit maintenance of the noncontrolling
valve.

The pressure in the charging header is monitored in the control room with a
pressure indicator and high pressure alarm.

During normal operation, the constant flow established through the flow control
valve is the sum of the maximum water required to cool all the drives and that
amount of water needed to provide a stable hydraulic system for insertion and
withdrawal of the mechanism.
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Drive Water Pressure

The drive water pressure control valve, which is manually adjusted from the control
room, maintains the required pressure in the drive water header.

A flow rate of approximately 6 gpm (the sum of the flow rates required to insert and
to withdraw a control rod) normally passes from the drive water pressure header
through two solenoid-operated stabilizing valves (arranged in parallel) and then
goes into the line downstream from the cooling pressure control valve. One
stabilizing valve passes flow equal to the nominal drive insert flow; the other passes
flow equal to the drive withdrawal flow. The appropriate stabilizing valve is closed
when operating a drive to divert the required flow to the drive. Thus, the flow
through the drive pressure control valve is always constant.

Flow indicators are provided in the drive water header and in the line downstream
from the stabilizing valves, so that flow rate through the stabilizing valves can be
adjusted. Differential pressure between the reactor vessel and the drive water
pressure header is indicated in the control room.

Coolin Water Pressure

The cooling water header passes the flow from the drive water pressure control
valve through the control rod drives and into the vessel. At normal flow rates, the
cooling water header pressure will be approximately 20 psi above reactor vessel
pressure.

A differential pressure indicator in the control room indicates the difference between
reactor vessel pressure and the drive cooling water pressure. Although the drives
can function without cooling, the life of their seals is shortened by exposure to
reactor temperatures.

Exhaust Water Header

The exhaust water header takes water discharged during a normal control rod
positioning operation and directs it through the other CRD exhaust valves into the
reactor vessel. If necessary, the exhaust water may be directed into the reactor
vessel via the RWCU system by opening a normally closed valve.

Scram Dischar e S stem

The scram discharge system is used to contain the reactor vessel water from all the
drives during a scram. This system is provided in the two scram discharge volumes
(SDVs) which each drain to a scram discharge instrument volume (SDIV). Water
level monitors on the SDIVs provide an alarm ifwater is retained in the system.
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During normal plant operation, the volumes are empty with their drain and vent
valves open.

Upon receipt of a scram signal, the drain and vent valves close. Position indicator
switches on the drain and vent valves indicate valve position by lights in the control
I oom.

During a scram, the scram discharge volume partially fillswith water which is
discharged from above the drive pistons. While scrammed, the control rod drive
seal leakage continues to flow to the discharge volume until the discharge volume
pressure equals reactor vessel pressure. There is a check'valve in each HCU
which prevents reverse flowfrom the scram discharge volume to the drive. When
the initial scram signal is cleared from the reactor protection system, the scram
discharge volume scram signal may be overridden with the override switch and the
scram discharge system drained. A control system interlock will not allow the drives
to be withdrawn until the discharge system is emptied to a safe level.

A test pilot valve allows the discharge volume valves to be tested without disturbing
the reactor protection system. Closing the discharge volume valves allows the
outlet scram valve seats to be leak tested by timing the accumulation of leakage
inside the scram discharge volume. As an alternative to the test pilot valve in
Units 2 and 3, a key-lock test switch is provided to de-energize each of the SDV
Drain and Vent Pilot Solenoid valves. This will allow stroke time testing of SDV
Drain and Vent Valves to be performed.

Six level switches on the scram discharge instrument volume, set at three different
water levels, guard against operation of the reactor without sufficient free volume
present in the scram discharge volume to receive the scram discharge water in the
event of a scram. At the first (lowest) level, one level switch initiates an alarm for
operator action. At the second level, one level switch initiates a rod withdrawal
block to prevent further withdrawal of any control rod. At the third (highest) level,
the four level switches (two for each reactor protection system trip system) initiate a
scram to shut down the reactor while sufficient free volume is still present to receive
the scram discharge. After a scram, these same level switches must be cleared by
draining the scram discharge volume before reactor operation can be resumed.

The piping and equipment pressure parts in the CRD hydraulic supply and
discharge subsystems are designed in accordance with USAS B 31.1.0.
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3.4.5.3.2 H draulic Control Units Fi ures 3.4-7 3.4-8a Sheets 2 and 4 3.4-8c
3~4-3 4 3.4-11

Each hydraulic control unit controls a single CRD. The basic components in each
hydraulic control unit are manual, pneumatic and electrically operated valves, an
accumulator, filters, related piping, and electrical connections.

Each hydraulic control unit furnishes pressurized water, upon signal, to a control
rod drive. The drive then positions its control rod as required. Operation of the
electrical system which supplies scram and normal control rod positioning signals to
the hydraulic control unit is described in Subsection 7.7, "Reactor Manual Control
System."

The basic components contained in each hydraulic control unit and their functions
are as follows:

Insert Drive Valve

The insert drive valve is a solenoid-operated valve which opens on an insert or
withdrawal signal to supply drive water to the bottom side of the main drive piston.

Insert Exhaust Valve

The insert exhaust valve is a solenoid-operated valve which opens on an insert or
withdrawal signal to discharge water from above the drive piston to the exhaust
header.

Withdrawal Drive Valve

The withdrawal drive valve is a solenoid-operated valve which opens on a
withdrawal signal to supply drive water to the top side of the drive piston.

Withdrawal Exhaust Valve

The withdrawal exhaust valve is a solenoid-operated valve which opens on a
withdrawal signal to discharge water from below the main drive piston to the
exhaust header.

S eed Control Valves

The speed control valves, which regulate the control rod insertion and withdrawal
rates during normal operation, are manually adjustable flow control valves used to
regulate the water flow to and from the volume beneath the main drive piston. Once
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a speed control valve is properly adjusted, it is not necessary to readjust the valve
except to compensate for changes in piston seal leakage.

Scram Pilot Valves

The scram pilot valves are operated from the Reactor Protection System Trip
System. Two scram pilot valves control both the scram inlet valve and the scram
exhaust valve. The scram pilot valves are identical, 3-way, solenoid-operated,
normally energized valves. On loss of electrical signal to the pilot valves, the
pressure ports are closed and the exhaust ports are opened on both pilot valves.
The pilot valves are arranged as shown in Figures 3.4-7, 3.4-8a sheets 2 and 4,
3.4-8c, and 3.4-8e so that the trip system signal must be removed from both valves
before air pressure is discharged from the scram valve operators. Low air pressure
in the header supplying the scram pilot valves will also cause a scram through the
Reactor Protection System.

Scram Inlet Valve

The scram inlet valve is opened to supply scram water pressure to the bottom of the
drive piston. The scram inlet valve is a globe valve which is opened by the force of
an internal spring and system pressure and closed by air pressure applied to the
top of its diaphragm operator. The opening force of the spring is approximately 700
pounds. The valve opening time is approximately 0.1 second from start to full open.

Scram Exhaust Valve

The scram exhaust valve opens slightly before the scram inlet valve, exhausting
water from above the drive piston during a scram. Quicker opening times are
achieved because of a greater spring force in the valve operator. Otherwise this
valve is similar to the scram inlet valve.

The scram inlet and scram exhaust valves have a position indicator switch which
energizes a light in the control room as soon as both valves open.

Scram Accumulator

The scram accumulator stores sufficient energy to insert a control rod to the fully
inserted position during a scram independent of any other source of energy. The
accumulator consists of a water volume pressurized by a volume of nitrogen. The
accumulator has a piston separating the water on top from the nitrogen below. A
check valve in the charging line to each accumulator retains the water in the
accumulator in the event supply pressure is lost.
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During normal plant operation, the accumulator piston has a differential pressure
across it which is equal to the difference in the charging water pressure and the
nitrogen cylinder pressure.

Loss of nitrogen causes a decrease in the nitrogen pressure which actuates the
pressure switch and sounds an alarm in the control room.

Also, to ensure that the accumulator is always capable of producing a scram it is
continuously monitored for water leakage. A float-type level switch actuates an
alarm ifwater leaks past the barrier and collects in the accumulator instrumentation
block. The accumulator instrumentation block is located below the accumulator
(nitrogen side) in such a way that it will receive any water which leaks past the
accumulator piston.

The scram accumulator meets the requirements of safety design basis 4.d.

3 4.5.4 Control Rod Drive S stem 0 eration

The control rod drive system performs three operational functions: rod insertion,
row withdrawal, and scram. The functions are described below.

Rod Insertion

Rod insertion is initiated by a signal from the operator to the insert valve solenoids
which opens both insert valves. The insert drive valve applies reactor pressure plus
approximately 90 psig to the bottom of the drive piston. The insert exhaust valve
allows water from above the drive piston to discharge to the exhaust header.

As is illustrated in Figure 3.4-6, the locking mechanism is a ratchet-type device and
does not interfere with rod insertion. The speed at which the drive moves is
determined by the pressure drop through the insert speed control valve which is
approximately 4 gpm for a shim speed (nonscram operation) of 3 inches per
second. During normal insertion, the pressure on the downstream side of the speed
control valve is 90 to 100 psi above reactor vessel pressure. However, if the drive
slows down for any reason, the flow through and pressure drop across the insert
speed control valve will decrease and the full drive water differential pressure will
be available to cause continued insertion. With 250 psi differential pressure acting
on the drive piston, the piston exerts an upward force of 1000 pounds.

Rod Withdrawal

Drive withdrawal is, by design, more involved. First the collet fingers (latch) must
be raised to reach the unlocked position as in Figure 3.4-5. The notches in the
index tube and the collet fingers are shaped so that the downward force on the
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index tube holds the collet fingers in place. The index tube must be lifted before the
collet fingers can be released. This is done by opening the drive insert valves (in
the manner described in the preceding paragraph) for approximately 1 second
using an automatic sequence timer. The withdraw valves are then opened (by the
sequence timer mechanism), applying driving pressure above the drive piston and
opening the area below the piston to the exhaust header. Pressure is
simultaneously applied to the collet piston. As the collet piston raises, the collet
fingers are cammed outward, away from the index tube, by the guide cap.

The pressure required to release the latch is set and maintained high enough to
overcome the force of the latch return spring plus the force of reactor pressure
opposing movement of the collet piston. When this occurs, the index tube is
unlatched and free to move in the withdrawal direction. Water displaced by the
drive piston flows out through the withdrawal speed control valve which is set to
give the control rod a shim withdrawal of approximately 3 inches per second. The
entire valving sequence is automatically controlled and is initiated by a single
operation of the rod withdraw switch

Rod Scram

During a scram the scram pilot valves and scram valves are operated as previously
described. With the scram valves open, accumulator pressure is admitted under
the drive piston and the area over the drive piston is vented to the scram discharge
volume.

The large differential pressure (initiallyabout 1400 psi and always several hundred
psi depending on reactor vessel pressure) produces a large upward force on the
index tube and control rod, giving the rod a high initial acceleration and providing a
large margin of force to overcome any possible friction. The characteristics of the
hydraulic system are such that, after the initial acceleration is achieved
(approximately 30 milliseconds after start of motion), the drive continues at a fairly
constant velocity of approximately 5 feet per second. This characteristic provides a

~ high initial rod insertion rate. As the drive piston nears the top of its stroke, the
piston seals close off the large passage in the stop piston tube and the drive slows
down. In the BWR/6 design a buffer piston is included between the drive piston and
the stop piston. This isolates the higher pressures from the drive piston seals
during the deceleration phase of the scram stroke.

Each drive requires about 2.5 gallons of water during the scram stroke. There is
adequate water capacity in each drive's accumulator to complete a scram in the
required time at low reactor vessel pressure. At higher reactor vessel pressures,
the accumulator is assisted on the upper end of the stroke by reactor vessel
pressure acting on the drive via the ball check (shuttle) valve. As water is forced
from the accumulator, the accumulator discharge pressure falls below reactor
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vessel pressure. This causes the check valve to shift its position to admit reactor
pressure under the drive piston. Thus, reactor vessel pressure furnishes the force
needed to complete the scram stroke at higher reactor vessel pressures. When the
reactor vessel is up to full operating pressure, the accumulator is actually not
needed to meet scram time requirements. With the reactor at 1000 psig and the
scram discharge volume at atmospheric pressure, the scram force without an
accumulator is over 1000 pounds.

NOTCH POSITION

SCRAM TIMES
'econds

REACTOR STEAM DOME PRESSURE
>800 si

46
36
26
06

0.45
1.08
1.84
3.36

(a) Maximum scram time from fullywithdrawn position, based on de-energization of
scram pilot valve solenoids at time zero.

(b) Scram times as a function of reactor steam dome pressure, when < 800 psig are
within established limits.

3.4.6 Safet Evaluation

3.4.6.1 Evaluation of Control Rods

As discussed above, it has been determined that the control rods meet the design
basis requirements. The description also indicates how the control rod-to-drive
coupling unit meets design basis requirements.

3.4.6.2 Evaluation of Control Rod Velocit Limiter

The control rod velocity limiter limits the free fall velocity of the control rod to a
value which cannot result in nuclear system process barrier damage, as required by
safety design basis 1.c. This velocity is evaluated by the rod drop accident analysis
in Section 14, "Plant Safety Analysis."

The following sequence of events is necessary to postulate an accident in which the
control rod velocity limiter is required:
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1. The rod-to-drive coupling fails.

2. The control rod sticks near the top of the core.

3. The drive is withdrawn and the control rod does not follow.

4. The operator fails to notice the lack of plant response as the control rod drive is
withdrawn.

5. The control rod later becomes loose and falls freely to the fullywithdrawn
position.

3.4.6.3 Evaluation of Scram Time

The rod scram function of the Control Rod Drive System provides the negative
reactivity insertion which is required by safety design basis 2. The scram time
shown in the description is adequate as shown by the transient analyses of
Section 14, "Plant Safety Analysis."

3.4.6.4 Anal sis of Malfunctions Relatin to Rod Withdrawal

There are no known single malfunctions which could cause even a single rod to
withdraw. The following malfunctions have been postulated and the results
analyzed:

a. Drive Housin Fails at Attachment Weld

The bottom head of the reactor vessel has a penetration with an internal nozzle for
each control rod drive location. A drive housing is raised into position inside each
penetration and fastened to the top of the internal nozzle with a J-weld. The drive is
raised into the drive housing and bolted to a flange at the bottom of the housing. The
basic failure considered is a complete circumferential crack through the housing wall
at an elevation just below the J-weld. The housing material is seamless type 304
stainless steel pipe with a minimum tensile strength of 75,000 psi.

Static loads on the housing wall include the weight of the drive and control rod, the
weight of the housing below the attachment weld to the vessel nozzle, and reactor
pressure acting on the 6-inch diameter cross-sectional area of the housing and the
drive. Dynamic loading is due to the reaction force during drive operation.

If the housing were to fail, as described above, the following sequence of events is
foreseen. The housing would separate from the vessel and the control rod, the drive
and the housing would be blown downward against the support structure by reactor
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pressure acting on the cross-sectional area of the housing and the drive. The amount
of downward motion of the drive and associated parts would be determined by the
gap between the bottom of the drive and the support structure and by the amount the
support structure deflects under load. In the current design, maximum deflection is
approximately 3 inches. If the collet were to remain latched, no further control rod
ejection would occur.'he housing would not drop far enough to clear the vessel
penetration. Reactor water would leak through the 0.06-inch diametral clearance
between the housing o.d. and the vessel penetration i.d. at a rate of approximately
440 gpm.

Ifthe basic housing failure were to occur at the same time the control rod is being
withdrawn (this is a small fraction of the total drive operating time), and ifthe collet
were to stay unlatched, the housing would separate from the vessel, the drive and
housing would be blown downward against the control rod drive housing support and
calculations indicate that the steady state rod withdrawal velocity would be 0.3 ft/sec.
During withdraw, pressure under the collet piston would be approximately 250 psi
greater than the pressure over it. Therefore, the collet would be held in the unlatched
position until driving pressure is removed from the pressure-over port.

b. Ru tureof Eitheror Both H draulicLinesto a Drive Housin Flan e

(1) Pressure-Under Line Breaks

In this case, a partial or complete circumferential opening is postulated at
or near the point where the line enters the housing flange. Failure is more
likely to occur after another basic failure wherein the drive housing, or
housing flange, separates from the reactor vessel. Failure of the housing,
however, does not necessarily lead directly to failure of the hydraulic lines.

If the pressure-under line were to fail, and if the collet were latched, no
control rod withdrawal would occur. There would be no pressure
differential across the collet piston in this case, and therefore no tendency
to unlatch the collet. Consequently, it would not be possible to either insert
or withdraw the control rod involved.

If reactor pressure were to shift the drive ball check valve against its upper
seat, the broken pressure-under line would be sealed off. If the ball check
valve were to be prevented from seating, reactor water would leak to the
atmosphere. Cooling water could not be supplied to the drive involved

6 Benecki, J. E., "Impact Testing on Collet Assembly for Control Rod Drive Mechanism
7RDB144A," General Electric Co.,a Atomic Power Equipment Department, November 1967,
(APED-555).
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because of the broken line. Loss of cooling water would cause no
immediate damage to the drive. However, prolonged drive exposure to
temperatures at or near reactor temperature could lead to deterioration of
material in the seals. High temperature would be indicated to the operator
by the thermocouple in the position indicator probe.

If the basic line failure were to occur at the same time the control rod is
being withdrawn, and ifthe collet were to remain open, calculations indicate
that the steady state control rod withdrawal velocity would be 2 ft/sec. In
this case, however, there would not be sufficient hydraulic force to hold the
collet open and spring force would normally cause the collet to latch,
stopping rod withdrawal.

(2) Pressure-Over Line Breaks

The failure considered is complete breakage of the pressure-over line at or
near the point where the line enters the housing flange. If the line were to
break, pressure over the drive piston would drop from reactor pressure to
atmospheric pressure. If there were any significant reactor pressure
(approximately 500 psig or greater) it would act on the bottom of the drive
piston, and the drive would insert to the fully inserted position. Drive
insertion would occur regardless of the operational mode at the time of the
failure. After full insertion, reactor water would leak past the stop piston
seals, the contracting seals on the drive piston and the collet piston seals.
This leakage would exhaust to atmosphere through the broken
pressure-over line. In an experiment to simulate this failure, a leakage rate
of 80 gpm has been measured with reactor pressure at 1000 psi. If the
reactor were hot, drive temperature would increase. The reactor operator
would be apprised of the situation by indication of the fully inserted drive,
by high drive temperature indicated and printed out on a recorder in the
control room, and by operation of the drywell sump pump.

(3) Coincident Breaka e of Both Pressure-Over and Pressure-Under Lines

This failure would require simultaneous occurrence of the failures
described above. Pressures above and below the drive piston would drop
to zero and the ball check valve would shift to close off the broken
pressure-under line. Reactor water would flow from the annulus outside of
the drive through the vessel ports to the space below the drive piston. As
in the pressure-over line break case, the drive would then insert at a speed
dependent on reactor pressure. Full insertion would occur regardless of
the operational mode at the time of failure. Reactor water would leak past
the drive seals and out of the broken pressure-over line to the atmosphere
as described above. Drive temperature would increase. The reactor
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operator would be apprised of the situation by indication of the fully
inserted drive, high drive temperature printed out and alarmed by a
recorder in the control room, and by operation of the drywell sump pump.

c. All Drive Flan e Bolts Fail in Tension

Each control rod drive is bolted by eight cap screws to a flange at the bottom of a drive
housing which is welded to the reactor vessel. Bolts are made of AISI-4140 steel.
Replacement cap screws are made of AISI-4340 steel which is more resistant to stress
corrosion cracking.

In the event that progressive or simultaneous failure of all the bolts were to occur, the
drive would separate from the housing and the control rod and the drive would be
blown downward against the support structure due to reactor pressure acting on the
cross-sectional area of the drive. Impact velocity and support structure loading would
be slightly less than in drive housing failure, since reactor pressure would act on the
drive cross sectional area only and the housing would remain attached to the reactor
vessel. The drive would be isolated from the cooling water supply. Reactor water
would flow downward past the velocity limiter piston and through the large drive filter
into the annular space between the thermal sleeve and the drive. For worst case
leakage calculations, it is assumed that the large filterwould be deformed or swept out
of the way so that it would offer no significant flow restriction. At a point near the top of
the annulus, where pressure has dropped to 350 psi, the water would flash to steam
and choke-flow conditions would exist. Steam would flow down the annulus and out
the space between the housing and the drive flanges to the atmosphere. Steam
formation would limit the leakage rate to approximately 840 gpm.

Ifthe collet were latched, control rod ejection would be limited to the distance the drive
can drop before coming to rest on the support structure. Since pressure below the
collet piston would drop to zero, there would be no tendency for the collet to unlatch.
Pressure forces, in fact, exert 1435 pounds to hold the collet in the latched position.

If the bolt failure were to occur while the control rod is being withdrawn, pressure below
the collet piston would drop to zero and the collet, with 1650 pounds return force,
would latch, stopping rod withdrawal.

d. Weld Joinin Flan e to Housin Fails in Tension

The failure considered is a crack in or near the weld joining the flange to the housing
that extends through the wall and completely around the circumference of the housing
so that the flange can separate from the housing. The flange material is a forged type
304 stainless steel and the housing material is seamless type 304 stainless steel pipe.
A conventional full penetration weld of type 308 stainless steel is used to join the
flange to the housing. Minimum tensile strength is approximately the same as the
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parent metal. The design pressure is 1250 psig and the design temperature is 575'F.
A combination of reactor pressure acting downward on the cross-sectional area of the
drive; the weight of the control rod, drive and flange; and the dynamic reaction force
during drive operation result in a maximum tensile stress at the weld of approximately
6,000 psi.

In the event that the basic failure described above were to occur, the flange and the
attached drive would be blown downward against the support structure. The support
structure loading would be slightly less severe than in drive housing failure, since
reactor pressure would act only on the drive cross-sectional area. Since there would
be no differential pressure across the collet piston, the collet would remain latched and
control rod motion would be limited to approximately 3 inches. Downward drive
movement would be small; therefore, most of the drive would remain inside the
housing. The pressure-under and pressure-over lines are flexible enough to withstand
the small downward displacement and remain attached to the flange. Reactor water
would follow the same leakage path described in c, above, except that the exit to the
atmosphere would be through the gap between the lower end of the housing and the
top of the flange. Water would flash to steam in the annulus surrounding the drive.
The leakage rate would be approximately 840 gpm.

Ifthe basic flange-to-housing joint failure were to occur at the same time the control rod
is being withdrawn (a small fraction of the total operating time), and if the collet were
held unlatched, the flange would separate from the housing, the drive and flange would
be blown downward against the support structure, and the calculated steady state rod
withdrawal velocity would be 0.13 ft/sec. Since the pressure-under and pressure-over
lines remain intact, driving water pressure would continue to be supplied to the drive
and the normal exhaust line restriction would exist. The pressure below the velocity
limiter piston would decrease below normal due to leakage out of the gap between the
housing and the flange to the atmosphere. This differential pressure across the
velocity limiter piston would result in a net downward force of approximately 70 pounds.
However, leakage out of the housing would greatly reduce the pressure in the annulus
surrounding the drive so that the net downward force on the drive piston would be less
than normal. The overall effect would be a reduction of rod withdrawal speed to a
value approximately one-half of normal speed. The collet would remain unlatched with
a 560-psi differential across the collet piston, but should relatch as soon as the drive
signal is removed.
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The failure considered in this case is a vertical split in the drive housing wall just below
the bottom head of the reactor vessel. The hole was considered to have a flow area
equivalent to the annular area between the drive and the thermal sleeve so that flow
through this annular area, rather than flow through the hole in the housing, would
govern leakage flow. The housing is made from type 304 stainless steel seamless
pipe.

If the housing wall rupture described above were to occur, reactor water would flash to
steam and leak to the atmosphere at approximately 1030 gpm through the hole in the
housing. Choke flow conditions described in c, above would exist. In this case,
however, the leakage flowwould be greater because the flow resistance is less; that is,
the leaking water and steam would not have to flow down the length of the housing to
reach the atmosphere. Critical pressure at which the water would flash to steam is
350 psi.

There would be no pressure differential across the collet piston tending to cause collet
unlatching, but the drive would insert due to loss of pressure in the drive housing and,
therefore, in the space above the drive piston.

If the basic housing wall failure were to occur at the same time the control rod is being
withdrawn (a small fraction of the total operating time), the drive would stop
withdrawing, but the collet would remain unlatched. The drive stoppage would be
caused by a reduction in the net downward force acting on the drive line. This would
occur when the leakage flow of 1030 gpm reduces the pressure in the annulus outside
the drive approximately 540 psig and therefore reduces the pressure acting on the top
of the drive piston to this value. There would be a pressure differential of
approximately 710 psi across the collet piston, holding the collet unlatched as long as
the operator held the withdraw signal.

Flan e Plu Blows Out

A 3/4-inch-diameter hole is drilled in the drive flange to connect the vessel ports with
the bottom of the ball check valve. The outer end of this hole is sealed with an
0.812-inch-diameter plug 0.250 inch thick. The plug is held in place with a
full-penetration weld of type 308 stainless steel. The failure considered is a full
circumferential crack in this weld and subsequent blow-out of the plug.

Ifthe weld were to fail and the plug were to blow out, there would be no control rod
motion provided the collet were latched. There would be no pressure differential
across the collet piston tending to cause collet unlatching. Reactor water would leak
past the velocity limiter piston, down the annulus between the drive and the thermal
sleeve through the vessel ports and drilled passage and out the open plug hole to the
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atmosphere at approximately 320 gpm. This leakage calculation is based on liquid
only exhausting from the flange as a worst case. Actually, hot reactor water would
flash to steam, and choke-flow conditions would exist, so that the expected leakage
rate would be lower than the calculated value. Drive temperature would rise, and the
alarm would signal the operator.

lf the basic plug weld failure were to occur at the same time the control rod is being
withdrawn (a small percentage of the total operating time), and if the collet were to stay
unlatched, calculations indicate that control rod withdrawal speed would be
approximately 0.24 ft/sec. Leakage out of the open plug hole in the flange would cause
reactor water to flow downward past the velocity limiter piston. The small differential
pressure across the piston would result in an insignificant driving force of
approximately 10 pounds tending to increase withdraw velocity.

The collet would be held unlatched by a 295 psi pressure differential across the collet
piston as long as the driving signal was maintained.

The exhaust path from the drive would have normal flow resistance since the ball check
valve would be seated at the lower end of its travel by pressure under the drive piston.

Pressure Re ulator and B ass Valves Fail Closed Reactor Pressure 0 si

Pressure in the drive water header supplying all drives is controlled by regulating the
amount of water from the supply pump that is bypassed back to the reactor. This is
accomplished primarily with the drive water control valves, and secondarily with the
pressure stabilizing valves. There are two drive water control valves arranged in
parallel. One is a motor-operated valve that can be adjusted from the control room.
This valve is normally in service and is partially open to maintain a pressure of reactor
pressure plus 260 psig in the header just upstream from the valve. The other is a
hand-operated valve that is normally closed but that can be valved in and operated
locally whenever the motor-operated valve is out of service.

The pressure stabilizing valves are solenoid-operated and have built-in needle valves
for adjusting flow. The two valves are arranged in parallel between the drive water
header and the cooling water header. One valve is set to bypass 2 gpm, and closes
when any drive is given a withdraw signal, so that flow is diverted to the drive being
operated rather than back to the reactor. Relatively constant header pressure is thus
maintained. Similarly, the other valve is set to bypass 4 gpm, and closes when any
drive is given an insert signal. The failure considered is when all of these valves are
closed so that maximum supply pump head of 1700 psi builds up in the drive water
header. The major portion of the bypass flow normally passes through the
motor-operated valve; therefore, closure of this valve is most critical.
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Since lowest exhaust line pressure exists when reactor pressure is zero, this reactor
condition is also assumed.

If the valve closure failure described above were to occur at the same time the control
rod is being withdrawn, calculations indicate that steady-state withdrawal speed would
be approximately 0.5 ft/sec or twice normal velocity. The collet would be held
unlatched by a 1670-psi pressure differential across the collet piston. Flow would be
upward past the velocity limiter piston, but retarding force would be negligible.

h. Ball Check Valve Fails to Close Off Passa e to Vessel Ports

The failure considered in this case depends upon the following sequence of events. If
the ball check valve were to seal off the passage to the vessel ports during the
"up"-signal portion of the job withdraw cycle, the collet would be unlatched. This is the
normal withdrawal sequence. Then ifthe ball were to move up and become jammed in
the ball cage by foreign material or prevented from reseating at the bottom by foreign
material that settles out on the seat surface, water from below the drive piston would
return to the reactor through the vessel ports and the annulus between the drive and
the housing. Since this return path would have lower than normal flow resistance, the
calculated withdrawal speed would be 2 ft/sec. During withdrawal, there would be
differential pressure across the collet piston of approximately 40 psi. Therefore, the
collet would tend to latch and would have to stick open before continuous withdrawal at
2 ft/sec could occur. Water would flow upward past the velocity limiter piston and a
small retarding force would be generated (approximately 120 pounds).

H draulic Control Unit Valve Failures

Various failures of the valves in the HCU can be postulated, but none are capable of
producing differential pressures which approach those described in the preceding
paragraphs and none are capable alone of producing a high velocity withdrawal.
Leakage through either or both of the scram valves produces a pressure which tends to
insert the control rod rather than withdraw it. Ifthe pressure in the scram discharge
volume should exceed reactor pressure following a scram, a check valve in the line to
the scram discharge header prevents this pressure from operating the drive
mechanisms.

Failure of the Collet Fin ers to Latch

The drive continues to withdraw (after removal of the signal) at a fraction of its normal
withdrawal speed. There is no known means for the collet fingers to become unlocked
without some initiating signal. Failure of the withdrawal drive valve to close following a
rod withdrawal has the same effect as failure of the collet fingers to latch in the index
tube and is immediately apparent to the operator. Accidental opening of the withdrawal
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drive valve normally does not unlock the collet fingers because of the characteristic of
the collet fingers to remain locked until unloaded.

k. Withdrawal S eed Control Valve Failure

Normal withdrawal speed is determined by differential pressures at the drive and set for
a nominal value at 3 in./sec. The characteristics of the pressure regulating system are
such that withdrawal speed is maintained independent of reactor vessel pressure.
Tests have determined that accidental opening of the speed control valve to the full
open position produces a velocity of approximately 6 in./sec.

The Control Rod Drive System prevents rod withdrawal as required by safety design
basis 4.a. lt is shown above that only multiple failures in a drive unit and its control unit
could cause an unplanned rod withdrawal.

3.4.6.5 Scram Reliabilit

High scram reliability is the result of a number of features of the CRD System, such as
the following:

There are two sources of scram energy to insert each control rod when the
reactor is operating: accumulator pressure and reactor vessel pressure.

Each drive mechanism has its own scram and pilot valve so that only one drive
can be affected by failure of a scram valve to open. Two pilot valves are
provided for each drive. Both pilot valves must be vented to initiate a scram.

The Reactor Protection System and HCU's are designed so that the scram
signal and mode of operation override all others.

The collet assembly and index tube are designed so that they will not restrain or
prevent control rod insertion during scram.

The scram discharge volume is monitored for accumulated water and will scram
the reactor before the volume is filled to a point that could interfere with a
scram.

f. The pressure in the control air header supplying the scram pilot valves, vent
valves, and drain valves is monitored and will cause a scram prior to reaching a
pressure that could cause the scram outlet valves to leak into the scram
discharge volume.

The scram reliability meets the requirements of safety design basis 4.b and 4.c.
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3.4.6.6 Control Rod Su ort and 0 eration

As shown in the description, each control rod is independently supported and
controlled as required by safety design basis 3.

3.4.7 Ins ection and Testin

3.4.7.1 Develo ment Tests

The development drive (one prototype) testing included over 5000 scrams and
approximately 100,000 latching cycles during 5000 hours of'exposure to simulated
operating conditions. These tests have demonstrated the following:

That the drive withstands the forces, pressures, and temperatures imposed
without difficulty.

b. That wear, abrasion, and corrosion of the nitrided type 304 stainless parts are
negligible. That mechanical performance of the nitrided surface is superior to
materials used in earlier operating reactors.

That the basic scram speed of the drive has a satisfactory margin above
minimum plant requirements at any reactor vessel pressure.

d. That usable seal lifetimes greater than 1000 scram cycles may be expected.

34.7.2 Facto Qualit Control Tests

Quality control of welding, heat treatment, dimensional tolerances, material verification,
etc., was maintained throughout the manufacturing process to assure reliable
performance of the mechanical reactivity control components. Some of the quality
control tests on the control rods, control rod drive mechanisms, and hydraulic control
units were as follows:

Control Rod Absorber Tube Tests

a. The tubing and end plug material integrity was verified by ultrasonic inspection.

b. Boron content of the Boron-10 fraction of each lot of boron-carbide was verified.

C. The weld integrity of the finished absorber tubes was verified by helium leak
testing.
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CRD Mechanism Tests

BFN-17

a. Hydrostatic testing of the drives to check pressure welds was in accordance
with ASME codes.

b. Electrical components were checked for electrical continuity and resistance to
ground.

All drive parts which could not be visually inspected for dirt were flushed with
filtered water at high velocity. No significant foreign material was permissible in
effluent water.

Seal leakage tests were performed to demonstrate proper seal operation.

Each drive was tested for shim motion, latching, and control rod position
indicating.

Each drive was subjected to cold scram tests at various reactor pressures to
verify proper scram performance.

H draulic Control Unit Tests

Each HCU received the following tests:

a. All hydraulic systems were hydrostatically tested in accordance with
USAS B31.1.0.

b. All electrical components and systems were tested for electrical continuity and
resistance to ground.

c. The correct operation of the accumulator pressure and level switches was
verified.

d. The unit's ability to perform its part of a scram was demonstrated.

e. Proper operation and adjustment of the insert and withdrawal valves was
demonstrated.

3.4.7.3 0 erational Tests

After installation, all rods, hydraulic control units, and drive mechanisms were tested
through their full range for operability. Details of the preoperational test are given in
Subsection 13.4.
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During normal operation, each time a control rod is withdrawn a notch, the operator can
observe the in-core monitor indications to verify that the control rod is following the
drive mechanism. All control rods that are partially withdrawn from the core can be
tested for rod following by inserting or withdrawing the rod one notch and returning it to
its original position, while the operator observes the in-core monitor indications.

To make a positive test of control rod to control rod drive coupling integrity, the
operator can withdraw a control rod to the end of its travel and then attempt to withdraw
the drive to the overtravel position. Failure of the drive to overtravel demonstrates
rod-to-drive coupling integrity.

Hydraulic supply subsystem pressures can be observed from instrumentation in the
control room. Scram accumulator pressures can be observed locally on the nitrogen
pressure gages.
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3.7 Thermal and H draulic Desi n

3.7.1 Power Generation Ob'ective

The objective of the thermal and hydraulic design of the core is to achieve
power operation of the fuel over the life of the core without sustaining fuel
damage.

3.7.2 Power Generation Desi n Basis

The thermal hydraulic design of the core shall provide the following
characteristics:

a. The ability to achieve rated core power output throughout the design
lifetime of the fuel without sustaining fuel damage.

b. The flexibilityto adjust core power output over the range of plant load and
load maneuvering requirements without sustaining fuel damage.

3.7.3 Safet Desi n Basis

1. The thermal hydraulic design of the core shall establish limits for use in
setting devices of the nuclear safety systems so that no fuel damage
occurs as a result of abnormal operational transients (see Chapter 14,
"Plant Safety Analysis" ).

2. The thermal hydraulic design of the core shall establish a thermal hydraulic
safety limit for use in evaluating the safety margin relating the consequences
of fuel barrier failure to public safety.

3.7.4 Thermal and H draulic Limits

3.7.4.1 Re uirements for Stead -State Conditions

For purposes of maintaining adequate fuel performance margin during normal
steady-state operation, the Minimum Critical Power Ratio (MCPR) must not be
less than the required MCPR operating limit, and the Average Planar Linear
Heat Generation Rate (APLHGR) must be maintained below the required
Maximum APLHGR limit (MAPLHGR). The steady-state MCPR and
MAPLHGR limits are determined by analysis of the most severe moderate
frequency Abnormal Operational Transients (AOTs) to accommodate
uncertainties and provide reasonable assurance that no fuel damage results
during moderate frequency AOTs at any time in life.
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3.7.4.2 Re uirementsforAbnormal 0 erational Transients AOTs

The MCPR and MAPLHGR limits are established such that no safety limit is
expected to be exceeded during the most severe moderate frequency AOT
event as defined in Chapter 14, "Plant Safety Analysis."

3.7.4.3 Summa of Desi n Bases

In summary, the steady-state operating limits have been established to assure
that the design bases are satisfied for the most severe moderate frequency
AOT. Demonstration that the steady-state MCPR and MAPLHGR limits are
not exceeded is sufficient to conclude that the design bases are satisfied.

3.7.5 Descri tion of Thermal - H draulic Desi n of the Reactor Core

3.7.5.1 Critical Power Ratio

A description of the critical power ratio is provided in Subsection 3.7.7.1,
"Critical Power." Criteria used to calculate the critical power ratio safety limit
are given in GESTAR II (General Electric Standard Application for Reactor
Fuel) (Reference 1).

3.7.5.2 Avera e Planar Linear Heat Generation Rate APLHGR

Models used to calculate the APLHGR limit are given in Subsection 3.2.5.1,
"Evaluation Methods," as pertaining to the fuel mechanical design limits, and
in Subsection 6.5.2.1, "Analysis Model," as pertaining to 10 CFR 50,
Appendix K limits.

3.7.5.3 Core Coolant Flow Distribution and Orificin Pattern

The flow distribution to the fuel assemblies and bypass flow paths is
calculated on the assumption that the pressure drop across all fuel
assemblies and bypass flow paths is the same. This assumption has been
confirmed by measuring the flow distribution in boiling water reactors
(References 2, 3, and 4). The components of bundle pressure drop
considered are friction, local, elevation, and acceleration (Subsections
3.7.5.4.1 through 3.7.5.4.4, respectively). Pressure drop measurements made
in operating reactors confirm that the total measured core pressure drop and
calculated core pressure drop are in good agreement. There is reasonable
assurance, therefore, that the calculated flow distribution throughout the core
is in close agreement with the actual flow distribution of an operating reactor.
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An iteration is performed on flow through each flow path (fuel assemblies and
bypass flow paths), which equates the total differential pressure (plenum to
plenum) across each path and matches the sum of the flows through each
path to the total core flow. The total core flow less the control rod cooling flow
enters the lower plenum. A fraction of this passes through various bypass
flow paths. The remainder passes through the orifice in the fuel support plate
(experiencing a pressure loss) where some of the flow exits through the fit-up
between the fuel support and the lower tieplate and through the lower tieplate
holes into the bypass flow region. All reload core fuel bundles have lower
tieplate holes. The majority of the flow continues through the lower tieplate
(experiencing a pressure loss) where some flow exits through the flow path
defined by the fuel channel and lower tieplate into the bypass region. This
bypass flow is lower for those fuel assemblies with finger springs. The bypass
flow paths considered in the analysis and typical values of the fraction of
bypass flow through each flow path are given in Reference 5.

Within the fuel assembly, heat balances on the active coolant are performed
nodally. Fluid properties are expressed as the bundle average at the
particular node of interest. In evaluating fluid properties a constant pressure
model is used.

The relative radial and axial power distributions documented in the country-
specific supplement to GESTAR II (Reference 6) are used with the bundle
flow to determine the axial coolant property distribution, which gives sufficient
information to calculate the pressure drop components within each fuel
assembly type. When the equal pressure drop criterion described above is
satisfied, the flow distributions are established.

3.7.5.4 Core Pressure Dro and H draulic Loads

The components of bundle pressure drop considered are friction, local,
elevation, and acceleration pressure drops. Pressure drop measurements
made in operating reactors confirm that the total measured core pressure drop
and calculated core pressure drop are in good agreement.

3.7.5.4.1 Friction Pressure Dro

Friction pressure drop is calculated with a basic model as follows:

where

1V )X
z ax'P as
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dd> = friction pressure drop, psi

w = mass flow rate

g = acceleration of gravity

p = average nodal liquid density

D„= channel hydraulic diameter

Ad, = channel flow area

L = incremental length

f = friction factor

4 Tpp two-phase friction multiplier

!

I

!

!

!

I

!

!

The formulation for the two-phase multiplier is similar to that presented in
References 7 and 8, and is based on data that is taken from proto-typical
BWR fuel bundles.

3.7.5.4.2 Local Pressure Dro

The local pressure drop is defined as the irreversible pressure loss
associated with an area change, such as the orifice, lower tieplate, and
spacers of a fuel assembly.

The general local pressure drop model is similar to the friction pressure drop
and is

1V E 2hP ——
Pgp A2 TPL

where

dd~ = local pressure drop, psi
K = local pressure drop loss coefficient
A = reference area for local loss coefficient
4Tp~ = two-phase local multiplier
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and 'w, g, and p are defined above. The formulation for the two-phase
multiplier is similar to that reported in Reference 8. For advanced spacer
designs a quality modifier has been incorporated in the two-phase multiplier to
better fit the data. Empirical constants were added to fit the results to data
taken for the specific designs of the BWR fuel assembly. These data were
obtained from tests performed in single-phase water to calibrate the orifice,
the lower tieplate, and the holes in the lower tieplate, and in both single- and
two-phase flow, to derive the best fit design values for spacer and upper
tieplate pressure drop. The range of test variables was specified to include
the range of interest for boiling water reactors. New test data are obtained
whenever there is a significant design change to ensure the most applicable
methods are used.

3.7.5.4.3 Elevation Pressure Dro

The elevation pressure drop is based on the relation:

where

BEE = PM.;
P = Py(>-<)+8<<

ME = elevation pressure drop, psi

hL = incremental length

p = average mixture density

a = nodal average void fraction

pI,p, = saturated water and vapor density,

respectively

The void fraction model used is an extension of the Zuber-Findlay model
(Reference 9), and uses an empirically fit constant to predict a large block of
steam void fraction data. Checks against new data are made on a continuing
basis to ensure the best models are used over the full range of interest of
boiling water reactors.

3.7.5.4.4 Acceleration Pressure Dro

A reversible pressure change occurs when an area change is encountered,
and an irreversible loss occurs when the fluid is accelerated through the
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boiling process. The basic formulation for the reversible pressure change
resulting from a flow area change in the case of single-phase flow is given by

where

1V

~ice = (1- ~,i)
2gpyAz

A~
crA

dP„« = acceleration pressure drop

A, = final flow area

A, = initial flow area

In the case of two-phase flow, the liquid density is replaced by a density ratio
so that the reversible pressure change is given by:

where

2'" Pe~~cc = (1- ~~)
2CPrFA2

1 x (1-x)—= —+, homogeneous density
Pa Pg Pj.

1 x (1-x)» +» 2, kinetic energy density
pi~E p< a py (1 —a)

a = void fraction at A,

~ = steam quality at A,

and other terms are as previously defined. The basic formulation for the
acceleration pressure change due to density change is:

w 1 1
hPACC Z4 Povr Pm
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where p is either the homogeneous density, p», or the momentum density,

Par

I x (I-x)
+

Phf Pg+ Pf (I +)

and is evaluated at the inlet and outlet of each axial node. Other terms are as
previously defined. The total acceleration pressure drop in boiling water
reactors is on the order of a few percent of the total pressure drop.

3.7.5.5 Correlation and Ph sical Data

General Electric Company has obtained substantial amounts of physical data
in support of the pressure drop and thermal-hydraulic loads discussed in
Subsection 3.7.5.4, "Core Pressure Drop and Hydraulic Loads." Correlations
have been developed to fit these data to the formulations discussed.

3.7.5.5.1 Pressure Dro Correlations

General Electric Company has taken significant amounts of friction pressure
drop data in multi-rod geometries representative of BWR plant fuel bundles
and correlated both the friction factor and two-phase multipliers on a best fit
basis using the pressure drop formulations reported in Subsections 3.7.5.4.1
and 3.7.5.4.2. Tests are performed in single-phase water to calibrate the
orifice and the lower tie-plate, and in both single-phase and two-phase flow to
arrive at best fit design values for spacer and upper tie-plate pressure drop.
The range of test variables is specified to include the range of interest to
boiling water reactors. New data are taken whenever there is a significant
design change to ensure the most applicable methods are in use at all times.

Applicabilityof the single-phase and two-phase hydraulic models discussed in
Subsections 3.7.5.4.1 and 3.7.5.4.2 for fuel designs described in Reference
10 (General Electric Fuel Bundle Designs), was confirmed by full scale
prototype flow tests.

3.7.5.5.2 Void Fraction Correlation

The void fraction correlation includes effects of pressure, flow direction, mass
velocity, quality, and subcooled boiling.
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3.7.5.5.3 Heat Transfer Correlation

The Jens-Lottes (Reference 11) heat transfer correlation is used in fuel
design to determine the cladding-to-coolant heat transfer coefficients for
nucleate boiling.

3.7.5.6 Thermal Effects of Abnormal 0 erational Transients

The evaluation of the core's capability to withstand the thermal effects
resulting from abnormal operational transients is covered in Chapter 14,
"Plant Safety Analysis".

3.7.5.7 Uncertainties in Estimates

Uncertainties in thermal-hydraulic parameters are considered in the statistical
analysis which is performed to establish the fuel cladding integrity safety limit
documented in Subsection 3.7.7.1.1, "Fuel Cladding Integrity Safety Limit."

3.7.5.8 Flux Tilt Considerations

For flux tilt considerations, refer to Subsection 3.6.4.2, "Power Distribution."

3.7.6 Descri tion of the Thermal-H draulic Desi n of the Reactor Coolant
~setem

3.7.6.1 Power/Flow 0 eratin Ma

3.7.6.1.1 Performance Ran e for Normal 0 erations

A boiling water reactor must operate within certain restrictions due to pump
net positive suction head (NPSH) requirements, overall plant control
characteristics, core thermal power limits, etc. Operating power-flow maps for
BFN Units 2 and 3 are shown in Figures 3.7-1 and 3.7-2, respectively. [Note:
BFN Unit 1 is currently on administrative hold and is non-operational.] The
nuclear system equipment, nuclear instrumentation, and the Reactor
Protection System, in conjunction with operating procedures, maintain
operations within the shaded area of the maps for normal operating
conditions. The boundaries on the maps are as follows:

Natural Circulation Line

The operating state of the reactor moves along this line for the normal control
rod withdrawal sequence in the absence of recirculation pump operation.
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20 Percent Pum S eed Line

The operating state for the reactor follows this line for the normal control rod
withdrawal sequence with recirculation pumps operating at approximately 20
percent speed.

Desi n Flow Control Line

The design flow control line passes through 100 percent power at 100 percent
flow. The operating state for the reactor follows this line (or one parallel to it)
for recirculation flow changes with a fixed control rod pattein. The line is
based on constant xenon concentration.

APRM Rod Block Line

The line shown on the graph limits control rod withdrawal to within the
constraint of the control rod block line.

Pum Constant S eed Line

This line shows the change in flow associated with power reduction from 100
percent power, 100 percent flow, while maintaining constant recirculation
pump speed.

Minimum Ex ected Flow Control Line

This line represents the flow control line for plant startup in which the
recirculation pump speed is increased above 20 percent speed before control
rod withdrawal is continued.

Increased Core Flow ICF Re ion

The plant is licensed for Increased Core Flow (ICF) operation up to a
maximum of 105% of rated core flow at 100% rated power. At core thermal
powers less than rated, the maximum allowable core flow is set by the
constant recirculation pump speed line that passes through the 100% power
and 105% flow point on the Power/Flow operating map. ICF can be used to
extend full power operation beyond the point where all rods are out at rated
power and flow conditions (End Of Full Power Life - EOFPL). ICF may be
used prior to reaching EOFPL for operating flexibility.
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Maximum Extended Load Line LimitAnal sis MELLLA Re ion

The plant is licensed for Maximum Extended Load Line LimitAnalysis (MELLLA)
which allows operation at full power down to 75% rated flow conditions. (Note: with
power uprate, MELLLAallows operation at full power down to 81% rated flow
conditions.) The MELLLAregion may be used to set target rod patterns on a higher
rod line to accommodate xenon accumulation. The MELLLAregion also increases
the allowance for flowwindow operation such as compensating for small core
reactivity changes with burnup by adjusting core flow. This reduces the need to
continually adjust rod patterns.

3.7.6.1.2 Flow Control

The following simple description of boiling water reactor operation with recirculation
flow control summarizes the principal modes of normal power range operation.
Assuming the plant to be initiallyhot with the reactor critical, full power operation
can be approached following the sequence shown as points 1 to 7 in Figure 3.7-1.
The first part of the sequence (1 to 3) is achieved with control rod withdrawal and
manual, individual recirculation pump control. Individual pump startup procedures
are provided which achieve 28 percent of full pump speed in each loop. The
natural circulation characteristics of the boiling water reactor are still influential at
this pump speed level as shown in the appropriate curve. Power, steam flow, and
feedwater flow are increased as control rods are manually withdrawn until the
feedwater flow has reached approximately 20 percent. An interlock on feedwater
flow prevents low power-high recirculation flow combinations which may create
recirculation pump NPSH problems.

Once the feedwater interlock is cleared, the operator can manually increase
recirculation flow in each loop until the operating state reaches point 3.

The recirculation system master controller is limited, and these limits establish the
operating state (see Subsection 7.9, "Recirculation Flow Control System" ). An
example power flow map is shown in Figure 3.7-1.

Reactor power increases as the operating state moves from point 2 to 3 due to the
inherent flow control characteristics of the boiling water reactor. At point 3 the
operator may switch to Master Manual recirculation pump control. Thermal output
can then be increased by either control rod withdrawal or recirculation flow
increase. For example, the operator can reach approximately 40 percent power in )

the ways indicated by points 4 and 5. With an increase of recirculation pump
speed, point 4 can be achieved.

I
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The curves labeled "Minimum Expected Flow Control Line" and "Design Flow
Control Line" represent typical steady-state power-flow characteristics for fixed rod
patterns. They are slightly affected by xenon, differences in core leakage flow
assumptions, and reactor vessel pressure variations. However, for this example,
these effects have been neglected.

Normal power range operation is along or parallel to the "Design Flow Control Line".
If load following response is desired in either direction, plant operation near 90
percent power provides the most capability. If maximum load pickup capability is
desired, the nuclear system can be operated near point 6, with fast load response
available all the way up to rated power near point 7.
The large negative operating coefficients, which are inherent in the boiling water
reactor, provide important advantages as follows:

a. Good load following with well damped behavior and little undershoot or overshoot
in the heat transfer response.

b. Load following with recirculation flow control.

c. Strong damping of spatial power disturbances.

Load following is accomplished by manually varying the recirculation flow to the
reactor. This method of power level control takes advantage of the reactor negative
void coefficient. To increase reactor power, it is necessary only to increase the
recirculation flow rate which sweeps some of the voids from the moderator, causing
an increase in core reactivity. As the reactor power increases, more steam is
formed and the reactor stabilizes at a new power level with the transient excess
reactivity balanced by the new void formation. No control rods are moved to
accomplish this power level change. Conversely,,when a power reduction is
required, it is necessary only to reduce the recirculation flow rate. When this is
done, more voids are formed in the moderator, and the reactor power output
automatically decreases to a new power level commensurate with the new
recirculation flow rate. No control rods are moved to accomplish the power
reduction.

Load following through the use of variations in the recirculation flow rate (flow
control) is advantageous relative to load following by control rod positioning. Flow
variations perturb the reactor uniformly in the horizontal planes, and thus allow
operation with flatter power distribution and reduced transient allowances. As the
flow is varied, the power and void distributions remain approximately constant at the
steady-state end points for a wide range of flowvariations. These constant
distributions provide the important advantage that the operator can adjust the power
distribution at a reduced power and flow by movement of control rods and then
bring the reactor to rated conditions by increasing flow, with the assurance that the
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power distribution will remain approximately constant. Subsection 7.9,
"Recirculation Flow Control System," describes the means by which recirculation
flow is varied.

3.7.6.2 Thermal-H draulic Stabilit Performance

The GE analytical methodology for demonstrating stability compliance for GE fuel
designs on a generic basis is described in Subsection 3.6.4.6, "Stability." To
provide additional assurance that regional instabilities will not occur, the plant
adheres to specific power/flow surveillance and exclusion zones as required by
NRC (Reference 12). GE analyses (Reference 10) show that these exclusion zones
are applicable to all the fuel designs described in Reference 10 (General Electric
Fuel Bundle Designs).

The exclusion zones are specified in the plant Technical Specifications. A
power/flow map included in the Technical Specifications indicates 2 regions in the
high power/low flow area where operation is restricted. Entry into Region l, which
has the minimum margin to the onset of thermal-hydraulic instability, requires an
immediate manual scram. This action is sufficient to preclude core oscillations
which could challenge the MCPR safety limit. Entry into Region II requires
immediate action to exit the region by inserting control rods or by increasing core
flow (starting a recirculation pump to exit the region is not an appropriate action)
and an immediate manual scram if evidence of thermal-hydraulic instability is
observed.

One or more of the following conditions is an indication of reactor instability induced
power oscillations when operating in or near the identified regions:

1. A sustained increase in APRM and/or LPRM peak-to-peak signal noise level,
reaching two or more times its initial level at reduced core flowconditions. Any
noticeable increase in noise level warrants closer monitoring of the LPRM
signals.

The increased noise occurs with a characteristic period of less than 3 seconds.

2. LPRM and or APRM upscale and/or downscale annunciators that alarm with a
characteristic period of less than 3 seconds.

3. APRM oscillations which exceed 10 percent peak-to-peak or LPRM oscillations
which exceed 30 percent peak-to-peak (approximately equivalent to APRM
oscillations of 10 percent during regional oscillations)
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Periodic LPRM upscale or downscale alarms may also be indicators of thermal-
hydraulic instability and will be immediately investigated. These periodic alarms will
occur before regional oscillations are large enough to threaten the MCPR safety
limit. Therefore, the criteria for initiating a manual scram described in the preceding
paragraph are sufficient to ensure that the MCPR safety limitwill not be violated in
the event that core oscillations initiate while exiting Region II.
Normal operation of the reactor is restricted to thermal power and core flow
conditions where thermal-hydraulic instabilities are very unlikely to occur (i.e.,
outside Regions I and II).

3.7.7 Evaluation

The thermal-hydraulic design of the reactor core and reactor coolant system is
based upon an objective of no fuel damage during normal operation or during
abnormal operational transients. This design objective is demonstrated by analysis
as described in the following sections.

3.7.7.1 Critical Power

The objective for normal operation and AOTs is to maintain nucleate boiling and
thus avoid a transition to film boiling. Operating limits are specified to maintain
adequate margin to the onset of the boiling transition. The figure of merit utilized
for plant operation is the critical power ratio (CPR). This is defined as the ratio of
the critical power (bundle power at which some point within the assembly
experiences onset of boiling transition) to the operating bundle power. The critical
power is determined at the same mass flux, inlet temperature, and pressure which
exists at the specified reactor condition. Thermal margin is stated in terms of the
minimum value of the critical power ratio (MCPR), which corresponds to the most
limiting fuel assembly in the core. To ensure that adequate margin is maintained, a
design requirement based on a statistical analysis was selected as follows:

Moderate frequency AOTs caused by a single operator error or equipment
malfunction shall be limited such that, considering uncertainties in
manufacturing and monitoring the core operating state, at least 99.9% of
the fuel rods would be expected to avoid boiling transition (Reference 13).

Both the transient (safety) and normal operating thermal limits in terms of MCPR are
derived from this basis.

3.7.7.1.1 Fuel Claddin Inte rit Safet Limit

The generation of the Minimum Critical Power Ratio (MCPR) limit requires a
statistical analysis of each reload core near the limiting IVICPR condition. The
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MCPR Fuel Cladding Integrity Safety Limitapplies not only for core wide AOTs, but
is also applied to the localized rod withdrawal error AOT. The cycle-specific Safety
Limit MCPR is derived based on criteria documented in GESTAR II (Reference 1).
The resulting safety limit MCPR for each cycle is given in the Supplemental Reload
Licensing Report (SRLR). The current SRLR for each BFN unit is included in
Appendix N of the FSAR.

Statistical Model

The statistical analysis utilizes a model of the BWR core which simulates the
process computer function. This code produces a critical power ratio (CPR) map of
the core based on inputs of power distribution, flow, and heat balance information.
Details of the procedure are documented in Appendix IV of Reference 13 and
Section 4 of Reference 14. Random Monte Carlo selections of all operating
parameters based on the uncertainty ranges of manufacturing tolerances,
uncertainties in measurement of core operating parameters, calculational
uncertainties, and statistical uncertainty associated with the critical power
correlations are imposed upon the analytical representation of the core and the
resulting bundle critical power ratios are calculated. Uncertainties used in the
cycle-specific statistical analysis are presented in References 10, 14, and 15.

The minimum allowable critical power ratio is set to correspond to the criterion that
99.9% of the rods are expected to avoid boiling transition by interpolation among
the means of the distributions formed by all the trials.

BWR Statistical Anal sis

Statistical analyses are performed for each operating cycle that provide the fuel
cladding integrity safety limit MCPR. This safety limit MCPR is derived based on
criteria documented in GESTAR II (Reference 1).

3.7.7.1.2 MCPR 0 eratin Limit Calculational Procedure

A plant-unique MCPR operating limit is established to provide adequate assurance
that the cycle-specific fuel cladding integrity safety limitfor the plant is not
exceeded for any moderate frequency AOT. This operating requirement is obtained
by addition of the maximum d CPR value for the most limiting AOT (including any
imposed adjustment factors) from conditions postulated to occur at the plant to the
cycle-specific fuel cladding integrity safety limit.
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Calculational Procedure for AOT Pressurization Events

Core-wide rapid pressurization events (turbine trip w/o bypass, load rejection
w/o bypass, feedwater controller failure) are analyzed using the system model
(ODYN) documented in References 16 and 17. An updated version of QDYN
using the advanced physics methods of Reference 18 is described in
Reference 19.

For GE11 and later fuel products the Time Varying Axial Power Shape
(TVAPS) is calculated by ODYN (Reference 20). The TVAPS is a short time
period phenomena that occurs during the control rod scram that terminates an
AQT. The analytical procedures used to evaluate the AOTs account for
TVAPS either in a bounding manner or explicitly, depending on the AOT and
the fuel design.

Calculational Procedure for AOT Slow Events

The slower core-wide abnormal operational transient, loss of feedwater
heating, is analyzed using either the steady-state 3-D BWR Simulator Code
(Reference 18), or the REDY transient model (References 21, 22, and 23) as
described in Reference 24. Inadvertent HPCI startup is not analyzed when its
enthalpy is bounded by that of the loss of feedwater heating event (Reference
25). When necessary, it is analyzed using the REDY transient model. The
scram reactivity used for slow events is documented in GESTAR II

(Reference 1).

Rod Withdrawal Error Calculational Procedure

The reactor core behavior during the rod withdrawal error transient is
calculated by doing a series of steady-state three-dimensional coupled
nuclear-thermal-hydraulic calculations using the 3-D BWR Simulator
(Reference 18).

Event Descri tions

Descriptions of the limiting AOT events are given in the country-specific
supplement to GESTAR II (Reference 6). The AOT descriptions given in
Reference 6 are used as a basis for the typical analyses performed. Some
plant-unique analyses will differ in certain aspects from the typical
calculational procedure depending on which margin improvement options are
selected.
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lVlCPR 0 eratin Limit Calculation

The operating limit MCPR for rapid AOTs is calculated using the TASC
computer program (Reference 26). The country-specific supplement to
GESTAR II (Reference 6) lists the plant initial conditions for the MCPR
operating limit analysis. Any different values used in the reload analyses to
those given in Reference 6 are reported in the SRLR. Cycle-dependent plant
initial conditions for the MCPR operating limit analysis and the resulting
parameters are also given in the SRLR.

MCPR Uncertaint Considerations

The deterministic d,CPR value which results from ODYN/TASC evaluations
(for all rapid pressurization AOTs) must be adjusted such that a 95/95
d,CPR/ICPR licensing basis is calculated (i.e., 95% probability with 95%
confidence that the safety limitwill not be violated). The SER which describes
these requirements and procedures is given in Reference 27.

The plant has the choice of operating under either Option A or Option B.

-~Otion A - Under Option A, the MCPR for each event is determined using
statistically evaluated scram times. If the plant does not
demonstrate compliance with the statistically evaluated scram
times, it must operate using a higher limit that does not take credit
for these scram times. The higher limit is also referred to as
Option A. Details are provided in Reference 27. ~

~Otion B - Under Option B, the 6CPR/ICPR ratio for the pressurization events
is evaluated on either a plant-unique or generic statistical basis per
the methodology and procedures of Reference 28. The generic
basis utilizes adjustment factors which are dependent on plant and
event type. The adjustment factors and their application are
described in Reference 28. For operation under Option B, the
plant must demonstrate that actual scram speeds are within the
distribution assumed in the derivation of the adjustment factors.
This conformance procedure is described in Reference 27.

The adjusted MCPR values for all rapid p'ressurization events are reported in
the SRLR.
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Low Flow and Low Power Effects on MCPR

The operating limit MCPR must be increased for low flow and, for plants with ARTS,
low power conditions. This is because, in the BWR, power increases as core flow
increases which results in a corresponding lower MCPR. If the MCPR at a reduced
flow condition were at the 100% power and flow MCPR operating limit, a sufficiently
large inadvertent flow increase could cause the MCPR to decrease below the Fuel
Cladding Integrity Safety Limit MCPR.

Plants licensed for the Average Power Range Monitor, Rod Block Monitor, and
Technical Specification (ARTS) Improvement Program have both power- and flow-
dependent limits imposed on the operating limit MCPR (OLMCPR). The flow-
dependent required OLIVICPR, MCPRi, is defined as a function of the core flow rate
and positioning of the scoop tube on the recirculation pump motor. For powers
between 100% of rated and the bypass point for the turbine stop valve/turbine
control valve fast closure scram signal (about 30% of rated), the power-dependent
OLMCPR, MCPR,, is determined from the product of the OLMCPR at 100% of rated
and a power-dependent multiplier, K,. For powers between 25% rated and the
bypass point, the MCPR, limits are absolute values and are defined separately for
high core flows (>50% of rated flow) and for low core flows (<50% of rated flow)
conditions. There is no thermal limits monitoring required below 25% of rated
power. The OLMCPR to be used at powers less than 100% becomes the most
limiting value of either MCPR~ or MCPR,.

End-of-C cle Coastdown Considerations

AOT analyses are performed at the full power, EOC, all-rods-out condition.
Once an individual plant reaches this condition, it may shutdown for refueling
or it may be placed in a coastdown mode of operation. In the end-of-cycle
coastdown type of operation the control rods are held in the all-rods-out position
and the plant is allowed to coastdown to a lower percent of rated power while
maintaining core flow at the constant pump speed line corresponding to rated core
flow at rated core thermal power. The power profile during this period is assumed
to be a linear function with respect to exposure. It is expected that the actual profile
will be a slow, exponential curve. An analysis to the linear approximation, however,
will be conservative, since it overpredicts the power level for any given exposure.

In Reference 29, evaluations were made at 90%, 80%, and 70% power level points
on the linear curve. The results show that the pressure and MCPR from the limiting
pressurization AOT exhibit a larger margin for each of these points than the EOC
full power, full flow case. MAPLHGR limits for the full'power, rated flow case are
conservative for the coastdown period, since the power will be decreasing and rated
core flowwill be maintained. Therefore, it can be concluded that the coastdown
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operation beyond full power operation is conservatively bounded by the analysis at
the EOC conditions. In Reference 30, this conclusion is confirmed for coastdown
operation down to 40% power and is shown to hold for analyses performed with
ODYN.

3.7.7.2 Anal sis 0 tions

3.7.7.2.1 MCPR Mar in Im rovement 0 tions

Several MCPR margin improvement options have been developed for operating
BWRs. The following options are utilized at Browns Ferry:

(1) Recirculation Pump Trip
(2) Thermal Power Monitor
(3) Exposure-Dependent Limits
(4) Improved Scram Times

The exposure-dependent limits option is used on an as-needed basis. The
Supplemental Reload Licensing Report for each unit indicates which options are
currently analyzed.

Recirculation Pum Tri

For many of the plant operating cycles, the limitingAOTs are the turbine trip,
generator load rejection, or other AOTs which result in a turbine trip. A significant
improvement in thermal margin can be realized if the severity of these transients is
reduced. The Recirculation Pump Trip (RPT) feature accomplishes this by cutting
off power to the recirculation pump motors anytime that the turbine control valve or
turbine stop valve fast closure occurs.

This rapid reduction in recirculation flow increases the core void content during the
AOT, thereby reducing the peak AOT power and heat flux.

Basically, the RPT consists of switches installed in both the turbine control valves
and the turbine stop valves. When these valves close, breakers are tripped
between the MG sets and the recirculation pump motors; this releases the
recirculation pumps to coast down under their own inertia.

Thermal Power Monitor

The APRM simulated thermal power trip (APRM thermal power monitor) is a minor
modification to the APRM system. The modified APRM system generates two
upscale trips. On one, the APRM signal (which is proportional to the thermal
neutron flux) is compared with a reference which is not dependent on flow rate.
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During normal reactor operations, neutron flux spikes may occur due to conditions
such as transients in the recirculation system, transients during large flowcontrol
load maneuvers, or transients during turbine stop valve tests. The neutron flux
leads the heat flux during transients because of the fuel time constant. And the
neutron flux for these transients trips upscale before the heat flux increases
significantly. (High heat flux is the precursor of fuel damage.) Thus, increased
availability can be achieved without fuel jeopardy by adding a trip dependent on
heat flux (thermal power).

For this trip, the APRM signal is passed through a low pass RC filter. It is
compared with a recirculation flow rate dependent reference which decreases
approximately parallel to the flow control lines.

ln addition to increased availability, another benefit is that with the minor
operational spikes filtered out, the heat flux trip setpoint is lower than the neutron
flux trip setpoint. For long, slow AOTs such as the loss-of-feedwater heater, the
heat flux and neutron flux are almost in equilibrium. For these AOTs, the lower trip
setpoint results in an earlier scram with a smaller increase in heat flux and a
corresponding reduction in the consequences.

The APRM Simulated Thermal Power Trip at Browns Ferry is non-safety grade and
is not taken credit for in any of the licensing transient analyses.

Ex osure-De endent Limits

The severity of any plant AOT pressurization event is worst at the end of the
cycle primarily because the EOC all-rods-out scram curve gives the worst
possible scram response. It follows that some limits relief may be obtained by
analyzing the AOTs at other interim points in the cycle and administering the
resulting limits on an "exposure dependent" basis.

This technique is straightforward and consists merely of repeating certain elements
of the AOT analyses for selected midcycle exposures. Because the scram reactivity
function monotonically deteriorates with exposure (after the reactivity peak), the
limit determined for an exposure E~ is administered for all exposures in the interval
Ei.> ( E s E; where E;.~ is the next lower exposure point for which a limitwas
determined. This results in a table of MCPR limits to be applied through different
exposure intervals of the cycle.

3.7-1 9



BFN-1 7

Im roved Scram Times

GE has developed a generic statistical scram time distribution for the purposes of
generating the AOT d CPR adjustment factors required for ODYN Option B (see
Subsection 3.7.7.1.2, "MCPR Operating Limit Calculational Procedure" ). By
operating under Option 8 MCPR operating limits the plant is taking advantage of
the improved scram time benefits on the AOT performance, by demonstrating that
actual scram speeds conform with the generic statistical scram times assumed.

3.7.7.2.2 0 eratin Flexibilit 0 tions

A number of operating flexibilityoptions have been developed for BWRs. The
following options are utilized at Browns Ferry:

(1) Load Line Limit
(2) Extended Load Line Limit
(3) Maximum Extended Load Line Limit
(4) Increased Core Flow
(5) Feedwater Temperature Reduction
(6) Turbine Bypass Out of Service
(7) ARTS Program
(8) Single-Loop Operation

The Supplemental Reload Licensing Report for each unit indicates which options
are currently analyzed.

Load Line Limit

The capability to operate above the rated load line of the power-flow map
offers the plant several definite operational advantages resulting in an
increased overall plant capacity factor. The primary advantage is in the areas
of plant startup with additional benefits in rated power operation and load-
following assistance. By operating above the rated load line during power
ascension, increasing xenon inventory can be countered with increases in core flow
allowing rated power to be achieved without additional control rod adjustments.
During rated power operation, rated power conditions can be maintained for longer
periods of time without control rod adjustments by using flow control to compensate
for reactivity changes due to fuel depletion. An analysis referred to as the Load
Line LimitAnalysis (LLLA)is performed to determine if the safety consequences of
operation above the rated load line, but within a defined region of the power flow
map, are bounded by the respective consequences'of operation at the licensing
basis conditions.
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The region above the rated load line is known as the extended operating region and
is defined by the locus of power/flow points bounded by:

(1) the rated load line;
(2) the APRM rod block line; and
(3) the rod block intercept line and the rated power line.

LLLAis performed on a plant/cycle-specific basis. However, after the LLLAis
initiallyperformed for a plant and cycle, on subsequent cycles only the following
checks need to be made in addition to the standard reload analyses to support
operation in the extended operation region:

(1) LOCA - The applicability of previous LOCA analyses to the extended
operating region must be verified each cycle.

(2) AOTs - The consequences of AOTs are evaluated to determine if operating
limitadjustments are necessary for operation in the extended
operating range.

Extended Load Line Limit

The Extended Load Line LimitAnalysis (ELLLA)is similar to the LLLAdescribed
above. However, the extended operating domain for ELLLA, instead, has an upper
bound of the APRM rod block line to rated power.

Once ELLLAhas been performed for a specific plant and cycle, it is reverified for
applicability to subsequent cycles as described in the LLLAdiscussion. Because of
the different extended operating regions for ELLLAand LLLA,the power/flow points
chosen for analysis may be different.

Maximum Extended Load Line Limit

The Maximum Extended Load Line LimitAnalysis (MELLLA)further expands the
operating domain to allow operation at full power down to 75% rated flow
conditions. (Note: with power uprate, MELLLAallows operation at full power down
to 81% rated flow conditions.) Addition of the MELLLAregion provides improved
power ascension capability to full power and additional flow range at rated power.
Evaluations performed for MELLLAconditions include normal and AOTs, LOCA
analysis, containment responses, and stability. The results of these analyses are
re-evaluated each cycle.

Increased Core Flow 0 eration

Analyses are performed in order to justify operation at core flow rates in excess of
the 100% rated flowcondition. The limitingAOTs that are analyzed at rated flow as
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part of a standard supplemental reload licensing report are reanalyzed for
increased core flow operation. In addition, the loss-of-coolant accident (LOCA), fuel
loading error, rod drop accident, and rod withdrawal error are also re-evaluated for
increased flowoperation.

The effects of the increased pressure differences on the reactor internal
components, fuel channels, and fuel bundles as a result of the increased flow are
analyzed in order to ensure that the design limits will not be exceeded.

The thermal-hydraulic stability is re-evaluated for increased core flow operation,
and the effects of flow-induced vibration are also evaluated to assure that the
vibration criteria will not be exceeded.

Feedwater Tem erature Reduction

Analyses are performed in order to justify operation at a reduced feedwater
temperature at rated thermal power. Usually, the analyses are performed for end-
of-cycle operation with the last-stage feedwater heaters valved out of service.
However, throughout cycle operation, an additional feedwater temperature
reduction can be justified by analyses at the appropriate operating conditions.

The limiting AOTs are reanalyzed for operation at a reduced feedwater
temperature. In addition, the loss-of-coolant accident (LOCA), fuel loading error,
rod drop accident, and rod withdrawal error are also re-evaluated for operation at a
reduced feedwater temperature.

Turbine 8 ass Out of Service

Operation of the turbine bypass system is assumed in the analysis of the
Feedwater Controller Failure (FWCF)-maximum demand event. Ifthis event
is limiting or near limiting, the operating limit MCPR basis may be invalid if the
bypass system cannot be demonstrated as fullyfunctional. Reload
evaluations may incorporate a FWCF without credit for bypass operation
calculation as a provision when temporary factors render the system unavailable.
Additionally, for extended operation with degraded bypass system operation,
evaluations in support of this condition are augmented with the appropriate limiting
events, such as the FWCF, for the applicable cycle.

ARTS Pro ram

The ARTS program is a comprehensive project involving the Average Power Range
Monitor (APRM), the Rod Block Monitor (RBM), and Technical Specification
improvements.
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Implementing the ARTS program provides for the following improvements which
enhance the flexibilityof the BWR during power level monitoring.

(1) The Average Power Range Monitor (APRM) trip setdown requirement is
replaced by power-dependent and flow-dependent MCPR operating limits to
reduce the need for manual setpoint adjustments. In addition, another set of
MAPLHGR power- and flow-dependent limits are also specified for more
rigorous fuel thermal protection during postulated transients at off-rated
conditions. These power- and flow-dependent limits are verified for plant-
specific application during the initial ARTS licensing implementation and are
applicable to subsequent cycles provided that there are no changes to the
plant configuration as assumed in the licensing analyses.

(2) The RBM system is modified from flow-biased to power-dependent trips to
allow the use of a new generic non-limiting analysis for the Rod Withdrawal
Error (RWE) and to improve response predictability to reduce the frequency
of nonessential alarms. The applicability of the generic RWE analysis to GE
fuel designs is discussed in Reference 10.

The resulting improvements in the flexibilityof the BWR provided by ARTS are
designed to significantly minimize the time to achieve full power from startup
conditions.

Sin le-Loo 0 eration

Without a Single-Loop Operation (SLO) analysis, the plant is not allowed to operate
beyond a relatively short period of time ifan idle recirculation loop cannot be
returned to service. The capability of operating at reduced power with a single
recirculation loop is highly desirable, from a plant availability/outage planning
standpoint, in the event maintenance of a recirculation pump or other components
renders one loop inoperative. The SLO analysis evaluates the plant for continuous
operation at a maximum expected power output which is 20% to 30% below that
which is attainable for two-pump operation.

To justify SLO, safety analyses have to be reviewed for one-pump operation. The
IVICPR fuel cladding integrity safety limit, AOT analyses, operating limit MCPR, and
non-LOCA accidents are evaluated. Increased uncertainties in the total core flow
and traversing incore probe (TIP) readings result in a small increase in the fuel
cladding integrity safety limit MCPR.

SLO can also result in changes to plant response during a LOCA. These changes
are accommodated by the application of reduction factors to the two-loop operation
MAPLHGRs, if required. MAPLHGR reduction factors are evaluated on a plant and
fuel type dependent basis. In each subsequent reload, reduction factors are
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checked for validity and, ifnew fuel types are added, new reduction factors may be
needed in order to maintain the validity of the SLO analysis.

3.7.7.3 ~dH d

Core hydraulics models and correlations are discussed in Subsection 3.7.5,
"Description of Thermal-Hydraulic Design of the Reactor Core".

3.7.7.4 Influence of Power Distributions

The influence of power distributions on the thermal-hydraulic design is discussed in
Reference 13.

3.7.7.5 Core Thermal Res onse

The thermal response of the core for accidents and expected AOT conditions is
given in Chapter 14, "Plant Safety Analysis".

3.7.7.6 ~AI I I M IH d

The analytical methods, thermodynamic data, and hydrodynamic data used in
determining the thermal and hydraulic characteristics of the core are documented in
Subsection 3.7.7.1.2, "MCPR Operating LimitCalculational Procedure," and in the
U.S. supplement to GESTAR (Reference 6).
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3.8 STANDBYLIQUID CONTROL SYSTEM

38.1 ~Sf Qb

The safety objective of the Standby Liquid Control System is to provide a backup
method, which is independent of the control rods, to make the reactor subcritical
over its full range of operating conditions. Making the reactor subcritical is
essential to permit the nuclear system to cool to the point where corrective actions
can be carried out. The system is designed for the normal modes of cooldown only;
it is not intended to function after a loss-of-coolant accident.

3.8.2 Safet Desi n Basis

Backup capability for reactivity control shall be provided, independent of
normal reactivity control provisions in the nuclear reactor, to shut down the
reactor if the normal control is impaired so that cold shutdown (MODE 4)
cannot be obtained with control rods alone.

2. The backup system shall have the capacity for controlling the reactivity
difference between the steady-state rated operating condition of the reactor
and the cold shutdown condition (MODE 4), including shutdown margin, to (

assure complete shutdown from the most reactive condition at any time in the
core life.

The time required for actuation and effectiveness of the backup reactivity
control shall be consistent with the nuclear reactivity rate of change predicted
between rated operating and cold shutdown conditions (MODE 4). A scram
of the reactor or operational control of fast reactivity transients is not
specified to be accomplished by this system.

Means shall be provided by which the functional performance capability of
the backup control system components can be verified periodically under
conditions approaching actual use requirements. Demineralized water,
rather than the actual neutron absorber solution, is injected into the reactor
to test the operation of all components of the redundant control system.

5. The neutron absorber shall be dispersed within the reactor core in sufficient
quantity to provide a reasonable margin for leakage, dilution, or imperfect
mixing.

6. The system shall be reliable to a degree consistent with its role as a special
safety system.
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7. The possibility of unintentional or accidental shutdown of the reactor by this
system shall be minimized.

3.8.3 Descri tion Fi ures 3.8-1 3.8-2 3.8-3 3.8-5 and 3.8-6

The Standby Liquid Control System is manually initiated from the Main Control
Room to pump a boron neutron absorber solution into the reactor ifthe operator
determines the reactor cannot be shut down or kept shut down with the control rods.

The Standby Liquid Control System is required only to shut down the reactor at a
steady rate within the capacity of the shutdown cooling systems and to keep the
reactor from going critical again as it cools.

The Standby Liquid Control System is needed only in the improbable event that not
enough control rods can be inserted in the reactor core to accomplish subcriticality
in the normal manner.

The system consists of a boron solution tank, a test water tank, two
positive-displacement pumps, two explosive-actuated valves, and associated local
valves and controls. They are mounted in the Reactor Building outside the primary
containment. The liquid is piped into the reactor vessel via the differential pressure
and liquid control line and discharged near the bottom of the core lower support
plate through a standpipe so it mixes with the cooling water rising through the core
(see Sections 4.2, "Reactor Vessel and Appurtenances Mechanical Design," and
3.3, "Reactor Vessel Internals Mechanical Design" ).

The Boron-10 isotope absorbs thermal neutrons and thereby terminates the nuclear
fission chain reaction in the uranium fuel.

The specified neutron absorber solution is enriched sodium pentaborate
(NapBip0~6-I OHIO). It consists of a mixture of borax, enriched boric acid, and
demineralized water prepared in accordance with approved plant procedures to
ensure the proper volume and enriched sodium pentaborate concentration is
present in the standby liquid control tank. A sparger is provided in the tank for
mixing, using air. To prevent system plugging, the tank outlet is raised above the
bottom of the tank and is fitted with a strainer.
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At all times when it is possible to make the reactor critical, the configuration of the
Standby Liquid Control System shall satisfy the following equation:

( C )( Q )( E )

( 13 WT% ) ( 86 GPM ) ( 19.8 ATOM% )

C = sodium pentaborate solution weight percent concentration
Q = SLCS pump flow rate in gpm
E = Boron-10 atom percent enrichment in the sodium pentaborate solution

The solution concentration is normally limited to a maximum of 9.2 weight percent to
)

preclude unwanted precipitation of the sodium pentaborate. The saturation
temperature of the 9.2 percent solution is 40'F which provides a 10'F thermal
margin below the lowest temperature predicted for the SLCS equipment area. Tank
heating components provide backup assurance that the sodium pentaborate
solution temperature willnever fall below 50'. The sodium pentaborate solution
concentration is allowed to be )9.2 weight percent provided the concentration and
temperature of the solution are within the limits permitted by the technical
specifications. High or low temperature, high or low liquid level, or a shorted heater
causes an alarm in the control room. Tank level indication is also provided in the
control room.

Each positive displacement pump is sized to inject the solution into the reactor in 50
to 125 minutes (approximately 50 gpm), depending on the amount of solution in the
tank, at the reactor vessel maximum operating pressure. The pump and system
design pressure is 1500 psig. The two relief valves are set at approximately 1425
psig to exceed the reactor operating pressure by a sufficient margin to avoid valve
leakage. To prevent bypass flowfrom one pump in case of relief valve failure in the
line from the other pump, a check valve is installed downstream of each relief valve
line in the pump discharge pipe.

A bladder-type pneumatic-hydraulic accumulator is installed on the piping near
each relief valve to dampen pulsations from the pumps to protect the system.

The two explosive-actuated injection valves provide high assurance of opening
when needed and ensure that the boron solution will not leak into the reactor even
when the pumps are being tested. The valves have a demonstrated firing reliability
in excess of 99.99 percent. Each explosive valve is closed by a plug in the inlet
chamber..The plug is circumscribed with a deep groove so the end will readily
shear offwhen pushed with the valve plunger. This opens the inlet hole through the
plug. The sheared end is pushed out of the way in the chamber and is shaped so it
will not block the ports after release.
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The shearing plunger is actuated by an explosive charge with dual ignition primers
inserted in the side chamber of the valve. Ignition circuit continuity is monitored by
a trickle current, and an alarm occurs in the control room ifeither circuit opens.
Indicator lights show which primer circuit is opened. To service a valve after firing,
a 6-inch length of pipe (spool piece) must be removed immediately upstream of the
valve to gain access to the shear plug.

The Standby Liquid Control System is actuated by a five-position spring return to
"normal" keylock switch located on the control room console. The keylock feature
ensures that switching from the "stop" position is a deliberate act (safety design
basis 7). Momentarily placing the switch to either "start A" or "start B" position
starts the respective injection pump, opens both explosive valves, and closes the
Reactor Water Cleanup System isolation valves to prevent loss or dilution of the
boron solution.

A green light in the control room indicates that power is available to the pump motor
contactor, but that the contactor is open (pump not running). A red light indicates
the contactor is closed (pump running). Awhite light indicates that the motor has
tripped or the local handswitch is in the test position.

A red light beside the switch turns on when liquid is flowing through an orifice flow
switch downstream of the explosive valves. Ifthe flow light or pump lights indicate
that the liquid may not be flowing, the operator can immediately turn the switch to
the other side, which actuates the alternate pump. Crosspiping and check valves
assure a flow path through either pump and either explosive valve. The chosen
pump will start even though its local switch at the pump is in the "stop" position for
test or maintenance. Pump discharge pressure indication is also provided in the
control room.

Equipment drains and tank overflow are piped not to the waste system but to
separate containers (such as 55-gallon drums) that can be removed and disposed
of independently to prevent any trace of the boron solution from inadvertently
reaching the reactor.

Instrumentation is provided locally at the standby liquid control tank consisting of
solution temperature indication and control, tank level, and heater status.
Instrumentation and control logic is presented in Figures 3.8-4 and 3.8-7,
Mechanical Logic Diagram.



3.8.4 Safet Evaluation

The Standby Liquid Control System is a special safety system not required for
normal plant operation, and is never expected to be needed for reactor shutdown
because of the large number of control rods available to shut down the reactor.

To assure the availability of the Standby Liquid Control System, two sets of the
components required to actuate —the pumps and explosive valves- are provided in
parallel redundancy (safety design basis 6).

The system is designed to make the reactor subcritical from rated power to a cold
shutdown (MODE 4) at any time in core life. The reactivity compensation provided
will reduce reactor power from rated to the after-heat level and allow cooling the
nuclear system to normal temperature with the control rods remaining withdrawn in
the rated power pattern. It includes the reactivity gains due to complete decay of
the rated power xenon inventory. It also includes the positive reactivity effects from
eliminating steam voids, changing water density from hot to cold, reduced Doppler
effect in uranium, reduction of neutron leakage from the boiling to cold condition,
and decreasing control rod worth as the moderator cools. A licensing analysis is
performed each cycle to verify adequate SLCS shutdown capacity. The analysis
assumes the specified minimum final concentration of boron in the reactor core and
allows for calculational uncertainties. The SLCS shutdown capacity is reported in
Appendix N.

The specified minimum average concentration of natural boron in the reactor to
provide the specified shutdown margin, after operation of the Standby Liquid
Control System, is 660 ppm (parts per million). The minimum quantity of sodium
pentaborate to be injected into the reactor is calculated based on the required
660 ppm average concentration in the reactor coolant, Boron-10 enrichment, the
quantity of reactor coolant in the reactor vessel, recirculation loops, and the entire
RHR system in the shutdown cooling mode, at 70'F and reactor normal water level.
The result is increased by 25 percent to allow for imperfect mixing, leakage, and
volume in other piping connected to the reactor. This minimum concentration is
achieved by preparing the solution as defined in paragraph 3.8.3 and maintaining it
above saturation temperature. This satisfies safety design basis 5.

Cooldown of the nuclear system will take several hours, at a minimum, to remove
the thermal energy stored in the reactor, cooling water, and associated equipment,
and to remove most of the radioactive decay heat. The controlled limitfor the
reactor vessel cooldown is 100'F per hour. Normal operating temperature is about
550'F. Usually, shutting down the plant with the main condenser and various
shutdown cooling systems will take 10 to 24 hours before the reactor vessel is
opened, and much longer to reach room temperature (70'F). Room temperature is
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the condition of maximum reactivity and, therefore, the condition which requires the
maximum boron concentration. Thus safety design basis 2 is met.

The specified boron injection rate is limited to the range of 7 to 40 ppm per minute
change of boron concentration in the reactor pressure vessel and recirculation loop
piping water volumes. The lower rate ensures that the boron is injected into the
reactor in less than 2 hours, which is considerably faster than the cooldown rate.
The upper limit injection rate insures that there is sufficient mixing such that the
boron does not recirculate through the core in uneven concentrations which could
possibly cause asymmetric power oscillations in the core. This satisfies safety
design basis 3.

The Standby Liquid Control System is designed as a Class I system for
withstanding the specified earthquake loadings (see Appendix C). Nonprocess
equipment such as the test tank is designed as Class II. The system piping and
equipment are designed, installed, and tested in accordance with USAS B31.1.0,
Section I.

The Standby Liquid Control System is not required to be designed to meet the
single failure criterion because it serves as a backup to the control rods. System
reliability is enhanced by providing redundancy of pumps and valves. Hence,
redundancy is not required for the tank heater or the heating cable.

The Standby Liquid Control System is required to be operable in the event of a
station power failure so the pumps, valves, and controls are powered from the
standby AC power supply in the absence of normal power. The pumps and valves
are powered and controlled from separate buses and circuits so that a single failure
will not prevent system operation. The essential instruments and lights are
powered from the 120-V AC instrument power supply.

The Standby Liquid Control System and pumps have sufficient pressure margin, up
to the system relief valve nominal setting of 1425 psig, to assure solution injection
into the reactor at a pressure of at least three percent above the lowest setpoint of
the main steam relief valves (1140 psig pre-uprated; 1174 psig uprated). The
nuclear system is protected from overpressurization during operation of the Standby
Liquid Control System positive displacements pumps by the nuclear system main
steam relief valves.

Only one of the two standby liquid control pumps is needed for proper system
operation. Ifone pump is inoperable, there is no immediate threat to shutdown
capability, and reactor operation may continue while repairs are being made. The
system pumps are powered by a diesel backed source and are not load shed. The
period during which one redundant component upstream of the explosive valves
may be out of operation will be consistent with the very small probability of failure of
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both the control rod shutdown capability and the alternate component in the
Standby Liquid Control System, together with the fact that nuclear system cooldown
takes 10 or more hours while liquid control solution injection takes about 2 hours.
This indicates the considerable time available for testing and restoring the Standby
Liquid Control System to operable condition after testing while reactor operation
continues. Assurance that the system will still fulfillits function during repairs is
obtained by demonstrating operation of the operable pump.

It can be seen that the Standby Liquid Control System satisfies safety design
basis 1.

3.8.5 Ins ection and Testin

Operational testing of the Standby Liquid Control System is performed in at least
two parts to avoid injecting boron into the reactor inadvertently. By opening two
closed valves to the solution tank, the boron solution may be recirculated by turning
on either pump with its local switch. With the valves to and from the solution tank
closed and the three valves opened to and from the test tank, the demineralized
water in the test tank can be recirculated by turning on either pump locally. After
pumping boron solution, demineralized water is pumped to flush out the pumps and
pipes. Functional testing of the injection portion of the system is accomplished by
closing the open valve from the solution tank, opening the closed valve from the test
tank, and actuating the switch in the control room to either the A or B circuit. This
starts one pump and ignites one of the explosive actuated injection valves to open.
The lights and alarms in the control room indicate that the system is functioning.
This satisfies safety design basis 4.

After the functional test, the affected injection valve and explosive charge must be
replaced and all the valves returned to their normal positions as indicated in Figures
3.8-1, 3.8-2, 3.8-3, 3.8-5, and 3.8-6.

I

By closing a local normally open valve to the reactor in the containment, leakage
through the injection valves can be detected at a test connection in the line between
the containment isolation check valves. (A position indicator light in the control
room indicates when the local valve is full open and ready for operation.) Leakage
from the reactor through the first check valve can be detected by opening the same
test connection whenever the reactor is pressurized.

The test tank contains sufficient demineralized water for testing pump operation.
Demineralized water from the makeup or condensate storage system is available at
30 gpm for refilling or flushing the system.

Should the boron solution ever be injected into the reactor, either intentionally or
inadvertently, then after making certain that the normal reactivity controls will keep
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the reactor subcritical, the boron is removed from the reactor coolant system by
flushing for gross dilution followed by operation of the reactor cleanup system.
There is practically no effect on reactor operations when the boron concentration
has been reduced below about 50 ppm.

The sodium pentaborate solution weight percent in the SLCS storage tank is
periodically determined by titration or equivalent chemical analysis. The Boron-10
isotopic atom percent concentration of the solution is also determined periodically,
utilizing mass spectrometry or equivalent technology.

The gas pressure in the two accumulators is measured periodically to detect
leakage. A pressure gauge and portable nitrogen supply are required to test and
recharge the accumulators.
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4.2 REACTOR VESSEL AND APPURTENANCES MECHANICALDESIGN

4.2.1 Power Generation Ob'ective

The reactor vessel power generation design objective is to provide a volume in
which the core can be submerged in coolant, thereby allowing power operation of
the fuel. The reactor vessel and appurtenances design provides the means for the
attachment of pipelines to the reactor vessel and the means for the proper
installation of vessel internal components. 'l

4.2.2 Power Generation Desi n Basis

1. The location and design of the external and internal supports provided as an
integral part of the reactor vessel shall be such that stresses in the reactor
vessel and supports due to reactions at these supports are within ASME
Boiler and Pressure Vessel Code limits.

2. The reactor vessel design lifetime shall be 40 years.
L

3. The design of the reactor vessel and appurtenances shall allow for the
accomplishment of a suitable program of periodic inspection and surveillance.

4.2.3 Safet Desi n Basis

The reactor vessel and appurtenances shall be designed to withstand adverse
combinations of loadings and forces resulting from operation under abnormal
and accident conditions.

2. The reactor vessel shall be designed and fabricated to a high standard of
quality to provide assurance of an extremely low probability of failure.

3. To minimize the possibility of brittle fracture failure of the nuclear system
process barrier, the following shall be required: (1) the initial ductile-brittle
transition temperature of materials used in the reactor vessel shall be known
by reference or established empirically; (2) expected shifts in transition
temperature during design service life due to environmental conditions, such
as neutron flux, shall be determined and employed in the reactor vessel
design; and (3) operation margins to be observed with regard to the transition
temperature shall be designated for each mode of operation.

4. The design shall provide for material surveillance specimens which may be
used to verify predicted radiation exposure and to measure the effect of
radiation on the vessel material.

4.2-1
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4.2.4 ~0

4.2.4.1 Reactor Vessel

The reactor vessel is a vertical, cylindrical pressure vessel with hemispherical
heads of welded construction. The reactor vessel is designed and fabricated for a
useful life of 40 years based upon the specified design and operating conditions.
The vessel for each unit is designed, fabricated, inspected, and tested in
accordance with the ASME Boiler and Pressure Vessel Code, Section III, 1965
edition, Summer 1965 addenda (Unit 3 vessel - Summer 1966 addenda), code
cases 1332-1, 1332-2, 1332-3, 1334, 1335-2 (paragraph 4), 1336, 1339, applicable
requirements for Class A vessels as defined therein, and additional GE
requirements. The reactor vessel and its supports are designed as Class I

equipment in accordance with the loading criteria of Appendix C. The materials
used in the design and fabrication of the reactor pressure vessel are shown in Table
4.2-1.

The Browns Ferry Unit 1 vessel was fabricated by BRW. The Browns Ferry Units 2
and 3 vessels were fabricated by Ishikawajima-Harima Heavy Industries Co. (IHI) in
Japan, under a contract between B8W and IHI. IHI had previously manufactured
the Fukushima I and II vessels. These vessels are built to the ASME Boiler and
Pressure Vessel Code and GE specifications. Reactor vessel data is presented in
Table 4.2-2.

The cylindrical shell and bottom hemispherical head of the reactor vessel are
fabricated of low alloy steel plate which is clad on the interior with weld overlay.
The cylindrical shell is clad with stainless steel, and the bottom hemispherical head
is clad with Inconel. The plates and forgings are ultrasonically tested and
magnetic-particle-tested over 100 percent of their surfaces after forming and heat
treatment. Full-penetration welds are used at all joints, including nozzles,
throughout the vessel, except for nozzles of less than 3-inch nominal size and the
CRD housing-to-stub tube welds. Nozzles of less than 3-inch nominal size are
partial-penetration-welded as permitted by ASME Boiler and Pressure Vessel Code,
Section III. The electroslag weld process was used on the Browns Ferry pressure
vessels. Electroslag welding process variables, quality control procedures and
technical details were presented in Appendix F, Dresden 2/3 FSAR, Docket Nos.
50-237 and 50-249.

Although little corrosion of. plain carbon or low-alloy steels occurs at temperatures of
500'F to 600'F, higher corrosion rates occur at temperatures around 140'F. The
0.125-inch minimum-thickness cladding provides the necessary corrosion
resistance during reactor shutdown and also helps maintain water clarity during
refueling operations. Since the vessel head is exposed to a saturated steam
environment throughout its operating lifetime, stainless steel cladding is not
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required over its interior surfaces. Exterior, exposed ferritic surfaces of
pressure-containing parts have a minimum corrosion allowance of 1/16 inch. The
interior surfaces of the top head and all carbon and low-alloy steel nozzles exposed
to the reactor coolant have a corrosion allowance of 1/16 inch. The vessel shape is
designed to limitcoolant retention pockets and crevices.

The nil-ductilitytransition (NDT) temperature is defined as the temperature below
which ferritic steel breaks in a brittle, rather than ductile, manner. The NDT
temperature increases as a function of neutron exposure at integrated neutron
exposures greater than about 1 x 10" nvt with neutrons of energies in excess of 1

MeV. Since the material NDT temperature dictates the minimum operating
temperature at which the reactor vessel can be pressurized, it is desirable to keep
the NDT temperature as low as possible. One way that this is accomplished is by
selecting fine-grained steels and by using advanced fabrication techniques to
minimize radiation effects. The as-fabricated initial NDT temperature for all carbon
and low-alloy steel used in the main closure flanges, closure bolting material, and
the shell and head materials connecting to these flanges, including the connecting
circumferential weld material, is limited to a maximum of 10'F as determined by
ASTM E208. For each main closure flange forging, a minimum of 1 tensile, 3
Charpy V-notch, and 2 drop weight test specimens have been tested from each of
two locations about 180'part on the flange. For all other carbon and low-alloy
steel pressure-containing materials, including weld materials and the vessel support
skirt material, the as-fabricated initial NDT temperature is no higher than 40'F. A
grain size of 5 or finer, as determined by the method in ASTM E112, is maintained.

Another way of minimizing any changes (elevating) to the NDT temperature is by
reducing the integrated neutron exposure at the inner surface of the reactor vessel.
The coolant annulus between the vessel and core shroud and the core location in
the vessel limit the integrated neutron exposure of reactor vessel material to less
than 1 x 10" nvt from neutrons with energy levels greater than 1 IVleV, within the
40-year design lifetime of the vessel. This is not the expected exposure, nor is it
the absolute limit of safe exposure; it is an exposure value that can be
demonstrated to be safe and practical to maintain. The maximum calculated
exposure for neutrons of 1 MeV or greater is 3.8 X 10'vt.

The vessel top head is secured to the reactor vessel by studs and nuts which are
designed to be tightened with a stud tensioner. The vessel flanges are sealed by
two concentric stainless steel seal-rings designed for no detectable leakage through
the inner or outer seal at any operating condition, including: (a) cold hydrostatic
pressure test at the hydro-pressure specified in the ASME code, and (b) heating to

operating pressure and temperature at a maximum rate of 100'F/hr. To detect lack
of seal integrity, a 1-inch vent tap is provided in the area between the two
seal-rings, and a monitor line is attached to the tap to provide an indication of
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leakage from the inner seal-ring seal (see Subsection 7.8). A 1-inch tap is also
provided in the area outside the outer seal-ring for use in monitoring leakage. This
tap is used only if the inner seal fails and is piped to an accessible place in the
drywell and capped.

The head and vessel flanges are low-alloy steel forgings. The sealing surfaces of
the reactor vessel head and shell flanges are weld-overlay clad with austenitic
stainless steel similar to the vessel, which consists of a minimum of two layers and
a minimum of 0.25-inch total thickness after all machining, including the area under
the seal grooves. The first layer is deposited with a composition equivalent to
ASTM A371, Type ER309; and the second layer has a composition equivalent to
ASTM A371, Type ER308, except that the carbon content does not exceed 0.08
percent.

All sensitized austenitic stainless steel has been replaced on the Browns Ferry
pressure vessels, except the Unit 1 recirculation system suction safe ends and the
jet pump riser brace pads on all units. These components have been clad with
nonfurnace-sensitized stainless steel weld overlay. Austenitic stainless steel used
in other component parts of the reactor coolant pressure boundary, including relief
and safety valves, is fullyannealed to preclude sensitization.

Welding processes were limited to 110,000 joules per inch and the interpass
temperature limited to 350'F to avoid local sensitization of stainless steel.
Stainless steel with deliberate additions of nitrogen for enhancing the material
strength has not been used.

0
The vessel nozzles (Figure 4.2-2) are low-alloy steel forgings made in accordance
with ASTM A508 CL2 as modified by ASME code case 1332-2, paragraph 5.
Nozzles of 3-inch nominal size or larger are full-penetration welded to the vessel.
Nozzles of less than 3-inch nominal size may be partial-penetration-welded as
permitted by ASME Boiler and Pressure Vessel Code, Section III. Nozzles which
are partial-penetration welded are nickel-chromium-iron forgings made in
accordance with ASME SB166 as modified by code case 1336.

The vessel top head nozzles are provided with flanges with small groove facing.
The drain nozzle is of the full-penetration weld design and extends 16 inches below
the bottom outside surface of the vessel. The recirculation inlet nozzles are located
as shown in Figures 4.2-1 and 4.2-3; feedwater inlet nozzles, core spray inlet I

nozzles, and the control rod drive hydraulic system return nozzle have thermal
sleeves similar to those shown in the detail of Figure 4.2-2.

As a result of cracks discovered in the feedwater nozzle blend and nozzle bore
regions of several operating reactors, General Electric and the NRC performed an
extensive study of the problem. The program, the solutions, and NRC acceptance
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of the modifications are fullydescribed in NEDE 21821-A, "Boiling Water Reactor
Feedwater Nozzle/Sparger - Final Report," February 1980 (proprietary version).
The modifications to the BFNP feedwater nozzles included: (1) removal of the
stainless-steel-clad and heat affected zone of the feedwater nozzle bore and nozzle
bend radius, and (2) machining the safe end and nozzle bore and inner bend radius
to accept the improved double piston ring seal, interference fit spargers with forged
tee design, and orificed elbow discharges. Implementing these modifications
increased the assurance of maintaining vessel integrity by minimizing the potential
for crack initiation due to thermal cycling.

The nozzle for the core differential pressure and standby liquid control pipe is
designed with a transition so that the stainless steel outer pipe of the differential
pressure and standby liquid control line (see Subsection 3.3, "Reactor Vessel
Internals Mechanical Design" ) can be socket-welded to the inner end of the nozzle
and so that the inner pipe passes through the nozzle. This design provides an
annular region between the nozzle and the inner standby liquid control line to
minimize thermal shock effects on the reactor vessel in the event that use of the
Standby Liquid Control System is required.

The jet pump instrumentation penetration seal is welded directly to the outer end of
the jet pump instrumentation nozzle. The stainless steel recirculation loop piping
(see Subsection 4.3, "Reactor Recirculation System" ) is welded to the outer end of
the recirculation outlet nozzle. The main steam line piping is welded to the outer
end of the steam outlet nozzle. The piping attached to the vessel nozzle is
designed, installed, and tested in accordance with the requirements of USAS
B31.1.0, 1967 edition and the applicable GE design and procurement
specifications, which were implemented in lieu of the outdated B31 Nuclear Code
Cases-N2, N7, N9, and N10.

Thermocouple pads are located on the exterior of the vessel (see Table 4.2-3). At
each thermocouple location, two 3/4-inch-diameter pads are provided: an end pad
to hold the end of a 3/16-inch-diameter thermocouple and a clamp pad equipped
with a set screw to secure the thermocouple.

The reactor vessel is laterally and vertically supported and braced to make it as
rigid as possible without impairing the movements required for thermal expansion.
Where thermal requirements prohibit the use of rigid supports, spring anchors or
hydraulic snubbers are employed to resist earthquake forces, while allowing
sufficient flexibilityfor thermal expansion.

4.2.4.2 ~SI 4 S 4

The reactor vessel shroud support is a radial, cylindrical shell that surrounds the
reactor core assembly and is designed so that stresses due to reactions at the

4.2-5



BFN-17

shroud support are within ASME code, Section III, requirements for normal, upset,
emergency, and faulted loading conditions. The design of. the shroud support also
takes into account the restraining effect of the components attached to the support,
their weight, and earthquake loadings. The vessel shroud support and other
internal attachments (jet pump riser support pads, diffuser brackets, guide rod
brackets, steam dryer support brackets, dryer holddown brackets, feedwater
sparger brackets, and core spray brackets) are as shown in Figures 4.2-1 and 4.2-3
and Table 4.2-3.

4.2.4.3 Reactor Vessel Su ort Assembl

The reactor vessel support assembly consists of a ring girder, sole plates, and the
various bolts, shims, and set screws necessary to position and secure the assembly
between the reactor vessel support skirt and the support pedestal. The concrete
and steel support pedestal is constructed integrally with the building foundation.
Steel anchor bolts are set in the concrete with the threads extending above the
surface. The sole plates are set flat and level on the concrete, and the lower flange
of the ring girder is set on top of the sole plates and shimmed as necessary to level
the ring girder. The anchor bolts extend through both the sole plates and the ring
girder bottom flange. High strength bolts are used to bolt the flange of the reactor
vessel support skirt to the top flange of the ring girder. The ring girder and sole
plates are fabricated of ASTM A36 structural steel according to AISC specifications.

4.2.4.4 Vessel Stabilizers

The vessel stabilizers are connected between the reactor vessel and the top of the
shield wall surrounding the vessel to provide lateral stability for the upper part of the
vessel. Eight stabilizer brackets are attached by full-penetration welds to the
reactor vessel at evenly spaced locations around the vessel below the flange. Each
vessel stabilizer consists of a stabilizer rod, threaded at the ends, springs, washers,
nut, a plate, and a bumper bracket with tapered shims. The stabilizers are attached
to each bracket and apply tension in opposite directions. The stabilizers are evenly
preloaded with tensioners to the values of the residual loads. The stabilizers are
designed to permit radial and axial vessel expansion, to limithorizontal vibration,
and to resist seismic and jet reaction forces.

4.2.4.5 Refuelin Bellows

The refueling bellows form a seal between the reactor vessel and the surrounding
primary containment drywell to permit flooding of the space (reactor well) above the
vessel during refueling operations. The refueling bellows assembly (see Figures
4.2-1 and 4.2-3) consists of a Type 304 stainless steel bellows, a backing plate, a
spring seal, and a removable guard ring. The backing plate surrounds the outer
circumference of the bellows to protect it and is equipped with a tap for testing and
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for monitoring leakage. The self-energizing spring seal is located in the area
between the bellows and the backing plate and is designed to limitwater loss in the
event of a bellows rupture by yielding to make a tight fit to the backing plate when
subjected to full hydrostatic pressure. The guard ring attaches to the assembly and
protects the inner circumference of the bellows. The guard ring can be removed
from above to inspect the bellows. The assembly is welded to the reactor bellows
support skirt and the reactor well seal bulkhead plate. The reactor bellows support
skirt is welded to the reactor vessel shell flange, and the reactor well seal bulkhead
plate bridges the distance to the primary containment drywell wall. Six watertight,
hinged covers are bolted in place for normal refueling operation. For normal
operation, these covers are opened and removable air supply ducts and air return
ducts permit circulation of ventilation air in the region above the reactor well seal.

4.2.4.6 Control Rod Drive Housin s

The control rod drive housings are inserted through the control rod drive
penetrations in the reactor vessel bottom head and are welded to the stub tubes
extending into the reactor vessel'(Figure 4.2-2).

Each housing transmits a number of loads to the bottom head of the reactor. These
loads include the weight of a control rod and control rod drive, which are bolted to
the housing from below (see Subsection 3.4, "Reactivity Control IVlechanical
Design" ), the weight of a control rod guide tube, one four-lobed fuel support piece,
and the four fuel assemblies which rest on the top of the fuel support piece (see
Subsection 3.3, "Reactor Vessel Internal Mechanical Design" ). The housings are
fabricated of Type 304 austenitic stainless steel.

4.2.4.7 Control Rod Drive Housin Su orts

The control rod drive housing support is designed to prevent a nuclear transient in
the unlikely event that there is a control rod drive housing failure. This device
consists of a grid structure located below the reactor vessel from which housing
supports are suspended. The supports allow only slight movement of the control
rod drive or housing in the event of failure. The control rod drive housing support is
described in detail in Subsection 3.5, "Control Rod Drive Housing Supports." I

Kobsa, I. R., and Wetzerl, V. R., "Design and Analysis of Control Rod Drive Reactor Vessel
Penetrations," General Electric Co., Atomic Power Equipment Department, November 1968
(APED-5703).

4.2-7



BFN-1 7

4.2.4.8 In-Core Neutron Flux Monitor Housin

The in-core neutron flux monitor housings are inserted up through the in-core
penetrations in the bottom head of the reactor vessel and are welded to the inner
surface of the bottom head (Figure 4.2-2). An in-core flux monitor guide tube is
welded to the top of each housing (see Subsection 3.3, "Reactor Vessel Internals
Mechanical Design" ), and either a source range monitor/intermediate range monitor
(SRM/IRM) drive unit or a local power range monitor (LPRM) is bolted to the
seal-ring flange at the bottom of the housing (see Subsection 7.5, "Neutron
Monitoring System" ).

4.2.4.9 Reactor Vessel Insulation

The reactor vessel insulation is an all-metal, reflective insulation having an average
maximum heat transfer rate of approximately 80 Btu/hr-ft't the operating
conditions of 550'F for the vessel and 135'F for the outside air. The maximum
insulation thickness ranges from 4 inches for the upper head to 3-1/2 inches for the
cylindrical shell and nozzles and 3 inches for the bottom head. The insulation is
designed to permit complete submersion in water without loss of insulating material,
contamination from the water, or adverse effect on the insulation efficiency of the
insulation assembly after draining and drying. The lower head and cylindrical shell
insulation is permanently installed for the 40-year design life of the vessel. The
insulation panels for the cylindrical shell of the vessel are held in place by vessel
insulation supports located at two elevations on the vessel. The support brackets
for each support are full-penetration-welded to the vessel at 12 evenly spaced
locations around the circumference. Provisions are made for removing insulation
during inservice inspection.

4.2.4.10 Other Reactor Coolant Pressure Bounda Ferritic Com onents

The fracture or notch-toughness properties and the operating temperature of ferritic
materials are controlled to ensure adequate toughness when the system is
pressurized to more than 20 percent of the design pressure. Such assurance is
provided by maintaining the lowest service metal temperature, when the system
pressure exceeds 20 percent of design pressure, at least 60'F above the
nil-ductilitytransition temperature (NDTT). The lowest service-metal temperature is
the lowest temperature which the metal will experience in service while the plant is
in operation. It is established by appropriate calculations considering atmosphere
ambient temperatures, the insulation or enclosure provided, and the minimum
temperature maintained. Further interpretations and requirements are as follows:
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Charpy V-notch (American Society for Testing and Material Standard A370
Type A) or drop weight (per ASTM E208) tests have been performed to
demonstrate that all materials and weld metal meet brittle fracture
requirements at test temperature. Test specimens were prepared and tested
with minimum impact energy requirements in accordance with Table N-421
and the general provisions of N-313, N-331, N-332, and N-511 of Section III of
the ASME Boiler and Pressure Vessel Code. Prior to the Summer 1972
Addenda of the 1971 ASME Section III Boiler and Pressure Vessel Code,
impact testing was riot required on materials with a nominal section thickness
of 1/2 inch or less. However, this 1/2 inch thickness exclusion was increased
to 5/8 inch by the ASME Boiler and Pressure Vessel Code, Section III, 1971
Edition, Summer 1972 Addenda. Therefore, after issuance of the Summer
1972 Addenda, impact testing is not required on materials with a nominal
section thickness of 5/8 inch or less. The welding procedures used were
qualified by impact testing of weld metal and heat affected zone to the same
requirements as the base metal in accordance with N-541.

Impact tests were not required for the following:

Bolting, including nuts, 1-inch nominal diameter or less,

2. Bars with a nominal cross-sectional area not exceeding 1 square inch,

3. IVlaterials with a nominal (section) wall thickness of less than 1/2 inch or
5/8 inch (refer to paragraph 4.2.4.10.A),

4. Components including pumps, valves, piping, and fittings with a nominal
inlet pipe size of 6-inch-diameter and less, regardless of thickness, and

5. Consumable insert material, austenitic stainless steel, and nonferrous
materials.

Impact testing was not required on components or equipment pressure parts
having a minimum service temperature of 250'F or more when pressured over
20 percent of the design pressure. Example: Steam line is excluded from
brittle fracture test requirement since the steam temperature will be over
250'F when the steam line pressure is at the 20 percent design pressure.

Impact testing was not required on components or equipment pressure parts
whose rupture could not result in a loss of coolant exceeding the capability of
normal makeup systems to maintain adequate core cooling for the duration of
a reactor shutdown and orderly cooldown.
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E. These criteria apply to components and equipment pressure parts, including
flange bolts of the reactor coolant pressure boundary, and do not apply to
related components such as anchors, anchor bolts, hangers, suppressors,
and restraints.

All components for the Browns Ferry plant were designed and fabricated giving
consideration to brittle-fracture control requirements as stated above. However,
these specific conditions were not a part of the initial Browns Ferry Units 1 and 2
plant requirements, and due to the status of fabrication on two items, the
requirements could not be imposed without scrapping all materials. On Browns
Ferry Units 1 and 2 these two items are: (1) feedwater piping through the second
containment isolation valve, and (2) the 14-inch HPCI testable check valve (HPCI
pump return into feedwater pipe outside the containment). Charpy V-notch impact
tests were performed on these items where possible, and results indicate they
generally would not meet the conditions under A, above, ifthey had been imposed.

4.2.5 Safet Evaluation

The reactor vessel design pressure of 1250 psig is determined by an analysis of
margins required to provide a reasonable range for maneuvering during operation,
with additional allowances to accommodate transients above the operating pressure
without causing operation of the safety valves. The design temperature for the
reactor vessel (575'F) is based on the saturation temperature of water
corresponding to the design pressure.

To withstand external and internal loadings while maintaining a high degree of
corrosion resistance, a high-strength, carbon-alloy steel is used as the base metal
with an internal cladding applied by weld overlay to the cylindrical shell and bottom
head. Use of the ASME Boiler and Pressure Vessel Code, Section III, Class A,
pressure vessel code design criteria provides assurance that a vessel designed,
built, and operated within its design limits has an extremely low probability of failure
due to any known failure mechanism.

The reactor vessel is designed for a 40-year life and will not be exposed to more
than 1 X 10" nvt of neutrons with energies exceeding 1 MeV. The reactor vessel is
also designed for the transients which could occur during the 40-year life as
indicated below.
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T eof C cle
No. of

~Cclee

Boltup
Design hydrostatic test at 1250 psig
Startup (100'F/hr heatup rate)
Daily reduction to 75 percent power
Weekly reduction to 50 percent power
Control rod worth test
Loss of feedwater heaters (80 cycles total)

Turbine trip at 25 percent power
Feedwater heater bypass

Scram (200 cycles total)
Loss of feedwater pumps, isolation valves close
Turbine trip, feedwater on,

isolation valves stay open
Reactor overpressure with delayed scram,

feedwater stays on, isolation valves stay open
Single safety relief valve blowdown
All other scrams

Improper start of cold recirculation loop
Sudden start of pump in cold recirculation loop
Shutdown (100'F/hr cooldown rate)
Hydrostatic test at 1563 psig
Unbolt

123
130
120

10,000
2,000

400

10
70

10

40

1

2
147

5
5

118
3

123

Stress analysis and load combinations for the reactor vessel are evaluated for the
cycles listed above, with the conclusion that ASME code limits are satisfied. The
details of assumed loading combinations are described in Appendix C for Class 1

equipment. It is possible that the specified number of cycles for some of the events
listed above may be exceeded over the life of the plant. A plant procedure has
been implemented at Browns Ferry to maintain surveillance on the number of cycles
which have occurred and the resulting fatigue usage factors. When the fatigue
usage factor reaches a value of 0.7, the procedure requires a reevaluation to be
completed in a timely manner to assure that the allowable fatigue usage factor of
1.0 is not exceeded. Operating limits on pressure and temperature during inservice
hydrostatic testing were established using as a guide Appendix G to the ASME
Boiler and Pressure Vessel Code, Section III, 1971, which was first added to the
code in the summer 1972 addenda. The intent of Appendix G is to set criteria
based on fracture toughness to provide a margin of safety against a nonductile
failure. The resulting operating limits ensure that a large postulated surface flaw,
having a depth of one-quarter of the material thickness and a length of one and
one-half of the material thickness, can be safely accommodated in regions of the
reactor vessel shell remote from discontinuities. Operating limits on temperature
and pressure when the core is critical were established by using 10 CFR 50,
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Appendix G, "Fracture Toughness Requirements," paragraph IV.A.2.C. The
operating limits are provided in the technical specifications for Browns Ferry. For
the purpose of setting these operating limits, the initial RT~>~ (nil-ductilityreference
temperature) was determined from the impact test data taken in accordance with the
requirements of the code to which the reactor vessels were designed and
manufactured. The maximum NDT temperature allowed by the vessel
specifications was 40'F. Although test data on beltline base material show lower
NDT temperatures, an assumed RT~o~ of 40'F was used in the vessel beltline area,
as well as the areas remote from the beltline because the generally accepted NDT
temperature for electroslag welds used in the beltline longitudinal seams is 40'F.

The current operating limits on the pressure/temperature (P/T) curves in the
technical specifications are based on the following (RT~p~) values. Unit 1 has used
20'F for the (RT~p~) value, Unit 2 has used 22'F for the (RT~p~) value, and Unit 3
has used 10'F for the (RT~~~) value.

For power uprated conditions, the estimated fluence was conservatively increased
above the UFSAR end-of-life value. This fluence increase was estimated to be
greater than proportional to the power increase, considering the changes in power
distribution. The higher fluence was used to evaluate the vessel against the
requirements of 10 CFR 50, Appendix G in accordance with Regulatory Guide 1.99,
Revision 2. The results of these evaluations indicated that:

(a) The upper shelf energy will remain greater than 50 ft-Ib for the design life of the
vessel and maintain the margin requirements of Appendix G.

(b) The 32 effective full power year (EFPY) shift is slightly increased and,
consequently requires a change in the adjusted reference temperature (ART),
which is the initial Ropy plus the shift. The beltline material ART will remain
within the 200 degree screening criterion.

(c) The pressure/temperature (P/T) curves provided in the Technical Specifications,
bounded by non-beltline requirements at 12 EFPY remain applicable to the
power uprate condition. Furthermore, non-beltline requirements limitthe P-T
curves up to 16 EFPY for power uprate conditions.

In addition to the minimum requirements of the ASME Boiler and Pressure Vessel
Code, the following precautions were taken and tests made either to ensure that the
initial NDT temperature of the reactor vessel material is low or to reduce the
sensitivity of the material to irradiation effects.
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a. The material was selected and fabrication procedures were controlled to
produce as fine a grain size as practical. It is an objective in fabrication to
maintain a grain size of 5 or finer.

b. Drop weight impact tests were performed on each heat and heat treatment
charge of all low-alloy steel-plate material in its "as-fabricated" condition.

c. Drop weight impact tests were made on the weld metal, the heat-affected zone
of the base metal, and the base metal of the weld test plates simulating
seams. If different welding procedures were used for nozzle welds, drop
weight tests of similarly prepared coupons were made. The NDT temperature
test criteria for the weld and heat-affected zone of the base material are the
same as for the unaffected base metal.

d. The actual NDT temperature of the plates opposite the center of the reactor
core was determined. In other areas it was sufficient to demonstrate that the
two drop weight test specimens did not break at 10'F above the design NDT
temperatures. The area of the vessel located opposite the core was
fabricated entirely of plate and was not penetrated by nozzles, nor were there
any other structural discontinuities in this area which would act as stress
risers.

The reactor assembly is designed such that the average annular distance from the
outermost fuel assemblies to the inner surface of the reactor vessel is
approximately 80 centimeters. This annular volume, which contains the core
shroud, the jet pump assemblies, and reactor coolant, serves to attenuate the fast
neutron flux incident upon the reactor vessel wall. Using assumptions of plant
operation at 3440 Mw(t), 100 percent plant availability, and 40-year plant life, the
neutron fluence at the inner surface of the vessel was calculated to be 3.8 X 10""

nvt for neutrons having energies greater than 1 MeV. The results of the analyses of
the vessel wall neutron dosimeters which were removed from the Browns Ferry
reactor vessels at the end of the first core cycle indicated that the neutron fluence at
the inner surfaces of the vessels at the end of 40-year plant life would be 1.56 x
10', 1.34 x 10", and 1.31 x 10'vt for Units 1, 2, and 3, respectively. These
results ranged from 3-1/2 to 4 times the calculated fluence of 3.8 x 10'vt. Thus,
additional analyses were required to predict the shifts in RTgp~ based on fluence
obtained from the analyses of the vessel wall neutron dosimeters. The procedures
in Regulatory Guide 1.99, "Effects of Residual Elements on Predicted Radiation
Damage to Reactor Vessel Materials," Revision 1, April 1977 were used to predict
the RT<p> shifts. Response to Generic Letter 92-01 provides updated fluence data.

Quality control methods were used during the fabrication and assembly of the
reactor vessel and appurtenances to ensure that the design specifications were
met.
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The fabrication test program was carried out by the reactor vessel vendors on
material representative of the formed, heat-treated, and fullyfabricated vessel.
Tests of base metal and welded joint were performed, and the results were reported
during the early stages of vessel construction. Tensile specimens (of 0.505 inch in
diameter) from the shell plate material were prepared for various thickness levels of
the plate material. These specimens were tested at various temperatures per
ASTM Specifications E8 and E21 to determine tensile strength, yield strength,
elongation, and reduction of area. Tensile specimens whose gauge diameter is at
least 80 percent of the reactor vessel wall thickness were prepared from base metal
and weld material. These specimens were tested at room temperature per ASTM
Specification E8 to provide stress-strain curves, tensile strength, yield strength,
elongation, reduction of area, and macrophotographs of the breaks. Charpy
V-notch impact specimens were prepared from base metal and tested per ASTM
Specification E23, Type A, to establish curves for determining the transition
temperature at which 30 ft-Ib of absorbed energy result in ductile fracture for
various thickness levels of the plate material.

The Reactor Coolant System was cleaned and flushed before fuel was loaded
initially. During the preoperational test program, the reactor vessel and Reactor
Coolant System were given a hydrostatic test in accordance with code requirements
at 125 percent of design pressure. The vessel temperature is maintained at a
minimum of 60'F above the NDT temperature prior to pressurizing the vessel for a
hydrostatic test. A hydrostatic test at a pressure not to exceed system operating
pressure is made following each removal and replacement of the reactor vessel
head. Other preoperational tests included calibrating and testing the reactor vessel
flange seal-ring leakage detection instrumentation, adjusting reactor vessel
stabilizers, checking all vessel thermocouples, and checking the operation of the
vessel flange stud tensioner.

During the startup test program, the reactor vessel temperatures were monitored
during vessel heatup and cooldown to assure that thermal stress on the reactor
vessel was not excessive during startup and/or shutdown.

The average rate of reactor coolant temperature change during normal heatup and
cooldown is limited to 100'F in any 1-hour period. Only during some postulated
events, or in local areas, would this rate of fluid temperature change be exceeded
as a result of rapid blowdown, valve operation, or rupture accident.

4.2.6 Ins ection and Testin

The inservice inspection and testing program for the reactor vessel and
appurtenances is outlined and detailed in Subsection 4.12. Extent and areas of
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examination, inspection methods, and frequency of examination are established
therein.

The surveillance test program provides for the preparation of a series of Charpy
V-notch impact specimens and tensile specimens from the base metal of the reactor
vessel, weld heat-affected zone metal, and weld metal from a reactor steel joint
which simulates a welded joint in the reactor vessel.

The reactor vessel material surveillance program is described in report
NEDO-10115, Mechanical Property Surveillance of General Electric BWR Vessels,
by J. P. Higgins and F. A. Brant. It describes the specimens, specimen inventory,
capsule design, associated equipment, material selection and instructions for
handling the specimens. All the requirements of paragraphs 3.1 through 3.3 of
ASTM E-1 85-66 are met. All the requirements of paragraphs 4, 5, 6, 7, and 8 of
ASTM E-185-66 are met, except that thermal control specimens discussed in
paragraph 4.3 are not used. NEDO-10115, paragraph 5.7 states, "Because the
BWR is a constant-temperature device, no special temperature monitoring devices
are required." It is felt paragraph 4.3 of E-185-66 is a recommendation rather than a
requirement.

The vessel surveillance samples were prepared in accordance with GE purchase
specification 21A1111, Rev. No. 9, Attachment B.

The NDT temperatures for the three core region plates were as, follows.

Heat No. Plate No. NDTT F

C2884-2
C2868-2
C2753-1

6-139-19
6-139-20
6-1 39-21

0
0
-20

The two test plates furnished by Babcock 8 Wilcox under the requirements of
paragraph 3.1.1 of attachment B to specification 21A1111 were fabricated from
Heat No. C2884-2 and C2868-2. The two plates were electroslag-welded (B8W
Weld Procedure WR-12-4) and heat-treated the same as the core region plates.
Tensile and Charpy impact specimen samples were removed as indicated in
Figures 3, 4, 5, 6, and 7 of attachment B to 21A1111. (See FSAR Appendices J, K,
and L.)

The surveillance test plate 610-0127 was 139 in. long and 60 in. wide, and all
excess material is under TVAcontrol in the event that additional material is needed.
It is estimated that enough extra material is available for several hundred additional
Charpy specimens.
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No weak direction specimens were included in the reactor vessel material
surveillance program. All Charpy V-notch specimens were taken parallel to the
direction of rolling. The majority of developmental work on radiation effects has
been with longitudinal specimens. This is considered the best specimen to be used
for determination of changes in transition temperature. At the low neutron fluence
levels of BWR plants, no change in transverse shelf level is expected and transition
temperature changes are minimal.

The specimens and neutron monitor wires were placed near core midheight
adjacent to the reactor vessel wall where the neutron exposure is similar to that of
the vessel wall (see Subsection 3.3). The specimens were installed at startup or
just prior to full-power operation. Selected groups of specimens may be removed at
intervals over the lifetime of the reactor and can be tested to compare mechanical
properties with the properties of control specimens which are not irradiated.
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4.3 REACTOR RECIRCULATION SYSTEM

4.3.1 Power Generation Ob'ective

The objective of the Reactor Recirculation System is to provide forced cooling of the
core and a variable moderator (coolant) flow to the reactor core for adjusting reactor
power level.

4.3.2 Power Generation Desi n Basis

a. The Reactor Recirculation System shall provide sufficient subcooled water to
the core during normal power operation to maintain normal operating
temperatures.

b. The Reactor Recirculation System shall operate over a flow control range of
20 percent to 100 percent flow to allow power variation.

c. The Reactor Recirculation System shall be designed to minimize maintenance
situations that would require core disassembly and fuel removal.

4.3.3 Safet Desi n Basis

a. The Reactor Recirculation System, including the recirculation pump trip (RPT)
feature, shall be designed so that adequate fuel barrier thermal margin is
assured following recirculation pump system malfunctions and postulated
transients (such as turbine-generator trip or load rejection).

b. The Reactor Recirculation System shall be designed so that failure of piping
integrity does not compromise the ability of the reactor vessel internals to
provide a refloodable volume.

43,4 ~O

The Reactor Recirculation System consists of the two recirculation pump loops
external to the reactor vessel which provide the driving flowof water to the reactor
vessel jet pumps (see Figures 4.3-1 and 4.3-2a sheets 1, 2, and 3). Each external
loop contains one high-capacity motor-driven recirculation pump and two motor-
operated gate valves for pump maintenance. Each pump discharge line contains a
venturi-type flowmeter nozzle. The recirculation loops are a part of the nuclear
system process barrier and are located inside the drywell containment structure.
The jet pumps are reactor vessel internals and their location and mechanical design
are discussed in Subsection 3.3, "Reactor Vessel Internals Mechanical Design."
However, certain operational characteristics of the jet pumps are discussed in this
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subsection. A summary of the characteristics of the Reactor Recirculation System
is presented in Tables 4.3-1 a and -1 b. I

The recirculated coolant consists of saturated water from the steam separators and
dryers which has been subcooled by incoming feedwater. This water passes down
the annulus between the reactor vessel wall and the core shroud. A portion of the
coolant exits from the vessel and passes through the two external recirculation
loops to become the driving flow for the jet pumps. The two external recirculation
loops each discharge high pressure flow into an external manifold from which
individual recirculation inlet lines are routed to the jet pump risers within the reactor
vessel. The remaining portion of the coolant mixture in the annulus becomes the
driven flowfor the jet pumps. This flow enters the jet pumps at the suction inlet and
is accelerated by the driving flow. The driving and driven flows are mixed in the jet
pump throat section resulting in partial pressure recovery. The balance of recovery
is obtained in the jet pump diffusing section (see Figure 4.3-3). The adequacy of
the total flow to the core is discussed in Subsection 3.7, "Thermal and Hydraulic
Design." Tests have been conducted and documented'o show that the jet pump
design is sound and that jet pump operation is stable and predictable.

The pump is started at slow speed with the discharge valve closed. Pump speed is
not increased until after the discharge valve has been opened utilizing the jogging
circuit that opens the valve in steps. There is actually a very low probability that a
recirculation loop that has been allowed to cool would need to be placed in service
again with the nuclear system hot. The only valid reason for closing both the pump
discharge valve and the suction valve is to prevent leakage out of that portion of the
recirculation loop between the valves, e.g., excessive leakage through the pump
mechanical seal. A leak of this nature cannot be repaired without shutting the plant
down to permit access to the drywell; the nuclear system would in all probability
have been cooled prior to repairing the leak.

Since the removal of Reactor Recirculation System valve internals requires
unloading of the nuclear fuel, the valves are provided with high-quality back seats
and trim to facilitate stem packing renewal without draining the vessel and to
provide adequate leak tightness during normal operation.

The Reactor Recirculation System valves are designed and constructed to meet the
requirements of USAS B31.1.0, 1967 edition, with added GE requirements which
were implemented in lieu of the outdated B31 Nuclear Code Cases-N2, N7, N9, and
N10. The valves are designed to operate under maximum prevailing operating
conditions and postulated accident conditions in the drywell.

1 "Design and Performance of G.E. BWR Jet Pumps," General Electric Company, Atomic Power
Equipment Department, Sept. 1968 (APED-5460).
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The Unit 3 Reactor Recirculation Header equalizer valves were removed by the
recirculation piping replacement during Unit 3 Cycle 5 outage, in order to reduce
the number of welds and, therefore, minimize susceptibility to Intergranular Stress
Corrosion Cracking (IGSCC).

Under all operating conditions (Units 1 and 2 only), one equalizer valve in the line
between the two pump discharge lines shall be open and the other valve shall be
closed (both valves having motive power removed). This is to prevent pressure
buildup due to ambient and conduction heating of the water between the equalizer
line valves.

The idle pump loop is not completely valved off if it is desired to return the idle loop
to service prior to the next reactor cooldown (such as pump shutdown for MG set
repair). The recirculation pump casing allowable heatup rate is 100'F per hour, the
same as the reactor vessel. It is possible to keep the idle loop hot with the
equalizer line valved off (Units 1 and 2 only) and the idle loop valves left open,
permitting the pressure head created by reverse flow through the idle jet pumps to
cause reverse flow through the idle loop. However, it is first necessary to stop the
pump rotation by closing either the pump suction or discharge valve until pump
rotation stops. Once the oil film is squeezed out of the pump thrust bearing, the
pump will not rotate even with both the suction and discharge valves open.

Following one recirculation pump operation, an operational restriction is applied
such that the discharge valve of the low speed pump may not be opened unless the
speed of the faster pump is less than 50 percent of its rated speed. This limitation
provides assurance when going from one-to-two pump operation that excessive
vibration of the jet pump risers will not occur.

The feedwater flowing into the reactor vessel annulus during operation provides
subcooling for the fluid passing to the recirculation pumps, thus determining the
additional net positive suction head (NPSH) available beyond that provided by the
pump location below the reactor vessel water level. Iffeedwater flow is below 20
percent, the recirculation pump speed is automatically limited.

The recirculation pumps can be operated during nuclear system heatup for
hydrostatic tests. At this time, they act in conjunction with any contribution from
reactor core decay heat to raise nuclear system temperature above the limit
imposed on the reactor vessel by nil-ductilitytransition temperature (NDTT)
considerations so that the hydrostatic test can be conducted.

A decontamination connection is provided in the piping on the suction side of the
pump to permit flushing and decontamination of the pump and adjacent piping. This
connection is arranged for convenient and rapid connection of temporary piping.
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The piping low point drain is used during flushing or decontamination to conduct
crud away from the piping low point and is also designed for connection of
temporary piping.

Each recirculation pump is a single-stage, variable-speed, vertical, centrifugal pump
equipped with mechanical shaft seal assemblies. The pump is capable of stable
and satisfactory performance while operating continuously at any speed
corresponding to a power supply frequency range of 11.5 to 57.5 cps. For loop
startup, each pump operates at a speed corresponding to a power supply frequency
of 11.5 cps with the discharge gate valve closed.

The recirculation pump shaft seal assembly consists of two seals built into a
cartridge which can be readily replaced without removing the motor from the pump.
The seal assembly is designed to require minimum maintenance over a long period
of time, regardless of whether the pump is stopped or operating, and it must seal
over a wide range of pressures and temperatures. Each seal is designed for a
minimum life of 18 months based on a 90 percent probability factor. Each individual
seal in the cartridge is capable of sealing against pump design pressure so that any
one seal can adequately limit leakage in the event that the other seal should fail. A
breakdown annulus is provided along the pump shaft to reduce leakage in the event
of a gross failure of both shaft seals. Provision is made for monitoring the pressure
drop across each individual seal as well as the cavity temperature of each seal.
Provision is also made for piping the seal leakage to a flow measuring device.
Various control room alarms indicate improper seal performance.

The Reactor Building Closed Cooling Water System and the Control Rod Drive
Hydraulic System provide cooling to the recirculation pump seals. Ifeither one of
these systems is operating, recirculation pump operation without the second cooling
system may continue with no harm to the seals. Ifboth seal cooling systems are
inoperable (e.g., due to a loss of AC power), the pump seals will overheat
approximately 7 minutes after the total loss of cooling and seal deterioration may
begin.

Based on fluid loss analysis of extremely degraded seals, the leakage is less than
70 gpm. This amount of leakage will not lead to a safety concern but may degrade
the seals such that they would have to be repaired prior to resuming operation.

Each recirculation pump motor is a variable-speed AC, electric motor which can
drive the pump over a controlled range of 20 percent to 102 percent of rated pump
speed. The motor is designed to operate continuously at any speed within the
power supply frequency range of 11.5 cps to 57.5 cps. Recirculation pump motors
are designed, constructed, and tested in accordance with the applicable sections of
the NEMAStandards.
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A variable-frequency, AC motor-generator set located outside the drywell supplies
power to each recirculation pump motor. The pump motor is electrically connected
to the generator and is started by engaging the variable-speed coupling between
the generator and the motor. Minimum speed corresponds to a frequency of 11.5
cps.

The combined rotating inertia of the recirculation pump and motor, motor-generator
set, and the variable-speed coupling are chosen to provide a slow coastdown of
flowfollowing loss of power to the drive motors, so that the core is adequately
cooled during the loss-of-power transient. The effective inertia of these devices are
specified in the following form, which takes into account the torque and speed
conditions on each rotating shaft.

Jm = Time
gTO

where

J = inertia (Ib-ft')
m = rated speed (rad/sec)
g = gravitational constant (32.3 ft/sec')

To = torque at rated speed (ft-lb).

From this equation, the required inertia (J) is calculated.

The recirculation pumps are Glassified as machinery, and, as such, are specifically
exempt from the jurisdiction of any section of the ASME Boiler and Pressure Vessel
Code or of the USA Standard Code for Pressure Piping. The standards of the
Hydraulic Institute are the only standards which are applicable; however, they are
more pertinent to the testing and performance of the pump and consequently
provide little or no guidance in the areas of casing quality and structural integrity.

To assure that the pump casing can withstand a pressure equivalent to that inside
the reactor vessel, the pump casing is designed in accordance with the ASME
Boiler and Pressure Vessel Code, Section III, Class C, as far as this code can be
applied. The requirements of Section III of the ASME Boiler and Pressure Vessel
Code for Class C vessels (1965 edition) are used as a guide in calculating the
thickness of pressure-retaining parts of the recirculation pumps. The casings and
forgings are fabricated from austenitic stainless steel. Class C is used because the
pump casing does not experience temperature transients as severe as those that
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portions of the reactor vessel and certain piping connections experience; therefore,
it is not necessary to make the cyclic analysis required for Class A equipment.

The design objective for the recirculation pump casing is a useful life of 40 years,
accounting for corrosion, erosion, and material fatigue. The pump-drive motor,
impeller, and wear rings are designed for as long a life as is practical. The design
objective is to provide a unit which will not require removal from the system for
rework or overhaul at intervals of less than 5 years.

The recirculation system piping is of stainless steel construction and is designed
and constructed to meet the requirements of the USA Standard Code for Pressure
Piping, Power Piping, USAS 831.1.0, 1967 edition, and the additional requirements
of GE design and procurement specifications which were implemented in lieu of the
outdated B31 Nuclear Code Cases-N2, N7, N9, and N10. The suction and
discharge pipes are welded to the pump casing.

The coolant in the nuclear process system is at high pressure and contains a large
amount of energy. Substantial failure of the nuclear process system could result in
a rapid loss of coolant. Although loss of the moderator (coolant) would render the
reactor core subcritical, lack of cooling could cause overheating of the reactor core
from residual and decay heat, leading to fuel damage and fission product release.
The Core Standby Cooling Systems (which adequately cool the reactor core
following a design basis loss-of-coolant accident) and the primary containment and
containment cooling systems (which control the release of fission products and
absorb the energy released by the accident) are not intended to diminish the overall
design objective of the entire nuclear system (to design and construct a nuclear
system which will not fail). The intent of using Section III of the ASME Boiler and
Pressure Vessel Code and USAS B31.1.0, with added GE requirements for the
recirculation system, is to design piping systems of high quality.

The Reactor Recirculation System, except for the MG sets, is designed as Class I

equipment (see Appendix C) to resist sufficiently the response motion at the
installed location within the supporting structure for the Design Basis Earthquake,
with the pump assumed filled with water for the analysis. Vibration snubbers
located at the top of the motor and at the bottom of the pump casing are designed to
resist the horizontal reactions.

The recirculation piping, valves, and pumps are supported by constant support
hangers and by sway braces to avoid the use of piping expansion loops which
would be required ifthe pumps were anchored. In addition, the recirculation loops
are provided with a system of restraints designed to limit pipe motion so that
reaction forces associated with any split or circumferential break do not jeopardize
containment integrity. This restraint system provides adequate clearance for
normal thermal expansion movement of the loop. The spacing between limit stops
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is set on the basis that a split pipe retains its structural load-resisting
characteristics. Impact loading is negligible on limit stops, since possible pipe
movement is limited to slightly more than the clearance required for thermal
expansion movement.

The recirculation system piping, valves, and pump casings are covered with
all-metal, reflective, thermal insulation having an average maximum heat transfer
rate of 80 Btu/hr-ft'ith the system at rated operating conditions. The insulation is
prefabricated into compohents for field installation. Removable insulation is
provided at various locations to allow for periodic inspection of the insulated
equipment.

4.3.5 Safet Evaluation

Reactor Recirculation System pump malfunctions that pose threats of damage to
the fuel barrier are described and evaluated in Chapter 14.0, "Plant Safety
Analysis." There it is shown that none of the malfunctions results in fuel damage;
thus, the recirculation system has sufficient flow coastdown characteristics to
maintain fuel thermal margins during abnormal operational transients. In addition,
in order to achieve a more rapid core reactivity reduction in the event of a turbine or
generator trip (thereby limiting the magnitude of the fuel thermal transient), a
recirculation pump trip (RPT) feature has been added. By utilizing the recirculation
pump trip in response to a turbine-generator trip or load rejection, the MCPR margin
is reduced, allowing normal operation at higher power than without the RPT feature.
This satisfies safety design basis a. The RPT feature is described in Subsection
7.9.

The core-flooding capability which is provided by a jet pump design is pictured in
Figure 4.3-4. There is no postulated recirculation line break which can prevent
reflooding of the core to the level of the jet pump suction inlet. The core-flooding
capability of a jet pump design is discussed in detail in the Core Standby Cooling
Systems document filed with the AEC as a GE Topical Report.'his satisfies safety
design basis b.

The Reactor Recirculation System piping and pump design pressures (see
Tables 4.3-1a and -1b) are based on peak steam pressure in the reactor dome, plus )

the static head above the lowest point in the recirculation loop, plus dynamic head
due to system operation. Piping and related equipment pressure parts are chosen
and analyzed in accordance with applicable codes. Ose of the listed code design
criteria provides assurance that a system designed, built, and operated within

2 lanni, P.W., "Core Standby Cooling Systems for Boiling Water Reactors," General Electric
Company, Atomic Power Equipment
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design limits has an extremely low probability of failure due to any known failure
mechanism.

4.3.6 Ins ection and Testin

Quality control methods were used during the fabrication and assembly of the
Reactor Recirculation System to assure that the design specifications were met.
Inspection and testing were carried out in accordance with USAS B31.1.0. The
reactor coolant system was thoroughly cleaned and flushed before fuel was loaded
initially.

During the preoperational test program, the Reactor Recirculation System was
given a hydrostatic test at 125 percent of reactor vessel design pressure. A
hydrostatic test at a pressure not to exceed system operational pressure is made
following each removal and replacement of the reactor vessel head. Other
preoperational tests on the Reactor Recirculation System included operating valves
and verifying that seal leakage was small enough to permit pump maintenance
work, operating pumps and motor-generator sets, and checking flow control
transient operation.

During heatup in the startup test program, the horizontal and vertical motions of the
Reactor Recirculation System piping and equipment were observed and
adjustments of supports were made, as necessary, to assure that components were
free to move as designed. Nuclear system responses to recirculation pump trips at
rated temperatures and pressure were evaluated during the startup tests, and the
plant power response to recirculation flow control was determined.

Inservice inspection is considered in the design of the Reactor Recirculation
System to assure adequate working space and access for inspection of selected
components. The criteria for selecting the components and locations to be
inspected are based on the probability of a defect occurring or enlarging at a given
location, including areas of known stress concentrations and locations where cyclic
strain or thermal stress might occur. The recirculation pump casing and valve
bodies can be examined when the pump or valve is disassembled for normal
maintenance. The piping connection welds can be examined to the extent practical
within the limitations of design, geometry, and materials of construction of the
components. The inservice inspection and testing program for the recirculation
system is detailed in Subsection 4.12.
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Table 4.3-1 a

REACTOR RECIRCULATIONSYSTEM
DESIGN CHARACTERISTICS

(Pre-Up rated)

External Loops
Number of Loops.
Pipe Sizes (nominal o.d.)

Pump Suction, in..
Pump Discharge, in..
Discharge Manifold,in.
Recirculation Inlet Line, in.
Equalizer Line, in (Units 1 8 2 only).

Design Pressure (psig)/Design Temperature('F)
Suction Piping.
Discharge Piping........
Pumps .

Operation at Warranted Conditions
Recirculation Pump

Flow gpm (approximate)
Flow, Ib/hr.
Total Developed Head,ft..
Suction Pressure (static),psia.
Available NPSH*(min.),ft.
Water Temperature (max.),'F.
Pump Hydraulic HP (min.),hp.
Flow Velocity at Pump Suction, fps (approximate).

Drive Motor and Power Supply
Frequency (at warranted),cps.
Frequency (operating range),cps ..

Total Required Power to MG Sets
kW/set
kW total.

Jet Pumps
Number.
Total Jet pump flow,lb/hr.
Throat I.D.,in.
Diffuser I.D.,in.
Nozzle I.D.,in. (representative)
Diffuser Exit Velocity,ft/sec.
Jet Pump Head,ft

28
28

22(Units 1 8 2), 12 &22(Unit 3)
12

1148/562
1326/562
1500/575

45,200
17.1 X 10

710
1,032

500
528

6,130
27.5

56
11.5-5?.5

6,730
13,460

20
102.5 X 10

8.18
19.0
3.14
15.3
76.1

* Includes velocity head.
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Table 4.3-1 b

REACTOR RECIRCULATIONSYSTEM
DESIGN CHARACTERISTICS

(Uprated)

External Loops
Number of Loops
Pipe Sizes (nominal o.d.)

Pump Suction, in.
Pump Discharge, in..
Discharge Manifold,in..
Recirculation Inlet Line, in

Equalizer Line, in (Units 1 8 2 only) .

Design Pressure (psig)/Design Temperature('F)
Suction Piping..
Discharge Piping
Pumps

Operation at Uprated License Conditions (100% Core Flow)
Recirculation Pump

Flow gpm (approximate)
Flow,lb/hr..
Total Developed Head,ft.
Suction Pressure (static),psia..
Available NPSH'(min.),ft.
Water Temperature (suction),'F.
Pump Hydraulic HP, hp..
Flow Velocity at Pump Suction, fps (approximate).

Drive Motor and Power Supply
Frequency (at uprated license conditions - 100% Core Flow),cps.
Frequency (operating range),cps.

Total Required Power to MG Set Drive Motors
hp/set..
hp total

Jet Pumps
Number..
Total Jet pump flow,lb/hr
Throat I.D.,in.
Diffuser I.D.,in..
Nozzle I.D.,in. (representative) .

Diffuser Exit Velocity,ft/sec .............................................................
Available Jet Pump Suction NPSH, ft
Available Jet Pump Nozzle NPSH, ft.

28
28

22 (Units 1 8 2), 12 & 22 (Unit 3)
12
22

1148/562
1326/562
1500/575

46,533
17.7 X 10

628.2
1,060

533
531

6,456
30.1

54
11.5-57.5

8,624
17,248

20
102.5 X 10

8.18
19.0
3.14
15.3
466
461

Includes velocity head.
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4.4 NUCLEAR SYSTEM PRESSURE RELIEF SYSTEM

4.4.1 ~Sf t
Qb'he

safety objective of the Nuclear System Pressure Relief System is to prevent
overpressurization of the nuclear system; this protects the nuclear system process
barrier from failure which could result in the uncontrolled release of fission products.
In addition, the automatic depressurization feature of the Nuclear System Pressure
Relief System acts in conjunction with the Emergency Core Cooling Systems for
reflooding the core following breaks in the nuclear system process barrier; this
protects the reactor fuel barrier (UO> sealed in cladding) from failure due to
overheating, which would result in the uncontrolled release of fission products from
the reactor fuel barrier.

4 4.2 Power Generation Ob ective

The power generation objective of the Nuclear System Pressure Relief System is to
relieve normal overpressure transients occurring during normal plant isolations and
load rejections.

4.4.3 Safet Desi n Basis

1. The Nuclear System Pressure Relief System shall prevent overpressurization
of the nuclear system in order to prevent failure of the nuclear system process
barrier.

2. The Nuclear System Pressure Relief System shall provide automatic nuclear
system depressurization, if needed, for breaks in the nuclear system so that
the Low Pressure Coolant Injection (LPCI) and the Core Spray Systems can
operate to protect the fuel barrier. This depressurization is permissive on: (1)
concurrent high drywell pressure and low reactor water level, or (2) sustained
reactor low water level, and (3) availability of one of the RHR pumps in the
LPCI mode or two of the appropriate core spray pumps. I

3. The main steam relief valve (IVISRV) discharge piping shall be designed to
accommodate forces resulting from relief action and shall be supported for
reactions due to flow at maximum MSRV discharge capacity so that system
integrity is maintained. The MSRV discharge piping shall be routed to the
suppression pool.

4. The Nuclear System Pressure Relief System shall be designed for testing
prior to nuclear system operation and for periodic verification of the operability
of the Nuclear System Pressure Relief System.
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4.4.4 Power Generation Desi n Basis

1. The nuclear system main steam relief valves shall not discharge to the
primary containment drywell.

2. The main steam relief valves shall properly reclose following a plant isolation
or load rejection, so that normal operation can be resumed as soon as
possible.

3. The capacity of the main steam relief valves shall be sufficient to prevent
reactor pressure from exceeding the allowable overpressure of ASME Boiler
and Pressure Vessel Code, Section lll, during an isolation transient with
indirect scram.

4,4.5 ~DI
The Nuclear System Pressure Relief System includes 13 main steam relief valves,
all of which are located on the main steam lines within the drywell between the
reactor vessel and the flow restrictors.

The main steam relief valves provide three main protection functions:

1. Overpressure relief operation. All 13 main steam relief valves can be opened
manually from the main control room or are self-actuated to limit the pressure
rise.

2. Overpressure safety operation. The valves are opened (self-actuated) to
prevent exceeding the design allowable stress limits on the reactor vessel and
associated piping.

3. Depressurization operation. Six of the 13 valves are available to be opened
automatically as part of the Emergency Core Cooling System (ECCS).

The main steam lines, in which the main steam relief valves are installed, are
designed, installed, and tested in accordance with USAS B31.1.0, 1967 edition, and
the applicable GE design and procurement specifications, which were implemented
in lieu of the outdated B31 Nuclear Code Cases-N2, N7, N9, and N10. The main
steam relief valves are distributed among the four main steam lines so that an
accident cannot completely disable a safety, relief, or automatic depressurization
function. (See Figure 4.3-2a sheet 1 of Subsection 4.3 and Figures 11.1-1 a and
11.1-1 c of Subsection 11.1 for schematic location, and Figures 4.5-1, 4.5-2, and
4.5-3 of Subsection 4.5 for layout details of the valves and piping.)
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The design and installation of the main steam relief valves include the following:

a. Clearance of at least 6 in. is provided between valves and other equipment
(excluding MSRV pilot solenoid valves),

b. Space is provided between all welds on the header for inspection greater than
2t + 2" (where t is minimum wall thickness),

. c. Clearance is provided between header and bottom of flange for bolt removal
when valve is installed,

d. A flange rating of 1500 lb. was provided for structural stability instead of a 900
lb.-rated flange required for pressure-temperature rating,

e. An inlet pipe Schedule 160 was used for structural stability instead of
Schedule 80 required for pressure-temperature rating, and

f. The discharge piping provides for equalization of discharge thrust forces.

For analysis, the special loadings listed below are considered in addition to the
usual design loads such as weight, pressure, temperature, and earthquake:

1. The jet force exerted on the main steam relief valves during the first
millisecond when the valve is open and steady-state flow has not yet been
established. (With steady-state flow, the dynamic flow reaction forces will be
self-equilibrated by the discharge piping.)

2. The dynamic effects of the kinetic energy of the piston disc assembly when it
impacts on the internals of the valve.

All code-allowable stresses are met with these special loads acting concurrently
with other design loads. The highest stress is at the branch connection to the
header. The results of this analysis are contained in Appendix C, Table C.0-7.

The main steam relief valves are designed, constructed, and marked with data in
accordance with the ASME Boiler and Pressure Vessel Code, Section III, 1968
edition and addenda through summer 1970 for the two-stage valves. Setpoint
tolerance (pressure at which valve "pops" wide open) is in accordance with ASME
Boiler and Pressure Vessel Code, Section I, paragraph PG-72(c).
Pressure-containing parts of the valve body are fabricated of ASTIVIA216, Grade
WCB. The main steam relief valve is designed for operation with saturated steam
containing less than 1 percent moisture. The relieving pressures for overpressure
relief and safety operating modes are adjustable between 1060 and 1125 psig, with
a maximum backpressure of 40 percent of the set pressure. The lowest MSRV
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setpoint has been raised to 1105 psig (pre-uprate)/1135 psig (uprate). This serves
to alleviate the "simmering" problems that contribute to valve failures. Also, the
bore size of the valves has been increased slightly (from 4.94 or 5.03 inches to
5.125 inches) to accommodate more relief capacity. The delay time (maximum
elapsed time between overpressure signal and actual valve motion) and the
response time (maximum valve stroke time) are less than 0.5 second total.

Each valve is self-actuating at the set relieving pressure, but may also be actuated
by remotely-operated devices to permit remote-manual or automatic opening at
lower pressures. The remote air actuators are controlled by DC powered solenoid
valves. The power actuated device is capable of opening the valve at any steam
pressure above 50 psig and is capable of holding the valve open until the steam
pressure decreased to about 20 psig. The solenoid valves are normally closed,
fail-closed valves, and a power or valve malfunction will prevent the main steam
relief valve from operating for Automatic Depressurization System (ADS). Abnormal
solenoid-valve operation would be detected during the operational tests of the main
steam relief valve. A complete rupture of the solenoid valve would result in a low air
pressure/accumulator alarm. Since ADS criteria are met with two main steam relief
valves inoperative, failure of more than two main steam relief valves would be
required to violate the ADS criteria.

Each of the six main steam relief valves provided for automatic depressurization is
equipped with an air accumulator and check valve arrangement. These
accumulators are provided to assure that the valves can be held open following
failure of the air supply to the accumulators, and they are sized to contain sufficient
air for a minimum of five valve operations. To ensure an emergency supply of air is
available to provide for the five valve operations under accident conditions, an
accumulator leak test is performed once per operating cycle. The first and second
actuations are assumed to occur with drywell pressure at 35 psig and subsequent
actuations with the drywell at 0 psig. Redundant sources of pneumatic pressure are
provided by the Drywell Control Air (DCA) and Containment Atmospheric Dilution
(CAD) systems for Units 2 and 3 only. Accumulators are not required for the main
steam relief valves not used for automatic depressurization. The main steam relief
valves which are a part of the ADS normally receive their motive air from the drywell
control air system. The air pressure in each accumulator is continuously monitored
by a pressure switch which annunciates in the control room on low air pressure.
The pressure switch, in order to ensure operability, is calibrated and functionally
tested once per operating cycle. The drywell control air system is also continuously
monitored for low air pressure by means of a pressure switch located in the system
downstream of the receivers and which annunciates in the control room. A manual
transfer can also be made to the plant control air system as another backup for
control air. The main steam relief valves are designed to operate under maximum
prevailing operating conditions and postulated accident conditions in the drywell. In
addition, the ADS accumulators and piping up to and including the isolation check
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valves are seismically qualiTied and capable of performing their functions during
and following an accident.

The automatic depressurization feature of the Nuclear System Pressure Relief
System serves as a backup to the High Pressure Coolant Injection (HPCI) System
under loss-of-coolant accident conditions. Ifhigh drywell pressure and low water
level persist and one of the low pressure coolant injection (LPCI) pumps or two of
the appropriate core spray pumps are available, the nuclear system is
depressurized sufficiently to permit the LPCI and Core Spray Systems to operate to
protect the fuel barrier. Depressurization is accomplished through automatic
opening of some of the main steam relief valves to vent steam to the suppression
pool. For small line breaks, if the HPCI system fails, the nuclear system is
depressurized in sufficient time to allow the Core Spray or LPCI Systems to provide
core cooling to prevent excessive fuel clad temperatures. Only four of the six ADS
valves are required to meet the requirements for ADS. For large breaks, the vessel
depressurizes rapidly through the break without assistance from ADS. Discharge
pressure indication of one LPCI pump or two core spray pumps combined with one
of the following initiation paths willcause the main steam relief valves to open: (I)
reactor vessel low water level and primary containment (drywell) high pressure in
conjunction with a 150 seconds timer timed out; or (2) sustained reactor low water
level for 360 seconds. Further descriptions of the operation of the automatic
depressurization feature are found in Section 6.0, "Emergency Core Cooling
Systems," and Subsection 7.4, "Emergency Core Cooling System Control and
Instrumentation." The Automatic Depressurization System is designed as seismic
Class I equipment in accordance with Appendix C.

A manual depressurization of the nuclear system can be effected in the event the
main condenser is not available as a heat sink after reactor shutdown. The steam
generated by core decay heat is discharged to the suppression pool. The main
steam relief valves are operated by remote manual controls from the Main Control
Room to control nuclear system pressure.

The number, set pressures, and capacities of the main steam relief valves are
shown in Table 4.4-1 for pre-uprate and Table 4.4-1 a for uprate conditions (it
should be noted that the ~ three percent tolerance is for analytical purposes only.
Actual MSRV opening setpoints following testing must still be set at nominal values
~ one percent.

The original three-stage Target Rock valves (Model 67F) have been changed to
two-stage valves (Target Rock MSRV model No. 7567F) to minimize spurious
openings and to respond to NUREG 0737, Item II.K.3.16.
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Two-Sta e Valve 0 eration

The Target Rock pilot-operated main steam relief valve (Model 7567F) consists of
two principal assemblies: a pilot stage assembly and the main stage assembly
(refer to Figure 4.4-1). These two assemblies are directly coupled to provide a
unitized, self-actuated safety/relief valve. The pilot stage assembly is the pressure
sensing and control element and the main stage assembly is a hydraulically (system
fluid) actuated follower valve which provides the pressure relief function.
Self-actuation of the pilot assembly at set pressure vents the main piston chamber,
permitting the system pressure to fully open the main assembly. The pilot assembly
consists of two relatively small, low-flow, pressure-sensing elements. The spring
loaded pilot disc senses the set pressure, and the pressure-loaded stabilizer disc
senses the reseat pressure. Spring force (preload force) is applied to the pilot disc
by means of the pilot rod. Thus, the adjustment of the spring preload force will
determine the set pressure of the valve.

The main assembly of the Target Rock main steam relief valve is a reverse-seated,
hydraulically-actuated angle globe valve. Actuation of the main assembly permits
discharge of fluid from the protected system at the valve's rated flow capacity and
provides the system pressure-relief function of the valve. The major components of
the main stage are the valve body, disc/piston assembly, and preload spring.

A typical sequence of operation for overpressure relief self-actuation can be
described as follows (refer to Figures 4.4-1 and 4.4-2).

1. In its normally closed position, the main stage disc is tightly seated by the
combined forces exerted by the system internal pressure acting on the area of
the disc and the preload spring. Note that in the closed, no-flow position, the
static pressures will be equal in the valve inlet nozzle and in the chamber over
the main stage piston. This pressure equalization is made possible by
leakage past the piston, via the ring gap and drain and vent grooves.

2. When system pressure increases to the valve set pressure, pilot stage
operation willvent the chamber over the main stage piston to downstream of
the valve via internal porting. This venting action creates a differential
pressure across the main stage piston in a direction tending to open the valve.
The main stage piston is sized such that the resultant opening force is greater
than the combined spring preload and hydraulic seating force.

3. Once the main stage disc starts to open, the hydraulic seating force is
reduced, causing a significant increase in opening force and the characteristic
full opening or "popping" action.
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4. When system pressure has been reduced sufficiently, the pilot disc reseats
and precludes depressurization of the main piston chamber. Leakage of
system fluid, past the main stage piston and stabilizer seat, repressurizes the
chamber over the piston, canceling the hydraulic opening force and permitting
the preload spring and flow forces to close the main stage. Once closed, the
additional hydraulic seating force, due to system pressure acting on the main
stage disc, seats the main stage tightly and prevents leakage.

A remotely-controlled air operator is fitted to the pilot stage assembly to provide
selective operation of the valve at system pressure other than set pressure. This is
a diaphragm-type, pneumatic actuator which must be actuated to open the valve. It
is actuated by means of a solenoid control valve which admits drywell control air to
the air-operator piston chamber and strokes the air operator stem, in turn stroking
the pilot disc via the pilot rod. The main stage then opens as described in previous
paragraphs. Deenergizing the solenoid vents the air operator and permits the pilot
disc to reseat. The main stage then reseats as previously described.

Main Steam Relief Valve Position Indication

The main steam relief valve position is monitored by two systems. A single-train
acoustic monitoring system has been installed on all the main steam relief valves to
provide unambiguous Main Control Room indication (and alarm) of valve position.
The system responds to NRC requirements of NUREG 0578, item 2.1.3.a. The
system is qualified as seismic Class I and is powered by a Class 1E power supply.
There also exists a temperature sensor in the discharge piping of each valve which
can be used to determine individual valve positions. Temperature indications are
also provided in the control room. The acoustic monitor satisfies the valve position
alarm and annunciation requirements. Refer to Paragraph 7.4.3.3.4 for additional
details. (High-temperature alarm and annunciation is removed for Units 2 and 3)

Non Safet Related Alternate Automatic Means of 0 enin the MSRVs U on
Over ressurization Units 2 and 3 Onl

During inservice pressure transient events in the relief mode, safety grade pressure
sensors (found in Section 7.4.3, "Automatic Depressurization System" ) actuate the
MSRVs. This method of automatically opening the MSRV permits application of the
full main steam line pressure to break the corrosion bonds that may have developed
between the pilot/disc interface. When the relief mode is actuated, the setpoint
spring preload is removed from the pilot disc, and a rapidly applied full differential
pressure is seen across the pilot disc. This alternate means of actuation is capable
of opening the MSRVs. This non-safety related automatic means of opening the
MSRV is applicable for Units 2 and 3 only.

4.4-7



BFN-17

Main Steam Relief Valve MSRV Dischar e

The main steam relief valves are installed so that each valve discharge is piped
through its own uniform-diameter discharge line to a point below the minimum water
level in the primary containment suppression pool to permit the steam to condense
in the pool. Thermal mixing in the pool during main steam relief valve blowdown is
enhanced by T-quencher discharge devices at the suppression pool end of the
main steam relief valve discharge lines. Water in the line above suppression pool
water level would cause excessive pressure at the valve discharge when it is again
opened. For this reason, one small check valve and one large check valve venting
to the drywell are provided on each main steam relief valve discharge line to
prevent drawing water up into the line, due to steam condensation, following
termination of main steam relief valve operation. The main steam relief valves are
located on the main steamline piping, rather than on the reactor vessel top head,
primarily to simplify the discharge piping to the pool and to avoid the necessity for
removing sections of this piping when the reactor head is removed for refueling. In
addition, the main steam relief valves are more accessible during a quick shutdown
to correct possible valve malfunctions when located on the steam lines.

The discharge piping has been modified as part of the torus integrity program. This
modification has been described in a letter from L. M. Mills to Harold R. Denton
dated May 22, 1981. A submittal by GE (NEDO-21888, "Mark I Containment
Program Load Definition Report," December, 1980), on behalf of TVA, describes the
reassessment of the torus design to include suppression pool hydrodynamic loads
due to MSRV discharge and suppression pool response.

The reassessment of Mark I containments was precipitated from the large-scale
testing of the Mark III containment system. Suppression pool hydrodynamic loads
resulting from the effect of drywell air and steam being rapidly forced into the
suppression pool during a postulated LOCA and/or MSRV discharge were
identified, which had not been considered in the original design. The Mark I

Owners Group, of which TVA is a member, and GE responded by submitting the
Mark I Containment Program Load Definition Report (described above) and the
Mark I Containment Program Structural Acceptance Criteria Plant Unique Analysis
Application Guide (NEDO-24538). These reports describe the generic
suppression-pool hydrodynamic-load definition and assessment procedures for use
in plant-unique suppression-chamber design analyses. TVAhas applied the load
definitions and approved structural acceptance criteria to the entire torus, torus
internals, MSRV piping, and attached piping of Browns Ferry Nuclear Plant.

A plant-unique main steam relief valve discharge test was performed as part of the
Browns Ferry Nuclear Plant Unit 2 unique analysis, as requested by the NRC in
NUREG-0661. This test did confirm the methods used to calculate containment
loads from the various MSRV discharge cases. For the results of this test to be
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completely acceptable, all modifications which significantly influence torus motion
had to be in their final configuration.

The magnitude of the MSRV discharge related loads is a function of the type of
discharge device used. The device found to substantially reduce the hydrodynamic
discharge loads, compared to other devices, is the T-quencher developed
specifically for the Mark I torus (see Figures 4.4-6 and 4.4-7). The devices have
been added to the MSRV discharge lines at Browns Ferry Nuclear Plant. Discharge
piping and relief valves w'ere analyzed for deadweight, thermal, seismic and relief
valve blowdown loads. The support locations, orientation, and design loads satisfy
ASME Boiler and Pressure Vessel Code, Section III, Class 2, equations and stress
allowables. One main steam safety valve (1-501 from line B) and one safety valve
(1-537 from line C) were removed and the connections blanked offwith blind
flanges and a relief valve was added to Main Steam Line A and Main Steam Line D.
Additionally, the valve throat diameters were increased from 5" nominal size to
5.125" nominal size. These modifications increased the installed relief from 61
percent of rated steam flowto 84.1 percent. The addition of these MSRVs do not
adversely affect the stresses imposed on the headers to which the valves are
attached. The torus shell is also adequate for the larger discharge loads.

4 4.6 Safet Evaluation

The ASME Boiler and Pressure Vessel Code requires that each vessel designed to
meet Section III be protected from pressure in excess of the vessel design pressure.
A peak-allowable pressure of 110 percent of the vessel design pressure is allowed
by the code.

The main steam relief valves are set to open by self-actuation (overpressure safety
mode) in the range from 1105 to 1125 psig (pre-uprate) and 1135 to 1155 psig
(uprate). This satisfies the ASME code specifications for safety valves, since the
lowest-set valve opens below the 1250 psig nuclear system design pressure, and
the highest-set valve opens below 1313 psig (105 percent of nuclear system design
pressure). The setpoints are also set high enough to avoid MSRV simmering
problems.

The pre-uprate main steam relief valve capacity is determined by analyzing the
pressure rise accompanying the main steam flow stoppage resulting from a
3-second main steam isolation valve closure initiated from turbine-generator design
operating conditions with a turbine admission pressure of 1020 psig. The analysis
hypothetically assumes the reactor is shut down by an indirect scram. For the
analysis, the self-actuated setpoints of the 13 main steam relief valves are assumed
to be as shown in Table 4.4-1. The analysis indicates that the main steam relief
valve capacities shown in Table 4.4-1 provide sufficient flow to maintain an
adequate margin below the peak ASME code-allowable pressure in the nuclear
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system (1375 psig). Figure 4.4-3 is representative of the nuclear system response
which might be expected during such a transient. For power uprate, the main steam
relief valve capacity is determined by analyzing the pressure rise accompanying the
main steam flow stoppage resulting from a three second main steam isolation valve
closure initiated an initial dome pressure of 1155 psig (corresponding to the
Improved Technical Specifications LCO value of 1150 psig plus 5 psi margin). The
analysis hypothetically assumes the reactor is shutdown by a high neutron flux
scram signal (i.e., failure of the MSIV position direct scram signal). For the
analysis, the self-actuated setpoints of the 12 main steam relief valves are assumed
to be as shown in Table 4.4-1a (one MSRV with the lowest opening setpoint is
assumed inoperable). The analysis indicates that the main steam relief valve
capacities shown in Table 4.4-1a provide sufficient flow to maintain an adequate
margin below the peak ASME code-allowable pressure in the nuclear system
(1375 psig). Additional discussion and results of this overpressurization analysis
are documented in Chapter 14.

The results of the specific analysis for each unit can be found in the current reload
licensing analysis for that unit. The sequence of events assumed in this analysis
was investigated only to meet code requirements for pressure-relief-system
evaluation

Evaluations of the automatic depressurization capability of the Nuclear System
Pressure Relief System are presented in Section 6.0, "Emergency Core Cooling
Systems" and Subsection 7 4, "Emergency Core Cooling System Controls and
Instrumentation."

The piping attached to the main steam relief valve discharges was initially
designed, installed, and tested in accordance with USAS 831.1.0, 1967 edition and
the applicable GE design and procurement specifications, which were implemented
in lieu of the outdated 831 Nuclear Code Cases-N2, N7, N9, and N10. New
analyses of the main steam system and IVISRVdischarge piping have been
performed in accordance with ANSI 831.1, 1973 edition, with Addenda up to
Summer 1975. This analysis included deadweight, thermal, seismic, and main
steam relief valve blowdown loadings. Snubbers have been added to reduce
stresses in the main steam and main steam relief valve piping.

4.4.7 Ins ection and Testin

The main steam relief valves were tested in accordance with the manufacturer's
quality control procedures to detect defects and prove operability prior to
installation. The following final tests were witnessed by a representative of the
purchaser:

a. Test at USAS-specified hydrotest pressure using nitrogen, and
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b. Nitrogen leakage test at design pressure with a maximum permitted leakage of
2cc per inch of seat diameter per hour.

The main steam relief valves were installed as received from the factory. The
setpoints were adjusted, verified, and indicated on the valves by the vendor prior to
shipment. Proper manual and automatic actuation of the main steam relief valves
was verified during the preoperational test program.

It is recognized that it is not feasible to test the main steam relief valve setpoints
while the valves are in place or during normal plant operation. The valves are
mounted on 6-inch-diameter, 1500-pound, primary service rating flanges so that
they may be removed for maintenance or bench checks and reinstalled during
normal plant shutdowns. The external surface and seating surface of all main
steam relief valves are 100 percent visually inspected when the valves are removed
for maintenance or bench checks.

Operational tests of the main steam relief valves are performed once per 18 months
by means of an automatic actuation of the ADS valve logic circuitry from a simulated
or actual initiation signal and by means of a manual actuation of all the main steam
relief valves until thermocouples or acoustic monitors downstream of the valves
indicate steam is flowing from the valve. This can also be demonstrated by the
response of the turbine control valves or bypass valves, by a change in measured
steam flow, or by any other method suitable to verify steam flow.

Main steam relief valves are removed and bench-tested following each operating
cycle. The testing procedures include criteria for set pressure and seat leakage to
determine valve acceptability. Monitoring and recording of valve stroke time, disc
lift, and blowdown reseat pressure are included in the test to determine proper valve
operation. Bench-testing is also required following any activity that will affect valve
operability or set pressure prior to installing the valve.

During unit operation, discharge tailpipe temperatures and acoustic monitors are
monitored and evaluated to determine if the valves are leaking excessively.

In response to NUREG-0578, Item 2.1.2, "Performance Testing for Relief and
Safety Valves," TVAelected to participate in the BWR Owners Group Test Program
of the safety/relief valves. The test program addressed those conditions that could
result in single-phase liquid or two-phase flow through the safety/relief valves at
low-pressure conditions.

The results of the tests are summarized in the BWR Owners Group S/RV Test
Program Final Report, entitled "Analysis of Generic BWR Safety/Relief Valve
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Operability Test Results," NEDO-24988, submitted to D. G. Eisenhut by T. J. Dente,
September 25, 1981.

The tested valves satisfy the acceptance criteria for operability; and therefore, the
operational adequacy of the Browns Ferry MSRVs has been demonstrated.
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TABLE 4.4-1

NUCLEAR SYSTEM MAINSTEAM RELIEF VALVES

Units 1 and 2

Number
of

Valves

Set
Pressure
~si

Capacity at Set
Pressure each Ib/hr

Main Steam Relief

Valves

1105 g 3%

1115 g 3%

1125 g 3%

865,000

873,000

880,000
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TABLE4.4-1A

NUCLEAR SYSTEM MAINSTEAM RELIEF VALVES

Unit 3

Number
of

Valves

Set
Pressure
~si

Capacity at Set
Pressure each Ib/hr

Main Steam Relief

Valves

1135 (+3%)

1145 (+3%)

1155 (+3%)

905,000

913,000

921,000
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4.7 REACTOR CORE ISOLATION COOLING SYSTEM

4.7.1 Power Generation Ob'ective

The Reactor Core Isolation Cooling System (RCICS) provides makeup water to the
reactor vessel during shutdown and isolation from the main heat sink to supplement
or replace the normal makeup sources and operates automatically in time to obviate
any requirement for the Core Standby Cooling Systems.

4.7.2 [Deleted]

4.7.3 Power Generation Desi n Basis

The system shall operate automatically in time to maintain sufficient coolant in
the reactor vessel so that the Core Standby Cooling Systems are not required.

2. Provision shall be made for remote-manual operation of the system by an
operator.

3. The power supply for the system shall be provided by immediately-available
energy sources of high reliability in order to provide a high degree of
assurance that the system shall operate when necessary.

4. Provision shall be made so that periodic testing can be performed during plant
operation, in order to provide a high degree of assurance that the system shall
operate when necessary.

4.7.4 Safet Desi n Basis

Piping and equipment, including support structures, shall be designed to
withstand the effects of an earthquake without a failure which could lead to a
release of radioactivity in excess of the guideline values given in 10 CFR 100.

4.7.5 ~55
The RCICS consists of a steam-driven, turbine-pump unit and associated valves
and piping capable of delivering makeup water to the reactor vessel. A summary of
the design requirements of the turbine-pump unit is shown on Table 4.7-1. The
transient analyses are based on a RCIC flow rate of 540 gpm (pre-uprated) and
600 GPM (uprated). A system diagram is shown in Figures 4.7-1a and 4.7-1c.

The steam supply to the turbine comes from the main steam line from the reactor
vessel. The steam exhaust from the turbine dumps to the suppression pool. The
pump takes suction from the condensate header, or from the suppression pool
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header, via a core spray pump supply header. The pump discharges either to the
feedwater line or to a full-flowreturn test line to the condensate storage tanks. A
minimum-flow bypass line to the suppression pool is provided for pump protection.
The makeup water is delivered into the reactor vessel through a connection to the
feedwater line and is distributed within the reactor vessel through the feedwater
sparger. The connection to the feedwater line is provided with a thermal sleeve.
Cooling water for the RCICS turbine lube-oil cooler and gland-seal condenser is
supplied from the discharge of the pump (see Figures 4.7-1b and 4.7-1d).
Whenever RCIC is lined up to take suction from the condensate storage tank, the
discharge piping of the RCIC is periodically vented from the high point of the system
and water flow observed in accordance with Technical Specifications surveillance
frequency requirements for system operability.

Following any reactor shutdown, steam generation continues due to heat produced
by the radioactive decay of fission products. Initiallythe rate of steam generation
can be as much as approximately 6 percent of rated flow, and is augmented during
the first few seconds by delayed neutrons and some of the residual energy stored in
the fuel. The steam normally flows to the main condenser through the turbine
bypass or, if the condenser is isolated, through the main steam relief valves to the
suppression pool. The fluid removed from the reactor vessel can be entirely made
up by the feedwater pumps if the main steam line isolation valves are open or
partially made up from the Control Rod Drive System which is supplied by the
control rod drive feed pumps. Ifmakeup water is required to supplement these
sources of water, the RCICS turbine-pump unit either starts automatically upon
receipt of a Reactor Vessel Water Level - Low Low, Level 2 signal (see Figure
4.7-2a) or is started by the operator from the control room by remote-manual
controls. The RCICS delivers its design flowwithin 30 seconds after actuation.
To limit the amount of fluid leaving the reactor vessel, a Reactor Vessel Water
Level - Low Low Low, Level 1 signal also actuates the closure of the main steam
isolation valves.

For events other than pipe breaks, RCICS has a makeup capacity sufficient to
prevent the reactor vessel water level from decreasing to the level where the core is
uncovered without the use of Core Standby Cooling Systems (see Section 14.0,
"Plant Safety Analysis"). The pump suction is normally lined up to the condensate
storage tanks through the condensate supply header. Other systems which use the
same tanks for condensate, and could jeopardize the availability of this reserve
quantity, are restricted by a standpipe to the use of water in the upper portion of the
tanks. About 135,000 gallons are below the standpipe in each condensate tank.
This quantity represents the conservatively calculated amount of water required to
maintain reactor vessel level for at least 8 hours in hot shutdown conditions
(MODE 3).
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The backup supply of cooling water for the RCICS is the suppression pool. The
turbine-pump assembly is located below the level of the condensate storage tank
and below the minimum water level in the suppression pool to ensure positive
suction head to the pump. Pump NPSH requirements are met by providing
adequate suction head and adequate suction line size.

All components normally required for initiating operation of the RCICS are
completely independent of auxiliary AC power, plant service air, and external
cooling water systems, requiring only DC power from a unit battery to operate the
valves, vacuum pump, and condensate pumps. The power source for the
turbine-pump unit is the steam generated in the reactor pressure vessel by the
decay heat in the core. The steam is piped directly to the turbine, and the turbine
exhaust is piped to the suppression pool.

Iffor any reason the reactor vessel is isolated from the main condenser, pressure in
the reactor vessel increases but is limited by automatic or remote-manual actuation
of the main steam relief valves. Main steam relief valve discharge is piped to the
suppression pool. Throughout the period of RCICS operation, the exhaust from the
RCICS turbine and main steam relief valve discharge being condensed in the
suppression pool results in a temperature rise in the pool. During this period RHR
heat exchangers are used to control pool water temperature, ifnormal AC power is
available for operation of the RHR system. Assuming a 1/2-hour delay in initiating
pool cooling, the maximum pool temperature of (approximatety) 162'P would be
reached at about 4 hours into the event.

The RCICS turbine-pump unit is located in a shielded area to ensure that personnel
access areas are not restricted during RCICS operation. An analysis of the
possibility of the failure of the RCIC turbine has been performed. Stresses in the
turbines are sufficiently low, such that wheel failure is not predicted, even at the
theoretical run-away condition of twice rated speed. Even though similar results
were obtained for the analysis of the HPCI turbine, the HPCI and RCIC turbines are
located in separate concrete rooms within the Reactor Building. An assumed failure
of either turbine could not cause sufficient damage to prevent safe shutdown of the
plant. The turbine controls (see Figures 4.7-2a and 4.7-2e) provide for automatic
trip of the RCICS turbine upon receiving any of the following signals:

a. Turbine overspeed-to prevent damage to the turbine and turbine casing,

b. Pump low-suction pressure-to prevent damage to the turbine-pump unit due
to loss of cooling water,

c. Turbine high-exhaust pressure-indicating turbine or turbine control
malfunction, and
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d. Automatic isolation signal-indicating RCIC steam line rupture.

Since the steam supply line to the RCICS turbine is a primary containment
boundary, certain signals automatically isolate this line causing shutdown of the
RCICS turbine. Automatic shutdown of the steam supply (see Figures 4.7-2a and
4.7-2e) is described in Subsection 7.3, "Primary Containment and Reactor Vessel
Isolation Control System." Operating logic for all other valves is shown in Figures
4.7-2a, 4.7-2b, 4.7-2c, 4.7-2d, 4.7-2e, 4.7-2f, 4.7-2g, and 4.7-2h.

The turbine control system is positioned by the demand signal from a flow
controller, and satisfies a twofold purpose:

a. Limit the turbine pump speed to its maximum normal operating value, and

b. Position the turbine governor valve(s) as required to maintain constant pump
discharge flow over the pressure range of system operation.

The RCICS piping within the drywell up to and including the outer isolation valve is
designed in accordance with the USA Standard Code for Pressure Piping, USAS
B31.1.0, 1967 edition, and the applicable GE design and procurement
specifications, which were implemented in lieu of the out dated 831 Nuclear Code
Cases-N2, N7, N9, and N10, plus ASME Boiler and Pressure Vessel Code, Section
I, 1965 edition. Other piping is designed in accordance with the USAS B31.1.0,
1967 edition, as applicable. The thermal sleeve (liner) in the feedwater line is
designed as a nonpressure-containing liner and is provided to protect the
pressure-containing piping tee from excessive thermal stress.

4.7.6 Safet Evaluation

The safety design basis is satisfied by design of the RCICS containment function to
seismic Class I specifications (see Appendix C).

4.7.7 Ins ection and Testin

A design flowfunctional test of the RCICS is performed during plant operation by
taking suction from the condensate header and discharging through the full flow test
return-line back to the condensate storage tank. The discharge valve to the feed
line remains closed during the test and reactor operation is undisturbed. Testing of
the pump discharge valve is accomplished in accordance with Subsection 4.12,
Inservice Inspection and Testing. Control system design provides automatic return
from test to operating mode ifsystem initiation is required during testing. Periodic
inspection and maintenance of the turbine-pump unit are based on manufacturer's
recommendations and sound maintenance practices. Valve position indication, as

4.7-4



BFN-17

well as instrumentation alarms, is displayed in the control room (see Figures 4.7-2d
and 4.7-2h).
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4.8 RESIDUAL HEAT REMOVALSYSTEM RHRS

4.8.1 ~Sf Db

The safety objectives of the Residual Heat Removal System (RHRS) are as follows:

To restore and maintain the coolant inventory in the reactor vessel so that the
core is adequately cooled after a loss-of-coolant accident. The Residual Heat
Removal System also provides cooling for the suppression pool so that
condensation of the steam resulting from the blowdown due to the design
basis loss-of-coolant accident is ensured.

b. The Residual Heat Removal System further extends the redundancy of the
Core Standby Cooling Systems by providing for containment cooling.

4.8.2 Power Generation Ob ective

The Residual Heat Removal System provides the means to meet the following
power generation objectives:

a. Remove decay heat and residual heat from the nuclear system so that
refueling and nuclear system servicing can be performed.

b. Supplement the Fuel Pool Cooling and Cleanup System capacity when
necessary to provide additional pool cooling capacity.

4.8.3 Safet Desi n Basis

The RHRS shall act automatically (except when in the shutdown cooling
mode), in combination with other Core Standby Cooling Systems, to restore
and maintain the coolant inventory in the reactor vessel such that the core is
adequately cooled to preclude fuel clad temperatures in excess of 2200'F
following a design basis loss-of-coolant accident.

2. The RHRS, in conjunction with other Core Standby Cooling Systems, shall
have such diversity and redundancy that only a highly improbable combination
of events could result in their failure to provide adequate core cooling.

3. The source of water for restoration of reactor vessel coolant inventory shall be
located within the primary containment in such a manner that a closed cooling
water path is established.

4. To provide a high degree of assurance that the RHRS operates satisfactorily
during a loss-of-coolant accident, each active component shall be capable of
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being tested during operation of the nuclear system. The inboard isolation
check valve can only be tested during cold shutdown (MODE 4 or MODE 5).

5. To provide an additional source of water for post-accident containment
flooding a crosstie shall be provided between the RHR Service Water System
and RHRS.

4.8.4 Power Generation Desi n Basis

1. The RHRS shall be designed with enough capacity that the service water
outlet temperature can be limited during shutdown conditions to minimize
fouling.

4.8.5 Summa Descri tion

The RHRS is designed for five modes of operation to satisfy all the objectives and
bases:

1. Shutdown cooling (Units 1, 2, and 3),

2. Containment spray and pool cooling,

3. Low pressure coolant injection, and

4. Standby cooling.

5. Supplemental fuel pool cooling.

To provide clarity to the information presented herein, each mode of operation is
defined as a subsystem of the RHRS and is discussed separately. It is shown how
each subsystem contributes toward satisfying all the objectives and bases of the
RHRS.

The major equipment of the RHRS consists of four heat exchangers and four pumps
for each unit. There are twelve RHR service water pumps for the plant (see Section
10.9, "RHR Service Water System" ), eight of which can be used for RHRSW
purposes. The equipment is connected by associated valves and piping, and the
controls and instrumentation are provided for proper system operation. A process
diagram of the RHRS is shown in Figures 7.4-6a sheets 1, 2, and 3 of Section 7.4.
A description of the controls and instrumentation is presented in Section 7.4, "Core
Standby Cooling Control and Instrumentation." A description of how operation of
the equipment in the RHRS in conjunction with other Core Standby Cooling
Systems protects the core in case of a loss-of-coolant accident is presented in
Chapter 6.0, "Core Standby Cooling Systems."
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The RHRS pumps are sized on the basis of the flow required during the low
pressure coolant injection (LPCI) mode of operation, which is the mode requiring
the maximum flow rate. In addition, the system pumps are equipped with discharge
flow limiting orifice plates to prevent pump operation in "runout" conditions and to
prevent any damage that might occur in the case of a recirculation line break. The
heat exchangers are sized on the basis of their required duty for the suppression
pool cooling function. It is concluded that the power generation design objective is
met. A summary of the design requirements of the RHRS pumps and the heat
exchangers is presented in Table 4.8-1. See Section 6.5 for system requirements
utilized in the Emergency Core Cooling System analysis.

Permanent connections with normally closed valves are provided on the shutdown
cooling piping circuit for supplying cooling water to the Fuel Pool Cooling and
Cleanup System (see Figures 7.4-6a sheets 1, 2, and 3). This permits the RHRS
heat exchangers to be used to assist fuel pool cooling when required (see Section
10.5, "Fuel Pool Cooling and Cleanup System" ).

One of the RHRS loops, consisting of two heat exchangers, two pumps in parallel,
and associated piping, is located in one area of the Reactor Building. The other
heat exchangers, pumps, and piping, forming a second loop, are located in another
area of the Reactor Building to minimize the possibility of a single physical event
causing the loss of the entire system. This arrangement satisfies the safety design
basis 2. In addition, the pump suction and heat exchanger discharge lines of one
loop in Unit 1 (Loop II) are cross-connected to the pump suction and heat
exchanger discharge lines of one loop in Unit 2. Unit 2 and Unit 3 systems are
cross-connected in a similar manner. Two normally closed isolation valves are
provided in each heat exchanger discharge cross-connection, and four normally
closed isolation valves are provided in each suction cross-connection (one at each
pump suction), as shown in Figure 4.8-1.

RHRS equipment is designed in accordance with Class I seismic criteria (see
Appendix C) to resist sufficiently the response motion at the installed location within
the supporting building from the Design Basis Earthquake.

The system piping and pumps are designed in accordance with the requirements of
USAS B31.1.0, 1967 edition, as augmented by GE specifications which were
implemented in lieu of the outdated B31 Nuclear Code Cases-N2, N7, N9, and N10.
The system is constructed and tested in accordance with TVAconstruction
specifications. The pumps are also designed and constructed in accordance with
the standards of the Hydraulic Institute. The shell side of the heat exchangers is
designed in accordance with the ASME Boiler and Pressure Vessel Code, 1965
edition, Section III, Class C vessels, and TEMAClass C; and the tube side is
designed in accordance with Section Villand TEMAClass C. The provisions of the
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ASME Boiler and Pressure Vessel Code, Section III, Winter Addenda of 1966,
paragraph N2113, apply.

4.8.6 ~8

4.8.6.1 Shutdown Coolin

The shutdown cooling subsystem is an integral part of the RHRS and is placed in
operation during a normal shutdown and cooldown. The initial phase of nuclear
system cooldown is accomplished by dumping steam from the reactor vessel to the
main condenser with the main condenser acting as the heat sink. The RHRS is
typically placed in the shutdown cooling mode of operation when reactor vessel
pressure has decreased sufficiently to clear the interlocks associated with the
shutdown cooling suction valves. The shutdown cooling subsystem alone is
capable of completing cooldown to 125'F in less than 20 (pre-uprated) or 24
(uprated) hours and maintaining the nuclear system at 125'F so that the reactor can
be refueled and serviced.

Reactor coolant is pumped by the RHRS pumps from one of the recirculation loops
through the RHRS heat exchangers, where cooling takes place by transferring heat
to the RHR service water system. Reactor coolant is returned to the reactor vessel
via either recirculation loop.

During a nuclear system shutdown and cooldown, any one of the four RHR
shutdown cooling subsystems can provide the required decay heat removal function
and maintain or reduce the reactor coolant temperature as required.

The RHRS is normally flushed with water of condensate quality or better in
preparation for shutdown cooling operation during the steam dumping phase of
plant cooldown. This flush is not required if 1) there is an immediate need for RHR
shutdown cooling to control reactor vessel level, temperature, or pressure, or 2)
RHR shutdown cooling is removed from and returned to service during an outage
and no activities have occurred which could result in water quality degradation
below acceptable limits for reactor vessel injection.

4.8.6.2 Containment Coolin

The containment cooling subsystem is an integral part of the RHRS and is placed in
operation to limit the temperature of the water in the suppression pool so that
immediately after the design basis loss-of-coolant accident has occurred, the
maximum bulk pool temperature does not exceed 177'F when reactor vessel
pressures are above approximately 555 psig. At reactor vessel pressures below
approximately 240 psig, the bulk temperature may be as much as 177'F. At
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intermediate pressures, linear interpolation of the bulk temperature is permitted.
The maximum permissible bulk pool temperature is limited by the potential for
stable and complete condensation of steam discharged from the main steam relief
valves as well as the design analyses of the torus attached piping (see Sections
5.2.3.3.2 and 5.2.4.3).

With the RHRS in the suppression pool cooling mode of operation, the RHRS
pumps are aligned to pump water from the suppression pool through the RHRS
heat exchangers where cooling takes place by transferring heat to the RHR service
water. For adequate containment cooling, a minimum of two RHR pumps and
associated heat exchangers must remain available for several hours after a design
basis loss-of-coolant accident. The flow returns to the suppression pool via the flow
test line (see Figures 7.4-6a sheets 1, 2, and 3). Suppression pool temperature
operational limits are provided in Technical Specification, Section 3.6.2.1. The
suppr'ession pool cooling mode of the RHRS is initiated to restore suppression pool
temperatures to within allowed limits during plant operation.

The containment spray cooling mode of operation provides additional redundancy
to the Core Standby Cooling Systems for post-accident conditions. The water
pumped through the RHRS heat exchangers may be diverted to spray headers in
the drywell and above the suppression pool. The spray headers in the drywell
condense any steam that may exist in the drywell, thereby lowering containment
pressure. The spray collects in the bottom of the drywell until the water level rises
to the level of the pressure suppression vent lines, where it overflows and drains
back to the suppression pool. Approximately 5 percent of this flow may be directed
to the suppression chamber spray ring to cool any noncondensable gases collected
in the free volume above the suppression pool.

The spray headers of the RHRS cannot be placed in operation unless the core
cooling requirements of the low pressure coolant injection subsystem have been
satisfied. These requirements may be bypassed by the operator using a keylock
switch in the control room (see Section 7.4, "Core Standby Cooling Control and
Instrumentation" ).

4.8.6.3 Low Pressure Coolant In'ection

The low pressure coolant injection (LPCI) subsystem is an integral part of the
RHRS. It operates to restore and, ifnecessary, maintain the coolant inventory in
the reactor vessel after a loss-of-coolant accident so that the core is sufficiently
cooled to preclude fuel clad temperatures in excess of 2200'F and subsequent
energy release due to a metal-water reaction. A detailed discussion of the
requirements and response of the equipment which operates during LPCI for a
loss-of-coolant accident may be found in Chapter 6.0, "Core Standby Cooling
Systems." A detailed discussion of the requirements and response of the controls
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and instrumentation of LPCI during a loss-of-coolant accident may be found in
Section 7.4, "Core Standby Cooling Control and Instrumentation."

In general, LPCI operation involves restoring the water level in the reactor vessel to
a sufficient height for adequate cooling after a loss-of-coolant accident. The LPCI
subsystem operates in conjunction with the High Pressure Coolant Injection System
(HPCIS), the Auto Depressurization System and the Core Spray System to achieve
this goal (see Chapter 6.0, "Core Standby Cooling Systems" ). This capability
satisfies safety design basis 1.

The HPCIS is a high-head, low-flowsystem and pumps water into the reactor vessel
when the nuclear system is at high pressure. Ifthe HPCIS fails to maintain the
required level of water in the reactor vessel, the automatic depressurization feature
of the Nuclear System Pressure Relief System functions to reduce nuclear system
pressure so that LPCI operates to inject water into the pressure vessel. LPCI is a
low-head, high-flow subsystem and delivers rated flow of ) 9000 gpm for each
pump to the reactor vessel against an indicated pressure of ) 125 psig. All these
operations are carried out automatically. LPCI is designed to reflood the reactor
vessel to at least two-thirds core height and to maintain this level. After the core
has been flooded to this height, the capacity of one RHR pump is more than
sufficient to maintain the level.

During LPCI operation, the RHRS pumps take suction from the suppression pool
and discharge to the reactor vessel into the core region through both of the
recirculation loops. Two pumps discharge to each injection header, assuring
flooding of the vessel through at least one loop. Any spillage through a break in the
lines within the primary containment returns to the suppression pool through the
pressure suppression vent lines. A bypass line to the suppression pool is provided
so that the pumps are not damaged ifoperating with the discharge valves shut.

Added resistance in the pump discharge lines prevents insufficient NPSH in the
LPCI mode of operation. It is concluded that safety design basis 3 is satisfied.

Service water flow to the RHRS heat exchangers is not required immediately after a
loss-of-coolant accident because heat rejection from the containment is not
necessary during the time it takes to flood the reactor.

Power for the RHRS pumps and the RHR service water pumps comes from the 4-kV
AC power shutdown boards. Power for these boards normally comes from the
auxiliary supply, but if this source is not available, power is available from the
standby (diesel) AC power source.
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Standby coolant supply connection and RHR crossties are provided to maintain a
long-term reactor core and primary containment cooling capability irrespective of
primary containment integrity or operability of the Residual Heat Removal System
associated with a given unit. The standby coolant supply connection and RHR
crossties provide added long-term redundancy to the other emergency core and
containment cooling systems and are designed to accommodate certain situations
which, although unlikely to occur, could jeopardize the functioning of these systems.

By proper valve alignment (see Figure 4.8-1), the network created by the RHR
crossties permits the B (or D) RHR pumps on Unit 1 to circulate Unit 2 suppression
pool or reactor vessel water through the B (or D) heat exchangers on Unit 1 in the
unlikely event that the Unit 2 RHR pumps are unavailable. The crosstie network is
sized for a minimum flow of 5,000 gpm, which will achieve about 91 percent of. full
flow heat transfer capability of the RHR heat exchangers.

In a like fashion, the A (or C) RHR pumps on Unit 2 can be used to circulate Unit 1

suppression pool or reactor vessel water through the A (or C) heat exchangers on
Unit 2. The B (or D) RHR pumps on Unit 2 and the A(or C) RHR pumps on Unit 3
can be similarly utilized.

Suppression pool water which has been circulated through the RHR heat
exchangers on one unit can be used to flood the reactor core, spray the drywell and
suppression chamber, or returned to the suppression chamber of the adjacent unit.
In this way, decay heat and residual heat can be removed from the reactor core and
primary containment of the adjacent unit on a long-term basis. By proper valve
alignment (see Figure 4.8-1), the network created by the standby coolant supply
connection and RHR crossties permits the D2 (or D1) RHR service water pump and
header to supply raw water directly to the reactor core of Units 1 or 2 as the reactor-
pressure approaches 50 psig. The service water pump and header can also be
valved to supply raw water to the drywell or suppression chamber spray headers or
directly to the suppression chamber of either unit. In a similar fashion, the B2 (or
B1) RHR service water pump and header can supply raw water to the reactor core
of Units 2 or 3 or into the respective drywell/suppression chamber spray headers or
directly to the suppression chambers.

The Standby Coolant Supply System is sized to supply a minimum raw water flowof
3,250 gpm, against a reactor pressure of 65 psig with a drywell pressure of 15 psig.
It is concluded that safety design basis 5 is satisfied.
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4.8.6.5 Su lemental Fuel Pool Coolin

A description of how the RHRS heat exchangers can be used to assist fuel pool
cooling when required is contained in Section 10.5, "Fuel Pool Cooling and Cleanup
System."

4.8.7 Safet Evaluation

Since the LPCI and containment cooling subsystems act with other Core Standby
Cooling Systems to satisfy the safety objective, they are properly evaluated in
conjunction with the other Core Standby Cooling Systems. This safety evaluation is
in Chapter 6.0, "Core Standby Cooling Systems." The safety evaluation of the
controls and instrumentation of the LPCI subsystem is in Section 7.4, "Core
Standby Cooling Control and Instrumentation."

4.8.8 Ins ection and Testin

A design flow functional test of the RHRS pumps is performed during normal plant
operation by taking suction from the suppression pool and discharging through the
test lines back to the suppression pool. The discharge valves to the reactor
recirculation loops remain closed during this test and reactor operation is
undisturbed.

An operational test of these discharge valves is performed by shutting the
downstream valve after it has been satisfactorily tested and then operating the
upstream valve. The discharge valves to the containment spray headers are
checked in a similar manner by operating the upstream and downstream valves
individually. All these valves can be actuated from the control room using remote
manual switches. Control system design provides automatic return from test to
operating mode ifLPCI initiation is required during testing. It is concluded that
safety design basis 4 is satisfied.

Periodic inspection and maintenance of the RHRS pumps, pump motors, valves and
valve motors, and heat exchangers are based on manufacturer's recommendations
and sound maintenance practices.

A discussion of the availability of engineered safeguards and frequency of testing of
equipment is presented in Chapter 6.0, "Core Standby Cooling Systems."
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TABLE4.8-1

RESIDUAL HEAT REMOVALSYSTEM EQUIPMENT DESIGN DATA

RHRS PUMPS

Number Installed per Unit - 4
Capacity/Pump - 33-1/3% (LPCI)

Design Conditions/Pump 0 psid*
Discharge Flow (gpm)

Rated Pump Capacity
NPSH Required at 90'F (ft)
Operating Conditions/Pump

Discharge Flow (gpm)
Discharge Head (ft)
Differential Pressure (psid)
NPSH Required at 90'F (ft)

Design Temperature - 350'F
Design pressure - 450 psig
Shutoff Head -780 ft

20,000 (2 in one loop)
10,800 (1 in one loop) Units 1, 2, 3

10,000 gpm at 560 ft Total Dynamic Head
30

0-12,000
780-420
295-0
30-34

RHRS HEAT EXCHANGERS

Number Installed per Unit -4
Shell Side Fluid - Reactor Water or Suppression Pool Water
Tube Side Fluid - RHR Service Water (River Water)
Shell and Tube Side Design Pressure - 450 psig and Design Temperature 40-350'F
Pressure Drop Design Conditions - shell side 10 psi

- tube side 6 psi

Su ression Pool Coolin Anal sis Pre-u rated

Shell Side Flow (gpm)
Inlet Temperature Shell Side ('F)
Heat Exchanger Duty (Btu/hr)
Tube Side Flow (gpm)

Inlet Temperature Tube Side ('F)

6500
177

68.8 x 106
4500

95oF

Su ression Pool Coolin Anal sis U rated -ANS/ANSI 5.1 with 2m uncertain

Shell Side Flow (gpm)
Inlet Temperature Shell Side ('F)
Heat Exchanger Duty (Btu/hr)
Tube Side Flow (gpm)

Inlet Temperature Tube Side ('F)
Heat Exchanger K-factor

6500
177

68.8 x 106
4000

92'F
233 BTU/sec-'F

psid - pounds per square inch difference between reactor vessel and drywell.
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4.12 INSERVICE INSPECTION AND TESTING

4.12.1 Introduction

The preservice examinations at Browns Ferry were conducted using the 1971
Edition, Summer 1971 Addenda, of ASME Section XI as a guideline. The inservice
examinations performed during the first 40-month cycle were in accordance with the
1971 Edition, Summer 1971 Addenda, of ASME Section XI for Units 1 and 2; and
the 1974 Edition, Summe'r 1975 Addenda, of ASME Section XI for Unit 3.

The three units at Browns Ferry were put on a concurrent irispection and pressure
test cycle beginning July 1, 1980; therefore, all inservice examinations performed
during the 80-month cycle and those exams to be performed during the 120-month
cycle shall be performed in accordance with the 1974 Edition, Summer 1975
Addenda of ASME Section XI or as stated in 1-, 2-, and 3-SI-4.6.G, Browns Ferry
Nuclear Plant Surveillance Instruction, Inservice Inspection Program, Section 4.0,
Codes of Record.

The inservice inspection and testing programs for vessels, piping, pumps, valves,
and pressure tests shall be performed in accordance with Section XI of ASME
Boiler and Pressure Vessel Code and applicable addenda as required by
10 CFR 50, Section 50.55a except where specific written relief has been identified.
Several ASME Code Cases have been approved for use in the inservice inspection
program and utilization of code cases accepted by NRC Regulatory Guide 1.147,
"Inservice Inspection Code Case Acceptability ASME Section XI, Division 1," as
applicable to Browns Ferry.

The insewice pressure tests program for the first interval was prepared in
accordance with the 1974 Edition, Summer 1975 Addenda of ASME Section XI for
all units. The Inservice Pump and Valve Testing Program for the first interval was
prepared in accordance with the 1980 Edition, Winter 1980 Addenda ASME Section
XI for all units.

The inservice pressure test program, inservice examination program, and inservice
pump and valve test program for subsequent intervals will be prepared in
accordance with the edition of the ASME Section XI Code as specified by the 10
CFR 50.55a requirements at the time of the update, except where specific relief has
been granted.

The examinations are performed using TVAand/or contractor personnel.
Nondestructive examination personnel shall be certified in accordance with a
program meeting the requirements of SNT-TC-1A and/or ANSI N45.2.6 and/or
ANSI/ASNT CP-1 89, except where specific relief has been granted.
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Periodic inservice examinations for Browns Ferry ASME Class 1, Class 2, and
Class 3 components are defined in Browns Ferry Nuclear Plant Surveillance
Instruction 1-, 2-, and 3-SI-4.6.G. Periodic pump, valve and pressure testing in
accordance with the applicable subsections of ASME Section XI Code are defined
in Plant Procedures.

The requirement for Inservice Inspection Examinations for Browns Ferry equivalent
ASME Class MC became effective September 9, 1996, being incorporated as a
result of ASME Section XI, Subsection IWE into 10 CFR 50.55(a).

4.12.3 ~Rebill
'TVA is responsible for the performance of the inservice inspections and tests
outlined under the scope (4.12.2) of this program.

4.12.4 Area and Extent of Examination

The area and extent of examination are given in the instructions listed under the
scope (4.12.2) of this program.
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5.2 PRIMARY CONTAINMENTSYSTEM

5.2.1 Safet Ob'ective

The safety objective of the Primary Containment System is to provide the
capability, in the event of the postulated loss-of-coolant accident, to limit the
release of fission products to the plant environs so that offsite doses would be
within the guideline values of 10 CFR 100.

5.2.2 Safet Desi n Basis

The Primary Containment System shall have the capability to withstand the
peak transient pressure which could occur due to the postulated
loss-of-coolant accident, i.e., a mechanical failure of the Reactor Primary
System equivalent to the circumferential rupture of one of the main
recirculation pipes.

The containment design basis for metal-water reactions and other
chemical reactions subsequent to the postulated loss-of-coolant accident
shall be consistent with the performance objectives of the Reactor Core
Standby Cooling System.

The Primary Containment System shall have the capability to maintain the
functional integrity of the system indefinitely after the postulated
loss-of-coolant accident.

The containment design shall be adequate to permit filling the primary
containment vessel with water above the reactor core.

The Primary Containment System shall be designed to provide means to
rapidly condense the steam portion of the flow from the postulated rupture
of a recirculation line so that the peak transient pressure shall be
substantially less than containment design pressure.

The Primary Containment System shall be designed to provide means to
conduct the flow from postulated pipe ruptures to the pressure suppression
pool, to distribute such flow uniformly throughout the pool, and to limit
pressure differentials between the drywell and the pressure suppression
chamber during the various postaccident cooling modes.

The Primary Containment System shall have the capability of limiting
leakage during and following the postulated accident to values which are
substantially less than leakage rates which would result in offsite doses
approaching the reference doses in 10 CFR 100.
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8. The Primary Containment System shall have the capability to conduct
periodically such leakage tests as may be appropriate to confirm the
integrity of the containment at the peak transient pressure resulting from
the postulated accident.

9. The Primary Containment System shall have the capability to withstand jet
forces associated with the flow from the postulated rupture of any pipe
within the containment.

10. The Primary Containment System shall provide the capability for rapid
closure or isolation of all pipes or ducts which penetrate the primary
containment by means which provide a containment barrier in such pipes
or ducts as effective as is required to maintain leakage within permissible
limits.

11. The primary containment shall have the capability of being purged with
nitrogen to reduce and maintain the containment atmosphere to less than
4 percent oxygen.

12. The primary containment shall have the capability to withstand the
hydrodynamic loading resulting from a postulated LOCA or main steam
relief valve actuation.

5.2.3 ~0

5.2.3.1 General

Each unit employs a pressure suppression containment system which houses the
reactor vessel, the reactor coolant recirculating loops, and other branch
connections of the Reactor Primary System. The pressure suppression system
consists of a drywell, a pressure suppression chamber (alternatively referred to
as the torus or wetwell) which stores a large volume of water, a connecting vent
system between the drywell and the water pool, isolation valves, containment
cooling systems, equipment for establishing and maintaining a pressure
differential between the drywell and pressure suppression chamber, and other
service equipment. In the event of a process system piping failure within the
drywell, reactor water and steam would be released into the drywell air space.
The resulting increasdd drywell pressure would then force a mixture of air, steam,
and water through the vents into the pool of water which is stored in the
suppression chamber. The steam would condense rapidly and completely in the
suppression pool, resulting in rapid pressure reduction in the drywell. Air that is
transferred to the suppression chamber pressurizes the chamber and is
subsequently vented to the drywell to equalize the pressure between the two
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vessels. Cooling systems are provided to remove heat from the drywell and from
the water in the suppression chamber, thus cooling the primary containment,
when required, under accident conditions. Appropriate isolation valves are
actuated during this period to ensure containment of radioactive materials within
the primary containment which might be released from the reactor during the
course of the accident. If long-term cooling capability is lost, resulting in a
pressure increase that would jeopardize the structural integrity of the primary
containment, the hardened wetwell vent (HWWV)would relieve the
corresponding pressure increase. The Primary Containment System is designed
as a Class I system (except the drywell pressure suppression chamber pressure
differential subsystem -Reference Section 5.2.3.9) in accordance with Appendix
C, "Structural Qualification of Subsystems and Components," to the BFNP FSAR.

5.2.3.2 Dwell

The drywell is a steel pressure vessel with a spherical lower portion 67 feet in
diameter, and a cylindrical upper portion 38 feet 6 inches in diameter. The
overall height is approximately 115 feet. The design, fabrication, inspection and
testing of the drywell vessel comply with requirements of the ASME Boiler and
Pressure Vessel Code, 1965 edition, Section III, Class B, which pertain to
containment vessels for nuclear power plants. The steel head and shell of the
drywell are fabricated of SA-516 plate.

The drywell is designed for a maximum internal pressure of 62 psig coincident
with a temperature of 281'F, plus the dead, live, and seismic loads imposed on
the shell. Thus, in accordance with the ASME Boiler and Pressure Vessel Code,
Section III, the drywell design pressure is 56 psig. Thermal stresses in the steel
shell due to temperature gradients were taken into account in the design.

Special precautions not required by codes were taken in the fabrication of the
steel drywell shell. The plate was preheated to a minimum temperature of 200'F
prior to welding of all seams whose thickness exceeds 1-1/4 inches, regardless of
surrounding air temperature. Preheat at a minimum of 100'F was applied prior to
welding of all seams 1-1/4 inches or less in thickness if the ambient temperature
fell below 50'F. Charpy V-notch specimens were used for impact testing of plate
and forging material to give assurance of proper material properties. Plates,
forgings and pipe associated with the drywell have an initial NDT temperature of
O'F or lower when tested in accordance with the appropriate code for the
materials. It is contended that the drywell will not be pressurized or subjected to
substantial stress at temperatures below 30'F.

The drywell is enclosed in reinforced concrete for shielding purposes to provide
additional resistance to deformation and buckling of the drywell over areas where
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the concrete backs up the steel shell. Above the transition zone, the drywell is
separated from the reinforced concrete by a gap of approximately 2 inches. This
gap is filled with polyurethane foam.

Irradiation tests have shown that no change in the resilient characteristics will
take place for exposures up to 10"R.

The polyurethane foam filler is 2-1/4 inches maximum thickness polyester-based,
flexible foamed slab having the following physical properties.

Density

Compression
set'.116 Ib/ft3

10 percent at 50 percent
compressibility

Compressibility

Resilience

Service temperature

35 percent at 1.0 psi maximum

20 percent minimum

285'F maximum

The sizing of the expansion gap, in which the foam slab was placed, was based
on an ultimate steel shell temperature of 281'F and an internal pressure of 56 psi
following a postulated reactor loss-of-coolant accident. The maximum pressure
and thermal growth as related to compression of the foam slab occurs at the
bottom of the juncture of the spherical lower portion and cylindrical upper portion.
The total vertical growth was calculated to be 1.02 inches and the horizontal
growth 0.36 inches. For the normal operating condition at a temperature of 150'F
and pressure of 2.0 psi, the growth at the bottom of the knuckle was calculated to
be 0.33 inches vertical and 0.14 inches horizontal.

In the event of a loss-of-coolant accident, the foam slab would be compressed
about 50 percent and the maximum permanent set would be less than 0.1 inch.
There is no objection to the substitution of space for foamed slab. Shielding over
the top of the drywell is provided by removable, segmented, reinforced concrete
shield plugs.

In addition to the drywell head, one double door airlock, one bolted CRD removal
hatch, and two bolted equipment hatches are provided for access to the drywell.
The doors are mechanically interlocked so that neither door may be operated
unless the other door is closed and locked. The drywell head and hatch covers
are bolted in place and sealed with gaskets. The seals on the hatches and
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drywell head are designed with double gaskets with intermediate leak taps and
are thus capable of being tested for leakage.

The drywell is not normally entered during MODE 1, but access is permissible
during MODE 2 or MODE 3. Provisions are made to supply breathing apparatus
to personnel while in the drywell, if necessary. During normal reactor operation,
the drywell is essentially at atmospheric pressure. The design temperature
(during normal operation) is 150'F bulk volumetric average DW temperature at
100'F RBCCW supply water. This is the maximum value used for the initial
drywell temperature at the beginning of a LOCA event. The actual operating
temperature is less than this value and is specified in the plant operating
procedures. This temperature is maintained by recirculating the drywell
atmosphere across forced draft air cooling units which, in turn, are cooled by the
Reactor Building Closed Cooling Water System. (See Subsection 10.6.)

Provisions made for protection of the drywell against missiles and pipe whipping
which could damage the primary containment are discussed in paragraph 5.2.4.6.

The primary containment vessels are designed to permit flooding as a means of
postaccident recovery following a loss-of-coolant accident. A water volume of
approximately 250,000 cubic feet is necessary to accomplish containment
flooding to above core level. It is necessary to vent the containment vessels
during the reflooding process to prevent overpressurization. The standby coolant
supply used to flood the primary containment is discussed in Subsection 4.8,
"Residual Heat Removal System."

The exposed portions of the interior of the drywell were sandblasted and provided
with a protective coating consisting of an inorganic zinc primer (Amercoat
Dimetcoat 6) with an epoxy topcoat (Amercoat 66).

It is expected that this coating system will satisfactorily withstand temperatures
and pressures of the steam environment postulated during a design basis
loss-of-coolant accident as described in Section 14.0 of the FSAR. Test panels
were exposed to steam-water atmospheres under comparable or greater
temperatures and pressures with negligible deterioration. In some cases
discoloration and small (<1/8 inch) blisters were observed.

5.2.3.3 Pressure Su ression Chamber and Vent S stem

5.2.3.3.1 General Descri tion

The vent system, which connects the drywell and suppression chamber, conducts
flowfrom the drywell to the suppression chamber without excessive resistance
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and distributes this floweffectively and uniformly in the pool following a
postulated pipe rupture in the drywell.

The suppression chamber receives this flow, condenses the steam portion of this
flow, and contains noncondensable gases and fission products driven into the
chamber. The suppression chamber-to-drywell vacuum breakers limitthe
pressure differential between the drywell and suppression chamber. The
suppression chamber is designed for the same leakage rate as the drywell.

Large vent pipes form a connection between the drywell and the pressure
suppression chamber. A total of eight circular vent pipes are provided, each
having a diameter of 6.75 feet.

The vent pipes are designed for an internal pressure of 56 psig (the ASME Boiler
and Pressure Vessel Code, Section III, allows a maximum internal pressure of 62
psig) coincident with a temperature of 281'F and are designed to withstand an
external pressure of 2 psi above internal pressure. Jet deflectors are provided in
the drywell at the entrance of each vent pipe to prevent possible damage to the
vent pipes from jet forces which might accompany a pipe break in the drywell.
The vent pipes are fabricated of SA-516 steel, and comply with requirements of
the ASME Boiler and Pressure Vessel Code, Section III, Subsection B.
Expansion joints are provided on each vent pipe to accommodate differential
motion between the drywell and suppression chamber.

The pressure suppression chamber is a steel pressure vessel in the shape of a
torus below and encircling the drywell, with a centerline diameter of
approximately 111 feet and a cross-sectional diameter of 31 feet. As a result of
the torus modifications on all three units, the maximum water volume in the torus
is approximately 127,800 ft'pre-uprated) or 131,400 ft'uprated, see note on
Table 5.2-1). The suppression chamber is held on supports which transmit
vertical and seismic loading to the reinforced concrete foundation slab of the
Reactor Building. Space is provided outside the chamber for inspection and
maintenance. The eight drywell vents are connected to a 4-foot, 9-inch diameter
vent header in the form of a torus which is contained within the airspace of the
suppression chamber. Projecting downward from the header are 96 downcomer
pipes, 24 inches in diameter, and terminating approximately 3 feet (pre-uprated)
or 3 feet 10 inches (maximum, uprated, see note on Table 5.2-1) below the water
surface of the pool. T-quenchers have been added to replace the ramshead
discharge devices at the end of the main steam relief valve discharge pipes to
assure the controlled release and condensation of steam and reduce stresses on
the torus and tailpipe assemblies. The vent header and vent pipes have the
same temperature and pressure design requirements as the suppression
chamber. Vacuum breakers discharge from the suppression chamber into the
drywell to limit the pressure differential and to prevent a backflow of water from
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the suppression pool into the vent header system. Vacuum breaker sizing is
based on Moss Landing test configurations.

The system to establish and maintain a controlled pressure differential between
the drywell and pressure suppression chamber during normal operations is
described in paragraph 5.2.3.9.

The toroidal suppression chamber is designed to the same material and code
requirements as the steel drywell vessel. All attachments to the torus are by full
penetration welds.

The HWNN can mitigate a severe accident that would cause the pressure of the
torus to exceed 56 psig. The HWWVconnects the torus of each unit to a
common header which discharges in the stack via a 14" pipe.

During each refueling and each shutdown for required maintenance inside the
containment, the containment is purged to restore a normal air atmosphere and to
reduce the amount of gaseous and airborne radioactivity present. These purges
are accomplished through the ventilation purge connections and are normally
passed through a containment purge filter train (HEPA and charcoal filters)
before release through the normal reactor building ventilation system. A vent
from the primary containment is provided which will normally be closed, but which
will permit the vent discharge to be routed to the Standby Gas Treatment System
so that release of gases from the primary containment is controlled, and so that
effluents are filtered and monitored before dispersal through the stack.

A 30-inch ECCS suction header with a wall thickness of 1/2-inch minimum I

circumscribes the suppression chamber at El. 525 feet 4 inches. Four 30-inch
tees are used to connect the suction header to the suppression chamber. The
suction header is supported vertically and horizontally by brackets attached to the
16 cradles.

Four strainers on connecting lines between the suction header and the
suppression chamber have been provided. Sizing of the strainers and connecting
pipes was conservatively based on the assumption that at least one of the four
strainers was completely plugged during the postulated accident. In addition, the
curved surface and location of the strainer minimize the possibility of clogging.

The suction header and its connecting pipes are designed, constructed, tested,
and inspected in accordance with the same requirements as the suppression
chamber. Additional safety is provided by locating the four connecting pipes in
unused portions of the suppression chamber so that they will not be directly
subjected to the water jet issuing from the downcomers. The suction header is
designed to accommodate a temperature differential between itself and the
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suppression chamber. Hydraulic snubbers are used to support the suction
header to provide seismic supports that will prevent any abrupt lateral movement
due to earthquake, but will not offer resistance to relatively slow thermal
expansion. The suction lines from the RHR, HPCI, Core Spray and RCIC
systems are supplied from this header.

The interior carbon steel surface of the suppression chamber and all other
exposed carbon steel surfaces within the suppression chamber have been coated
for corrosion protection with Valspar Hi-Build Epoxy 78:00. This coating has
passed test criteria for a design basis accident (DBA) for carbon steel substrate
as outlined in ANSI N101.2-1 972 and has the best record reported in the industry
for coatings in Mark I type containments.

Additionally the following stainless steel components and structures within the
Unit 2 and Unit 3 suppression chamber have been found to be coated:

1.
2.
3.
4
5.
6.

T-quenchers
Main Vent Bellows
Miscellaneous support steel on the torus walkway
Electrical Conduits
Electrical Junction Boxes
Small bore piping and valve bodies

Based on the qualification of the Valspar 78 coating, the controlled surface
preparation and application of the coating on the stainless steel components by
qualified individuals, the in-place adhesion testing of the coating, and the degree
of resiliency exhibited by the coating to different removal methods, TVAhas
concluded that Valspar 78 will behave the same on stainless steel as it will on
carbon steel when applied properly. Therefore, no disbonding of the coating is
expected during design basis accident conditions.

5.2.3.3.2 Descri tion of the Su ression Pool Torus
Modifications

The original design of the BFNP containment system considered postulated
accident loads previously associated with a loss-of-coolant accident (LOCA),
seismic loads, dead loads, jet-impingement loads, hydrostatic loads (due to water
in the suppression chamber), overload pressure test loads, and construction
loads.

However, since the establishment of the original design criteria, additional
loading conditions were identified. These conditions were discovered as a result
of GE performing large scale testing of the Mark III containment design and
in-plant testing of Mark I containments. New suppression pool loads which had
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not explicitly been included in the containment design bases were identified.
These loads result from dynamic effects of drywell air and steam being rapidly
released to the suppression pool (torus) during a postulated LOCA and during
main steam relief valve discharge associated with plant transient operating
conditions. As a result, the Mark I Owners Group was established, with GE
serving as the lead technical organization.

The efforts of the Owners Group were to be accomplished in two phases: a short
term program (STP) and a long term program (LTP). The objective of the STP
was to verify that the Mark I containment and related structures were capable of
sustaining the additional hydrodynamic loads before the more detailed results of
the LTP were available. The STP structural acceptance criteria used to evaluate
the design of the torus and related structures were based on providing adequate
margins of safety, i.e., a safety-to-failure factor of 2, to justify continued operation
of the plant. A report on torus main steam relief valve piping and vent header
support modifications (Kaiser Engineer Report No. 75-83-R, dated October,
1975) was submitted to the NRC on December 18, 1975.

The NRC staff's conclusions relative to the STP are documented in
NUREG-0408, dated December, 1977. Subsequently, exemptions relating to the
structural factor of safety requirements of 10 CFR 50.55(a) were granted by the
NRC, while the more comprehensive LTP was being conducted.

The Mark I Owners Group developed the "Mark I Containment Program, Program
Action Plan" and submitted it to the NRC in March, 1977. As a result of
discussions with NRC, Revision 1 to the Program Action Plan was submitted
February 11, 1977 (GE Topical Report EW 7610.09).

TVA initiated analysis activity for the BFNP torus integrity long term program in
March, 1977.

GE and the Mark I Owners Group members worked together to develop load
definitions and structural acceptance criteria (for the LTP) that were generically
acceptable to the NRC. A partially complete Load Definition Report was issued
by GE in December, 1978. In March, 1979, the initial Load Definition Report (GE
Topical Report NEDO-21888, "Mark I Containment Program Load Definition
Report" ) was submitted to the NRC for review. A series of experimental and
analytical programs were conducted by the Mark I Owners Group to provide the
bases for the generic load definition and structural acceptance criteria. The NRC
issued NUREG 0661 (Safety Evaluation Report for the Long Term Program) in
July, 1980.

This Safety Evaluation Report included Revision 1 of the NRC acceptance criteria
for the Mark I containment LTP. GE subsequently revised and published
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application guides for load definitions in September, 1980 (including revisions to
NEDO-21888 and NEDO-24583). The approved structural acceptance criteria
(NUREG-0661, Appendix A), include 27 different load combinations for which the
entire torus, vent system, torus internals, and attached piping must be analyzed.
BFN unique analyses have been completed and associated modifications to the
torus and related structures, systems, and components have been installed.
These modifications meet the requirements of NUREG-0661.

In addition, a plant-unique main steam relief valve (MSRV) discharge test has
been performed as part of the BFNP unique analysis, as requested by the NRC in
NUREG-0661. This test confirmed the methods used to calculate containment
loads from the various MSRV discharge cases. These tests were performed after
all torus modifications significantly affecting measured torus motion effects were
in their final configuration.

The final configuration of torus integrity modifications is described in the Browns
Ferry Nuclear Plant Torus Integrity Long Term Program Plant Unique Analysis
Report (submitted to NRC in January 1984).

The operation of the units in their partially modified state has been evaluated.
The modifications improve the margin of safety of the torus.

5.2.3.4 Penetrations

5.2.3.4.1 General

In order to maintain designed containment integrity, containment penetrations
have the following design characteristics:

a. They are capable of withstanding the peak transient pressure which could
occur due to the postulated rupture of any pipe inside the drywell.

b. They are capable of withstanding the forces caused by impingement of the
fluid from the rupture of the largest local pipe or connection without failure.

c. They are capable of accommodating the thermal and mechanical stresses
which may be encountered during all modes of operation without failure.

The number and size of these penetrations are shown in Table 5.2-2.
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5.2.3.4.2 Pi e Penetrations

Four types of pipe penetrations are utilized as required by stress conditions.
Type A is used where stress levels would exceed the allowable design limits if a
bellows were not used. The design permits leak-testing of the bellows during
plant operation. Type B is used where stress levels would not exceed the
allowable design limits ifa bellows were not used. These types of penetrations
are illustrated in Figure 5.2-3. Where stress levels are within the allowable
design limits without the Use of Types A or B, the penetration assemblies
illustrated in Figures 5.2-4 or 5.2-4a are suitable.

The piping penetrations for which movement provisions are made are the high
temperature lines such as the steam lines and other reactor system lines. The
penetration sleeve passes through the concrete and is welded in the primary
containment vessel. The process line that passes through the penetration is free
to move axially, and a bellows expansion joint is provided to accommodate the
movement. A guard pipe immediately surrounds the process line and is designed
to protect the bellows and maintain the penetration seal should the process line
fail within the penetration. Insulation and air gaps are provided to reduce thermal
stress.

If necessary, these lines are anchored outside the containment to limit the
movement of the line relative to the containment. The bellows accommodates the
relative movement between the pipe and the containment shell. This design is
utilized to assure reasonable integrity of the flexing penetration during plant
operation.

The steam line, as it passes through the drywell containment vessel and the
concrete biological shield, is enclosed in a guard pipe that is attached to the main
steam line through a multiple head fitting. This fitting is a one-piece forging with
integral flues or nozzles and is designed to meet all requirements of the ASME
Boiler and Pressure Vessel Code, Section III. The forging is radiographed and
ultrasonically tested as specified by this code. The guard pipe and fittings are
designed to the same pressure requirements as the steam line. The steam line
penetration sleeve is welded to the drywell and extends through the biological
shield, where it is welded to a bellows which, in turn, is welded to the guard pipe.
The bellows assembly accommodates the relative thermal expansion of the steam
pipe and drywell. The steam pipe is guided through pipe supports at each end of
the penetration assembly to allow steam pipe movement parallel to the
penetration and to limit pipe reactions of the penetration to allowable stress
levels. Two isolation valves are provided.
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The external valve is located as close to the drywell penetration sleeve as
practical, and the inside valve is located downstream of the reactor vessel main
steam relief valves.

The design of the penetration takes into account the simultaneous stresses
associated with normal thermal expansion, live and dead loads, seismic loads,
and loads associated with a loss-of-coolant accident within the drywell. For
failure of the steam pipe taken at random, the design takes into account the
loadings given above in addition to the jet force loadings resulting from the
failure. For these conditions, the resultant stresses in the pipe and penetration
components do not exceed the code allowable design stress.

The cold piping and ventilation duct penetrations are welded directly to the
sleeves. (See Figure 5.2-4.) Bellows and guard pipes are not necessary in this
design, since the thermal stresses are small and are accounted for in the design
of the weld joints. Small, low-pressure lines which do not connect to the reactor
system are run through larger pipes sealed by welded end plates. The plates are
drilled, tapped, and equipped with compression fittings. (See Figure 5.2-4a.)
Connections are provided for leak testing of this type penetration.

5.2.3 4.3 Electrical Penetration

The electrical penetrations include electrical power, signal and instrument leads.
A typical penetration is shown in Figure 5.2-5. The penetration assembly
consists of header plates welded into the assembly at each end to form a double
pressure barrier.

The electrical conductors are hermetically sealed into the header plates with
insulating material to form a leak tight configuration which is leak tested after
installation and provides a means for periodic testing. The penetration assembly
is welded to the containment nozzle by a single weld ring.

5.2.3 4.4 TIP Penetrations

TIP guide tubes pass from the Reactor Building through the primary containment.
The insertion guide tubes pass through double 0-ring sealed, flanged
penetrations on the primary containment. The guide tubes are connected in the
flanged penetration by means of brazing, which meets the requirements of the
ASME Boiler and Pressure Vessel Code, Section Vill. These seals would also
meet the intent of Section lll of the code, even though the code has no provisions
for qualifying the procedures or performances. The flanged TIP penetrations are
bolted to flanged nozzles which are welded to the primary containment.
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5.2.3.4.5 Personnel and E ui ment Access Locks

One personnel access lock is provided for access to the drywell. The lock has
two gasketed doors in series, and the doors are designed and constructed to
withstand the drywell design pressure. The doors are mechanically interlocked to
ensure that at least one door is locked at all times when primary containment is
required. The locking mechanisms will hold the doors tight against the seals, and
door design will ensure a tight seal when the doors are subjected to design
accident pressure. The space between the air-lock doors can be pressurized to
test for leakage through the door seals.

An access hatch with double testable seals is provided on the drywell head. This
hatch is bolted in place.

Two 12-foot diameter equipment access hatches with double, testable seals are
also provided. These hatches are bolted in place. One 2-foot diameter CRD
removal hatch with double, testable seals is provided. The hatch is bolted in
place.

5.2.3.4.6 Access to the Pressure Su ression Chamber

Access to the pressure suppression chamber is provided at three locations from
the Reactor Building. There are two 4-foot diameter and one about 3 1/2-foot
diameter hatches with double testable seals and bolted covers. The access
hatches will be bolted closed when primary containment is required and will be
opened only when the primary coolant temperature is s 212'F and the pressure
suppression system is not required to be operational.

5.2.3.4.7 Access for Refuelin 0 erations

The top portion of the drywell vessel is removed during refueling operations. The
head is held in place by bolts and is sealed with a double seal arrangement. The
head is bolted closed when primary containment is required, and will be opened

!only when the primary coolant temperature is ~ 212'F and the pressure
suppression system is not required to be operational.

The double seal on the head flange provides a method for determining the leak
tightness after the drywell head has been replaced.

5.2-13



BFN-17

5.2.3.5 Isolation Valves

The criteria governing isolation valves for the various categories of penetrations
are as follows. (See Subsection 7.3, "Primary Containment and Reactor Vessel
Isolation Control System".)

Pipes or ducts which penetrate the primary containment and which connect
to the reactor primary system, or are open to the drywell free air space, are
provided with at le'ast two isolation valves in series.

Excluding check valves and closed manual valves; valves in this category
are designed to close automatically from selected signals and shall be
capable of remote-manual actuation from the control room. (See Table
5.2-2.)

The two valves are physically separated. On lines connecting to the
reactor primary system, one valve is located inside the primary
containment and the second outside the primary containment as close to
the primary containment wall as practical.

Lines that penetrate the primary containment, and which neither connect to
the reactor primary system nor are open into the primary containment, are
provided with at least one valve which may be located outside the primary
containment. Valves in this category are capable of manual actuation from
the control room.

Motive power for the valves on process lines which require two valves are
physically independent sources to provide a high probability that no single
accidental event could interrupt motive power to both closure devices.
Loss of power to each electrical division is detected and annunciated.

For design basis breaks in a main steam line downstream of the outboard
main steam isolation valve, isolation valve closure time is such that the
valve will be closed prior to the start of uncovering the fuel.

Valves, sensors, and other automatic devices essential to the isolation of
the containment are provided with means to periodically test the functional
performance of the equipment. Such tests include demonstration of proper
working conditions, correct setpoint of sensors, proper speed of
responses, and operability of fail-safe features.

The control circuits for the isolation valves are designed so as to prevent
the valves from automatically reopening when primary containment
isolation logic is reset.
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h. The leakage from HWNN Primary Containment Isolation Valves FCV-064-
0221 and FCV-064-0222 is designed, tested, and maintained to ensure the
Control Room and offsite dose limits of 10 CFR 50 and 100 are not
exceeded following a design basis accident.

The following are exceptions to the above isolation valve criteria.

Automatic isolation valves are not provided on the outlet lines from the
pressure suppression chamber to the core spray and RHR pumps. These
lines return to the containment and are required to be open during
postaccident conditions for operation of these systems.

b. No automatic isolation valves are provided on the Control Rod Drive
Hydraulic System lines. These lines are isolated by means of the normally
closed hydraulic system control valves located in the Reactor Building, and
by means of check valves comprising a part of the drive mechanisms.

c. TIP isolation valves and small diameter instrument lines.

Automatic isolation signals are not provided to the two isolation valves for
the HWWV. These valves are closed during all design basis
accidents/events. Both valves will be maintained closed by separate
remote key-locked permissive control switches in the Main Control Room
to prevent power from being supplied to the solenoid valves which serve
the valve operators. They fail closed on loss of electrical power and/or
pneumatic supply. These valves are only opened for surveillance or to
operate the HWWV (purposely violating primary containment) to preserve
the structural integrity of the torus.

Table 5.2-2 is a listing of the principal isolation valves. The table indicates the
number and service of the valves, the motive power which actuates the valve, and
the closure time of the valve.

The main steam lines have air-powered valves. Studies have shown this
arrangement to have a high reliabilitywith respect to functional performance.
These valves are closed automatically by the signals indicated in Table 5.2-2.
(See Subsection 4.6, "IVlain Steam line Isolation Valves.")

Influent lines, such as the feedwater lines which connect to the reactor vessel,
have one check valve inside and one check valve or motor-operated isolation
valve outside the primary containment. An AC operator is chosen for the
motor-operated valves, since the motor is simpler in construction and is assessed
as having higher overall reliability than a DC motor for the same service. The
check valves close automatically by reverse flow through the pipe.
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TIP System guide tubes are provided with an isolation valve which closes
automatically upon receipt of proper signal and after the TIP cable and fission
chamber have been retracted.. Manual operator intervention to reset the insertion
logic for the TIP system is required in the event a Group 8 isolation signal causes
the TIP ball valves to isolate upon withdrawal of the probe. This feature ensures
containment integrity is maintained in the event of design basis accident. In
series with this isolation valve, an additional, or back-up, isolation shear valve is
included. Both valves are located outside the drywell. The function of the shear
valve is to assure integrity of the containment even in the unlikely event that the
present isolation valve should fail to close or the chamber drive cable should fail
to retract, if it should be extended in the guide tube during the time that
containment isolation is required. This valve is designed to shear the cable and
seal the guide tube, if necessary, upon a manual actuation signal. Valve position
(full open or full closed) of the automatic closing valves is indicated in the control
room. Closing of the shear valves will be performed by operator action from the
control room. Each shear valve will be operated independently. The valve is an
explosive-type valve, DC operated, with monitoring of each actuating circuit
provided.

In the event of a containment isolation signal, the TIP System receives a
command to retract the traveling probes for the five machines. Upon full
retraction, the isolation valves are then closed automatically. If a traveling probe
were jammed in the tube run such that it could not be retracted, this information
would be supplied to the operator who would, in turn, investigate the situation to
determine if the shear valve should be operated.

Lines such as the closed cooling water lines, which neither connect to the reactor
primary system nor are open into the primary containment, are provided with at
least one remotely operable valve located outside the primary containment, or a
check valve on the influent line outside the containment.

Instrumentation piping connecting to the reactor primary system which leaves the
primary containment is dead ended at instruments located in the Reactor Building
except for the reactor recirculation sample line for the PASS (see Section 10.21).
These lines are provided with manual isolation valves and an excess flowcheck
valve. The reactor recirculation sample line for the PASS is taken from a jet
pump instrument line downstream of the excess flow check valve with integral
restricting orifice. This small (1/2-inch, schedule 80) line is normally isolated near
the tie-in point on the jet pump instrument line by a remote manual solenoid valve
controlled from the main control room. This solenoid valve would only be open
during periodic testing of the PASS or during PASS sampling operations, post-
accident, when the reactor is at high pressures. For large break LOCA's where
reactor vessel pressure may not be sufficient to provide sufficient head to obtain
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a sample from this tie-in, the PASS connection on the RHR system (see Section
10.21) would be used. Although not performing a strict containment isolation
function, this solenoid valve will be local leak rate tested since the sample line
can communicate with the environment through the PASS sample panel located
in the turbine building.

Instrumentation piping, which opens into the drywell and suppression chamber
and whose external branches terminate in dead end service and are capable of
withstanding drywell design conditions, utilize one locally operated block valve.

The Containment Atmospheric Dilution inlet lines to the drywell and suppression
chamber contain a solenoid operated valve and a check valve. Both valves are
located outside primary containment.

All isolation valves (except nontestable check valves, Units 2 and 3 RHR/LPCI
System I and System II inboard isolation testable check valves and H>O~ CAM
sampling isolation valves) are provided with limit switches which are used to
indicate in the control room that the valves are either open or closed. For the
isolation valves in the sampling and sample return lines in the H~O> CAM System,
the valve position is identified in the control room by indication of energization of
the solenoid valves.

All power actuated isolation valves are capable of being actuated from the control
room. The ECCS inboard isolation check valves can only be actuated during cold
shutdown (IVlODE4 or MODE 5) when control air is connected. I

5.2.3.6. Prima Containment Ventin and Vacuum Relief
Fi ures5.2-2a-Sheets1 2 and 3

The drywell is maintained at approximately 1.3 psid by the delta-P compressor
and the suppression pool is maintained slightly above atmospheric during normal
plant operation in order to ensure that containment pressures are maintained
within design limits. The containment is periodically vented to eliminate pressure
fluctuations caused by temperature changes during various operating modes.
This is accomplished through vent connections which normally discharge to the
SBGT system. When the reactor is at a temperature greater than 212'F (Modes
1, 2, or 3) the inboard vent valves are normally open and the outboard vent valve
is normally closed. The suppression chamber is vented separately to SBGT.

The purge valves leading to ductwork on Units 1, 2, and 3 are designed to isolate
within 2.5 seconds to allow purging during operation, as limited by the technical
specifications. (See FSAR, paragraph 5.3.3.6.3) The closure time for valve
76-24 is equal to or less than five seconds. This valve is in a hard-piped system,
and a five-second closure time meets NRC Branch Technical Position CSB 6-4.
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Protective screens have been installed before the first isolation valve outside
primary containment in the containment purge piping to comply with CSB 6-4, to
protect the valves from debris which might affect isolation.

Automatic vacuum relief devices are used to prevent the primary containment
from exceeding the external design pressure. The drywell vacuum relief valves
draw air from the pressure suppression chamber. The pressure suppression
chamber vacuum relief device draws air from the Reactor Building.

The pressure suppression chamber vacuum relief system consists of two vacuum
breakers in series in each of two lines to atmosphere. One valve is air-operated
and is actuated by a differential pressure signal; upon loss of electrical power or
air, the valve willfail in the open position. The second valve is self-actuating.
The combined pressure drop at rated flow through both valves does not exceed
the difference between suppression chamber design external pressure and
maximum atmospheric pressure.

The force required to open each self-actuating vacuum breaker is periodically
determined in accordance with Technical Specification 3.6.1.5 surveillance
requirements. A visual inspection of the self-actuating vacuum breakers is also
performed as part of the surveillance procedure.

The drywell vacuum breakers, which connect the suppression chamber and
drywell, are sized on the basis of the Bodega Bay pressure suppression system
tests." The vacuum breaker flow area is proportional to the flow area of the vents
connecting the drywell and suppression pool. Their chief purpose is to prevent
excessive water level increase in that portion of the vent discharge lines that is
submerged in suppression pool water, which results in a pressure differential
across the vent pipe. The Bodega Bay tests regarding vacuum breaker sizing
were conducted by simulating a small system rupture, which tended to cause vent
water level variation, as a preliminary step in the large rupture test sequence.
The vacuum breaker capacity (twelve 18-inch valves) selected on this test basis
is more than adequate to limit the pressure differential between the suppression
chamber and drywell during postaccident drywell cooling operations to a value
which is within suppression system design values.

The drywell vacuum breaker valves FCV-64-28A through 28M, are located in the
pressure suppression chamber and use silicone rubber as the seat material.
These valves function to prevent steam from bypassing the pressure suppression
chamber, thus they assure pressure suppression. The silicone valve seats are

1 Bodega Bay Preliminary Hazards Summary Report, Appendix 1, Docket 50-205, December 28,
1962
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functional for the temperature and exposure dose for several hours. The material
approaches its radiation damage limit at 10 rad after several hours; however, by
this time the valves have performed their function of assuring pressure
suppression.

5.2.3.7 Prima Containment Normal Heatin Ventilation and
Air Conditionin S stems

Maintaining each drywall average ambient temperature s 150'F during normal
plant operation assures that the insulation on motors, isolation valves, operators
and sensors, instrument cable, electrical cable and gasket materials or sealants
used at the penetrations has a sustained life without deterioration.

Each drywell is cooled during normal operation of the unit by a closed loop
ventilation system designed to hold the average temperature in the drywell to
( 150'F. (See Subsection 10.6, "Reactor Building Closed Cooling Water
System".) The atmosphere is circulated in the drywell by ten fans assembled in
two groups of five, with one spare in each group. Each fan has an individual
cooling coil associated with it. Water from the Reactor Building Closed Cooling
Water system is employed to remove heat from the coolers.

The drywell blowers and Reactor Building Closed Cooling Water System
(RBCCWS) are kept in service upon sustained loss of offsite power. This serves
to prevent high drywell temperatures and associated equipment damage in units
that have not sustained a loss-of-coolant accident (LOCA). Continued operation
of the RBCCWS is desirable because this system provides the preferred method
of cooling the drywell; however, the RBCCWS is not essential to safety. In the
event of failure of the RBCCWS and drywell blowers such that the drywell
temperature in non-LOCA units could exceed the design value, the operator has
sufficient time to manually initiate drywell cooling using torus water, the RHR
pumps, and containment spray headers.

The loss of offsite power leads to the conservative estimates of drywell
temperature and pressure shown in Figure 5.2-5b for the short term transients in
the drywell. Emergency power reactivates the cooling which immediately
terminates the temperature and pressure rises.

Separate fans located outside the drywell are used to purge the drywell prior to
entering this area for maintenance work. (See Subsection 5.3, "Secondary
Containment System.") The Primary Containment Ventilation System is shown in
Figures 5.2-2a - Sheets 1, 2, and 3.
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5.2.3.8 Containment Inertin S stem

Following each startup (within 24-hours after thermal power is ) 15% rated
thermal power), the primary containment is purged of air with pure nitrogen until
the atmosphere contains less than 4 percent oxygen. The Containment lnerting
System is used during the initial purging of the primary containment and provides
a supply of makeup nitrogen. The system consists of a liquid nitrogen storage
tank, a purge vaporizer, a makeup vaporizer, pressure-reducing valves and
controllers, and instrumentation, valves, and piping as shown in Figures 5.2-6a
sheets 2 and 5. I

Nitrogen is supplied from the common onsite storage tank through the common
purge vaporizer or makeup vaporizer where the liquid nitrogen is converted to the
gaseous state. The gaseous nitrogen then flows through the purge or makeup
pressure-reducing valves and flow meters into each containment pressure
suppression chamber or drywell, where it mixes with the air. A safety valve in the
nitrogen supply system prevents overpressurization of the containment.

The purge supply piping is configured such that it is possible to establish a large
bypass path from the drywell to the pressure suppression chamber. If this path is
established, then the pressure suppression function of the primary containment
could be compromised. Administrative controls prevent the simultaneous purging
or inerting of the drywell and the pressure suppression chamber except when the
unit is at cold shutdown (MODE 4 or MODE 5).

The drywell ventilation blowers are normally operated during the purge operation
to maximize mixing of the nitrogen and air. Gases purged from the containment
are vented either through the Reactor Building Ventilation System (containment
purge) or the Standby Gas Treatment System.

The Reactor Building exhaust route will be used for radioactivity releases of low
concentration. When releasing drywell atmosphere through the building exhaust,
the radioactivity release is filtered by both HEPA and charcoal adsorbers,
monitored, and recorded by the plant ventilation exhaust radiation monitoring
system (FSAR paragraph 7.12.6). Radioactivity in the exhaust would also be
detected by the Reactor Building Ventilation Radiation Monitoring System (FSAR
paragraph 7.12.5). High radioactivity would result in primary and secondary
containment isolation and automatic startup of the Standby Gas Treatment
System. The stack exhaust route will result in the effluent being processed by the
HEPA filters and charcoal adsorbers in the Standby Gas Treatment System. The
processed stream is then monitored by the main stack radiation system (FSAR
paragraph 7.12.3) and released through the plant stack.

5.2-20



Purging continues until the oxygen content of the containment atmosphere is less
than 4 percent as measured by the oxygen analyzer (Figures 5.2-6a sheets 2 and
5). This takes approximately 4 hours and requires 3 to 5 containment
atmosphere volumetric changes.

The inerting system also continues to supply makeup gas, required by
temperature changes and leakage, during planned operations. The primary
containment is held at a slight positive pressure by the inerting system as a
means of leak-rate monitoring. The atmosphere is monitored and results are
recorded in the Main Control Room. Both the purge and makeup operations of
the inerting system are controlled from the control room. A high oxygen
concentration alarm is located in the control room.

5.2.3.9 D ell-Pressure Su ression Chamber Pressure Differential S stem

Each unit has a system to maintain a controlled pressure differential between the
drywell and the pressure suppression chamber. This system consists of a
compressor connected into the primary containment purge line to form a loop
connecting the drywell and the pressure suppression chamber. Nitrogen is
pumped from the pressure suppression chamber to the drywell to create the
pressure differential. The compressor is an Ingersoll-Rand, nonlubricated type
capable of providing 136 SCFM at a maximum discharge pressure of 125 psig.
Details of the connections into the primary containment purge line showing the
associated isolation valves and location of the compressor within the system are
shown on Figures 5.3-3c and 5.3-3d.

The system is set to establish an operating pressure difference between the
drywell and the pressure suppression chamber in the range of 1.1 to 1.35 psi,
with the drywell at the higher pressure. Pressure differential control is operated
by either of two independent channels. A 0-2 psid pressure transmitter provides
the determination of system pressure differential. Water level control within the
pressure suppression chamber is also conducted with either of two transmitters
and indicators.

The system is not a safety system and therefore is automatically isolated in the
event of a LOCA. The purpose of the drywell-pressure suppression chamber
pressure differential system is to reduce the thermo-hydrodynamic loads imposed
on the pressure suppression chamber during a blowdown following a LOCA.
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5.2.4 Safet Evaluation

BFN-1 7

5.2.4.1 General

The primary containment and its associated safeguards systems are designed to
accomplish four principal functions, namely:

a. To accommodate the transient pressures and temperatures associated
with the equipment failures within the containment,

b. To accommodate and mitigate the effects of potential metal-water reaction
subsequent to postulated accidents involving loss of coolant,

c. To provide a high integrity barrier against leakage of any fission products
associated with these equipment failures, and

d. To provide containment protection against damaging effects of missiles.

These factors are considered in the following evaluation of the integrated Primary
Containment System.

5.2.4.2 Prima Containment Characteristics Durin Reactor Blowdown

In order to establish a design basis for the pressure suppression containment
with regard to pressure rating and steam condensing capability, the maximum
rupture size of the reactor primary system must be defined. For this design, an
instantaneous, circumferential rupture of one 28-inch recirculation line has been
selected as a basis for determining the maximum gross drywell pressure and the
condensing capability of the pressure suppression system. The selection of an
equipment failure of this size for the design basis is entirely arbitrary, since
circumferential failure of a recirculation pipe is considered to be of such low
probability as to be considered incredible. Nevertheless, for design purposes
these failure conditions have been selected to establish the containment
parameters, but the failure modes and the magnitude of failures are assessed as
being incredible.

The design pressure is established on the basis of the Bodega Bay pressure
suppression tests. The design pressure is primarily a function of the postulated
rupture area, the drywell to suppression chamber vent area and configuration,
vent submergence below the water level in the suppression pool, and the final
equilibrium pressure in the pressure suppression chamber.

In establishing the containment design, circumferential pipe ruptures are
assumed with sufficient distance separation to allow full potential flowfrom each
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end of the pipe. For pre-uprate conditions, normal pipeline flow losses are not
considered in establishing rupture flow rates.

The containment design parameters listed in Table 5.2-1 are concerned primarily
with the effects on the primary containment caused by the blowdown immediately
following the postulated double-ended rupture of the recirculation piping.

The parameters having the greatest effect on drywell design pressure are the
ratio of pipe break area td total vent area, the vent submergence below the water
level in the suppression pool, initial system pressure, and the equilibrium
pressure in the pressure suppression chamber before the p'ostulated rupture.

Sufficient water is provided in the suppression pool to accommodate the initial
energy which can be transiently released into the drywell from the postulated pipe
failure. The suppression chamber is sized to contain this water, plus the water
displaced from the reactor primary system together with the free air initially
contained in the drywell.

The difference in the key parameters is either in the conservative direction or
results in second order effects on the peak pressure, leading to the conclusion
that the design will result in significantly lower pressure peaks than those
measured.

The primary containment response analysis to the design basis loss-of-coolant
accident is presented in Section 14.0, "Plant Safety Analysis."

The break area assumed (for the purpose of calculating the containment peak
transient pressure and establishing the break vent area ratio) was 4.2 ft'. This is
equivalent to the total area of 10 jet pump injection nozzles, and the recirculation
suction line in the broken loop. This area gives a break-to-vent area ratio which
is within the range tested during the Bodega Bay series of pressure suppression
tests. In calculating the peak pressures for pre-uprate conditions, no credit has
been taken for pipe friction, the pump, and flow nozzle which will significantly
reduce the flow. Under all operating conditions (Units 1 and 2 only), one valve in
the equalizing line between the two reactor recirculation pump discharge pipes
shall be open and the other valve shall be closed. The Unit 3 reactor
recirculation equalizing line and associated valves have been removed.

5.2.4.3 Prima Containment Characteristics after Reactor Blowdown

After the blowdown of the primary coolant into the drywell immediately following
the recirculation line break, the temperature of the suppression chamber water
approaches 135'F (pre-uprated) or 140'F (uprated) and the maximum primary
containment system pressure is 49.6 psig (pre-uprated) or 50.6 psig (uprated).

5.2-23



BFN-17

Most of the noncondensable gases would be transported to the suppression
chamber during the blowdown. However, soon after initiation of the drywell
spray, they would redistribute between the drywell and suppression chamber via
the vacuum breaker system as the spray reduces drywell pressure.

Redundant drywell instrumentation is provided in the control room for the
operator. Drywell temperatures are printed out, and the readings of any two
separated sensors can be used to determine the temperature of the drywell
atmosphere to alleviate the problem of local variations. High drywell temperature
(160'F, Process Limit) is annunciated in the control room. Drywell pressure is
indicated and recorded in the control room and torus pressure (about 2 psi lower
reading, but considered redundant indication) is indicated in the control room.
High drywell pressure (20 PSIG, Nominal Setpoint) is annunciated in the control
room. Annunciation is also provided ifeither of two criteria is exceeded: (1) high
drywell pressure (35 PSIG, Process Limit), or (2) high drywell pressure (2.5 PSIG,
Process Limit) exists for approximately 30 minutes coincident with high drywell
temperature (281'F, Process Limit). This information is provided to the operator,
through both indication and alarm, for manual initiation of containment spray in
accordance with the emergency operating instructions. Therefore, the
containment temperature will be limited to its design value for all loss of coolant
accidents.

The Unit 2 and Unit 3 Torus Water Level Monitoring Instruments LT-64-1 59A and
LT-64-159B measure torus water level from 2 feet above the bottom of the torus
(below the lowest ECCS suction) to 5 feet above normal level. The torus level
monitors are to be used to supply information to the operator for use in
determining the nature of an accident and for better understanding of
postaccident conditions for Unit 2 and Unit 3.

The Core Spray System removes the decay heat and stored heat from the core,
thereby minimizing core heatup and any metal-water reaction. The core heat
would be removed from the reactor vessel through the broken recirculation line in
the form of hot liquid. This hot liquid would combine with liquid from the drywell
spray and flow into the suppression chamber via the drywell to suppression
chamber connecting vents.

Steam flowwould be negligible. The energy transported to the suppression
chamber water would be removed from the primary containment system by the
RHR system heat exchangers in the containment cooling mode.

In order to assess the primary containment response (pre-uprated) after the
blowdown and to demonstrate the adequacy and redundancy of the core and
containment spray cooling systems, an analysis has been made of the
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recirculation line break under various conditions of core and primary containment
cooling. The long-term pressure and temperature response of the primary
containment has been analyzed for the following cooling conditions:

a. One reactor core spray loop and 2 RHRS loops with 4 RHRS pumps, 4
heat exchangers and 4 RHR service water pumps-with containment spray,

b. One reactor core spray loop and 2 RHRS loops with 1 RHRS pump, 1 heat
exchanger and 1 RHR service water pump per loop-with containment
spray, and l

c. One reactor core spray loop and 1 RHRS loop with 2 RHRS pumps, 2 heat
exchangers and 2 RHR service water pumps-with containment spray.

In order to assess the primary containment response (uprated) after the
blowdown, an analysis was performed for the recirculation line break. The long-
term pressure and temperature response of the primary containment has been
analyzed for the following cooling conditions:

One reactor core spray loop and one RHRS loop with two RHRS pumps, two heat
exchangers, and two RHR service water pumps —with containment spray.

The results of these analyses are presented in Chapter 14.0, "Plant Safety
Analysis."

5.2.4.4 Prima Containment Ca abilit

The pressure of the primary containment system depends on both the system
temperatures and the amount of noncondensable gases. Thus, the capability of
the system to house resulting gases from metal-water reaction varies with the rate
and extent of the reaction.

Capability is defined as the maximum percent of fuel channels and fuel cladding
material which can enter into a metal-water reaction during a specified duration
without the design pressure of the containment structure being exceeded. The
analysis of the postulated loss-of-coolant accident, discussed in Section 14.0 and
Section 6.0, shows that the operation of either of the two Core Spray Systems will
maintain continuity of core cooling such that the extent of the resultant metal-
water reaction would be less than 0.1 percent. However, to evaluate the
containment system design capability, various percentages of metal-water
reaction were assumed to take place over various durations of time. This
analysis presents an arbitrary method of measuring system capability without
requiring prediction of the detailed events in a particular accident condition. The
results are presented in Section 14.0.
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5.24.5 Prima Containment Leaka e Anal sis

The primary containment for each unit is constructed in such a manner that it can
be verified initiallythat, at the maximum pressure resulting from the design basis
accident, the leakage rate is not in excess of 2.0 percent per day of the free
volume of the primary containment (L,). Two tests were performed. The initial
test was performed at a reduced pressure of 25 psig (P<) to determine the leakage
rate (L< ). The second t0st was performed at 49.6 psig (P,) to measure the
leakage rate (L, ). The leakage characteristics yielded by measurements L, and
L, were used to establish the maximum allowable reduced pressure leakage rate
(L<). To verify primary containment integrity throughout the service life of the unit,
periodic leakage rate tests will be performed. Details of the leakage rate tests
are provided in the Primary Containment Leakage Rate Testing Program as
referenced by Technical Specification, Section 5.5.12.

5.2.4.6 Missile and Pi e Whi Prevention

In the design of the primary containment and of the components therein, special
consideration has been given to missile and pipe whip prevention under the
assumed accident conditions. The following summarizes the pertinent design
considerations.

The containment penetrations and isolation valves are protected from pipe whip
by anchors located at or near the isolation valves.

Large pipes that penetrate the containment are designed so that, ifnecessary,
they have anchors or limitstops located outside the containment to limit the
movement of the pipe. These stops are designed to withstand the jet forces
associated with the postulated break of the pipe and thus maintain the integrity of
the containment.

The space between the containment vessel and the concrete is controlled, so that
in areas which are not backed up by concrete and are subjected to jet forces the
integrity of the containment will not be violated. Concrete backing is not
available for the vent openings to the suppression chamber and jet deflectors are
put across these openings for jet protection.

The quality control of the fabrication of the pipe, the inspection of the pipe, and
the conservative design of the pipe is given a high degree of attention. This
approach to prevent pipe failure is substantiated by the long history in the utility
industry, during which time no such circumferential pipe failures have been
recorded for the piping materials to be used for this plant.
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lfa pipe leak should occur, means for detecting even small leaks are available in
the design so that proper action could be taken before they could develop into an
appreciable break. Therefore, based upon the conservative piping design
utilizing proven engineering design practice, the proper choice of piping
materials, the use of conservative quality control standards and procedures for
piping fabrication and installation, and extensive studies of modes of pipe failure,
it is concluded that pipes will not break in such a manner as to bring about
movement of the pipes sufficient to damage the primary containment vessel.
Nevertheless, the recirculation lines within the primary containment are provided
with a system of pipe restraints designed to limit excessive motion associated
with pipe split or circumferential break. The design utilizes a number of supports
and limit stops which permit thermal expansion of the pipe. Both types of breaks,
the circumferential break or the longitudinal split, are considered in the support
and limit stop arrangement.

Even though the emphasis has been placed on the prevention of the occurrence
of a pipe whip, special care is also taken in component arrangements to see that
equipment associated with Engineered Safety Systems, such as the core spray
and the LPCI, are segregated in such a manner that the failure of one cannot
cause the failure of the other. Both core spray lines enter the upper cylindrical
portion of the drywell and are connected to the pressure vessel nozzles in an
arrangement that precludes whip in one line from affecting the other line. In
addition, the arrangement prevents whip of one recirculation line from affecting
both core spray lines. Each LPCI injection loop injects coolant through separate
portions of the recirculation system 180'part. Each containment spray header
and support structure is designed to withstand a load equivalent to the jet forces
associated with a break of the largest pipe within the drywell. The containment
spray headers are physically separated by 25 feet. With the exception of the
incore monitoring detectors, sensors associated with the Reactor Protection
System, including the drywell pressure detectors, are located external to the
drywell and concrete structure, and are thus protected; however, the incore
monitoring detectors are physically separated in the drywell, as are the sensing
lines to the other aforementioned instruments. The redundant channels of
reactor level and pressure sensing lines are located in the cylindrical section of
the drywell 180'part for maximum physical separation. The redundant channels
of sensing lines are physically separated to the maximum possible extent and exit
the drywell approximately 180'part. Additionally, the control rod drive
mechanisms are located in a concrete vault that provides protection.

In addition, the energy-absorbing material is added to the interior of the drywell
surface to the maximum possible extent, in those areas potentially subject to
damage from a circumferential break at a weld joint in mainsteam, feedwater, and
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RHR piping, and limited only by existing installation. The extent of this coverage
is shown in Figure 5.2-6e.

The energy-absorbing system absorbs the initial impact of the pipe section and
distributes the force over a portion of the primary containment shell and biological
shield wall concrete. The material is manufactured by the H. H. Robertson
Company and is modified type "DFK'idingwith 1/4-inch steel plate spot welded
to each face. This composite material has been referred to as "Tornado Siding."
The panel protection capability was tested by a dynamic method of striking the
panels with a wood plank (4-inches x 12-inches at 105 Ib), measuring its velocity
at impact, and calculating the average energy absorption capacity. This total
average energy was calculated to be 930,000 ft-Ib/sq ft. Therefore, this siding is
capable of absorbing approximately 1 x 10't-Ib of kinetic energy/ft'.

The siding (24-inches x 24-inches panels) is attached to (1/2-inch studs, welded)
the steel containment pressure vessel. The use of small panels permits the
material to follow the contour of the vessel. The material, or the design intent of
this method of attachment, should not restrict access to piping welds or
component welds for inservice inspection. The energy-absorbing system has a
negligible effect on the free containment volume and no effect on the accident
analysis.

Although it has been concluded that, with the application of conservative piping
design and proven engineering practices, pipes will not break in such a manner
as to bring about movement of pipes sufficient to damage the primary
containment vessel, the design of the containment and piping systems does
consider the possibility of missiles being generated from the failure of flanged
joints, such as valve bonnets, valve stems, and recirculation pumps, and from
instrumentation such as thermowells. The design philosophy is that there be no
missiles which will penetrate the containment. This is accomplished in practice
through the specific design of the containment and contained systems, which
takes into account the potential for generation of missiles and minimizes the
possibility of containment violation. In considering potential missile sources of
this nature, none have been found against which further design action is required.

The most positive manner to achieve missile prevention is through basic
equipment arrangement such that, iffailure should occur, the direction of flightof
the missile is away from the containment vessel. The arrangement of plant
components takes this possibility into account even though such missiles may not
have enough energy to penetrate the containment.

Analyses have led to the conclusion that if instruments, ejected thermowells, etc.,
should become missiles, they would not have sufficient energy to penetrate the
containment. It has also been concluded that large, massive rotating
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components, such as the reactor recirculating pump motors, would not have
sufficient energy to move this mass to the containment wall.

The coolant flow from a double-ended break of the recirculation piping could
cause a recirculation pump and motor to overspeed. Due to this overspeed
possibility, a study was conducted by General Electric to assess the missile
possibilities that could result from pipe breaks at various locations. The results of
this study have been submitted to the AEC by General Electric in Licensing
Topical Report NEDO-10677, Analysis of Recirculation Pump Overspeed in a
Typical General Electric Boiling Water Reactor (October 1972). This report
recommends the installation of a decoupling device between the pump and motor
to prevent destructive motor overspeed. Such a decoupling device has been
installed in Units 1, 2, and 3.

A probability study was initiated by GE to see if additional restraints to maintain
pipe alignment after the pipe break in order to contain the pump missiles were
warranted. This study, "Probabilistic Analysis of the Effects of Missiles Formed in
the Recirculation System Following Postulated Pipe Rupture," has been
submitted as part of Docket No. 50-333 in FSAR Supplement 20 to the James A.
FitzPatrick Nuclear Power Plant license application.

This study concluded that:

The cost would be prohibitive because of construction delays,

The combined probability of a LOCA and damage to the containment from
a recirculation pump missile is sufficiently low to be identified as a Class 9
accident, and, therefore, no specific action to prevent its occurrence is
required,

3. The probability of releasing additional radioactive material is slightly
increased when recirculation pump missiles are considered, but the overall
probability of a radioactive release is still extremely small, and

4. Incorporation of additional restraints would not provide substantially
greater protection for the health and safety of the public, whereas the cost
is disproportionally increased for the concomitant minimal increase in
overall safety.

The assumptions in the analysis and the piping layout inside the containment are
such that this study is conservative for the Browns Ferry Nuclear Plant. Thus,
this probabilistic study is applicable without modifications. A similar study for
missile shields, to protect the containment and piping inside the containment, was
not conducted because it would not differ substantially from this study. It would
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reach the same general conclusions previously reached for additional piping
restraints. Therefore, neitheradditionalrestraintsnormissileshieldsare

'arrantedin the Browns Ferry Nuclear Plant; thus, no additional corrective
measures have been taken beyond adding the decoupling device.

Also, the pump impellers and motor rotors, upon failure, would be contained
within their housings and would not generate missiles. There is the potential for
valve bonnets to become missiles based on the assumption of failure of all
bonnet bolts. This requires instantaneous, clean severance of all bolts, without
any overturning motion. The damage potential is dependent upon the size of the
valve and system in which the valve is located. Therefore, valve arrangement is
important and is taken into consideration in the overall plant design.

In addition to the care with which equipment is oriented with regard to potential
missile generation, special care is taken in component arrangements to see that
equipment associated with Engineered Safety Systems, such as the core spray
and the containment spray, is segregated in such a manner that the failure of one
cannot cause the failure of the other, or that the failure of any component which
would bring about the need for these Engineered Safeguard Systems would not
render the safeguard system inoperable. In addition, each containment spray
header and support structure is designed to withstand a load equivalent to the jet
forces associated with a break of the largest pipe within the drywell. With the
exception of the incore monitoring detectors, sensors associated with the Reactor
Protection System, including the drywell pressure detectors, are located external
to the drywell and concrete structure, and are thus protected. Additionally, the
control rod drive mechanisms are located in a concrete vault that provides
protection. The suppression chamber has no source of internal or external
missile generation, and the vent pipes joining it with the drywell are protected by
the jet deflectors. The vent discharge headers and piping are designed to
withstand the jet reaction force caused by flow discharge into the suppression
pool. Redundant subsections of vital systems are physically separated within the
primary containment to minimize the probability that more than one redundant
subsection could be damaged.

The primary containment vessels are completely enclosed in a reinforced
concrete structure having a thickness of 4 to 6 feet. This concrete structure, in
addition to serving as the basic biological shielding for the reactor system, also
provides a major mechanical barrier for the protection of the containment vessels
and reactor system against potential missiles generated external to the primary
containment, including pipeline failures of the main steam, feedwater, HPCI
steam, RCIC steam, and reactor water cleanup lines.

There are two segmented shield plugs above the drywell, each 3-ft thick, and
separated vertically by 1 inch. The top corner, edges, and bottom corner of the
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plugs are formed by 1/2-inch steel plate anchored by headed concrete anchors.
Each plug is supported along the periphery by a ledge on the drywell concrete
structure. The ledges are formed by the stainless steel plate which lines the
reactor well cavity. Headed concrete anchors are used to anchor the plate at the
ledges.

The segmented, reinforced concrete shield plug above the drywell has been
analyzed for the impact of those missiles which have been postulated to reach
the refueling floor level. These missiles are identified in GE Topical Report GE
APED-5696, "Tornado Protection for the Spent Fuel Storage Pool." November
1968. The method of analysis is that given for structural design for impulsive
loads, Chapter 3, Section IV, Department of the Army Technical Manual, TM
5-855-1, Fundamentals of Protective Design, July 1965.

The analysis shows that the top 3-ft thick plug is capable of resisting the missile
having the greatest impact energy. None of the postulated missiles will penetrate
the top plug to a depth that will cause scabbing of the underside into the 1-inch
gap above the lower plug.

To provide for possible movement as a result of operating and accident loads,
1/2-inch clearance is provided between the shield plugs and the drywell concrete
structure. Frictional forces can be developed at the plug support points on the
steel plate surfaces which form the edges of the plugs and the supporting ledges.
The plugs and the ledges are capable of resisting the forces developed.

5.2.4.7 Penetrations

In order to minimize postaccident containment leakage, the containment
penetrations are designed to withstand the normal environmental conditions
which may prevail during plant operation, and to retain their integrity during the
following postulated accidents.

Pipelines which penetrate the containment shell, and which are capable of
exerting a reaction force due to line thermal expansion or containment movement
which cannot be restrained by the containment shell, are provided with bellows
expansion seals, appropriate guards, limit stops, or anchors as required to
maintain stresses within allowable design limits. These design features are
utilized to ensure integrity of the penetration during plant operation and during
accident conditions.

Pipelines which penetrate the containment where the reactive forces can be
restrained by the containment shell are provided with full strength attachment
welds between the pipe and the containment shell. These penetrations are
designed for long-term integrity without the use of a bellows seal. Electrical
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penetration assemblies require special design consideration to achieve zero
leakage because of the design restriction imposed by creepage characteristics of
electrical insulation.

TIP guide tubes and their penetrations also require special design
considerations, due to the fact that they are the means of passage from the
interior of the reactor vessel to the Reactor Building for the TIP fission chamber
and its electromechanical drive cable. The TIP guide tubes within the RPV are
designed to ASME Boiler and Pressure Vessel Code, Section III. The drywell
penetrations have double-seal testable flange, with the guide tube brazed to the
flange as described in paragraph 5.2.3.4.4.

A personnel access lock is provided with interlocked double doors, so that access
may be made to the containment while the reactor primary system is pressurized.
Double doors are provided to assure that containment integrity is effective while
access is being made.

Equipment access hatches are sealed in place, using flexible double seals or
gaskets to assure leak-tightness. These openings are closed at all times when
containment is required.

The containment shell, electrical penetrations, and piping penetrations are
metallic components (with a ceramic filler, or equivalent, in the electrical
penetrations) that are designed to pressure vessel standards; thus, no
degradation will occur from temperature, pressure, or radiation damage.

Inspection and surveillance provide additional assurance of integrity and
functional performance of the penetrations. or this reason, provisions are made
to leak-test individually all electrical penetrations, the personnel access lock, the
access hatches, and those pipe penetrations having bellows seals. This can be
accomplished without pressurizing the entire containment system. Provisions are
made in the design of the integrated containment system to monitor the gross
leakage of the primary containment as a further indication that all penetrations
are sealed during plant operation. This function is performed by the containment
atmospheric control system, as described in paragraph 5.2.3.8.

5.2.4.8 Isolation Valves

One of the basic purposes of the Primary Containment System is to provide a
minimum of one protective barrier between the reactor core and the
environmental surroundings subsequent to an accident involving failure of the
piping components of the reactor primary system. To fulfillits role as an
insurance barrier, the primary containment is designed to remain intact before,
during, and subsequent to any design basis accident of the process system
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installed either inside or outside the primary containment. The process system
and the primary containment are considered as separate systems, but where
process lines penetrate the containment, the penetration design achieves the
same integrity as the primary containment structure itself. The process line
isolation valves are designed to achieve the containment function inside the
process lines when required.

Since a rupture of a large line penetrating the containment and connecting to the
reactor coolant system may be postulated to take place at the containment
boundary, the isolation valve for that line is required to be located within the
containment. This inboard valve in each line is required to be closed
automatically on various indications of reactor coolant loss. A certain degree of
additional reliability is added ifa second valve, located outboard on the
containment and as close as practical to it, is included. This second valve also
closes automatically if the inboard valve is normally open during reactor
operation. If a failure involves one valve, the second valve is available to
function as the containment barrier. By physically separating the two valves,
there is less likelihood that a failure of one valve would cause a failure of the
second. The two valves in series are provided with independent power sources.

The ability of the steam line penetration and the associated steam line isolation
valves to fulfillthe containment safety design basis (paragraph 5.2.2), under
several postulated single-failure conditions of the steam line, is shown below by
consideration of various assumed steam line break locations.

The failure occurs within the drywell upstream of the inner isolation valve.
Steam from the reactor is released into the drywell and the resulting
sequence is similar to that of a loss-of-coolant accident, except that the
pressure transient is less severe since the blowdown rate is slower. Both
isolation valves close upon receipt of the signal indicating low water level
in the reactor vessel. This action provides two barriers within the steam
pipe passing through the penetration and prevents further flow of steam to
the turbine. Thus, when the two isolation valves close subsequent to this
postulated failure, containment integrity is attained, and the reactor is
effectively isolated from the external environment.

The failure occurs within the drywell and renders the inner isolation valve
inoperable. Again, the reactor steam will blow down into the primary
containment. The outer isolation valve will close upon receipt of the low
water level signal, and the reactor becomes isolated within the primary
containment, as above.

The failure occurs downstream of the inner isolation valve either within the
drywell or within the guard pipe.
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Both isolation valves will close upon receipt of a signal indicating low water
level in the reactor vessel. The guard pipe is designed to accommodate
such a failure without damage to the drywell penetration bellows, and the
design of the pipeline supports protects its welded juncture to the drywell
vessel. Thus, the reactor vessel is isolated within the primary containment
by means of the inner isolation valve, and the primary containment
integrity is maintained by closure of the outer isolation valve. It should be
noted that this condition provides two barriers between the reactor core
and the external environment.

The failure occurs outside the primary containment between the outer
isolation valve and the turbine.

The steam will blow down directly into the pipe tunnel or the Turbine
Building. Steam releases into the tunnel are detected by temperature
sensors. When these sensors detect a high temperature condition in the
steam tunnel, they initiate main steam isolation. This action isolates
the reactor, completes the containment integrity, and places two barriers in
series between the reactor core and the outside environment. Pipe
supports prevent containment damage. The offsite consequences of this
failure are presented in the accident analysis as discussed in Section 14.0,
"Plant Safety Analysis."

It should be noted also that the turbine stop valves, located in the steam lines just
ahead of the turbine, will provide a backup containment barrier, in addition to the
outer isolation valves, for such breaks as a, b, and c as discussed above.

The exceptions to the arrangement of isolation valves described above (1
inboard, 1 outboard), for lines connecting directly to the containment or reactor
primary system, are made only in the cases where it leads to a less desirable
situation because of required operation or maintenance of the system in which
the valves are located. In the cases where, for example, the two isolation valves
are located outside the containment, special attention is given to assure that the
piping to the isolation valves has an integrity at least equal to the containment.

The TIP system isolation valves are normally closed. When the TIP system cable
is inserted, the valve of the selected tube opens automatically and the chamber
and cable are inserted. Insertion, calibration, and retraction of the chamber and
cable require approximately 5 minutes. Retraction requires a maximum of 1-1/2
minutes. Ifclosure of the valve is required during calibration, the isolation signal
causes the cable to be retracted and the valve to close automatically on
completion of cable withdrawal. A manually actuated shear valve is also provided
in the event the cable cannot be withdrawn. Reinsertion of the TIP probe upon
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clearing of the Group 8 isolation signal requires manual operator intervention to
reset the insertion logic.

It is not necessary, nor desirable, that every isolation valve close simultaneously
with a common isolation signal. For example, ifa process pipe were to rupture in
the drywell, it would be important to close all lines which are open to the drywell,
and some effluent process lines. However, under these conditions, it is essential
that containment and Core Standby Cooling Systems be operable. For this
reason, specific signals are utilized for isolation of the various process and
safeguards systems (see Subsection 7.3).

Isolation valves must be closed before significant amounts of fission products are
released from the reactor core under design basis accident conditions. Because
the amount of radioactive materials in the reactor coolant is small, a sufficient
limitation of fission product release will be accomplished if the isolation valves are
closed before the coolant drops below the top of the core.

Allof the primary containment system isolation valves, shown on FSAR Figures
5.2-2a sheets 2 and 3, utilize either elastomer or metal seats. All the valves with
elastomer seats are located outside the primary containment. The elastomer
valve seats are designed to withstand the temperature and exposure dose for
their locations. The elastomer seat isolation valves will maintain their structural
integrity and leak tightness following a DBA. The isolation valves which utilize
metal seats will maintain their structural integrity and leak tightness following a
DBA.

Valves, sensors, and other automatic devices essential to the isolation of the
containment are provided with means for periodically testing the functional
performance of the equipment. Such tests are necessary to provide reasonable
assurance that the containment isolation devices perform as required when called
upon to do so.

5.2.4.9 Containment Inertin S stem

In the event of a loss-of-coolant accident, the Core Standby Cooling Systems
prevent generation of significant quantities of hydrogen capable of being ignited.
Maintaining the oxygen content of the primary containment atmosphere at less
than 4 percent ensures no combustion of the hydrogen and oxygen, thus assuring
containment integrity.

5.2.5 Ins ection and Testin

The following represents areas of surveillance and testing that are provided for
the various systems or components of the primary containments as they apply
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during construction or plant operation. A summary of the Primary Containment
System access requirements for inservice inspection is presented in Table 5.2-3.

5.2.5.1 Prima Containment Inte rit and Leak Ti htness

Fabrication procedures, nondestructive testing, and sample coupon tests are in
accordance with the ASME Boiler and Pressure Vessel Code, Section III,
Subsection B. Provisions were made to test the integrity of the primary
containment systems during construction phases. These tests included a
pneumatic test of the drywell and suppression chamber at 1.25 times their design
pressure in accordance with code requirements.

After installation of new penetrations in the drywell or suppression chamber,
leakage tests will be conducted in accordance with applicable codes. Periodic
integrated leakage rate tests are performed as required by the plant technical
specifications. Since both the drywell and suppression chamber have the same
design pressure, it is possible to test the entire primary containment at the same
pressure and without the necessity of providing temporary closures to isolate the
suppression chamber from the drywell. Penetrations welded directly to the
primary containment are tested with the complete containment vessel.
Inspections during these tests, periodic inservice inspections, and tests
throughout plant life ensure early detection and repair of any leaks or other
deterioration of the primary containment.

5.2.5.2 Penetrations

With the exception of the pipe penetrations which are welded directly to the
primary containment shell, it is possible to leak-test individual containment
penetrations without pressurizing the entire containment system. For those with
double seals, testing may be accomplished by pressurizing the penetration
between the double seals utilizing the pressure tap. Leak detection may then be
accomplished by use of a soap solution, pressure decay, displacement, mass
flow method, or volume flow method.

Pipe penetrations which must accommodate thermal movement are provided with
double expansion bellows. The bellows expansion joints are designed for the
containment system design pressure, and the inner bellows can be checked for
leak tightness when the containment system is pressurized. In addition, these
joints are provided with a test tap so that the space between the bellows can be
pressurized to the calculated peak accident pressure to permit testing the
individual penetrations for leakage.

The drywell vent pipe expansion bellows (penetrations X-201A through H) are not
designed to be separately tested to verify leak tightness. The leak tightness of
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the drywell vent pipe expansion bellows is verified during the periodic integrated
leak-rate tests of the primary containment. These expansion bellows are an
integral part of the primary containment vessel and, therefore, are not considered
as penetrations per se. These bellows were designed as Class B vessels in
accordance with the 1968 edition of the ASME Boiler and Pressure Vessel Code,
Section III, Nuclear Vessels, and Code Cases 1177 and 1330. The
manufacturing process began with a 0.078-inch thick plate made of Type 304
stainless steel that was formed into tubing, 84 inches in diameter and 24 inches
in length, with two longitudinal seam welds. These welds were given a
100-percent radiography test prior to forming the convolutions, and a magnetic
particIe examination was given to all the butt welds used in the assembly process.
After fabrication, cover plates were added to each bellows in order to conduct
leak-tightness tests with Freon-12 and hydrostatic tests with 95 psig externally
applied pressure. These tests and examinations verified the structural integrity of
the bellows before the cover plates were removed in preparation for installation of
the bellows in the Browns Ferry plant. An integrated leak-test was conducted on
the completed containment (with bellows installed) that verified the initial
structural integrity of the "as-built" primary containment. Periodic integrated leak
testing of these bellows is sufficient since their normal deflections are only a
small. fraction of the design values and, also, the number of flexure cycles is only
a small fraction of the limiting value. Thus, the likelihood of these bellows
developing a leak is extremely small, and the test frequency proposed is the
same as for the containment vessel proper. Sketches of the drywell vent pipe
expansion bellows are provided in Figures 5.2-6f and -6g. The pneumatic test
pressure is 49 psig (pre-uprated), 50.6 psig (uprated). The design pressure is 56
psig, and the manufacturer's test pressure is 70 psig.

Electrical penetrations are also provided with double seals and are separately
testable. The test taps and the seals are so located that the tests of the electrical
penetrations can be conducted without entering or pressurizing the drywell or
suppression chamber.

All containment closures which are fitted with resilient seals, gaskets, or bellows
are separately testable to verify leak tightness. The covers on flanged closures,
such as the equipment access hatch cover, the drywell head, access manholes
and personnel air lock compartment are provided with double seals and with a
test tap which will allow pressurizing the space between the seals without
pressurizing the entire containment system. In addition, provision is made so that
the space between the airlock doors can be pressurized to full drywell design
pressure. The double 0-ring seal type penetrations are designed to allow testing
between the seals up to the containment design pressure.
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5.2.5.3 Isolation Valves

The test capabilities which are incorporated in the primary containment system to
permit leak detection testing of containment isolation valves are separated into
two categories.

The first category consists of those pipelines which open into the containment
and do not terminate in closed loops outside the containment but contain two
isolation valves in

series.'est

taps are provided between the two valves which permit leakage monitoring
of the first valve when the containment is pressurized. The test tap can also be
used to pressurize between the two valves to permit leakage testing of both
valves simultaneously. The valves, associated sensors, and equipment which
will be subjected to containment pressures during the periodic leakage test are
designed to withstand containment design pressure without failure or loss of
functional performance. The functional performance of these devices has been
verified by demonstration either during the leakage tests or subsequent to the
test but prior to startup.

The second category consists of those pipelines which connect to the reactor
system and contain two isolation valves in series. A leak-off line is provided
between the two valves, and a drain line is provided downstream of the outboard
valve. This arrangement permits monitoring of leakage on the inboard and
outboard valves during reactor system hydrostatic tests, which can be conducted
at pressures exceeding the reactor system operating pressure. I

Surveillance requirements for primary containment isolation valves are given in
Subsection 3.6.1.3 of the Technical Specifications.

5.2.54 Containment Inertin S stem

The Containment Inerting System is proven operable by its use during normal
plant operations. Portions of the system normally closed to flow can be tested to
ensure their operability and the integrity of the system.

5.2.6 Combustible Gas Control in Prima Containment

In normal operation, the primary containment atmosphere is maintained at less
than 4.0 percent oxygen by volume, with the balance in nitrogen. Following a
loss-of-coolant accident, hydrogen is evolved within the containment from
metal-water reactions, and hydrogen and oxygen are produced by radiolysis of
water. These are the only significant sources of hydrogen and oxygen. If the
concentrations of hydrogen and oxygen were not controlled, a combustible gas
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mixture could be produced. To ensure that a combustible gas mixture does not
form, the oxygen concentration is kept below 5 percent by volume, or the
hydrogen concentration is kept below 4 percent by volume.

The concentration of combustible gases in containment following a
loss-of-coolant accident is controlled by a Containment Atmosphere Dilution
(CAD) system. This system is capable of keeping the concentration of oxygen in
the containment atmosphere below 5 percent when hydrogen and oxygen
generation rates specified in Safety Guide 7, Control of Combustible Gas
Concentrations in Containment Following a Loss-of-Coolant Accident, are
assumed. In the event that postaccident monitoring showed that hydrogen and
oxygen generation rates were substantially below those specified in the guide,
the system could be operated to maintain either the hydrogen concentration
below 4 percent or the oxygen concentration below 5 percent.

5.2.6.1 ~66
a. The CAD system shall be a shared system, capable of supplying nitrogen

to the primary containment of Unit 2 and Unit 3.

b. The CAD system shall be capable of supplying nitrogen at a rate sufficient
to maintain the oxygen concentrations of both the drywell and suppression
chamber atmospheres below 5.0 percent by volume, based on hydrogen
and oxygen generation rates as set forth in AEC Safety Guide 7, Control of
Combustible Gas Concentrations in Containment Following a
Loss-of-Coolant Accident.

c. The containment atmosphere dilution portion of the CAD system shall be
designed as an engineered safety feature. The system shall be operated
remote-manually from the Main Control Room and shall be designed for
possible startup 10 hours after a LOCA.

The Containment AirMonitoring (CAM) system provides redundant
monitors for measuring oxygen and hydrogen concentrations inside
primary containment. Equipment is also provided for sensor calibration.

The CAD system shall include means for releasing gas from either the
drywell or the suppression chamber in a controlled manner. The gas shall
be released via the Standby Gas Treatment System. The containment
vent portion of the CAD system is not an engineered safety feature since
the venting function is not required to maintain the containment oxygen
concentration below the 5 percent limit. However, redundant vent paths to
the Standby Gas Treatment System are provided. Under severe accident
conditions with loss of long term decay heat removal capability, the

5
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HWWVmay be used in lieu of CAD system venting to control primary
containment pressure. The HWWVsystem shall release gas from the
pressure suppression chamber directly to the plant stack via an
independent vent path.

f. Nitrogen storage capacity sufficient for 7 days of post-LOCA operation
shall be provided.

g. The containment pressure shall not exceed 30 psig as a result of CAD
system operation.

h. For Unit 2 and Unit 3, the CAD system shall provide an emergency source
of nitrogen to the Automatic Depressurization System (ADS) main steam
relief valve accumulators. This capability meets the requirements of
NUREG-0737, item II.K3.28. The CAD system shall provide backup
supply of nitrogen to operate the HWWVvalves in the event control air is
not available.

5.2.6.2 CAD S stem Desi n

The CAD system design is similar among units. A flowdiagram of the Unit 2 and
3 CAD system is shown in Figures 5.2-7 sheets 1, 2, and 3 and a control diagram
is shown in Figures 5.2-8 sheets 1, 2 and 3. The system includes nitrogen supply
facilities and gas release facilities.

The CAD system nitrogen supply facilities include two trains, each of which is
capable of supplying nitrogen through separate piping systems to the drywell and
suppression chamber of Unit 2 and Unit 3. Each train includes a liquid nitrogen
supply tank, an ambient vaporizer, an electric heater, a manifold with branches to
each primary containment, and pressure, flow, and temperature controls.

The nitrogen storage tanks have a total volume of 4000 gallons each. The tanks
are filled to approximately 3400 gallons maximum level leaving a gas volume
above the liquid. The required technical specification level of 2500 gallons is
adequate for the first 7 days of CAD operation. The gas above the liquid in the
tank is maintained at a minimum pressure of 100 psig. The nitrogen vaporizers
use the ambient atmosphere as the heat source. Each is capable of producing
100 SCFM of gas when the atmospheric temperature is -20'F. The gas
temperature is about 20'elow ambient temperature.

Unqualified electric heaters are provided for use during cold weather to warm the
gas. This is done to avoid brittle fracture problems in the carbon steel lines to
which the stainless steel nitrogen supply piping connects at the drywell and
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suppression chamber. The heaters have a capacity of 3 kilowatts each and are
thermostatically controlled to maintain an effluent temperature between 50'F and
60'F. The heater in train A is supplied from reactor MOVboard 1C, and the
heater in train B is supplied from reactor MOVboard 3B.

With nitrogen-operated valve 0-FCV-84-5 (train A) or 0-FCV-84-1 6 (train B) open,
nitrogen is admitted to the drywell by opening solenoid-operated valve
FSV-84-8A or FSV-84-8D, and to the suppression chamber by opening
solenoid-operated valve FSV-84-8B or FSV-84-8C. An isolation bypass switch
around FSV-84-8A R 8D and 8B 8 8C is provided to permit possible operation of
the CAD system 16 hours after a LOCA. Manual valves 84-37 and 84-38 are
preset to limitthe flow to 100 CFM.

The two nitrogen storage tanks and their associated vaporizers are located
outdoors at least 150 feet south of the Reactor Building. The A tank is positioned
in front of the far west end of the Unit 2 Reactor Building, and the B tank is
positioned past the east end of the Reactor Building and the Unit 3 Diesel
Generator Building. The tanks and vaporizers are located so as to permit free
circulation of air around the vaporizers.

Nitrogen supply lines run around the south side of the Reactor Building, and
branch lines to each unit enter the building through six large steel and concrete
pipe tunnels. Inside the building, each of the six branch lines is brought to a
location near primary containment where it branches into two lines, one of which
goes to the drywell and the other to the suppression chamber. The two branches
serving the drywell are joined and connect into the drywell air purge line (refer to
Figures 5.2-2a sheets 1, 2, and 3) at a point between the drywell and the first
isolation valve. The two branches serving the suppression chamber are joined
and connect into the suppression chamber air purge line (refer to Figures 5.2-2a-
Sheets 1, 2 and 3) at a point between the suppression chamber and the first
isolation valve.

Thermocouple TE-84-32 is inserted into the nitrogen supply line that connects
into the drywell air purge lines. Thermocouple TE-84-31 is inserted into the
nitrogen supply line that connects into the suppression chamber air purge line. In
the event that the temperature sensed by any of these six thermocouples drops to
45'F, an alarm is actuated in the Main Control Room. This alarm (light) alerts the
operator that the nitrogen supply valve which is open should be closed.

Dual paths are provided for releasing gas from the drywell or the suppression
chamber. Each path includes a butterfly valve, a throttle valve, a pressure switch,
and a flow element. The butterfly valves and throttle valve FCV-84-20
automatically close on a containment isolation signal. Key operated switches are

5.2-41



BFN-17

provided for bypassing the containment isolation signals for the butterfly valves
when the reactor mode switch is not in the RUN position (MODE 1). Except
during surveillance testing or a LOCA, throttle valve FCV-84-19 remains closed.

Depending on the path selected, the appropriate butterfly valve in the vent
system is opened and the CAD system flowcontrol valve FCV-84-19 or
FCV-84-20 is opened. The flow rate is regulated at 100 CFM by the flow control
valve, which, in turn, is controlled by the associated flow transmitter, FT-84-19 or
FT-84-20. Pressure switch PS-84-21 or PS-84-22 closes the flow control valve
on Units 1 and 3 when the pressure downstream of the flow elements exceeds 1

psig. The flow control valve on Unit 2 is closed when the pressure downstream of
the flow elements approaches 1 psig.

Oxygen and hydrogen monitoring systems are described elsewhwere in this
section under the heading of "CAM System".

The CAD system, including nitrogen storage tanks, vaporizers, piping, and
valves, is an Engineered Safeguards System and is designed to meet seismic
Class I requirements. The system is designed in accordance with the following:

a. United States Atomic Energy Commission (USAEC), Safety Guides for
Water-Cooled Nuclear Power Plants, revised March 10, 1971, Safety
Guide No. 7, "Control of Combustible Gas Concentration in Containment
Following a Loss-of-Coolant Accident."

USA Standard Code for Pressure Piping, Power Piping, USAS B31.1.0,
1967 edition, as published by the American Society of Mechanical
Engineers, as supplemented by the requirements of the applicable GE
specifications, which are implemented in lieu of the outdated B31 Nuclear
Code Cases - N2, N7, N9, and N10. The installation is in accordance with
existing plant construction specifications for the applicable TVApiping
classification.

c. Institute of Electrical and Electronics Engineers (IEEE), IEEE 279-1 971,
Nuclear Power Plant Protection Systems.

The nitrogen storage tanks and vaporizers are constructed of stainless steel and
aluminum alloy. Nitrogen supply valves and piping are of stainless steel. Carbon
steel piping and valves are used in the gas release lines.

The minimum design pressure for the CAD system piping is 150 psig. Portions of
the system are designed to withstand higher pressures.
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Valves in the system which are not hand-operated employ several means for
actuation and are operable from the Main Control Room. Flow control valves
0-FCV-84-5 and 0-FCV-84-16 are nitrogen operated. Valves FSV-84-8A through
FSV-84-8D are solenoid operated. Valves FCV-84-1 9 and FCV-84-20 are
operated with instrument air or with nitrogen. The containment isolation valves
used in CAD system operation (FCV-64-29, FCV-64-31, FCV-64-32, and
FCV-64-34 on Figures 5.2-8 sheets 1, 2, and 3) are air- or nitrogen-operated
valves which fail closed on loss of air and nitrogen. Since the station air supply
might not be available in a post-LOCA situation, nitrogen from the CAD system
supply manifolds is used as a backup gas for actuating the valves. Nitrogen from
the train A manifold supplies valves FCV-64-29, FCV-64-32, and FCV-84-1 9,
while nitrogen from the train B manifold supplies valves FCV-64-31, FCV-64-34,
and FCV-84-20.

Nitrogen from the CAD system train A manifold also is used as a backup gas for
actuating the torus vacuum breaker valves FCV-64-20 and FCV-64-21 in Unit 2
and Unit 3. No special provisions are made for mixing the added nitrogen with
the containment atmosphere. The CAD concept is based on maintaining the
oxygen concentration below the Safety Guide 7 limit of 5 percent; thus, the only
concern from a mixing viewpoint is the potential degree of nonuniformity in
oxygen concentration that would occur in the containment. There are three
mixing forces existing in the containment after a loss-of-coolant accident:
diffusion, natural convection, and forced convection. Forced convection is the
most difficultmixing force to quantitatively evaluate, and detailed calculations of
its effects on concentration gradients have not been done. However, detailed
calculations have been done on the other two mixing forces, that is, diffusion and
natural convection. The details of this analysis were presented in Amendment 2
of the Duane Arnold Energy Center FSAR in response to question G1.1(d). The
referenced calculations showed that the maximum oxygen concentration
deviation would be 2 percent from the average at the surface of the suppression
pool using conservative assumptions relative to the natural convection driving
force. Less conservative assumptions for natural convection would result in a
maximum concentration deviation of only 0.3 percent. In other words, given an
average oxygen concentration of 5 percent, the maximum concentration at
the suppression pool surface would be 5.10 percent, or, less conservatively,
5.015 percent. Based on the results of this analysis, it has been concluded that
the assumption of a uniform oxygen concentration in the containment is
reasonable.

To promote mixing, containment sprays can be operated intermittently.
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CAM System

Redundant Containment AirMonitoring (CAM) systems are provided to monitor
both hydrogen and oxygen in the drywell and torus. Measurement capability is
provided over the range of 0-20 percent hydrogen concentration in a containment
pressure range of 12 psia (vacuum) to 56 psig. Continuous indication of
hydrogen concentration in the containment atmosphere is provided in the control
room.

The system consists of redundant, physically separated sampling loops
comprised of piping, isolation valves and sample return pumps; an analyzer
located outside containment; and control room readout and control equipment.
All piping and valves from the containment to the analyzer cabinets are ASME III,
Class 2. All equipment necessary for post-LOCA operation is seismic Class I.

The analyzer, cabinets and associated electrical equipment meet IEEE-279-1971,
IEEE-344-1 971 and IEEE-384-1 971 criteria. The cabinets containing the sensors
are supplied from a 120 VAC IKC bus and the pumps are powered from a 480
VAC IVIOVboard. The solenoid operated isolation valves can be remotely
operated from the control room by a key-locked switch which overrides the
primary containment isolation signal. The system is powered from onsite Class
1E power supplies. The valves will fail closed on loss of power. The pumps used
to pull an air sample are bellows type pumps with a capacity of approximately 15
cubic feet per hour. The samples are exhausted back into the torus.

The temperature and humidity of the sample gas are controlled to ensure reliable
and accurate readings. Less than two minutes is required to pull a sample from
either the drywell or the torus. The piping and pressure retaining components are
designed to withstand at least 56 psig. The system is also capable of operating
when the drywell or the torus is under a vacuum down to 12 psia. The valves and
instruments cabinet package are qualified to withstand a post-accident radiation
exposure without mechanical failure or accuracy degradation. The system meets
the requirements for an Engineered Safeguards System.

CAD System Operation

The CAD system is operated manually. Following a LOCA, records will be kept of
hydrogen and oxygen concentrations and pressures in the drywell and
suppression chamber, and calculations will be made of the production rates of
hydrogen and oxygen in each of these volumes. Nitrogen additions will be made
periodically, as needed, to keep the oxygen content below 5 percent in each
volume. Additions will be made separately to the drywell and the suppression
chamber. The amount of nitrogen to be added may be determined by the
following equation:
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where V< = volume of nitrogen to be added, SCF
V~ = volume of gas in drywell or suppression

chamber before nitrogen addition, SCF

C; = initial concentration of oxygen or hydrogen
Cg = desired final concentration of oxygen or hydrogen.

Ifhydrogen and oxygen production rates approach those assumed in Safety
Guide 7, the containment pressure will increase and may reach the
predetermined limitof 30 psig. Before this pressure is reached, containment
venting will be commenced.

Gas releases will be made periodically and will be made separately from the
drywell and suppression chamber. Releases will be made during periods when
meteorological conditions are most favorable. Gas will be released at a rate of
about IOO CFM until the desired volume has been released. Releases are
continued until the containment pressure has been reduced to atmospheric.
Nitrogen additions will be continued during the period in which the containment
pressure is being reduced to atmospheric. Additions and releases will be made
at different times.

The operator manually controls nitrogen venting time and frequency. Changes in
containment pressure are slow. To reduce containment pressure by one psi, for
example, 19,000 SCF of gas would be released. At 100 CFM, the release time
would be about 190 minutes.

The operator will have available to him information on the pressure, temperature,
hydrogen content, oxygen content, radioactivity in the containment atmosphere,
and amount of nitrogen added for both the drywell and suppression chamber.
Meteorological information will be available also. Using this information, an
operator can safely follow the venting procedure without exceeding the
10 CFR 100 limits following a LOCA.

5.2.6.3 Desi n Evaluation

The Thermal Power Uprate Program in 1998 updated the post LOCA containment
gas concentration for hydrogen and oxygen concentrations versus time curves for
the CAD System. This analysis was based on the following assumptions:
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~ Power uprate condition
~ Safety Guide 7 design basis requirements
~ Full core load of limiting fuel design for GE fuel through GE 13, based on the

largest active clad mass
~ No containment leakage
~ Hydrogen gas generated from the metal water reaction is included as a diluent

in the calculation of nitrogen capacity to maintain oxygen concentration below
5% by volume

~ Initial drywell and wetwell oxygen concentration is 4%
~ Post LOCA containment temperature versus time profile is taken from a power

uprate analysis
~ Normal DBA LOCA conditions are one RHR loop operating, 95'F cooling

water, 95'F initial suppression pool temperature and no containment sprays
operating

~ Cold case DBA LOCA conditions are one RHR loop in service, 40'F cooling
water, 60'F initial suppression pool temperature, and no containment sprays
operating which minimize containment water vapor content.

Future core designs will be evaluated to verify that this analysis is still the
bounding condition. The results of this analysis are reflected by the figures
summarized below:

Figure 5.2-13 provides the hydrogen and oxygen concentrations in the drywell
and suppression chamber following a LOCAwithout dilution.

Figures 5.2-14 provides the hydrogen and oxygen concentrations in the drywell
with dilution.

Figure 5.2-15 provides the hydrogen and oxygen concentrations in the
suppression chamber with dilution.

Figure 5.2-1 6 provides the maximum nitrogren required for dilution. This shows
that a maximum of about 155,000 SCF of nitrogen would be
required in the first seven days following a LOCA. 2,027 gallons
of liquid nitrogen is equivalent to 155,000 SCF of gaseous
nitrogen. In normal operation, the tanks will be refilled to
maintain a minimum of 2500 gallons of nitrogen as required by
technical specifications.

Figure 5.2-17 provides the maximum containment pressure following LOCAwith
dilution.
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During the first 50 hours after a normal design basis LOCA, water vapor in the
drywell atmosphere and hydrogen produced by the metal-water reaction are
sufficient to keep the oxygen concentration in he drywell below five percent. In
the suppression chamber, the oxygen concentration remains below five percent
for the first 42 hours. Figures 5.2-14 and 5.2-15 include the effect of dilution by
water vapor as well as hydrogen. The water vapor content is based on assumed
post-LOCA conditions, which give maximum containment pressure.

Nitrogen injection is not expected to be required for the bounding cold case post
LOCA containment temperature until the time that post LOCA concentration
reaches five percent is 25 hours in the drywell and 16 hours in the suprpession
pool, compared to 50 hours and 42 hours respectively for the normal DBA LOCA
case. Again this shortening of time to reach five percent oxygen is due to the
reduced water vapor content in the containment with the assumed low
containment temperature.

The CAD System operation during a LOCA can be carried out without exceeding
10 CFR 100 doses and GDC 19 without exceeding a containment pressure of
30 psig. The dose calculation assumptions associated with fission product
release to the environs by secondary containment are contained in FSAR,
Chapter 14, Subsection 14.6.3.6.

With the provision of a redundant CAD System vent mechanisms as a backup
containment purge system is not required. The nitrogen supply can be easily
replenished from multiple facilities within seven days. There are multiple liquid
nitrogen distribution facilities that are located within a one-day travel distance
from Browns Ferry.

All enclosed areas and compartments of the Reactor Building have been
examined with respect to possible hazards resulting from leakage from the
containment. This examination showed that leakage to open areas of the
Reactor Building will not produce hazardous gas mixtures. Adequate mixing
occurs as a result of the high diffusion rate of hydrogen and some convection.
Leakage into the space between the drywell and the surrounding concrete will not
present a hazard because there is no ignition source. In addition, there is no
ignition source in the space above the drywell head. Similarly, there are no
ignition sources in the clearance spaces between the shield plugs for the
equipment access locks, and the biological shield around the drywell.

Two areas requiring consideration are the suppression chamber room and the
personnel access room. Of the two areas, the personnel access room is the
worst case. The suppression chamber room has several openings that will allow
convective mixing with other Reactor Building areas.
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The total rate of leakage from the primary containment is based on the design
criterion of 2 percent of the drywell volume per day at peak accident pressure.
The maximum concentration of hydrogen in the containment atmosphere with no
leakage from Figure 5.2-14 occurs about 50 hours after the loss-of-coolant
accident and about 15 volume percent.

It is postulated that a substantial portion of the total drywell leakage may occur
through the two equipment access locks and the personnel airlock. The
personnel airlock is 7 feet in diameter and is equipped with an 0-ring seal. Each
equipment lock is 12-feet 10-inches in diameter.

It is assumed that the rate of inleakage to the personnel access room is 1/6 of the
total leakage from the drywell. This is very conservative, since leakage must
occur through two doors to reach the access room.

A convection flow path (see Figures 5.2-1 9, 5.2-20, and 5.2-21) exists from the
suppression chamber area to the personnel access room through floor sleeves.
The return path for the cooler Reactor Building air is through the stairwell to the
lower Reactor Building area (see Figure 5.2-21). Calculations show that a
differential temperature of 20'F will produce a flow of 10 SCFM through the
convective path described.

It can be concluded from this analysis that no hazard is produced as a result of
leakage from the containment to enclosed areas of the Reactor Building. Further,
the Standby Gas Treatment System will remove the hydrogen from the Reactor
Building so that the hydrogen concentration in the building will not reach a
hazardous level. The volume of the secondary containment is just below 9 million
cubic feet and the Standby Gas Treatment System allowable surveillance
inleakage is given in Section 5.3.3.7. Based on this flow rate, the building volume
will be changed at least once every day.

It is not anticipated that the integrity of the primary containment will deteriorate to
a point where excessive leakage will occur following a design basis accident.

Capability is provided to release gas from primary containment through the
Standby Gas Treatment System using CAD system vent valves should primary
containment integrity be challenged from overpressure following a design basis
accident. Onder severe accident conditions with loss of long term decay heat
removal capability, the HWVWmay be used in lieu of CAD system venting to
control primary containment pressure.
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5.2.6.4 Testin and Ins ections

Preoperational tests of the completed installation were conducted to establish
that individual components perform as required.

Following interconnection with the individual units, each train of the nitrogen
supply portion of the CAD system was operated to supply nitrogen to the primary
containment. Manual valves 84-37 and 84-38 in the gas supply manifold were
adjusted to limit flow to 100 CFM. The flow control valves in the gas release
paths (FCV-84-1 9 and FCV-84-20) were adjusted to limitflow to 100 CFM, using
air supplied through the test connections.

5.2.7 Hardened Wetwell Vent

5.2.7.1 Introduction

The consequences of several beyond design basis accident
scenarios are more severe than the accidents previously considered
herein. The primary containment pressure during these accidents is
estimated to exceed its design capacity. Thus, the primary
containment fails, potentially to the environment as well. The
HWVWprovides an emergency primary containment vent path to
prevent, or at least slow down, the buildup of potentially damaging
pressure within the primary containment.

5.2.7.2 S stem Descri tion

The HWVWprovides a direct vent path from the torus (wetwell) to
an exhaust point inside the concrete portion of the plant stack
above elevation 666.5'. The vent flow path exits the torus via the
existing 20" suppression chamber supply, which will be isolated
during venting by the existing primary containment isolation valve
FCV-64-1 9. Units 2 and 3 HVN/Wpath consists of torus
penetration X-205, the 20" suppression chamber supply piping
downstream of valve FCV-64-20, and a 14" line to a common 14"
header. The 14" common header runs underground in the yard and
then discharges in the stack above elevation 666.5'. Two 14"
pneumatically operated butterfly valves on Units 2 and 3 (FCV-64-
221 and FCV-64-222) provide primary containment isolation and
can be remotely operated from the Main Control Room. A manual
valve, 64-737, is located downstream of the primary containment
isolation valves to provide isolation from the common header for
maintenance purposes. The HWVWhas a maximum operating and
design pressure and temperature of 56 psig and 304'F. Electrical
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power to the HWWVisolation valves shall be from essential DC
sources to ensure availability during the Station Blackout Event.

The vent pipe is safety-related TVApiping Class D (similar to ASME
III Class 2) up to and inclusive of the outboard containment isolation
valve. The downstream piping is non-safety related and is TVA
piping Class P (similar to ASME III Class 3). A pneumatic supply
from System 032 (Control Air)with System 084 (Containment Air
Dilution) backup serves each operator for primary containment
isolation valves FCV-064-0221 and FCV-064-0222. The CAD
supply and associated control air piping is safety-related and is
supported Seismic Class I to ensure its availability.

During normal plant operation, the HWWVcontainment isolation
valves will remain closed. In response to a severe accident (long-
term loss of decay heat removal), plant management could direct
the control room operators to employ the HWWVto relieve
excessive pressure within the containment. In this case, the
operator willfollow a written Emergency Operating Procedure for
HVN/Woperation.

Radiolo ical Conse uencesof HVNANUse

The exhaust gases released by the HWNNfollowing a beyond
design basis accident would have initiallybeen "washed" by the
suppression pool water which would reduce the particulate
released. These exhaust gases are vented to the highest vent point
(main stack), avoiding the ground level release of radioactive
material from containment failure due to over-pressurization.
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Table 5.2-1

PRINCIPAL DESIGN PARAMETERS AND CHARACTERISTICS

OF PRIMARY CONTAINMENT

Pressure suppression chamber
internal design pressure
external design pressure

Drywell
internal design pressure
external design pressure

Drywell free volume

Pressure suppression chamber free volume (min.)

Pressure suppression pool water volume (max.)

Submergence of vent pipe below pressure
suppression pool surface (normal)
suppression pool surface (high water level)

Design temperature of drywell

Design temperature of pressure suppression chamber

Downcomer vent pressure loss factor

Ratio of break area/total vent area

Drywell free volume/pressure suppression chamber
free volume

Primary system volume/pressure suppression pool volume

Drywell free volume/primary system volume

Containment heat removal capability Btu/hr

Calculated maximum pressure after blowdown (no prepurge)
Drywell

Pressure suppression chamber

Initial pressure suppression pool temperature rise

Leakage rate at design accident pressure

56 psig
2 pslg

56 psig
2 psig

159,000 ft (pre-uprated)
171,000 ft (uprated, max)*

126,200 ft (pre-uprated)
119,400 ft (uprated)*

Note 1 (pre-uprated)
131,400 ft (uprated)'

ft (pre-uprated)
3.83 ft (uprated)

281'F

281'F

4.1 (pre-uprated)
5.32 (uprated)*

0.015 (pre-uprated)
0.012 (uprated)

1.34 (pre-uprated)
1.43 (uprated)*

0.202 (pre-uprated)
0.201 (uprated)*

6.2 (pre-uprated)
6.48 (uprated)

280x10 (pre-uprated)
68.2x10 (uprated, per
RHR heat exchanger)

49.6 psig (pre-uprated)
50.6 psig (uprated)
27 psig (pre-uprated)
36.3 psig (uprated)

40'F (pre-uprated)
45'F (uprated)

2.0% per day

Note 1: Maximum suppression pool volume is approximately 127,800 ft with, and approximately
128,800 ft without differential pressure control at the high water level limitof -1.0 inches.

These values did not change as a direct result of increasing power but represent parameters that were
reevaluated as part of the power uprate analysis.
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Table 5.2-2
(Sheet 1 of 12)

PRINCIPLE PRIMARYCONTAINMENTPENETRATIONS AND ASSOCIATED ISOLATIONVALVES
ISLNGroup PEN. No. Valve UNID Valve Typo Valve Type ofService Cntmt. Normal Action hfax Opr. Power
Signal Notes (A,B) Size Lctn. Status on Time (Scc.) Open

(In.) Initiating
Si I

Close
Scc Notes

N/A

X-7A

X-7A

X-7B

X-7B

X-7C

X-7C

X-7D

X-7D

X-8

X-8

X-20

FCV-1-14

FCV-1-15

FCV-1-26

FCV-1-27

FCV-1-37

FCV-1-38

FCV-1-51

FCV-1-52

FCV-1-55

FCV-1-56

2-1192 Check I Demineralized Water Supply To
Drywclt

AO Globe 26 Main Steam Line A

AO Globe 26 hlain Stcam Linc A

AO Globe 26 Main Stcam Line B

AO Globe 26 Main Stcam Line B

AO Globe 26 Main Steam Line C

AO Globe 26 Main Steam Line C

AO Globe 26 blain Stcam Line D

AO Globe 26 hfain Stcam Linc D

MOVGate 3 hfain Stcam Line Drain

MOVGate 3 hfain Steam Linc Drain

OBOC

IBIC

OBOC

IBIC

OBOC

IBIC

OBOC

IBIC

OBOC

IBOC

0, GC

0 GC

0 GC

0 GC

0 GC

0 GC

0 GC

C SC

C SC

C N/A

15

15

N/A

IBIC 0 GC 3<I'(5 Air, AC, DC

Air, AC, DC

Air,AC, DC

Air, AC, DC

Air,AC, DC

Air,AC, DC

Air,AC, DC

Air,AC, DC

DC

Air,Spring

Air,Spring

Air,Spring

Air,Spring

Air,Spring

Air,Spring

Air,Spring

Air,Spring

AC

DC

N/A X-9A 3-554

N/A

N/A

N/A

N/A

X-9A

X-9B

X-9B

X-22

3-558

3-568

3-572

32-2163

N/A X-20 2-1383 hfan. Globe

Check

Check

Check

Check

I Demineralized Water Supply To
Drywcll

24 Fecdwatcr Linc A

24 Fccdwatcr Line A

24 Fcedwatcr Line B

24 Fcedwatcr Line B

I Control AirSupply

OBOC 0 P

IBIC 0 P

N/A

N/A

OBOC

IBIC

IBIC

0 P

0 P

0 P

N/A

N/A

N/A

0BOG C N/A N/A hlanual

Process

Process

Process

Process

Process

hlanual 1,4
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Table 5.2-2
(Sheet 2 of 12)

PRINCIPLE PRIMARYCONTAINMENTPENETRATIONS AND ASSOCIATED ISOLATIONVALVES
ISLN Group PEN. No. Valve UNID Valve Typo Valve Type ofService Cntmt. Normal Action htax Opr. Povrcf
Signal Notes (A,B) Size Lctn. Status on Time (Scc.) Open

(h) Initiating
Si

See Notes

N/A

N/A

N/A

N/A

I Does Not
Open on
Signal D8tp
Isolates on B
Only

X-50B

X-50B

X-22

XA8

X-21

X-21

Xdl

32-2516

32-2521

32-336

FCV-3242

FCV-3243

33-1070

33-785

FCVA3-13

Check

Check

Check

AO Plug

AO Plug

3/4 Control AirSupply

3/4 Control AirSupply

I Control AirSupply

3 Drywall Control AirSuction

3 DrywcllContml AirSuction

Check

AO Globe

I Service AirSupply

3/4 Reactor Water Samplo

hlan. Globo I Service AirSupply OBOC

IBIC

IBIC

C N/A N/A

C N/A N/A

C SC 5

IBIC 0 P N/A

0BOC 0 P N/A

OBOC 0 P N/A

IBOC 0 GC 15

OBOC 0 GC 15

Process

Process

Air,AC

Air,AC

hlanual

Process

Air,AC

Process

Process

Process

Air

hlanual

Process

Spring

1,4

I Isolates on B
Only

XPI FCVA3-14 AO Globo 3/4 Reactor Water Samplo OBOC C SC 5 Air,AC Spring

N/A

N/A

N/A

X-229J

X-229J

N/A

N/A

X<2

X42

X-205

FSV4340

FSV4342

FSVA3-50

FSV43-56

63-525

63-526

64-800

Check

Check

Check

l-l/2 SLC To Reactor

I-I/2 SLC To Reactor

20 Toms Vacuum Relief

SOL Globe I/2 PASS Sample Rctum

SOLGlobe I/2 PASS Sample Return

SOL Globe I/2 PASS LiquidSample

SOLGlobc I/2 PASS Liquid Sample

IBOC

OBOC

C SC N/A

C SC N/A

OBOC C P N/A

IBIC

OBOC

C P N/A

C P N/A

IBOG C SC N/A

OBOC C SC N/A

AC

AC

AC

Spring

Spring

Spring

Spring

Process

Process

Process
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Table 5.2-2
(Sheet 3 of 12)

PRINCIPLE PRIMARYCONTAINMENTPENETRATIONS ANDASSOCIATED ISOLATIONVALVES
ISLR Group PEN. No. Valve UNID
Signal Notes (A,B)

Valve Typo Valve Type ofService Cntmt. Normal Action hfax Opr. Poimr
Size Lctn. Status on Time (Sec.) Open
(in.) Initiating

Si

Close
See Notes

N/A X-205

X-231

X-26

64-801

FCV<4-139

FCV44-140

AO Globe

AO Globe

20 Torus Vacuum Relief OBOC

2 Drywell/I'orus DP Compressor
Discharge

OBOC

3 Drywcll/ferns DP Compressor Suction OBOC

C P N/A

C SC 10

C SC 10

Process

Air,AC

Air, AC

Spring

Spring

N/A

N/A

X-25

X-25

X-205

X-205

X-205

X-26

X-26

X-26

FCV%4-17

FCV44-18

FCV44-19

FCV44-20

FCV44-21

FCV44-29

FCV<4-30

FCV<4-31

AO Butterfl 20 Cooling/Purge AirTo Suppression
Chamber

AO Butterfly 20 Torus Vacuum Relief

AO Butterfly 20 Torus Vacuum Relief

AO Buttcrfly 18 DrywellExhaust

AO Butterfly 18 DrywellExhaust

AO Butterfly 2 DrywellExhaust Bypass Valve To
Standby Gas

AO Butterfly 20 Cooling/Purge AirTo Containment

AO Butterfly 18 Cooling/Purge AirTo Drywell

OBOC

IBOC

IBOC

IBOC

IBOC

IBOC

OBOC

IBOC

C SC 25

C SC 25

C SC 25

C N/A N/A

C N/A N/A

C SC 25

C SC 25

0 GC 5

Air,AC

Air,AC

Air, AC

Spring

Spring

Air,AC

Air,AC

Air,AC

Spring

Spring

Spring

Air, AC

Air, AC

Spring

Spring

Spring

X-231

X-231

X-231

FCV%4-32

FCV44.33

FCV44-34

AO Butterfly 18 Torus Exhaust

AO Buttcrfly 18 Torus Exhaust

AO Butterfly 2 Torus Exhaust Bypass Valve To
Standby Gas

IBOC C SC 2.5

OBOC C SC 2.5

IBOC 0 GC 5

Air, AC

Air,AC

Air,AC

Spring

Spring

Spring

N/A

N/A

X-205

X-205

FCV44-221

FCV44-222

AO Butterfly 14 Hardened Wetwel1 Vent

AO Butterfly 14 Hardened Wetwcll Vent

IBOC

OBOC

C N/A N/A

C N/A N/A

Air,DC

Air,DC

Spring

Spring

1,51

1,51
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Table 5.2-2
(Skeet 4 of 12)

PRINCIPLE PRIMARYCONTAINMENTPENETRATIONS AND ASSOCIATED ISOLATIONVALVES
ISUfGroup PEN. No. Valve UNID Valve Typo Valve Type ofService Cntmt. Normal Action hoax Opr. Power
Signal Notes (A B) Size Lctn. Status on Time (Scc.) Open

(ln.) Initiating
Si

Close
See Notes

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

X-37C

X-38C

X-37C

X-38C

I-X-9B

2-X-9B

3-X-9A

3-X-9B

X-14

X-14

X-23

X-24

68-508

68-523

68-550

68-555

149-579

249430

349428

349429

FCV49-I

FCV49-2

70-506

FCV-7lh47

X-212 gt
X-218

71-580

X-210A 71-547

Check

Check

Check

Check

Check

Check

Chock

Check

3/4 Rccirc Pump Seal Water

3/4 Rccirc Pump Seal Water

3/4 Recirc Pump Seal Water

3/4 Rccirc Pump Seal Water

4 RWCU System Return

4 RWCU System Return

4 RWCU S>atem Return

4 RWCU System Return,

hfOVGate' RWCU Suction

hfOVGate 6 RWCU Suction

Check 8 RBCCW Drywall Supply

Check 2 RCIC Pump minimum How Bypass

10 RCIC Turhinc Exhaust

hfOVGate 8 RBCCW DrywellRctum

IBIC

IBIC

OBOC

OBOC

OBOC

OBOC

OBOC

OBOC

IBIC

OBOC

OBOC

OBOC

OBOC

OBOC

0 P

0 P

0 P

0 P

0 P

0 P

0 P

0 P

0 GC

0 GC

0 P

0 GC

C P

C P

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

30

30

N/A

N/A

N/A

N/A

Process

Process

Process

Process

Process

AC

DC

AC

Process

Process

Process

Process

Process

Process

Process

AC

DC

Process

AC 1,4

N/A X-221 71-592 2 RCIC Vacuum Pump Discharge OBOC C P N/A Process Process 2,9

N/A

X-10 FCV-71-2

X-227A FCV-71-17

X-227A FCV-71-18

MOVGate 6 RCIC Pump Suction

hfOVGate 6 RCIC Pump Suction

hiOV Gate 3 Steam To RCIC

IBOC

OBOC

IBIC

C SC N/A

C SC N/A

0 GC 15

DC

DC

AC

DC

DC

AC
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Table 5.2-2
(Sheet 5 of 12)

PRINCIPLE PRIMARYCONTAINMENTPENETRATIONS ANDASSOCIATED ISOLATIONVALVES
ISLNGroup PEN. No. Valve UNID Valve Type Valve Type ofService Cntmt. Normal Adion hlax Opr. Peur
Signal Notes (A B) Size on Time (Sec.) Open

(In.) Initiating
Si

Close
See Notes

N/A

N/A

N/A

X-10 FCV-71-3

X-9B FCV-7140

X-212 HCV-71-14

X-221 HCV-71-32

X-210A FCV-71-34

Testable
Check

Globo Stop
Check

Globe Stop
Check

6 RCIC Pump Discharge

8 RCIC Turbine Exhaust

2 RCIC Vacuum Pump Discharge

MOVGate 3 Steam To RCIC

MOVGlobe 2 RCIC Pump hlinimum How Bypass IBOC

IBOC

C SC N/A

C P N/A

IBOC C P N/A

IBOC C P N/A

OBOC 0 GC 15 DC

DC

Process

DC

DC

Process

2,9

N/A

N/A

N/A

N/A

N/A

X-214

X-222

X-226

X-226

X-11

CKV-73403

CKV-73409

FCV-73-2

FCV-73-26

FCV-73-27

FCV-73-3

X-210B FCV-73-30

X-9A FCV-7345

X-210B CKV-73-559 Check

Check

Check

4 HPCI MiniflowBypass

16 HPCI Turbine Exhaust

2 HPCI Turbine Exhaust Drain

Testable
Check

14 HPCI To Feedwater Line A

MOVGate 10 Steam ToHPCI

hlOV Gate 16 HPCI Pump Suction

hIOV Gate 16 HPCI Pump Suction

hIOVGate 10 Steam To HPCI

hIOVGlobe 4 HPCI hliniflowBypass

OBOC

OBOC

OBOC

IBIC

IBOC

OBOC

OBOC

IBOC

OBOC

C P N/A

C P N/A

C P N/A

0 GC 20

C SC 80

C SC 80

0 GC 20

C SC N/A

C P N/A

Process

Process

DC

DC

DC

DC

AC

DC

DC

DC

Process

2,9

N/A

X-11

X-214

FCV-73-81

ISV-73-23 Globe Stop
Check

16 HPCI Turbine Exhaust

MOVGlobe I HPCI Warm Up Bypass OBOC

IBOC

C SC

C P

10

N/A Process

AC
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Table 5.2-2
(Sheet 6 of 12)

PRINCIPLE PRIMARYCONTAINMENTPENETRATIONS ANDASSOCIATED ISOLATIONVALVES
Sce NotesISLN Group PEN. No. Valve UNID Valve Type Valve Type ofService Cntmt. Normal Action htax Opr. Power

Signal Notes (A B) Size Status on Time (Sec )
(hL) Initiating

Si

Close

N/A X-222 HCV-73-24

N/A X-12 74661

Globe Stop 2
Check

Check 3/4

HPCI Turbine Exhaust Drain

RIIR Shutdown Cooling Press Relief
Bypass

IBOC

IBIC

C P

C P

N/A

N/A Process

2,9

N/A X-12 74662 Check 3/4 RHR Shutdown Cooling Press Relief
Bm

IBIC C P N/A Process

N/A

X-12

X-12

X-13A

X-13A

FCV-7447

FCV-7448

FCV-74-53

FCV-74-54

N/A

N/A

X-211 A FCV-74-57

X-211 A FCV-74-58

I-X-39A I-FCV-7460

2-X-39B 2-FCV-7460

N/A X-213B 74-722

N/A N/A 74-792

N/A N/A 74-802

N/A N/A 74-803

N/A " N/A 74-804

Manual Gate 8

Check 2

Check

Check

Check

hIOVGate 20

hIOVGate 20

hlOVGate 24

Testable 24
Check

htOV Gate 18

h(OV Globe 4

h(OV Gate 12

htOV Gate 12

Torus Drain

PSC Head Tank To RHR

PSC Head Tank To RHR

PSC Head Tank To RHR

PSC Head Tank To RHR

(RHR) Shutdown Cooling Suction

(RHR) Shutdovm Cooling Suction

RHR-LPCI To Reactor

RHR-LPCI To Reactor

RHR Containment Cooling

RHR Containment Cooling

RHR DrywcllSpray

RHR IhywellSpray

IBOC C SC

OBOC 0 P

OBOC 0 P

IBOC 0 P

N/A

N/A

N/A

N/A

IBOC

OBOC

IBIC

0 P

C SC

C SC

N/A

40

40

40

IBIC C P N/A

OBOC

IBOC

OBOC

OBOC

C SC N/A

C SC N/A

C P N/A

C P N/A

OBOC C SC

htanual

Process

Process

AC

AC

AC

AC

AC

AC

AC

Manual

Process

Process

Process

Process

DC

AC

AC

AC

AC

2,4
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Table 5.2-2
(Sheet 7 of 12)

PRINCIPLE PRIMARYCONTAINMENTPENETRATIONS ANDASSOCIATED ISOLATIONVALVES
ISLN Group PEN. No. Valvo UNID Valve Type Valve Type ofService Cntmt. Normal Action
Signal Notes (A B) Size Lctn. Status on

(hL) Initiating
Si I

hfax Opr. Poivct
Time (Sec.) Open Close

Sec Notes

= N/A

N/A

N/A

NIA

N/A

X-13B

X-13B

FCV-7467

FCV-7468

3-X-39B 3-FCV-7460

I-X-39A I-FCV-7441

2-X-39B 2-FCV-7461

3-X-39B 3-FCV-7441

Testable
Check

24 RHR-LPCI To Reactor

MOVGate 12 RHR DrywcllSpray

hfOVGate 12 RHR DrywcllSpray

hfOVGate 12 RHR DrywcllSpray

MOVGate 12 RHRDrywellSpray

MOVGate 24 RHR-LPCI To Reactor

OBOC

IBOC

IBOC

IBOC

OBOC

IBIC

C P

C P

C P

C P

C SC

C P

N/A

N/A

N/A

N/A

40

N/A

AC

AC

AC

AC

AC

AC

AC

AC

AC

Process

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

NIA

N/A

N/A

MOVGate 18 RHR Contaimncnt Cooling

MOVGlobo 4 RHR Containment Cooling

X-211B FCV-74-71

X-211 B FCV-74-72

X-225A ShfV-74-226 Globe 3/4 RHR Phfp Suction Samplo Valve

3/4 RHR PMP Suction Sample ValveSMV-74-227X-225B

I-X-39B

2-X-39A

3-X-39A

I-X-39B

2-X-39A

3-X-39A

Globe

I-FCV-74-74 MOVGate 12 RHR DvpvcliSpray

2-FCV-74-74 MOVGato

3-FCV-74-74 hfOVGate

I-FCV-74-75 hfOV Gate

12 RHR DrywcllSpray

12 RHR DrywcllSpray

12 RHR Drywall Spray

3-FCV-74-75 MOVGate 12 RIIR Drywell Spray

2 PSC Head Tank To Core Spray

2 PSC Head Tank To Core Spray

Check75406N/A

Check75407N/A

2-FCV-74-75 MOVGato 12 RHR Drywell Spray

OBOC

IBOC

IBOC

IBOC

OBOC

OBOC

OBOC

IBOC

IBOC

IBOC

IBIC

OBOC

C SC

C SC

C SC

C SC

C P

C P

C P

C P

C P

-C P

0 P

0 P

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

AC

AC

hfanual

hfanual

AC

AC

Process

AC

AC

hfanual

hfanual

AC
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Table 5.2-2
(Sheet 8 of 12)

PRINCIPLE PRIMARYCONTAINMENTPENETRATIONS ANDASSOCIATED ISOLATIONVALVES
ISLN Group PEN. No. Valve UNID Valve Type Valve Type ofSavice Cntmt. Normal Action hfax Opr. Power
Signal Notes (A B) Size Status on Time (Scc.)

(ln.) Initiating
Si

Close
Sec Notes

N/A

N/A

N/A

75409

75410

Cheek

Check

2 PSC Head Tank To Core Spray

2 PSC Head Tank To Core Spray

IBOG 0 P N/A

0BOG 0 P N/A

N/A

N/A

X-16A

X-16A

FCV-75-25

FCV-75-26 Testable
Cheek

12 Core Spray To Reactor

hfOVGate 12 Core Spray To Reactor OBOC

IBIC

C SC N/A

C P N/A

AC AC

Process

N/A

N/A

X-16B

X-16B

X-227A

X-227A

X-35F

X-25

X-25

FCV-75-53

FCV-75-54

FCV-75-57

FCV-75-58

76453

FCV-76-17

FCV-76-18

hfOVGate 12 Core Spray To Reactor

Testable
Cheek

12 Coro Spray To Reactor

AO Globe 3 Suppression Chamber Drain

AO Globe

Check

3 Suppression Chamber Drain

3/8 TIP Nitrogen Purge

AO Butterfly 2 Contauun«nt Inerting Drywall N2
hfakcup

AO Buttcrfly 2 Containment Inating N2 hfakcup

OBOC C SC N/A

IBIC C P N/A

IBOC 0 GC 15

OBOC 0 GC 15

IBOC C C N/A

OBOC C SC 5

IBOC C SC 5

AC

Air, AC

Air, AC

Process

Air,AC

Air, AC

Process

Spring

Spring

Process

Spring

Spring

X-205 FCV-76-19

FCV-76-24

FSV-7649

FSV-76-50

X-25 AO Buttcrfly 10 Containmcnt Nitrogen Purge OBOC C SC 5

IBOC 0/C GC/SC N/A

OBOC 0/C GC/SC N/A

IBOO 0/C GC/SC N/A

IBOC 0/0 GC/SC N/A

X-27F SOL Gate

SOL Gate

I/2 DrywellAnalyzer ASample

I/2 Dryweli Analyzer ASample

I/2 Torus Analyzer ASample

I/2 Torus Analyzer ASample

X-27F

I-X-229D I-FSV-76-55 SOL Gate

2-X-229D 2-FSV-76-55 SOL Gate

AO Buttafly 2 Containment Inating- PSC N2 hfakeup IBOC C SC 5 Air,AC

Air,AC

AC

AC

Spring

Spring

Spring

Spring

Spring

Spring
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Table 5.2-2
(Sheet 9 of 12)

ISLNGroup PEN. No. Valve UNID Valve Type Valve Type ofService Cntmt. Normal Action
Signai Notes (A B) Size Status

(In.) Initiating
Si 1

hoax Opr. Posver
Time (Sec.) Open Close

N/A

PRINCIPLE PRIMARYCONTAINMENTPENETRATIONS ANDASSOCIATED ISOLATIONVALVES
See Notes

3-X-229N 3-FSV-76-55 SOL Gate

I-X-229D I-FSV-76-56 SOL Gate

2-X-229D 2-FSV-76-56 SOL Gate

3-X-229N 3-FSV-76-56 SOL Gate

I-X-229B I-FSV-76-57 SOL Gate

2-X-229B 2-FSV-76-57 SOL Gate

3-X-229A 3-FSV47-57 SOL Gate

I-X-229B I-FSV-76-58 SOL Gate

2-X-229B 2-FSV-76-58 SOL Gate

3-X-229A 3-FSV-76-58 SOL Gate

X-52C

X-52C

FSV-76-59

FSV-7640

SOL Gate

SOL Gate

I-X-229K I-FSV-7645 SOL Gate

2-X-229K 2-FSV-7645 SOL Gate

3-X-229P 3-FSV-7645 SOL Gate

I-X-229K I-FSV-7646 SOL Gate

2-X-229K 2-FSV-7646 SOL Gate

3-X-229P 3-FSV-7646 SOL Gate

I/2 Torus Analyzer ASample

I/2 Torus Analyzer ASampler

I/O Torus Analyzer ASampler

I/2 Torus Analyzer ASampler

I/2 Analyzer ASample Rctum

I/2 Analyzer ASample Rctum

I/2 Analyzer ASample Return

I/2 Analyzer ASample Return

I/2 Analyzer ASample Return

I/2 Analyzer ASample Rctum

I/2 DrywellAnalyzer B Sample

I/2 Drywell Analyzer B Sample

I/2 Torus Analyzer B Sample

I/2 Torus Analyzer B Sample

I/2 Torus Analyzer B Sample

I/2 Torus Analyzer B Sample

I/2 Torus Analyzer B Sample

I/2 Torus Analyzer B Sample

IBOC 0/C

OBOC 0/C

OBOC 0/C

OBOC 0/C

IBOC

IBOC

IBOC

0

0

0

OBOC 0

OBOC

OBOC

IBOC 0/C

0BOG 0/C

IBOC 0/C

IBOC 0/C

IBOC 0/C

OBOC 0/C

OBOC 0/C

OBOC 0/C

GClSC

GClSC

GC/SC

GC/SC

GC

GC

GC

GC

GC

GC

GClSC

GC/SC

GClSC

GC/SC

GC/SC

GC/SC

GC/SC

GC/SC

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

AC

AC

AC

AC

AC

AC

AC

AC

AC

AC

AC

AC

AC

AC

AC

Spring

Spring

Spring

Spring

Spring

Spring

Spring

Spring

Spring

Spring

Spring

Spring

Spring

Spring

Spring

Spring

Spring

Spring
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Table 5.2-2
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PRINCIPLE PRIMARYCONTAINMENTPENETRATIONS AND ASSOCIATED ISOLATIONVALVES
ISLN Group PEN. No. Valve UNID Valve Typo Valve Type ofService Cntmt. Nomul Action Max Opr. Power
Signal Notes (A,B) Size Lctn. Status on Time (Sec.) Open Close

(In.) Initiating
Si al

Sec Notes

X-229G

X-229G

X-19

2 X-19

FSV-M47

FSV-7648

SOL Gate, I/2 Analyzer B Sample Return

FCV-77-15A AO Gate 3

FCV-77-15B AO Gate 3

Drywell Equipment Drain Sump
Discharge

Drywell Equipment Drain Sump
Disdurge

SOL Gate I/2 Analyzer B Sample Return

IBOC

OBOC

IBOC

0 GC N/A

0 GC N/A

0 GC 15

OBOC 0 GC 15

AC

Air,AC

Air, AC

Spring

Spring

Spring

Spring

N/A

N/A

N/A

N/A

N/A

N/A

N/A

X-18

X-18

X-25

XC-205

X-25

X-205

X-50B

X-22

X-231

X-26

X-25

X-205

X-205

FCV-77-2A

FCV-77-2B

84600

84601

84403

84483

84486

FCV-84-19

FCV-84-20

FSV-84-8A

FSV-84-8B

FSV-844C

AO Gate 3

AO Gate 3

Check 2

Check 2

Check

Check

hfanual Ball I

hfanual Ball I

AO Gate 2

AO Gate 2

SOL Gate 2

SOL Gate 2

SOL Gate 2

DrywellHoor Drain Sump Discharge IBOC

DrywallHoor Drain Sump Discharge OBOC

CAD Admission To Drywall

CAD Admission To Torus

CAD Admission To Drywell

CAD Admission To Torus

OBOC

OBOC

OBOC

OBOC

CADSy~ Containment Exhaust To
Standby Gas (65)

CAD Containment To Standby Gas (65)

CAD Admission To Drywell

CAD Admission To Toms

CAD Admission To Torus

OBOC

OBOC

IBOC

IBOC

IBOC

CAD Crosstie To Drywell Control Air OBOC

CAD Crosstie To Drywell Control Air OBOC

0 GC 15

0 GC 15

C P N/A

C P N/A

C P N/A

C P N/A

C N/A N/A

C N/A N/A

C SC N/A

C SC 10

C SC N/A

C SC N/A

C SC N/A

Air, AC

Air, AC

Process

hfanual

Manual

Air,AC

Air, AC

AC

AC

Spring

Spring

Process

hfanual

hfanual

Spring

Spring

Spring

Spring

Spring
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Table 5.2-2
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PRINCIPLE PRIMARYCONTAINMENTPENETRATIONS AND ASSOCIATED ISOLATIONVALVES
ISLN Group
Signal Notes

PEN. No. Valve UNID Valve Type Valve Type of Senttce Cntmt. Normal Action Max Opr. Power
(A,B) Size Lctn. Status on Time (Sec.) Open

(In.) Initiating
Si nal

Close

N/A X-25 FSV-84-8D SOL Gate 2 CAD Admission To Drywell

N/A X-25 FSV-84-8A SOL Gate 2 CAD Admission To Drywell

N/A X-205 FSV-84-8B SOL Gate 2 CAD Admission To Torus

N/A X-205 FSV-84-8C SOL Gate 2 CAD Admission To Torus

IBOG C SC N/A

I BOG C SC N/A

IBOC C SC N/A

IBOO C SC N/A

AC

AC

AC

AC

Spring

Spring

Spring

Spring

N/A X40B FSV-84-48 SOL Globe 1 CAD Crosstie To Drywell Control Air OBOC C N/A N/A

N/A X-22 FSV-84-49 SOL Globe 1 CAD Crosstie To Drywell Control Air OBOC C N/A N/A

AC

AC

Spring

Spring

6 X-50A & FSV-90-255
X-50D

SOL Gate 1 Alrbome Radiation Monitoring

6 X-50C FSV-90-257A SOL Gate 1 Airborne Radiation Monitoring

6 X40C FSV-90-257B SOL Gate 1 Airborne Radiation Monitoring

8 X45A FCV-94-501 SOL Ball

8 XQ5B FCV-94-502 SOL Ball

8 X45C FCV-94503 SOL Ball

8 X45D FCV-94-504 SOL Ball

8 X45E FCV-94-505 SOL Ball

3/8 TIP Guide Tube

3/8 TIP Guide Tube

3/8 TIP Guide Tube

3/8 TIP Guide Tube

3/8 TIP Guide Tube

6 BOA FSV-90-254A SOL Gate 1 Airborne Radiation Monitoring

6 X-SOD FSV-90-254B SOL Gate 1 Airborne Radiation Monitoring

OBOC 0 GC 10

IBOC

IBOC

IBOC

IBOC

IBOC

IBOC

0 GC 10

C GC N/A

C GC N/A

C GC N/A

C GC N/A

C GC N/A

IBOG 0 GC 10

IBOC 0 GC 10

OBOC 0 GC 10

AC

AC

AC

AC

AC

AC

AC

AC

AC

AC

AC

AC

AC

AC

AC

AC

AC

AC

AC

AC
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Table 5.2-2
(Sheet 12 of 12)

PRINCIPLE PRIMARYCONTAINMENTPENETRATIONS AND ASSOCIATED ISOLATIONVALVES

GENERAL NOTES:
LEER!l2

A.
B.

Unid Numbers Shovm Are Typical For AIIThree Units Unless Otherwise Noted.
This Table Does Not List AllPrimary Containment Valves, For Example, Instrument Line Root Valves, Excess Flow Check Valves, Vent Valves, Panel
isolation Valves And Panel Valves. This Table Should Not Be Used In Determining The Primary Containment Boundary Or Appendix J Testing Boundary.

0
C
SC
GC
P
IBIC
OBOC
IBOC

Open
Closed

Stays Closed
Goes Closed
Process

Inboard Inside Containment
Outboard Outside Containment
Inboard Outside Containment

0
ES'.

2.

4.
7.
9.

51.

Primary Containment Isolation Valve(S) Requiring LLRTAt Not Less Than 49.6 Pslg (pre-uprate), 50.6 Pslg (uprate).
Primary Contafnment Isofation Valve(S) Which May Be LLRTWith Water And Not Included In The 60-Percent L, Tabulation, Provided A Sufficient
Field Inventory Is Available To Ensure The Sealing Function For At Least 30 Days At A Pressure Of 54.6 Psig (pre-uprate), 55.7 Psfg (uprate).
Primary Containment Isolation Valves That Are In Closed Loop, Seismic Class I Lines That WillBe Water Sealed During A DBA. These Valves WillBe
Tested But Not Included In The 60-Percent L,Tabulation.
Primary Containment Isolatfon Valves That Are Manually Operated.
Primary Containment Isolation Valves Requiring LLRTAt Not Less Than 25-Psig.
These Components Require Local Leak Rate Testing At Not Less Than 49.6 Pslg (pre-uprated), 50.6 Psig (uprated).
The Maximum Allowable Leak Rate For These Valve Is 10 Scfh.

S G U

Group 1 = B, D, P
Group2=A, F
Group3=A,J
Group 4-" L, E
Group 5= K, G
Group6=A, F,Z
Group 7 = (Deleted)
Group8=A, F

SIGNA D SC IP 0

A.
B.
D.

F.
G.
J.

L.
P.
Z.

Reactor Vessel Low Water Level (Level 3)
Reactor Vessel Low-Low-LowWater Level (Level 1)
Main Steamline Break (Steamline High Space Temperature Or High Steam Flow)
High Pressure Between Diaphragm Rupture Discs On HPCI Turbfne Exhaust
High Drywell Pressure
High Pressure Between Diaphragm Rupture Discs On RCIC Turbine Exhaust
High Temperature In The Areas Occupied By RWCU Equipment (RWCU Heat Exchanger Room Or RWCU Pump Rooms 2A And 28), Or High
Temperature In The RWCU Pipe Trench Or High Temperature In The Main Steam Valve Vault. Alarm And Close Cleanup System Isolation Valves.
Line Break In RCIC System Steam!inc To Turbine (High Steamline Space Temperature, High Steam Flow, Or Low Steamline Pressure)
Line Break In HPCI System Steamline To Turbine (High Steamline Space Temperature, High Steam Flow, Or Low Steamline Pressure)
Low Main Steamline Pressure At Inlet To Turbine (Run Mode Only)
Reactor Building Ventilation Exhaust Hfgh Radiation
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Table 5.2-3

PRIMARYCONTAINMENTINSERVICE INSPECTION ACCESS CAPABILITIES

COMPONENT

1. Drywell
Penetrations

2. Suppression
Chamber

3. Drywell &
Header

4. Containment
Isolation
Valves

AREA OF INTEREST

Containment boundary of all
penetrations with expansion joints
not concealed by shield wall.

Containment boundary of all
other process penetrations not
concealed by shield wall.

Electrical Penetrations.

10% of the internal submerged
surface area (excluding suction
header).

10% of internal non-submerged
surface area (excluding suction
header and internal surface of
vent system.)

10% of external surface area
(including suction header).

100% head bolting

100% Flange seal surface

Exterior surface

ACCESS PROVIDED
FOR INSPECTION
TECHNIQUE

VT from at least
one side. Leak
test.

VT from at least
one side.

Leak test.

VT 8 PT/MT

VT&PT

VT 8 MT/PT

Code:

VT = Visual Inspection
PT = Liquid Penetrant Inspection
MT = Magnetic ParticIe Inspection
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5.3 SECONDARY CONTAINMENTSYSTEM

5.3.1 ~Sf
Qb'he

safety objective of the Secondary Containment System is to limit the release
of radioactivity to the environs after an accident so that the resulting exposures
are kept to a practical minimum and are within the guideline values given in
published regulations (10 CFR 20 and 10 CFR 100 as applicable).

5.3.2 Safet Desi n Basis

The Secondary Containment System provides secondary containment when the
primary containments are intact. In the event of release of radioactivity to the
Reactor Building atmosphere, the Secondary Containment System contains the
necessary reliable, redundant components and subsystems to isolate, to contain,
and to assure controlled filtered elevated release of Secondary Containment
Building atmosphere.

The Secondary Containment System provides primary containment when any of
the three Primary Containment Systems are open such as during refueling
(MODE 5) and maintenance operations.

During normal operation and when isolated, the secondary containment is
maintained at a negative pressure relative to the building exterior. When
isolated, the secondary containment atmosphere is filtered by the Standby Gas
Treatment System and released from the plant stack. Provision is made for
removal of decay heat from activity deposited on filters.

The secondary containment inleakage rate is less than the SGTS capacity when
the building is subjected to an internal negative pressure of 0.25 inch of water.
Wind conditions are considered.

The Reactor Building superstructure siding is designed to withstand internal
pressure in excess of 57.6 Ib/ft'ithout structural failure. Pressures in excess of
50 Ib/ft'illbe relieved by blowoff panels in the siding. The above-grade exterior
concrete walls are designed for pressures up to 250 Ib/ft'ithout structural
failure. The roof is designed for 50 Ib/ft'ive load and 25 Ib/ft'ead load. The
roof internal pressure design goal is 5-inches water gauge'see page III-145 of
Reference 1). The loads from fans, ducts, and tanks are carried directly to the
building steel and do not load the deck.

1 NAA-SR-10100 Conventional building for Reactor Containment, Atomics International, July 25,
1965.

5.3-1
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The tornado design basis is a pressure decrease of 3 psi at a rate of 0.6 psi per
second. (See Question 2.1 of Amendment 2 of the Browns Ferry Unit 3 Design
and Analysis Report.)

The Reactor Building and the Standby Gas Treatment Building are Class I

structures. The Standby Gas Treatment System and Secondary Containment
System are designed as Class I systems except for the penetrations through the
secondary containment membrane. These penetrations are designed to limit the
inleakage flow in order to maintain a negative pressure inside secondary
containment following a Design Basis Earthquake.

The operation of the Secondary Containment System is independent of offsite
power and normal generation system capacity.

The individual components and subsystems which receive a signal to isolate
secondary containment and for operation of standby gas treatment are testable
during normal operation of the nuclear systems.

The Standby Gas Treatment System and associated ventilation system active
components are designed to the single-failure criteria for engineered safeguards.

Aircooling units provide for the removal of heat from equipment and piping losses
from RHR, Core Spray, and RCIC Systems.

5.3.3 Seconda Containment S stem Descri tion

5.3.3.1 General

The Reactor Building exterior walls, roof, floor, penetrations, and qualified
membrane extensions form the secondary containment membrane. The Raw
Cooling Water discharge lines from each unit are seismically qualified pressure
boundary extensions from the Reactor Building penetration out to the point
underground where the steel discharge lines join clay pipe in the yard. During
refueling/maintenance activities (ex., OB MSIV, FW check valve maintenance)
when secondary containment is required, secondary containment membrane may
be extended to analyzed boundaries.

The Primary Containment Systems and essentially all of the Emergency Core
Cooling Systems for the three reactors are located inside the bounds of the
Secondary Containment System. The Reactor Building substructure consists of
poured-in-place reinforced concrete exterior walls that extend up to the refueling
floor. The refueling room floor is also made of reinforced poured-in-place
concrete. The superstructure of the Reactor Building above the refueling floor is
a structural steel frame. This frame supports the roof decking and the overhead
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crane tracks, as well as the foamwall stepped fascia panels and the insulated
metal siding panels. The built-up roof, the stepped fascia panels, and the metal
siding form the secondary containment membrane above the refueling floor.

The reinforced concrete exterior walls and the structural steel for the
superstructure willwithstand the design basis tornado. (See paragraph 12.2.2 for
tornado considerations and missile protection.) The superstructure siding is
assumed to be removed in the design basis tornado. However, the
superstructure design is adequate in the event the siding is not removed because
(a) the blowout panels will prevent excessive pressure differentials, and (b) the
structural steel frame is designed for the full-wind load with all of the siding in
place.

For a major steam line rupture, the excess pressure would be relieved through
blowout panels. Small ruptures would probably be contained in the Reactor
Building without relieving the blowout panels. Large blowout panels are located
in the main steam valve room of each unit. This prevents overpressurization of
the Reactor Building for a main steam line rupture between the second isolation
valve and the secondary containment wall. For steam line failures in the Reactor
Building, but outside the drywell and outside the main steam valve room, the
pressure would be relieved to the refueling room by the hatches and hatchways.
The pressure within would then be relieved to the large blowout panels in the
insulated metal siding.

Secondary containment is isolated and operation of the Standby Gas Treatment
System (SGTS) initiated by low reactor water level, high drywell pressure, high
radiation in a Reactor Building ventilation system, or a manual signal from the
Main Control Room. Subsection 5.3.3.2 describes the sequence and logic for
isolation of the secondary containment system. Subsection 7.3, "Primary
Containment and Reactor Vessel Isolation Control System," describes the
actuation signals for the secondary containment isolation and startup of standby
gas treatment.

The Units 1, 2, and 3 air dilution ducts, the Units 2 and 3 air dilution duct cross
connects to SGTS, the cubicle exhaust duct, the steam packing exhaust duct and
the cubicle and steam packing exhaust bypasses are automatically isolated from
the stack and SGTS by redundant, safety-related, backdraft dampers which shut
on backdraft or no flow. The use of these dampers limit the amount of a ground-
level radioactive release during Design Basis Accidents which use SGTS to
mitigate the radiological consequences of these Design Basis Accidents.
Subsection I4.6, 'Analysis of Design Basis Accidents', evaluates the radiological
consequences of design basis accidents.
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5.3.3.2 Zone Ventilation S stem

The Reactor Building is divided into four ventilation zones which may be isolated
independently of each other. The refueling room which is common to the three
units forms the refueling zone. The individual units below the refueling floor form
the other three reactor zones. The four-zone ventilation control system provides
increased capability for localizing the consequences of an accident or radioactive
release such that the effect will be localized in one zone while maintaining the
ability to isolate the entire Reactor Building if necessary. With one or more zones
isolated, normal operations may be continued in the unaffected zones. If the
internal zone boundaries should fail, the entire Reactor Building would still meet
the requirements of secondary containment by assuring filtered elevated release.
The zone system is not an engineered safeguard, and the failure of the zone
system would not in any way prevent isolation or reduce the capacity of the
Secondary Containment System.

A reactor zone is isolated upon isolation of the primary containment in that
particular zone, by high radiation level in the ventilation exhaust duct leaving that
particular zone, or by manual alignment. The refueling zone is always isolated
when any reactor zone is isolated. The refueling zone only is isolated by a
manual signal or by a high radiation signal from any of the six radiation monitors
that serve the refueling zone (see FSAR Section 7.12.5). Upon isolation, all of
the ventilation systems serving the isolated zone or zones are shut down, the
ducts are isolated, and the Standby Gas Treatment System is started and begins
exhausting from the isolated zone or zones.

5.3.3.3 Reactor Buildin Descri tion

The Reactor Building is built on bedrock. A description of the underlying rock
formation is found in Subsection 2.5, "Geology and Seismology." The structural
design basis of the reinforced concrete walls, the refueling floor, and the steel
superstructure framing are discussed in Subsection 12.2, "Principal Structures
and Foundations."

The Reactor Building roof consists of a metal deck, insulation, and built-up
composition roofing. The deck is made of 18-gauge 3-inch-deep galvanized steel
deck. The deck is formed from U.S. Standard gauge structural quality steel that
conforms to ASTM Specification A 245. The metal roof deck is covered with a
2-inch-thick layer of rigid insulation. Just prior to installing the insulation, the
deck will receive a vapor barrier consisting of a vapor barrier felt and steep
asphalt. The insulation is secured to the deck with hot asphalt. The insulation is
covered with a single-ply asphalt base felt which is in turn covered with a 4-ply
built-up composition, slag-surfaced roof. Special attention is given to the joints
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where the built-up portion joins the parapet and penetrations to assure a
permanent leak-tight installation.

The siding panels form the secondary containment wall membrane on the
superstructure. The vertical panels are made up of 18-gauge galvanized steel,
insulated panels 12-inches wide and 1-1/2-inches thick faced with aluminum
V-beam sheets. The steel panels are joined on the edges with 1-1/2-inch deep
interlocking male and female ribs. The female rib is factory-caulked with a
resilient caulking compound. A finned vinyl weatherstrip gasket is secured to the
male leg with double-sided, pressure-sensitive tape. The male-female joint is
then drawn up tight in place and locked by button-punching on 4-foot centers. A
full 1/4-inch resilient caulk bead is laid along the downturned sides of the female
joints. This provides a triple seal. The ends of the vertical insulated panels are
sealed with a double row of pressure-sensitive tape laid side by side with the
fasteners passing between the two rows of tape. Each stainless steel fastener is
individually sealed. The exposed joint edges are continuously caulked.

The stepped fascia and accent panels are made of foamwall panels. The
foamwall panels are made from urethane foam sheets bonded between 0.04-inch
thick aluminum sheathing. Alljoints at the end of the panels are sealed with
metal batten strips. The battens are double-sealed to the aluminum sheath with
pressure-sensitive tape. The inner batten is attached to the outer batten with
sheet metal screws. The corner joints at the steps are either tongue-and-groove
or flashed. The tongue-and-groove joints are formed on the ends of the
foamwalled panels. The tongue-and-groove joints are triple-sealed. The inner
joint and the tongue joint are sealed with pressure-sensitive tape. The outside
joint is caulked. The flashed joints are sealed with double rows of
pressure-sensitive tape with the fasteners placed between the rows of tape.

5.3.3.4 Relief Panels

Excessive pressure differentials due to steam line ruptures and tornadoes are
prevented by venting to the atmosphere through relief panels. Three sets of relief
panels and a flow limiter prevent the overpressurization of the Secondary
Containment System. These consist of the main steam relief panels, the zone
relief panels, the exterior siding panels and the HPCI flow limiter. Main steam
ruptures would be vented to the Turbine Building through main steam relief
panels. Zone relief panels vent other steam line ruptures to the refueling zone.
Zone relief panels also vent excess air to the refueling room during tornado
depressurizations. The exterior siding panels vent the refueling room to the
atmosphere.

The portion of each main steam vault inside the Secondary Containment System
is separated from the main steam tunnel in the turbine bay by large blowout
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panels made of several sections. These panels have an unobstructed area of
approximately 360 square feet and are designed to relieve at 90 Ib/ft2. For large
ruptures in the main steam vault the panels would relieve the steam and the
steam would flow to the Turbine Building through a second set of relief panels,
around the turbine foundation openings into the Turbine Building, and then to the
atmosphere. The relief panels are held in place with necked aluminum rupture
bolts. The panel sections are made of 10-gauge sheet metal, and the panel
edges are sealed to the building steel. The panels are chained on one side to
assure that the panels cannot collect on obstructions downstream, thereby
blocking the flow area. The steam vault is designed to withstand an internal
pressure of 10 psi. The biological shield penetrations from the drywell are sealed
to prevent high external pressure on the drywell. The remainder of the vault is
not leaktight, and some steam would leak to the Reactor Building through the
access door and through ventilation penetrations.

Steam releases into the tunnel are detected by temperature sensors. When
these sensors detect a high temperature condition in the steam tunnel, they
initiate main steam line isolation but not RCIC isolation. If the break is in the
40 feet of RCIC steam piping traversing this area, the RCIC high-flow sensors are
the only automatic sensors providing protection for RCIC breaks in the tunnel.
(There are no RCIC temperature sensors located in the tunnel.) A RCIC steam
line break that discharges less than 3 times the RCIC rated flow does not actuate
the RCIC isolation valves; therefore, the steam pressure increases in the tunnel
unless the operator responds to the emergency and manually isolates the RCIC.
Radiation detectors in the reactor zone ventilation exhaust will sense the leak and
will isolate that unit's reactor zone and the refueling zone. Lack of operator
action permits the pressure to increase until the steam is eventually relieved
through the tunnel blowout panels into the Turbine Building. Continuation of the
blowdown causes venting of steam from the Turbine Building; however, steam
leaks without liquid release produce insignificant radiological doses.

A high radiation level will be detected by the turbine area radiation monitoring
instrumentation and will annunciate in the control room; thus, the operator would
be alerted to examine his information display. An indication of RCIC steam flow
without a concurrent reactor low water level, but with high tunnel temperature and
with main steam line isolation, would be indicative of a RCIC steam line break in
the tunnel area. The operator could then isolate RCIC (a very important system
but not designated as a Emergency Core Cooling System), or he could dispatch
someone to the Turbine Building to perform a survey. The operator's
examination could take as long as 10 minutes before he deduces that the RCIC
steam line probably has ruptured and manually isolates the RCIC steam line.
The offsite doses for an undetected 300 percent RCIC steam leak in the tunnel
that continues for this long (10 minutes) are less than 0.1 percent of the 10 CFR
100 guideline values for the thyroid dose and less than 0.1 percent of the 10 CFR
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100 guideline values for the whole body dose. (These dose calculations were
made using the methods and assumptions discussed in Chapter 14 of the FSAR.)

Each HPCI turbine steam supply line contains a flow limiter which limits the flow
to approximately three times the maximum required for the MPCI turbine. With
this flow limiter, a rupture of the HPCI steam supply line or any other line relieving
steam to the secondary containment would relieve to the zone containing the
rupture.

All of the zones are connected to the refueling floor with relief panels that are
designed to relieve at 36 Ib/ft'. They are similar in design to the main steam vault
relief panels. The Unit 1 zone panels relieve to the fuel cask hatchway. The
panels at floor El. 565 have 150 square feet of unobstructed flow area, this panel
relieves the basement rooms as well as the room at El. 565. The panels at El.
583 and El. 621.25 have 75 square feet of unobstructed area each. The El. 639
rooms relieve through stairways to the El. 621.25, then through the panel to the
hatchway. Unit 2 and Unit 3 zones are relieved through panels located in the
large equipment hatch in the refueling floor at El. 664. Each of these panels has
300 square feet of free flow area. The elevator shafts in the Reactor Building are
not in any of the four zones. In the event of a tornado depressurization, the
elevator shafts would relieve to the refueling floor through relief panels of
25-square feet each. Each new fuel vault is vented to the refueling zone through
an 8-inch diameter vent pipe.

The exterior siding relief panels are located on the north and south walls of the
refueling room floor. The total panel area is 3200 square feet. This is equally
distributed on the north and south walls. These 1600 square feet on each wall
are divided equally along the three units even though they join a common room.
The joints in the blowout panel are similar to the other joints in the vertical
insulated siding except they are not button punched. The panels are held in
place with necked aluminum rupture bolts.

5.3.3.5 Locks and Penetration

All entrances and exits to and from the Reactor Building are through personnel
and equipment locks. These locks are shown on Figures 1.6-2, 1.6-3, 1.6-5,
1.6-6, 1.6-11, 1.6-12, and 1.6-1 3. Two personnel locks in the north wall of the
Reactor Building at EL. 565 lead to the Reactor Building from EL. 565 of the
Turbine Building. One lock leads to either Unit 1 or Unit 2, the second personnel
lock leads to either Unit 2 or Unit 3. These two personnel locks are the normal
access to the Reactor Building. Two personnel locks at El. 565 extended through
the south wall of the Reactor Building and to the outside by passing under the
berm. They will be used when equipment or fuel is being passed through the
large equipment lock. There are six personnel locks between the control bay and
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the Reactor Building at El. 621.25 and El. 593. These provide emergency exits
from the control bay and emergency access from the Reactor Building to the
shutdown board rooms. Small equipment locks serve Unit 2 and Unit 3 and lead
to EL. 565 of the Turbine Building. Two personnel locks on the north side of the
refueling floor (EL. 664) lead to the stairs for access to the Reactor Building roof
and the control bay roof.

The personnel and small equipment lock doors have locking devices powered
from the 120-V AC Plant Preferred Electrical System. When one door is open,
the locking devices will be engaged, which prevents the other door from being
opened. The doors are also interlocked with a Main Control Room alarm which
annunciates in the highly unlikely event that both doors are opened
simultaneously. The doors for the personnel locks and the two small equipment
locks are weather stripped to reduce infiltration. The six emergency access locks
require a magnetically coded card-key access control system, or on failure of the
individual card readers, the door latches will be left open. Both failures will be
annunciated in the Unit 1 Main Control Room and action initiated to secure the
doors with a key-operated deadbolt.

For personnel access locks and the equipment access locks construction and
loads information. (See FSAR Section 12.2.2.1.6.)

After initial installation, all doors will be tested for operation of hinges, latches,
and keylocks. Doors and locking mechanisms are to be inspected periodically for
free operation and interlock functions. These inspections include an examination
of the frame sealant to determine ifcracks are developing and only normal
deterioration is taking place. Also included in the inspection program is the
weather stripping which is evaluated for fit and deterioration.

New and spent fuel and other large items enter and leave the Reactor Building
through a large equipment lock located in the south wall of Unit 1 at EL. 565. The
large motor-operated double doors at each end of the large equipment lock are
fitted with inflatable pneumatic seals. The air to operate the inflatable seal is
supplied from an air receiver that is supplied from the Control AirSystem. Two
check valves in series prevent depressurizing the system upon loss of control air.
The receiver capacity is adequate to inflate the seals twice plus the seal system
leakage for over 1 week of operation without makeup from the Control Air
System. The air system is designed so that the system leakage rate may be
determined with the seals inflated to assure that the receiver capacity is adequate
to supply inflation air for a minimum of 1 week. Low pressure in the seals on both
sets of doors can occur only when low pressure occurs in the system. Loss of
seal pressure is annunciated in the Main Control Room. The doors are
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interlocked to ensure secondary containment integrity. The doors and the air
system are designed for the maximum earthquake loads.

Significant Condition Report (SCR) BFNNEB 8601 Revision 1 documented a
discrepancy between Section 5.3, Appendix F and the secondary containment
piping penetration configurations installed in the plant. The discrepancy
identified was a difference between the plant configuration and the FSAR.
Section 5.3 and Appendix F identified the secondary containment piping
penetrations as Seismic Class I while the actual configurations did not always
appear to be Seismic Class I.

The program to resolve this discrepancy evaluated the potential for a pipe break
on both sides of the secondary containment boundary. Such a break would result
in an increase in the air leakage rate into secondary containment. EQE
Engineering, Inc. performed the pipe break analysis and documented'hat there
were no credible source of pipe breaks which would result in leakage area
increases into the secondary containment volume. Based on this, the secondary
containment piping penetrations evaluated are exempt from the requirement for
two seismically qualified isolation devices discussed below. The piping analysis
applies to all secondary containment piping penetrations which were installed
prior to October 12, 1988. Any pipe systems which are modified in such a
manner so as to significantly increase the probability of a pipe failure anywhere in
the system or piping systems which are installed after October 12, 1988, are
required to satisfy the isolation requirements given in the following paragraphs.

Secondary containment piping penetrations can be divided into two groups. The
first group covers penetrations for systems that are open in the secondary
containment and open to the outside environment. These penetrations contain
double isolation valves. The section of pipe or duct from the secondary
containment through the second isolation valve is designed to withstand the
maximum earthquake. The isolating valves in this group close automatically by
zone upon secondary containment isolation, or they may be operated manually
from the Main Control Room. The valves have position-indicating lights in the
Main Control Room. The second group covers penetrations for systems that do
not open into the secondary containment. These closed systems that are
designed for the maximum earthquake throughout the secondary containment do
not have isolation valves at the secondary containment membrane. All lines that

EQE Engineering Report No. 51001.04-R-001 Revision 0, TVA Browns Ferry Nuclear Plant
Secondary Containment Piping Penetrations, October 12, 1988 (RIMS OB22 881022 092)
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are not analyzed for the maximum earthquake have a means of sealing the line at
the secondary containment membrane, and the section of pipe from the seal to
the containment membrane is designed to withstand the maximum earthquake.
These seals are arranged to prevent inflow into the secondary containment
through a ruptured line when the secondary containment is under negative
pressure of 3-inches water gauge. For lines that only flow out of secondary
containment, check valves, water seals or other qualified methods of ensuring
containment integrity are used. Lines that have flow into secondary containment
or in both directions are sealed by either remote manual valves operated from the
Main Control Room, or water-seal legs or check valves that require in excess of
3-inches water gauge to open.

No credit is taken for the RCW discharge lines check valves'eats and disks to
provide secondary containment isolation. The RCW discharge lines external to
the reactor building penetrations and within the Seismic Class I service water
tunnels are seismically qualified for pressure boundary retention out to the point
underground where the carbon steel discharge lines join clay pipe. The clay pipe
portion of the discharge lines tie into the respective unit's Condenser Circulating
Water (CCW) conduit which discharges into the river. Either RCW discharge
flow or river water level provide a water seal against secondary containment air
inleakage under all plant operating modes and accidents. River water level is
routinely monitored for low level to detect the potential for uncovering the RCW
discharge flow path at the CCW conduit. During a design basis earthquake, the
underground clay piping could fail, but the ends of the carbon steel RCW
discharge lines would be sealed under the yard soil.

The supply and exhaust ventilating duct penetrations fall in the open system
category. Low-leakage dampers are used for this service. The damper frame is
a 6-inch extruded aluminum channel. The extruded aluminum airfoil-shaped
damper blades seal on the edges with a resilient seat and on the ends with
stainless steel pressure plates. The pneumatic damper operators close upon
loss of air or control signal.

Typical piping penetration seals are shown in Figure 5.3-1. All electrical
penetrations are sealed with sealant around the conductors. Figures 5.3-2 and
5.3-2a through 5.3-2d show typical penetrations for both conductors in cable
trays and for conductors in conduit. Figure 5.3-5 shows a typical duct penetration
and seal.

Allfunctional through-wall penetrations of the concrete Reactor Building walls
(i.e., penetrations through which electrical conductors or pro'cess fluid piping
pass) enter the environs below grade level or into adjoining concrete structures
which provide tornado and wind-driven missile protection. A single 4-inch
mechanical sleeve (spare penetration) on the Unit 2 Reactor Building south wall
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and several small penetrations (2-inches or less nominal diameter) that provide
access to the atmosphere for equipment control penetrate above ground level
and are exposed to the ambient environment. The spare penetration is sealed on
both ends by blind flanges, and the small penetrations contain piping which is
connected to closed systems inside the Reactor Building, so the integrity of
secondary containment is preserved. Analysis has shown that the probability of
these penetrations being breached by a tornado or wind-driven missile is so
unlikely as to constitute an incredible event. Their exposure to the ambient
environment is, therefore, acceptable. All Reactor Building penetrations are
readily accessible and can be visually inspected. Ifthe plant experiences a
tornado that threatens the integrity of secondary containment, an inspection and
test can be conducted.

Several ducts and conduit pass through the insulating siding panels. Where
these penetrations are made in the siding, the siding is sealed directly to the duct
or conduit similar to the joints where the siding is sealed to structural steel and
concrete walls.

Zone penetrations are similar to the secondary containment penetrations except
piping penetrations are designed for normal loads and do not necessarily contain
isolation valves.

5.3.3.6 Reactor Buildin Heatin and Ventilatin S stem

The Reactor Building is heated, cooled, and ventilated during normal and
shutdown operation by a circulating air system. The Reactor Building Heating
and Ventilating System is shut down and isolated when that zone of secondary
containment is isolated and connected to the SGTS. While the Reactor Building
Heating and Ventilating System is not an engineered safeguard, certain
components do perform engineered safeguards functions. The double isolation
valves'nd the equipment area cooling units serve engineered safeguards
systems and are designed to engineered safeguards standards and criteria. The
double isolation valves are described in paragraph 5.3.3.5. The equipment area
cooling units remove the heat from the basement rooms during operation of RHR
and Core Spray Systems. These air-cooling units are described in paragraph
5.3.3.6.2.
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Fire dampers are provided in the duct penetrations through fire zone boundaries
in the Unit 2 and Unit 3 Reactor Building. The flowdiagram for the Reactor
Building Heating and Ventilating Systems and Standby Gas Treatment is shown
in Figures 5.3-3a, 5.3-3b, 5.3-3c, and 5.3-3d.

5.3.3.6.1 Basic Ventilatin S stem

The ventilation system provides 100 percent makeup air. Outside air is taken
from grade level on the south side of the Reactor Building. The air is filtered,
then passes across hot water coils for winter heating and through evaporative
coolers for summer cooling, and, hence, to four supply fans per unit. Two
100-percent capacity supply fans per unit furnish air to the refueling zone. Two
100-percent capacity fans supply air to each of the unit reactor zones. The filters,
coils, coolers, and supply fans are located outside the Reactor Building.

The ventilation system air flow values to the refueling room are shown on
Figures 5.3-3a, 5.3-3c, and 5.3-3d (these values can be reduced by l~ during
heating system). This provides a minimum of 2.7 changes of air per hour, except
in the heating season when the flow may be reduced to a minimum of 1.35
changes of air per hour. The air is distributed to the south side only of the
refueling room. The air flow in the room is directed across the clean areas to the
less clean areas and finally collected around the periphery of the fuel storage
pool (including the dryer and separator pool and refueling well when primary
containment is open) and other areas of high potential for contamination.

The reactor zone ventilation system air flowvalues are shown on Figures 5.3-3a,
5.3-3c, and 5.3-3d (these values can be reduced by N during heating system).
This provides 4.0 changes of air per hour, except during the heating season when
the flow may be reduced to 2.0 changes per hour. This air is distributed to the
clean areas of the four main floors (El. 565, El. 593, El. 621.25, and El. 639). A
portion of this air is collected for exhaust after sweeping across the open rooms.
The remainder of the air flows to areas with a higher potential for contamination,
and then is collected for exhaust. Rooms below El. 565 are ventilated by
supplying air down the open stairwells to each of the corner rooms, then into the
pressure suppression chamber and the HPCI room where the air is collected for
exhaust. The TIP room, the steam and feedwater valve room, and all rooms
containing Reactor Water Cleanup System components are maintained at a
negative pressure. Airflows from the main rooms into these rooms through
backflow dampers. The exhaust from the CRD repair room is routed through
HEPA filters directly into the reactor zone exhaust system upstream of the
radiation monitors. The exhaust from these rooms is collected and routed to the
Reactor Building roof.
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The ventilation air from the Reactor Building is ducted to exhaust fans located on
the Reactor Building roof. One-hundred percent standby exhaust-fan capacity is
provided. The refueling zone fans exhaust through a fan stack with the top at El.
730.25. The reactor zone fans exhaust through a fan stack with the top at El.
733.25. The air from each zone is monitored before release. High activity will
isolate the secondary containment ventilation zones with the high activity (see
Subsection 5.3.3.2). Normal ventilation air exhaust is not filtered.

5.3.3.6.2 E ui mentArea Coolin

The RHR pumps and the core spray pumps are located in the basement rooms of
the Reactor Building. The heat loss from the motors, pumps, and piping is
removed with air-cooling units. The air-cooling units are designed to maintain the
air at 148'F when the unit is supplied with 95'F cooling water. There is one
air-handling unit for each RHR pump. The cooled discharge from each
air-handling unit is ducted to and directed across the RHR pump motor. One
air-handling unit serves both core spray pumps in the same compartment. The
cooled air-handling unit discharge flow is divided, with half directed to and across
each spray pump motor. Each unit in the RHR rooms removes 405,000 Btu/hr
under design conditions. The units in the core spray pump rooms remove either
508,000 or 405,000 Btu/hr. The larger units are installed in the core spray rooms
that contain control rod drive pumps.

A reliable Class I source of cooling water for the Core Spray pump room cooling
units and the RHR pump room equipment area cooling units is supplied from the
Emergency Equipment Cooling Water System. The EECW system is described
in Subsection 10.10, "Emergency Equipment Cooling Water System."

The electric power for the equipment area cooling units is taken from the 480-V
Reactor MOV boards. The cooling units in each RHR pump room are fed from
separate, independent boards of the same divisional power source as the pumps.

An equipment area air-cooling unit starts automatically when a RHR pump (or a
core spray pump) in that compartment starts. The air-cooling units also start
automatically when compartment temperatures approach 100'F. The control
system meets the single-failure criteria of lEEE-279.

The equipment area cooling units are factory-assembled self-contained package
units. The package unit and the associated ducting are designed to withstand
the maximum earthquake.
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5.3.3.6.3 Prima Containment Pur e

The Reactor Building ventilation system can supply 6000 cfm to each drywell or
6000 cfm to each pressure suppression chamber. This air is used for purge and
ventilation of the Primary Containment System. The purge and ventilation
exhaust from the primary containment is first processed by a filter train assembly
and then channeled through the Reactor Building roof exhaust system. Such an
installation allows either the drywell or the suppression chamber to be purged on
each of the three plant units simultaneously.

The purge supply piping is configured such that it is possible to establish a large
bypass path from the drywell to the pressure suppression chamber. If this path is
established, then the pressure suppression function of the primary containment
could be compromised. Administrative controls prevent the simultaneous purging
or inerting of the drywell and the pressure suppression chamber except when the
unit is at cold shutdown (MODE 4 or Mode 5). The primary containment purge
and ventilation system is isolated from the primary containment by two isolation
valves in series, during power operation. Furthermore, these valves cannot be
reopened if high radiation exists in the Reactor Building ventilation ducts. These
valves are part of the primary containment that is described in Subsection 5.2,
"Primary Containment System."

An operability analysis of the containment purge valves was performed to justify
the design of the containment purge system. The analyses show that the purge
valves are adequate for closure against DBAforces. Modifications (new
solenoids) have been made on the purge line isolation valves on all units to
reduce the valve closure times for the large purge valves from about 15 seconds
to less than 5 seconds. The reduced stroke time brings the valve closure time
into conformance with NRC Branch Technical Position CSB 6-4. This
significantly reduces the analytical dose and also protects against pressurization
of appurtenant duct work as discussed in TVAsubmittals (L. M. Mills to Thomas
A. Ippolito) dated March 17, 1980 and June 2, 1981 and resolved in an NRC
letter to TVA (D. B. Vassallo to H. G. Parris) dated July 1, 1985. In addition, six
purge valves have been rotated to assure a uniform flow distribution on the valve
disc. Debris screens on the purge lines have also been provided to ensure that
isolation valve closure is not prevented by debris which might become entrained
in the escaping steam and air. These provisions allow use of the main purge
valves, as restricted by the technical specifications, during operation. The purge
valves involved are shown schematically in Figure 5.3-10.

The purge and ventilation filter assembly contains the following components in
sequence of flow: a high-efficiency particulate absolute filter, a carbon absorber,
and a fan.
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The first component of the filter assembly is a HEPA filter. This filter assembly
has the capability of removing radioactive particulate 0.3 micron in size and
larger with an efficiency of 99.95 percent. The bank consists of six 2-foot square
standard high-efficiency particulate filter elements. Each filter has a waterproof,
fire-retardant, glass fiber filter media in a frame.

The second component is an activated charcoal bed. The adsorber unit is a
standard size unit tray type capable of removing 99.955 percent of radioactive
iodine as elemental iodine and 85 percent of radioactive iodine as methyl iodine
with an intake flow at 90 percent relative humidity. The holding capacity is 2.5
milligrams of radioactive iodine per gram of carbon with 95 percent elemental
iodine and 5 percent methyl iodine. The minimum retention time of the air is
0.25 seconds.

The final component in the filter assembly is a centrifugal fan having a capacity of
6000 cfm at 8.5-inches water gauge. The fan is driven by a 15-hp, V-belt drive,
electric motor.

5.3.3.7 Standb Gas Treatment S stem

The Standby Gas Treatment System provides a means for minimizing the release
of radioactive material from the containment to the environs by filtering and
exhausting the air from any or all zones of the Reactor Building and maintaining
the building at a negative pressure (such that air leakage is into, not out of, the
building) during containment isolation conditions. Elevated release is assured by
exhausting to the plant stack.

The basic system consists of a suction duct system, three filter trains and
blowers, and a discharge vent system. The suction duct system exhausts from
the normal ventilation exhaust duct of each of the three reactor zones ahead of
the isolation valves and from the refueling zone independent of the normal
ventilation system. Each train contains seven major components. In the direction
of flow, these components are: (1) moisture separator, (2) relative humidity
heater, (3) prefilter, (4) upstream HEPA filter, (5) charcoal filter, (6) downstream
HEPA filter, and (7) blower. The second through seventh components are, in
order, approximately 1.5, 5, 10, 13, 20, and 34 feet, respectively, from the
moisture separator.

The three filter trains and blowers are arranged in parallel and are located in two
Standby Gas Treatment System buildings. (See Subsection 12.2, "Principal
Structures and Foundations".) In the SGTS building containing two filter trains
and blowers, each blower is normally aligned with its respective filter train, but
either blower can be used with either filter train. Inside this building, the trains
are separated by a 42-inch thick concrete-shield wall. The third train is located in
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the second building. All three trains share a common suction manifold. In this
way, each of the three trains is connected to all three reactor zones and the
refueling zone. Upon an accident signal, all three SGTS units will start.

Allowable surveillance inleakage occurs as a result of ongoing secondary
containment maintenance and/or modification, siding and roof leakage, HVAC
damper leakage, airlock door leakage, penetration leakage, and other similar
leakages. The limiting value for the allowable surveillance inleakage is specified
by Technical Specification SR 3.6.4.1.4. The design basis margin is the flow
required to compensate for the increase in leakage following a design basis
event. The design basis margin is based on a calculated value of the increased
leakage through the secondary containment boundary due to a design basis
event. The minimum acceptable capacity is the sum of the allowable surveillance
inleakage and the design basis margin. The minimum acceptable flow rate of two
SGTS trains is equal to the flow rate defined by the minimum acceptable
capacity.

The three Standby Gas Treatment blowers share a common discharge header
which is connected to the 600-foot high plant stack through a dual underground
piping network. Both Standby Gas Treatment buildings are located west of the
Reactor Building under the berm. The diagram of the Standby Gas Treatment
System is shown on Figures 5.3-3a, 5.3-3b, 5.3-3c, and 5.3-3d.

The ducts, filter trains, blowers, and associated valves are designed to withstand
the maximum earthquake without impairing the ability of the system to operate at
design capability. The design of the ducts and equipment, such as valves and
operators, etc., prevents introduction of foreign materials such as lubricants into
the air stream.

The radiolytic heating in the filter train is approximately 2650 watts. Any heat is
removed by the flowing air when a train is in service. When it is required to
remove heat from one train with the other trains in service, a small bypass stream
is drawn through the train that requires heat removal.

When it is necessary to remove heat with all trains shut down, a stream of room
air is supplied to the train that requires cooling, then exhausted up the stack by
one or more of the blowers. All of the cooling functions are controlled manually
from the main control center. All power-operated valves and dampers have
position-indicating lights in the Main Control Room.

The Units 2 and 3 offgas air dilution ducts cross connect to SGTS, the cubicle
exhaust duct, the steam packing exhaust duct, and the cubicle and steam packing
exhaust bypasses are automatically isolated from the stack and SGTS by
redundant, safety-related, backdraft dampers which shut on backdraft or no flow
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during periods of SGTS operation. Such isolation limits a ground-level release
from SGTS in the event that the dilution fans are not operating. Because the
dilution fans are not nuclear safety-related, their operation cannot be assured
during or after a design basis accident. Chapter 14 includes the evaluation of the
radiological consequences from Design Basis Accidents which require the use of
these isolation dampers to mitigate the radiological consequences.

The standby gas treatment flow rate is measured downstream of the filter trains.
The flow rate is indicated in the Main Control Room during SGTS operation.

The moisture separator is designed to remove 99.9 percent of moisture particles
2 microns or larger, and 30 percent of 1-micron sized particles. The design inlet
conditions are 9000 cfm of 140'F air with 36 Ib/min of entrained moisture. The
separator consists of six 2-foot square woven mesh modules with the mesh
mounted vertically. Separator pressure drop is less than 1.2-inches water gauge
with the design flow conditions. The filterwillwithstand a pressure differential of
4-inches water gauge without structural damage.

The moisture separator drains by gravity to two standby gas treatment sumps.
Sump pumps powered from the 480-V diesel auxiliary boards for trains A and B
sump and 480-V SGT board for the train C sump, pump the drains from the sump
to the Radwaste Building waste collector tank.

The second component of each filter train is an electric air heater capable of a
total output of at least 40 kW. The purpose of the air heater is to reduce the
relative humidity of the influent to less than 70 percent. The heater is energized
automatically with startup of the Standby Gas Treatment System and remains
energized throughout operation. The heater is interlocked with flow and
temperature to prevent heater burnout with low air flow or high heater
temperature.

A bulb and capillary type temperature sensor is used in conjunction with the
relative humidity heater. The sensor is mounted near the heater module and is
close to the heater elements, with an air space between. The sensor is set to trip
the heater off at a sensor temperature of 180'F and thus prevent overheating.
Two flow switches (redundant) downstream of the blower would also trip the
relative humidity heater under a low flow (2000-4000 cfm) condition.
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The heater is made of hairpin elements; each Incoloy-sheathed element is 0.5
inch in diameter. The pressure drop across the element is about 0.1-inch water
gauge. The heaters are powered from the 480-V diesel auxiliary boards for trains
A and B and from the 480-V SGT board for train C.

The third element of the filter train is a prefilter. The prefilter is used to remove
large particulates and protect the high-efficiency particulate filter. The prefilter
has an efficiency of at least 40 percent using the NBS dustspot method with
atmospheric dust. The clean pressure drop is less than 0.2-inch water gauge.
The filterwillwithstand a differential pressure of 1-inch water gauge without
structural failure.

The fourth unit in the filter train is a high-efficiency particulate filter. This filter
removes radioactive particulates 0.3 micron in size and larger with an efficiency
of up to 99.97 percent. The bank consists of nine 2-foot square filter elements of
the standard high-efficiency particulate filter element design. Each filter has a
waterproof, fire-retardant, glass-fiber filter media built in an integral frame. The
frame of each element is held against a gasket and a flat plate surface by four
independent clamps. Periodic inplace testing assures that the filter efficiency is )
99 percent using the standard DOP test. The clean pressure drop is less than
1-inch water gauge. The filter is capable of withstanding a moisture loading in
the form of mist or fog that will produce a pressure of 10-inches water gauge for
15 minutes; the filterwill not suffer permanent damage or a decrease in efficiency
after the filter has dried out. The fifth element in the filter train is an activated
charcoal bed. The charcoal adsorbers in each train of the Standby Gas
Treatment System are mounted in dual tray module stainless steel drawers. A
train has 27 of these drawers with each drawer having a nominal rating of 330
cfm. Each drawer contains approximately 44 lb. of charcoal-a total of 1200 lb.
per train. The drawers are arranged in a single bank of nine horizontal rows, with
each row being three drawers wide. The drawers are mounted in a rigid welded,
leaktight, stainless steel case. The air flows vertically through each drawer
containing a 2-inch thick layer of charcoal. This vertical air flow through the
charcoal is equally distributed across all of the drawers. The drawers are sealed
to the bulkhead frame with continuous gaskets. The drawers are held in place
with individual clamps. The flow resistance of the clean charcoal bed is less than
1 inch of water gauge. The minimum residence time in the adsorbent is 0.25
second per 2-inch bed depth when processing Reactor Building effluent in a
post-accident environment.

Charcoal decay heat removal air flows are established through the cross connection
duct of any idle SGTS filter train provided the two remaining filter train fans are
operating and the respective decay heat inlet damper (FCO-65-4,-26 or -52) is
open. Also by running an individual filter train's fan and opening up either its deca/
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heat inlet damper of its normal inlet damper (FCO-65-3, -25 or -51) charcoal decay )

heat can be removed.

Any one of the methods is adequate to prevent excessive charcoal temperatures
or iodine desorption.

A humidity detector upstream of the charcoal initiates alarms in the Main Control
Room when relative humidity exceeds 80 percent.

The impregnated charcoal has a minimum ignition temperature of 330'C (625 F).
The maximum ash content is 6.5 weight percent maximum. The particle size is
8-14 Tyler mesh with a packed density of 0.39 to 0.45 grams per cc and a BET
surface area of 1400 to 1500 square meters per gram.

The charcoal in all three trains is maintained above the maximum dewpoint
temperature of the gas that could enter upon startup of the Standby Gas
Treatment System by an electric heater installed in the inlet of each train capable
of a total output of at least 40 kW. The purpose of the heater is to reduce the
relative humidity of the influent. The heater is energized automatically with
startup of the Standby Gas Treatment System and remains energized throughout
operation, except during low flow or high heater temperature.

Operation of each SGT train with the heaters on (automatic heater cycling to
maintain temperature) for ) 10 continuous hours every 31 days eliminates
moisture on the adsorbers and HEPA filters.

Typically, the laboratory test for activated carbon shows its capability of removing
at least 95 percent of iodine in the form of methyl iodide, CH>I, and 95 percent of
elemental iodine under entering conditions of 70 percent relative humidity. The
Chapter 14 analysis of design basis accidents assumes a charcoal filter efficiency
of 90 percent.

The sixth unit in the filter train is a second high-efficiency particulate air filter.
This filter is identical in characteristics to the first HEPA filter; however, the
function is not the same. Since the first filter removes essentially all (99 percent)
of the particulates from the Reactor Building atmosphere prior to it reaching the
charcoal absorber, the function of the second HEPA filter is to preclude the
passage of any remaining radioactive particulates, especially carbon from the
charcoal absorber. This function is ensured by performance of DOP testing
discussed 5.3.5.2.

Filter trains A and B are cross-connected downstream of the second
high-efficiency particulate filter. The cross connection is isolated by a single
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electrically operated damper (FCO-65-22) which can be manually operated from
the Main Control Room, this damper is normally closed. Two manual dampers
(DMP-65-24 and -2) are in parallel to FCO-65-22, these dampers are locked in
their required positions. Filter train C is cross-connected through a bypass heat
decay line via manual valve DMP-65-66 which is left open.

The last element in the Standby Gas Treatment System filter train is a blower.
The blower is a heavy-duty industrial fan that develops approximately 16 inches
of water gauge pressure while delivering approximately 9500 cfm. Each fan is
driven with a 30-hp electric motor through a V-belt drive. The blowers may be
isolated from their trains by intake dampers. These dampers are electrically
operated and controlled from the Main Control Room. Each blower is followed by
a back draft damper. The blowers for trains A and B are powered from the
independent 480-V diesel auxiliary boards and the blower for train C is powered
from the independent 480-V SGT board.

Control logic for the Standby Gas Treatment System automatically and
concurrently starts all three filter trains upon receipt of an accident signal. All
three trains will continue to run for the duration of the accident. Should one train
fail, the two remaining trains will continue to provide the minimum flow
requirements. Any two SGTS trains must maintain the minimum acceptable
capacity at 1/4-inch of water negative pressure for all four zones of secondary
containment. Local and remote manual control of dampers and blowers is
provided, including instrumentation and controls in the reactor control rooms. A
temperature sensor is interlocked with the humidity control heater controls to
prevent burnout due to high heater temperature. A flow switch is interlocked with
the humidity control heater controls to prevent burnout due to low flow.

The blowers of trains A, B, and C discharge to a common header. This header
discharges to the stack through dual underground pipeline. The two parallel
pipelines are 30-inch outside diameter, 3/8-inch thick welded steel pipe. The
activity released by the Standby Gas Treatment System is monitored by the Main
Stack Radiation Monitoring System described in Subsection 7.12, "Process
Radiation Monitoring."

The isolation and control dampers in Standby Gas Treatment System trains A
and B are electrically operated with the power supplied for each train (from the
Units 1 and 2 independent 480-V diesel auxiliary boards). The isolation and
control dampers for train C are electrically operated with the power supplied from
the independent 480-V SGT board.
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5.3.4 Safet Evaluation

5.3.4.1 Seconda Containment Isolation

The secondary containment isolation is initiated from any of three signals: low
reactor water level, high drywell pressure or high activity in a ventilation exhaust
duct, or by manual alignment and operation from the Main Control Room. Each

'signal simultaneously isolates the secondary containment zone or zones, shuts
down normal ventilation equipment, opens dampers to and from the Standby Gas
Treatment System and starts the Standby Gas Treatment System blower. The
isolation condition is removed and the Standby Gas Treatment System shut down
only by manual reset. Subsection 5.3.3.2 describes the sequence and logic for
isolation of the secondary containment system. The control system is described
and evaluated in Subsection 7.3, "Primary Containment and Reactor Vessel
Isolation Control System."

Upon secondary containment isolation, the SGTS is required to maintain a
negative pressure inside secondary containment. The SGTS is required to
maintain a 1/4-inch of water negative pressure with a flow equal to the minimum
acceptable capacity as discussed in Section 5.3.3.7. This inleakage considers
the total infiltration including locks, roof, siding, and isolation dampers in addition
to requirements for seismic and thermal expansion effects.

The relief panels for the main steam tunnel and for the areas between zones are
designed to relieve at 90 Ib/ft . The relief panels in the vertical siding are
designed to relieve at 50 Ib/ft'. All relief panels are held in place with necked
aluminum rupture bolts.

Sample bolts have been laboratory-tested to failure. These bolts failed within
plus or minus 10 percent of the design value.

The SGTS power supply and damper arrangement meet single-failure criteria.
The power supply for trains A and B is taken from the 480-V diesel auxiliary
boards with each train supplied from a separate board and the damper in the
crosstie supplied from both boards. Train C is powered by the 480-V SGT board.
A power failure to any train will result in a fail-safe condition in that train. The
damper downstream of each blower is a gravity-type backflow damper and will
prevent backflow through the blower. The damper upstream of the filter bank and
the damper that supplies cooling air from the room willfail closed, thereby
assuring that any suction is from secondary containment. The bypass cooling
stream valves fail closed; however, it is powered from the same source as the
blower in a companion train. Thus, a cooling mode is always assured with any
two blowers powered, and in some arrangements with one blower powered. All
other dampers will fail open. By manual positioning of dampers in the train A and
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train B crosstie, and in the powered train, either filter bank A or filter bank B can
be used with blower A or blower B assuring a maximum utilization of components.

Two out of three Standby Gas Treatment System blowers are adequate to keep
all three Reactor Building zones and the refueling zone at a pressure of 1/4-inch
water gauge below atmospheric. Reduction in flow due to filter loading will be
sufficiently offset by the reduction in the required flow capacity due to the
diminishing nature of the thermal expansion effect.

5.3.4.2 Standb Gas Treatment Instrumentation and Control

The objective of the SGTS is to maintain the secondary containment at a negative
pressure so the release mode is through the SGTS and to process all effluent
from the Reactor Building when required, thereby limiting the discharge of
radioactive material to the environs. The system accomplishes its objective by
maintaining the Reactor Building at a slightly negative pressure relative to the
atmosphere and filtering all the exhaust. The SGTS control and instrumentation
provide the logic and signals to allow the equipment or redundant components to
become functional as required to cope with any radioactivity releases. Thus, the
controls and instrumentation assure that the performance of the SGTS is such
that the radioactivity released to the environs is kept to a practical minimum and
w'ell within the guideline values of 10 CFR 20 and 10 CFR 100.

The design bases for the SGTS controls and instrumentation to protect the health
and safety of the public are as follows:

All three SGTS trains automatically start in the event of a secondary
containment isolation signal.

2. Low system flowwill be indicated and annunciated in the Main Control
Room.

3. The trains may be controlled manually from the Main Control Room with
provision for complete remote manual operation of filter bank A with either
blower A or B, filter bank B with either blower A or B, or filter bank C with
blower C.

4. IVlanual alignment will provide for decay heat removal from fission products
deposited on any filter bank using one of several flow paths.

5. Gas temperatures will be indicated, heater temperatures which are high
will be annunciated, and overall filter bank pressure differential will be
indicated and high values annunciated in the Main Control Room.
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6. Misalignment of the control switches and instrumentation which places any
train in the standby mode under normal operating conditions will be
annunciated in the Main Control Room.

7. Misalignment of dampers or blowers in the trains will be annunciated in the
Main Control Room.

The above design bases were incorporated in a controls and instrumentation
scheme that is reflected In the control diagram shown in Figure 5.3-9. Separate
controls and instrumentation are associated with the three independent SGTS
trains of filter banks, blowers, dampers, and ducts. The logic initiallyplaces all
trains in the auto mode and allows for trains to be placed in the standby mode.

Accident signals will initiate action in all three SGTS filter trains. This action
consists of alignment of the dampers, starting the blowers, and energizing the
relative humidity heaters when sufficient flow is established in the ducts.

The total time required to switch from the normal containment ventilation system
to the Standby Gas Treatment System upon detection of high radiation is
relatively small. The radiation monitor response time is 1 second, and the refuel
zone exhaust dampers will close in approximately 15 seconds. In the Chapter 14
fuel handling accident analysis, the event consequences are calculated for total
damper closure times as long as 30 seconds for the motor-actuated equipment
access airlock dampers and as long as 15 seconds for the refueling floor exhaust
dampers and other ventilation dampers required to support secondary
containment. Startup of the Standby Gas Treatment System blower motors is
within 5 seconds from the time of the signal. The proper dampers (electric-motor-
driven) in the SGTS trains are opened on Secondary Containment accident signal
to allow flow of effluent to the SGTS trains. The Chapter 14 analysis
conservatively assumes the refuel zone radiation detectors do not trip until
release from the fuel pool is transported to the detector via the refuel zone
exhaust ventilation ducting. The analysis of the fuel handling accident for the
aforementioned damper closure times resulted in exclusion boundary doses
which are a small fraction of the dose allowed by 10 CFR 100 site criteria. All
Standby Gas Treatment System trains will be producing adequate flowwhen
required to mitigate the consequences of an accident. In the event of concurrent
loss of offsite power, the diesel start time of 10 seconds must be added to the
total times to switch over from normal containment ventilation system to the
Standby Gas Treatment System.

The SGTS is designed to maintain this negative pressure under accident
conditions with the response time mentioned above. „Thermal expansion due to
loss of cooling decreases with time and provides extra margin for the SGTS to
maintain the negative pressure. Thus, the secondary containment is maintained
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at some slight negative pressure, unfiltered release is prevented, and the health
and safety of the general public is protected.

The time required to bring the secondary containment to the design negative
pressure is not crucial to the safety of the plant but is used to ensure secondary
containment boundary integrity and verify SGTS operability. The normal
ventilation system maintains the Reactor Building at approximately 1/4 inch of
water negative pressure relative to the outside environment. At the outset of the
accident, the normal ventilation is isolated and the Standby Gas Treatment
System is initiated. As discussed above, the Standby Gas Treatment System
must wait for the diesels to start ifoffsite power is lost. As discussed in Chapter
14, the Reactor Building becomes pressurized relative to the outside environment
for a short period of time during the initial phase of an accident. This is due to
the isolation of the normal ventilation, the time required to start the Standby Gas
Treatment System and thermal expansion of the air inside the Reactor Building
due to the heat loads inside the building. However, this occurs at the very outset
of the accident and thus only a very limited amount of fission products could have
entered the secondary containment. During the period of pressurization, a small
amount of air and fission products are released directly from secondary
containment to the environment. When the Standby Gas Treatment System
starts, the building is quickly returned to a negative pressure and leakage directly
from the building is terminated. The Chapter 14 analysis evaluates the effects of
this short period of direct release during the early stages of the accident and
concludes that the dose consequences are acceptable.

All dampers except the blower discharge backdraft dampers have
position-indicating switches that operate position-indicating lights in the Main
Control Room. Limitswitches on the dampers, contacts in the blower control
switch, and contacts in the train selector switches indicate misalignment for
automatic train operation.

Each train is furnished with redundant flow detectors downstream of the blower.
These provide permissive information so that the relative humidity heaters can be
energized. These flow sensors also generate the system low-flowsignal which
alarms in the Main Control Room after a preset time delay is exceeded. The time
delay is provided to block a system low-flowalarm for the duration of the normal
startup transient and for the momentary loss of system flow. During a LOCA,
there is no delay in initiating action in any train. However, during a LOCA and a
Loss of Offsite Power (LOP), there is a 40-second delay in initiating action on
Trains A and B. There is no delay in initiating action on Train C for a LOP/LOCA.

Gas temperatures of the relative humidity heater and the charcoal bed are
measured and indicated both locally and in the Main Control Room as shown in

, Figure 5.3-9. High temperature in the charcoal bed and in the relative humidity
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heater are annunciated in the Main Control Room. The overall filter train
pressure differential is measured and indicated in the Main Control Room. High
pressure differential is annunciated. Each train, with its associated controls and
instruments, is supplied with emergency power. This power is taken from
separate emergency power supplies to guarantee that two trains are always
available in case of loss of offsite power. The system is also arranged so that
power failures that interrupt flow in an operating train may only momentarily
reduce the rate at which the system processes effluent.

Separations criteria require that the power supplies be completely separate.
However, the single crosstie damper which is normally supplied by train A power
will be supplied by train 8 power upon loss of train A power and will automatically
revert back to train A power ifthat source is restored. Each 120-V circuit leading
to the switch is fused so that short-circuits will cause isolation of either or both
circuits as required. Fuses are also provided to protect the connecting leads of
the low-voltage annunciator circuit from short-circuits in the train selector
switches.

The Main Control Room has annunciators to alert the operators of malfunctions in
the system such as low flow, containment isolation signals with any train in the
standby mode, power failures that interrupt flow in a train, and dampers
improperly aligned. In the event of malfunction of both trains A and B, these
trains can be manually aligned and controlled to use either filter bank with either
blower. This operation is completely manual and will be used to circumvent
some, but not all, combinations of multiple failures. This type of operation
requires power along with the pertinent controls and instrumentation to some
parts of both trains and is therefore not available for the complete loss of power
to either train.

The design of the controls and instrumentation makes it possible for removal of
decay heat from fission products deposited on the filter bank of any train. Ifone
bank is in operation with flowfrom the secondary containment, there are sufficient
dampers and valves in the system to remove decay heat from a shutdown bank.
Crosstie valves are positioned to provide a small cooling flow through the
shutdown filter bank, through the decay heat removal crosstie line and then
through the blower of the operating train. In the event the train from which decay
heat is being removed has suffered a complete loss of power, the decay heat
cooling flow can be bled into the train from the building through a damper
powered from the same source as the adjacent operating train. Thus, the
controls and instrumentation assure that the removal of decay heat from the
shutdown filter bank is accomplished while maintaining the safety objective of
filtering the major fraction of the containment atmosphere through the operating
train.
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In time, it may be desirable to discontinue the secondary containment function,
but removal of decay heat from the filter banks is still required. Provisions are
incorporated in the controls and instrumentation such that cooling can be
provided by bleeding building air into the system upstream of the filters. A blower
is always available to produce flow through the train from which the decay heat is
to be removed. All of these alignments to remove the decay heat are manual.

5.3.5 lns ection and Testin

5.3.5.1 Seconda Containment

The secondary containment siding has been laboratory tested by the siding
vendor. The laboratory test consisted of both leakage tests and strength and
deflection tests. The tests were conducted in the manner described in Section 9
of ASTM 372-61.

The infiltration rate is determined from the flow measured at the Standby Gas
Treatment System filter train. During normal operating conditions, the total
inleakage for the four zones must be less than the allowable surveillance
inleakage value given in Section 5.3.3.7.

Permanent test connections are located in the section of duct between and
adjacent to low-leakage dampers used to isolate the ventilation supply and
exhaust ducts. These test connections are arranged and sized so that the
composite leakage across both dampers can be determined. All ventilation ducts
contain sealed manholes which may be used to visually inspect the damper
blades, resilient seals, and operating mechanisms.

Necked rupture bolts identical to those used to secure the relief panels in place
are factory tested to confirm the relieving load and to determine the relieving time
for the relief panels. The relief panels are visually inspected periodically to
assure that the panels have not partially relieved and thereby opened cracks in
the siding.

5.3.5.2 Standb Gas Treatment S stem

The Standby Gas Treatment System filtration trains and blowers are arranged
such that one redundant train and its associated blower may be serviced or
tested while the other two trains are ready to operate. In the event of a signal to
isolate secondary containment and start the Standby Gas Treatment System, the
test signal will be overridden.

The Standby Gas Treatment System filtration trains are equipped for complete
testing of the HEPA filters and the charcoal adsorbers. The filter housing and
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related ducting is designed to assure mixing for uniform distribution of DOP and
Freon.

The charcoal adsorber bypass flowwill be determined using an inplace Freon
leak test. The Freon will be injected into the flowing gas stream well upstream of
the adsorber. The mixed stream will be sampled upstream and downstream of
the adsorber and the ratio of concentrations will be used to calculate the bypass
flow. Standard testing procedures and apparatus will be used; these are
described in Section 7.5.1 of ORNL-NSIC-65, "Design Construction and Testing
of High Efficiency AirFiltration Systems for Nuclear Applications." DOP injection
and detection connections are located upstream and downstream of both banks
of the HEPA filters. Freon injection and detection connections are located
upstream and downstream of the charcoal adsorbers. These connections and
portable test equipment provide all essentials for the HEPA filters and the
charcoal adsorbers.

The filtration efficiency and charcoal effectiveness are determined periodically.

Inspections of each filterwill be performed at intervals specified in the Ventilation
Filter Testing Program. Whenever a HEPA or charcoal filter is replaced, inplace
DOP and Freon tests will be performed.

The effect of DOP retention and poison in charcoal was investigated by Wendell
Anderson of the Naval Research Laboratory. Tests show that activated charcoal
can adsorb up to approximately 0.25 gram of organic material per gram of
charcoal. At lesser values, the charcoal will continue its intended function.
Consequently, the adsorption of small amounts of DOP, due to testing, would
have a negligible effect on adsorption qualities of the charcoal. It should be
noted that DOP has a negligible vapor pressure and, therefore, it is not likely to
be stripped from either the HEPA filters or the charcoal filters once a particle has
impacted on either material. In making these tests, NRL utilized three particle
sizes: (1) less than 0.1 micron, (2) 0.15 micron, and (3) larger than 5 microns.
Only the first and a small portion of the second sizes would pass through the
HEPA filters to any extent. Only these small parts and vapors may be considered
adsorbed by the charcoal. However, the quantities involved in any reasonable
estimate of testing over the lifetime of charcoal filters is insufficient to lower their
efficiency by any detectable amount.

The ignition and combustion properties of activated carbon containing adsorbed
hydrocarbons were studied by F. J. Woods and J. E. Johnson of the Naval
Research Laboratory (NRL-6090, 1964). They classified ignitions into induced
ignition and spontaneous ignition and concluded that for induced ignition, a
carbon saturated with hydrocarbon generally had a flash point about the same as
the liquid hydrocarbon, but not lower. Ifthe carbon was not quite saturated with
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hydrocarbon, a flash point somewhat higher than that of the liquid was obtained.
For spontaneous ignition, it was found that the flash point increases with
decreasing hydrocarbon concentration and is generally above 500'F for both
coal-based carbon and coconut carbon when the hydrocarbon concentration is
less than 10 wt. percent.

lt is therefore concluded that the ignition temperature of the charcoal does not
change appreciably due to the presence of the small amount of DOP.

Permanently mounted differential pressure gauges are mounted across the
moisture separator, the prefilter, the HEPA filters, and the charcoal adsorber.
The pressure differential across these elements and the system flow is analyzed
during periodic testing to determine the extent of dust loading and plugging of the
filters and adsorber.

The effectiveness of the standby gas treatment filters is monitored by
preoperational tests, periodic inplace standard DOP and Freon tests, and
scheduled laboratory tests to demonstrate charcoal adsorptivity.

The DOP aerosol is generated from liquid dioctyl-phthalate using dry air or by
heating to produce a stable aerosol with proper particle size distribution in
accordance with ANSI N510-1 975.

The aerosol generator is capable of supplying sufficient DOP to test for leaks
using the 9,000-cfm design flow of one train of the Standby Gas Treatment
System.

The DOP particulate detection instrumentation is capable of detecting small
changes in concentration of the aerosol. The instrumentation has a threshold
sensitivity and range adequate to satisfy the recommendations of ANSI N510-
1975, Testing of Nuclear Air-Cleaning Systems, as required by the Ventilation
Filter Testing Program.

Halogenated hydrocarbon (Freon) tests of the charcoal bed absorbtion efficiency
and integrity are also conducted in accordance with the recommendations of
ANSI N510-1975 as required by the Ventilation Filter Testing Program. I

The frequent leak tests, preoperational and periodic inplace Freon and DOP
tests, and scheduled laboratory tests of charcoal adsorptivity assure that the
HEPA and charcoal filter system will perform its intended function. Therefore,
iodine monitoring is not necessary.

5.3-28



BFN-1 7

The heater used to maintain the charcoal bed above the dewpoint temperature,
the temperature-indicating and alarm instrumentation, the differential pressure
gauges, and the flow instruments are periodically tested and calibrated.

Testing and inspections of the controls and instrumentation will be made
periodically. The dampers will be tested by operation of manual switches in the
Main Control Room and observation of the position-indicating lights in the Main
Control Room. The auto start signals and alarm functions will be functionally
tested by applying test signals, simulating malfunction by switch operation/fuse
removal, and observing results.

5.3.5.3 E ui ment Area Coolin Units

The equipment area cooling units in the basement of the Reactor Building are
tested during initial operation of the RHR pumps and the core spray pumps, and
with each subsequent test of these systems. The cooling water supply to the
cooling units was initiallytested with EECW (Subsection 10.10, "Emergency
Equipment Cooling Water" ) and is tested periodically in the same manner.

k
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Table 6.3-1

EMERGENCY CORE COOLING SYSTEMS EQUIPMENT DESIGN DATASUMMARY

Function

Number
Installed-
Indlvldual
Capacity

Design Flow
eac

flow
psid'ressureRange

psig

AC Power
Required
for
Initiation

Source
of Water

Backup
Systems

HPCI 1-100% 5000gpme1120/1174-"to150 1120/1174--to150 None Condensate
Storage Tank
and Suppression
Pool

Auto Depress.
viith either Core
Spray or LPCI

Automatic
Depressurization
System

6- 25%" 865,000 Ib/hrI1105 1138/1169'"- to 50 None N/A Remote-Manual
Main Steam
Relief Valves

Core Spray 2-100%"'250 gpm I105 289 to 0 Normal Aux.
or Standby
Diesel Gen.

Suppression
Pool

LPCI I

LPCI 4-50% 20,000 gpm I0
(2 pumps per loop)
10,800 gpm I0
(1 pump per loop)

319.5 to 0 Normal Aux.
or Standby
Diesel Gen.

Suppression
Pool

Core Spray
System

'psld-pounds per square inch differential between reactor vessel and primary containment

"Only4 of the 6 ADS valves are required to function to provide 100% of the required depressurization.

"'2-100% capacity systems each having 2-50% capacity pumps

""Preuprate/U prate

'""Preuprate/Uprate, 1169 Is calculated from the lowest MSRV setpoint + 3%.
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6.4.1 Hi h Pressure Coolant In ection S stem

The High Pressure Coolant Injection System (HPCI) consists of a steam turbine
assembly driving a constant-flow pump assembly and system piping, valves,
controls, and instrumentation. The HPCI mechanical control diagram is shown in
Figures 6.4-1 and 6.4-3.

The principal HPCI equipment is installed in the Reactor Building. The
turbine-pump assembly is located in a shielded area to assure that personnel
access to adjacent areas is not restricted during operation of the HPCI. Suction
piping comes from the condensate supply header and the suppression pool.
Injection water is piped to the reactor feedwater pipe at a T-connection outside the
primary containment. Steam supply for the turbine is piped from a main steam
header in the primary containment. This piping is provided with an isolation valve
on each side of the drywell barrier. Remote controls for valve and turbine operation
are provided in the plant control room. The controls and instrumentation of the
HPCI are described, illustrated, and evaluated in detail in Subsection 7 4,
"Emergency Core Cooling Systems Control and Instrumentation."

The HPCI is provided to assure that the reactor is adequately cooled to limitfuel
cladding temperature in the event of a small break in the nuclear system and loss of
coolant which does not result in rapid depressurization of the reactor vessel. The
HPCI permits the nuclear plant to be shut down, while maintaining sufficient reactor
vessel water inventory until the reactor vessel is depressurized. The HPCI
continues to operate until the reactor vessel pressure is below the pressure at
which LPCI operation or Core Spray System operation maintains core cooling.

Ifa loss-of-coolant accident occurs, the reactor scrams upon receipt of a
low-water-level signal or a high-drywell-pressure signal. The HPCI starts when the
water level reaches a pre-selected height above the core, or if high pressure exists
in the primary containment (drywell). The HPCI automatically stops when a high
water level in the reactor vessel is signaled. The HPCI automatically resets and will
restart ifvessel water level again reaches a pre-selected height above the core.

The HPCI is designed to pump water into the reactor vessel for a wide range of
pressures in the reactor vessel. Two sources of water are available. Initially,
condensate water from the condensate storage header is used instead of injecting
the less desirable water from the suppression pool into the reactor. This provides
reactor-grade water to the reactor vessel for the case where the need for the HPCI
is rapidly satisfied. The condensate water from the normally assigned condensate
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storage tank for each unit is sufficient for maintaining an adequate reactor coolant
inventory for a minimum of eight hours at hot shutdown conditions (MODE 3). The
condensate tanks for all three units may also be aligned to provide condensate
supply to any individual unit. In addition, two spare 500,000-gallon condensate
storage tanks may be aligned to supply HPCI on any unit.

When the level in the condensate header falls below a predetermined setpoint or
the level in the suppression pool increases to a predetermined setpoint, the HPCI
pump suction is automatically transferred to the suppression pool. This transfer
may also be made from the control room using remote controls. This establishes a
closed loop for recirculation of water escaping from a break and satisfies safety
design basis 11. Water from either source is pumped into the reactor vessel via the
feedwater line. Flow is distributed within the reactor vessel through the feedwater
spargers to obtain mixing with the hot water or steam in the reactor pressure vessel.

The pump assembly is located below the level of the condensate header and below
the water level in the suppression pool to assure positive suction head to the
pumps. Pump NPSH requirements are met by providing adequate suction head and
adequate suction line size.

The water supply lines for the HPCI are also shown on Figures 6.4-1, 6.4-3, and
7.4-1b. Trapped air is initiallyremoved with vent lines connected to the high points
of the HPCI System. Whenever HPCI is lined up to take suction from the
condensate storage tank, the discharge piping of the HPCI is periodically vented
from the high point of the system and water flow observed in accordance with
Technical Specifications surveillance frequency requirements for system
operabillity.

The formation of air pockets in the water supply line can create water-hammer
problems upon initiation of the systems.

Constant hydrostatic overpressure on the water supply line in the HPCI System
prevents air pockets from forming.

The HPCI turbine-pump assembly and piping are located so as to be protected from
the physical effects of design basis accidents such as pipe whip and high
temperatures. The equipment is located outside the primary containment. This
arrangement satisfies safety design basis 9.

The HPCI turbine is driven by steam from the reactor which is generated by decay
heat and residual heat. The steam is extracted from a main steam header upstream
of the main steam line isolation valves. The two HPCI isolation valves in the steam
line to the HPCI turbine are normally open in order to keep the piping to the turbine
pressurized to permit rapid startup of the HPCI. To permit a controlled warmup of (
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the steam line following a HPCI maintenance outage, a motor-operated bypass
valve around the outboard containment isolation valve is provided. Signals from the
HPCI control system open or close the turbine stop valve.

A condensate drain pot is provided upstream of the turbine stop and HPCI steam
supply valves to prevent the HPCI steam supply line from fillingwith water. The
drain pot normally routes the condensate to the main condenser, but upon HPCI
initiation isolation valves on the condensate drain pot line automatically shut.
Condensate in the supply lines during this time will discharge via drain lines from
the turbine stop valve seat, steam chest areas, and turbine casing exhaust drains.

The HPCI pump set flow rate is controlled by a speed governor which controls the
turbine speed in response to a demand signal from the flow controller. This
arrangement allows for a constant HPCI flow rate over the range of discharge
pressures which HPCI must operate.

As reactor steam pressure decreases, the HPCI turbine throttle valve is modulated
by the governor control system to control turbine steam flow in order to provide the
required pump flowcalled for by the flow controller. The capacity of the system is
selected to provide sufficient core cooling to limitcladding temperatures while the
pressure in the reactor vessel is above the pressure at which core spray and LPCI
become effective.

Exhaust steam from the HPCI turbine is discharged to the suppression pool. A
drain pot at the low point in the exhaust line collects moisture present in the steam.
Collected moisture is discharged through a trap to the suppression pool or
bypassed to the gland seal condenser if the trap fails. Therefore, condensate will
not collect in the turbine exhaust line and the turbine exhaust drain line to create
steam compression problems upon initiation of these systems. After operation of
the HPCI, the HPCI turbine exhaust drain line may be full of water. Stopcheck
globe valves stop the backflow of suppression pool water into the turbine through
the turbine exhaust line and the turbine exhaust drain line.

The HPCI turbine gland seals are vented to the gland seal condenser and part of
the water from the HPCI pump is routed through the condenser for cooling
purposes. To prevent over-pressurization of the gland seal condenser, an orifice
and relief valve are provided upstream of the condenser.

Noncondensable gases from the gland seal condenser are pumped to the Standby
Gas Treatment System.

The system piping material is carbon steel and is designed to USAS B31.1.0, 1967
edition. The pumps are designed to the ASME Boiler and Pressure Vessel Code,
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Section III, Class C, 1965 edition. The pumps are also designed and tested in
accordance with the standards of the Hydraulic Institute.

A condensing sparger is attached to the HPCI turbine exhaust line to reduce the
noise made by the exhausting steam and improve turbine exhaust pressure stability. (

The sparger is capped at the bottom end and contains holes drilled through the
walls for discharging the steam. The uppermost row of holes is under
approximately two feet of water. Additional holes are spaced at regular intervals
down to the capped ends. The lower row of holes is under approximately eight feet
of water. For the HPCI there are 1296 holes, 1 inch in diameter. The ratio of total
hole area to the cross sectional area of the pipe is about 2.5 to 1 (the discharge
path area available in the sparger design is about 2.5 times that in the open pipe
design).

A vacuum breaker is installed on the HPCI turbine exhaust lines to prevent
unacceptable vibration and movement of the line. The breaker prevents intermittent
negative pressure in this piping run from pulling water out of the torus and causing
a water-hammer problem. The vacuum breaker consists of 2-inch check valves with
connecting piping which allows torus air to enter the exhaust line whenever
negative pressure exists in that line.

To ensure operability and at the same time prevent steam bypassing the
suppression pool due to a check valve sticking open, four check valves are installed
on the system in a one-out-of-two-twice configuration. Thus, the vacuum breaker
piping will be arranged with a common line penetrating the torus wall that includes a
normally open manual valve and a normally open motor-operated valve (MOV) in
series. Downstream of the MOV on Unit 1, the line branches with separate lines
going to the HPCI and to the RCIC vacuum breaker connected to the turbine
exhaust lines outside the torus, but downstream of the respective stop check
valves. Units 2 and 3 have separate HPCI and RCIC turbine exhaust vacuum
breaker lines. This arrangement is shown on Figures 6.4-1 and 6.4-3.

Electrical power to operate the MOV is normally disconnected and indication is
provided in the Main Control Room to warn of any inadvertent connection. Controls
and electrical power for the valve are located where they are accessible following a
LOCA.

The HPCI equipment, piping, and support structures are designed Seismic Class I

equipment (see Appendix C). This satisfies design basis 10.
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Assuming the system is tested every two months, the system is designed for a
service life of 40 years, accounting for corrosion, erosion, and material fatigue.

Startup of the HPCI is completely independent of AC power. Only DC power from
the plant batteries and steam extracted from the nuclear system are necessary.
This satisfies safety design basis 5.

The various operations of the HPCI components are summarized as follows.

The HPCI controls automatically start the system and bring it to design flow rate
within 30 seconds (see Section 6.5 for value assumed in Emergency Core Cooling
System analyses) from receipt of a reactor vessel low-low-water-level signal or a
primary containment (drywell) high-pressure signal.

The HPCI turbine is shut down automatically by any of the following signals:

a. Turbine overspeed-This prevents damage to the turbine and turbine casing.

b. Reactor vessel high water level-This indicates that core cooling requirements
are satisfied.

c. HPCI pump low suction pressure-This prevents damage to the pump due to
loss of flow.

d. HPCI turbine exhaust high pressure-This indicates a turbine or turbine control
malfunction.

e. Automatic isolation signal-This indicates a HPCI steam line rupture or rupture
disc failure.

f. Low steam supply pressure.

Ifan initiation signal is received after the turbine is shut down, the system is
capable of automatic restart ifno shutdown signals exist.

Because the steam supply line to the HPCI turbine is part of the nuclear system
process barrier, certain signals automatically isolate this line, causing shutdown of
the HPCI turbine. The system is not capable of automatic restart following isolation
of the steam supply line. Automatic shutoff of the steam supply is described in
Subsection 7.3, "Primary Containment and Reactor Vessel Isolation Control
System." However, automatic depressurization and the low pressure systems of the
ECCS act as backup, and automatic shutoff of the steam supply does not negate
the ability of the ECCS to satisfy the safety objective.
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In addition to the automatic operational features of the system, provisions are
included for remote-manual startup, operation, and shutdown (provided initiation or
shutdown signals do not exist).

During a HPCI initiation, the following valves automatically actuate:

HPCI pump CST flow test throttle and block valves
HPCI pump CST suction valve (ifclosed)
HPCI pump injection valve
HPCI pump discharge isolation valve (ifclosed)
HPCI turbine stop and control valves
HPCI turbine steam supply valve
HPCI gland seal condenser drain line isolation valves

(close ifopen)
'PCI turbine inlet drain pot isolation valves
HPCI minimum flowvalve

Startup of the auxiliary oil pump and proper functioning of the lube oil system are
required to open the turbine stop and control valves. Operation of the gland seal
condenser is required to ensure that turbine seal outleakage is minimized. Gland
seal condenser startup is automatic and its failure does not prevent the HPCI
System from performing its core cooling objective. When the turbine stop valve
begins to open, it signals the speed governor to begin ramping turbine speed up.
Once the speed governor ramp signal exceeds the flow controller demand signal,
turbine control is switched to the flow controller. The flowcontroller maintains the
HPCI flow rate at a constant rate as reactor pressure fluctuates.

A minimum flow bypass is provided for pump protection. Following an initiation
signal, the bypass valve automatically opens due to a low-flowsignal, and
automatically closes on a high-flow signal or a HPCI turbine trip. When the bypass
is open, flow is directed to the suppression pool. A full-flowtest line is provided to
verify system operation. The line directs flow to the condensate storage tank when
the test return line throttle and block valves are open. These valves are sequenced
to close by the signal which actuates system operation and are interlocked closed
when either suction valve from the suppression pool is open.

As previously stated, the HPCI System is not dependent upon AC power for
operation. In the event of a loss-of-all AC power, the time limits for the operation of
HPCI would be dependent upon the power available from the 250-V batteries which
supply the DC power to the HPCI system. Best-estimate analyses have been
performed for an assumed scenario of loss-of-all AC power and it is indicated that
the batteries have sufficient capacity for approximately 6-1/2 hours.
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6.4.2 Automatic De ressurization S stem

In case the capability of the HPCI is not sufficient to maintain the reactor water
level, the Automatic Depressurization System functions to reduce the reactor
pressure so that flow from the LPCI and the Core Spray System enters the reactor
vessel in time to cool the core and limitfuel cladding temperature.

The Automatic Depressurization System uses six (6) of the nuclear system main
steam relief valves to relieve the high pressure steam to the suppression pool. The
design, description, and evaluation of the main steam relief valves are discussed in
detail in Subsection 4.4, "Nuclear System Pressure Relief System," and it is shown
that safety design bases 5, 9, and 10 are satisfied.

Discharge pressure indication of one LPCI pump or two core spray pumps
combined with one of the following initiation paths will cause the ADS main steam
relief valves to open: (1) reactor vessel low water level and primary containment
(drywell) high pressure in conjunction with a 150 seconds timer timed out; or (2)
sustained reactor low water level for 360 seconds. The time delay provides time for
the operator to cancel the automatic depressurization signal ifcontrol room
information indicates the signal is false or is not needed.

The controls and instrumentation of the Automatic Depressurization System are
given in Subsection 7.4, "Emergency Core Cooling System Controls and
Instrumentation."

6.4.3 CoreS ra S stem

Two independent loops are provided as a part of the Core Spray System. Each
loop consists of two 50 percent-capacity centrifugal pumps driven by electric
motors, a spray sparger in the reactor vessel above the core, piping and valves to
convey water from the suppression pool to the sparger, and the associated controls
and instrumentation. Figures 6.4-2 and 6.4-4 shows a flowdiagram of the Core
Spray System.

In the case of low-low-lowwater level in the reactor vessel or high pressure in the
drywell plus low reactor vessel. pressure, the Core Spray System, when reactor
vessel pressure is low enough, automatically sprays water onto the top of the fuel
assemblies in time and at a sufficient flow rate to cool the core and limitfuel
cladding temperature. (The Low Pressure Coolant Injection System starts from the
same signals and operates independently to achieve the same objective by flooding
the reactor vessel.)
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The Core Spray System provides protection to the core for the large break in the
nuclear system when the control rod drive water pumps, RCIC, and the HPCI are
unable to maintain reactor vessel water level.

The protection provided by the Core Spray System also extends to a small break in
which the control rod drive water pumps, RCIC, and HPCI are all unable to maintain
the reactor vessel water level and the Automatic Depressurization System has
operated to lower the reactor vessel pressure so LPCI and the Core Spray System
can provide core cooling.

The core spray pumps for each unit receive power from the plant 4160-V shutdown
boards. Each core spray pump motor and the associated automatic motor-operated
valves for one unit receive AC power from different buses. Similarly, control power
for each loop of the Core Spray System for one unit comes from different DC buses.
This arrangement satisfies design basis 5 (see Subsection 8.5, "Standby AC Power
Supply and Distribution," and 8.6, "250-V DC Power Supply and Distribution").

The core spray pumps and all automatic valves can be operated individually by
manual switches in the control room. Operating information is provided in the
control room with pressure indicators, flow meters and indicator lights.

The major equipment for one loop is described in the following paragraphs.

When the system is actuated, water is taken from the suppression pool. Flow then
passes through a normally open motor-operated valve in the suction line to each 50
percent pump. Each valve can be closed by a remote-manual switch from the
control room to isolate the system from the suppression pool in the case of a leak
from the Core Spray System. This valve, which is normally open, is located in the
core spray pump suction line as close to the suppression pool as practical.

A local pressure gauge by each pump indicates the presence of a suction head for
the pump. The core spray pumps are located in the Reactor Building below the
water level in the suppression pool to assure positive pump suction. The pumps,
piping, controls, and instrumentation of each loop are separated and protected so
that any single physical event, or missiles generated by rupture of any pipe in any
system within the containment drywell, cannot make both core spray loops
inoperable. The switchgear for each loop is in a separate cabinet for the same
reason. This arrangement satisfies safety design basis 9.
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A shaft seal drain line is provided from the seal housing to the Radwaste System. A
normally closed test valve is connected to the line in order to provide a means for
measuring seal leakage during primary containment leak rate testing.

A low flow bypass-line is provided from the pump discharge to below the surface of
the suppression pool. The bypass flow is required to prevent the pump from
overheating when pumping against a closed discharge valve. Two orifices in series
limit the bypass flow. A manual valve normally open is used to close the bypass
line for maintenance.

The piping diagram for the Core Spray System is shown on Figures 6.4-2 and 6.4-4.
Flush and drain connections on the high and low points (flush and drain systems
not shown) permit solid fillingof these systems. A hydrostatic overpressure is
maintained on the system through two check valves and a normally open hand
valve. Thus, water-hammer problems are avoided in the Core Spray System by
periodically venting the discharge lines while they are under a hydrostatic pressure
in order to eliminate any air pockets which might form.

Discharge line check valve seat leakage from hydrostatic pressure willdrain into the [

torus.

A relief valve, set for 500 psig, protects the low pressure Core Spray System
upstream of the outboard shutoff valve from reactor pressure. The relief valve
discharges to the equipment drain sump and thence to the Radwaste System.

A full-flowtest line permits circulating water to the suppression pool for testing the
system during normal plant operations. A normally closed, motor-operated valve in
the line is controlled by a remote-manual switch in the control room. Orifices and
partial opening of the valve in the test line provide rated core spray flow at a
pressure drop equivalent to discharging into the reactor vessel. A restricting orifice
is provided to minimize vibration in the pump test lines. A flow indicator in the
control room signals that water is or is not flowing to the core spray sparger or test
line.

Two motor-operated valves are provided to isolate the Core Spray System from the
nuclear system when the core spray pumps are not running. These valves admit
core spray water to the reactor when signaled to open. Both valves are installed
outside the drywell to facilitate operation and maintenance, but as close as practical
to the drywell to limit the length of line exposed to reactor pressure. The valve
nearer the containment is normally closed to back up the inside check valve for
containment purposes. The outboard valve is normally open to limitthe equipment
needed to operate in an accident condition. By closing the outboard valve, the
inboard valve can be operated for test with the reactor vessel pressurized. A drain
line is provided between the two shutoff valves to measure leakage through the
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inside check valve or the inboard shutoff valve. The drain line is normally closed
with two valves.

A testable check valve is provided in each core spray pipeline just inside the
primary containment to prevent loss of reactor coolant outside containment in case
the core spray line breaks.

A normally open manual valve is provided downstream of the inside check valve to
shut off the Core Spray System from the reactor during shutdown conditions for
maintenance of the upstream valves. The two Core Spray System pipes enter the
reactor vessel through nozzles 120 degrees apart. Each internal pipe then divides
into a semicircular header with a downcomer at each end, which turns through the
shroud near the top. A semicircular sparger is attached to each of the four outlets
to make two practically complete circles, one above the other. Short elbow nozzles
are spaced around the spargers to spray the water radially onto the tops of the fuel
assemblies.

Core spray piping upstream of the outboard shutoff valve is designed for the lower
pressure and temperature of the core spray pump discharge and is fabricated from
carbon steel. The outboard valve and piping downstream are designed for reactor
vessel pressure and temperature. The high pressure piping portion of the system is
designed to USASI B31.1.0, 1967 edition. Material for the portion of the system
piping inside the drywell to the second isolation valve is high toughness (A333
Grade 6) carbon steel and type 304 stainless steel.

The core spray equipment, piping, and support structures are designed in
accordance with Class I seismic criteria (see Appendix C) to resist the motion at the
installed location within the supporting building from the Design Basis Earthquake.
The Core Spray System is assumed filled with water for seismic analysis. It is
concluded that safety design basis 10 is satisfied.

Upon signals of reactor low-low-lowwater level or drywell high pressure plus low
reactor vessel pressure, the automatic controls turn on the core spray pumps and
restore valves to the spray mode. When reactor pressure decreases, the core
spray shutoff valves are signalled to open. Flow to the sparger begins when the
core spray discharge pressure is sufficient to open the testable injection check
valve located inside the drywell. Subsection 7.4, "Emergency Core Cooling System
Controls and Instrumentation," contains further details and evaluation.
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6.4.4 Low Pressure Coolant In'ection S stem

In case of low-low-lowwater level in the reactor or high pressure in the containment
drywell plus low reactor vessel pressure, the Low Pressure Coolant Injection I

System (LPCI) mode of operation of the Residual Heat Removal System pumps
water into the reactor vessel in time to flood the core and limitfuel clad temperature.
(The Core Spray System starts from the same signals and operates independently
to achieve the same objective.)

The LPCI has been modified for Units 1, 2, and 3. This modification has been
described in reports entitled "Browns Ferry Nuclear Plant Units 1 and 2 Emergency
Core Cooling Systems Low Pressure Coolant Injection Modifications for
Performance Improvement" (October, 1977) for Units 1 and 2 and for Unit 3. The
reports were submitted to the Nuclear Regulatory Commission.

The LPCI system modifications to BFNP Units 1, 2, and 3 provide a significant
reduction in peak fuel clad temperature following a postulated recirculation line
break. This, in turn, results in increased MAPLHGR limits. The modifications
eliminate the LPCI recirculation loop selection logic and permit simultaneous
injection into both recirculation loops. Additional resistance in the form of orifices in
the pump discharge line was added to prevent the RHR pumps from going to a full
runout flow in the event the RHR pumps are discharging to a broken recirculation
loop. The orifices (and resultant increased NPSH) assure the availability of the
RHR pumps for long-term cooling. For the modified design, the LPCI injection
valves and RHR cross-tie valve are normally closed. On receipt of an initiation
signal following a recirculation line break, both LPCI injection valves are signaled to
open, both recirculation pump discharge valves are signaled to close when the
reactor pressure decreases to 230 psig, and the LPCI flowfrom two RHR pumps
(one LPCI loop) is directed to the unbroken recirculation loop. Flow from the other
two RHR pumps (one LPCI loop) is directed to the broken recirculation loop. Prior
to the modification, all LPCI flow could have been lost to the broken recirculation
loop if a single failure such as incorrect loop selection occurred.

The pumps, piping, controls and instrumentation of the LPCI loops are separated
and protected so that no single failure or any single physical event for which LPCI
operation is required can make both loops inoperable.

LPCI pumps and piping equipment are described in detail in Subsection 4.8,
"Residual Heat Removal System," which also describes the other functions served
by the same pumps if not needed for the LPCI function. The portions of the RHRS
required for accident protection are designed in accordance with Class I seismic
criteria (see Appendix C). It is concluded that safety design basis 10 is satisfied.
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6.5 SAFETY EVALUATION

6.5.1 ~Summa

In order to satisfy the safety design basis, four means for emergency core cooling
are provided. They are:

High Pressure Coolant Injection
Automatic Depressurization
Core Spray
Low Pressure Coolant Injection

These are in addition to the feedwater, control rod drive, and RCIC Systems which
also supply core coolant.

For reliability, each emergency core cooling system uses equipment with as few
components required to actuate as feasible, and all of those are operable for test
purposes during normal operation. To provide diversity, two different cooling
methods are provided-spraying and flooding.

Evaluation of the reliability and redundancy of the controls and instrumentation for
the Emergency Core Cooling Systems shows that no failure of a single initiating
sensor either prevents or falsely starts the initiation of these cooling systems. No
single control failure prevents the combined cooling systems from providing the
core with adequate cooling. The controls and instrumentation can be calibrated
and tested to assure proper response to conditions representative of accident
situations.

As stated in the safety objective and in safety design basis 2, the Emergency Core
Cooling Systems are to remove the residual and decay heat from the reactor core
so-that fuel clad melting is prevented and fuel clad damage is acceptably
minimized. The design basis used is that nowhere in the core will the fuel cladding
reach the calculated melting temperature of 3370'F.

The intent of the ECCS temperature criterion is to prevent gross core meltdown or
clad damage. Since core cooling cannot be easily shown to be effective'unless the
geometry is defined, a no-cladding melt criterion should suffice. However, because
under some conditions highly oxidized Zircaloy is known to fracture upon cooling,
concern exists that the core geometry may not remain defined after cooldown.
Based on the worst case experimental data, cladding fragmentation upon cooldown
can be prevented for the time scale of interest here, if the maximum cladding
temperature is limited to less than 2200'F.'hus this is the design temperature
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criterion against which the ECCS System performance must now be judged, i.e., the
systems shall prevent cladding fragmentation upon cooldown which translates to a
peak temperature of 2200'F.

It should be noted, however, that since the cladding fragmentation would not occur
until after the core is cooled and flooded, it is most likely that a considerable portion
of the core could be fragmented without leading to gross core melting. In addition
to this margin inherent in the criterion the actual performance of the core cooling
systems is such that peak temperatures much lower than 2200'F result across the
complete break spectrum.

All of the safety design bases for the Emergency Core Cooling Systems are shown
to be met by the previous descriptions, the referenced descriptions and evaluations
of the individual and combined Emergency Core Cooling Systems.

Peak cladding temperatures are determined in accordance with approved analytical
methods.

6.5.2 Performance Anal sis

The manner in which the ECCS operate to protect the core is a function of the rate
at which coolant is lost from the break in the nuclear system process barrier. The
HPCIS is designed to operate while the nuclear system is at high pressure. The
Core Spray System and LPCI System are designed for operation at low pressures.
If the break in the nuclear system boundary is of such a size that the loss of coolant
exceeds the capacity of the HPCIS, nuclear system pressure drops at a rate fast
enough for the Core Spray System and LPCIS to commence coolant addition to the
reactor vessel in time to cool the core.

Automatic depressurization is provided to automatically reduce nuclear system
pressure ifa break has occurred and vessel water level is not maintained by the
HPCIS and the other water addition systems. Rapid depressurization of the nuclear
system is desirable to permit flowfrom the Core Spray System and LPCIS to enter
the vessel, so that the temperature rise in the core is limited.

Iffor a given size break, the HPCIS has the capacity to make up for all the coolant
loss from the nuclear system, flow from the low pressure portion of the ECCS is
available for core protection before the nuclear system pressure has decreased
below the pressure at which the HPCIS turbine steam stop valve shuts due to low
steam supply pressure (see Subsection 7.3, "Primary Containment Isolation
System" ).
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Adequate net positive suction head (NPSH) is provided for the ECCS throughout
the loss-of-coolant accident.

The ECCS response and resulting peak cladding temperatures have been
evaluated. These evaluations were performed for a complete spectrum of break
sizes and postulated single failures. The results of these evaluations demonstrate
that adequate core cooling capability exists over the entire spectrum of break sizes
even with a concurrent loss of normal auxiliary power and postulated single
failures."

6.5.2.1 Anal sis Methodolo

The performance of the Emergency Core Cooling Systems was analyzed using the
approved SAFER/GESTR-LOCA application methodology." The methodology
evaluates the short-term and long-term reactor vessel blowdown response to a pipe
rupture, the subsequent core reflooding by ECCS, and the final rod heatup. The
reactor vessel pressure and liquid levels, ECCS performance, and other primary
thermal-hydraulic phenomena are predicted as a function of time. These
predictions are then used to determine the cladding temperature under various
accident conditions.

The Code of Federal Regulations (10 CFR 50.46) outlines the acceptance criteria
for ECCS analysis. A summary of the acceptance criteria is provided below.

Criterion 1 - Peak Claddin Tem erature —The calculated maximum fuel element
cladding temperature shall not exceed 2200'F.

Criterion 2 - Maximum Claddin Oxidation - The calculated total local oxidation shall
not exceed 0.17 times the total cladding thickness before oxidation.

Criterion 3 - Maximum H dro en Generation - The calculated total amount of
hydrogen generated from the chemical reaction of the cladding with water or steam
shall not exceed 0.01 times the hypothetical amount that would be generated ifall
the metal in the cladding cylinder surrounding the fuel, excluding the cladding
surrounding the plenum volume, were to react.

Criterion 4- Copiable Geomet - Calculated changes in core geometry shall be
such that the core remains amendable to cooling.

Criterion 5- Lon -Term Coolin - After any calculated successful initial operation of
the ECCS, the calculated core temperature shall be maintained at an acceptably
low value and decay heat shall be removed for the extended period of time required
by the long-lived radioactivity remaining in the core.
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The conformance with Criteria 1 through 3 is demonstrated by performing LOCA
analyses and the conformance with Criterion 4 is demonstrated by conformance to
Criteria 1 and 2. The compliance with Criterion 5 are generically

demonstrated."'he

SAFERlGESTR-LOCA application methodology consists of three essential
parts. First, potentially limiting LOCA cases are determined by applying realistic
(nominal) analytical models across the entire'break spectrum. Second, limiting
LOCA cases are analyzed with an Appendix K model (inputs and assumptions)
which incorporates all the required features of 10 CFR 50, Appendix K. For the
most limiting cases, a Licensing Basis Peak Cladding Temperature (PCT)"'s
calculated based on the nominal PCT with an adder to account statistically for the
differences between the nominal and Appendix K assumptions. Finally, after
demonstrating the conservatism of the Licensing Basis PCT, it is ensured that the
resulting Licensing Basis PCT conforms to all the requirements of 10 CFR 50.46
and Appendix K.

To conform with 10 CFR 50.46 and the SAFER/GESTR-LOCA licensing
methodology, the Licensing Basis PCT must be less than 2200'F.

To demonstrate the conformance with the ECCS acceptance criteria, the LOCA
analysis was performed for the full break spectrum. Various single failures were
also investigated to identify the worst cases. Table 6.5-1 shows the plant operating
conditions assumed in the analysis. Table 6.5-2 shows the ECCS equipment
capacity assumed for the analysis. Table 6.5-3 identifies systems available in core
cooling for given combinations of break locations and single failures. One active
single failure within the plant is postulated to occur concurrent with the pipe break.

A seismic event is neither postulated to occur concurrently with the LOCA nor as an
initiator of the pipe break.

6.5.2.2 Hi h Pressure Coolant In'ection S stem

The HPCI System is designed to provide adequate reactor core cooling for small
breaks and to depressurize the reactor primary system such that the LPCI and Core
Spray System can be initiated. A detailed discussion of the performance of the
HPCI System in conjunction with the LPCI and Core Spray System is given in
paragraph 6.5.3. Table 6.5-3 lists the Emergency Core Cooling Systems which are
available for both recirculation suction and discharge breaks following an assumed
single failure.

When the HPCI System begins operation, the reactor depressurizes more rapidly
than would occur if HPCI was not initiated due to the condensation of steam by the
cold fluid pumped into the reactor vessel by the HPCI System. As the reactor
vessel pressure continues to decrease, the MPCI flow momentarily reaches
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equilibrium with the flow through the break. Continued depressurization causes the
break flow to decrease below the HPCI flow and the liquid inventory begins to rise.

This type of response is typical of the small breaks. The core never uncovers and
is continuously cooled throughout the transient so that no core damage of any kind
occurs for breaks that lie within the range of the HPCI.

An analysis has been made to determine ifany carryover occurs in the steam
supply to the HPCI turbine which could have a detrimental effect on turbine
operation. In the case of a break in a liquid line, when the HPCI is energized, the
level in the reactor vessel is low enough to prevent carryover in the steam which
leaves the reactor vessel. In the case of a small break in the reactor steam region
simultaneously with loss of normal AC power, reactor scram, recirculation pump
coast-down, and loss of feedwater, analysis shows that the initial decrease of
pressure in the reactor results in no significant level swell and no carryover of water
into the steam supply to the HPCI turbine. HPCI cold water quenches any steam
formation in the downcomer region. After the HPCI has been operating, and as the
level rises in the reactor vessel, natural circulation within the vessel becomes
established and any steam to the HPCIS turbine passes through the steam
separators and dryers eliminating any moisture carryover. It is concluded that a
mechanism to cause bypassing of the steam separators, by the swelling steam
water mixture, is not available. Therefore, gross moisture carryover to the HPCI
turbine should not occur over the range of steamline breaks of interest in this
system.
The HPCI turbine has been designed for high reliability under its design
requirements of quick starting. Moreover, the turbine has adequate capacity to
accept the small losses in efficiency due to any credible moisture carryover, since
HPCI turbine efficiency is not of paramount importance.

The feedwater spargers are utilized in the reactor for HPCI injection. Each sparger
is mounted to the inside reactor vessel surface. The thermal sleeve is attached to
the sparger midpoint; however, the sleeve is not welded to the vessel nozzle.
Therefore, the feedwater sparger is removable. The spargers are mounted in the
vessel at one elevation to distribute the feedwater in a symmetric pattern about the
vessel axis. Each sparger is supported by the thermal sleeve and a bracket
mounted to each end of the sparger. Provision is made for the differential
expansion between the stainless steel sparger and carbon steel vessel. Radial
differential expansion is taken up by the slip fit of the thermal sleeve into the vessel
nozzle. Tangential differential expansion is taken up by tangential slots cut in the
bracket mounted to each end of the feedwater sparger bracket. The sparger is
analyzed assuming the thermal sleeve is welded into the nozzle. Additionally,
pressure differentials, jet reactions, and earthquake loadings are all added; these
stresses within the sparger are all within ASME Code Section III allowables for
Class A Vessels.
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The resultant bracket loads meet the loading criteria given in Appendix C. It is
concluded that design basis 8 is satisfied.

6.5.2.3 Automatic De ressurization S stem

When the Automatic Depressurization System is actuated, the flow of steam
through the valves provides a maximum energy removal rate while minimizing the
corresponding fluid mass loss from the reactor vessel. Thus, the specific internal
energy of the saturated fluid in the reactor vessel is rapidly decreased causing
pressure reduction. Once the reactor vessel pressure has decreased below the
shut off head of the Core Spray and LPCI pumps, these low pressure Emergency
Core Cooling Systems will provide adequate core cooling flow. Therefore, the ADS
provides the backup for the HCPI system. Table 6.5-3 lists the Emergency Core
Cooling Systems which are available for both recirculation suction and discharge
breaks following an assumed single failure.

Actuation of the automatic depressurization function does not require any source of
offsite power. The main steam relief valves require DC power from the unit I

batteries for control and air power from accumulators for operation. This satisfies
safety design basis 5.

The accumulators and the nuclear system main steam relief valves are within the tprimary containment and this satisfies the containment isolation requirements of
safety design basis 6.

6.5.2.4 Core S ra S stem

The Core Spray System, in conjunction with other ECCS Systems, is designed to
maintain continuity of reactor core cooling for a large spectrum of loss-of-coolant
accidents up to and including the design basis double-ended recirculation line
break. The integrated performance of the Core Spray System in conjunction with
other Emergency Core Cooling Systems is given in paragraph 6.5.3.

Performance analyses of the reactor Core Spray System are based on an analytic
prediction of the reactor vessel pressure and mass inventory as a function of time
following a postulated rupture of the coolant system piping. In all cases the
analyses are begun with the coolant system liquid inventory at low-level scram and
the reactor operating at full power for the turbine design condition. For all
loss-of-coolant analyses the break is assumed to occur instantaneously and
simultaneous with the loss of normal auxiliary power.

The Core Spray System alone cannot protect the core below certain break sizes.
This is because vessel pressure does not drop rapidly enough to allow sufficient
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core spray injection before the cladding hot spot reaches excessively high
temperature. Below this break size either the HPCI or the Automatic
Depressurization System extend the range of the Core Spray System to breaks of
insignificant magnitude.

For the limiting design basis accident, a combination of the Core Spray system and
LPCI is necessary to supply sufficient cooling to meet peak clad temperature
limits." Table 6.5-3 lists the Emergency Core Cooling Systems which are available
for both recirculation suction and discharge breaks following an assumed single
failure.

Experimental tests have shown that the quantity of flow currently being provided for
core spray is greatly in excess of the minimum actually required for satisfactory core
cooling'. The tests showed that more than the minimum flow required is readily
attained for every fuel assembly. Other tests include evaluation of the effects of
updraft caused by steam flow through the core or evaporation of the water that
enters the fuel assembly. The effects of updraft are minor. A series of tests were
performed to obtain design data relating to distribution of core spray coolant over
the top surface of the reactor core. The topical report'ontains a description of the
test facility and plots of the significant results from the tests.

The core spray tests also provided experimental effective heat transfer coefficients,
thus enabling correlation of the core heatup model with the actual test data. Data
from tests on an exact prototype at power resulted in volume percentile temperature
distributions. The close correlation between the peak temperature and general
trend demonstrates the adequacy of the analytical models employed.

To assure continuity of core cooling, signals to isolate the primary or secondary
containments do not operate any Core Spray System valves. This arrangement
satisfies safety design basis 6.

The testable check valve is the only core spray equipment in the primary
, containment required to actuate during a loss-of-coolant accident which requires
consideration for the high temperature and humidity environment in the containment
from the accident. The selected valve actuates on flow through the pipeline,
independent of any external signal. The actuator is provided only for test. Thus,
neither the normal nor accident environment in the containment affects the
operability of the core spray equipment for the accident. It is concluded that safety
design basis 9 is satisfied.

Taking the core spray water from the suppression pool establishes a closed loop for
recirculation of the spray water escaping from the break. It is concluded that safety
design basis 11 is satisfied.
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The core spray spargers and piping are designed as Class I (see Appendix C) so
that they meet design basis 10.

6.5.2.5 Low Pressure Coolant In ection S stem

Low Pressure Coolant Injection System (LPCI) is provided to automatically reflood
the reactor core in time to limit cladding temperatures after a nuclear system
loss-of-coolant accident when the reactor vessel pressure is below the shutoff head
of the pumps. The LPCIS provides cooling by flooding which differs from the Core
Spray System which provides cooling by spraying.

For the limiting design basis accident, a combination of the Core Spray System and
LPCI is necessary to supply sufficient cooling to meet peak clad temperature
limits." Table 6.5-3 lists the Emergency Core Cooling Systems which are available
for both recirculation suction and discharge breaks following an assumed single
failure.

The maximum vessel pressure against which the LPCIS pumps must deliver some
flow is determined by the required overlap with HPCI which has a low pressure
cutoff for the HPCIS turbine. The LPCIS pumps are capable of delivering flow
above the pressure due to the pump head flow characteristics.

LPCI cooling capability is analyzed using approved analytical methods based on
the mass and energy flows to and from the reactor. The break in the nuclear
system process barrier is assumed to occur instantaneously, and simultaneously
with loss of normal auxiliary AC power.

The analysis begins at reactor scram from 102% of 3458 MWt because of a reactor
vessel low water level signal.

The LPCI control system responds as described in Section 7.4.3. When the nuclear
system pressure decreases to the pumping head of LPCIS, the check valve in the
injection line opens and LPCI water is pumped into the reactor vessel to reflood the
core.

These actions provide an integral flowpath for the injection of the LPCI flow into the
bottom plenum of the reactor vessel. As the LPCI flowaccumulates, the level rises
inside the shroud. When the level reaches the top of the jet pumps, spillover occurs
for a time raising the level outside the shroud. As the subcooled LPCI flow begins
spilling into the region outside the shroud, the depressurization effect of the break is
reduced since the subcooled water is now flowing out the break. As the pressure
begins to rise, the LPCI flow is reduced until a quasi-equilibrium pressure is
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reached. At this point the break is partially covered by subcooled water which has
spilled over the top of the jet pumps and the equivalent area of the break available
for steam blowdown is maintained at the required equilibrium value by the LPCI
spillage. Ifpressure were to rise, the LPCI flowwould be reduced, the equivalent
break size for steam blowdown would increase, and pressure would drop.
Complete equilibrium will be reached when the rate of saturating the LPCI water
becomes equal to the boiloffrate.

It is noted that this condition will not actually be attained because of the HPCI and
Auto Depressurization System effects on the transient. Although HPCI flowwill be
lost when pressure is reduced sufficiently, the auto depressurization valves would
open as level continues to drop.

To assure continuity of core cooling, signals to isolate the primary or secondary
containments do not operate any LPCI valves. This arrangement satisfies safety
design basis 6.

The two testable check valves are the only LPCI equipment in the primary
containment required to actuate during a loss-of-coolant accident which require
consideration for the high temperature and humidity environment in the containment
from the accident. The type of valve chosen actuates on flow through the pipeline,
independent of any external signal.

The actuator is provided only for test. Thus, neither the normal nor accident
environment in the containment affects the operability of the Low Pressure Coolant
Injection equipment for the accident. It is concluded that safety design basis 9 is
satisfied.

Using the suppression pool as the source of water for LPCIS establishes a closed
loop for recirculation of LPCIS water escaping from the break. It is concluded that
safety design basis 11 is satisfied.

The LPCI and appropriate portions of the recirculation loops are designed as Class
I (see Appendix C) so that they meet design basis 10.

6.5.3 Inte ratedO erationoftheEmer enc Core Coolin S stems

Sections 6.4 and 6.5.2 described the performance and operation of each of the
Emergency Core Cooling Systems individually. Section 6.5.3 is directed toward the
integrated performance of the ECCS, i.e., how the entire ECCS operates together to
provide core cooling for the entire spectrum of loss-of-coolant accidents concurrent
with an assumed active single failure. The ECCS integrated performance under
LOCA conditions is evaluated according to the analysis procedure described in
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Section 6.5.2. The primary emphasis is placed on the liquid line break since for a
given break size the consequences of a break in a liquid line are more severe than
for a break in a steam line. As summarized in the next paragraphs, it is
demonstrated that the core cooling capability is available even concurrently with the
improbable loss of all offsite AC power. In actual cases, more core cooling
capability than assumed in the analysis is available since the reliability of plant AC
power is extremely high.

The containment response is discussed in Section 14, "Plant Safety Analysis."

6.5.3.1 Recirculation Line Breaks

The analyses assume a loss of normal auxiliary AC power concurrent with a line
break. This satisfies safety design basis 5. The recirculation suction line is the
largest liquid line inside the drywell. A double-ended break in this line would result
in the most rapid depressurization and inventory loss.

For the limiting case, the reactor is assumed to be operating at 102% of 3458 MWt
when the break occurs. The feedwater pumps are assumed to coast down in five
seconds to minimize credit for feedwater to maintain reactor inventory. The
analyses assume the reactor water level is at the normal level when the break
occui s.

Immediately after the break, critical flowwould be established at the break. The
large increase in core void fraction that would be caused by the decreasing vessel
pressure would be sufficient to render the core subcritical. High drywell pressure
would initiate mechanical scram of the control rod system in less than one second.

A reactor vessel low-low-lowwater level signal initiates closure of the main steam
isolation valves in about 0.5 second.

A double-ended break in the recirculation line will result in rapid depressurization of
the reactor vessel and loss of reactor coolant inventory. Either the low-low-low
water level sensor in the reactor vessel or high drywell pressure sensor plus low
reactor vessel pressure would generate a signal to initiate ECCS (i.e., Core Spray
System and LPCI mode of the RHR System).

For break sizes below the lower limitof the unassisted Core Spray System or LPCI
System, the HPCI System or Auto Depressurization System acts to depressurize the
nuclear boiler, allowing either the Core Spray System or the LPCI System to provide
core cooling. The intermediate break range here is defined between the limits of
the unassisted HPCI and the unassisted Core Spray or LPCI, in which one of the
high pressure systems (HPCI or Automatic Depressurization) works in conjunction
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with one of the low pressure systems (LPCI or Core Spray) to provide core cooling.
The integrated performance of the Automatic Depressurization System in
conjunction with the LPCI System or Core Spray System for the intermediate break
sizes is very similar to the performance of these same combinations for the small
break sizes, except depressurization is more easily accomplished with increasing
break size. For this reason, the integrated performance of these system
combinations is discussed below for small breaks.

For small breaks, the core is protected by the HPCI System and by the Core Spray
System or LPCI System in conjunction with the Automatic Depressurization System.
The performance of the HPCI System for these small break sizes is described in
paragraph 6.5.2.2.

Generally, the Auto Depressurization/Core Spray or Auto Depressurization/LPCI
System combinations will not prevent the partial core uncovery as the HPCI System
does. However, the Auto Depressurization System is designed to allow the LPCI or
Core Spray Systems to prevent excessive cladding temperatures for all break sizes
down to and including a zero break size.

The sequence of events during the initial phase of the small break transient is
similar to that discussed earlier for the HPCI System performance. The important
difference in the system response for the automatic depressurization case is that
the vessel pressure hovers near rated for a much longer period of time since the
HPCI is assumed to be inoperable and the Automatic Depressurization System is
not actuated until 150 seconds after the low-low-lowtrip level is reached. An
additional obvious difference is the more rapid loss of liquid inventory due to the
higher vessel pressure and absence of HPCI makeup. When the Automatic
Depressurization System is actuated, a marked increase in the vessel pressure
reduction rate occurs due to the critical steam flow through the main steam relief [

valves. This increased depressurization rate causes a corresponding increase in
water levels inside and outside the shroud. When the water level inside the shroud
drops to the top of the jet pumps, the water level is sustained except for flashing
due to depressurization and boiloff. The level outside the shroud continues to drop
rapidly until the Core Spray or LPCI System has restored the water level inside the
shroud to the top of the jet pumps. At this level, the water from inside the shroud
begins spilling over into the region outside the shroud, thereby raising the water
level outside the shroud.

The performance cases illustrated above are typical for the Automatic
Depressurization/Core Spray or Automatic Depressurization/LPCI combinations in
the small break region. As much larger breaks are considered, the performance of
these system combinations becomes the same as the core spray alone or LPCI
alone discussed in paragraphs 6.5.2.4 and 6.5.2.5, respectively.
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Many different cases of recirculation line breaks in combination with various single
failures were analyzed, using nominal, Appendix K and licensing basis
assumptions." Figure 6.5-3 shows the nominal and Appendix K break spectrum
results for the limiting fuel type (BP8 x 8R fuel). The results of nominal calculations
show that the maximum recirculation suction line break (DBA-LOCA)with a battery
failure (single failure) results in the highest PCT for the limiting fuel type. Drywell
high pressure in coincidence with low reactor pressure or reactor vessel low-low-
low water level signal are generated to start LPCI and the Core Spray System.
Figures 6.5-4 and 6.5-5 show the water levels in the hot and average fuel channels,
and the vessel pressure, respectively, following the maximum recirculation suction
line break.

For the limiting fuel type, using the Appendix K assumptions for the maximum
recirculation suction line break coincident with battery failure results in a PCT well
below the 2200'F limit. The licensing basis PCT is determined by summing the
nominal PCT with an adder that is based on the nominal and Appendix K results.
The analyses demonstrate the licensing basis PCT is well below the 2200'F limit."
This satisfies safety design bases 1, 2, and 3. The cycle specific values are
provided in Appendix N. It is also demonstrated" that the maximum cladding
oxidation and maximum hydrogen generation for all cases are well below the ECCS
acceptance criteria discussed in paragraph 6.5.2.1.

A typical operational sequence of the Emergency Core Cooling Systems for a
suction break is shown in Table 6.5-5 for Appendix K assumptions.

6.5.3.2 Non-Recirculation Line Breaks

Non-recirculation line breaks were analyzed for the limiting fuel type."'he non-
recirculation breaks include: core spray line break, feedwater line break, and
steamline breaks inside and outside the containment. The results show that these
postulated non-recirculation line breaks are significantly less limiting than the
postulated recirculation line breaks.

'iscussionand illustration of the ECCS performance capability has purposely been
directed toward the liquid breaks below the core. In general, the ECCS design
criterion of limiting cladding temperature to less than 2200'F is more easily satisfied
for steam breaks than for liquid breaks because the reactor primary system
depressurizes more rapidly with less mass loss for steam breaks than for liquid
breaks. Thus the ECCS performance for a given break size improves with
increasing break flow quality.
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The most severe steam pipe break would be one which occurs inside the drywell,
upstream of the flow limiters. Although the isolation valves would close within 10.5
sec (10-second valve action time plus 0.5-second instrument response), a break in
this location would permit the pressure vessel to continue to depressurize to the
drywell. As serious as this accident could be, it does not result in thermal-hydraulic
consequences as severe as the rupture of a coolant recirculation pipe.

The accident sequence would proceed as follows:

a. An instantaneous guillotine severance of the steam pipe upstream of the
steam flow restrictors would permit flow to accelerate to its limiting critical flow
value in the break at the pressure vessel end, and at the flow-limiterend.

b. The steam loss in excess of the generation rate would result in rapid
depressurization of the pressure vessel and the steam pipes.

c. The first 10 seconds of this accident are similar to the break outside the
drywell discussed in Section 14, "Plant Safety Analysis."

However, for the break inside the drywell, closure of the isolation valves reduces
the blowdown rate but does not prevent the vessel from depressurizing; the vessel
would continue depressurizing through the pipe from the pressure vessel to the
break.

The reactor would be shut down immediately during a steamline break by the voids
which would result from the depressurization. A mechanical scram would be
initiated by a position switch in each isolation valve. Low water level and high
drywell pressure which would occur later in the blowdown, would also initiate a
scram.

The reactor coolant loss through blowdown consists of three intervals: first steam
blowdown, then mixture blowdown, and finally steam blowdown again. After the
accident, steam in each end of the break is accelerated to critical flow.

As the reactor vessel depressurizes, the water level rises due to flashing. When
the level reaches the steam pipes, the break flow changes from a steam blowdown
to a steam-water mixture blowdown. Closure of the isolation valves reduces the
blowdown rate. As coolant is expelled and the pressure decreases, the water level
in the pressure vessel will drop below the steam pipe elevation and steam
blowdown will begin again. The system depressurization rate would increase, but
the mass flow rate through the break would decrease.
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6.5.3.3 Effect of Fuel Claddin Failure on Core Coolin

Emergency Core Cooling Systems are designed to prevent clad melting and
fragmentation upon cooldown for any loss of coolant within the design basis
spectrum. The purpose is to keep the cladding and fuel from distortion to a degree
that subsequent cooling is ineffective. Satisfying these criteria does allow for the
tolerance of cladding perforation. Even though the cooling equipment is successful
in keeping cladding temperature well below the criterion for the design maximum
temperature (2200'F), a small percentage of the fuel may perforate. However, the
occurrence of even a large number of perforations does not prevent core cooling
from being successful.

Cladding perforation occurs when the gas pressure within the rod exceeds the
pressure the cladding can withstand for that particular cladding temperature. The
mode of this failure is known. The perforation is local, in that a given fuel rod
perforates at a particular location the extent of which is on the order of an inch in
axial length. The perforation is random in that it may occur and will be localized at
a weak point along the fuel rod length-probably at a point of cladding flaw, pellet
oversize, pellet chip, or point of slightly increased cladding oxidation. The locations
of such weak points are randomly distributed among the fuel rods within the fuel
assembly.

The conclusion that perforation is random and local is based upon confirmed
observations of irradiated fuel.'uch random failures have also been
demonstrated in test loops by placing Zircaloy tubing, filled with UO2 pellets and
pressurized with gas, in an induction heating facility and observing the failure mode.
The observed failures were always localized and random along the length of the
heated rod. Only a slight change in diameter was observed to occur, except within
an inch or two on either side of the perforation. This is characteristic of burst failure
at high temperatures in general. From these tests, the major conclusions are that
perforations are indeed local and that the fuel rods do not distort grossly over the
length of the fuel rod.

A separate study" has been made of metal-water reactions during a loss-of-coolant
accident and the report of the study shows how ECCS design is influenced by metal
water reaction. In addition, this study covers the effects of hydrogen generation
during a loss-of-coolant accident.

The temperatures resulting from the postulated accident are determined using
conservative models and conservative assumptions. Since steamline breaks are
not as severe as liquid line breaks, it is concluded that safety design bases 2 and 3
are satisfied.
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6.5.3.4 Alternate 0 eratin Mode Considerations

The impact of alternate operating modes on LOCA results is evaluated by analyzing
the limiting LOCA case at such operating conditions as: Increased Core Flow (ICF),
Maximum Extended Load Line Limit (MELLL),and Final Feedwater Temperature
Reduction (FFWTR)." For ICF and FFWTR, the impact on LOCA results is
negligible. The Appendix K PCT at MELLLcore flowconditions is approximately
20'F higher, which is insignificant relative to the PCT margin available at the rated
core flow conditions, with respect to the 2200'F limit.

6.5.4 Emer enc Core Coolin S stems Redundanc

The design criterion of preventing peak cladding temperatures greater than 2200'F
is satisfied across the entire spectrum of possible liquid or steamline break sizes
even in the event of the loss of normal auxiliary power combined with a single
failure. It is concluded that the redundant capability of the ECCS is sufficient for all
size line breaks up to and including the design basis break.

The individual functions of the ECCS also meet the design criteria over various
ranges of break sizes in the nuclear system. Their integrated performance provides
adequate and timely core cooling over the entire spectrum of loss-of-coolant
accidents up to and including the design basis loss-of-coolant accident even with
concurrent loss of offsite AC power. It is concluded that safety design basis 1 is
satisfied.
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TABLE6.5-1

PLANT PARAMETERS USED IN
SAFER/GESTR-LOCA ANALYSIS

Plant Parameters

Core Thermal Power (MWt)

Corresponding Power (% of 3458 MWt)

Vessel Steam Output (1bm/hr)

Rated Core Flow (Ibm/hr)

Vessel Steam Dome Pressure (psia)

Maximum Recirculation Suction Line
Break Area (ft )

Maximum Recirculation Discharge Line
Break Area (ft2)

Low Pressure Core Injection Valve
Pressure Permissive for Opening (psig)

Core Spray Injection Valve
Pressure Permissive for Opening (psig)

Recirculation Pump Discharge Valve
Pressure Permissive for Closure (psig)

Diesel Start and Ready to Load
(seconds)

Nominal

3458

100

14.2 x 106

102.5 x 106

1050

4.2

1.94

335

335

200

20

~Aeedix K

3527

102

14.5 x 106

102.5 x 106

1053

4.2

1.94

335

335

200

20

*Note: Limiting LOCA cases were analyzed for a core flow range of 76.9 to 107.6 Mlb/hr.
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TABLE6.5-2

ECCS EQUIPMENT CAPACITYASSUMED IN SAFER/GESTR-LOCA ANALYSIS

Function

HPCI

ADS Valves

Core Spray System

LPCI Pump

Number Installed

2
(two pumps for each system)

Flow

4500 gpm at 1120 to 150
psid within 50 seconds

800,000 Ib/hr per valve at
1125 psig

5600 gpm at 105 psid per two
CS pumps

9400 gpm at 20 psid per
pump on one loop 17,300
gpm at 20 psid per two
pumps on one loop

NOTE: psid - pounds per square inch differential between reactor vessel and primary containment (torus)
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TABLE 6.5-3

SINGLE FAILURE EVALUATION

Assumed Failure

'attery"'pposite

Unit False
LOCA Signal

LPCI Injection
Valve

Diesel Generator

HPCI

Recirculation Suction Break

S stems Remainin ~

ADS@, 1LPCS, 2LPCI
(2 pumps into 1 loop)

ADS, HPCI, 1LPCS, 2LPCI
(2 pumps into 2 loops)

ADS, HPCI, 2LPCS, 2LPCI
(2 pumps into 1 loop)

ADS, 1LPCS, HPCI, 2LPCI
(2 pumps into 1 loop)

ADS, 2LPCS, 4LPCI
(2 per loop)

Recirculation Discharge Break

S stems Remainin

ADS@, 1LPCS

ADS, HPCI, 1LPCS, 1LPCI

ADS, HPCI, 2LPCS

ADS, HPCI, 1LPCS

ADS, 2LPCS, 2LPCI (2 pumps
into 1 loop)

Other postulated failures are not specifically considered because they all result in at least as
much ECCS capacity as one of the above assumed failures.

Systems remaining, as identified in this table for recirculation suction line breaks, are applicable
to other non-ECCS line breaks. For a LOCA from an ECCS line break, the systems remaining
are those listed for recirculation suction breaks, less the ECCS in which the break is assumed.

Six ADS valves are available. For battery failure, the worst-case scenario is that five ADS
valves are available with HPCI being inoperable. Another scenario for battery failure is that
four ADS valves are available with HPCI operable, but this scenario is bounded by the worst-
case scenario (five ADS valves without HPCI).

Each LPCS means operation of two core spray pumps in a system. It is assumed that both
pumps in a system must operate to take credit for core spray cooling or inventory makeup.
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TABLE 6.5-5

SEQUENCE OF EVENTS FOR MAXIMUMRECIRCULATION
SUCTION LINE BREAK - BATTERY FAILURE (APPENDIX K CASE)

EVENT T~IME eec

A double-ended break of recirculation suction line (DBA-LOCA)occurs. Offsite
power is lost.

Vessel water level reaches Level 1. 4.7

Power is available at the bus. (Signal for the start of diesel generators has
been generated due to high drywell pressure. Three diesel generators have
started and power is available at the bus at 20 seconds.)

Power is available for actuation of LPCI injection valve opening and recirculation
discharge valve closure. (No valve actuation yet because other conditions are
not satisfied.)

Vessel pressure reaches pressure permissive of 335 psig for opening of CS and
LPCI injection valves. Opening of CS injection valves is not initiated
because power is not available for valve actuation. Opening of LPCI injection
valves is not initiated because in-rush power recovery is not complete (see
below).

Power is available for actuation of CS injection valve. Opening of CS injection
valves is initiated as pressure permissive has been satisfied.

LPCI pumps have started and in-rush power recovery from the start of LPCI
pumps is completed. Opening of LPCI injection valves is initiated.

Vessel pressure reaches pressure permissive of 200 psig for closing of
recirculation discharge valves and the valve closing is initiated since in-rush
power recovery is completed and power is available for valve actuation.

Core spray pumps have started and reach rated speed at this time. (CS pumps
start as power is available at the bus and vessel water has reached Level 1.)

CS injection valve is fully open (time of power available at valve plus 33
second valve stroke time) and CS injection into the vessel is initiated. (No
credit for partial opening.)

Recirculation discharge valves are fully closed but no LPCI flow into vessel yet
because LPCI injection valves not fully open.

LPCI injection valve is fully open, (time of in-rush power recovery plus 40
seconds valve stroke time). LPCI flow into vessel starts.

20

21

23.8

29

29

30.5

45

62

66.5

69

Maximum peak cladding temperature of 1572'F occurs for GE7 fuel. 96.2
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6.6 INSPECTION AND TESTING
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Each active component of the Emergency Core Cooling Systems provided to
operate in a design basis accident is designed to be operable for test purposes
during normal operation of the nuclear system. The inboard isolation check valves
can only be tested during cold shutdown (MODE 4 or 5). ASME Section XI,
"Inservice Pump and Valve Test and System Pressure Test Requirements" are
discussed in Subsection 4.12, "Inservice Inspection and Testing."

The HPCIS, Automatic Depressurization, and Core Spray System have no normal
process uses and, therefore, are tested periodically to provide assurance that the
Emergency Core Cooling Systems will operate to effectively cool the reactor core in
an accident. The four LPCI pumps may be placed in use as part of the Residual
Heat Removal System during shutdown cooling, thus their status is known from
normal process uses. However, the LPCI pumps are tested no less frequently than
the rest of the ECCS. Other parts of the LPCI, such as the two testable check
valves inside the primary containment drywell and the four shutoff valves outside
the drywell, are also tested periodically.

Preoperational tests of the Emergency Core Cooling Systems were conducted
during the final stages of plant construction prior to initial startup. Testing of the
HPCI turbine may be done using auxiliary boiler steam prior to nuclear system
heatup (see Section 13, "Conduct of Operations" ). These tests assured the proper
functioning of all controls and instrumentation, pumps, piping, and valves. System
reference characteristics such as pressure differentials and flow rates were
documented during the preoperational tests and were used as base points for
measurements obtained in the subsequent operational tests.

During plant operations, the pumps, valves, piping, instrumentation, wiring and,
other components outside the primary containment can be visually inspected at any
time. Components inside the primary containment can be inspected when the
drywell is open for access. When the reactor vessel is open, for refueling or other
purposes, the spargers and other internals can be inspected. The testing
frequencies of most components, and its associated controls and instrumentation of
the Emergency Core Cooling Systems are contained in the technical specifications
and tested per approved site procedures.

When the system is tested, the operation of most of the components are indicated
in the control room. There are exceptions which require local observation at the
component and may require special tests for which there are special provisions and
methods.

Pressure operated relief valves may be removed for maintenance, bench checks,
and setting adjustments during normal plant shutdown. Bench tests of the
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Automatic Depressurization valves are discussed in Subsection 4.4, "Nuclear
System Pressure Relief System."

A pressure operated control valve such as the one upstream of the HPCIS gland
seal condenser is functionally tested and adjusted in place, in accordance with the
valve manufacturer's manual and the system specification for pressure setting. A
test pressure connection is provided to check and adjust the setting.

Flow operated check valves for reverse flowor excess flow are tested periodically in
place by isolating that portion of the system and simulating the function conditions,
either with the system pump or through test connections provided for this purpose.

The proper position of manual valves for the accident mode is verified every 31
days by the technical specifications.

Test lines are provided between pairs of containment isolation valves in the
Emergency Core Cooling Systems to measure leakage when the containment is
pressurized for tests. The test line is also used to pressurize between the closed
valves to identify which one is leaking.

Pumps for the Emergency Core Cooling Systems are equipped with face-type
mechanical shaft seals. Normal leakage for these seals are 0 to 0.1 gph at
operating conditions.

The portions of the Emergency Core Cooling Systems requiring pressure integrity
are designed to specifications for inservice inspection to detect defects which might
affect the cooling performance. The reactor vessel nozzles, the core spray, and
feedwater spargers receive particular attention.

A design flowfunctional test of the HPCI, up to the normally closed pump discharge
valve, is performed during normal plant operation by pumping water from the
condensate supply header and back through the full flow test return line to the
condensate tanks. The HPCIS turbine-pump is driven at its rated output by steam
from the reactor. The suction valves from the suppression pool and discharge
valves to the reactor feedwater line remain closed.

HPCI test requirements are given in the Technical Specifications, Section 3.5.1. If
an initiation signal occurs while the HPCIS is being tested, the system returns to the
automatic startup mode; however, operator action may be required to adjust the flow
demand setting.

The HPCI may be tested at full flowwith condensate at any time except when the
reactor vessel water level is low, the drywell pressure is high, the condensate
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supply header level is low, or the valves from the suppression pool to the pump are
open.

To conduct the full flow test, the test return line valves to the condensate storage
tank are opened. The turbine steam valves are open. The pump delivers bypass
flow to the suppression pool to provide minimum flow protection during startup.

To test the pump discharge valve, it is operated with the remote control switch,
observing the valve position lights.

The testable check valve must be tested during cold shutdown (MODE 4 or 5). If
the differential pressure is too high, equalization of the pressure across the valve
may be accomplished by pressurizing upstream of the valve using the test
connections.

Each loop of the Core Spray System may be tested during reactor operation. The
test conditions are tabulated in the Technical Specifications, Section 3.5.1. The
normal system test does not inject cold water into the reactor because the testable
check valve is held closed by the reactor pressure which is higher than core spray
pump pressure, and the inboard injection valve remains closed.

To test the core spray pumps at rated flow, the pump suction valves from the
suppression pool remain open, the pumps are started using the remote manual
switches in the control room, then the test bypass valve to the suppression pool is
opened. Proper operation is determined by observing the instruments in the control
room.

The two motor-operated injection valves are tested by cycling and observing the
position indicator lights.

The air-operated testable check valve inside the drywell is tested during periods of
cold shutdown (MODE 4).

Ifan initiation signal occurs during the test, the Core Spray System is signaled to
start and the system returns to the automatic startup mode.

Similarly, LPCI pumps and valves are tested periodically during reactor operations.
With the injection valves closed and the return line open to the suppression pool,
full flow pumping capability is demonstrated. The injection valves and the testable
check valves are operated, as described previously for the core spray valves.
Controls and instrumentation are tested as described in Subsection 7.4,
"Emergency Core Cooling Systems Control and Instrumentation."
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Upon receipt of an LPCI initiation signal during tests, the valves in the test bypass
lines are closed automatically to assure that the LPCI pump discharge is routed
properly to the reactor vessel.

The ECCS piping and components in the Reactor Building are monitored by routine
inspections, general housekeeping practices, and system operability testing which
maintains system leakage to an as-low-as-possible level.

It is concluded that safety design basis 7 is satisfied.
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7.3 PRIMARY CONTAINMENTISOLATION SYSTEM

7.3.1 ~Sf t
Qb'o

provide timely protection against the onset and consequences of accidents
involving the gross release of radioactive materials from the fuel an'd nuclear
system process barrier, the Primary Containment Isolation System initiates
automatic isolation of appropriate pipelines which penetrate the primary
containment whenever monitored variables exceed preselected operational limits.

For a gross failure of the fuel, the Primary Containment Isolation System initiates
isolation of the reactor vessel to contain released fission products. For a gross
breach in the nuclear system process barrier outside the primary containment, the
isolation system acts to interpose additional barriers (isolation valve plugs) between
the reactor and the breach, thus stopping the release of radioactive materials and
conserving reactor coolant. For gross breaches in the nuclear system process
barrier inside the primary containment, the Primary Containment Isolation System
acts to close off release routes through the primary containment barrier, thus
trapping the radioactive material coming through the breach inside the primary
containment.

7.3.2 Definitions

Group A isolation valves listed in Table 5.2-2 are in pipelines that communicate
directly with the nuclear system process barrier and penetrate the primary
containment. These lines generally have two isolation valves in series —one inside
the primary containment and one outside the primary containment.

Group B isolation valves listed in Table 5.2-2 are in pipelines that do not
communicate directly with the nuclear system process barrier, but penetrate the
primary containment and communicate with the primary containment free space.
These pipelines generally have two isolation valves in series-both of them outside
the primary containment, except that on water-sealed lines, one isolatio'n valve in
addition to the water seal is adequate to meet isolation requirements.

Water sealing refers to lines which penetrate the suppression chamber above the
pool water level and terminate within the suppression chamber well below the
normal water level. The water in the line within the containment prevents
communication between the atmosphere in the containment and the Reactor
Building, even if the isolation valve fails to close. The water-sealing function is
maintained as long as suppression pool water level is maintained at or above
prescribed limits.
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7.3.3 Safet Desi n Basis

To limit the uncontrolled release of radioactive materials to the environs, the
Primary Containment Isolation System shall, with precision and reliability,
initiate timely isolation of penetrations through the primary containment
structure, which could otherwise allow the uncontrolled release of radioactive
materials whenever the values of monitored variables exceed preselected
operational limits.

To provide assurance that important variables are monitored with a precision
sufficient to fulfillsafety design basis 1, the Primary Containment Isolation
System shall respond correctly to the sensed variables over the expected
range of magnitudes and rates of change.

To provide assurance that important variables are monitored with a precision
sufficient to fulfillsafety design basis 1, an adequate number of sensors shall
be provided for monitoring essential variables that have spatial dependence.

To provide assurance that conditions indicative of a gross failure of the
nuclear system process barrier are detected with sufficient timeliness and
precision to fulfillsafety design basis 1, Primary Containment Isolation System
inputs shall be derived, to the extent feasible and practical, from variables that
are true, direct measures of operational conditions.

The time required for closure of the main steam isolation valves shall be
short, so that the release of radioactive material and the loss of coolant as a
result of a breach of a steam line outside the primary containment are
minimal.

The time required for closure of the main steam isolation valves shall not be
so short that inadvertent isolation of steam lines causes excessive fuel
damage or excessive nuclear system pressure. This basis ensures that the
main-steam-isolation-valve closure speed is compatible with the ability of the
Reactor Protection System and Pressure Relief System to protect the fuel and
nuclear system process barrier.

To provide assurance that closure of Group A and Group B automatic
isolation valves is initiated, when required, with sufficient reliability to fulfill
safety design basis 1, the following safety design bases are specified for the
systems controlling Group A and Group 8 automatic isolation valves.

a. Any single failure within the isolation system shall not prevent essential
isolation action when required to satisfy safety design basis 1.
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Any anticipated intentional bypass, maintenance operation, calibration
operation, or test to verify operational availability shall not impair the
functional ability of any essential isolation system to respond correctly to
essential monitored variables.

The essential isolation system shall be designed for a high probability
that when any essential monitored variable exceeds the isolation
setpoint, the event shall result in automatic isolation and shall not impair
the ability of the system to respond correctly as other monitored variables
exceed their isolation setpoints.

When a plant condition that requires isolation can be brought on by a
failure or malfunction of a control or regulating system, and the same
failure or malfunction prevents action by one or more essential isolation
system channel(s) designed to provide protection against the unsafe
condition, the remaining portions of the isolation control system shall
meet the requirements of safety design bases 1, 2, 3, and 7a.

The power supplies for the essential portions of the Primary Containment
Isolation System shall be arranged so that loss of one supply cannot
prevent automatic isolation when required.

The system shall be designed so that, once initiated, automatic isolation
action goes to completion. Groups 1-6 require deliberate operator action
to return the system to normal operation after isolation action.

There shall be sufficient electrical and physical separation between
essential variables to prevent environmental factors, electrical faults, and
physical events from impairing the ability of the system to respond
correctly.

Earthquake ground motions shall not impair the ability of the Primary
Containment Isolation System to initiate automatic isolation.

8. The following safety design bases are specified to assure that the timely
isolation of main steam lines is accomplished, when required, with
extraordinary reliability.

The motive force for achieving valve closure for one of the two
tandem-mounted isolation valves in an individual steam line shall be
derived from a different energy source than that for the other valve.

7.3-3



BFN-16

b. At least one of the isolation valves in each of the steam lines shall not
rely on continuity of any variety of electrical power for the motive force to
achieve closure.

9. To reduce the probability that the operational reliability and precision of the
Primary Containment Isolation System will be degraded by operator error, the
following safety design bases are specified for Group A and Group B
automatic isolation valves.

a. Access to all trip settings, component calibration controls, test points, and
other terminal points for equipment associated with essential monitored
variables shall be under administrative control.

b. The means for bypassing channels, logics, or system components shall
be under administrative control.

10. To provide the operator with means, independent of the automatic isolation
functions, to take action in the event of a failure of the nuclear system process
barrier, it shall be possible for the control room operator to manually initiate
isolation of the primary containment and reactor vessel.

11. The following bases are specified to provide the operator with the means to
assess the condition of the Primary Containment Isolation System and to
identify conditions indicative of a gross failure of the nuclear system process
barrier.

a. The Primary Containment Isolation System shall be designed to provide
the operator with essential information pertinent to the status of the
system.

b. Means shall be provided for identification of essential trip system
responses.

12. It shall be possible to check the operational availability of each essential
channel and trip system during some reactor operating state.

7.3.4 ~0

7.3A.1 Identification

The containment isolation system is designed to accomplish the safety design
bases, and thus prevent the release of radioactive material to the environment after
an accident, while ensuring that systems important for postaccident mitigation are
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operational. Systems were evaluated and containment isolation provisions were
provided based on the following.

Nonessential Systems - These systems are not required for postaccident
mitigation and are isolated automatically upon receipt of a primary
containment isolation signal (PCIS), or are provided with manual valves which
are closed when containment integrity is required.

2. Essential Systems - These systems are required for postaccident mitigation
and are not isolated automatically upon receipt of a PCIS. However, isolation
of these lines, if required, is possible from the Main Control Room. The
following systems are classified essential as a result of their
accident-mitigation function:

(1) Standby Liquid Control (SLC),

(2) Reactor Core Isolation Cooling (RCIC; expected to operate, but not
required for mitigation),

(3) High Pressure Coolant Injection (HPCI),

(4) Residual Heat Removal - Low Pressure Injection and Containment
Cooling Modes (RHR),

(5) Core Spray (CS),

(6) Containment Atmospheric Dilution (CAD), and

(7) Hardened Wetwell Vent (HWWV)

Each line penetrating primary containment has been reviewed to ensure that (1)
isolation of the line was based on its need to be inservice postaccident, and (2)
each containment isolation valve received the proper isolation signal.

The Browns Ferry primary containment isolation signals are provided by diverse
and redundant safety grade equipment. Browns Ferry complies with SRP 6.2.4 by
isolating, in general, on (a) low reactor level, or (b) high drywell pressure. The
PCIS setpoints were chosen such that isolation will occur prior to, or at the time of
ECCS initiation. There are several other isolation modes in addition to the main
PCIS logic. For example, main steam isolation valves will also close as a result of
high steam line radiation (Unit 1 only), high steam flow, or high steam line tunnel
temperature. The primary containment ventilation system isolates on Reactor
Building high radiation. The HPCI and RCIC systems have instrumentation to
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detect pipe breaks within their own flowpaths, and to subsequently isolate the
system.

The isolation logic is such that resetting the main primary containment isolation
signals will not result in the automatic reopening of these isolation valves.

The Primary Containment Isolation System includes the sensors, channels,
switches, and remotely-activated valve-closing mechanisms associated with the
valves, which, when closed, effect isolation of the primary containment or reactor
vessel, or both. The control systems for those Group A and Group B isolation
valves that close by automatic action pursuant to the safety design bases are the
main subjects of this section. Group A and Group B 'check valves are also included,
although no control system is involved.

7.3.4.2 ~PP
The power for the channels and logics of the isolation control system is supplied
from the Reactor Protection System motor-generator sets, the unit preferred power
system, or the plant batteries. Isolation valves receive power from standby power
sources. Power for the operation of two valves in a pipeline is fed from different
sources for Groups 1-6 valves. In most cases, one valve is powered from an AC
bus of appropriate voltage, and the other valve is powered by DC from the unit or
plant batteries. Both of the HWWV isolation valves receive DC power from
separate RMOV boards to ensure operability following a station blackout event.
The main steam isolation valves, which are described in paragraph 7.3.4.6, use AC,
DC, and pneumatic pressure in the control scheme. Table 5.2-2 lists the types of
power to open and close each isolation valve.

7.3.4.3 Ph sical Arran ement

Table 5.2-2 lists the pipelines that penetrate the primary containment and the
associated valves that are considered part of the containment isolation control
system. Pipelines which penetrate the primary containment and are in direct
communication with the nuclear system process barrier generally have two Group A
isolation valves, one inside the primary containment and one outside the primary
containment. Pipelines which penetrate the primary containment and which
communicate with the primary containment free space, but which do not
communicate directly with the nuclear system process barrier, generally have two
Group B isolation valves located outside the primary containment. Group A and
Group B automatic isolation valves are considered essential for protection against
the gross release of radioactive material in the event of a breach in the nuclear
system process barrier (see Figures 4.3-2a sheet 1, sheet 2, and sheet 3).

7.3-6



BFN-17

Power cables are run in conduits or trays from appropriate electrical sources to the
motor or solenoid involved in the operation of each isolation valve. The control
arrangement for the main steam isolation valves includes pneumatic piping and an
accumulator for those valves for which air aids the spring in fast closing of the
valves upon loss of Control Airsupply. Pressure and water level sensors are
mounted on instrument racks in either the Reactor Building or the Turbine Building.
Valve position switches are mounted on the valve for which position is to be
indicated. Cables from each sensor are routed in conduits and cable trays to the
Auxiliary Instrument Room. All signals transmitted to the Control and Auxiliary
Instrument Rooms are electrical; no pipe from the nuclear system or the primary
containment penetrates the Control or Auxiliary Instrument Room.

Pipes used to transmit level information from the reactor vessel to sensing
instruments terminate inside the secondary containment (Reactor Building). The
sensor cables and power supply cables are routed to cabinets in the Auxiliary
Instrument Room, where the logic arrangements of the system are formed.

To ensure continued protection against the uncontrolled release of radioactive
material during and after earthquake ground motions, the control systems required
for the automatic closure of Group A and.Group 8 valves are designed as Class I

equipment, as described in Appendix C. This meets safety design basis 7h.

7.3.4.4 LocOic

The basic logic arrangement for essential trip functions is separated into two
divisions (I and II), in which an automatic isolation valve is controlled by two trip
systems. Where many isolation valves close on the same signal, two trip systems
control the entire group. Where just one or two valves must close in response to a
special signal, two trip systems may be formed from the instruments provided to
sense the special condition. Valves that respond to the signals from common trip
systems are identified in the detailed descriptions of isolation functions.

Each essential trip system receives input signals from at least one instrument
channel for each essential, monitored variable. Thus, each essential, monitored
variable provides independent inputs to the trip system. A total of four channels for
each essential, monitored variable is provided for the logics of both trip systems
except where redundancy considerations require a fewer number.

7.3.4.5 ~Oeration

For the case of normally energized logic, during operation of the plant when
isolation is not required, sensor and trip contacts essential to safety are closed;
channels and trip logics are energized. Whenever a channel sensor contact opens,
its auxiliary relay de-energizes, causing contacts in the trip logic to open. The
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opening of a sufficient number of contacts in the trip logic de-energizes its actuator
relay. When de-energized, the actuator relay opens a contact in an actuator logic.
If a trip then occurs in either of the logic pairs of the other trip system, another
actuator logic is de-energized. With both trip systems tripped, appropriate contacts
open or close in valve control circuitry to actuate the valve closing mechanism.
Automatic isolation valves that are normally closed, as well as those valves that are
open, receive the isolation signal.

For the case of normally de-energized logic, such as used to control the HPCI and
RCIC isolation valves, when. isolation is not required, sensor and trip contacts are
open and channels and trip logics are de-energized. Isolation signals are
transmitted to the valves by the closure of contacts and the energizing of relays.

The control system for each Group A isolation valve is designed to provide closure
of the valve in time to prevent uncovering the fuel as a result of a break in the
pipeline which the valve isolates. The control systems for Group A and Group B
isolation valves are designed to provide closure of the valves with sufficient rapidity
to restrict the release of radioactive material to the environs below the reference
values of 10 CFR 100.

All automatic Group A and Group B valves can be closed by manipulating switches
in the control room, thus providing the operator with means independent of the
automatic isolation functions to take action in the event of a failure of the nuclear
system process barrier. This meets safety design basis 10.

For Groups 1-6 and 8, once isolation is initiated, the valve continues to close, even
ifthe condition that caused isolation is restored to normal. The operator must
manually operate switches in the control room to reopen a valve which has been
automatically closed. Unless manual override features are provided in the manual
control circuitry, the operator cannot reopen the valve until the conditions which
initiated isolation have cleared. This is the equivalent of a manual reset and meets
safety design basis 7f.

A trip of an isolation trip system is annunciated in the control room so that the
operator is immediately informed of the condition. The response of isolation valves
is indicated by "open-closed" lights. All motor-operated Group A and Group B
isolation valves whose primary function is to isolate have two sets of "open-closed"
lights. One set is located near the manual control switches for controlling each
valve from the control room panel. A second set is located in a separate, central
isolation-valve-position display in the control room. The positions of air-operated
isolation valves are displayed in the same manner as motor-operated valves.

Inputs to annunciators, indicators, and the computer are arranged so that no
malfunction of the annunciating, indicating, or computing equipment can functionally
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disable the system. Signals directly from the isolation control system sensors are
not used as inputs to annunciating or data-logging equipment. Isolation is provided
between the primary signal and the information output. The arrangement of
indications pertinent to the status and response of the Primary Containment
Isolation System satisfies safety design bases 11a and 11b.

7.34.6 Isolation Valve Closin Devices and Circuits

Table 5.2-2 itemizes the type of closing device provided for each isolation valve
intended for use in automatic or remote-manual isolation of the primary containment
or reactor vessel. To meet the requirement that automatic Group A valves be fully
closed in time to prevent the reactor vessel water level from falling below the top of
the active fuel as a result of a break of the pipeline which the valve isolates, the
valve-closing mechanisms are designed to give the minimum closing rates specified
in Table 5.2-2. In many cases, a standard closing rate of 12 inches per minute is
adequate to meet isolation requirements. Using the standard rate, a 12 inch valve
is closed in 60 seconds. Conversion to nominal closing time can be made by using
the size of the line to be isolated. Because of the relatively long time required for
fission products to reach the containment atmosphere following a break in the
nuclear system process barrier inside the primary containment, a standard closure
rate (12 inches/minute) is adequate for the automatic closing devices on class B
isolation valves. The design closure times for the various automatic isolation valves
essential to reactor vessel isolation are shown in Table 5.2-2.

Motor operators for Group A and Group B isolation valves are selected with
capabilities suitable to the physical and environmental requirements of service. The
required valve closing rates were considered in designing motor operators.
Appropriate torque and limit switches are used to ensure proper valve seating.
Handwheels, which are automatically disengaged from the motor operator when the
motor is energized, are provided for local-manual operation.

Direct, solenoid-operated isolation valves and solenoid air-pilot valves are chosen
with electrical and mechanical characteristics which make them suitable for the
service for which they are intended.

The pneumatic actuator used for testable check valves is provided only for test.
The check valve actuates on flow through the pipeline, independent of any external
signal.

The main steam isolation valves are spring-closing, pneumatic, piston-operated
valves designed to close upon loss of pneumatic pressure to the valve operator.
Closure time for the valves is adjustable between 3 and 10 seconds. Each valve is
piloted by two, three-way, packless, direct-acting, solenoid-operated pilot
valves-one powered by AC, the other by DC. An accumulator is located close to
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each main steam isolation valve to provide pneumatic pressure to assist valve
closing in the event of failure of the normal air supply system.

The valve pilot system and the pneumatic pipelines are arranged so that when one
or both solenoid-operated pilot valve(s) are energized, normal air supply provides
pneumatic pressure to the air-operated pilot valve to direct air pressure to the main
valve pneumatic operator. This overcomes the closing force exerted by the spring
to keep the main valve open. When both pilots are de-energized, as would be the
result of both trip systems tripping or placing the manual switch in the closed
position, the path through which air pressure acts is switched so that the opposite
side of the valve operator is pressurized, thus assisting the spring in closing the
valve. In the event of air supply failure, the loss of air pressure will cause the
air-operated pilot valve to move by spring force to the position resulting in main
valve closure. Main valve closure is then effected by means of the air stored in the
accumulator and by the spring.

Air pressure, acting alone, and the force exerted by the spring, acting alone, are
each capable of independently closing the valve. The main steam isolation valves
inside the primary containment (inboard) are designed to close under either
pneumatic pressure or spring force with the vented side of the piston operator at the
containment peak accident pressure. (The outboard valve is exactly the same
design, although it will be subjected only to atmospheric pressures.) The
accumulator volume was chosen to provide enough pressure to close the valve
when the pneumatic supply to the accumulator has failed. The supply line to the
accumulator is large enough to make up pressure to the accumulator at a rate faster
than the valve operation bleeds pressure from the accumulator during valve
opening or closing.

A separate, single, solenoid-operated pilot valve with an independent test switch is
included to allow manual testing of each main steam isolation valve from the control
room. The testing arrangement is designed to give a slow closure of the isolation
valve being tested to avoid rapid changes in steam flow and nuclear system
pressure. The valve mechanical design is discussed further in Subsection 4.6,
"Main Steam Isolation Valves."

7.3.4.7 Isolation Functions and Settin s

The isolation trip limits of the Primary Containment Isolation System are listed in
Table 7.3-2. The functions that initiate automatic isolation are itemized in Table
5.2-2.

Although this subsection is concerned with the electrical control systems that initiate
isolation to prevent direct release of radioactive material from the primary
containment or nuclear system process barrier, the additional information given in
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Table 5.2-2 can be used to assess the overall (electrical and mechanical) isolation
effectiveness of each system.

Isolation functions and trip settings used for the electrical control of isolation valves
in fulfillmentof the previously stated safety design bases are discussed in the
following paragraphs. The role each isolation function plays in initiating isolation of
barrier valves or groups of valves is illustrated in the functional control diagrams on
Figures 7.3-2a through -2I.

I

Reactor vessel low water level (Table 5.2-2, signals A and B).

A low water level in the reactor vessel could indicate that either reactor
coolant is being lost through a breach in the nuclear system process barrier or
that the normal supply of reactor feedwater has been lost and that the core is
in danger of becoming overheated as the reactor coolant inventory
diminishes. Reactor vessel low water level initiates closure of various Group
A and Group B valves. The closure of Group A valves is intended to either
isolate a breach in any of the pipelines in which valves are closed or conserve
reactor coolant by closing off process lines. The closure of Group B valves is
intended to prevent the escape of radioactive materials from the primary
containment through process lines which are in communication with the
primary containment free space or suppression pool.

There are two reactor vessel low-water-level isolation trip settings used for the )

isolation of the primary containment and the reactor vessel. The first reactor
vessel low-water-level isolation trip setting, which occurs at a higher water
level than the second setting, initiates closure of certain Group A and Group B
valves in major process pipelines except the main steam lines. The main
steam lines are left open to allow the removal of heat from the reactor core.
The second and lower reactor vessel low-water-level isolation trip setting
completes the isolation of the primary containment and reactor vessel by
initiating closure of the main steam isolation valves and any other Group A or
Group B valves that require isolation.

The first low-water-level setting, which is coincidentally the same as the
reactor vessel low-water-level scram setting, was selected to initiate isolation
at the earliest indication of a possible breach in the nuclear system process
barrier, yet far enough below normal operational levels to avoid spurious
isolation. Isolation of the following pipelines is initiated when reactor vessel
low water level falls to this first setting (Table 5.2-2, signal A):

RHR reactor shutdown cooling supply,
Reactor water cleanup,
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Drywell equipment drain discharge,
Drywell floor drain discharge,
Drywell purge inlet,
Drywell main exhaust,
Suppression chamber exhaust valve bypass,
Suppression chamber purge inlet,
Suppression chamber main exhaust,
Drywell exhaust valve bypass,
Suppression chamber drain,
RHR-LPCI to reactor (in shutdown mode),
RHR flush and drain vent to suppression chamber, (Unit 1),
Drywell makeup,
Suppression chamber makeup,
Exhaust to standby gas treatment,
Drywell radiation monitor,
Drywell control air compressor,
Containment atmosphere monitor,
Drywell differential air compressor, and
Traversing incore probes.

The second and lower of the reactor vessel low-water-level isolation settings
was selected low enough to allow the removal of heat from the reactor for a
predetermined time following the scram, and high enough to complete
isolation in time for the operation of Core Standby Cooling Systems in the
event of a large break in the nuclear system process barrier. This low-low-low
water level setting is low enough that partial losses of feedwater supply would
not unnecessarily initiate full isolation of the reactor, thereby disrupting
normal plant shutdown or recovery procedures. Isolation of the following
pipelines is initiated when the reactor vessel water level falls to this second
setting (Table 5.2-2, signal B):

Allfour main steam lines,
Main steam line drain,
Reactor water sample line.

2. Main steam line high radiation (Table 5.2-2, signal C) (Not a required safety
related signal).

High radiation in the vicinityof the main steam lines could indicate a gross
release of fission products from the fuel. High radiation near the main steam
lines initiates isolation of the following pipelines:

All main steam lines, (Unit 1 only)
Main steam line drain, (Unit 1 only)
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Reactor water sample line, (Unit 1 only)
Mechanical condenser vacuum pumps.

The high-radiation trip setting is selected high enough above background
radiation levels to avoid spurious isolation, yet low enough to promptly detect
a gross release of fission products from the fuel. Further information
regarding the high radiation setpoint is available in Subsection 7.12, "Process
Radiation Monitoring."

3. Main steam line space high temperature (Table 5.2-2, signal D).

High temperature in the space in which the main steam lines are located
outside the primary containment could indicate a breach in a main steam line.
The automatic closure of various Group A valves prevents the excessive loss
of reactor coolant and the release of significant amounts of radioactive
material from the nuclear system process barrier. When high temperatures
occur in the main steam line space, the following pipelines are isolated:

Allfour main steam lines and
Main steam line drains.

The main-steam-line-space, high-temperature trip is set far enough above the
temperature expected during operations at rated power to avoid spurious
isolation, yet low enough to provide early indication of a steam line break.

4. Main steam line high flow (Table 5.2-2, signal D).

Main steam line high flow could indicate a break in a main steam line. The
automatic closure of various Group A valves prevents the excessive loss of
reactor coolant and the release of significant amounts of radioactive material
from the nuclear system process barrier. Upon detection of main steam line
high flow, the following pipelines are isolated:

Allfour main steam lines and
Main steam line drain.

The main-steam-line high-flow trip setting was selected high enough to permit
the isolation of one main steam line for test at rated power without causing an
automatic isolation of the rest of the steam lines, yet low enough to permit
early detection of a steam line break.
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5. Low steam pressure at turbine inlet (Table 5.2-2, signal P).

Low steam pressure at the turbine inlet, while the reactor is operating, could
indicate a malfunction of the nuclear system pressure regulator, in which the
turbine control valves or turbine bypass valves open fully. This action could
cause rapid depressurization of the nuclear system. From part-load operating
conditions, the rate of decrease of nuclear system saturation temperature
could exceed the design rate of change of vessel temperature. A rapid
depressurization of the reactor vessel while the reactor is near full power
could result in undesirable differential pressures across the channels around
some fuel bundles of sufficient magnitude to cause mechanical deformation of
channel walls. Such depressurizations, without adequate preventive action,
could require thorough vessel analysis or core inspection prior to returning
the reactor to power operation. To avoid the time-consuming requirements
following a rapid depressurization, the steam pressure at the turbine inlet is
monitored and, upon falling below a preselected value with the reactor in the
RUN mode (MODE 1), initiates isolation of the following pipelines: I

All four main steam lines and
Main steam line drain.

The low-steam-pressure isolation setting was selected far enough below
normal turbine inlet pressures to avoid spurious isolation, yet high enough to
provide timely detection of a pressure regulator malfunction. Although this
isolation function is not required to satisfy any of the safety design bases for
this system, this discussion is included here to make the listing of isolation
functions complete.

6. Primary containment (drywell) high pressure (Table 5.2-2, signal F).

High pressure in the drywell could indicate a breach of the nuclear system
process barrier inside the drywell. The automatic closure of various Group B
valves prevents the release of significant amounts of radioactive material from
the primary containment. Upon detection of a high drywell pressure, the
following pipelines are isolated:

RHRS shutdown cooling supply,
Drywell equipment drain discharge,
Drywell floor drain discharge,
Traversing incore probe tubes,
Drywell purge inlet,
Drywell main exhaust,
Suppression chamber exhaust valve bypass,
Suppression chamber purge inlet,
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Suppression chamber main exhaust,
Drywell exhaust valve bypass,
Suppression chamber drain,
RHR-LPCI to reactor (in shutdown mode),
RHR flush and drain vent to suppression chamber, (Unit 1),
Drywell makeup,
Suppression chamber makeup,
Exhaust to standby gas treatment,
Drywell radiation monitor,
Drywell control air compressor,
Containment atmosphere monitor, and
Drywell differential air compressor.

The primary containment high-pressure-isolation setting was selected to be as
low as possible without inducing spurious isolation trips.

7. RCIC equipment space high temperature (Table 5.2-2, signal K).

High temperature in the vicinity of the RCIC equipment could indicate a break
in the RCIC steam line. The automatic closure of certain Group A valves
prevents the excessive loss of reactor coolant and the release of significant
amounts of radioactive material from the nuclear system process barrier.
When high temperature occurs near the RCIC equipment, the RCIC turbine
steam line is isolated. The high temperature isolation setting was selected far
enough above anticipated normal RCIC system operational levels to avoid
spurious operation, but low enough to provide timely detection of an RCIC
turbine steam line break.

8. RCIC turbine high steam flow (Table 5.2-2, signal K).

RCIC turbine high steam flow could indicate a break in the RCIC turbine
steam line. The automatic closure of certain Group A valves prevents the
excessive loss of reactor coolant and the release of significant amounts of
radioactive materials from the nuclear system process barrier. Upon
detection of RCIC turbine high steam flow, the RCIC turbine steam line is
isolated. The high steam flow trip setting was selected high enough to avoid
spurious isolation, but low enough to provide timely detection of an RCIC
turbine steam line break.

The logic arrangement used for this function is shown on Figures 7.3-2e and
7.3-2k and is an exception to the usual logic requirement, because high steam
flow is the second method of detecting an RCIC turbine steam line break.
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9. RCIC turbine steam line low pressure (Table 5.2-2, signal K).

RCIC turbine steam line low pressure is used to automatically close two
isolation valves in the RCIC turbine steam line, so that steam and radioactive
gases will not escape from the RCIC turbine shaft seals into the Reactor
Building after steam pressure has decreased to such a low value that the
turbine cannot be operated. The isolation setpoint is chosen at a pressure
below that at which the RCIC turbine can operate effectively.

10. HPCI equipment space high temperature (Table 5.2-2, signal L).

High temperature in the vicinity of the HPCI equipment could indicate a break
in the HPCI turbine steam line. The automatic closure of certain Group A
valves prevents the excessive loss of reactor coolant and the release of
significant amounts of radioactive material from the nuclear system process
barrier. When high temperature occurs near the HPCI equipment, the HPCI
turbine steam supply line is isolated. The high temperature isolation setting
was selected far enough above anticipated normal HPCI system operational
levels to avoid spurious isolation, but low enough to provide timely detection
of an HPCI turbine steam line break.

11. HPCI turbine high steam flow (Table 5.2-2, signal L).

HPCI turbine high steam flow could indicate a break in the HPCI turbine
steam line. The automatic closure of certain Group A valves prevents the
excessive loss of reactor coolant and the release of significant amounts of
radioactive materials from the nuclear system process barrier. Upon
detection of HPCI turbine high steam flow, the HPCI turbine steam line is
isolated. The high steam flow trip setting was selected high enough to avoid
spurious isolation, but low enough to provide timely detection of an HPCI
turbine steam line break.

The logic arrangement used for this function is shown on Figures 7.3-2e and
7.3-2k and is an exception to the usual logic requirement, because high steam
flow is the second method of detecting an HPCI turbine steam line break.

12. HPCI turbine steam line low pressure (Table 5.2-2, signal L).

HPCI turbine steam line low pressure is used to automatically close the two
isolation valves in the HPCI turbine steam line, so that steam and radioactive
gases will not escape from the HPCI turbine shaft seals into the Reactor
Building after steam pressure has decreased to such a low value that the
turbine cannot be operated. The isolation setpoint is chosen at a pressure
below that where the HPCI turbine can operate efficiently.
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13. Reactor Building ventilation exhaust high radiation, reactor zone or refuel
zone (Table 5.2-2, signal Z).

High radiation in the Reactor Building ventilation exhaust could indicate a
breach of the nuclear system process barrier inside the primary containment,
which would result in increased airborne radioactivity levels in the primary
containment exhaust to the secondary containment.

The automatic closure of certain Group B valves acts to close off release
routes for radioactive material from the primary containment into the
secondary containment (Reactor Building). Reactor building ventilation
exhaust high radiation initiates isolation of the following pipelines:

Drywell purge inlet,
Drywell main exhaust,
Suppression chamber exhaust valve bypass,
Suppression chamber purge inlet,
Suppression chamber main exhaust,
Drywell exhaust valve bypass,
Drywell makeup,
Suppression chamber makeup,
Exhaust to standby gas treatment,
Drywell radiation monitor,
Drywell control air compressor,"
Containment atmosphere monitor, and
Drywell differential air compressor.

*Isolated on reactor zone high radiation only.

The high radiation trip setting selected is far enough above background
radiation levels to avoid spurious isolation, but low enough to provide timely
detection of nuclear system process barrier leaks inside the primary
containment. Because the primary containment high-pressure-isolation
function and the reactor vessel low-water-level-isolation function are
adequate in effecting appropriate isolation of the above pipelines for gross
breaks, the Reactor Building ventilation exhaust high radiation isolation
function is provided as a third, redundant method of detecting breaks in the
nuclear system process barrier significant enough to require automatic
isolation.

14. Reactor Water Cleanup system high temperature (Table 5.2-2 signal J).

High temperature in the reactor water cleanup system spaces, could indicate
a break in the cleanup system. The automatic closure of certain Group A
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valves prevents the excessive loss of reactor coolant and the release of
significant amounts of radioactive material from the nuclear system process
barrier. When high temperature occurs, the reactor water cleanup system is
isolated. The high temperature isolation setting was selected far enough
above the anticipated normal area temperature to avoid spurious operation,
but low enough to provide timely detection of a cleanup system line break.
The following pipelines are isolated:

Reactor water cleanup from reactor.

15. HPCI or RCIC turbine exhaust (Diaphragm) rupture disc high pressure
(Table 5.2-2, HPCI-Signal E, RCIC-Signal G).

HPCI turbine exhaust high pressure between the rupture discs is used to
automatically close the isolation valves in the HPCI turbine steam supply line
so that high turbine exhaust pressure can be limited, thus providing
equipment protection by reducing stresses on the turbine casing. The high
pressure trip setting was chosen to indicate breach of the rupture disc.

The logic arrangement used for this function is shown on Figures 7.4-2c and
7.4-2g and pressure switch location is shown on Figures 7.4-1b sheets 1 and
2.

An identical design is provided for the RCIC turbine exhaust rupture disc
isolation function.

7.3.4.8 Instrumentation

Sensors providing inputs to the Primary Containment Isolation System are not used
for the automatic control of process systems, thus separating the functional control
of protection systems and process systems. Channels are physically and
electrically separated in such a way as to assure that a single physical event cannot
prevent isolation. Channels for one monitored variable that are grouped near to
each other provide inputs to different isolation trip systems. Figures 7.3-2a through
-2I illustrate in detail the functional arrangement of channels used to initiate
isolation of various groups of valves. Table 7.3-2 lists instrument characteristics.

1. Reactor vessel low-water-level signals are initiated from eight differential
pressure transmitters, which sense the difference between the pressure due
to a constant reference column of water and the pressure due to the actual
water level in the vessel. Four of the transmitters are used to indicate that
water level has decreased to the first and higher low-water-level isolation
setting; the other four are used to indicate that water level has decreased to
the low-low-lowwater-level isolation settings.
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The four transmitters for each level setting are arranged in pairs; each
transmitter in a pair provides a signal to a different trip system. Two pipelines,
attached to taps above and below the water level on the reactor vessel, are
required for the differential pressure measurement for each pair of
transmitters. The two pairs of pipelines terminate outside the primary
containment and inside the secondary containment. They are physically
separated from each other and tap off the reactor vessel at widely separated
points. The reactor vessel low-water-level transmitters sense level from these
pipes. This arrangement assures that no single physical event can prevent
isolation, if required. Cables from the level sensors are routed to the Auxiliary
Instrument Room.

Main steam line radiation is monitored by four radiation monitors, which are
described in Subsection 7.12, "Process Radiation Monitoring."
Gamma-sensitive radiation monitors are installed in the vicinityof the main
steam lines just outside the primary containment. These monitors can detect
a gross release of fission products from the fuel by measuring the gamma
radiation coming from the steam lines. For Unit 1, a high radiation trip signal
is sent to the Reactor Protection System and the Primary Containment
Isolation System and the Off-gas System. The high radiation condition results
in reactor scram and isolation for Unit 1. For Units 2 and 3 a high radiation
trip signal results in an isolation and trip of the Mechanical Vacuum Pump
only. These Units 1, 2, and 3 radiation monitors are not required to provide a
safety related signal to any of the systems described above.

High temperature in the vicinityof the main steam lines is detected by 16
bimetallic temperature switches located along the main steam lines between
the drywell wall and the turbine. The detectors are located or shielded so that
they are sensitive to air temperature and not the radiated heat from hot
equipment. An additional temperature sensor is located near each set of four
detectors for remote temperature readout and alarm. The temperature
sensors activate an alarm at high temperature. Upon loss of power, an alarm
condition is present to alert the operator that the instrumentation is
inoperable. The main steam line space temperature detection system is
designed to detect leaks of from 1 percent to 10 percent of rated steam flow.
A total of four main steam line space high temperature channels is provided.
Each main steam line isolation logic receives an input signal from one main
steam line space high temperature channel.

High flow in each main steam line is sensed by four differential pressure
transmitters, which sense the pressure difference across the flow restrictor in
that line. Each main steam line isolation logic receives an input signal from
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one main steam line high flowchannel. A trip occurs whenever the steam flow
in any main steam line exceeds a preset amount.

Main steam line low pressure is sensed by four pressure transmitters, which
sense pressure downstream of the outboard main steam isolation valves.
One sensing point is located in each line after the header that connects the
four steam lines upstream to the turbine stop valves. Each transmitter is part
of an independent channel. Each channel provides a signal to one isolation
trip system.

Primary containment pressure is monitored by four nonindicating pressure
transmitters, which are mounted on instrument racks outside the drywell.
Pipes that terminate in the secondary containment connect the transmitters
with the drywell interior. Cables are routed from the transmitter to the
Auxiliary Instruments Room. The transmitters are grouped in pairs, physically
separated, and electrically connected to the isolation control system so that
no single event will prevent isolation due to primary containment high
pressure.

High temperature in the vicinity of the RCIC equipment is sensed by four sets
of four bimetallic temperature switches. The 16 temperature switches are
arranged in four trip systems, with four temperature switches in each trip
system. The four temperature switches in each trip system are arranged in
one-out-of-two-taken-twice logic.

High flow in the RCIC turbine steam line is sensed by two differential pressure
switches which monitor the differential pressure across an elbow installed in
the RCIC turbine steam supply pipeline. The tripping of either trip channel
initiates isolation of the RCIC turbine steam line. This is an exception to the
usual channel arrangement. The reason for the exception was given in the
discussion of the RCIC turbine high steam flow isolation function:

Low pressure in the RCIC turbine steam line is sensed by four pressure
switches from the RCIC turbine steam line upstream of the isolation valves.
The switches are arranged in one-out-of-two-taken-twice logic, which must trip
to initiate shutdown of the RCIC turbine.

High temperature in the vicinity of the HPCI equipment is sensed by four sets
of four bimetallic temperature switches. The 16 temperature switches are
arranged in two trip systems with eight temperature switches in each trip
system. Each trip system consists of two channels. Each channel contains
one temperature switch located in the pump room and three temperature
switches located in the torus area.
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High flow in the HPCI turbine steam line is sensed by two differential pressure
transmitters which monitor the differential pressure across a mechanical flow
element installed in the HPCI turbine steam pipeline. The tripping of either
switch initiates isolation of the HPCI turbine steam line. This is an exception
to the usual sensor arrangement. The reason for the exception was given in
the discussion of the HPCI turbine high steam flow isolation function.

Low pressure in the HPCI turbine steam line is sensed by four pressure
switches from the HPCI turbine steam line upstream of the isolation valves.
The switches are arranged in a one-out-of-two-taken-twice logic which must
trip to initiate shutdown of the HPCI turbine.

Reactor Building ventilation exhaust radiation is monitored by two sets of
Reactor Building ventilation exhaust monitors, which are described in
paragraph 7.12.5, "Reactor Building Ventilation Exhaust Radiation Monitoring
System." The Reactor Building ventilation exhaust radiation signal is
generated by two trip channels arranged such that it requires one channel at
high trip, or both channels at downscale (instrument failure) trip, to cause
isolation.

High temperature in the spaces occupied by the Reactor Water Cleanup
(RWCU) System piping outside primary containment is sensed by resistive
temperature device which input to analog trip devices that indicate possible
pipe breaks. Logic relays are arranged in a one-out-two-taken-twice logic
which must trip to initiate isolation of the RWCU System.

High temperature in the spaces occupied by the RHRS (shutdown cooling)
piping, outside primary containment is sensed by temperature switches that
indicate possible pipe breaks. The switches alarm only. Automatic isolation
on high temperature is not required, since the reactor vessel low-water-level
isolation function is adequate in preventing the release of significant amounts
of radioactive material in the event of a pipe failure.

High pressure between the HPCI turbine exhaust (diaphragm) rupture discs is
monitored by four nonindicating pressure switches which are mounted on
instrument racks. The switches are arranged in a one-out-of-two-taken-twice
logic, which must trip to initiate closure of the inboard HPCI turbine steam
supply valve.

An identical design is provided for the RCIC turbine exhaust rupture disc
isolation function.
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7.3.4.9 Environmental Ca abilities

The physical and electrical arrangement of the Primary Containment Isolation
System are selected so that no single physical event will prevent achievement of
isolation functions. The location of Group A and Group 8 valves inside and outside
the primary containment provides assurance that the control system for at least one
valve on any pipeline penetrating the primary containment will remain capable of
isolation. Electrical cables for isolation valves in the same pipeline are routed
separately. All equipment required to operate a design basis event meets the
environmental qualification requirements of Section 1.5. Special consideration has
been given to isolation requirements during a loss-of-coolant accident inside the
drywell. Components of the Primary Containment Isolation System that are located
inside the primary containment and that must operate during a loss-of-coolant
accident are the'cables, control mechanisms, and valve operators of isolation
valves inside the drywell. These isolation components are required to be functional
in a loss-of-coolant accident environment.

7.3.5 Safet Evaluation

The Primary Containment Isolation System, in conjunction with other protection
systems, is designed to provide timely protection against the onset and
consequences of accidents involving the gross release of radioactive materials from
the fuel and nuclear system process barriers. It is the objective of Section 14.0,
"Plant Safety Analysis," to identify and evaluate postulated events resulting in gross
failure of the fuel barrier and the nuclear system process barrier. The
consequences of such gross failures are described and evaluated in that section.

Design procedure has been to select tentative isolation trip settings that are far
enough above or below normal operating levels that spurious isolation and
operating inconvenience are avoided. It is then verified by analysis that the release
of radioactive material following postulated gross failures of the fuel and nuclear
system process barrier is kept within acceptable bounds. Trip setting selection is
based on calculated values and constrained by the safety design basis and the
safety analyses.

Chapter 14.0 shows that the actions initiated by the Primary Containment Isolation
System, in conjunction with other safety systems, are sufficient to prevent releases
of radioactive material from exceeding the guide values of published regulations.
Because the actions of the system are effective in restricting the uncontrolled
release of radioactive materials under accident situations, the Primary Containment
Isolation System meets the precision and timeliness requirements of safety design
basis 1.
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Because the Primary Containment Isolation System meets the precision and
timeliness requirements of safety design basis 1 using instruments with the
characteristics described in Table 7.3-2, it is concluded that safety design basis 2 is
met.

Temperatures in the spaces occupied by various steam lines outside the primary
containment are the only essential variables of significant spatial dependence that
provide inputs to the Primary Containment Isolation System. The large number of
temperature sensors and their dispersed arrangement near the steam lines
requiring this type of break protection provide assurance that a significant break will
be detected rapidly and accurately. One of the four groups of temperature switches
is located in the ventilation exhaust from the steam line space between the drywell
wall and the secondary containment wall. This assures that abnormal air
temperature increases are detected regardless of leak location in that space. It is
concluded that the number of sensors provided for steam line break detection
satisfied safety design basis 3.

The spatial locations of the sensors were selected to provide the optimum coverage
relative to detection of leaks in the Engineered Safety Features Systems to initiate
isolation when required. No special attempt was made to prevent spurious
isolation, since isolation is acceptable on the frequency at which the spurious event
is expected to occur.

Sources of steam leakage are discussed in Section 5.0.

Steam leaks into the steam tunnel from main steam line, feedwater line, or RCIC
steam line breaks will cause the main steam isolation valves to close if the
temperature at the temperature switches reach their setpoints.

Steam leaks into the building from the RCIC system, the HPCI system, and the
Reactor Water Cleanup System could possibly affect the temperature sensors for
other systems. However, the large surface area available for steam condensation
and the circuitous path the steam must followmake it a highly unlikely event.
Inadvertent isolation of the Reactor Water Cleanup System is an operational
inconvenience, but does not compromise the safety of the public. Any one of the
systems can be reset and reactivated whenever the cause for isolation has been
determined and then removed. Since there is a time delay involved whenever one
system affects another system, the operator should be able to identify the faulted
system. This would permit him to restore the nondamaged system or systems. If
the operator makes a mistake and reactivates the faulted system, that system will
be automatically isolated again.

Because the Primary Containment Isolation System meets the timeliness and
precision requirements of safety design basis 1 by monitoring variables that are
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true, direct measures of operational conditions, it is concluded that safety design
basis 4 is satisfied.

Chapter 14.0 evaluates a gross breach in a main steam line outside the primary
containment during operation at rated power. The evaluation shows that the main
steam lines are automatically isolated in time to prevent a release of radioactive
material in excess of the guide values of published regulations and to prevent the
loss of coolant from being great enough to allow uncovering of the core. These
results are true even if thh longest closing time of the valve is assumed. The time
required for automatic closure of the main steam isolation valves meets the
requirements of safety design basis 5.

The shortest closure time of which the main steam valves are capable is three
seconds. The transient resulting from a simultaneous closure of all main steam
isolation valves in three seconds during reactor operation at rated power is
considerably less severe than the transient resulting from inadvertent closure of the
turbine stop valves (which occurs in a small fraction of one second) coincident with
failure of the turbine bypass system. The Reactor Protection System is capable of
accommodating the transient resulting from the inadvertent closure of the main
steam isolation valves. This conclusion is substantiated by Section 14.0. This
meets safety design basis 6.

The items of safety design bases 7, 8, and 9 must be fulfilledfor the Primary
Containment Isolation System to meet the design reliability requirements of safety
design basis 1. It has already been shown that safety design bases 7f and 7h have
been met. The remainder of the reliability requirement is met by a combination of
logic arrangement, sensor redundancy, wiring scheme, physical isolation, power
supply arrangement, and environmental capabilities. These subjects are discussed
in the following paragraphs.

Because essential variables are monitored and arranged for physical and electrical
independence, and because a dual trip system arrangement is used to initiate
closure of essential automatic isolation valves, no single failure, maintenance
operation, calibration operation, or test can prevent the system from achieving
isolation. An analysis of the isolation control system shows that the system does
not fail to respond to essential variables as a result of single electrical failures such
as short circuits, ground, and open circuits. Loss of a single trip system trip is the
result of these failures. Isolation is initiated upon a trip of the remaining trip system.
For some of the exceptions to the usual logic arrangement, a single failure could
result in inadvertent isolation of a pipeline. With respect to the release of
radioactive material from the nuclear system process barrier, such inadvertent valve
closures are in the safe direction and do not pose any safety problems. This meets
safety design bases 7a and 7b.
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The redundancy of channels provided for all essential variables provides a high
probability that, whenever an essential variable exceeds the isolation setting, the
system initiates isolation. In the unlikely event that all channels for one essential
variable in one trip system fail in such a way that a system trip does not occur, the
system could still respond properly as other monitored variables exceed their
isolation settings. This meets safety design basis 7c.

The sensors, circuitry, and logics used in the Primary Containment Isolation System
are not used in the control of any process system. Thus, malfunction and failures in
the controls of process systems have no direct effect on the isolation control
system. This meets safety design basis 7d.

The various power supplies used for the isolation system logic circuitry and for
valve operation provide assurance that the required isolation can be effected in
spite of a single power failure. IfAC for valves inside the primary containment is
lost, DC is available for operation of valves outside the primary containment. The
main steam isolation valve control arrangement is resistant to both AC and DC
power failures. Because both solenoid-operated pilot valves must be de-energized,
loss of a single power supply will neither cause inadvertent isolation nor prevent
isolation, ifrequired. The logic circuitry for each channel is powered from the
separate sources available from the Reactor Protection System buses, the unit
preferred AC power supply, or the unit or plant batteries. In no case does a loss of
a single power supply prevent achievement of an essential isolation function. This
meets safety design basis 7e.

All instruments, valve closing mechanisms, and cables of the isolation control
system can operate under the most unfavorable environmental conditions
associated with normal operation. The discussion of the effects of rapid nuclear .

system depressurization on level measurement given in Subsection 7.2, "Reactor
Protection System," is equally applicable to the reactor vessel low water level
transmitters used in the Primary Containment Isolation System. The temperature,
pressure, differential pressure, and level transmitters, cables, and valve closing
mechanisms used were selected with ratings that make them suitable for use in the
environment in which they must operate.

The special considerations (treated in the description portion of this subsection)
made for the environmental conditions resulting from a loss-of-coolant accident
inside the drywell are adequate to ensure operability of essential isolation
components located inside the drywell.

The wall of the primary containment effectively separates adverse environmental
conditions which might otherwise affect both isolation valves in a pipeline. The
location of isolation valves on either side of the wall decouples the effects of
environmental factors with respect to the ability to isolate any given pipeline. The
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previously discussed electrical isolation of control circuitry prevents failures in one
part of the control system from propagating to another part. Electrical transients
have no significant effect on the functioning of the essential isolation control
system. It is concluded that safety design basis 7g is satisfied.

The design of the main steam isolation valves meets the requirement of safety
design basis 8a in that the motive force for closing each main steam isolation valve
is derived from both a source of pneumatic pressure and the energy stored in a
spring. Either energy source, alone, is capable of closing the valve. None of the
valves relies on continuity of any sort of electrical power to achieve closure in
response to essential safety signals. Total loss of the power used to control the
valves would result in closure. This meets safety design basis 8b.

Easy access is provided for calibration and testing of pressure and level
transmitters which are located in the Turbine Building, Reactor Building, and
Auxiliary Instrument Room. Administrative control restricts access to the setting
controls on each device. A cover plate, access plug, or sealing device must be
removed by personnel before any adjustment in trip settings can be effected. The
location of calibration and test controls in areas under administrative control
reduces the probability that operational reliabilitywill be degraded by operator error.
This meets safety design basis 9a. Because the means for bypassing channels,
logic, or system components are under administrative control, safety design basis
9b is met.

Because safety design bases 7, 8, and 9 have been met, it can be concluded that
the Primary Containment Isolation System satisfies the reliability requirement of
safety design basis 1. That the system satisfied safety design bases 10, 11a and
11b was shown in the description of the system. Paragraph 7.3.6 describes
inspection and testing of the system and demonstrates that safety design basis 12
is satisfied.

Basis and Anal sis for Isolation Valves Closure Times and Actions Set pints

Closure times for containment isolation valves in primary system lines are
established to ensure that the valves are closed prior to the start of uncovering of
the fuel caused by blowdown from the line. By ensuring that the fuel remains
covered, fuel damage resulting from the blowdown is prevented, thereby limiting the
uncontrolled release of radioactive materials to the environs. The radiological
analysis for a typical blowdown outside the containment, with valve closure time in
accordance with the above criteria, is presented in Chapter 14.

a. The differential pressure trip setting for high flow through the redundant flow
meters in the RCIC is less than or equal to 300 percent of rated steam flow at
1140 psia (pre-uprated), 1189 psia (uprated). This trip point was selected to
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provide sufficient margin to prevent isolation during normal startup transient
differential pressure measurements associated with the particular flow meters
utilized (elbow taps). At lower steam pressures, the trip setting in percent of
rated flow is conservatively lower. A time delay relay in the trip circuit prevents
isolation during normal startup.

The differential pressure trip setting for high flow through the HPCI flow meter
is less than or equal to 225 percent of rated steam flow at 1140 psia
(pre-uprated), 1189 psia (uprated). This trip point was selected to provide
sufficient margin to prevent isolation during normal startup transient differential
pressure measurements associated with the particular flow meter utilized
(venturi). At lower steam pressures, the trip setting in percent of rated flow is
conservatively lower. A time delay relay in the trip circuit prevents isolation
during normal startup.

b. The space temperature trip settings for main steam, RCIC and HPCI are
determined by calculation. Analytical limits are established and the
temperature trip set point set based on a calculated T which would result from
a steam leak in the space.

The main steam, RCIC and HPCI systems are each monitored by 16
temperature sensors. These sensors are arranged in four trip logics with four
sensors in each logic, as discussed in paragraph 7.3.4.8 of the FSAR. The 16
sensors for each system are physically arranged in four groups with four
sensors in each group. One sensor in each group is in each of the four trip
logics. The arrangement is as follows:

1. Four sensors equally spaced across the width of the steam tunnel above
the steam lines in the Reactor Building midway between the containment
shield wall and the Reactor Building wall,

2. Four sensors equally spaced across the width of the steam tunnel above
the steam lines in the Turbine Building midway between the Turbine
Building wall and the vertical run of the steam lines,

3. Four sensors equally spaced across the width of the steam tunnel in the
Turbine Building in the area of the vertical run of the steam lines, and

4. Four sensors located in the steam tunnel in the Turbine Building in the
area above the turbine control valves, stop valves, and bypass valves.
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The RCIC system temperature monitors for each unit are located as follows:

Four sensors in the RCIC corner room dispersed above the RCIC
turbine-pump assembly,

Four sensors in the torus area above the RCIC steam line near the exit of
the steam line from the torus area into the corner room,

Four sensors in the torus area above the RCIC steam line midway
between the exit of the steam line from the torus area into the corner
room and the entrance of the steam line into the torus area from the
steam line tunnel, and

4 Four sensors in the torus area above the RCIC steam line near the
entrance of the steam line into the torus area from the steam line tunnel.

The HPCI system temperature monitors for Unit 1 are located as follows:

Four sensors in the HPCI equipment room dispersed above the HPCI
turbine-pump assembly,

Four sensors in the HPCI equipment room located in the vicinityof the
ventilation exhaust grill,

Four sensors in the torus area above the HPCI steam line near the exit of
the steam line from the torus area into the HPCI equipment room, and

Four sensors in the torus area above the HPCI steam line near the
outboard containment isolation valve.

The HPCI system temperature monitors for Units 2 and 3 are located as
follows:

Four sensors in the HPCI equipment room dispersed above the HPCI
turbine-pump assembly,

Four sensors in the torus area above the HPCI steam line near the exit of
the steam line from the torus area into the HPCI equipment room,

3. Four sensors in the torus area above the HPCI steam line midway
between the exit of the steam line from the torus area into the HPCI
equipment room and the containment penetration, and
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Four sensors in the torus area above the HPCI steam line near the
outboard containment isolation valve.

c. The temperature detectors for isolation of the Reactor Water Cleanup System
were located in those areas that an RWCU high energy line break (HELB) was
postulated (ie; RWCU pump rooms, RWCU heat exchanger room, RWCU pipe
trench and main steam valve vault). The temperatures detectors are set at a
value above the maximum abnormal room temperatures to avoid spurious
actuations due to ambient conditions and below the analytical limits to ensure
timely detection of a pipe break. The analytical limit is a value established by
the Reactor Building Environmental Analysis for a postulated HELB in the
RWCU system to meet the requirements of IO CFR 50.49. The temperature
detector setpoint was selected to provide sufficient margin between the
setpoint and the analytical limit to account for all inaccuracies inherent in the
instrument loop.

The acceptable range of trip values for the reactor water cleanup (RWCU)
System pipe trench temperatures is from 130'o 150'. This range of values
was selected to exceed the ambient temperature sufficiently to avoid spurious
operation, but low enough to provide timely detection of an RWCU line break
at all reactor power conditions.

The temperature trip for the RHR system space gives an alarm based on
leakage from the RHR system of less than 15 gpm.

7.3.6 Ins ection and Testin

Isolation valves can be tested to assure that they are capable of closing by
operating manual switches in the control room and observing the position lights and
any associated process effects. Testable check valves are arranged to verify that
the valve disc is free to open and close. The essential channel and trip system
responses can be functionally tested by applying test signals to each channel and
observing the trip system response. Testing of the main steam isolation valves is
discussed in Subsection 4.6, "Main Steam Isolation Valves." Reset of the main
primary containment Isolation signals does not result in the automatic reopening of
these isolation valves.
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TABLE 7.3-2
(Sheet 1)

PRIMARYCONTAINMENTISOLATION SYSTEM
INSTRUMENT SPECIFICATIONS

Isolation
~cion

Reactor vessel
low water level

Reactor vessel
low-lowwater
level

Sensor

differential pressure
indicating switch

differential pressure
indicating switch

Trip Setting/

h 530 inches above
vessel zero

h 372.5 inches above
vessel zero

Main steam line
high radiation
(Unit 1 only,
not a safety related
function)

Main steam line
space high
temperature

Main steam line
high flow
PD IS-1-13A-D,25A-D
36A-D,50A-D

HP Cl diaphragm
Rupture dies
high pressure

Main steam line
low pressure

Primary
containment
high pressure

RCIC turbine
steam line space
RCIC pump room area
high temperature

RCIC Turbine
steam line space
torus area
high temperature

RCIC turbine
steam line
high flow

RCIC turbine
steam line
low pressure

HPCI turbine
steam line space
HPCI Pump Room Area
high temperature

radiation monitor

temperature switch

differential pressure
switch

pressure switch

pressure switch

pressure switch

temperature switch

temperature switch

differential pressure
switch

pressure switch

temperature switch

53 times back
ground

210'F (AL)

5 144% rated
flow (AL)

20 psig

z 825 psig

S 2.6 psig (AL)

5 180' (AL)

5 155'F (AL)

s 450 inch H>O

a 40 psig (AL)

6 200'F (AL)
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TABLE 7.3-2
(Sheet 2)

PRIMARYCONTAINMENTISOLATION SYSTEM
INSTRUMENT SPECIFICATIONS

Isolation
Sirtat

G

Isolation
~uc 'o

HPCI Turbine
Steam Line Space
Torus Area
High Temperature

HPCI turbine
steam line
high flow

HPCI turbine
steam line
low pressure

Reactor Building
ventilation
exhaust high
radiation

Reactor Water
Cleanup System
Main Steam
Valve Vault
(TE469-834A-D)

Reactor Water
Cleanup System
Pipe Trench
(TE469-835A-D)

Reactor Water
Cleanup System
Pump Room 2A
(TE-069-836A-D)

Reactor Water
Cleanup System
Pump Room 2B
(TE-069437A-D)

Reactor Water
Cleanup System
Heat Exchanger
Room
(TE-069438A-D)

Reactor Water
Cleanup System
Heat Exchanger
Room
(TE-069-839A-D)

RCIC diaphragm
rupture disc
high pressure

ens r

temperature switch

differential pressure
switch

pressure switch

radiation monitor

RTD

RTD

RTD

RTD

RTD

RTD

Pressure switch

Trip Setting/

5 180'F (AL)

S 90 psi

a 55 pslg (AL)

s 100 mr/hr

201''35''524

F'524

F'434

F'70'*

20 psig

'See Table 5.2-2 for Isolation Signal Codes.
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7.4 EMERGENCY CORE COOLING CONTROL AND INSTRUMENTATION

7,4,1" ~Sf Ob

The controls and instrumentation for the Emergency Core Cooling Systems initiate
appropriate responses from the various cooling systems so that the fuel is
adequately cooled under abnormal or accident conditions. The cooling provided by
the systems restricts the release of radioactive materials from the fuel by limiting the
extent of fuel damage following situations in which reactor coolant is lost from the
nuclear system.

Even after the reactor is shut down from power operation by the full insertion of all
control rods, heat continues to be generated in the fuel as radioactive fission
products decay. An excessive loss of reactor coolant allows the fuel temperature to
rise, cladding to melt, and fission products in the fuel to be released. If the
temperatures in the reactor rise to a sufficiently high value, a metal (zirconium)
water reaction occurs which releases energy. Such a reaction increases the
pressure inside the nuclear system and the primary containment. This threatens
the integrity of the barriers, which are relied upon to prevent the uncontrolled
release of radioactive materials. The controls and instrumentation for Emergency
Core Cooling Systems prevent such a sequence of events by actuating core cooling
systems in time to limitfuel temperatures to acceptable levels (less than 2200'F).

7.4.2 Safet Desi n Basis

1. Controls and instrumentation shall (with precision and reliability) automatically
initiate and control the Emergency Core Cooling Systems to allow removal of
heat from the reactor core in time to prevent cladding temperatures in excess of
2200'F so that fuel and core deformation do not limit effective cooling of the
core.

2. Controls and instrumentation shall (with precision and reliability) initiate and
control the Emergency Core Cooling Systems with sufficient timeliness to
prevent more than a small fraction of the core from heating to a temperature at
which a gross release of fission products occurs.

3. To meet the precision requirements of safety design bases 1 and 2, the
controls and instrumentation for the Emergency Core Cooling Systems shall
respond to conditions that indicate the potential inadequacy of core cooling,
regardless of the physical location of the defect causing the inadequacy.

4. To place limits on the degree to which safety is dependent on operator
judgment in time of stress, the following safety design bases are specified:
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Appropriate responses of the Emergency Core Cooling Systems shall be
initiated automatically by control systems when positive precise action is
immediately required, so that no decision or manipulation of controls
beyond the capacity of plant operations personnel is demanded.

Intelligence of the responses of the Emergency Core Cooling Systems
shall be provided to the operator by control room instrumentation, so that
faults in the actuation of safety equipment can be diagnosed.

Facilities for manual actuation of the Emergency Core Cooling Systems
shall be provided in the control room, so that operator action is possible,
yet reserved for the remedy of a deficiency in the automatic actuation of
the safety equipment or for control over the long-term effects of an
abnormal or accident condition.

5. To meet the reliability requirements of safety design bases 1 and 2, the
following safety design bases are specified:

No single failure, maintenance, calibration, or test operation shall prevent
the integrated operations of the Emergency Core Cooling Systems from
providing adequate core cooling.

No protective device which causes interruption of performance or
availability of the Emergency Core Cooling Systems shall be automatic,
unless there is a high probability that continued use would make complete
failure imminent. Instead, such protective devices shall indicate
off-standard conditions for operator decision and action.

Any installed means of manually interrupting the availability of the
Emergency Core Cooling Systems shall be under administrative control.

The power supplies for the controls and instrumentation for the Emergency
Core Cooling Systems shall be chosen so that core cooling can be
accomplished concurrently with a loss of normal auxiliary AC power.

The physical events that accompany a loss-of-coolant accident shall not
interfere with the ability of the controls and instrumentation of the
Emergency Core Cooling Systems to function properly.

f. Earthquake ground motion shall not impair the ability of essential controls
and instrumentation of the Emergency Core Cooling Systems to function
properly.
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6. To provide the operator with the means to verify the availability of the
Emergency Core Cooling Systems, it shall be possible to test the responses of
the controls and instrumentation to conditions representative of abnormal or
accident situations.

i.4,3 ~0

7.4.3.1 Identification

The controls and instrumentation for the Emergency Core Cooling Systems are
identified as that equipment required for the initiation and control of the following:

a. High Pressure Coolant Injection System (HPCI),

b. Automatic Depressurization System,

c. Core Spray System, and

d. Low Pressure Coolant Injection System (LPCI) (an operating mode of the
Residual Heat Removal System).

The equipment involved in the control of these systems includes automatic injection
valves, turbine pump controls, electric pump controls, relief valve controls, and the
switches, contacts, and relays that make up sensory logic channels. Testable
check valves and certain automatic isolation valves are not included in this
description because they are described in Subsection 7.3, "Primary Containment
Isolation System."

To ensure the functional capabilities of the Emergency Core Cooling Systems
during and after earthquake ground motions, the controls and instrumentation for
each of the systems are designed as Class I equipment as described in Appendix
C. This meets safety design basis 5f.

Backup controls are provided for the ECCS, as indicated in Figures 6.4-1, 6.4-3,
7.4-1b through 7.4-8d, and Section 7.18.

7.4.3.2 Hi h Pressure Coolant In'ection S stem HPCI Control and Instrumentation

7.4.3.2.1 Identification and Ph sical Arran ement

When actuated, the HPCI system pumps water from either the condensate supply
header or the suppression chamber to the reactor vessel via the feedwater
pipelines. The HPCI includes one turbine which drives both main and booster
pumps, one DC motor-driven auxiliary oil pump, one gland seal condenser DC
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condensate pump, one gland seal condenser DC blower, automatic valves, control
devices for this equipment, sensors, and logic circuitry. The arrangement of
equipment and control devices is shown in Figures 6.4-1, 6.4-3, and 7.4-1b sheets
1 and 2.

Pressure and level transmitters used in the HPCI are located on racks in the
Reactor Building. The only operating component for the HPCI that is located inside
the primary containment is one of the two HPCI turbine steam supply pipeline
isolation valves. The rest of the HPCI control and instrumentation components are
located outside the primary containment. Cables connect the sensors to control
circuitry in the Auxiliary Instrument and Main Control Room. The system is
arranged to allow full-flowfunctional testing during normal reactor power operation.
Test controls are arranged so that the injection flowpath will be automatically
re-aligned to the reactor vessel should a HPCI initiation signal be received while
testing. The HPCI flowcontroller could be in either AUTO or MANUALduring
testing with the flow adjusted to less than full design flow rate. Operator action
would be required to adjust the flow back to the design flow rate. The HPCI System
is designed to meet the intent of the IEEE proposed criteria for Nuclear Power Plant
Protection Systems (IEEE-279-1 971).

7.4.3.2.2 HPCI Initiation Si nals and Lo ic

Reactor vessel low-water level and primary containment (drywell) high pressure are
the two functions, either of which can automatically start the HPCI as indicated in
Figures 7.4-2a through -2h. Reactor vessel low-water level is an indication that
reactor coolant is being lost and that the fuel is in danger of being overheated.
Primary containment high pressure is an indication that a breach of the nuclear
system process barrier has occurred inside the drywell.

The logic scheme used for the initiating functions is a dual trip system arrangement.
Each trip system receives initiation signals from two independent sensor channels
foreachmonitoredvariable. Eithertripsystem canstartthe HPCI. Thetrip
systems are powered from reliable DC buses.

The reactor vessel low-water level setting for HPCI initiation is selected high
enough above the active fuel to start the HPCI in time, both to prevent excessive
fuel clad temperature and to prevent more than a small fraction of the core from
reaching the temperature at which gross fuel failure occurs. The water level setting
is far enough below normal levels that spurious HPCI startups are avoided. The
primary containment high-pressure setting is selected to be as low as possible
without including spurious HPCI startup.
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7.4.3.2.3 HPCI Initiatin Instrumentation

Reactor vessel low-water level is monitored by four level transmitters that sense the
difference between the pressure due to a constant reference column of water and
the pressure due to the actual height of water in the vessel. Two pipelines,
attached to taps above and below the water level on the reactor vessel, are
required for the differential pressure measurement for each pair of transmitters.
The pipelines terminate outside the primary containment and inside the Reactor
Building; they are physically separated from each other and tap off the reactor
vessel at widely separated points. These same pipelines are also used for pressure
and water level instruments for other systems. The level transmitters for the HPCI
are arranged in pairs, each pair sensing level from different pipelines. One I

transmitter in each pair provides an input to trip system A, the other to trip system B.
This arrangement assures that no single event can prevent HPCI initiation from
reactor vessel low-water level. Cables from the level transmitters lead to the
auxiliary instrument room.

Primary containment pressure is monitored by four pressure transmitters which are
mounted on instrument racks outside the drywell, but inside the Reactor Building.
Cables are routed from the transmitters to the auxiliary instrument room. Pipes that
terminate in the Reactor Building allow the transmitters to communicate with the
drywell interior. The transmitters are grouped in pairs and electrically connected so
that no single event can prevent the initiation of the HPCI due to primary
containment high pressure.

7.4.3.2.4 HPCI Turbine and Turbine Auxiliaries Control

The HPCI controls automatically start the HPCI from the receipt of a reactor vessel
low-water-level signal or primary containment high-pressure signal and bring the
system to its design flow rate within 30 seconds (see Section 6.5 for value assumed
in Emergency Core Cooling System analyses).

The controls then function to provide design makeup water flow to the reactor
vessel until a high reactor water level trip is received at which time HPCI shuts
down. The controls are arranged to allow remote-manual startup, operation, and
shutdown.

The HPCI turbine is functionally controlled as shown by Figures 7.4-2a and 7.4-2e.
HPCI flow is compared against the flow controller setting and turbine speed
adjusted accordingly to achieve design flow. The flow signal used for automatic
control of the turbine is derived from a differential pressure measurement across an
orifice type flow element in the HPCI discharge line. The HPCI Lube Oil System
furnishes hydraulic pressure to the turbine stop and control valves by a DC powered
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auxiliary oil pump during startup and a turbine shaft driven oil pump as turbine
speed increases.

Upon receipt of an initiation signal, the auxiliary oil pump starts and other automatic
actions (e.g., steam admission valve opens) occur. Operation of the auxiliary oil
pump provides lube oil pressure sufficient to begin opening the turbine stop and
control valves. Because there is no HPCI flowat this point, the flow controller will
be asking the turbine speed governor for full demand. When sufficient oil pressure
is available to open the turbine stop valve, a limit switch on the valve starts the
turbine speed governor ramp generator function. This action takes the turbine
control valve in the close direction until turbine speed begins reopening the valve
so that the ramp function is followed. Once the ramp output exceeds the flow
controller demand, the flow controller takes over turbine speed control and
maintains HPCI flow at the design flow rate over the design range of HPCI
discharge pressure.

The turbine is automatically shut down by tripping the turbine stop valve closed if
any of the following conditions are detected (reset capability has been provided):

a. Auto isolation signal,

b. High turbine exhaust pressure,

c. Low pump suction pressure,

d. Low turbine steam supply pressure

e. Reactor vessel high-water level,

f. Turbine mechanical overspeed.

High turbine exhaust pressure indicates a condition that threatens the physical
integrity of the exhaust pipeline. Low pump suction pressure warns that cavitation
and lack of cooling could cause damage to the booster and/or main pump which
could place the HPCI System out of service. A turbine trip is initiated for these
conditions so that, ifthe causes of the abnormal conditions can be found and
corrected, the system can be quickly restored to service. The turbine will
automatically reset when these conditions are cleared. The turbine will then
automatically restart ifthe required initiation signals are present. The trip settings
are selected far enough from normal values so that a spurious turbine trip is
unlikely, but not so close that damage occurs before the turbine is shut down.
Turbine overspeed is detected by a standard turbine overspeed
mechanical-hydraulic device which automatically resets after the turbine trip. Two
pressure switches are used to detect high turbine exhaust pressure; either switch

7.4-6



BFN-17

can initiate turbine shutdown. One pressure switch is used to detect low HPCI
pump suction pressure.

High-water level in the reactor vessel indicates that the HPCI has performed
satisfactorily in providing makeup water to the reactor vessel. Further increase in
level could result in HPCI turbine damage caused by gross carryover of moisture.
The reactor vessel high-water-level setting which trips the turbine is near the top of
the steam separators and is sufficient to prevent gross moisture carryover to the
main steam line and then to the HPCI turbine. For Units 2 and 3, the two level
transmitters that sense differential pressure feed analog trip units that are arranged
to require that both analog trip units trip (coincidence) to initiate a turbine shutdown.
The Unit 1 design utilizes two sets of two switches arranged such that two switches
in one set must trip in order to trip the turbine. The turbine will automatically restart
on a low-water-level signal.

The Mechanical Logic Diagram for the turbine auxiliary oil pump is shown in
Figures 7.4-2a and 7.4-2e. The controls are arranged for automatic or manual
control. Upon receipt of an HPCI initiation signal, the auxiliary oil pump starts and
provides hydraulic pressure to open the turbine stop valve and the turbine control
valve, As the turbine gains speed, the shaft-driven oil pump begins to supply
hydraulic pressure. After about 1/2 minute during an automatic turbine startup, the
pressure supplied by the shaft-driven oil pump is sufficient, and the auxiliary oil
pump automatically stops upon receipt of a high oil pressure signal. Should the,
shaft-driven oil pump malfunction, causing oil pressure to drop, the auxiliary oil
pump restarts.

Operation of the gland seal condenser components-gland seal condenser
condensate pump (DC), gland seal condenser blower (DC), and gland seal
condenser water level instrumentation-capable of preventing outleakage from the
turbine shaft seals. Startup of this equipment is automatic, as shown by
Figures 7.4-2b and 7.4-2f. Failure of this equipment will not prevent the HPCI from
providing water to the reactor vessel.

7.4.3.2.5 HPCI Valve Control

All automatic valves in the HPCI System are equipped with remote-manual test
capability, so that the entire system can be operated locally, with the exception of
the inboard steam line isolation valve, or from the Main Control Room.
Motor-operated valves are provided with appropriate torque switches or limit
switches to turn off the motors when the full-closed positions are reached. Certain
valves are automatically closed on isolation or turbine trip signals. All essential
components of the HPCI controls operate from a reliable DC power source.
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To ensure that the HPCI can be brought to design flow rate within 30 seconds from
the receipt of the initiation signal, the following maximum operating times for
essential HPCI valves are provided by the valve operation mechanisms.

HPCI turbine steam supply valve 30 seconds (Unit 3)
30 seconds (Unit 2)

HPCI pump discharge valves

HPCI pump minimum flow bypass valve

30 seconds

10 seconds
(Unit 1 only)

HPCI pump minimum flow bypass valve 15 seconds
(Units 2 and 3)

The operating time is the time required for the valve to travel from the fullyclosed to
the fullyopen position, or vice versa. The two HPCI steam supply line isolation
valves are intended to isolate the HPCI steam line in the event of a break in that
line; the operating time requirements for them are based on isolation specifications.
These are described in Subsection 7.3, "Primary Containment Isolation System." A
normally closed, DC motor-operated isolation valve is located in the turbine steam
supply pipeline just upstream of the turbine stop valve. The control scheme for this
valve is shown in Figures 7.4-2a and 7.4-2e. Upon receipt of an HPCI initiation
signal, this valve opens and remains open until closed by operator action from the
control room.

i

Two normally open isolation valves are provided in the steam supply line to the
turbine. The valve inside the drywell is controlled by an AC motor fed from a
reactor MOV board. The valve outside the drywell is controlled by a DC motor. An
electrically operated valve with automatic isolation function is in parallel with the
outside containment isolation valve for start up after isolation purposes. The
Mechanical Logic Diagram is shown by Figures 7.4-2a and 7.4-2e. The valves
automatically close upon receipt of an HPCI turbine steam line high-flow signal, an
HPCI turbine steam supply low-pressure signal, high steam line space temperature,
or high turbine exhaust (diaphragm) rupture disc pressure. The instrumentation for
isolation is described in Subsection 7.3, "Primary Containment Isolation System."

Three pump suction valves are provided in the HPCI. One valve lines up pump
suction from the condensate supply header, the other two from the suppression
chamber. The condensate supply header is the preferred source. All three valves
are operated by DC motors. The Mechanical Logic Diagram is shown by
Figures 7.4-2b and 7.4-2f. Although the condensate storage tank suction valve is
normally open, an HPCI initiation signal opens it if it is closed. If the level in the
condensate supply header falls below a preselected value, the suppression
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chamber suction valves automatically open. When the suppression chamber valves
are both fully open, the condensate supply header suction valve automatically
closes. Two level switches are used to detect the condensate supply header level.
Either switch can cause the suppression chamber suction valves to open. The
suppression chamber suction valves also automatically open and the condensate
supply header suction valve closes if a high-water level is detected in the
suppression chamber. Two level switches monitor the suppression chamber water
level. Either switch can initiate opening of the suppression chamber suction valves.
Ifopen, the suppression chamber suction valves automatically close upon receipt of
the signals that initiate HPCI steam line isolation.

Two DC motor-operated HPCI pump discharge valves in the pump discharge
pipeline are provided. The Mechanical Logic Diagram for these two valves are
shown by Figures 7.4-2b and 7.4-2f. One valve is used for maintenance purposes
and remains in the open position during standby conditions. The other valve is
normally closed. Both valves receive an open signal upon receipt of a HPCI
initiation signal. The valves remain open upon receipt of a turbine trip signal until
closed by operator action in the control room.

To prevent the pump from being damaged by overheating at reduced HPCI pump
discharge flow, pump discharge minimum flow bypass is provided to route the water
discharged from the pump back to the suppression chamber. The bypass is
controlled by an automatic, DC motor-operated valve whose Mechanical Logic
Diagram is shown by Figures 7A-2b and 7A-2f. If a HPCI initiation signal is
present, the minimum flow bypass valve willopen until HPCI flow increases at which
time the valve will close. A flow switch that measures the pressure difference
across a flow element in the HPCI pump discharge pipeline provides the signals
used for automatic operation of the minimum flow bypass valve. There is also an
interlock provided to shut the minimum flow bypass whenever the turbine is tripped
This is necessary to prevent drainage from the condensate supply header into the
suppression pool. In the event that the trip signal is reset and a valid HPCI initiation
signal is present, the minimum flow bypass valve will reopen. However, the
condensate drainage into the suppression pool will be quite small and provides
ample time for the operator to close the valve before suppression pool level is
affected.

To prevent the HPCI steam supply pipeline from fillingup with water, a condensate
drain pot, steam line drain, and appropriate valves are provided in a drain pipeline
arrangement just upstream of the turbine supply valve. The Mechanical Logic
Diagram is shown by Figures 7.4-2a and 7.4-2e. The controls position valves so
that during normal operation steam line drainage is routed to the main condenser.
Upon receipt of an HPCI initiation signal, the turbine supply valve opens. The
drainage path is isolated on the turbine supply valve not fullyclosed. The water
level in the steam line drain condensate pot is normally controlled by the I
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condensing and drain flow rates of the steam and condensate being formed. In the
event that the condensing rate exceeds the blowdown rate, a level switch actuates
to annunciate a high condensate pot level condition in the main control room and, at
the same time, opens an air operated valve to bypass the steam trap which is in
series with the main condenser drain path. Bypassing the steam trap reduces flow
friction in the drain line and substantially increases flow to the condenser in order to
return the condensate pot to its normal operating level.

During test operation, the HPCI pump discharge is routed to the condensate
storage tanks. Two DC motor-operated test return throttle and block valves are
installed in a test return line off the HPCI pump discharge line in order to route
pump discharge flow back to the condensate storage tanks. The piping
arrangement is shown in Figures 6.4-1 and 6.4-3. The Mechanical Logic Diagram
for the two valves is shown by Figures 7.4-2b and 7.4-2f. Upon receipt of an HPCI
initiation signal, the valves close and remain closed. The valves are automatically
closed ifeither of the suppression chamber suction valves are open. Numerous
indications pertinent to the operation and condition of the HPCI are available to the
control room operator. Figures 6.4-1, 6.4-3, 7.4-2d, and 7.4-2h show the control
and logic of the various indications provided.

7.4.3.2.6 HPCI Environmental Considerations

The only HPCI control component located inside the primary containment that must
remain functional in the environment resulting from a loss-of-coolant accident is the
control mechanism and motor for the inboard isolation valve on the HPCI turbine
steam line. The environmental capabilities of this valve and motor are discussed in
Subsection 7.3, "Primary Containment Isolation System." The HPCI control and
instrumentation equipment located outside the primary containment is selected in
consideration of the normal and accident environments in which it must operate.

7.4.3.3 Automatic De ressurization S stem ADS Control and Instrumentation

7.4.3.3.1 Identification and Ph sical Arran ement

Automatically controlled relief valves are installed on the main steam lines inside
the primary containment. Six of the valves are dual purpose in that they will relieve
pressure by normal mechanical action or by automatic action of an
electro-pneumatic control system (see Subsection 4.4, "Nuclear System Pressure
Relief System" ). The relief by normal mechanical action is intended to prevent
overpressurization of the nuclear system. The depressurization by automatic action
of the control system is intended to reduce nuclear system pressure during a
loss-of-coolant accident in which the HPCI fails, so that the relatively low-pressure
core spray and LPCI systems can inject water into the reactor vessel. The ADS
automatic control and instrumentation equipment for the main steam relief valves is
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described in this subsection. The controls and instrumentation for one of the main
steam relief valves are discussed. Other main steam relief valves equipped for
automatic depressurization are identical.

The control system, which is functionally illustrated in Figures 7.4-3 and 7.4-9,
consists physically of pressure and water level transmitters arranged in trip systems
that control a solenoid-operated pilot air valve. The solenoid-operated pilot valve
controls the pneumatic pressure applied to a diaphragm actuator which controls the
main steam relief valve directly. An accumulator is included with the control
equipment to store pneumatic energy for main steam relief valve operation. The
accumulator is sized to hold five times the volume of air required for one valve
operation following failure of the normal pneumatic supply to the accumulator. In
addition, an emergency source of njkrogen is provided by the CAD system. Cables
from the transmitters lead to the auxiliary instrument room where the logic
arrangements are formed in cabinets. The electrical control circuitry is powered by
direct current from the unit batteries. Electrical elements in the control system
energize to cause opening of the main steam relief valve. The automatic
depressurization system is designed to meet the intent of the IEEE proposed criteria
for Nuclear Power Plant Protection Systems (IEEE-279-1 971).

7.4.3.3.2 Automatic De ressurizationS stem lnitiatin Si nalsandLo ic

The initiating signals for the Automatic Depressurization System are reactor vessel
low-water level, and primary containment (drywell) high pressure or a sustained
reactor vessel low-water level signal will provide the initiating signal after a time
delay. The above initiation paths and a permissive signal verifying that the two core
spray or at least one RHR pumps are running must be present to cause the main
steam relief valves to open. Reactor vessel low-water-level indicates that the fuel is
in danger of becoming overheated. This low water level would normally not occur
unless the HPCI failed. Primary containment high pressure indicates that a breach
in the nuclear system process barrier has occurred inside the drywell.

After receipt of the initiation signals, and after a 150 seconds delay provided by
timers, the solenoid-operated pilot air valve is energized, providing that at least one
LPCI pump or the appropriate two core spray pumps are running, allowing I

pneumatic pressure from the accumulator to act on the diaphragm actuator. Pump
discharge pressure switches are used to sense that the core spray or LPCI pumps
are running. The diaphragm actuator is an integral part of the main steam relief
valve and expands to hold the main steam relief valve open. Lights in the control
room inform the control room operator whenever the solenoid-operated pilot valve is
energized, indicating that the main steam relief valve is open or being opened.

A two-position switch is provided in the control room for the control of the main
steam relief valves. The two positions are "open" and "auto." In the open position,
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the switch energizes the solenoid-operated pilot valve, which allows pneumatic
pressure to be applied to the diaphragm actuator of the main steam relief valve.
This allows the control room operator to take action independent of the automatic
system. The main steam relief valves can be manually opened to provide a
controlled nuclear system cooldown under conditions where the normal heat sink is
not available. Manual reset circuits and key-lock inhibit switches are provided for
the reactor vessel low-water level and primary containment high-pressure initiating
signals. By manually resetting the ADS initiating signals, the delay timers are
recycled. By manually turning the key-lock inhibit switches to inhibit position, the
ADS initiating signals are blocked preventing automatic opening of the main steam
relief valves. This action is however, annunciated on the control room
annunciators. The operator can use the reset switches to delay automatic opening
of the main steam relief valves or use the key-lock inhibit switches to prevent the
opening of the main steam relief valves indefinitely if such actions are deemed
prudent throughout the cooldown period. Ifat any time the circuits are not reset or
the key-lock inhibit switches are not engaged, blowdown will start and will continue
unless the circuits are manually reset to recycle the timers or the key-lock inhibit
switches are engaged.

The trip systems are functionally illustrated in Figures 7.4-3 and 7.4-9. Each trip
system can initiate automatic depressurization when the logic in that trip system is
satisfied. The logic of each trip system includes a timer that delays the opening of
the main steam relief valve. This allows time for the operator to decide whether it is
prudent to further postpone automatic depressurization.

Automatic Depressurization System Instrumentation and settings are listed in
Table 7.4-2. The wiring for the trip systems is routed in separate conduits to reduce
the probability that a single event will prevent automatic opening of a main steam
relief valve.

The reactor vessel low-water-level initiation setting for the Automatic
Depressurization System is selected to open the main steam relief valves to
depressurize the reactor vessel in time to allow adequate cooling of the fuel by the
Core Spray and LPCI Systems following a loss-of-coolant accident in which the
other makeup systems (feedwater, RCICS, HPCI) fail to maintain vessel water level.
The primary containment high-pressure setting is selected to be as low as possible
without inducing spurious initiation of the Automatic Depressurization System.

7.4.3.3.3 Automatic De ressurization S stem Initiatin Instrumentation

The pressure and level transmitters used to initiate the Automatic Depressurization
System are common to each main steam relief valve control circuitry. Reactor
vessel low-water level is detected by six transmitters that measure differential
pressure. Primary containment high pressure is detected by four pressure
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transmitters. Some of the transmitters used for these two initiating functions are the
same ones used for the LPCI and Core Spray System. The primary containment
high-pressure signals are arranged to seal into the control circuitry, they must be
manually reset to clear.

Two timers are used in the control circuitry for each main steam relief valve. The
delay time setting before the Automatic Depressurization System is actuated is
chosen to be long enough so that the HPCI has time to start, yet not so long that the
Core Spray System and LPCI are unable to adequately cool the fuel ifthe HPCI
fails to start. An alarm in the control room is tripped when either of the timers is
operating. Resetting the Automatic Depressurization System initiating signals
recycles the timers.

The requirement that at least one of the LPCI pumps or two core spray pumps be
running before automatic depressurization starts insures that cooling will be
available to the core after the system pressure is lowered.

7.4.3.3.4 Automatic De ressurization S stem Alarms

A single-train acoustic monitoring system has been installed to provide
unambiguous main control room indication of main steam relief valve position
(open or closed) and alarm. The acoustic monitoring system detects steam flow in
the main steam relief valve discharge pipeline by using an accelerometer which is
physically attached to the discharge tailpipe downstream. The accelerometers
transmit conditioned signals back to a common electronics module located in the
main control room. For each valve, the electronic module inserts a selective gain
into the signal and provides a relative indication of steam flow through a series of
ten indicating lights. A control room alarm initiates when the fifth light is illuminated.

A main steam relief valve discharge tailpipe temperature monitoring system is
provided to detect and provide indication of relief status. A temperature element is
installed in a thermowell in the main steam relief valve discharge tailpipe
downstream of the valve discharge flange. The temperature element is connected
to a multipoint recorder in the control room which provides a means of detecting
main steam relief valve leakage during normal plant operation. When the
temperature in any main steam relief valve discharge tailpipe exceeds a preset
value, an alarm condition is indicated on the recorder in the control room. The
temperature recorders installed in Units 2 and 3 have the capability to selectively
raise the high temperature alarm setpoint on a per channel basis. Additionally,
these recorders provide an interface to the plant process computer which has the
capability to display and trend the discharge tailpipe temperatures. In addition to
providing a leakage indication, the main steam relief valve discharge tailpipe
temperature monitoring instrumentation provides an alternate main control room
indication of main steam relief valve position.
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A common "MAINSTEAM RELIEF VALVEOPEN" annunciator exists in the control
room with inputs from all 13 acoustic monitors. The acoustic monitor system
satisfies the requirements for main steam relief valve position indication.

A key-lock inhibit switch is in-line with each ADS initiating logic channel. When a
key-lock inhibit switch is in the inhibit position, an alarm is sounded in the control
room to inform the operators that ADS has been inhibited.

As relays and plant process sensors within each ADS initiating logic channel are
activated, control room alarms are sounded to inform the operators of a pending
ADS event. These alarms include: (1) RHR or CS pump running ADS blowdown
permissive, (2) reactor water level low ADS blowdown permissive, (3) ADS high
drywell pressure seal-in, (4) ADS auxiliary blowdown relays energized, and (5) ADS
blowdown timers initiated.

Other control room annunciations are available to inform the operators of abnormal
plant conditions or test conditions under which the ADS function is reduced or
compromised. These alarms include: (1) ADS main steam relief valve accumulator
low control air pressure, (2) backup control panel selector switch in the emergency
position, ADS blowdown system control power failure, (3) ADS blowdown system in
test status, and (4) ADS blowdown system test switches misaligned. Any of these
would indicate a potential degraded ability of the ADS main steam relief valves.

7.4.3.3.5 Automatic De ressurization S stem Environmental Considerations

The signal cables, solenoid valves, and main steam relief valve operators are the
only items of the control and instrumentation equipment of the Automatic
Depressurization System that are located inside the primary containment and must
remain functional in the environment resulting from a loss-of- coolant accident.
These items are selected with capabilities that permit proper operation in the most
severe environment resulting from a design basis loss-of-coolant accident. Gamma
and neutron radiation is also considered in the selection of these items. Other
equipment, located outside the drywell, is selected in consideration of the normal
and accident environments in which it must operate.
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7.4.3.4 Core S ra S stem Control and Instrumentation

7.4.3.4.1 Identification and Ph sical Arran ement

The Core Spray System consists of two independent spray loops, as shown in
Figures 6.4-2 and 6.4-4. Each loop is capable of supplying sufficient cooling water
to the reactor vessel to adequately cool the core by spraying following a design
basis loss-of-coolant accident. The two spray loops are physically and electrically
separated so that no single physical event makes both loops inoperable. Each loop
includes two AC motor-driven 50 percent-capacity pumps, appropriate valves, and
the piping to route water from the suppression pool to the reactor vessel. The
controls and instrumentation for the Core Spray System include the sensors, relays,
wiring, and valve-operating mechanisms used to start, operate, and test the system.
Except for the testable check valve in each spray loop, which is inside the primary
containment, the sensors and valve-closing mechanisms for the Core Spray System
are located in the Reactor Building. The testable check valves are described in
Section 6.0, "Emergency Core Cooling Systems." Cables from the sensors are
routed to the Auxiliary Instrument Room where the control circuitry is assembled in
electrical panels. The core spray pumps for each unit are powered from different
AC buses that are capable of receiving standby power. The power supply for
automatic valves is Class 1E and feeds from the same bus structure as the core
spray pumps. Control power for each of the core spray loops comes from separate
DC buses. The electrical equipment in the Auxiliary Instrument Room for one core
spray loop is located in a separate cabinet from that used for the electrical
equipment for the other loop. The CS System is designed to meet the intent of the
IEEE proposed criteria for Nuclear Power Plant Protection Systems
(IEEE-279-1 971).

7.4.3.4.2 CoreS ra S stem lnitiatin Si nals and Lo ic

The control scheme for the Core Spray System is illustrated in Figures 7.4-5a,
7.4-5b, 7.4-5c, 7.4-5e, 7.4-5f, and 7.4-5g. Trip settings are given in Table 7.4-3.
The overall operation of the system following the receipt of an initiating signal is as
follows:

a. Test bypass valves are closed and interlocked to prevent opening.

b. If normal AC power is available, the four core spray pumps start one at a time,
in order, at 0.2, 7, 14, and 21 seconds.

c. If normal AC power is not available, the four core spray pumps start seven
seconds after standby power becomes available. (The LPCI pumps start as
soon as standby power is available.)
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d. When reactor vessel pressure drops to 450 psig (See Section 6.5 for value
utilized in the Emergency Core Cooling System analysis), the core spray
inboard injection valve opens allowing water to be sprayed on the core once
core spray discharge pressure overcomes RPV pressure.

e. When adequate pump discharge flow is indicated, the pump low-flowbypass
valves shut, directing full flow into the reactor vessel.

Two initiating functions are used for the Core Spray System: reactor vessel
low-water-level, and primary containment (drywell) high pressure plus low reactor
vessel pressure (450 psig). Either initiation signal can start the system. The control
logic scheme for the accident signal that initiates the Core Spray System pumps
and valves is shown on Figures 7.4-5d and 7.4-5h. The development of these
accident signals is discussed further in Section 7.4.3.4.7.

Reactor vessel low-water level indicates that the core is in danger of being
overheated due to the loss of coolant. Drywell high pressure plus low reactor
vessel pressure indicate that a breach of the nuclear system process barrier has
occurred inside the drywell. The reactor vessel low- water-level, primary
containment high pressure and low reactor vessel pressure settings, and the
instruments that provide the initiating signals are selected and arranged so as to
assure adequate cooling for the design basis loss-of-coolant accident without
inducing spurious system startups.

7.4.3.4.3 Core S ra S stem Pum Control

The control arrangements for the core spray pumps are shown in Figures 7.4-5a,
7.4-5b, 7.4-5c, 7.4-5e, 7.4-5f, and 7.4-5g. The circuitry provides for detection of
normal power availability, so that all pumps are automatically started in sequence.
Each pump can be manually controlled by a control room remote switch or by the
automatic control system. A pressure transducer on the discharge pipeline from
each set of core spray pumps provides a signal to an indicator in the control room to
indicate the successful startup of the pumps. Ifa core spray initiation signal is
received when normal AC power is not available, the core spray pumps start, after a
seven-second time delay, to allow the start of the LPCI pumps to avoid overloading
the source of standby power. Ifone core spray pump fails to start owing to a loss of
normal or diesel generator bus voltage, the companion core spray pump motor in
the affected core spray loop will not start either in order to avoid a pump run out
condition which occurs when only one pump is operating to inject water into the
reactor vessel. The core spray pump motors are provided with overload and
undervoltage protection. Overload relays are applied so as to maintain power as
long as possible without immediate damage to the motors or emergency power
system. Undervoltage trips are provided with time delays sufficient to permit power
transfer from auxiliary transformers to startup transformer source without tripping
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the pump power supply breaker open. Undervoltage protection is locked out if an
accident signal is present and the shutdown boards are being powered by the
diesel-generators.

Flow-measuring instrumentation is provided in each of the core spray pump
discharge lines. The instrumentation provides flow indication in the control room.

The standby AC power system is designed such that automatic restart of the core
spray pumps, after manual shedding of same, is not available unless the initiating
signal is removed (see Subsection 8.5).

7.4.3.44 Core S ra S stem Valve Control

Except where specified otherwise, the remainder of the description of the Core
Spray System refers to one spray loop. The second core spray loop is identical.
The control arrangements for the various automatic valves in the Core Spray
System are indicated in Figures 7.4-5a, 7.4-5b, 7.4-5c, 7.4-5e, 7.4-5f, and 7.4-5g.
All motor-operated valves are equipped with torque and limit switches to turn off the
valve motor when the valve reaches the limits of movement and to provide control
room indication of valve position. Each automatic valve can be operated from the
control room. Valve motors are protected by overload devices.

Upon receipt of an initiation signal, the test bypass valve closes if it is open and is
interlocked closed. The outboard injection valve (normally open but will open if it is
closed) and the inboard injection valve will open provided all conditions necessary
to inject are satisfied. The reactor pressure permissive setpoint for injection valve
opening is selected low enough such that low pressure portions of the Core Spray
System can not be overpressurized and yet high enough to open the inboard
injection valve in time to provide adequate core cooling. Four pressure transmitters
are used to monitor nuclear system pressure; these transmitters supply four analog
trip units. Two analog trip units are used to monitor reactor pressure in a
one-out-of-two logic arrangement which enables the injection valves'ow pressure
permissive. The full stroke operating times of the motor-operated valves are
selected to be rapid enough to assure proper delivery of water to the reactor vessel
in a design basis accident. The full stroke operating times are as follows:

Test bypass valve

Pump suction valve

Pump discharge valves

Minimum flow bypass valves

30 seconds

standard closure rate

33+3 seconds

15 seconds
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The standard closure rate is based on isolating a 12-inch line in 60 seconds.
Conversion to actual closing time can be made on this basis using the size of the
line being isolated. A flow switch on the discharge of each set of pumps provides a
signal to operate the minimum flow bypass line valve for each pump set. When
core spray flow into the reactor pressure vessel reaches a predetermined setpoint,
the minimum flow bypass valve closes and all flow is directed into the sparger at
this time.

74.3.4.5 Core S ra S stem Alarms and Indications

Core Spray System discharge pressure is monitored by a pressure switch which
has a process tap just upstream of the normally closed inboard injection valve. If
excessive pressure beyond that expected in the standby configuration is present,
the pressure switch will actuate a Main Control Room annunciator to alert the
operator to this condition so that corrective actions may be carried out.

A detection system is also provided to confirm the integrity of the core spray piping
between the inside of the reactor vessel and the core shroud. A differential
pressure switch measures the pressure difference between the bottom of the core
and the inside of the core spray sparger pipe just outside the reactor vessel. Ifthe
core spray sparger piping is sound, this pressure difference will be the pressure
drop across the core. If integrity is lost, this pressure difference will change,
initiating an alarm in the control room. An increase in the normal pressure drop
initiates an alarm in the control room. The pressure in each core spray pump
suction and discharge line is monitored by locally mounted pressure gauges. The
discharge pressure gauges are used for determining pump performance.
Temporary pressure gauges are furnished during surveillance testing to measure
the suction pressure of each pump for pump performance purposes because
existing gauges do not provide sufficient accuracy.

7.4.3 4.6 Core S ra S stem Environmental Considerations

There are no control and instrumentation components for the Core Spray System
located inside the primary containment that must operate in the environment
resulting from a loss-of-coolant accident. All components of the Core Spray System
that are required for system operation are outside the drywell and are selected in
consideration of the normal and accident environments in which they must operate.
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7.4.3.4.7 Core S ra S stem and Accident Si nal Initiation

The Core Spray System is initiated by sensors and relays based on low reactor
vessel water level (Level 1 setpoint) or high drywell pressure coincident with low
reactor pressure. These same sensors and relays are used to initiate the Common
Accident Signal, as shown on Figures 7.4-5d and 7.4-5h. (The Unit 1 control logic
has been disabled, as discussed below.) The Core Spray System initiation signal
starts the core spray pumps and actuates core spray valves in the unit sensing the
low water level or abnormal pressures, as discussed in Sections 7.4.3.4.3 and
7.4.3.4.4. The sensor/relay outputs are also used as inputs to the RHR (LPCI)
initiation circuitry.

The low reactor vessel water level or high drywell pressure coincident with low
reactor pressure signals are also used to generate a Common Accident Signal,
which affects the operation of components associated with all three units. The
Common Accident Signal performs the following functions:

a) sends a signal to start all eight Unit 1/2 and Unit 3 diesel generators,
b) trips the diesel generator output breakers (ifclosed),
c) defeats selected diesel generator protective trips,
d) blocks the 4kV Shutdown Board auto transfer logic,
e) blocks the fire pump auto start logic,
f) starts the RHRSW (aligned to EECW) pumps,
g) blocks subsequent RHRSW (aligned to EECW) pump start signal (ifalready

running),
h) blocks the 4kV degraded voltage trips.

The low reactor vessel water level or high drywell pressure coincident with low
reactor pressure signal also inputs to the 480V load shed logic in the unit where the
signal originated. When this signal occurs, coincident with diesel generator voltage
available, non-essential 480V loads are shed.

The Pre-Accident Signal is generated by low reactor vessel water level (Level 1

setpoint) or high drywell pressure signals, and again affects the operation of
components associated with all three units. The Pre-Accident Signal sends a signal
to start all eight Unit 1/2 and Unit 3 diesel generators. This feature anticipates an
event and starts all eight diesels so that they are ready for electrical loading when

'equiredby the load sequencing logic.

To prevent a spurious Unit 1 accident signal from unnecessarily starting the Core
Spray and RHR pumps and the diesel generators, and also to prevent a spurious
Unit 1 accident signal from tripping (or blocking the startup of) Unit 2 equipment
responding to a real accident, the Unit 1 automatic actuation signals have been
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blocked. This disabling of the Unit 1 accident signals is temporary while the reactor
vessel in Unit 1 is defueled.

Following an initiation of a Common Accident Signal (CAS) on either Units 2 or 3
(which trips all eight diesel breakers), subsequent accident signal trips of the diesel
breakers are blocked. A second diesel breaker trip on a "unit priority" basis is
provided to ensure that during combinations of spurious and real accident signals,
the diesel supplied buses are stripped prior to starting the RHR pumps and other
ECCS loads. This diesel breaker re-trip willonly occur ifa spurious accident signal
or a real accident signal from the other unit has previously tripped the diesel
breakers. Inputs from the RHR initiation circuitry (shown on'igures 7.4-7b and
7.4-7i, indicating low reactor vessel water level or high drywell pressure coincident
with low reactor pressure), combined with an existing CAS trip signal, will re-trip the
diesel breakers on the unit where the RHR initiation signal originated. The other
unit's diesels willbe unaffected by this second trip. Thus each unit is given priority
over the block of subsequent CAS diesel breaker trips for its diesels. This diesel
breaker "Unit Priority Re-Trip" ensures that the diesel buses are stripped prior to
starting the RHR pumps, Core Spray pumps and other required loads. Section 8.5
provides a discussion and evaluation of the CAS signals to the diesel generator
breakers and the Unit Priority Re-Trip signal.

7.4.3.5 Low Pressure Coolant In'ection Control and Instrumentation

7.4.3.5.1 Identification and Ph sical Arran ement

Low pressure coolant injection (LPCI) is an operating mode of the Residual Heat
Removal System (RHRS) that uses pumps and piping which are parts of the RHRS.
Because the LPCI system is designed to provide cooling water to the reactor vessel
following the design basis loss-of-coolant accident, the controls and instrumentation
for it are discussed here. Section 4.8, "Residual Heat Removal System," describes
the RHRS in detail.

The LPCI system for Units 1, 2, and 3 has been modified from the original design.
This modification changed the low pressure coolant injection mode of the RHR by
deleting automatic loop selection in case of a loss-of-coolant accident by permitting
simultaneous injection into both recirculation loops with backup capabilities.

Figures 7.4-6a sheets 1, 2, and 3 and 7.4-6b sheets 1, 2, 3, 4, and 5 show the
entire Residual Heat Removal System, including the equipment used for LPCI
operation. The following list of equipment itemizes essential components for which
control or instrumentation is required:
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Four RHRS pumps,

Pump suction valves, and

LPCI-to-recirculation loop injection valves.

The instrumentation for LPCI operation provides inputs to the control circuitry for
other valves in the Residual Heat Removal System. This is necessary to ensure
that the water pumped from the suppression chamber by the pumps is routed
directly to a reactor recirculation loop. These interlocking features and the actions
of the reactor recirculation loop valves are described in this subsection, because
these actions are accomplished to facilitate LPCI operation.

LPCI operation uses two identical pump loops, each loop with two pumps in parallel.
The two loops are arranged to discharge water into different reactor recirculation
loops. This cross connection is closed off by a valve in Units 2 and
3 that has been electrically disabled in the closed position. Unit I has a valve and a
blind in the cross-connect line. The blind will be replaced with a spacer to support
Unit I operation. Figures 7.4-6a sheets 1, 2, and 3, and 7.4-6b sheets 1, 2, 3, 4,
and 5 show the location of instruments, control equipment, and LPCI components
relative to the primary containment. Except for the LPCI testable check valves and
the reactor recirculation loop pumps and valves, the components pertinent to LPCI
operation are located outside the primary containment.

The power for the pumps is supplied from AC buses that can receive standby AC
power. Each of the four pumps derives its power from a different shutdown board.
Motive power for the injection valves used during LPCI operation comes from a
reactor MOV board, which receives standby AC power and can be automatically
connected to alternate standby power sources. Control power for the LPCI
components comes from the unit batteries. Redundant trip systems are powered
from different batteries. The use of common buses for some of the LPCI
components is acceptable because electrical isolation devices have been installed
between the buses and the components.

LPCI is arranged for automatic operation and for remote-manual operation from the
control room. The equipment provided for manual operation of the system allows
the operator to take action independent of the automatic controls in the event of a
loss-of-coolant accident. The LPCI System is designed to meet the intent of the
IEEE proposed criteria for Nuclear Power Plant Protection Systems
(IEEE-279-1 971).
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74.3.5.2 LPCI Initiatin Si nals and Lo ic

The overall operating sequence for LPCI following the receipt of an initiation signal
is as follows:

a. Ifnormal AC power is available, the four pumps start one at a time, in order, at
0.2, 7, 14, and 21 seconds, taking suction from the suppression chamber. The
valves in the suction paths to the suppression chamber are maintained open so
that no automatic action is required to line up suction.

b. Ifnormal AC power is not available, the four pumps start simultaneously, with
no delay, as soon as the standby power source is available.

c. Valves in the containment cooling system are automatically closed so that the
water pumped from the suppression chamber is routed properly.

d. The Residual Heat Removal System service water pumps may be manually
tripped (ifrunning) because they are not needed for LPCI operation. If normal
AC power is not available, the pumps are tripped by undervoltage. Pumps
required to supply EECW are restarted automatically.

e. When nuclear system pressure has dropped to 450 psig (see Section 6.5 for
analytical limitassumed in Emergency Core Cooling System analyses), the
LPCI injection valves to both recirculation loops automatically open, allowing
the LPCI pumps to inject water into the pressure vessel as the reactor pressure
drops below the pump shutoff head.

f. The LPCI system then delivers water to the reactor vessel via the recirculation
loop to provide core cooling by flooding.

g. Recirculation pump discharge valves in both reactor loops automatically close
when reactor pressure decreases to 230 psig (see Section 6.5 for analytical
limitassumed in Emergency Core Cooling System analyses).

In the descriptions of LPCI controls and instrumentation that follow, Figures 7.4-6a
sheets 1, 2, and 3 and 7.4-6b sheets 1, 2, 3, 4, and 5 can be used to determine the
physical locations of sensors. Figures 7.4-7a through 7.4-7n can be used to
determine the functional use of each sensor in the control circuitry for the various
LPCI components. Instrumentation and settings are given in Table 7.4-4.

Two automatic initiation functions are provided for the LPCI: reactor vessel
low-water level, and primary containment (drywell) high pressure plus low reactor
vessel pressure (450 psig). Reactor vessel low-water level indicates that the fuel is
in danger of being overheated because of an insufficient coolant inventory. Primary
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containment high pressure plus low reactor vessel pressure is indicative of a break
of the nuclear system process barrier inside the drywell.

Either initiation signal can start the system. Each of the initiating signals is sensed
by four independent detectors arranged in a one-out-of-two-twice logic, as shown in
Figures 7.4-7b and 7.4-7i. The instruments used to detect reactor vessel low-water
level, primary containment high pressure and low reactor vessel pressure are the
same ones used to initiate the other ECCS. Once an initiation signal is received by
the LPCI control circuitry, the signal is sealed in until manually reset. The seal-in
feature is shown in Figures 7.4-7b and 7.4-7i.

I

7.4.3.5.3 LPCI Pum Mode Control

The functional control arrangement for the pumps is shown in Figures 7.4-7a and
7.4-7h. The reaction of the pumps to an initiation signal depends on the availability
of power. Ifnormal AC power is not available, the four main system pumps
automatically start simultaneously after the standby power source (four diesel
generators) is available, which takes about 10 seconds. (See Section 6.5 for
analytical limit assumed in Emergency Core Cooling System analyses). Ifnormal
AC power is available, the four pumps start in a seven-second timed sequence (0.2,
7, 14, and 21 seconds) to prevent overloading the auxiliary power source.

The time delays are provided by timers, which are set as given in Table 7.4-4.

The timers provided in the LPCI circuitry for the main system pumps, as well as
those used for the LPCI injection valves, are capable of adjustment over a range of
1.5 times the specified setting listed in Table 7.4-4.

Pressure indicators, installed in the pump discharge pipelines upstream of the pump
discharge check valves, provide indication of proper pump operation following an
initiation signal. Low pressure in a pump discharge pipeline indicates pump failure.
The location of the pressure indicators relative to the discharge check valves
prevents the operating-pump discharge pressure from concealing a pump failure.

To prevent pump damage due to overheating at no-flow, the control circuitry
prevents a pump from starting unless a suction path is lined up. Limitswitches on
suction valves provide control room light indications that a suction lineup is in effect.
If suction valves change from their fullyopen position during pump operation, the
limit switches trip the pump power supply breaker.

The main system pump motors are provided with overload and undervoltage
protection. The overload relays are applied so as to maintain power on the motor
as long as possible without harm to the motor or immediate damage to the
emergency power system. Undervoltage trips are provided with time delays
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sufficient to permit power transfer from auxiliary transformers to startup transformer
source without tripping the pump power supply breaker open.

I

The Standby AC Power System is designed such that automatic restart of the RHR
pumps, after manual load shedding, is not available unless the original initiation
signal is lost (see Subsection 8.5).

7.4.3.5.4 LPCI Valve Control

The automatic valves controlled by the LPCI control circuitry are equipped with
appropriate torque and limit switches which turn off the valve-operating mechanisms
whenever the valves reach the limits of travel. Seal-in and interlock features are
provided to prevent improper valve positioning during automatic LPCI operation.
The operating mechanisms for the valves are selected so that the LPCI operation is
in time for the system to fulfillits objective of providing adequate core cooling
following a design basis loss-of-coolant accident, except when the system is being
tested. The time required for the valves pertinent to LPCI operation to travel from
the fullyclosed to the fullyopen positions, or vice versa, is as follows:

LPCI injection valves

Reactor recirculation loop valves

Containment spray valves - drywell

40 seconds

36 seconds

30 seconds

Containment cooling valves—
suppression chamber 30 seconds

Residual Heat Removal System test
line isolation valves 90 seconds

The pump suction valves to the suppression pool are normally open. Upon receipt
of an LPCI initiation signal, certain reactor shutdown cooling system valves and the
RHRS test line valves automatically close. By closing these valves, the pump
discharge is properly routed. Also included in this set of valves are the valves
which, ifnot closed, would permit the pumps to take a suction from the reactor
recirculation loops, a lineup that is used during normal shutdown cooling system
operation. The LPCI injection valves and RHR cross-tie valve are normally closed
with the cross-tie valve being electrically disabled in the closed position. Unit I

cross-tie line also contains a blind. The blind will be replaced with a spacer to
support Unit 1 operation.
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The LPCI is designed for automatic operation following a break in one of the reactor
recirculating loops. The LPCI logic opens the injection valves to the recirculation
loops and closes the recirculation pump discharge valves in the recirculation loops.
The control scheme for the LPCI-to-recirculation-loop injection valves is shown in
Figures 7.4-7a through 7.4-7n. No single failure or any single physical event can
make all loops inoperable. See Subsections 6.4 and 4.8.

There is a requirement that reactor vessel pressure drop to a specified value before
the valve logic willcomplete. There are four separate reactor pressure sensors for
this function arranged in a one-out-of-two-twice logic. The injection valves willnot
open until reactor vessel pressure decreases to 450 psig (see Section 6.5 for
analytical limitassumed in Emergency Core Cooling System analyses). LPCI flow
then enters the vessel when the check valve opens, due to LPCI pressure being
higher than reactor pressure. The recirculation discharge valves will not close until
reactor vessel pressure decreases to 230 psig (see Section 6.5 for analytical limit
assumed in Emergency Core Cooling System analyses).

A timer cancels the LPCI signals to the injection valves after a 5-minute delay time,
which is long enough to permit satisfactory operation of the LPCI. The cancellation
of the signals allows the operator to divert the water for other post-accident
purposes. Cancellation of the signals does not cause the injection valves to move.

The manual controls in the control room allow the operator to open an LPCI
injection valve only ifnuclear system pressure is low or the other injection valve in
the same pipeline is closed. These restrictions prevent overpressurization of low
pressure piping. The same pressure switch used for the automatic opening of the
valves is used in the manual circuit. Limitswitches on both injection valves for each
LPCI loop provide the valve position signals required for injection valve manual
operation at high nuclear system pressures.

To protect the pumps from overheating at low flow rates, a minimum flow bypass
pipeline, which routes water from the pump discharge to the suppression chamber,
is provided for each pair of pumps. A single motor-operated valve controls the
condition of each bypass pipeline. Each minimum flow bypass valve automatically
opens on sensing the low flow in the loop associated with the valve, and closes
upon sufficient flow in the loop. Flow indications are derived from flow switches
that sense the pressure differential across the length of each LPCI loop downstream
of the cross-tie piping junction. Figures 7.4-6a sheets 1, 2, and 3 and 7.4-6b
sheets 1, 2, 3, 4, and 5 show the location of the flow switches. Ifneither pump in a
pair is operating, but the pump suction valves are aligned for shutdown cooling, the
minimum flow bypass valves are automatically closed. This is needed to avoid
inadvertent blowdown of the reactor to the suppression chamber during shutdown
cooling.
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Figures 7.4-8a and 7.4-8c show the control arrangement for the recirculation loop )

valves.

480 Volt Reactor MOV Boards 2D and 2E which contain the power and control
circuits for the RHR pump minimum flow bypass valves have not been
environmentally qualified for operation following an RWCU line break outside
primary containment. However, procedural controls have been established to
ensure that ifthe RHR pumps start following an RWCU line break, operator action
will prevent the pumps from continuing to run without adequate flow.

Electrical interlocks are installed between Division I RHR Shutdown Cooling Suction
(SCS) Motor Operated Valves (MOVs) 2-FCV-74-2 and 2-FCV-74-13 and RHR
Pressure Suppression Chamber (PSC) Isolation MOV2-FCV-74-57. In addition,
electrical interlocks are installed between Division II RHR SCS MOVs 2-FCV-74-25
and 2'-FCV-74-36 and RHR PSC Isolation MOV2-FCV-74-71. The interlocks are
designed to prevent inadvertent draining of the reactor vessel by preventing the
RHR SCS MOVs from opening ifthe RHR PSC Isolation MOV is open. The
interlocks will also prevent the opening of the RHR PSC Isolation lVIOVifeither of
the RHR SCS MOVs are open.

The manual control circuitry for the recirculation loop valves is interlocked to
prevent valve opening whenever an LPCI initiation signal is present.

The valves that allow the diversion of water for containment cooling are
automatically closed upon receipt of an LPCI initiation signal. The manual controls
for these valves are interlocked so that opening the valves by manual action is not
possible unless primary containment (drywell) pressure is high, which indicates the
need for containment cooling, and reactor vessel water level inside the core shroud
is above the level equivalent to two-thirds the core height. Four switches are used
to monitor drywell pressure for each loop set of valves. The signals are arranged in
a one-out-of-two taken-twice logic so that at least two of the switches must register
high to allow opening of the valves by manual action. The trip settings are selected
to be as low as possible, yet provide indication of abnormally high drywell pressure.
A single level switch is used to monitor water level inside the core shroud for each
loop set of valves. A keylock switch in the control room allows a manual override of
the two-thirds core height permissive contact for the containment cooling valves.

Sufficient temperature, flow, pressure, and valve position indications are available
in the control room for the operator to accurately assess the LPCI operation.
Valves (except for Units 2 and 3 RHR/LPCI System I and System II inboard isolation
testable check valve, see Isolation Valves, Section 5.2.3.5) have indications of
full-open and full-closed positions. Pumps have indications for pump running, pump
stopped, and pump tripped. Alarm and indication devices are shown in Figures
7.4-6a sheets 1, 2, and 3, 7.4-6b sheets 1, 2, 3, 4, and 5, 7.4-7g, and 7.4-7n.
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7.4.3.5.5 LPCI Environmental Considerations

The only control components pertinent to LPCI operation, located inside the primary
containment, that must remain functional in the environment resulting from a
loss-of-coolant accident are the cables and valve closing mechanisms for the
recirculation loop isolation valves. The cables and valve operators are selected
with environmental capabilities that assure valve closure under the environmental
conditions resulting from a design basis loss-of-coolant accident. Gamma and
neutron radiation is also considered in the selection of this equipment. Other
equipment, located outside the drywell, is selected in consideration of the normal
and accident environments in which it must operate.

7.4.4 Safet Evaluation

In Sections 14.0, "Plant Safety Analysis," and 6.0, "Emergency Core Cooling
Systems," the individual and combined capabilities of the standby cooling systems
are evaluated. The control equipment characteristics and trip settings described in
this subsection were considered in the analysis of the performance of the
Emergency Core Cooling Systems. For the entire range of nuclear process system
break sizes, the cooling systems are effective both in preventing excessive fuel clad
temperatures and in preventing more than a small fraction of the reactor core from
reaching the temperature at which a gross release of fission products can occur.
This conclusion is valid even with significant failures in individual cooling systems,
because of the overlapping capabilities of the Emergency Core Cooling Systems.
The controls and instrumentation for the Emergency Core Cooling Systems satisfy
the precision and timeliness requirements of safety design bases 1 and 2.

Safety design basis 3 requires that instrumentation for the Emergency Core Cooling
Systems respond to the potential inadequacy of core cooling regardless of the
location of a breach in the nuclear system process barrier. The reactor vessel
low-water level initiating function, which alone can actuate HPCI, LPCI, and core
spray, meets this safety design basis, because a breach in the nuclear system
process barrier inside or outside the primary containment is sensed by the
low-water-level detectors.

Because of the isolation responses of the Primary Containment Isolation System to
a breach of the nuclear system outside the containment, the use of the reactor
vessel low-water-level signal as the only standby cooling system initiating function
that is completely independent of breach location is satisfactory. The other major
initiating function, primary containment high pressure plus low reactor vessel
pressure, is provided because the Primary Containment Isolation System may not
be able to isolate all nuclear system breaches inside the primary containment. The
primary containment high pressure plus low reactor vessel pressure initiating signal
for the Emergency Core Cooling Systems provides a second reliable method for
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sensing losses of coolant that cannot necessarily be stopped by isolation valve
action. This second initiating function is independent of the physical location of the
breach within the drywell. Coincident failure of the Primary Containment Isolation
System would be needed for nuclear system breaks outside the primary
containment. Thus, safety design basis 3 is satisfied.

An evaluation of Emergency Core Cooling System controls shows that no operator
action beyond the capacity of the operator is required to initiate the correct
responses of the Emergency Core Cooling Systems.

The alarms and indications provided to the operator in the control room allow
interpretation of any situation requiring Emergency Core Cooling System operations
and verify the response of each system. Manual controls are illustrated on
functional control diagrams. The control room operator can manually initiate every
essential operation of the Emergency Core Cooling Systems.

Because the degree to which safety is dependent on operator judgment in time of
stress, the operator's response has been appropriately limited by the design of
Emergency Core Cooling System control equipment, safety design bases 4a, 4b,
and 4c are satisfied.

The redundancy provided in the design of the control equipment for the Emergency
Core Cooling Systems is consistent with the redundancy of the cooling systems
themselves. The arrangement of the initiating signals, which come from common
sensors, for the Emergency Core Cooling Systems is similar to that provided by the
dual trip system arrangement of the Reactor Protection System. No failure of a
single initiating sensor channel can prevent the start of the cooling systems. The
number of control components provided in the design for individual cooling system
components is consistent with the need for the controlled equipment. An evaluation
of the control schemes for each Emergency Core Cooling System component shows
that no single control failure can prevent the combined cooling systems from
providing the core with adequate cooling. In performing this evaluation, the
redundancy of components and cooling systems was considered. The functional
control diagrams provided with the descriptions of cooling systems controls were
used in assessing the functional effects of instrumentation failures. In the course of
the evaluation, protection devices which can interrupt the planned operation of
cooling system components were investigated for the results of their normal
protective action as well as mal-operation on core cooling effectiveness. The only
protection devices that can act to interrupt planned Emergency Core Cooling
System operation are those that must act to prevent complete failure of the
component or system. Examples of such devices are the HPCI turbine overspeed
trip, HPCI steam line break isolation trip, pump trips on low suction pressure, and
automatically controlled minimum flow bypass valves for pumps. In every case, the
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action of a protective device cannot prevent other redundant cooling systems from
providing adequate cooling to the core.

The location of controls where operation of Emergency Core Cooling Systems
components can be adjusted or interrupted has been surveyed. Controls are
located in areas under the surveillance of operations personnel. Control room
override of local switches is provided (except when transferred to backup control).
Other controls are located in the control room and are under the supervision of the
control room operator.

The environmental capabilities of instrumentation for the Emergency Core Cooling
Systems are discussed in the descriptions of the individual systems. Components
that are located inside the primary containment, and which are essential to standby
cooling system, performance are designed to operate in the environment resulting
from a loss of coolant accident. See Subsection 1.5.

It is concluded from the previous paragraphs and the description of control
equipment that safety design basis 5 is satisfied. The testing capabilities of the
Emergency Core Cooling Systems, which are discussed in the following paragraph,
satisfy design basis 6.

7.4.5 Ins ection and Testin

Components required for HPCI, LPCI, and core spray are designed to allow
functional testing during normal power operation. The inboard isolation check
valves can only be tested during cold shutdown (MODE 4 or 5). Overall testing of
these systems is described in Section 6.0, "Emergency Core Cooling Systems."
During overall functional tests, the operability of the valves, pumps, turbines, and
their control instrumentation can be checked. The ADS valves are subjected to
tests during shutdown periods.

Logic circuitry used in the controls for the Emergency Core Cooling Systems can be
individually checked by applying test or calibration signals to the sensors and
observing trip system responses. Valve and pump operation from manual switches
verifies the ability of breakers and valve-closing mechanisms to operate. The
automatic control circuitry for the Emergency Core Cooling Systems is arranged to
restore each of the cooling systems to normal operation ifa loss-of-coolant accident
occurs during a test operation, except for the RHR and core spray pump suction
valves.

7.4.5.1 Periodic Testin Ca abilit
I

Provisions are made for timely verification that each active or passive component in
each of the engineered safeguard subsystems is capable of performing its intended
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function as an individual component and/or in conjunction with other components.
In fulfillmentof this general objective, tests are provided to verify that the following
specific conditions exist.

Each instrument channel functions independently of all others.

Sensing devices respond to process variables and provide channel trips at
correct values.

Paralleled circuit elements can independently perform their intended function.

Series circuit elements are free from shorts that can abrogate their function.

Redundant instrument or logic channels are free from interconnecting shorts
that could violate independence in the event of a single malfunction.

No element of the system is omitted from the test if it can in any way impair
operability of the system. If the test is done in parts, the parts must be
overlapping to a sufficient degree to assure operability of the entire system.

Each monitoring alarm or indication function is operable.

Test-Method guidelines include the following:

Provisions are made for testing without requiring shutdown or unscheduled
power change as a condition of the test. Tests do not impair functional
capability of the safeguards system (i.e., redundant subsystems are not both
tested at the same time).

Testing is accomplished without disturbing the existing wiring, where possible.
Pulling fuses is an acceptable practice. Second-party verification is used if
wire lifting is necessary.

3. The use of clip leads is prohibited unless administrative controls are in place.
Attachment of meter leads is acceptable if the temporary connections to the
circuit are conspicuous.

Test jacks permanently wired to existing circuitry are considered acceptable,
provided the connection points are so chosen that no portion of the installed
protective wiring is untestable and that external equipment connected to the
test jack is a conspicuous departure from normal conditions.

Permanently wired test lights are provided such that the installation is not
capable of producing an unsafe failure through any malfunction of the lamp.
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6. It is not necessary to exercise more than one accident-sensing sensor at a time
to accomplish a specific test. Redundant permissive sensors, such as reactor
low pressure, may also be individually exercised as required to permit complete
testing of a specific part of the system. Provisions are made for frequent,
periodic testing of the entire system for complete operation, unless
operationally unfeasible. Provisions are made to permit total system testing
when plant operating conditions permit.

7. Indications of action are positive and easily identifiable, such as:

a. Annunciation without ambiguity,

b. Observation of the relay actuation,

c. Indicator lights,

d. Pump motor shaft turning,

e. Valve stem positions,

f. Pressure gauges, and

g. Flow indicators.

8. Application of test pressures to valved-out pressure sensors is an accepted
method of exercising sensors. However, the installation allows such exercising
without need of draining water-filled instruments and subsequent venting.

9. If any sensor is valved-out or otherwise removed from service during the test, if
possible, positive indication is obtained that the sensor has been returned to
service and will see changes in the process variable.

10. For Units 1 and 2, testing of Core Spray and LPCI System logic includes
appropriate testing of the auto initiation inhibit to the other unit's Core Spray
and LPCI Systems (Unit 1 automatic actuation signals have been temporarily
disabled as discussed in Section 7.4.3.4.7). The inhibit is considered the
contact in the auto initiating logic only (i.e., the permissive function of the
inhibit). The test willconsist of verifying continuity across the inhibit with a
volt-ohmmeter.
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7.5 NEUTRON MONITORING SYSTEM

7.5.1 Safet Ob ective

The safety objective of the Neutron Monitoring System is to detect conditions in the
core that threaten the overall integrity of the fuel barrier due to excessive power
generation and to provide signals to the Reactor Protection System, so that the
release of radioactive material from the fuel barrier is limited.

7.5.2 Power Generation Ob'ective

The power generation objective of the Neutron Monitoring System is to provide
information for the efficient, expedient operation and control of the reactor. Specific
power generation objectives of the Neutron Monitoring System are to detect
conditions that could lead to local fuel damage and to provide signals that can be
used to prevent such damage, so that plant availability is not reduced.

7.5.3 Identification

The Neutron Monitoring System consists of six major subsystems as follows:

a. Source range monitor subsystem (SRMS),

b. Intermediate range monitor subsystem (IRMS),

c. Local power range monitor subsystem (LPRMS),

d. Average power range monitor subsystem (APRIVIS),

e. Rod block monitor subsystem (RBMS), and

f. Traversing in-core probe subsystem (TIPS).

7.5.4 Source Ran e Monitor Subs stem

7.5.4.1 Power Generation Desi n Basis

1. Neutron detectors shall be provided which result in a signal count-to-noise
count ratio of no less than 3:1 and a count rate of no less than three counts per
second with all control rods fully inserted.
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2. The SRMS shall be designed to indicate a measurable increase in output
signal from at least one detecting channel before the reactor period is less than
20 seconds during the worst possible startup rod withdrawal conditions.

3. The SRMS shall be designed to indicate substantial increases in output signals
with the maximum permitted number of SRM channels out of service during
normal reactor startup operations.

4. The SRMS shall be designed so that SRM channels are on scale when the
IRMS first indicates neutron flux during a reactor startup.

5. The SRMS shall provide a measure of the time rate of change of the neutron
flux (reactor period) for operational convenience.

6. The SRMS shall be capable of generating a trip signal to block control rod
withdrawal if the count rate exceeds a preset value or if the SRMS is not
operating properly. Coincident and non-coincident RPS trips will be provided
as necessary for core alterations.

7.5.4.2 Descri tion Fi ures7.5-1a and-1b

7.5.4.2.1 Identification

The SRMs provide neutron flux information during reactor startup and low-flux-level
operations. There are four SRM channels, each of which includes one detector that
can be physically positioned in the core from the control room. The detectors are
normally inserted during reactor shutdowns to provide core monitoring. During
reactor startup SRM detectors may be withdrawn after the neutron flux has sufficient
indication on the IRMs.

7.5.4.2.2 ~PP
The power for the monitors is supplied from the two separate 24-V DC buses, two
monitors on'one bus and two monitors on the other (see Subsection 8.8, "Auxiliary
DC Power Supply and Distribution").

7.5.4.2.3 Ph sical Arran ement

Each detector assembly consists of a miniature fission chamber operated in the
pulse counting mode and attached to a low-loss quartz-fiber-insulated transmission
cable (See Figure 7.5-2.). The sensitivity of the detector is 1.2 x 10-3 cps/nv
nominal, 5.0 x 10< cps/nv minimum, and 2.5 x 10-3 cps/nv maximum. The detector
cable is connected underneath the reactor vessel to a triple-shielded coaxial cable.
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This shielded cable carries the pulses formed to a pulse current preamplifier located
outside the primary

containment.'he

detector and cable are located inside the reactor vessel in a dry tube sealed
against reactor vessel pressure. A remote-controlled detector drive system can
move the detector along the length of the dry tube, allowing vertical positioning of
the chamber at any point from 15 to 18 inches above the reactor (fuel) centerline to
approximately 2 1/2 feet below the reactor fuel region (Figure 7.5-3a). The detector
can be stopped at any location between the limits of travel, but only the end points
of travel are indicated. When a detector arrives at a travel end point, the detector
motion is automatically stopped.

SRM/IRM-drive control logic is presented in Figure 7.5-3b. The electronics for the
source range monitors, their trips, and their bypasses are located in one cabinet.
Source range signal conditioning equipment is designed so that it may be used for
open-core experiments.

7.5.4.2.4 Si nal Conditionin

A current pulse preamplifier provides amplification and impedance matching to
allow signal transmission to the signal conditioning electronics (Figure 7.5-4).

The signal conditioning equipment is designed to receive a series of input current
pulses, to convert the current pulse series to analog DC currents corresponding to
the logarithm of the count rate (LCR), to derive the period, to display the outputs on
front panel meters, and to provide outputs for remote meters and recorders. The
LCR meter displays the rate of the occurrence of the input current pulses, and the
period meter displays the time in seconds for the count rate to change by a factor of
2.72(e). In addition, the equipment contains integral test and calibration circuits,
trip circuits, power supplies, and selector circuits.

A high-voltage power supply supplies a polarizing potential for the fission counter
detectors. The potential is introduced to the detector through a filter network to
minimize noise coupling.

The pulses from the pulse preamplifier are of various heights. In general, the
pulses produced by neutrons are larger than pulses due to gamma and noise. To
count only neutrons, the pulse height discriminator (PHD) is set to reject the small
pulses and to accept only the large pulses, the threshold being adjustable.

1 Morgan, W. R., "In-core Neutron Monitoring System for GE Boiling Water Reactors,"
APED-5706, November 1968.
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One output of the PHD has two stable states represented by full voltage and zero
voltage. Each time an input pulse exceeds the threshold, the output of the PHD
reverses state and holds that state until the next pulse causes another reversal.
The PHD provides the pulse train input required by the log integrator. The PHD
also has a sealer output, which produces an output pulse for every two input pulses
crossing the threshold. The various signals are shown in the block diagram on
Figure 7.5-4 outlined by circles. At (a), the current pulses are shown as four
different amplitudes to illustrate the action of the discriminator. At (b), the absolute
amplitudes are increased, but the relative amplitudes remain proportional. A
dashed line representing the threshold level is indicated. At (c), there is an output
pulse for every input pulse exceeding the threshold. This pulse is shaped to be
compatible with the sealer input requirements. At (d), the PHD cuts off the second
pulse because it did not attain the threshold level.

The log integrator is a network arranged to synthesize the response, which is a
logarithmic function of the counting rate. The log integrator circuit is a composite of
several frequency-sensitive networks with their frequency breakpoints appropriately
distributed to synthesize the response. Each network has a time constant that is
selected so that the overall response time of the instrument varies with the counting
rate. Thus, at low counting rates, the time constant is large to provide an adequate
smoothing effect on the reading. At high counting rates, the time constant is small
to provide for a faster overall response time.

The output of the log integrator is a current output requiring amplification.
Operational amplifier No. 1 is used to convert the current output from the log
integrator to the standard signal used to drive the meter, recorders, trip circuits, and
the period ampliTier. Operational amplifier No. 2 is a differentiator with a resistor
feedback and a capacitor input. The gain of the amplifier is scaled to produce a
full-scale period reading of +10 seconds.

Calibration features are included to enable the accuracy of all measuring circuits to
be verified and the trip level of the trip circuits to be set and checked. A signal
generator provides two discrete frequencies for use in verifying the calibration of
the log integrator and provides an operational check on the PHD.

7.5.42.5 7~5

The trip outputs of the SRMS are all designed to operate in the fail-safe mode; the
loss of power to the trip auxiliaries causes the associated trips to function (See
Figures 7.7-6a and -6b).

The SRMS provides SRM upscale, downscale, detector improper position, and
inoperative signals to the reactor manual control system to block rod withdrawal
under certain conditions. Any one SRM channel can initiate a rod block. These rod
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blocking functions are discussed in Subsection 7.7, "Reactor Manual Control
System." Appropriate lights and annunciators are actuated to indicate the existence
of these same conditions (Table 7.5-1). Any one of the four SRM channels can be
bypassed by the operation of a switch on the operator's console.

By removing the shorting links from the RPS circuitry, an interface is created with
the SRMs such that SRM trips will result in a reactor scram. The links can be
removed in combinations so as to provide one out of two taken twice logic or so that
any SRM upscale Hi Hi will cause a scram. This feature may be used during the
performance of core alterations. During core loading, an operable SRM or fuel
loading chamber is required to be in the core quadrant where fuel is being loaded
and at least one in an adjacent quadrant.

7.5.4.3 Power Generation Evaluation

Examination of the sensitivity of the SRM detectors (paragraph 7.5.4.2.3) and their
operating ranges of 10'ps indicates that the IRMS is on scale before the SRM
reaches full-scale (see Figure 7.5-25). Further overlap is provided by retraction of
the SRM chambers to any position between full-in and full-out. SRM detector
retraction is possible without the occurrence of a rod block only if the indicated SRM
count rate remains above the rod block trip level (10'ps), or if the IRM has been
ranged to the third or any less sensitive (higher) IRM range.

7.5.4.4 Ins ection and Testin

Each SRM channel is tested and calibrated using procedures developed from the
SRM instruction manual. Inspection and testing are performed as required on the
SRIVI detector drive mechanism; the mechanism can be checked for full-insertion
and retraction capability. The various combinations of SRM trips can be introduced
to ensure the operability of the rod blocking functions.

7.5.5 Intermediate Ran e Monitor Subs stem

7.5.5.1 Safet Desi n Basis

1. The IRMS shall be capable of generating a trip signal that can be used to
prevent fuel damage resulting from abnormal operational transients that occur
while operating in the intermediate power range.

2. The independence and redundancy incorporated in the design of the IRMS
shall be consistent with the safety design basis of the Reactor Protection
System.
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3. The design bases setpoint for neutron monitoring in the STARTUP mode is the
APRM 15 percent trip.

7.5.5.2 Power Generation Desi n Basis

1. The IRMS shall be capable of generating a trip sighal to block rod withdrawal if
the IRMS reading exceeds a preset value or if the IRMS is not operating
properly.

2. The IRlVIS shall be designed so that overlapping neutron flux indications exist
with the SRMS and power range monitoring subsystems.

7.5.5.3 Descri tion Fi ures7.5-1a and-1b

7.5.5.3.1 Identification

The IRMS monitors neutron flux from the upper portion of the SRM range to the
lower portion of the power range monitoring subsystems. The IRM subsystem has 8
IRM channels, each of which includes one detector that can be physically
positioned in the core by remote control. The detectors are inserted into the core
for a reactor startup (MODE 2) and are withdrawn after the reactor mode selector
switch is turned to RUN (MODE 1). They are normally inserted any time the reactor
is not at power.

7.5.5.5.2 ~PS
Power is supplied separately from two 24-V DC sources (see Subsection 8.8,
"AuxiliaryDC Power Supply and Distribution"). The supplies are split according to
their use so that loss of a power supply will result in loss of only one trip system of
the Reactor Protection System. Conduits and physical separation isolate the power
buses external to the IRM cabinet.

7.5.5.3.3 Ph sical Arran ement

Each detector assembly consists of a miniature fission chamber attached to a
low-loss, quartz-fiber-insulated transmission cable. When coupled to the signal
conditioning equipment, the detector produces approximately a 30 percent reading
on the most sensitive range with a neutron flux of 10'v. The detector cable is
connected underneath the reactor vessel to a triple-shielded cable, which carries
the pulses generated in the fission chamber through the primary containment to the
preamplifier. The detector and cable, which are located in the drywell, are movable
in the same manner as the SRM detectors and use the same type of mechanical
arrangement.
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7.5.5.3.4 Si nal Conditionin

A voltage preamplifier unit located outside the primary containment serves as a
preamplifier. This unit is designed to accept superimposed current pulses from the
fission chamber, remove the DC component, convert the current pulses to voltage
pulses, amplify the voltage pulses, establish the bandpass characteristics for the
system, and provide a low impedance output suitable for driving a terminated cable.
The gain of the low range of the preamplifier is fixed, but the gain of the high range
is variable over a limited r'ange to permit tracking between low and high ranges.
The preamplifier output signal is coupled by a cable to the IRM signal conditioning
electronics (Figure 7.5-7).

The signal conditioning equipment for each IRM channel contains an input signal
attenuator, additional stages of amplification, an inverter, a mean-square analog
unit, a calibration and diode logic unit, a range switch, power supplies, trip circuits,
and integral test and calibration circuits. Each IRM channel receives its input signal
from the preamplifier and operates upon it with various combinations of
preamplification gain and amplifier attenuation ratios. The amplification and
attenuation ratios of the IRM and preamplifier are selected by a remote range switch
which provides ten ranges of increasing attenuation (the first six called low range
and the last four called high range) acting upon the signal from the fission chamber.
As the neutron flux of the reactor core increases from 1 x10'v to 1.5 x 10" nv, the
signal from the fission chamber becomes larger. The signal from the fission
chamber is attenuated to keep the input signal to the inverter in the same range.
The output current is proportional to the power contained in the pulses received
from the fission chamber. This output signal, which is proportional to neutron flux at
the detector, is amplified and supplied to a locally mounted meter. The meter has
two linear scales on a single meter face. The appropriate range being used is
indicated by the range switch position. Outputs are also provided for a remote
meter and recorder. There is in the amplifier a potentiometer with a gain effect of 1

to 1.85, which provides an adjustment greater than one range position
(approximately a factor of 3 in flux) in the output signal. The calibration and diode
logic unit include a circuit to develop a triangular wave shape signal of adjustable
amplitude to provide a means of full scale calibration of the power meter.
Calibration settings of 40 percent and 125 percent on a 125 percent scale are
possible.

The high-voltage supply associated with IRM supplies the polarizing potential for
the fission chamber detector through a filter network to minimize noise coupling.

5.5.5.5.5 T~F

The IRMS is divided into two groups of IRM channels arranged in the core as
shown in Figure 7.5-8. Each group of IRM channels is associated with one of the
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two trip systems of the Reactor Protection System. Four IRM channels and their trip
auxiliaries (two from each RPS group) are installed in one bay of a cabinet; the
other four channels and their trip auxiliaries are installed on another bay of the
cabinet. Full-length side covers on the cabinet bays isolate the IRM groups. The
arrangement of IRM channels allows one IRM channel in each group to be
bypassed without compromising intermediate range neutron monitoring (See
Figures 7.2-3a, 7.2-3b, 7.2-3c, 7.2-3d, 7.2-3g, 7.2-3h, 7.2-3i, and 7.2-3j).

Each IRM channel includes four trip circuits as standard equipment. One trip circuit
is used as an instrument trouble trip. It operates whenever the high voltage drops
below a preset level or whenever one of the modules is not plugged in. It also
operates when the Operate-Calibrate switch is not in the "operate" position and the
Operate-Calibrate bypass switch is not depressed. Depressing the
Operate-Calibrate bypass switch will allow the inop trip function to be bypassed in
order to perform functional tests of the downscale and upscale level trips. Each of
the other trip circuits can be chosen to operate whenever preset downscale or
upscale levels are reached. A simplified IRM circuit arrangement is shown in Figure
7.5-26.

The trip functions actuated by the IRM trips are indicated in Table 7.5-2. The
reactor mode switch determines whether IRM trips are effective in initiating a rod
block and a reactor scram.

Subsection 7.7, "Reactor Manual Control System," describes the IRM rod block
trips. With the reactor mode switch in "REFUEL" or "STARTUP," an IRM upscale or
inoperative trip signal actuates a Neutron Monitoring System trip of the associated
channel of the Reactor Protection System. Only one IRM channel must trip to
initiate a Neutron Monitoring System trip of the associated trip system of the
Reactor Protection System (See Figures 7.7-6a and -6b). Ifan IRM from each
channel causes a channel trip, a full reactor trip follows.

7.5.5.4 Safet Evaluation

The safety evaluation in Subsection 7.2, "Reactor Protection System," evaluates the
arrangement of redundant input signals to the Reactor Protection System. The
Neutron Monitoring System trip input to the Reactor Protection System and the trip
channels used in actuating a Neutron Monitoring System trip are of equivalent
independence and redundancy to other Reactor Protection System inputs.

The number and locations of the IRM detectors have been analytically and
experimentally determined to provide sufficient intermediate range flux level
information under the worst permitted bypass and detector-failure conditions. For
verification of this, a range of rod withdrawal accidents has been analyzed. The
most severe case assumes that the reactor is just subcritical with one-fourth of the
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control rods, plus one more rod, removed in the normal operating sequence. This
configuration is shown in Figure 7.5-9. The error or malfunction is the removal of
the control rod adjacent to the last rod withdrawn. The location of this rod has been
chosen to maximize the distance to the second nearest detector for each Reactor
Protection System trip system. It is assumed that the nearest detector in each
Reactor Protection System trip system is bypassed. A scram signal is initiated
when one IRM detector in each Reactor Protection System trip system reaches its
scram trip level. The neutron flux versus distance resulting from this withdrawal is
shown in Figure 7.5-10. Note that the second nearest detector in trip system B is
farther away than the second nearest detector in trip system A. The ratio of the
neutron flux, at this point, to the peak flux is 1/4100. This detector reaches its high
scram trip setting of 120/125 full-scale at a local flux approximately 3.3 x 10'v. At
that time, the peak flux in the core is 1.35 x 10"'nv or 2.7 percent rated average
flux. The core average power is 0.07 percent when scram occurs. For this scram
point to be valid, the IRM must be on the correct range. To assure that each IRM is
on the correct range, a rod block trip is initiated any time the IRM is both downscale
and not on the most sensitive (lowest) scale. A rod block is initiated ifthe IRM
detectors are not fully inserted in the core and the reactor mode switch is not in the
"RUN" position. The IRM scram trips are automatically bypassed when the reactor
mode switch is in the "RUN" position and the APRMs are on scale. The IRM rod
block trips are automatically bypassed when the reactor mode switch is in the
"RUN" position.

The IRM detectors and electronics have been tested under operating conditions
and verified to have the operational characteristics given in the description and, as
such, provide the level of precision and reliability required by the Reactor Protection
System safety design basis.

7.5.5.5 Power Generation Evaluation

The intermediate range monitor subsystem is the primary source of information on
the approach of the reactor to the power range. Its linear, approximately
half-decade steps, with the rod blocking features on both high-flux level and low-flux
level, require that the operator keep all the IRMs on the correct range to increase
core reactivity by rod motion. The SRM overlaps the IRM as shown in
Figure 7.5-25. The sensitivity of the IRM is such that the IRMS is on scale on the
least sensitive (highest) range with the reactor power about 15 percent.

7.5.5.6 Ins ection and Testin

Each IRM channel is tested and calibrated using procedures developed from the
IRM instruction manual. The IRM detector drive-mechanisms and the IRM rod
blocking functions are checked in the same manner as for the SRM channels. Each
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of the various IRM channels can be checked to ensure that the IRM high-flux scram
function is operable.

7.5.6 Local Power Ran e Monitorin Subs stem

7.5.6.1 Power Generation Desi n Basis

1. The LPRMS shall provide signals proportional to the local neutron flux at
various locations within the reactor core to the average power range monitor
subsystem (APRMS), so that accurate measurements of average reactor power
can be made.

2. The LPRMS shall supply signals to the rod block monitor subsystem, so that
measurement of changes in local relative neutron flux can be made during the
movement of control rods.

3. The LPRMS shall be capable of alarming under conditions of high or low local
neutron flux indication.

4. The LPRMS shall supply signals proportional to the local neutron flux to the
process computer to be used in power distribution calculations, rod power
density calculations, minimum critical power calculations, and fuel burnup
calculations.

5. The LPRMS shall supply signals proportional to the local neutron flux to drive
indicating meters and auxiliary devices to be used for operator evaluation of
the power distribution, rod power density, minimum critical power, and fuel
burnup.

7.5.6.2 Descri tion Fi ures7.5-11a and-11b

7.5.6.2.1 Identification

The LPRMS consists of the fission chamber detectors, the signal conditioning
equipment, and trip functions. The LPRM signals are also used in the APRMS,
RBMS, and process computer.

7.5.6.2.2 ~PP
(The following description applies to Unit 1 only.)

Power for the LPRMS is supplied by the two 120-V AC Reactor Protection System
buses; approximately one half of the LPRMS is supplied from each bus (see
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Subsection 7.2). Associated with each LPRM amplifier is a separate power supply
in the control room which furnishes the detector polarizing potential.

This power supply is adjustable from 75-to-200-V DC with a maximum current
output of three milliamps, which ensures that the chambers can be operated in the
saturated region at the maximum specified neutron fluxes. For maximum variation
in the input voltage or line frequency, and over extended ranges of temperature and
humidity, the output voltage varies no more than 2-V. Each "page" of amplifiers is
supplied an operating voltage from a separate low voltage power supply.

(The following description applies to Units 2 and 3.)

Detector polarizing voltage for the LPRMs is supplied by redundant pairs of DC
power supplies. Each DC power supply pair powers approximately one-eighth of
the LPRMs. Power for the DC power supplies comes redundantly from the two 120
VAC Reactor Protection System buses via intermediate DC power supplies. These
intermediate DC supplies also provide power for the LPRM amplifiers.

The power supplies can supply up to 3 milliamps for each LPRM detector, which
ensures that the chambers can be operated in the saturated region at the maximum
specified neutron fluxes. The voltage applied to the detectors varies no more than
2 VDC over the maximum variation of electrical input and environmental
parameters.

7.5.6.2.3 Ph sical Arran ement

The LPRMS includes LPRM detectors located throughout the core at different axial
heights. Figure 7.5-12 illustrates the LPRM detector radial layout scheme, which
provides a detector assembly at every fourth intersection of the narrower of the
water channels around the fuel bundles (narrow-narrow water gap). Thus, every
narrow-narrow water gap has either an actual detector assembly or a symmetrically
equivalent assembly in some other quadrant.

The 43 LPRM detector assemblies, each containing four fission chambers, are
distributed to monitor four horizontal planes throughout the core. The detector
assemblies (Figure 7.5-13) are inserted into the core in spaces between the fuel
assemblies through thimbles that are mounted permanently at the bottom of the
core lattice and which penetrate the bottom of the reactor vessel. These thimbles
are welded to the reactor vessel at the penetration point. They extend down into
the access area below the reactor vessel where they terminate in a flange, which
mates to the mounting flange on the incore detector assembly. The detector
assemblies are locked at the top end to the top fuel guide by means of a
spring-loaded plunger. This type of assembly is referred to as top entry-bottom
connect, since the assembly is inserted through the top of the core and penetrates
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the bottom of the reactor vessel. Special water sealing caps are placed over the
connection end of the assembly and over the penetration at the bottom of the vessel
during installation or removal of an assembly. This prevents the loss of reactor
coolant water upon removal of an assembly and also prevents the connection end
of the assembly from being immersed in the water during installation or removal.

Each LPRM detector assembly contains four miniature fission chambers with an
associated solid sheath cable. Each fission chamber produces a current which,
when coupled with the LPRM signal conditioning equipment, provides the desired
scale deflection throughout the design lifetime of the chamber. Each individual
chamber of the assembly is a moisture-proof, pressure-sealed unit. Each assembly
also contains a calibration tube for a traversing incore probe (TIP). The enclosing
tube around the entire assembly contains holes to allow circulation of the reactor
coolant water to cool the fission chambers. Numerous tests have been performed
on the chamber assemblies, including tests of linearity, lifetime, gamma sensitivity,
and cable effects. These tests and experience in operating reactors provide
confidence in the ability of the LPRM subsystem to monitor neutron flux to the
design accuracy throughout the design lifetime.

The four miniature fission chambers used on each assembly are designed to
operate up to a temperature of 599'F and a pressure of 1250 psig. The chambers
are vertically spaced in the LPRM detector assemblies in such a manner as to give
adequate axial coverage of the core, complementing the radial coverage given by
the horizontal arrangement of the LPRM detector assemblies. Each miniature
chamber consists of two concentric cylinders, which act as electrodes. The gas
between the electrodes is ionized by the charged particles produced as a result of
neutron fissioning of the uranium coated'electrode. The negative ions produced in
the gas are accelerated to the collector by the potential difference maintained
between the electrodes. In a given neutron flux, all the ions produced in the ion
chamber can be collected if the polarizing voltage is high enough. When this
situation exists, the ion chamber is considered to be saturated. Output current is
then independent of operating voltage and has a linearity of 1 percent (1 percent)
over the design operating range.

7.5.6.2.4 Si nal Conditionin

The current signals from the LPRM detectors are transmitted to the LPRM amplifiers
in the control room. For Unit 1 only, each amplifier is a modular plug-in element,
which is mounted in a hinged vertical assembly designated a "page." For Units 2
and 3, the amplifiers are arranged on "LPRM Input Modules" mounted inside the
APRM chassis assembly. The current signal from a chamber is transmitted to its
amplifier through coaxial cable. The amplifier is a linear current amplifier whose
voltage output is proportional to the current input and, therefore, is proportional to
the magnitude of the neutron flux. For Unit 1 only, the output of the amplifier ranges (
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from 0-to-10-V DC for 0-to-125 percent indication. Additional low-level output
signals are provided which are suitable as an input to the computer, recorders, etc.
The outputs of each LPRM amplifier are isolated to prevent interference of the
signal by inadvertent grounding or application of a stray voltage at the signal
terminal point.

For Units 2 and 3, the amplifier output is "read" by digital processing electronics.
The digital electronics applies hardware gain corrections, performs filtering, and
applies the LPRM gain factors. The digital electronics provides output signals
suitable for the computer, recorders and annunciators. The LPRM amplifiers also
isolate the detector signals from the rest of the processing so that individual faults
in one LPRM signal path will not affect other LPRM signals.

The LPRM amplifier signals can be read by the operator on the reactor console.
When a central control rod is selected for movement, the output signals from the
amplifiers associated with the nearest sixteen LPRM detectors are displayed on
console meters, or for Units 2 and 3, by selecting summary LPRM displays on
digital operator displays. Subsection 7.7, "Reactor Manual Control System,"
describes in greater detail the indications on the reactor console.

7,5.6,2,5 T~i F

The trip circuits for the LPRMs provide trip signals to activate lights, annunciators,
and (for Units 2 and 3) digital displays indicating either upscale or downscale
conditions. The outputs of the LPRM trip functions are designed to go to the
"tripped" state on loss of power to the processing electronics. Table 7.5-3 indicates
the trips.

The trip levels can be adjusted to within+0.5 percent of 0-to-125 percent range and
are accurate to+1 percent of 0-to-125 percent range in the normal operating
environment.

7.5.6.3 Power Generation Evaluation

The local power range monitor subsystem, as calibrated by the traversing incore
probe subsystem, provides detailed information about the neutron flux throughout
the reactor core. The total of 43 LPRM assemblies, and their distribution, is
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determined by extensive calculational and experimental procedures. The division of
the LPRMS into various groups for DC power supply allows operation with one DC
power supply failed, or being serviced, without limiting reactor operation. I

Individual failed chambers can be bypassed, and neutron flux information for the
failed chamber location can be interpolated from nearby chambers. The core power
monitoring software automatically accounts for a bypassed chamber. A substitute
reading for a failed chamber can be derived from an octant-symmetric chamber, or
an actual flux indication can be obtained by insertion of a TIP to the failed chamber
position, this value can be manually input into the core power monitoring software.

The LPRM outputs provide for the functions required in the LPRM power generation
design basis. Each output is electrically isolated so that an event (grounding the
signal or applying a stray voltage) on the reception end does not destroy the validity
of the LPRM signal. Tests and experience demonstrate the ability of the detector to
respond proportionally to the local neutron-flux changes.

7.5.6.4 Ins ection and Testin

LPRM channels are calibrated using data from previous full power runs and TIP
data and are tested by procedures in the applicable instruction manual.

7.5.7 Avera e Power Ran e Monitor Subs stem

7.5.7.1 Safet Desi n Basis

1. The design of the APRMS shall be such that for the worst permitted input
LPRM bypass conditions, the APRMS shall be capable of generating a scram
trip signal in response to average neutron-flux increases resulting from
abnormal operational transients in time to prevent fuel damage.

2. The design of the APRMS shall be consistent with the requirements of the
safety design basis of the Reactor Protection System.

7.5.7.2 Power Generation Desi n Basis

The APRMS shall provide a continuous indication of average reactor power
from a few percent to 125 percent of rated reactor power.

2. The APRMS shall be capable of providing trip signals for blocking rod
withdrawal when the average reactor power exceeds pre-established limits set
to prevent scram actuation.
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3. The APRMS shall provide a reference power level for use in the rod block
monitor subsystem.

7.5.7.3 ~DI
7.5.7.3.1 Identification

In Unit 1, the APRMS has six APRM channels, each of which uses input signals
from a number of LPRM channels. Three APRM channels are associated with each
of the trip systems of the Reactor Protection System.

In Unit 2 and Unit 3, the APRMS has four APRM channels, each of whichuses input )

signals from a number of LPRM channels. Each of the four APRM channels
provides inputs to four two-out-of-four Trip Voter channels. Two of the voter
channels are associated with one automatic trip system of the Reactor Protection
System (RPS); the other two voter channels are associated with the other automatic
trip system of the RPS. Because all four APRM channels provide inputs to each of
the four voter channels, all four APRM channels are associated with both trip
systems of the RPS.

7.5.7.3.2 ~PS
The APRM channels receive power from the 120-V AC supplies used for the
Reactor Protection System power (see Subsection 7.2).

In Unit 1, power for each APRM instrument channel and its trip unit is supplied by
the 120 VAC bus which provides power to the APRM's associated RPS trip system.

In Unit 2 and Unit 3, power for each APRM instrument channel is supplied I

redundantly by both 120 VAC RPS power buses. However, power for each 2-out-
of-4 Trip Voter channel is supplied only by the 120 VAC bus which provides power
to the voter's associated RPS trip system.

7.5.7.3.3 Si nal Conditionin

(The following description applies to Unit 1.)

The APRMS uses electronic equipment which averages the output signals from a
selected set of LPRMs, trip units which actuate automatic devices, and signal
readout equipment. Each APRM channel can average the output signals from up to
24 LPRM channels. Assignment of LPRM channels to an APRM is made using the
pattern illustrated in Figure 7.5-14a. The letters at the detector locations in
Figure 7.5-14a refer to the axial positions of the detectors in the LPRM detector
assembly. Position A is the bottom position, positions 8 and C are above position
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A, and position D is the topmost LPRM detector position. APRM channels A, C, and
E are powered from the same AC bus used for trip system A of the Reactor
Protection System; APRIVI channels B, D, and F are powered from the AC bus used
for trip system B. The+&0-volt DC bus used for a given APRM channel is the same
as that used for the LPRM channels, providing inputs to that APRM. The pattern in
Figure 7.5-14a is for the APRMs associated with trip system A of the Reactor
Protection System. The pattern provides LPRM signals from all four core axial
LPRM detector positions throughout the core. Assignments of LPRM channels to
APRMs associated with trip system B of the Reactor Protection System are given in
Figure 7.5-14b. APRM channels A, C, and E average the output signals from 21

LPRM channels. Channels B, D, and F average the output from 22 LPRM
channels.

The APRM amplifier gain can be adjusted by combination of fixed resistors and
potentiometers to allow calibration to power as determined by a heat balance. The
averaging circuit automatically corrects for the number of unbypassed LPRM
amplifiers providing inputs to the APRM.

In Unit 1, each APRIVI channel receives a flow signal representative of total core
flow. Each signal is provided by summing the flow signals from the two recirculation
loops. These flow signals are sensed from two flow elements, one in each
recirculation loop (see Figures 7.8-1 sheet 2 and sheet 4). The differential pressure )

from the flow elements is routed to four differential pressure transducers. The
signals from the differential pressure transducers are routed to two flow summers
which provide the two flow signals for use by the APRMs'low-biased rod block and
scram setpoints (see Figures 7.5-11a and -11b). I

(The following equipment description applies to Unit 2 and Unit 3.)

The APRMS uses digital electronic equipment which averages the output signals
from a selected set of LPRMs, generates trip outputs via the 2-out-of-4 voter
channels (see Section 7.5.7.3 4), and provides signals to readout equipment. Each
APRM channel can average the output signals from up to 43 LPRM channels.
Assignment of LPRM channels to an APRM is shown in Figure 7.5-14c. The letters
at the detector locations in Figure 7.5-14c refer to the axial positions of the
detectors in the LPRIVI detector assembly. Position A is the bottom position,
positions B and C are above position A, and position D is the topmost LPRM
detector position. The pattern provides LPRM signals from all four core axial LPRM
detector positions throughout the core. Some LPRM detectors may be bypassed,
but the averaging logic automatically corrects for these by removing them from the
average. The APRM value calculated from the LPRM inputs is adjusted by a
digitally entered factor to allow calibration of the APRM to core thermal power
based on heat balance.

7.5-16



Each APRM channel calculates a flow signal, representative of total core flow,
which is used to determine the APRM's flow-biased rod block and scram setpoints.
Each signal is determined by summing and processing flow signals from the two
recirculation loops. These signals are sensed from two flow elements, one in each
recirculation loop. The differential pressure from each flow element is routed to four
differential pressure transmitters (eight total). Signals from a pair of differential
pressure transmitters, one from each flow element, are routed to the input of an
associated APRM chassis for processing. Each pair of differential pressure
transmitters is associated with only one of the four APRM instrument channels.

(The following discussion is applicable to all three reactor units.)

During transients, the instantaneous fuel surface heat flux is less than the
instantaneous neutron flux by an amount depending upon the duration of the
transient and the fuel time constant. For this reason, the flow-biased scram APRM
flux signal is passed through a filtering network (Thermal Power Monitor) with a time
constant which is representative of the fuel time constant. As a result of this
filtering, APRM flow-biased scrams will only occur if the neutron flux signal is in
excess of the setpoint and of sufficient time duration to overcome the fuel time
constant and result in an average fuel surface heat fluxwhich is equivalent to the
neutron flux trip setpoint. This setpoint is variable up to 120 percent of rated power
based on recirculation drive flow.

7.5.7.3.4 T~F

(The following description applies to Unit 1 only.)

The trip units for the APRMs supply trip signals to the Reactor Protection System
and the Reactor Manual Control System. Table 7.5-4a itemizes the APRM trip
functions. Any one APRM can initiate a rod block, depending upon the position of
the reactor mode switch. Subsection 7.7, "Reactor Manual Control System,"
describes in detail the APRM rod block functions. The APRM upscale rod block
and the scram trip setpoint are varied as a function of reactor recirculation flow.
The slope of the upscale rod block and scram trip response curves is set to allow
tracking of the required trip setpoint with recirculation flow changes. This provides
an effective rod block and scram ifcore average power is increased above the
power versus flow specification at any flow rate. An APRM upscale or inoperative
trip initiates a Neutron Monitoring System trip in the Reactor Protection System.
Only the trip system associated with that APRM is affected; thus, at least one APRM
channel in each trip system of the Reactor Protection System must trip to cause a
scram.

Because each trip is actuated by removing voltage to a relay coil, loss of power
results in actuating the trips. The trips from one APRM in each trip system of the
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Reactor Protection System can be bypassed by operator action in the control room.
A simplified APRM circuit arrangement is shown in Figure 7.5-27.

In the startup mode of operation, an APRM trip function has been implemented with
a maximum limitof 30 percent power to assist the operator in his startup
procedures. This trip function is provided in addition to the existing IRM upscale
trip during startup (MODE 2). The trip settings are listed in Table 7.5-4a. I

A schematic of the APRM scale circuit is shown in Figure 7.5-28. The following
discussion of the circuit operation is based on this figure. In RUN mode (MODE 1),
K22 is energized and reference input to neutron trip circuit is from resistor R20.
The reference signal from this resistor is adjusted to cause a trip at 120 percent
power. The reference voltage is adjusted using potentiometer R16 until the desired
reference into the upscale neutron trip unit is achieved. In STARTUP mode
(MODE 2), K22 is deenergized and the reference signal from resistor R20 is
adjusted using potentiometer R21 to cause an upscale neutron trip at 15 percent
power. The flow input through an isolation amplifier produces a flow variable
reference to the Thermal trip unit which incorporates a 6 second time constant
delay trip. The clamp circuit limits the flow biased reference to be no greater than
100 percent flow at any time.

(The following description applies to Unit 2 and Unit 3.)

The digital electronics for the APRMs provides trip signals directly to the Reactor
Manual Control System and via the APRM 2-out-of-4 Trip Voter channels to the
Reactor Protection System (RPS). Any two unbypassed APRM channels, via the
APRM 2-out-of-4 voter channels, can initiate an RPS trip in both RPS trip systems.
Any one unbypassed APRM can initiate a rod block, depending upon the position of
the reactor mode switch. Table 7.5-4b lists the APRM trip functions.
Subsection 7.7, "Reactor Manual Control System," describes in more detail the
APRM rod block functions.

0

The APRM simulated thermal power upscale rod block and scram trip setpoints are
varied as a function of reactor recirculation flow. The slope of the upscale rod block
and scram trip response curves is set to track the required trip setpoint with
recirculation flow changes.

At least two unbypassed APRM channels must be in the upscale or inoperative trip
state to cause an RPS trip output from the APRM 2-out-of-4 voter channels. In that
condition, all four voter channels will provide an RPS trip output, two to each RPS
trip system. Ifonly one unbypassed APRM channel is providing a trip output, each
of the four APRM 2-out-of-4 voter channels will have a half trip, but no trip signals
will be sent to the RPS. (See Figures 7.2-3a, 7.2-3b, 7.2-3c, 7.2-3d, 7.7-6b, 7.2-3g,
7.2-3h, 7.2-3i, and 7.2-3j.) The trips from one APRM can be bypassed by operator
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action in the control room. Trip outputs to the RPS are transmitted by removing
voltage to a relay coil, so loss of power results in actuating the RPS trips.

In the startup mode (MODE 2) of operation, the APRM 'fixed" upscale trip setpoint
is set down to a low level. This trip function is provided in addition to the existing
IRM upscale trip in the startup mode (IVIODE2). The trip settings are listed in Table
7.5-4b.

The trip functions are performed by digital comparisons of APRM electronics. The
APRM flux value is developed by averaging the LPRM signals and then adjusting
the average, using gain adjustment factors from heat balance calculations, to be the
APRM power. The APRM power is processed through a first order filterwith a six
second time constant to calculate simulated thermal power. These calculations are
all performed by the digital processor and result in a digital representation of APRM
and simulated thermal power. For each RPS trip and rod block alarm, the APRM
power or simulated thermal power, as applicable (see Table 7.5-4b), is digitally
compared to the setpoint (which was previously entered and stored). If the power
value exceeds the setpoint, the applicable trip is issued.

7.5.7.4 Safet Evaluation

(The following description applies to Unit 1 only.)

Each APRM derives its signal from information obtained from the LPRMS. The
assignments, power separation, cabinet separation, and LPRM signal isolation are
in accord with the safety design basis of the Reactor Protection System. There are
six APRM channels, three for each Reactor Protection System trip system, to allow
one bypass and one undetected failure in each trip system and still satisfy the
Reactor Protection System safety design basis.

Figure 7.5-15 shows the ability of the APRMS to track core power versus coolant
flow, starting at 100 percent power and 100 percent flow to below the 65 percent
flow point. Figure 7.5-16 shows the ability of the APRM to respond to control rod
motion. The conditions for this are selected from the most restrictive case. The
figure also shows a full withdrawal of a control rod from limiting conditions at rated
power. Normal control rod manipulation results in good agreement (less than 5
percent deviation on the worst APRM) through a wide range of power levels.

The adequacy of the flow reference and APRM scram setpoint is demonstrated to
be adequate in preventing fuel damage as a result of abnormal operational
transients by the analyses in Section 14.0, "Plant Safety Analysis."

(The following description applies to Unit 2 and Unit 3.)
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Each APRM derives its signal from information obtained from the LPRMs. The
assignments, power separation, cabinet separation, and LPRM signal isolation are
in accord with the safety design basis of the Reactor Protection System. There are
four APRM channels with the Reactor Protection System trip outputs from each
routed to each of four APRM 2-out-of-4 voter channels. Two voter channels are
associated with each Reactor Protection System trip system. This configuration
allows one APRM channel to be bypassed plus one failure while still meeting the
Reactor Protection safety design basis.

APRM power (and simulated thermal power) are adjusted periodically based on
heat balance to match true reactor power. This adjustment is made regularly at a
rate sufficient to compensate for LPRM burnup and the related change in APRM
values. However, coolant flow changes and control rod movements can also affect
the relationship between APRM measured flux and true reactor power and introduce
errors. To accommodate the predictable APRM variations due to coolant flow and
control rod changes, analysis are performed to determine limiting case values for
both. Bounding values are then used in APRM setpoint calculations as an expected
error. This analysis assures that there is adequate margin in the actual setpoints to
assure safety limits are not exceeded even if the worst case error in APRM values
is introduced due to coolant flow changes or control rod movements after heat
balance calibration of the APRM has been performed.

The APRlVl scram setpoint is demonstrated to be adequate in preventing fuel
damage as a result of abnormal operational transients by the analyses documented
in Reference 1 of Section 14.0, "Plant Safety Analysis."

7.5.7.5 Power Generation Evaluation

(The following description applies to Unit 1 only.)

The APRMS provides the operator with six continuous recordings of the average
reactor power. The rod blocking function prevents operation above the region
defined by the design power response to recirculation flowcontrol. The flow signal
used to vary the rod block level is supplied from the recirculation system flow
instrumentation. Two flow comparators monitor the two flow signals and initiate a
rod block if the two signals are not in agreement. Because any one of the APRMs
can initiate a rod block, this function has a high level of redundancy and satisfies
the power generation design basis. One APRM channel in each Reactor Protection
System trip system may by bypassed. In addition, a minimum of 14 LPRM inputs is
required for each APRM channel to be operative. If the number is less than this, an
automatic APRM inoperative trip is generated.

(The following description applies to Unit 2 and Unit 3.)
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The APRMS provides the operator with four continuous recordings of the average
reactor power. The rod blocking function prevents operation above the region
defined by the design power response to recirculation flow control. The flow signal
used to vary the rod block level is supplied from the recirculation system flow
instrumentation. Two flow comparators monitor the four flow signals and initiate an
alarm if the four signals are not in agreement. Because any one of the APRMs can
initiate a rod block, this function has a high level of redundancy and satisfies the
power generation design basis. One APRM channel may be bypassed. In addition,
a minimum of 20 LPRIVI inputs, with three per axial level, is required for each APRIVI
channel to be operative. If the number is less than this, an automatic APRM
inoperative alarm and rod block are generated.

7.5.786 Ins ection and Testin

APRM channels are calibrated at power by a heat balance or using data from
previous full-power runs and are tested by procedures in the applicable instruction
manual. Each APRM channel can be individually tested for the operability of the
APRM scram and rod blocking functions by introducing test signals.

7.5.8 Rod Block Monitor Subs stem

7.5.8.1 Power Generation Desi n Basis

The RBMS shall be designed to prevent local fuel damage as a result of a
single rod withdrawal error under the worst permitted condition of RBM bypass.

2. The RBMS shall provide a signal to permit operator evaluation of the change in
the local relative power level during control rod movement.

7.5.8.2 ~0

7.5.8.2.1 Identification

The RBMS has two RBM channels, each of which uses input signals from a number
of LPRM channels. A trip signal from either RBM channel can initiate a rod block.
One RBM channel may be bypassed without loss of subsystem function.

7.5.8.2.2 ~PS
The RBMS power is received from the 120-V AC supplies used for the Reactor
Protection System (RPS) (see Subsection 7.2).
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In Unit1 and Unit 3, RBM A receives powerfrom RPS Bus A, and RBM 8 receives
power from RPS Bus B. In Unit 2, each RBM receives power redundantly from both
RPS buses.

7.5.8.2.3 Si nal Conditionin

(The following description applies to Unit 1 only.)

The RBM signal is generated by averaging a set of LPRM signals. One of the
RBMs averages the signals from LPRM detectors at the A and C positions in the
assigned LPRIVI assemblies, and the second RBM averages the signals from the
LPRM detectors at the 8 and D positions in the assigned LPRM assemblies.
Assignment of LPRM assemblies to be used in RBM averaging is controlled by the
selection of control rods. Figure 7.5-17a shows the four possible assignment I

combinations. Note that the RBM is automatically bypassed and the output set to
zero if a peripheral control rod is selected. Ifany LPRM detector assigned to a
RBM is bypassed, the computed average signal is adjusted automatically to
compensate for the number of LPRM input signals to average.

The magnitude of each RBM channel output is normalized to an assigned APRM
channel whenever a control rod is selected. A signal from one APRM channel
assigned to each Reactor Protection System trip system supplies this reference
signal for the RBM channel on that same trip system. This gain setting is held
constant during the movement of that particular control rod, thus providing an
indication of the change in the relative, local power level. If the APRM used to
normalize the RBM reading is indicating less than 30 percent power, the RBM is
zeroed, and the RBM outputs are bypassed. Ifthe normalizing APRM is bypassed,
the normalizing signal is automatically provided by a second APRM. In the
operating range, the RBM signal is accurate to about 1 percent of full scale of the
correct signal, including all variances due to drift, environmental changes (normal
control room variations), and supply voltage variations.

(The following description applies to Unit 2 and Unit 3.)

The RBM signal is generated by averaging a set of LPRM signals. The LPRM
signals used depends on the control rod selected upon selection of a rod for
withdrawal or insertion, the conditioned signals from the LPRMs around that rod will
be automatically selected by the two RBM channels. (Figure 7.5-17a shows
examples of the four possible LPRM/selected rod assignment combinations.) For a
typical non-edge rod, each RBM channel averages LPRM inputs from two of the
four 8-position and D-position detectors, and all four of the C-position detectors.
(See Figure 7.5-17b.) (This configuration is part of the RBM improvements
described in Reference 1 of Section 14.0, "Plant Safety Analysis.") A-position
LPRM detectors are not included in the RBM averages, but are displayed to the
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operator. When a rod near, but not at, the edge of the core is selected, where there
are fewer than four, but at least two, LPRM strings around the rod, the number of
detectors used by the RBM channels is either six or four depending on how many
LPRM strings are available. Ifa detector has been bypassed in the LPRM System,
that detector is automatically deleted from the RBM processing and the averaging
logic is adjusted to average only the remaining detectors.

After selection of a control rod, each RBM channel calculates the average of the
related LPRM detectors and calculates a gain factor that willadjust the average to
100%. Thereafter, until another rod is selected, the gain factor is applied to the
LPRM average to obtain the RBIVI signal value. The RBM signal value is compared
to RBM trip setpoints (see 7.5.8.2.4).

When a peripheral rod is selected, or if the APRM value for the RBMs associated
APRM is below the automatic bypass level (approximately 30% power), the RBM
function is automatically bypassed, the rod block outputs are set to "permissive,"
and the RBM average is set to zero.

7,5.8,2A T~iF

(The following description applies to Unit 1 only.)

The RBM supplies a trip signal to the Reactor Manual Control System to inhibit
control rod withdrawal. The trip is initiated whenever the RBM output exceeds a
variable setpoint. The setpoint may be one of three levels, with the value of each
trip level varying with recirculation flow as for the APRM rod blocks. The 100
percent flow intercepts of the trip level curves are variable between 75 percent
indicated and 115 percent indicated.

The three trip-level lines are set at approximately 8 percent of rated power apart (at
100 percent flow). The operator may encounter any trip level, depending on the
starting point for a given rod withdrawal. The lower two levels can be bypassed by
operator action after a setup function is actuated. The setup permissive is actuated
(and indicated by a light) when the RBM reading reaches 2 percent (at 100 percent
flow) less than the trip point. Another light is turned on to indicate when the RBM is
set to the third (highest) trip level. One of the two RBMs can be bypassed at any
time by operator action, subject to technical specification restrictions, when
operating on limiting rod patterns. Either RBM can inhibit control rod withdrawal.

(The following description applies to Unit 2 and Unit 3.)

The RBM supplies a trip signal to the Reactor Manual Control System to inhibit
control rod withdrawal. The trip is set whenever the RBM signal value exceeds the
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RBM setpoint. As described in Reference 1 of Section 14.1, there are three
different power-dependent setpoints, each a percentage above the RBM initial
value of 100%. The particular setpoint that is applied is selected based on the
simulated thermal power value from the RBM's associated APRM channel (an
alternate APRM channel is assigned and is automatically used for inputs ifthe
primary APRM channel is bypassed or inoperative). Higher APRM simulated
thermal power values select a lower setpoint. That is, at higher power levels, the
percentage increase in the RBM value allowed is less than at lower power levels.
One of the two RBMs can be bypassed by the operator. Either RBM channel can
prevent rod movement. (See Figure 7.7-6a and -6b.) I

7.5.8.3 Power Generation Evaluation

(The following description applies to Unit 1 only.)

Motion of a control rod causes the LPRMs adjacent to the control rod to respond
strongly to the change in power in the region of the rod in motion. Figures 7.5-18
and 7.5-1 9 show the calculated response of the two RBMs to the full withdrawal of a
selected control rod in a region in which the design limits on power and flow exist.

The highest rod block setpoint halts rod motion well before local fuel damage can
occur. This is true even with the adjacent and nearest LPRM detector assemblies
failed.

(The following description applies to Unit 2 and Unit 3.)

Motion of a control rod causes the LPRMs adjacent to the control rod to respond
strongly to the change in power in the region of the rod in motion. Typical RBM
channel responses are documented in Reference 1 of Section 14.1. This reference
also provides documentation of rod withdrawal error analysis results which
demonstrate that under limiting assumptions of LPRM failures the RBM setpoints
will halt rod motion well before local fuel damage can occur.

7.5.8.4 Ins ection and Testin

The rod block monitor channels are tested and calibrated by procedures given in
the applicable instruction manuals. The RBMs are functionally tested by
introducing test signals into the RBM channels.

Local alarm lights representing upscale and downscale trips will be verified. The
inoperative trip will be initiated to produce a rod block. The functions that cannot be
verified to produce a rod block directly will be verified during the operating cycle.
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7.5.9 Traversin lncore Probe Subs stem

7.5.9.1 Power Generation Desi n Basis

1. The TIPS shall be capable of providing a signal proportional to the axial
gamma flux distribution at selected small axial intervals over the regions of the
core where LPRM detector assemblies are located. This signal shall be of high
precision to allow reliable calibration of LPRM gains.

2. The TIPS shall provide accurate indication of the position of the flux
measurement to allow pointwise or continuous measurement of the axial
gamma flux distribution.

7.5.9.2 ~OI
7.5.9.2.1 Identification

The TIPS includes five traversing incore probe (TIP) machines, each of which has
the following components:

a. One traversing incore probe (TIP),

b. One drive mechanism,

c. One indexing mechanism,

d. Up to 10 incore guide tubes, and

e. One chamber shield.

The subsystem allows calibration of LPRM signals by correlating TIP signals to
LPRM signals as the TIP is positioned in various radial and axial locations in the
core. The guide tubes inside the reactor are divided into groups. Each group has
its own associated T)P machine. The assignment of LPRM strings to the five TIP
machines is shown in Figure 7.5-20.

7.5.9.2.2 Ph sical Arran ement

A TIP drive mechanism uses a gamma sensitive detector attached to a flexible drive
cable, which is driven from outside the primary containment by a gear box
assembly. The flexible cable is contained by guide tubes that continue into the
reactor core. The guide tubes are a part of the LPRM detector assembly and are
specially prepared to provide a durable, low-friction surface. The indexing
mechanism allows the use of a single detector in any one of ten different tube
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paths. The tenth tube is used for TIP cross calibration with the other TIP machines
The control system provides both manual and semi-automatic operation. The TIP
signal is amplified and displayed on a meter. Core position versus gamma flux is
recorded in the Main Control Room on an X-Y recorder. A block diagram of the
drive system is shown in Figure 7.5-21.

The heart of each TIP machine is the probe (Figure 7.5-22), consisting of the
detector and the associated signal drive cable. The detector is an argon filled
chamber 0.213 inches in diameter and 1.0,inches in active length. The body of the
detector is made of stainless steel with a titanium anode. Sensitivity of the detector
is approximately 3 x 10"'mps/R/hr. The detector can operate in a maximum
gamma flux level of 2.8 x 10'/hr. The nominal detector operating voltage is 100-V
DC.

The signal current from the detector is transmitted from the TIP to amplifiers and
readout equipment by means of a triaxial signal cable, which is an integral part of
the mechanical drive cable. The outer sheath of the drive cable is constructed of
carbon steel in a helix array. The cable drive mechanism engages this helix to
effect movement in and out of the guide tubes. The inner surface of the guide
tubing between the reactor vessel and the drive mechanism is coated with a
ceramic bonded lubricant to reduce friction. The guide tubing inner surface is
nitrided within the reactor vessel.

The cable drive mechanism contains the drive motor, the cable take-up reel, an
analog probe position indicator for the recorder, and a mechanical counter to
provide digital pulses to the control unit for positioning the TIP at specific locations
along the guide tube.

The drive mechanism inserts and withdraws the TIP and its cable from the reactor
and provides detector position indication signals. The drive mechanism consists of
a motor and drive gearbox, which drives the cable in the manner of a rack and
drive-pinion. A two-speed drive motor is used providing a high speed for insertion
and withdrawal (60 feet per minute) and a low speed for scanning the reactor core
(7.5 feet per minute). (See Figure 7.5-23a and b.)

A take-up reel is included in the cable drive mechanism to coil the drive cable as it
is withdrawn from the reactor. This reel makes it possible to connect the TIP and its
cable to the amplifier through a connector rather than slip rings which reduces
possible noise and maintenance problems.

The analog position indicator and the mechanical counter (digital) are also driven
directly from the output shaft of the cable drive motor. The analog position signal
from a potentiometer and a flux amplifier output are used to plot gamma flux versus
incore position of the TIP. The TIP position signal is also available to the process
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computer. The digital counter is used to position the TIP in the guide tube through
the control logic with a linear position accuracy of 1 inch. The digital counter can
control TIP positions at the top of the core for initiation of scan, and at the bottom of
the core for changing to fast withdrawal speed.

A position limit switch provides an electrical interlock release when the probe is in
the nominal zero position to allow the indexing mechanism to index the TIP to the
next guide tube location. The limitswitch is actuated when the end of the TIP
passes a switch in the indexer. The cable drive motor includes an AC
voltage-operated brake to prevent coasting of the TIP after a desired incore position
is reached. When the system is not in use, the detector probe can be completely
withdrawn to a position in the center of the chamber shield.

A circular transfer machine with ten indexing points functions as an indexing
mechanism. Nine of these locations are for the guide tubes associated only with
that particular TIP machine. The tenth location is for the guide tube common to all
the TIP machines. Indexing to a particular tube location is accomplished manually
at the control panel by means of a position selector switch which energizes the
electrically actuated rotating mechanism.

The tube transfer mechanism is part of the indexing mechanism and consists of a
fixed circular plate containing ten holes on the reactor side, which mate to a rotating
single-hole plate. The rotating plate aligns and mechanically locks with each fixed
hole position in succession. The indexing mechanism is actuated by a
motor-operated rotating drive. Electrical interlocks prevent the indexing mechanism
from changing positions until the probe cable has been completely retracted beyond
the transfer point. Additional electrical interlocks prevent the cable drive motor from
moving the cable until the transfer mechanism has indexed to the preselected guide
tube location (See Figures 7.5-24a through 7.5-24f). I

A valve system is provided with a ball valve on each guide tube entering the primary
containment. These valves are closed except when the TIP subsystem is in
operation. A ball valve and a cable shearing valve are mounted in the guide tubing
just outside the primary containment. They prevent the loss of reactor coolant in the
event a guide tube ruptures inside the reactor vessel. A valve is also provided for
an air purge line to the indexing mechanisms. A guide-tube ball-valve opens only
when the TIP is being inserted. The shear valve is used only ifa leak occurs when
the TIP is beyond the ball-valve and power to the TIPS fails. The shear valve,
which is controlled by a manually-operated, protected switch, can cut the cable and
close off the guide-tube. The shear valves are actuated by detonation squibs. The
continuity of the squib circuits is monitored by front panel indicator lights in the
control room.
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A guide-tube ball-valve is normally deenergized and in the closed position. When
the TIP starts forward, the valve is energized and opens. As it opens, it actuates a
set of contacts which gives a signal light indication at the TIPS control panel and
bypasses an inhibit-limitswitch, which automatically stops TIP motion if the ball
valve does not open on command (See Figures 7.5-24a through 7.5-24f).

7.5.9.2.3 Si nal Conditionin

The TIP control and readout instrumentation is mounted in a cabinet in the control
room. Since there are five groups of guide tubes, each with an associated TIP
machine, there are also five groups of drive control equipment. There is a flux
probe monitor which consists of six individual flux amplifiers (one spare) and
associated-DC power supplies. A common X-Y recorder records the flux variations
of each scan. An X-Youtput is provided for use by the process computer. The TIP
output is linear to within +I percent of full scale when operated at a detector voltage
of 100V-DC in a thermal neutron flux of between 2.8 x 10"'v to 2.8 x 10"" nv. The
probe and cable leakages contribute less than 1 percent of full scale output during
the life of the detector. For normal operating conditions, the flux amplifier is linear
to within 21.0 percent of full scale and drifts less than 1.0 percent of full scale
during a 100-hour period at design operating conditions. Actual operating
experience has shown the system to reproduce within 1.0 percent of full scale in a
sequence of tests.

7.5.9.3 Power Generation Evaluation

An adequate number of TIP machines is supplied to assure that each LPRM
assembly can be probed by a TIP, and one LPRM assembly (the central one) can
be probed by every TIP to allow intercalibration. Typical TIPs have been tested to
prove linearity. The system has been field tested in an operating reactor to assure
reproducibility for repetitive measurements, and the mechanical equipment has
undergone life testing under simulated operating conditions to assure that all
specifications can be met. The system design allows semi-automatic operation for
LPRM calibration and process computer use. The TIP machines can be operated
manually to allow pointwise flux mapping.

7.5.9.4 Ins ection and Testin

The TIPS equipment is tested and calibrated using heat balance data and
procedures based on the applicable instruction manual.
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7.7 REACTOR MANUALCONTROL SYSTEM

7.7.1 Power Generation Ob'ection

The objective of the Reactor Manual Control System is to provide the operator with
the means to make changes in nuclear reactivity so that reactor power level and
power distribution can be controlled. The system allows the operator to manipulate
control rods.

7.7.2 Safet Desi n Basis

1. The circuitry provided for the manipulation of control rods shall be designed
so that no single failure can negate the effectiveness of a reactor scram.

2. The Reactor Manual Control System shall act to limit the worth of individual
control rods in conjunction with the rod worth minimizer system such that a
postulated rod drop accident will not result in fuel pellet power density greater
than 280 calories per gram.

3. The Reactor Manual Control System shall be designed to inhibit control rod
withdrawal in time to prevent local fuel damage as a result of erroneous
control rod manipulation.

4. The Reactor Manual Control System shall be designed to inhibit rod
movement whenever such movement would result in operationally undesirable
core reactivity conditions or whenever instrumentation (due to failure) is
incapable of monitoring the core response to rod movement.

7.7.3 Power Generation Desi n Basis

1. The Reactor Manual Control System shall be designed to inhibit control rod
withdrawal following erroneous control rod manipulations so that Reactor
Protection System action (scram) is not required.

2. To limit the potential for inadvertent rod withdrawals leading to Reactor
Protection System action, the Reactor Manual Control System shall be
designed in such a way that deliberate operator action is required to effect a
continuous rod withdrawal.

3. To provide the operator with the means to achieve prescribed control rod
patterns, information pertinent to the position and motion of the control rods
shall be available in the control room.
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7.7.4 ~Oeecri tion

7.7.4.1 Identification

The Reactor Manual Control System consists of the electrical circuitry, switches,
indicators, and alarm devices provided for operational manipulation of the control
rods and the surveillance of associated equipment. This system includes the
interlocks that inhibit rod movement (rod block) under certain conditions. The
Reactor Manual Control System does not include any of the circuitry or devices
used to automatically or manually scram the reactor; these devices are discussed in
Subsection 7.2, "Reactor Protection System." Nor are the mechanical devices of
the control rod drives and the Control Rod Drive Hydraulic System included in the
Reactor Manual Control System; these mechanical components are described in
Subsection 3.4, "Reactivity Control Mechanical Design."

7.7.4.2 ~Oeration

7.7.4.2.1 General

Control rod movement is accomplished by admitting water under pressure from a
control rod drive water pump into the appropriate end of the control rod drive
cylinder. The pressurized water forces the piston, which is attached by a
connecting rod to the control rod, to move. Three modes of control rod operation
are used: insert, withdrawal, and settle. Four solenoid-operated valves are
associated with each control rod to accomplish the actions required for the various
operational modes. The valves control the path that the control rod drive water
takes to the cylinder. The Reactor Manual Control System controls the valves.

Two of the four solenoid-operated valves for a control rod are electrically connected
to the insert bus. When the insert bus is energized and when a control rod has
been selected for movement, the two insert valves for the selected rod open,
allowing the control rod drive water to take the path that results in control rod
insertion. Of the two remaining solenoid-operated valves for a control rod, one is
electrically connected to the withdraw bus, and the other is connected to the settle
bus. The withdraw valve that connects the insert drive water supply line to the
exhaust water header is the one that is connected to the settle bus. The remaining
withdraw valve is connected to the withdraw bus. When both the withdraw bus and
the settle bus are energized and when a control rod has been selected for
movement, both withdraw valves for the selected rod open, allowing control rod
drive water to take the path that results in control rod withdrawal.

The settle mode is provided to insure that the control rod drive index tube is
engaged promptly by the collet fingers after the completion of either an insert or
withdraw cycle. During the settle mode, the withdraw valve connected to the settle
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bus is opened, or remains open, while the other three solenoid-operated valves are
closed. During an insert cycle, the settle action vents the pressure from the bottom
of the CRD piston to the exhaust header, thus gradually reducing the differential
pressure across the drive piston of the selected rod. During a withdraw cycle, the
settle action again vents the bottom of the CRD piston to the exhaust header, while
the withdraw drive water supply is shut off. This also allows a gradual reduction in
the differential pressure across the control rod drive piston. After the control rod
has slowed down, the collet fingers engage the index tube and lock the rod in
position.

The arrangement of control rod selection pushbuttons and circuitry permits the
selection of only one control rod at a time for movement. A rod is selected for
movement by depressing a button for the desired rod on the reactor control bench
board in the control room. This bench board is shown in Figure 7.7-2. The
direction in which the selected rod moves is determined by the position of a switch,
called the "rod movement" switch, which is also located on the reactor control bench
board. This switch has "rod-in" and "rod-out-notch" positions and returns by spring
action to the "off'osition. The rod selection circuitry is arranged so that a rod
selection is sustained until either another rod is selected or separate action is taken
to revert the selection circuitry to a no-rod selection. Initiating movement of the
selected rod prevents the selection of any other rod until the movement cycle of the
selected rod has been completed. Reversion to the no-rod-selected condition is not
possible (except for loss of control circuit power) until any moving rod has
completed the movement cycle.

7.7.4.2.2 ~14 2

The following is a description of the detailed operation of the Reactor Manual
Control System during an insert cycle. The cycle is described in terms of the insert,
withdraw, and settle buses. The response of a selected rod when the various buses
are energized has been explained previously.

A three-position rod movement switch is provided on the reactor control bench
board. The switch has a "rod-in" position, a "rod-out-notch" position, and an "off"
position. The switch returns by spring action to the "oft" position. With a control rod
selected for movement, placing the rod movement switch in the "rod-in" position and
then releasing the switch energizes the insert bus for a limited amount of time. Just
before the insert bus is deenergized, the settle bus is automatically energized and
remains energized for a limited period of time after the insert bus is deenergized.
The insert bus timer setting and the rate of drive water flow provided by the control
rod drive hydraulic system determine the distance traveled by a rod. The timer
setting results in a one-notch (six-inch) insertion of the selected rod for each
momentary application of a rod-in signal from the rod movement switch.
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Continuous insertion of a selected control rod is possible by holding the rod
movement switch in the "rod-in" position.

A second switch can be used to initiate insertion of a selected control rod. This
switch is the "rod-out-notch-override" switch and is called the RONOR switch. The
RONOR switch has three positions: "emergency in," "notch override," and "off."
The switch returns to the "off'osition by spring action. By holding the RONOR
switch in the "emergency in" position, the insert bus is continuously energized,
causing a continuous insertion of the selected control rod.

7,7,4,2,3 ~Wlhd C

The following is a description of the detailed operation of the Reactor Manual
Control System during a withdraw cycle. The cycle is described in terms of the
insert, withdraw, and settle buses. The response of a selected rod when the
various buses are energized has been explained previously.

With a control rod selected for movement, placing the rod movement switch in the
"rod-out-notch" position energizes the insert bus for a short period of time.
Energizing the insert bus at the beginning of the withdrawal cycle is necessary to
allow the collet fingers to disengage the index tube. When the insert bus is
deenergized, the withdraw and settle buses are energized for a controlled period of
time. The withdraw bus is deenergized prior to the settle bus, which, when de-
energized completes the withdraw cycle. This withdraw cycle is the same whether
the rod movement switch is held continuously in the "rodout-notch" position or
released. The timers that control the withdraw cycle are set so that the rod travels
one notch (six inches) per cycle. An interlock is provided in the withdraw circuitry to
deenergize the control circuit and prevent rod withdrawal if the withdraw bus timer
fails to deenergize the withdraw bus after the specified time period.

A selected control rod can be continuously withdrawn if the rod movement switch is
held in the "rod-out-notch" position at the same time that the RONOR switch is held
in the "notch-override" position. With both switches held in these positions, the
withdraw bus is continuously energized.

7.7.4.2.4 Control Rod Drive H draulic S stem Control

Two motor-operated pressure control valves, two air-operated flow control valves in
parallel with only one operating, and two solenoid-operated stabilizing valves are
included in the Control Rod Drive Hydraulic System to maintain smooth and
regulated system operation (see Subsection 3.4, "Reactor Control Mechanical
Design" ). The motor-operated pressure control valves are positioned by
manipulating switches in the control room. The switches for these valves are
located close to the pressure indicators that respond to the pressure changes
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caused by the movements of the valves. The air-operated flowcontrol valve is
automatically positioned in response to signals from an upstream flow measuring
device. The stabilizing valves are automatically controlled by the action of the
energized insert and withdraw buses. The drive water pumps are controlled by
switches in the control room. Each pump automatically stops upon indication of low
suction pressure.

7.7.4.3 Rod Block Interlocks

7.7.4.3.1 General

To achieve an operationally desirable performance objective, where most failures of
individual components would be easily detectable or would not disable the rod
movement inhibiting functions, the rod block logic circuitry is arranged as two
similar logic circuits. Most common connection points that would, after failure, allow
rod withdrawal under rod block conditions are eliminated. The two circuits are
energized when control rod movement is allowed. Rod block contacts are normally
closed, and rod block relays are normally energized. Each of the two similar circuits
receive input trip signals from a number of trip channels. Three rod withdrawal
block signals are associated with the two rod block circuits. Either of the two
circuits can provide a separate rod block signal to the rod control circuitry. The
individual signal from each circuit is called an "annunciating rod block control,"
because, when tripped, a horn or buzzer is sounded in the control room to indicate
the block signal. The third rod block signal is obtained by combining the outputs of
the two similar logic circuits, the rod worth minimizer output (see Subsection 7.16,
"Process Computer System" ), and the rod block monitor outputs. This third signal is
called the "nonannunciating rod block control," because, when tripped, the rod
block condition is indicated in the control room by light indicator only. The two
"annunciating rod block controls" are always placed in pairs in the rod control
circuitry, while the "nonannunciating rod block control" is used independently. Both
the two "annunciating rod block controls" and the "nonannunciating rod block
control" must be in the permissive state for control rod withdrawal to be possible. A
failure of any one of the three rod block controls cannot prevent the remaining parts
of the rod block circuitry from initiating a rod block.

When in the tripped state, the "nonannunciating rod block control" prevents the
withdraw movement of a selected rod by opening the rod control circuit that is used
to energize the withdraw bus. The "annunciating rod block controls" prevent the
withdraw movement of a selected rod in a similar manner, but the rod control circuit
is opened at a location different from that affected by the "nonannunciating rod
block control." The rod block circuitry is effective in preventing rod withdrawal, if
required, during both normal (notch) withdrawal and continuous (notch override)
withdrawal. Ifa rod block signal is received during a rod withdrawal, the control rod
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is automatically stopped at the next notch position, even ifa continuous rod
withdrawal is in progress.

The components used to initiate rod blocks in combination with refueling operations
provide rod block trip signals to these same rod block circuits. These refueling rod
blocks are described in Subsection 7.6, "Refueling Interlocks."

7.7.4.3.2 Rod Block Functions

The following discussion describes the various rod block functions and explains the
intent of each function. The instruments used to sense the conditions for which a
rod block is provided are discussed later. Figures 7.7-6a and -6b show all the rod
block functions; the rod block functions provided specifically for refueling situations
are described in Subsection 7.6.

a. With the mode switch in SHUTDOWN, no control rod can be withdrawn. This
enforces compliance with the intent of the SHUTDOWN mode.

b. The circuitry is arranged to initiate a rod block regardless of the position of the
mode switch for the following conditions:

Any average power range monitor (APRM) upscale rod block alarm.
The purpose of this rod block function is to avoid conditions that would
require Reactor Protection System action ifallowed to proceed. The
APRM upscale rod block alarm setting is selected to initiate a rod block
before the APRM high neutron flux scram setting is reached.

2. Any APRM inoperative alarm. This assures that no control rod is
withdrawn unless the average power range neutron monitoring
channels are either in service or properly bypassed.

Either rod block monitor (RBM) upscale alarm. This function is
provided to stop the erroneous withdrawal of a control rod so that local
fuel damage does not result. Although local fuel damage poses no
significant threat in terms of radioactive material released from the
nuclear system, the trip setting is selected so that no local fuel damage
results from a single control rod withdrawal error during power range
operation.

4. Either RBM inoperative alarm. This assures that no control rod is
withdrawn unless the RBM channels are in service or properly
bypassed.
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On Units 2 and 3, the RBM inoperable functions are 1) local RBM
chassis mode switch not in operate, 2) less than the required number of
LPRIVl inputs for the rod selected, 3) module unplugged (loss of input
power), 4) self-test detected critical fault, and 5) RBM fails to null. On
Unit 1, the RBM inoperable functions are 1) local "operate-calibrate"
switch not in operate, 2) less than the required number of LPRM inputs
for the rod selected, 3) circuit boards not in circuit, and 4) RBM fails to
null.

For Unit 1, either recirculation flow converter upscale or inoperative
alarm. For Unit 2 and Unit 3, any recirculation flow signal upscale or
inoperative alarm. This assures that no control rod is withdrawn unless
the recirculation flowfunctions, which are necessary for the proper
operation of the APRMs and/or RBMs, are operable.

For Unit 1, recirculation flow converter comparator alarm or inoperative
alarm. This assures that no control rod is withdrawn unless the
difference between the outputs of the flow converters is within limits and
the comparator is in service.

Scram discharge volume high water level. This assures that no control
rod is withdrawn unless enough capacity is available in the scram
discharge volume to accommodate a scram. The setting is selected to
initiate a rod block well in advance of that level which produces a
scram.

Scram discharge volume high water level scram trip bypassed. This
assures that no control rod is withdrawn while the scram discharge
volume high water level scram function is out of service.

Rod worth minimizer (RWM) function of the process computer system
initiates a rod insert block, a withdrawal block, or a rod select block.
The purpose of this function is to reinforce procedural controls that limit
the reactivity worth of control rods under low power conditions. The rod
block trip settings are based on the allowable control rod worth limits
established for the design basis rod drop accident. Adherence to
prescribed control rod patterns is the normal method by which this
reactivity restriction is observed. Additional information of the rod worth
minimizer function is available in Subsection 7.16, "Process Computer
System."

Rod position information system malfunction. This assures that no
control rod can be withdrawn unless the rod position information system
is in service.
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11. Rod movement timer switch malfunction during withdrawal. This
assures that no control rod can be withdrawn unless the timer is in
service.

c. With the mode switch in RUN, any of the following conditions initiates a rod
block:

1. Any APRM downscale alarm. This assures that no control rod will be
withdrawn during power range operation unless the average power range
neutron monitoring channels are operating correctly or are correctly
bypassed. All unbypassed APRMs must be on scale during reactor
operations in the RUN mode.

2. Either RBM downscale alarm. This assures that no control rod is
withdrawn during power range operation unless the RBM channels are
operating correctly or are correctly bypassed. Unbypassed RBMs must
be on scale during reactor operations in the RUN mode.

d. With the mode switch in STARTUP or REFUEL, the following conditions
initiate a rod block:

1. Any source range monitor (SRM) detector not fully inserted into the core
when the SRM count level is below the retract permit level and any
intermediate range monitor (IRM) range switch on either of the two
lowest ranges. This assures that no control rod is withdrawn unless all
SRM detectors are properly inserted when they must be relied upon to
provide the operator with neutron flux level information.

2. Any SRM upscale level alarm. This assures that no control rod is
withdrawn unless the SRM detectors are properly retracted during a
reactor startup. The rod block setting is selected at the upper end of the
range in which the SRM is designed to detect and measure neutron flux.

3. Any SRM downscale alarm. This assures that no control rod is
withdrawn unless the SRM count rate is above the minimum prescribed
for low neutron flux level monitoring.

4. Any SRM inoperative alarm. This assures that no control rod is
withdrawn during low neutron flux level operations unless proper neutron
monitoring capability is available in that all SRM channels are in service
or properly bypassed.
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5. Any intermediate range monitor (IRM) detector not fully inserted into the
core. This assures that no control rod is withdrawn during low neutron
flux level operations unless proper neutron monitoring capability is
available in that all IRM detectors are properly located.

6. Any IRM upscale alarm. This assures that no control rod is withdrawn
unless the intermediate range neutron monitoring equipment is properly
upranged during a reactor startup. This rod block also provides a means
to stop rod withdrawal in time to avoid conditions requiring Reactor
Protection System action (scram) in the event that a rod withdrawal error
is made during low neutron flux level operations.

7. Any IRM downscale alarm except when range switch is on the lowest
range. This assures that no control rod is withdrawn during low neutron
flux level operations unless the neutron flux is being properly monitored.
This rod block prevents the continuation of a reactor startup if the
operator upranges the IRM too far for the existing flux level; thus, the rod
block ensures that the intermediate range monitor is onscale ifcontrol
rods are to be withdrawn.

8. Any IRM inoperative alarm. This assures that no control rod is withdrawn
during low neutron flux level operations unless proper neutron monitoring
capability is available in that all IRM channels are in service or properly
bypassed.

7.7.4.3.3 Rod Block B asses

To permit continued power operation during the repair or calibration of equipment
for selected functions which provide rod block interlocks, a limited number of
manual bypasses are permitted as follows:

Unit 1 Unit 2 and Unit 3

1 SRM channel,
2 IRM channels,
2 APRM channels, and

RBM channel.

1 SRM channel,
2 IRM channels,
1 APRM channels, and
1 RBM channel.

The permissible IRM and APRM bypasses are arranged in the same way as in the
Reactor Protection System. The IRMs are arranged as two groups of equal
numbers of channels. One manual bypass is allowed in each group. The groups
are chosen so that adequate monitoring of the core is maintained with one channel
bypassed in each group. In Unit I, the same type of grouping and bypass I

arrangement is used for the APRMs. The arrangement allows the bypassing of one
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IRM and one APRM in each group. !n Unit 2 and Unit 3 there are four APRM
channels, each receiving input from LPRM detectors covering the entire core. The
channels are arranged so that adequate monitoring of the core is maintained with
one channel bypassed.

i

These bypasses are effected by positioning switches in the control room. A light in
the control room indicates the bypassed condition.

An automatic bypass of the SRM detector position rod block is effected as the
neutron flux increases beyond a preset low level on the SRM instrumentation. The
bypass allows the detectors to be partially or completely withdrawn as a reactor
startup is continued.

An automatic bypass of the RBM rod block occurs whenever the power level is
below a preselected level or whenever a peripheral control rod is selected. Either
of these two conditions indicates that local fuel damage is not threatened and the
RBM action is not required.

The rod worth minimizer rod block function is automatically bypassed when reactor
power increases above a preselected value in the power range. It may be manually
bypassed for maintenance at any time.

7.7.4.3.4 Arran ement of Rod Block Tri Channels

The same grouping of neutron monitoring equipment that is used in the Reactor
Protection System is also used in the rod block circuitry. One half of the total
numbers of APRMs, IRMs, SRMs, and RBMs provides inputs to one of the rod block
logic circuits, and the remaining half provides inputs to the other logic circuit. In
Unit 1, one recirculation flowconverter provides a rod block signal to one logic
circuit; the remaining converter provides an input to the other logic circuit. The flow
converter comparator provides trip signals to each flow converter trip circuit. In
Unit 2 and Unit 3, each APRM receives recirculation loop A and B flow signals from
a pair of differential pressure transmitters and calculates total recirculation flow.
The APRM provides an alarm and control rod block on recirculation flow upscale
conditions. In addition to the arrangement just described, both RBM trip channels
(Unit 1) provide input signals into a separate circuit for the "nonannunciating rod
block control." Scram discharge volume high water level signals are provided as
inputs into one of the two rod block logic circuits. Both rod block logic circuits
sense when the high water level scram trip for the scram discharge volume is
bypassed. The rod withdrawal block from the rod worth minimizer trip affects a
separate circuit that trips the "nonannunciating rod block control." The rod insert
block from the rod worth minimizer function prevents energizing the insert bus for
both notch insertion and continuous insertion.
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The APRM and (in Unit 1 and Unit 3) RBM rod block settings are varied as a
function of recirculation flow such that the ratio of percent power to percent flow
equals 0.58 and .66, respectively.

Analyses show that the settings selected are sufficient to avoid both Reactor
Protection System action and local fuel damage as a result of a single control rod
withdrawal error. Mechanical switches in the SRM and IRM detector drive systems
provide the position signals used to indicate that a detector is not fully inserted.
Additional detail on all the Neutron Monitoring System trip channels is available in
Subsection 7.5, "Neutron Monitoring System." The rod block from scram discharge
volume high water level utilizes two nonindicating float switches installed on the
scram discharge volume.

7.7.4.4 Instrumentation

The operator has three different displays of control rod position:

a. Full rod status display,

b. four rod display, and

c. process computer printout.

These displays serve the following purposes:

a. Provide the operator with a continuously available, easily digestible
presentation of each control rod's status,

b. Provide continuously available, easily discernible warning of an abnormal
condition,

c. Present numerical rod position for each rod, and

d. Log all control rod positions on a routine basis.

The full rod status display is located on the upper vertical section of the reactor
control board in the control room. It provides the following continuously available
information for each individual rod:

a. Rod position, digital and fully inserted (green),

b. Rod position, digital and fullywithdrawn (red),

c. Rod identiTication (coordinate position, white),
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d. Accumulator trouble (amber),

e. Rod scram (blue), and

f. Rod drift (red).

Also dispersed throughout the display in locations representative of the physical
location of LPRM strings in the core are LPRM lights as follows:

a. LPRM low flux level (white), and

b. LPRM high flux level (amber).

A separate, smaller display is located just below the large display on the vertical
part at the bench board (see Figure 7.7-2). The information presented on this
display includes the LPRM values for each of the detector arrays surrounding the
rod selected (see Figure 7.7-4). Since each detector array contains four sensors in
a vertical column and since there can be a maximum of four detector arrays
surrounding a rod, sixteen meters are installed. Four rod position modules are
between the LPRM indicators. [On Unit 2, operator display assemblies (ODAs)
provide LPRM indications, and the four rod position displays are located below the
ODAs.] These four modules will display rod position in two digits and rod selected
status (white light, off or on) for the four rods located within the LPRM detector
arrays being displayed. The rod position digital range is from 00 to 48, with 00
representing the fully in position, and 48, fullyout; each even increment (e.g.,
00-02, equals six physical inches of rod movement). The four rod display allows the
operator to easily focus his attention on the core volume of concern during rod
movements.

Control rod position information is obtained from reed switches in the control rod
drive that open or close during rod movement. Reed switches are provided at each
three-inch increment of piston travel. Since a notch is six inches, indication is
available for each half-notch of rod travel. The reed switches located at the
half-notch positions for each rod are used to indicate rod drift. Both a rod selected
for movement and the rods not selected for movement are monitored for drift. A
drifting rod is indicated by an alarm and red light in the control room. The rod drift
condition is also monitored by the process computer.

The status color statements are integrated with the position numeral statement in
the manner described in Figure 7.7-2.

Reed switches are also provided at locations that are beyond the limits of normal
rod movement. If the rod drive piston moves beyond the fullywithdrawn position, an
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alarm is sounded in the control room. The overtravel alarm provides a means to
verify that the drive-to-rod coupling is intact, because, with the coupling in its
normal condition, the drive cannot be physically withdrawn to the overtravel
position. Coupling integrity can be checked by attempting to withdraw the drive to
the overtravel position and observing that the overtravel alarm does not annunciate.

The process computer receives position indication from each rod and is capable of
displaying and printing control rod position information.

All displays are essentially independent of one another. Signals for the rod status
display are hard-wired from the rod position information system cabinet (RPISC)
buffer outputs, so that a signal failure of other parts of the RPISC will not affect this
display. Likewise, the computer could conceivably fail and the rod status and rod
position displays will continue to function normally.

The following control room lights are provided to allow the operator to know the
conditions of the Control Rod Drive Hydraulic System and the control circuitry:

a. Stabilizing valve selector switch position,

b. Insert bus energized,

c. Withdraw bus energized,

d. Settle bus energized,

e. Withdrawal not permissive,

f. Notch override,

g. Pressure control valve position,

h. Flow control valve position,

i. Drive water pump low suction pressure (alarm only),

j. Drive water filter high differential pressure (alarm only),

k. Charging water (to accumulator) high pressure (alarm only),

I. Control rod drive temperature,

m. Scram discharge volume not drained (alarm only), and
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n. Scram valve pilot air header low pressure (alarm only).

Additional instrumentation provided for the Reactor Manual Control System is
presented in Table 7.7-1. Many of these Reactor Manual Control System
indications are displayed on the reactor control bench board.

7.7.5 Safet Evaluation

The circuitry described for the Reactor Manual Control System is completely
independent of the circuitry controlling the scram valves. This separation of the
scram and normal rod control functions prevents failures in the reactor manual
control circuitry from affecting the scram circuitry. The scram circuitry is discussed
in Subsection 7.2. Because each control rod is controlled as an individual unit, a
failure that results in energizing of any of the insert or withdraw solenoid valves can
affect only one control rod. The effectiveness of a reactor scram is not impaired by
the malfunctioning of any one control rod. It can be concluded that no single failure
in the Reactor Manual Control System can result in the prevention of a reactor
scram, and that repair, adjustment, or maintenance of reactor Manual Control
System components does not affect the scram circuitry. This meets safety design
bases 1 and 2.

The rod block monitor limits local power spikes due to rod withdrawal error. This
meets safety design basis 3. The logic and instrumentation used in the reactor
manual control system is designed to prevent rod movement in the event that one
channel of a required protective function becomes inoperable. This meets safety
design basis 4.

7.7.6 Ins ection and Testin

The Reactor Manual Control System can be routinely checked for proper operation
by manipulating control rods using the various methods of control. Detailed testing
and calibration can be performed by using standard test and calibration procedures
for the various components of the reactor manual control circuitry.
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Table 7.7-1

(Sheet 1)

REACTOR MANUALCONTROL SYSTEM INSTRUMENTATION

M~&V I*

Pump Suction Pressure

Pump Suction Pressure Ahirm

Pump Discharge Pressure

Filter Pressure Drop

System Flow Indication and
Controller

Accum. HDR. CHG. PRESS Atarm

Drive HDR. Flow

Drive HDR. Pressure

Drive HDR. Pressure Drop

Cooling HDR. Flow

Cooling Pressure

Cooling HDR. Pressure Drop

Stabilizing Flow

Exhaust Pressure

Return Pressure

Scram Discharge Volume Level

Drive Temperature

~lnslru i~en T ie

Pressure Indicator

Pressure Switch

Pressure Indicator

8P Indicator

Flow Indicator

Press Indicator

Flow Indicator

Pressure Indicator

iiP Indicator

Flow Indicator

Pressure Indicator

8P Indicator

Flow Indicalor

Pressure Indicator

Pressure Indicator

Level Switch

Ivlonitor

N

2-Pl-85-1

2-PS45-1
2-PA45-1

2-PI-85-9

2-PDIS45-10

2-FI45-11A
2-Fl-85-1 1B

2-PA45-1 3

2-Fl-85-15A
2-Fl-85-15B

2-PI45-16

2-PDI-85-17A
2-PDI-85-17B

2-FI45-25A
2-Fl-85-25B

2-PI45-26

2-PDI45-18A
2-PDI45-18B

2-FI45-22

2-PI45.29

2-PI4541

2-LS4$ 45L
2.LS-85-45M

2-TR45-7A
2-TR45-7B

T~SN

18" H (decreasing)

17 to 22 psid (increasing)

1510 psig (increasing)

250'F



BFN-16

Table 7.7-1

(Sheet 2)

REACTOR MANUALCONTROL SYSTEM INSTRUMENTATION

Measure ariable

Instrument AirSupply Pressure

F. C. Station AirPressure

Scram Pilot AirHDR. Pressure

Scram Pilot Air HDR. Pressure

Accum. N2 Chg. Pressure

Exhaust Flow

FCV Electro/Pneumatic Converter

Reactor Pressure

Upstream Return Pressuro

Control Rod Drive Overtravel
(I/I/ithdraw direction)

Control Rod Drive Overtravel
(insert direction)

Control Rod Position
(normal range)

Instr~enlLTygg

Pressure Indicator

Pressure Indicator

Pressure Indicator

Pressure Switch

Pressure Indicator

Flow Indicator

Pressure/Current

Pressure Indicator

Pressure Indicator

Reed Switches

Reed Switches

Reed Switches

~ns BrmenLIIo

2-PI45-12

2-Pl-85-92

2-Pl-8548

2-PS-8548

2-PI4543A
2.PI4&33B

2-F I-8540A
2-Fl-85-30B

2-FM-85-11A
2-FM-85-11 B

2-PI45-19

2-PI 45.28

S-50

S.51

S00-S48

T~SllN

70 psig (decreasing)
75 psig (increasing)

2 inches beyond full
withdrawal position

1-9/16 inches beyond
full insert position

Rod Block - neutron monitoring
system trip channels

Rod Block - rod worth minimizer

Rod Block - flowconverter and
comparator trip channels

See NEUTRON MONITORINGSYSTEM

Seo PROCESS COMPUTER
SYSTEM'ee

NEUTRON MONITORINGSYSTEM'
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TABLE 7.8-1

(Sheet 1)

REACTOR VESSEL INSTRUMENTATION

'easured

Variable

Reactor vessel surface
temperature

Reactor Vessel top head
surface temperature

Reactor vessel top head
flange surface temperature

Instrument~Te
Thermocouple

Thermocouple

Thermocou pie

T~ri Seiiie

Reactor vessel surface
temperature

Temperature
recorder

Calibrated jet pump
flow

Jet pump flow rate
transmitter

Flow
transmitter

Flow
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TABLE 7.8-1 (Cont'd)

(Sheet 2)

REACTOR VESSEL INSTRUMENTATION*

Measured Variable

Calibrated jet pump flow

Instrument
~Te

Flow
indicator

T~ei Settie

Jet pump flow rate Flow
indicator

Calibrated jet pump flow Square root
extractor

Recirculation loop flow
rate

Flow summer

Recirculation loop flow
rate

Flow
indicator

Core total flow Flow
summer

*Other instruments measuring reactor vessel variables are discussed in sections of the Safety Analysis Report where the systems using the
instruments are described.

"Four level ranges with corresponding level trip settings.
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TABLE 7.8-2

(Sheet 1)

PRIMARY CONTAINMENT
MONITORING INSTRUMENTATION

Instrument

Drywell Pressure Indication

~Ran e

-15 to 65 psig
0-300 psig

Instrument Location

Local and Control Room

T~rt Function

Drywell Pressure Recorder -15 to 65 psig
0-300 psig

Control Room Alarm on High Pressure

Drywell Temperature
Temperature
Indication (2)

0-400'F Control Room Local Alarm on High

Drywell Temperature Recorder
Temperature

Suppression Chamber Pressure
Indicator

0-400'F

0-60 psig

Control Room

Local

Alarm on High

Suppression Chamber Pressure
Recorder

0-60 psig Control Room

Suppression Chamber AirTemperature
Recorder

0-400'F Control Room

Suppression Chamber Water
Level Indication (Narrow Range)

-15" to +10" Control Room Alarm on High or Low
Water Level

Suppression Chamber Water Level
Indication and Recording (Wide Range)

0-240" Control Room
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TABLE 7.8-2 (Cont'

(Sheet 2)

PRIMARY CONTAINMENT
MONITORING INSTRUMENTATION

~1s ~et
Suppression Chamber Water
Temperature Indication

Drywefl Flood Lovel

Drywall Equipment DraIn Sump Level

Drywall Floor Drain Sump Level

Drywell Sump Level (measured by
integrated sump pump flow recording)

Leak Detection Monitor Low Lovel
Radiation

an o

30'-2300 F

85''bove
instrument
penetration

0" to 40'bove
sump floor

0 to 40" above
sump floor

0-150 GPM

10-10 cpm

Control Room (2 Channels)
Local

Control Room

Local

Local

Control Room

Local

T~I>~ut~io

Alarm on High Tornperaturo

Alarm on High Lovel

Alarm on decreasmg level,
on increasing level, and
high fillrate

Alarm on decreasing level ~

increasing lovel~ and
high fillrate

Alarm on High Radiation

Oxygen analyzer'-25o
0-5%

Control Room Alarm on High Oxygen
Concentration

Postaccldent Containment

Atmosphere Monitoring System

(1) High Level Radiation Recorder

(2) Hydrogen Analyzer

1-10 R/Hr

0-20%
0-100%

Control Room

Control Room

Alarm on High Radiation

Alarm on High Hydrogen
Concentration

'onitor willbe used in normal opera'lion and In postaccident monitoring.
-Range can be selected.
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7.9 RECIRCULATION FLOW CONTROL SYSTEM

7.9.1 Power Generation Ob'ective

The objective of the Recirculation Flow Control System is to control reactor power
level over a limited range by controlling the flow rate of the reactor recirculating
water.

7.9.2 Power Generation Desi n Basis

The Recirculation Flow Control System is designed to allow manual control of
reactor power by adjusting the flow rate of the recirculation water.

7.9.3 Safet Desi n Basis

The Recirculation Flow Control System shall function so that no operational
transient resulting from a malfunction in the Recirculation Flow Control System can
result in fuel damage or in a violation of the nuclear system pressure limit.

T. ~ .4 ~0

7.9.4.1 General

The Recirculation Flow Control System adjusts the flow rate of the recirculating
pumps by adjusting the frequency and voltage supplied to the pump motors. The
Recirculation Flow Control System can automatically effect changes in reactor
power level between approximately 60 percent and 100 percent of rated power.

An increase in recirculation flow temporarily reduces the void content of the
moderator by increasing the flow of coolant through the core. Due to the higher
moderator density, the core reactivity, and thus power level, is increased. At this
higher power level (higher heat flux), the steam volume in the core increases with a
subsequent decrease in core reactivity. A new steam void equilibrium is
subsequently attained at the higher recirculation flow rate, which establishes a new
steady-state power level. When the recirculation flow is reduced, the power level is
reduced in the reverse manner.

When both reactor recirculation pumps are operating (Units 1 8 2 only), one
equalizer valve between the two recirculation pump discharge lines is opened and
the other equalizer valve is closed. The motive power to the valves is removed.
This prevents pressure buildup between the equalizer valves due to ambient and
conduction heating of the water. Figures 7.4-8a and -Sc of Subsection 7.4 show the )

recirculation loop valve functional control logic for historical information only.
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7.9.4.2 Motor-Generator Set

Each motor-generator (MG) set supplies power to its associated recirculating pump
motor. Each of the two MG sets and its controls are identical; therefore, only one
description is given. Figure 7.9-2 shows the general arrangement and rating of the
MG set. The MG set can continuously supply power to the pump motor at any
frequency between approximately 19 percent and 96 percent of MG set drive-motor
synchronous speed. The MG set is capable of starting the pump and accelerating it
from standstill to the desired operating speed when the pump motor thrust bearing
is fully loaded by reactor pressure acting on the pump shaft.

The main components of the MG set are a drive motor, a generator, and a
variable-speed converter with an actuation device to adjust the output speed.

7.9.4.2.1 Drive Motor

The drive motor is an AC induction motor, which drives the input shaft of the
variable-speed converter. The motor can operate under electrical supply variations
of 5 percent of rated frequency and 10 percent of rated voltage. The AC power for
each drive motor is supplied from a different bus.

7.9.4.2.2 Generator

The variable-frequency generator is driven by the output shaft of the variable-speed
converter. During normal operation, the generator is self-excited. The generator is
excited from an external source during pump startup.

7.9.4.2.3 Variable S eed Converter and Actuation Device

The variable-speed converter transfers power from the drive motor to the generator.
The variable-speed converter/actuator automatically adjusts the slip between the
converter input shaft and output shaft as a function of the signal from the speed
controller. If the speed controller signal is lost, the actuator is locked to cause the
speed converter slip to remain "as is." IVlanual reset of the actuation device is
required to return the speed converter to normal operation.

7.94.3 S eed Control Com onents

Units 1 and 2 - The speed control system controls the variable-speed converters of
both motor-generator sets. The MG sets can be manually controlled individually or
jointly. The master controller and the speed demand limiter are common to the
control of both MG sets. The signal from these two components is fed to two
separate sets of control system components-one set for each MG set. The control
system components for each MG set are the following: a manual automatic transfer
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station, a speed controller, a signal failure alarm, startup signal generator, and a
speed limiter.

Unit 3 - The speed control system is a fault tolerant digital control system. This
system is configured to provide for individual MG set control and common master
manual control. This control system is comprised of various I/O and processor
modules located in the Auxiliary Instrument room, with operator control stations in
the Main Control room. All control and limiting functions are performed via software
operating on the processor modules.

7.9.4.3.1 Master Control

Units 1 and 2 - The master controller is a manual/automatic controller which
provides a signal to control both recirculation pumps.

Unit 3- The master control station allows for common manual control of both MG
sets.

7.9.4.3.2 S eed Demand Limiter

Units 1 and 2 only - The speed demand limiter is an adjustable high/low dual limiter
module. It provides a limit on the maximum and the minimum MG set speeds which
are demanded by the master controller.

Normally, the master controller signal is between the limits of the speed demand
limiter, and the signal passes through the speed demand limiter to the
manual/automatic transfer stations for each MG set.

7.9.4.3.3 Manual/Automatic Transfer Station One for Each MG Set

Units 1 and 2- The manual/automatic transfer station is a manual station with a
transfer switch.

Unit 3- Each MG set is provided with an individual control station to allow individual
manual control, with the capability for transfer of control to the master control
station, while maintaining any speed biases set on the individual control stations.

7.9.4.3.4 S eed Controller One for Each MG Set

Units 1 and 2 - The speed controller transmits the signal that adjusts the MG set
variable-speed converter. On Unit 1 MG set, the error limiter network compares its
setpoint signal to the feedback signal from the MG set tachometer and adjusts its
output to the speed controller, so that the feedback signal from the tachometer
equals the setpoint signal. On Unit 2, the error limiter network compares its setpoint )
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signal to the output of the speed controller, making these controllers demand type
without speed regulation. The speed controller setpoint signal is received from the
master controller during automatic operation, from the manual/automatic transfer
station during individual MG set manual operation, and from the startup signal
generator during pump startup.

Unit 3 - The software implemented speed controller provides the signal that adjusts
the MG set variable-speed converter. The speed setpoint is compared to the
feedback signal from the MG set speed sensors and adjusts the output to the MG
set variable-speed converter accordingly. This speed feedback control may be
disabled to allow open loop manual control.

The individual MG set speed control setpoint signal is adjusted from the master
control station during master manual control, from the individual MG set control
stations during individual MG set manual operation. A preset startup setpoint is
input during pump startup.

7.9.4.3.5 Si nalFailureAlarm Onefor EachMG Set

Units 1 and 2 - Ifthe signal to the MG set variable-speed converter drops below 10
percent of minimum normal control signal, the signal failure alarm unit actuates an
alarm in the control room and acts to prevent any change of slip within the
variable-speed converter.

Unit 3 - On a control system failure, a system output will actuate to prevent any
change of slip within the variable-speed converter (common to both MG sets).

7.9.4.3.6 Startu Si nal Generator One for Each MG Set

Units 1 and 2 - The startup signal generator supplies the setpoint signal to the
speed controller during MG set startup. This sets the MG set variable-speed
converter for approximately 15 percent position.

Unit 3- A software startup signal generator will supply an output to the MG set
variable-speed converter to provide for approximately 15 percent position during
startup.

7.9.4.3.7 S eed Limiter Two for Each MG Set)

Units 1 and 2 - The two speed limiters are adjusted limiter modules. Speed limiter
No. 1 automatically limits the recirculation pump speed to 28 percent of rated speed
if the recirculation pump main discharge valve is not fullyopen, or upon low total
feedwater flow. Without this speed limiter, the recirculation pump could overheat if
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the recirculation pump discharge valve is partly closed. This speed limiter also
prevents cavitation in the recirculation or jet pumps.

Speed limiter No. 2 automatically limits the recirculation pump speed to 75 percent
of rated flow if one of the three feedwater pumps is at low flow and, coincidentally,
the reactor water level is below the low-level alarm setpoint. This reduction of the
recirculation pump speed reduces the reactor power to a level within the capacity of
the remaining feedwater flow, thus preventing plant shutdown due to a
low-water-level scram.

Unit 3- The two speed limiters are implemented in software. Speed limiter No. 1

automatically limits the recirculation pump speed to 28 percent of rated speed ifthe
recirculation pump main discharge valve is not fullyopen, or if the total feedwater
flow is less than 19 percent of rated flow. Without this speed limiter, the
recirculation pump could overheat if the recirculation pump discharge valve is partly
closed. This speed limiter also prevents cavitation in the recirculation or jet pumps,
ifthe feedwater flowdrops below 19 percent of rated flow.

Speed limiter No. 2 automatically limits the recirculation pump speed to 75 percent
of rated flow ifone of the three feedwater pumps is at low flow and, coincidentally,
the reactor water level is below the low-level alarm setpoint. This reduction of the
recirculation pump speed reduces the reactor power to a level within the capacity of
the remaining feedwater pumps flow, thus preventing plant shutdown due to a low-
water-level scram.

There are three operator initiated manual runbacks. Two runbacks are based on
total steam flow (for an approximation of reactor power), and one based on total
core flow.

7.9.4.4 S stem 0 eration

7.9.4.4.1 Recirculation Loo Startin Se uence

Each recirculation loop is independently put into operation by operating the controls
of each recirculation loop as follows (see Figures 7.9-4a, 7.9-4b, 7.9-4d, and
7.9-4e).

a. The starting sequence is manually initiated by placing the drive-motor control
switch for one MG set in the start position. The drive-motor breaker closes
provided that:

1. The drive motor bus is near rated voltage,

2. The recirculation loop suction valve is fullyopen,
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3. The recirculation loop discharge valve is fullyclosed,

4. The generator field breaker is open,

5. Generator lockout relay is reset,

6. Motor lockout relay is reset,

7. Lube oil pressure is not low,

8. Lube oil temperature below 210'F,

9. RPT breaker closed, and

10. Power available to DC lube oil pump.

b. Units 1 and 2 only - The manual/automatic transfer station will have been
previously switched to manual control and its output signal adjusted to give
the desired generator speed (typically 28 percent of rated speed) after the
pump has started.

c. Before the drive-motor breaker is closed, the following sequence of events
occurs automatically to position the variable speed converter for startup:

1. On Units 1 and 2, the signal from the manual/automatic transfer station is
interrupted and replaced with the startup signal generator output, while on
Unit 3 the demand output signal is set to the startup value and the MG set
setpoint fixed at a preset value, and

2. On Unit 1, the generator tachometer feedback is interrupted and replaced
with feedback from the output of the speed controller. Unit 2 has a fixed
feedback from the controller output and no interruption occurs. Unit 3
control system enters a tracking state to prevent reset windup.

d. Once the variable-speed converter has achieved its startup position, the
following events occur:

1. The external source of field excitation is engaged after a 5-second delay,
and

2. The generator field breaker is closed after a 6-second time delay.
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e. Field breaker closure reverses conditions c.(1)(Units 1, 2, and 3) and c.(2)
(Units 1 and 3 only) and reverts control to the manual/automatic transfer
station (software speed control on Unit 3) (see b).

f. After recirculation pump start is sensed by a differential pressure switch, the
generator is automatically transferred to self-excitation, and the jogging circuit
initiates the pump discharge-valve open sequence.

g. Recirculation flow is increased during startup by manually increasing
recirculation pump speed.

h. Units 1 and 2 - Control can be transferred to the master controller when the
recirculation pump speed reaches the speed demand limiter range.

Unit 3- Control may be transferred to the master control station after startup,
providing all control system permissives are met.

7.9.495 Recirculation Pum Tri RPT Control S stem

7 9451 ~0 ~

The recirculation pump trip (RPT) is the recirculation control system that trips the
recirculation pump motors from their power supplies in response to a
turbine-generator trip, load rejection, or an Anticipated Transient Without Scram
(ATWS). Its function is to reduce the severity of the thermal transients on the fuel
due to the turbine-generator trip and load rejection events by tripping the
recirculation pumps early in the event, and to reduce reactor power during an
ATWS event. The rapid core-flow reduction increases void content and thereby
reduces reactivity in conjunction with the control rod scram (See Figures 7.9-4c and
7.9-4f). See FSAR Section 7.19 for a description of the ATWS RPT system.

The RPT system is not classified as safety-related but is designed to Class 1E
standards (IEEE 279). The RPT breakers and trip logic are designed as seismic
Category 1, Class 1E equipment and are expected to remain functional in the event
of a design basis earthquake. Input to the RPT trip logic is from relays in the
reactor protection system (RPS).

The major components of the RPT system are RPS relays which trip on turbine
control valve fast closure and stop valve position, RPS relays which respond to
reactor output power level, separate division logic, and two circuit breakers for each
pump motor.

The RPT System is required to be operable whenever reactor thermal power is
greater than or equal to 30 percent rated thermal power otherwise inoperable
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EOC-RPT minimum critical power ratio limits specified by the Core Operating Limits
Report (COLR) must be met.

794 ~ 2 ~Ht D i ~

The RPT system design is based on two separate trip divisions; each has
equipment for each measured variable. This system is designed to meet the
single-failure criterion such that any single trip channel (sensor and associated
equipment) or system component failure does not prevent the system from
performing its intended function.

Electromechanical relays are used, as the logic elements within the RPT system
and the RPT system logic are of the fail-safe type (i.e., trip on loss of electrical
power). A switch is provided to reset the RPT system manually after pump trip.

The total delay time from start of "Turbine Stop Valve Closure," or "Turbine Control
Valve Fast Closure," to complete suppression of the electric arc between the fully
open contacts of the circuit breaker is less than 175 milliseconds at 80 percent of
rated pump motor speed.

The start of the "Turbine Stop Valve Closure" event is defined as the beginning of
turbine stop valve motion from its original full-open position.

The start of the "Turbine Control Valve Fast Closure" event is defined as the
beginning of turbine control valve fast closure motion. If this event signal is not
available as a time measurement reference, the control-valve hydraulic-pressure-
switch change-of-state can be used as a substitute. This can be done only if it can
be demonstrated that the hydraulic-pressure-switch change-of-state occurs before
or within 30 milliseconds after the beginning of control valve fast closure motion.

When either of the end-of-cycle (EOC) recirculation pump breakers trips, the
drive-motor breaker is then tripped. This can be accomplished either through
administrative operator control or automatically by logic control.

Both of the EOC breakers must be closed for the drive-motor breaker to be closed.
The interlock can be accomplished either through administrative operator control or
automatically by logic control.

7.9.4.5.3 EcCEui>ment

Individual components were procured to specifications which satisfy the operational
and environmental conditions. Manufacturer and plant startup test data, or
reasonable engineering extrapolation based on test data, are available to verify that
equipment which must operate to provide protection system action meets, on a
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continuing basis, the performance requirements determined to be necessary for
achieving the system requirements.

Prima Lo ic Elements and Sensors

The primary trip channels and division logic elements are fast-response,
high-reliability-type relays which are compatible with those relays used for the
Reactor Protection System. Sensors and associated equipment are highly reliable,
and the components are of a quality consistent with minimum maintenance
requirements and low failure rate.

Circuit Breakers

Each pump motor has two circuit breakers in series. The circuit breakers are
designed, built, and supplied with quality assurance to Class 1E equipment.

One circuit breaker trip coil is used exclusively for the RPT system. Separate
division control power supply is provided for each of the series-connected circuit
breakers.

All control and information circuits for each breaker, except for the trip coil used for
the RPT system, is provided with approved isolation devices (isolation relays or
other devices per IEEE-Standard 384) to permit interfacing with non-Class-1E
external control and information circuits.

Cables

Wiring for the two-pump RPT system requires special isolation, routing, and
protection considerations and is in accordance with the design criteria, "Physical
Independence of Electrical Systems."

E ui ment Com onents

The equipment components which form a part of the recirculation pump trip control
system are listed below, along with their function and operating requirements.

Circuit Breaker 0 eratin Re uirements

a. Normal Range (a) Pump motor current at 30 percent to
100 percent rated speed

b. Accuracy (b, c)

c. Number of Trip Coils

N/A

Two
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d. Interrupting Time Linear from 60 Hz to 15 Hz as
follows:

System
Frequency
(Hz)

Reactor
Power

(% NBR) (e)

Pump Motor Generator
Speed Frequency
(% Rated) (Hz)

Breaker
Interrupting
Time I

(Milliseconds)

60
60

100
30

80
30

44.8
16.8

(135
(360

"Turbine Stop Valve Closure" Sensor

a. Normal Range (a)

b. Accuracy (b, c)

c. Trip Setting

d. Response Time (d)

Fully open to fully.closed

N/A

A fixed valve position less than or equal
90 percent open

N/A

"Turbine Control Valve Fast Closure" Sensor

a. Normal Range (a)

b. Accuracy (b, c)

c. Trip Setting

d. Response Time (d)

Fully open to fully closed

N/A

Start of control valve closure

N/A

Recirculation Pump Trip System Bypass Switch

a. Normal Range (a)

b. Accuracy (b, c)

c. Bypass Setting

N/A

+ 3 percent rated power (e)

30 percent or less of rated power (e, f)
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d. Response Time (d)
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N/A

Notes:

(a) Prudent, steady-state operational limits of the measured variable.

(b) The maximum-allowable error (based on full range) or the measurement at the
point of switch actuation.

(c) The maximum-allowable error (based on full range) in the trip setpoint for
repetitive switch actuation.

(d) The maximum-allowable time from when the variable being measured just
exceeds the trip setpoint for opening the trip channel sensor contact during a
transient event.

(e) Rated power defined as the main turbine power that corresponds to the
reactor operation at 100 percent power with 100 percent recirculation flow.

(f) If the setpoint of the RPT is different for TSV closure and control-valve
fast-closure scram bypass in the RPS, the setpoint for TSV closure and
control-valve fast-closure scram bypass govern.

7.9.4.5A ~Rettabitit

The system is designed to accomplish the desired protection function and to
minimize the effect of this additional system on plant availability.

The logic design does not cause the inadvertent trip of more than one pump, given
a single component failure in the system. Each trip division is clearly identified to
reduce the possibility of inadvertent trip of the recirculation pump during routine
maintenance and test operations.

Redundant sensor circuits in each division (sensors, wiring, transmitter, amplifiers,
etc.) are electrically, mechanically, and physically independent, so that they are
unlikely to be disabled by a common cause except for an electrical power failure.

7.9.4.5.5 T~estabilit

Capability is provided for testing the system logic and calibrating instrument
channels once per refueling outage. Channel functional testing is performed once
per quarter to ensure continued operability of the RPT function.

Provisions allow closure of stop valve and fast closure of turbine control valve
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separately, at least one valve at a time (for normal routine valve test purposes),
without causing a pump motor trip.

The system input sensors and the division logic are capable of being checked one
channel or division at a time. The sensors and system logic test or calibration
during power operation does not initiate pump trip action at the system level.

Light indicators for operating bypasses are provided in the control room. The light
is continuously indicated when the sensor or division logic has been bypassed or
deliberately rendered inoperative for testing or repair purposes. Failure to restore
normal signals to the sensors, or removal of bypass after test, is guarded against by
making such failure conspicuous to the operating personnel and by ensuring that
adequate checkoff, locking, and sealing procedures are followed.

7. ~ 45.6 ~Mi i bit

The RPT system is designed to facilitate the recognition, location, replacement,
repair, or adjustment of setpoint and malfunctioning components or modules. Any
failing component in the system can be repaired or replaced during reactor
operation without initiating the pump trip action at system level.

7.9.4.5.7 0 eration Information

The RPT system is designed to provide the operator with accurate, complete, and
timely information pertinent to the system status. Indicators and annunciators are
provided for system input trip signals, initiation signal at system level, the status of
trip coils, and the mechanical position of the circuit breakers.

7.9.4.5.8 S stem Interaction

The RPT system is separated from other recirculation control systems to the extent
that failure of any single component in those systems does not prevent the system
from performing its intended function.

7.9.4.5.9 Performance

The RPT system design meets the maximum time delay requirement such that rapid
reactivity reduction is achieved early during turbine-generator trip or generator
load-rejection event transients.

7.9.5 Safet Evaluation

The Recirculation Flow Control System is designed so that coupling is maintained
between an MG set drive motor and its generator, even if the AC power or a speed
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controller signal fails. This assures that the drive-motor inertia contributes to power
supplied to the recirculation pump during the coastdown of the MG set after loss of
AC power, and that the generator continues to be driven if the speed controller
signal is lost.

Transient analyses described in Section 14.0, "Plant Safety Analysis," show that no
malfunction in the Recirculation Flow Control System can cause a transient
sufficient to damage the fuel barrier or exceed the nuclear system pressure limits,
as required by the safety design basis.

7.9.6 Ins ection and Testin

The MG set, master controller, speed controller, and function generator are
functioning during normal power operation. Any abnormal operation of these
components can be detected during operation. The components which do not
continually function during normal operation can be tested and inspected during
scheduled plant shutdowns. Recirculation Flow Control System components are
tested and inspected according to good maintenance practice and based on
component manufacturer's recommendations.
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7.11 PRESSURE REGULATOR AND TURBINE-GENERATOR CONTROL

7.11.1 Power Generation Ob ective

The power generation objective of the pressure regulator and the turbine-generator
control system is to provide an energy control system that coordinates
turbine-generator load and reactor output power while controlling reactor pressure.

7.11.2 Power Generation Desi n Basis

The pressure regulator is designed to manipulate turbine control valves and
turbine bypass valves, individually or in parallel, to maintain reactor pressure
within a narrow range of the pressure regulator setpoint as reactor power
varies from 0 percent to 100 percent nuclear boiler rated flow.

The turbine control system is designed to maintain a specified turbine load
and speed.

7.11.3 Descri tion Fi ure7.11-1

The pressure regulator and turbine controls are integrally connected to accomplish
the functions of controlling reactor pressure, turbine load, and turbine speed. The
turbine control system is an electro-hydraulic control (EHC) system that combines
standard solid-state electronic modules with high-pressure hydraulic actuators. The
control system can be divided into four major subsystems: speed control, load
control, pressure control, and flow control (see Figure 7.11-1).

7.11.3.1 S eed Control Subs stem

The speed control subsystem produces control signals used to control turbine
speed and acceleration. The subsystems consist of two independent
speed/acceleration channels. Each channel consists of a turbine speed sensor,
electronic reference signals for desired speed and acceleration, and analog
electronic circuits which modify and combine the turbine speed and acceleration
signals with the reference signals. When turbine speed is increasing, the
acceleration rate (rate of change of turbine speed) is combined with the desired
acceleration rate to produce the'acceleration error signal; when turbine speed is
relatively constant, the actual turbine speed is compared with the desired turbine
speed to produce the speed error signal. The speed error signal and acceleration
error signal from each channel are gated in the speed gate to produce the
speed/acceleration error signal. The speed/acceleration error signal is sent to the
load control subsystem to be used as one component of the control valve flow
signal and intercept valve flow signal.
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7.11.3.2 Load Control Subs stem

The load control subsystem produces control signals necessary to maintain a
specific turbine load. Through electronic reference circuits, the operator can
manually set the load reference signal which corresponds to the desired turbine
load. The load reference signal is combined with the speed/acceleration error
signal from the speed control subsystem to produce the load control subsystem
control valve signal. The load control unit control valve signal is gated with the load
unit signal and the combined maximum flow signal, both of which are produced by
operator adjustable electronic reference circuits in the load control subsystem, and
the total steam flow signal from the pressure control subsystem in the control valve
gate to produce the control valve flow. The control valve flow signal is input to the
flow control subsystem to position the turbine control valves.

The load reference signal is combined with the speed/acceleration error signal and
electronic bias signals to produce the intercept valve flow signal. This signal is
input to the flow control unit to position the turbine intercept valves.

7.11.3.3 Pressure Control Subs stem

The pressure control subsystem produces control signals necessary to maintain a
specific reactor pressure. This subsystem produces the total steam flow signal
which corresponds to the total steam flow through both the turbine control valves
and turbine bypass valves necessary to maintain a specific reactor pressure at a
given reactor power level. To provide redundance for reactor pressure control, two
independent channels are used. Each channel consists of a highly

accurate'lectronicpressure sensor, electronic reference signals for desired reactor
pressure, and analog electronic signal conditioning circuits. Reactor pressure is
sensed upstream from the turbine stop valves in one of the main steam lines by a
highly sensitive electronic pressure transducer which converts pressure to an
electronic pressure signal. The electronic pressure signal is combined with the
pressure reference signal, which is set by the operator through electronic reference
circuits, and electronic bias signals to produce the pressure error signal. The
pressure error signals from each channel are gated together in the pressure gate to
produce the total steam flow signal. The pressure error signal calling for the lower
reactor pressure is the signaI gated out as the total steam flow signal.

The other pressure error signal acts as a backup at a slightly higher pressure to
take control in the event the controlling regulator channel fails. The bias signals
determine which regulator is in control and are manually adjusted to maintain the
two pressure channels'etpoints about 2 psi apart.

The total steam flow signal is gated with the load control subsystem control valve
flow signal, load limit signal, and combined maximum flow signal to produce the
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control valve flow signal which is sent to the flow control subsystem. The signal
selected is the signal which produces the least flow to the turbine.

The difference between the total steam flow signal and the control valve flow signal
is combined with small biasing signals to produce the total flow error signal. The
total flow error signal is gated with the combined maximum flow sighal from the load
control subsystem in the bypass valve gate to produce the bypass valve flow signal.
The signal selected is the signal which produces the lesser flow through the bypass
valves.

7.11.3.4 Flow Control Subs stem

The flow control subsystem controls the positioning of the steam valves. It is the
interface between the electronic signals generated in the speed control, load
control, and pressure control subsystems and the hydraulic system which actually
controls the positioning of the steam valves. The positioning controls are similar for
the various valves. Each positioning unit consists of a hydraulic valve actuator,
servovalve to control the valve actuator, electronic position feedback signal which
gives the actual valve position, and the flow signal which provides the desired valve
position. The flow signal is combined with the position feedback signal to produce
the position error signal. The position error signal controls the servovalve to admit
more hydraulic fluid to the hydraulic actuator to open the steam valve or to bleed-off
fluid from the hydraulic actuator to close the steam valve.

When the flow signal equals the position feedback signal, the position error signal
is zero resulting in no steam valve movement.

Each of the four turbine control valves has its own positioning unit. Each unit
receives the control valve flow signal from the load control unit. All four valves
operate in parallel to control turbine steam flow.

Three of the six turbine intercept valves use positioning units as described above.
Each positional valve receives the intercept valve flow signal from the load control
unit. The positional valves operate in unison. The other three intercept valves
positions are controlled by solenoid valves which are operated by limit switches on
the positional valves. These valves are either fullyopen or fully closed. The
intercept valves control steam flow to the low pressure turbines and operate
principally to regulate turbine speed and acceleration during turbine startup. During
normal operation, all six intercept valves are fullyopen.

Each of nine bypass valves use a positioning unit similar to those described above.
The bypass valves are operated sequentially. A sequential bias signal is combined
with the flow signal and position feedback signals to produce the position error
signal. Each bypass valve positioning unit receives the bypass valve flow signal.
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The bias signal is different for each bypass valve and provides the offset necessary
for sequential operation.

7.11.4 Normal 0 eration

7.11.4.1 Initial Reactor Pressurization and Pressure Control

During plant startup, pressure in the reactor is initially less than the specified
reactor pressure setpoint and the turbine is shutdown. Both the control valve flow
and bypass valve flow signals are zero causing the turbine control valves and
bypass valves to be fully closed.

As power in the reactor is increased, initially, no steam flows from the reactor, but
reactor pressure increases. When reactor pressure begins to exceed the pressure
setpoint, steam must be released from the reactor to maintain reactor pressure at
the setpoint. Assuming that the load limit and combined maximum flow limitare
adjusted high enough that they do not affect control, and the load reference is set to
produce a load control subsystem control valve signal of zero, the following occur:

As reactor pressure increases and then exceeds the pressure setpoint,
pressure error A and B signals become greater than zero.

2. The control valve flow signal equals the smallest of the four inputs to the
control valve gate. At this time, the signal is zero because the load control
subsystem control valve signal is zero. This holds the control valves closed.

3. The difference between the control valve flow signal and the total steam flow
signal is the total flow error signal with the control valve flow signal equal to
zero, the total flow error signal equals the total steam flow signal.

4. Since the combined maximum flow limit is set high enough that it has no
effect, the bypass valve flow signal equals the pressure error signal.

5. For each bypass valve, the bypass valve flow signal is combined with the
individual bypass valve position signal and the individual bypass valve bias
signal to produce each bypass valve's position error signal. With the small
total steam flow signal which occurs during reactor startup, the sequential bias
is great enough that the position error signal is less than zero for all bypass
valves except the first one, holding all valves except the first one closed. For
the first bypass valve, the position error signal will be greater than zero. This
position error signal will operate the servovalve admitting hydraulic fluid to the
hydraulic actuator to open the first bypass valve. As the valve opens, the
position feedback signal increases, the valve will continue to open until the
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position feedback signal equals the bypass valve flow signal producing a zero
position error signal. The bypass valve remains positioned partly open.

As reactor power is increased, the amount of steam which must be released from
the reactor to maintain the specified reactor pressures increase. This produces an
increased total steam flow signal which is processed as described above. The net
effect is an increased in the bypass valve flow signal. This signal causes enough
bypass valves to open to permit sufficient steam flow to maintain the specified
reactor pressure.

The turbine is normally started with the reactor at normal operating pressure and
about 10-percent power. This amount of power produces sufficient steam for
turbine acceleration and to meet the turbine vendor's minimum turbine load
requirements. Turbine startup is initiated by operator selection of the desired speed
and acceleration rates which set the speed reference and acceleration reference
signals. In each speed and acceleration channel, the zero speed signal from the
speed sensor is combined with the speed reference signal to produce a speed error
signal much greater than zero and the acceleration signal is combined with the
acceleration reference signal to produce an acceleration error signal slightly greater
than zero. The speed and acceleration error signals from each channel are gated
together in the speed gate. This gate's output, the speed/acceleration error signal,
is the smallest of the four input signals. During turbine startup this is one of the
acceleration error signals. During startup, the load reference signal is zero. The
speed/acceleration error signal is combined with the load reference signal to
produce the load control subsystem control valve signal, which is slightly greater
than zero. The control valve flow signal which is output from the control valve gate
equals the control valve subsystem control valve signal, since this signal is the
smallest of the four input signals. For each control valve, the position feedback
signal is combined with the control valve flow signal to produce the position error
signal. When the control valve is fully closed, the position feedback signal is zero.
When this signal is combined with the control valve flow signal, it produces a

slightly positive position error signal. This causes the servovalve to operate to
admit hydraulic fluid to the hydraulic actuator opening the control valve. The valve
will continue to open until the position feedback signal equals the control valve flow
signal producing a zero position error signal which causes the servovalve to stop
admitting hydraulic fluid to the hydraulic actuator. Each control valve unit receives
the control valve flow signal causing all four control valves to operate in parallel. At
this time, all four control valves will be slightly open admitting steam to the turbine
causing it to accelerate. The acceleration signal is combined with the acceleration
reference signal as described above and will cause slight changes in the control
valve flow signal to position the control valves to produce a steady turbine
acceleration rate. As actual turbine speed approaches selected turbine speed, the

7.11-5



BFN-16

two speed error signals decrease until the speed error signals are less than the
acceleration error signals. The output from the speed gate will now be one of the
speed error signals. This causes the control valve flow signal to decrease resulting
in a slight decrease in control valve posftion and slightly reduces turbine steam
flow. When the turbine speed equals the selected speed, the control valves will be
open only enough to admit sufficient steam to the turbine to mainta'in the selected
speed.

Simultaneous, with operation of the control valves, the speed/ acceleration error
signal is combined with the load reference signal and bias signals to produce an
intercept valve flow signal greater than zero. The intercept valve flow signal is
combined with each positionable intercept valve's position feedback signal to
produce individual intercept valve position error signals. The servovalves operate
to admit hydraulic fluid to the hydraulic actuators to open these valves. They will
continue to open until each valve position feedback signal equals the intercept
valve flow signal. Each positionable intercept valve is equipped with a switch which
will actuate when the valve is almost fully open. The switch controls an electrical
solenoid valve which will operate to admit hydraulic fluid to one of the
nonpositionable intercept valve's hydraulic actuator causing the nonpositionable
intercept valve to fully open. The six intercept valves operate to control steam flow
between the high and low pressure turbines. Normally, all six valves are fully open.
During turbine acceleration they will respond to the speed/ acceleration error signal
changes to help control the turbine's speed.

While the turbine is accelerating and after it reaches the selected speed, it is still
necessary to maintain steady reactor pressure. This is accomplished by releasing
steam from the reactor. Part of the steam is released through the turbine; the
remainder must be released through the bypass valves. The total steam flow signal
generated in the pressure control subsystem is proportional to the total steam which
must be released through the control and bypass valves as described above. The
control valve flow signal equals the load control subsystem control valve flow signal.
The total flow error signal is the difference between the total steam flow signal and
the control valve flow signal. Generally, reactor power, reactor pressure, and
required total steam flow do not change during turbine startup. The total flow error
signal willbe reduced by an amount equal to the control valve flow signai. The
reduced total flow error signal becomes the bypass valve flow signal after passing
through the bypass valve gate and will reduce the amount of steam flowing through
the bypass valves. At this time, the bypass valves are controlling reactor pressure
and willfluctuate as necessary to maintain the reactor at the specified pressure.

7.11.4.3 Turbine Loadin and Normal Plant 0 eration

After the turbine achieves rated speed, the generator is synchronized with, and
connected to, the power transmission system. This results in steady turbine speed



with both speed error signals and the speed/acceleration error signal equal to zero.
This results in the load control subsystem control valve signal equaling the load
reference signal. As the operator increases the desired turbine load, the load
reference signal increases. Assuming the load control subsystem control valve
signal is still the smallest of the four pressure inputs, the control valve flow signal
will increase by a corresponding amount. This causes the control valves to open
further, admitting more steam to the turbine, and increasing the power produced in
the turbine. As the control valve flow signal increases, there is a corresponding
decrease in the total flow error signal. This results in a decrease in the bypass
valve flow signal and decreases steam flow through the bypass valves.

As turbine load is increased, a point occurs where the control valve flow signal
equals the total steam flow signal. This produces a zero total flow error signal
resulting in no flow through the bypass valves.

Pressure corrections are controlled by either the control valves or the bypass valves
depending on whether slight flow decreases or increases are required.

For normal plant operation, the load reference is set higher than actual turbine load.
As reactor power is increased, the load reference is advanced to maintain the load
reference signal higher than the total steam flow signal. All available steam is sent
to the turbine. The control valves are regulating turbine load and controlling reactor
pressure including making minor control valve position changes to maintain the
specified reactor pressure.
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7.12 PROCESS RADIATIONMONITORING

A number of radiation monitors and monitoring systems are provided on process
liquid and gas lines that may serve as discharge routes for radioactive materials.
The monitors include the following:

Main Steam Line Radiation Monitoring System
Air Ejector Offgas Radiation Monitoring System
Main Stack Radiation Monitoring System
Process Liquid Radiation Monitors
Reactor Building Ventilation Radiation Monitoring System
Plant Ventilation Exhaust Radiation Monitoring System

These monitors are described individually in this subsection.

7.12.1 Main Steam Line Radiation Monitorin S stem

7.12.1.1 ~Sf t
Ob'he

objective of the Main Steam Line Radiation Monitoring System is to monitor for
the gross release of fission products from the fuel and, provide indication of such
failure such that appropriate actions may be taken to limitfuel damage and contain
the released fission products.

7.12.1.2 Safet Desi n Basis

The Main Steam Line Radiation Monitoring System shall be designed to give
prompt indication of a gross release of fission products from the fuel.

2. The Main Steam Line Radiation Monitoring System shall be capable of
detecting a gross release of fission products from the fuel under any
anticipated operating combination of main steam lines.

3. Deleted

4. Deleted

7 12.1.3 ~0.

Four gamma sensitive instrumentation channels monitor the gross gamma radiation
from the main steam lines. The detectors are physically located near the main
steam lines just downstream of the outboard main steam isolation valves in the
space between the primary containment and secondary containment walls.
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The detectors are geometrically arranged so that the system is capable of detecting
significant increases in radiation level for a number of main steam lines in
operation. Their location along the main steam lines allows the earliest practical
detection of a gross fuel failure. This meets safety design bases 1 and 2. Two of
the channels are powered from one Reactor Protection System bus, and the other
two channels are powered from the other Reactor Protection System bus.

When a significant increase in the main steam line radiation level is detected,
non-safety related trip signals are initiated. For Unit 1, the trip signals are
transmitted to the Reactor Protection System, the Primary Containment and Reactor
Vessel Isolation Control System and to the Offgas System. 'For Unit 1, when high
radiation trip signals are initiated, the Reactor Protection System initiates a scram,
the Primary Containment and Reactor Vessel Isolation Control System initiates
closure of all main steam isolation valves, the mechanical vacuum pump is turned
off (if running), and the mechanical vacuum pump line valve is shut. For Units 2
and 3, the main steam high radiation trip signal stops the mechanical vacuum pump
and isolates its discharge path only. Closing of the main steam isolation valves,
stopping the mechanical vacuum pump, and closing the mechanical vacuum pump
line valve effects containment of radioactive materials. Although, the main steam
line high radiation trip functions are not required safety related functions, they limit
the resulting consequences of gross fuel failures.

The radiation trip setting selected is enough above the background radiation level
in the vicinityof the main steam lines that spurious trips are avoided at rated power.
Yet, the setting is low enough that the monitors can respond to the fission products
released from gross fuel failures.

Four instrumentation channels are used to provide a resistance to inadvertent trip
signal initiations as a result of instrumentation malfunctions. The output signals of
each monitoring channel are combined in such a way that at least two channels
must signal high radiation to initiate a trip signal. Thus, failure of any one
monitoring channel does not result in inadvertent action.

Each monitoring channel consists of a gamma sensitive ion chamber and a log
radiation monitor. Capabilities of the monitoring channel are listed in Table 7.12-1.
Each log radiation monitor has two trip circuits. One trip circuit comprises the
upscale trip setting that is used to initiate isolation. For Unit 1, the upscale trip is
also used to initiate a scram. The other trip circuit is a downscale trip that actuates
an instrument trouble alarm in the Main Control Room. The output level from each
log radiation monitor is displayed on a six-decade meter in the control room.

A two-pen recorder is used to record the outputs from two of the four monitoring
channels. Manual selector switches allow the outputs of two of the four channels to
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berecorded. The recorderhasoneupscalealarm circuit. Thealarm setting is
lower than the log radiation monitor upscale trip setting, so that an alarm is received
in the control room before the Unit 1 main steam line radiation monitor scram and
steam line isolation are effected.

The trip circuits for each monitoring channel operate normally energized, so that
failures in which power to monitoring components is interrupted result in a trip
signal. The environmental capabilities of the components of each monitoring
channel are selected in consideration of the locations in which the components are
to be placed.

7.12.1.4 Safet Evaluation

The system has been selected and designed with monitoring characteristics
sufficient to provide plant personnel with indication of gross fuel failures. Since the
system is not essential to any transients or accidents, safety related requirements
are not imposed. However, sufficient redundancy, separation, and power
requirements are included to provide prompt and accurate signals and indications.

7.12.1.5 Ins ection and Testin

A built-in, adjustable current source is provided for test purposes with each log
radiation monitor. Routine verification of the operability of each monitoring channel
can be made by comparing the outputs of the channels during power operation.

7.12.2 Air E'ector Off as Radiation Monitorin S stem

This paragraph describes the Air Ejector Offgas Radiation Monitoring System as it
exists following installation of recombiners and charcoal absorbers in the condenser
offgas system.

The objectives of the Air Ejector Offgas Radiation Monitoring System are to indicate
when limits for the release of radioactive material to the environs are approached
and to effect appropriate control of the offgas so that the limits are not exceeded.

7.12.2.2 Safet Desi n Basis

1. The AirEjector Offgas Radiation Monitoring System shall provide an alarm to
operations personnel whenever the radioactivity level of the air ejector offgas
reaches short-term limits.
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2. The AirEjector Offgas Radiation Monitoring System shall provide a
continuous record of the radioactivity released via the air ejector offgas line.

3. The AirEjector Offgas Radiation Monitoring System shall initiate appropriate
action in time to prevent exceeding short-term limits on the release of
radioactive materials to the environs as a result of releasing the radioactivity
contained in the air ejector offgas.

7.12.2,3 ~0

The Air Ejector Offgas Radiation Monitoring System is shown in Figures 7.12-2a
sheet 1, sheet 2, sheet 5, and sheet 6.

The system consists of two radiation monitor subsystems. One subsystem is lined
up to take a continuous sample from the offgas system just downstream of the
charcoal filters. The other takes a continuous reading from the offgas pipe (see
Subsection 9.5, "Gaseous Radwaste System (Modified)").

The post-treatment subsystem monitoring the offgas system downstream of the
charcoal filters has two instrumentation channels. Each channel consists of a
gamma-sensitive detector, a logarithmic radiation monitor with a power supply and
a meter, and a strip chart recorder point. The monitors and the two-pen recorder
are located in the control room.

Each logarithmic radiation monitor is powered from a different bus of the 24-V DC
system.

The two gamma-sensitive detectors are located in shielded chambers. A sample is
drawn from the offgas line through the sample chambers where the radiation level
of the gas is measured by two scintillation detectors, one located in each shielded
chamber.

Each monitor has three upscale trips and a downscale trip. An upscale trip
indicates high radiation. A downscale trip indicates instrument trouble. Any one trip
willgive an alarm in the control room. Any one upscale, high-radiation trip closes
the carbon bed filter bypass valve (ifopen) and opens the offgas line to the carbon
bed (ifclosed). Two upscale high-high-high radiation trips (one from each channel),
or one upscale high-high-high radiation trip and one downscale trip, or two
down-scale trips (one from each channel) isolate the offgas system outlet valve.
The pretreatment subsystem monitoring the offgas pipe upstream of the six-hour
holdup pipe has two instrument channels. One channel consists of a
gamma-sensitive detector, a logarithmic radiation monitor with a power supply and
a meter, and a strip chart recorder. The monitor and the recorder are located in the
control room. The logarithmic radiation monitor is powered from the instrument bus.
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The monitor has two upscale trips and a downscale trip. Each of the upscale trips
and the downscale trip sound an alarm in the control room. No control action is
performed by this channel.

Small changes in the offgas gross fission-product concentration can be detected by
the continuous use of the other radiation channel. This linear radiation monitor is
not a process monitor such as the channels described above, but is utilized as an
expanded scale device for aiding in locating ruptured or failed fuel elements. The
detector is a gamma-sensitive ionization chamber which monitors the same sample
as the upstream air ejector offgas detector. The system uses a linear readout with a
range switch instead of a logarithmic readout. The output from the monitor is
recorded on a one-pen recorder. The channel is connected to the 24-V DC power
bus (see Subsection 8.8).

These gamma-sensitive ion chambers are positioned adjacent to the vertical sample
chamber. The chamber is internally polished to minimize plate-out. A sample is
drawn from the offgas line through the sample chamber by the main condenser
suction.

The environmental and power supply design conditions are given in applicable
design output documents for the control room equipment.

7.12.2.4 Safet Evaluation

The Air Ejector Offgas Radiation Monitors have been selected with monitoring
characteristics sufficient to provide plant operations personnel with accurate
indication of radioactivity in the air ejector offgas. The system thus provides the
operator with enough information to easily control the activity release rate.
Because the system is not essential to any transients or accidents, no redundancy
is required, although sufficient redundancy is provided to allow maintenance on one
channel without losing the indications provided by the system.

7.12.2.5 Ins ection andTestin

Response can be checked by a known source.

7.12.3 Main Stack Radiation Monitorin S stem

7,12,3,1 ~Sf t Ob

The objectives of the Main Stack Radiation Monitoring System are to indicate
whenever limits on the release of radioactive noble gases to the environs are
reached or exceeded, to obtain representative samples of radioactive iodine and
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particulates for laboratory analysis, and to indicate the rate of radioactive noble gas
release during planned operations and during and following an accident.

7.12.3.2 Safet Desi n Basis

1. The Main Stack Radiation Monitoring System shall provide aclear indication
to operations personnel whenever limits on the release of radioactive material
to the environs are reached or exceeded.

2. The Main Stack Radiation Monitoring System shall indicate noble gas release
rates from values above noble gas release rate limits and over the range from
accident release rates down to release rates encountered during normal plant
operation.

3. The Main Stack Radiation Monitoring System shall record the rate of release
of radioactive noble gases to the environs and provide means for obtaining
representative stack samples of radioactive iodine and particulates for
laboratory analysis so that determination of the total amounts of activity
released is possible.

7.12.3.3 Descri tion

The Main Stack Radiation Monitoring System consists of two independent
monitoring systems; a normal-range system used during planned operations which
provides continuous monitoring for noble gases with grab sample capabilities for
particulates and iodine, and a wide-range system used during normal and accident
conditions which provides continuous monitoring for noble gases in the normal
range, continuous monitoring at higher activity levels for noble gases, particulates
and iodine in the accident range, and grab sample capabilities for noble gases,
particulates and iodine in both the normal and accident ranges.

The normal-range system is shown in Figure 7.12-2a, sheet 3. The system consists
of two individual channels. Each channel consists of a gamma-sensitive detector, a
log count rate monitor that includes a power supply and a meter, and a strip chart
recorder pen. The monitors and the two-pen recorder are located in the control
room. Both channels are connected to the 24-V DC power bus. (See
Subsection 8.8.)

Each monitor has two upscale trips and one downscale trip. Each trip initiates an
alarm in the control room, but no control action is provided. The upscale alarms
indicate high radiation, and the downscale alarm indicates instrument trouble. To
monitor the main stack gas stream, a gas sample is drawn through an isokinetic
probe which is located high enough in the vent stream to assure representative
sampling. The sample passes through two shielded chambers where the radiation

7.12-6



BFN-1 7

level of the vent gas is measured by two scintillation detectors, one located in each
shielded chamber.

As shown in Figures 7.12-2a sheet 3 and sheet 4, the system also provides for
monitoring iodine and particulates by the use of filters in the gas sample monitoring
stream. The filters are routinely analyzed in a laboratory. The environmental and
power supply design conditions are given in applicable design output documents.

A wide-range gaseous effluent radiation monitoring system shown in
Figure 7.12-2a, sheet 4, is installed at the main stack and has the capability to
continuously detect and measure concentrations of noble gas, particulate, and
iodine effluent during and following an accident. The system consists of a
normal-range channel which monitors noble gas drawn through a retrievable iodine
and particulate filter canister connected to an isokinetic probe located in the stack.
At a preset radiation level sensed by the normal-range noble gas monitor, the
accident-range channel automatically starts and draws an isokinetic sample from
the normal-range flow stream through shielded iodine and particulate detector
chambers each equipped with retrievable filters and a high-range shielded noble
gas detector chamber. Normal-range sample flow is bypassed around the
normal-range filter canister and noble gas detector chamber when the
accident-range monitors start. Gas cylinder connections are provided to obtain
noble gas samples for laboratory analysis on both ranges. The system provides
activity release rate indication and recording, upscale high radiation and downscale
instrument trouble alarms in the control room. It is powered from the normal offsite
power and backed up by an alternate offsite power source.

7.12.3.4 Safet Evaluation

The IVlain Stack Radiation Monitoring equipment has been selected with features
and characteristics sufficient to provide plant Operations personnel with accurate
indication of noble gas release and means for determining radioactive iodine and
particulate activity release to the environs via the main stack vent under both
normal- and accident-range conditions. The system thus enables Operations
personnel to determine when release rate limits are reached or exceeded and
determine the total amounts of activity released.

Because the system is not essential to any transients or accidents, no redundancy
is required, although sufficient redundancy is provided to allow maintenance on one
channel without losing the indication provided by the system.
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7.12.3.5 Ins ection andTestin

Each individual channel includes a built-in check source and a purge line to purge
the vent gas from the sampling chamber. Both the purge valve and the check
source are operated from the control room.

7.12.4 Process Li uid Radiation Monitors

7.12A.1 Safet Ob ective

On process streams that normally discharge to the environs, Process Liquid
Radiation Monitors are provided to indicate when operational limits for the normal
release of radioactive material to the environs are exceeded. On the Liquid
Radwaste System effluent, the monitor also closes valves to prevent release of
liquid containing excessive radioactivity.

7.12.4.2 Power Generation Ob'ective

On process streams that do not discharge to the environs, Process Liquid Radiation
Monitors are provided to indicate process system malfunctions by detecting the
accumulation of radioactive material in a normally uncontaminated system.

7.12.4.3 Safet Desi n Basis

Process Liquid Radiation Monitors which are used to monitor streams that normally
discharge to the environs shall provide a clear indication to operations personnel
whenever the radioactivity level in the stream reaches or exceeds preestablished
operational limits for the discharge of radioactive material to the environs.

7.12.4A Power Generation Desi n Basis

Process Liquid Radiation Monitors monitoring streams that do not discharge to the
environs shall provide a clear indication to operations personnel whenever the
radioactivity level in the stream reaches or exceeds a preestablished limit above the
normal radiation level of the stream.

7.12.4.5 ~25
The Process Liquid Radiation Monitors are shown in Figures 7.12-2b sheet 4, sheet
5, and sheet 6. Four individual channels with off-line detectors are provided for
each unit. One channel monitors the Raw Cooling Water discharge, another
channel monitors the Reactor Building Closed Cooling Water Systems, and the
third and fourth channels monitor the RHR Service Water Discharge System I and
System II RHRS heat exchangers. A separate channel with an in-line detector
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monitors the discharge from the Liquid Radwaste System which serves all units. All
channels are connected to the 24-V DC power bus. (See Subsection 8.8.)

Each of these monitors uses a scintillation detector and a ratemeter chassis. The
chassis ratemeters and the recorders are all located in the Main Control Room
except for the Radwaste System recorder, which is located on the radwaste control
panel in the Radwaste Building.

Each channel has an upscale trip to indicate high radiation level and one
downscale trip to indicate instrument trouble.

Raw cooling water is used to cool normally nonradioactive areas such as air
compressors, turbine auxiliary systems, and pump bearings. It also cools the
Reactor Building Closed Cooling Water System via heat exchangers. An increase
in the radiation level of the raw cooling water discharge may indicate that a leak into
the system from a contaminated stream has occurred.

The Reactor Building Closed Cooling Water System is utilized to provide cooling for
potentially contaminated areas such as the drywell atmosphere cooling coils,
nonregenerative heat exchanger, recirculation pumps and various sample coolers.
The system normally contains activity due to activation of added corrosion inhibitors
and the use of potentially contaminated makeup water. Changes in the normal
radiation level could indicate leaks of radioactive water into the system.

The Liquid Radwaste System provides for collection of waste liquids through
various drainage systems. Because of high conductivity, not all of the waste liquids
can be economically purified by demineralization. Consequently, some liquid

"

containing radioactivity is eventually discharged from the system. The process
liquid monitoring channel on the Liquid Radwaste System discharge indicates
discharge radiation levels. As described in paragraph 9.2.5, the monitor closes two
valves in the waste discharge line before the radioactivity concentration in the
discharged waste exceeds the limit determined by Offsite Dose Calculation Manual
(ODCM) methodology. I

The RHR Service Water System serves as the heat sink for the RHRS in the
shutdown cooling mode and the containment cooling mode. The water circulated
through the heat exchangers by the RHRS will be primary water or suppression
pool water, both of which have a significant activity level. Changes in the normal
radiation level in the RHR service water discharge could indicate leakage in the
RHR heat exchangers.

The environmental and power supply design conditions are given in applicable
design output documents.
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7.12.4.6 Safet Evaluation

The Process Liquid Radiation Monitors for the raw cooling water, radwaste and
RHR service water discharges possess radiation detection and monitoring
sensitivities sufficient to inform plant operations personnel whenever radiation
levels in the discharges rise above preset limits.

7.124.7 Ins ection andTestin

All alarm trip circuits can be tested by using test signals or portable gamma
sources.

7.12.5 Reactor Buildin Ventilation Radiation Monitorin S stem

7.12.5.1 Safet Ob'ective

The objectives of the Reactor Building Ventilation Radiation Monitoring System are
to indicate whenever abnormal amounts of radioactive material exist in the Reactor
Building, and to effect appropriate action so that the release of radioactive material
to the environs is controlled.

7.12.5.2 Safet Desi n Bases

The Reactor Building Ventilation Radiation Monitoring System shall provide a
clear indication to Operations personnel whenever abnormal amounts of
radioactivity exist in the Reactor Building by monitoring the intake to the
reactor zone ventilation exhaust fans and the radiation levels at each unit's
fuel pool.

2. The Reactor Building Ventilation Radiation Monitoring System shall initiate
appropriate action to control the release of radioactive material to the
environs when abnormal amounts of radioactive material exist in the Reactor
Building.

7.12.5.3 ~0

The Reactor Building Ventilation Radiation Monitoring System is shown in
Figures 7.12-2a sheet 1, sheet 5, and sheet 6, and specifications are given in Table
7.12-1. The system consists of six sets of Reactor Building Ventilation Monitors
(two divisional monitors per unit). Each monitor has one channel of refuel zone
logic and one channel reactor zone logic. Each refuel zone channel is comprised of
two Geiger-Muller type detectors with a signal splitter located on the refuel floor
next to each units fuel pool. Each reactor zone channel is comprised of two
Geiger-Muller type detectors
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with a signal splitter located on the associated units reactor zone ventilation
exhaust duct. One channel each of the refuel zone and reactor zone share a
combination computer graphics display and trip unit. The two divisional refuel zone
channels share a two-pen strip chart recorder and the two divisional reactor zone
channels share a two-pen strip chart recorder in each unit. All equipment is located
in the control room except for the detectors and the signal splitters.

Power for this system is from the 120VAC Reactor Protection System Busses "A"
and "B." Bus A supplies power to one monitor and Bus B supplies power to the
other monitor..

There is a Reactor Building Ventilation Radiation Monitor (RBVRM) trip function for
the refueling zone and a RBVRM trip function for the reactor zone. Each trip
function is composed of two divisional trip systems. Each trip system has one
channel for each zone. Each channel contains two sensors. A channel
downscale/inoperable trip occurs when either of the sensors are indicating less than
the low radiation setpoint or are inoperable. A channel upscale trip occurs when
both of the sensors are indicating higher than the high radiation setpoint. Only one
channel upscale trip is required for trip function initiation. Two channel downscale
trips in a zone are required for trip function initiation. When the trip function occurs,
the ventilation system of the affected zone is isolated, the Control Room Emergency
Ventilation System (CREVS) is started, the Standby Gas Treatment System is
initiated and the Primary Containment System is initiated closing various ventilation
supply, purge, and exhaust paths. When any reactor zone is isolated the refuel
zone (which is common to all three units) also isolates.

The environmental power supply design conditions are given in applicable design
output documents.

7.12.5.4 ~Sf E

The physical location and monitoring characteristics of the Reactor Building
Ventilation Radiation Monitoring System Channels are adequate to provide
detection capability for abnormal amounts of radioactivity in the Reactor Building
and initiate isolation. The redundancy and arrangement of channels are sufficient
to ensure that no single active component failure can prevent isolation when
required. During fuel handling operations (including criticality tests with the head
off), the Refueling Zone Monitoring System acts as an engineered safeguard
against the consequences of the refueling accident. The response of the Reactor
Building Ventilation Radiation Monitoring System to the refueling accident is
presented in Chapter 14, "Plant Safety Analysis."

During planned operation other than refueling (MODE 5), the radiation monitoring
system simply acts as a process safety system in monitoring the Reactor Building



atmosphere for abnormal radioactivity resulting from nuclear system leakage. In the
event of a refueling accident, this equipment initiates a containment isolation signal,
the Control Room Emergency Ventilation System (CREVS), and the Standby Gas
Treatment System.

7.12.5.5 Ins ection and Testin

The trip circuits are tested by using test signals or portable gamma sources.

7.12.6 Plant Ventilation Exhaust Radiation Monitorin S stem

7.12.6.1 Safet Ob ective

The objectives of the Plant Ventilation Exhaust Radiation Monitoring System are to
record the release of radioactive material from the plant buildings to the environs
and alarm when preset limits are reached.

7.12.6.2 Safet Desi n Basis

The Plant Ventilation Exhaust Radiation Monitoring System shall record the rate of
release of gaseous and airborne radioactive material to the environs, so that
determination of the total amounts of gaseous and airborne activity released is
possible.

7.12.6.3 ~0

e',
The Plant Ventilation Exhaust Radiation Monitoring System consists of 10
Continuous AirMonitors (CAM), each one their own subsystem. One subsystem
separately samples the normal ventilation exhaust of the Turbine Building, reactor
zone and refueling zone on each of three units; one subsystem monitors the normal
ventilation exhaust from the Radwaste Building; two subsystems monitor the upper
atmosphere of the Turbine Building near the Turbine Building roof ventilation
exhausts on each of three units. These ventilating systems are described in
subsection I0.12, "Heating, Ventilating and Air-Conditioning", and subsection 5.3,
"Secondary Containment System".

Each subsystem consists of an assembly for monitoring Noble gases and filter
capability for monitoring iodine and particulate activity. High activity or monitor
malfunction is alarmed in the main control room. The activity levels are displayed
locally and are able to be selected in the main control room of Unit 1 for display or
recording on a common indicator and printer. Redundant consoles, controllers and
paper take-up reels are installed in the 1-9-44 panel of Unit 1. This provides an
auto transfer to the backup unit on failure of control room components. The
specifications for the system are given in applicable design output documents.
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7.12.6.4 Safet Evaluation

The plant ventilation exhaust radiation monitors have been selected with monitoring
characteristics sufficient to provide plant operations personnel with accurate
indication of radioactivity being released to the environs via the plant ventilation
exhaust systems.

7.12.6.5 Ins ection andTestin

Each individual subsystem is tested and calibrated on a regular basis.

7.12.7 Unit Sharin of Monitorin S stems

Four process radiation monitoring systems are shared among the three nuclear
units. These are the Main Stack Radiation Monitoring System, the Reactor Building
Ventilation Radiation Monitoring System, the Plant Ventilation Exhaust Radiation
Monitoring System and the Liquid Radwaste Effluent Monitor. See Section 7.5 of
Appendix F for detailed information.
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7.13 AREA RADIATIONMONITORING SYSTEM

7.13.1 Power Generation Ob'ective

The objective of the Area Radiation Monitoring System is to warn of abnormal
gamma radiation levels in areas where radioactive material may be present, stored,
handled, or inadvertently introduced.

7.13.2 Power Generation Desi n Basis

1. The Area Radiation Monitoring System shall provide operating personnel
with a record and an indication in the control room of gamma radiation levels
at selected locations within the various plant buildings.

2. The Area Radiation Monitoring System shall provide local alarms where it is
necessary to warn personnel of substantial immediate changes in radiation
levels.

3. The Reactor Building Ventilation Radiation Monitor provides a safeguards
. containment isolation signal in the event of a refueling accident, as described

in Section 7.12.5.

7.13.3 ~ol
7.13.3.1 Monitors

The Area Radiation Monitoring System is shown as a mechanical control diagram in
Figures 7.12-2a, Sheets I, 5, and 6. A typical channel consists of a combined
sensor and convertor unit, a combined indicator and trip unit, a shared power
supply, a shared multipoint recorder, and a local audio alarm auxiliary unit.

Each monitor has an upscale trip that indicates high radiation and a downscale trip
that may indicate instrument trouble. These trips sound alarms but cause no control
action. The system is powered from the 120-V AC instrument bus (see
Subsection 8.7). The trip circuits are set so that loss of power causes an alarm.
The environmental and power supply design conditions are given in applicable
design output documents.

7.13.3.2 Locations

Work areas where monitors are located are tabulated in Table 7.13-2.
Annunciation and indication are provided in the control room.
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7.1334 Ins ection and Testin

An internal trip test circuit, adjustable over the full range of the trip circuit, is
provided. The test signal is fed into the indicator and trip unit input so that a meter
reading is provided in addition to a real trip. All trip circuits, with the exception of
the upscale trip circuit, are of the latching type and must be manually reset at the
front panel.

A portable calibration unit is also provided. This is a test unit designed for use in
the adjustment procedure for the area radiation monitor sensor and converter unit.
The source is Co60 of approximately 350 pCi strength. An opening in the
calibration unit is designed to receive the sensor converter unit. Located on the
back wall of the cylindrical lower half of the cavity is a window through which
radiation from the source emanates. A chart on each unit indicates the radiation
levels available from the unit for the various control settings.

7.13.5 Additional Area Radiation Monitorin S stems

7.13.5.1 Power Generation Ob ectives

The objective of the Additional Area Radiation Monitoring Systems is to provide
diversity in radiation detection devices to warn of abnormal radiation conditions that
may be present.

7.13.5.2 Power Generation Desi n Basis

The Additional Area Radiation Monitoring Systems shall provide operations
personnel with alarms locally and/or in the Main Control Room of the presence of
radiation levels in excess of pre-established limits based on the particular system
design.

7.13.3.3 ~O

The Additional Area Radiation Monitoring Systems are as follows:

7.13.5.3.1 Air Particulate Monitorin Subs stem

The continuous air particulate monitoring subsystem consists of self-contained units
which sample and measure concentrations of radioactive airborne particulates at
various plant locations. The continuous air monitors (CAMs) draw air through a
sample assembly which contains a filterfor particulate collection and detectors for
measuring radioactivity levels in the collected particulates. Radioactive check
sources and other means are provided to verify proper instrument response.
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The CAMs located in the reactor, turbine, and radwaste buildings provide readouts
and alarms locally and in unit control rooms. The remaining CAMs only provide
local readout and alarms. The CAM units provide a means to alert personnel in the
affected area as well as the control room (where applicable) of changes in airborne
radioactivity concentration above predetermined levels.

CAMs are maintained in locations where significant radioactive airborne particulate
concentrations could occur, such as equipment spaces for operational reactors
versus those areas with equipment in long-term layup status. Additional airborne
particulate monitoring is conducted by plant personnel using existing plant
procedures.

7.13.5.3.2 Local Radiation Subs stem

The local radiation monitoring subsystem consists of ratemeters mounted
throughout the plant area, Radwaste Building, and Service Building. The units
provide a means whereby personnel engaged in work areas, where their job may
require physical contact with radioactive materials, can do their own checking either
as a routine or in special or unusual cases such as accidental spills, etc. Each
monitor is located for operator convenience in scanning clothing, hands, and feet.
A front-mounted speaker with volume control provides audible count rate indication.
There is also a high-frequency audible alarm, which is actuated from an adjustable
setpoint for warning of high radiation.

7.13.5.3.3 Personnel Contamination Monitor Subs stem

Personnel contamination monitors are provided at major access points from
designated radiologically controlled areas within the plant. Alarms are provided on
these instruments to identify radioactive contamination on worker's skin or clothing.

7.13.5.3.4 Portal Monitorin Subs stem

The portal radiation monitoring subsystem monitors all personnel leaving the plant
area for radioactivity, including hand-carried personal articles. The radiation
monitors in the portal serve as a final check against the transport of radioactivity by
personnel exiting plant protected area.

Radiation monitors are located in each plant access control building for personnel
egress. The radiation monitors have visual and audible alarm capability to alert
personnel of potential radioactivity release.
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7.13.5.3.5 Door Access Control Subs stem

There are several areas in the Turbine, Reactor, and Radwaste Buildings where the
entry of personnel must be controlled because of radiation levels. The door access
control subsystem provides an audible and visual alarm in the control room of doors
which are opened.

7.13.5A Ins ection andTestin

Each Additional Area Radiation Monitoring Subsystem will be given periodic
inspection and calibration using electronic test equipment and calibration sources
as required to assure that all devices are calibrated properly and available for
operations personnel.

7.13-4



BFN-16

Table 7.13-1

(Deleted by Amendment 13)



BFN-16

Table 7.13-2

LOCATIONS OF AREA RADIATIONMONITORS

Unit 1

Sheet 1

CHANNEL SENSOR AND CONVERTER LOCATION DETECTOR

Station
No.

Range
MR/HR

Floor
Elevation

Feet

Approx
Col
No. Description

TVA
Inst
Number

10

12

13

14

15

16

0.1w1000

0.1m1000

0.1m1000

0.1-+1000

0.1w1000

0.1m1000

0.1m1000

0.1m1000

0.1w1000

Not Used

0.1-+1000

0.1m1000

0.1m1000

0.1w1000

0.1m1000

0.1w1000

664.0

664.0

639.0

639.0

617.0

617.0

617.0

617.0

621.25

586.0

586.0

593.0

593.0

577.75

557.0

px-R5

ux-R3

q-R5

s-R5

d-T4

e-T6

k-T3

p-R7

t-R6

b-T6

d-T6

p-R6

s-R6

b-T2

c-T4

Fuel Storage Pool Area-
Reactor Bui!ding

Service Floor Area-
Reactor Building

New Fuel Storage - Reactor
Building

Recirculating Pump MG Set Area-
Reactor Building

Generator Operating Floor-
Turbine Building

RFP Operating Floor-
Turbine Building

Turbine Operating Floor-
Turbine Building

Main Control Room

Cleanup System Area-
Reactor Building

SJAE and SPE Area-
Turbine Building

Feedwater Heater Area-
Turbine Building

North Cleanup System Area-
Reactor Building

South Cleanup System Area-
Reactor Building

Decontamination Room-
Turbine Building

Hotwell Pump Area-
Turbine Building

RE-90-1

RE-90-2

RE-9H

RE-9H

RE-90-5

RE-SR

RE-90-7

RE-904

RE-90-9

RE-90-11

RE-90-12

RE-90-13

RE-90-14

RE-90-15

RE-90-16
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Table 7.13-2 (Continued)

LOCATIONS OF AREA RADIATIONMONITORS

Unit 1 (Continued)

Sheet 2

CHANNEL SENSOR AND CONVERTER LOCATION DETECTOR

Station Range
No. MR/HR

Floor
Elevation

Feet

Approx
Col
No. Description

TVA
Inst
Number

17

18

19

20

21

0.1-+1000 557.0

0.1m1000 557.0

0.1-+1000 565.0

0.1-+1000 565.0

0.1-+1000 565.0

f-T4

f-T6

j-T3

r-R2

r-R6

Condenser Corridor-
Turbine Building

Condensate Demineralizer Area-
Turbine Building

Outside Steam Line Cavity-
Turbine Building

CRD-HCU West Area-
Reactor Building

CRD-HCU East Area-
Reactor Building

RE-90-17

RE-90-18

RE-90-19

RE-90-20

RE-90-21

22

23

24

25

26

Om10
6

0.1-+1000

0.1-+1000

0.1-+1000

0.1m1000

565.0

565.0

519.0

519.0

519.0

p-R5

p-R5

u-R1

u-R1

n-R1

TIP Room - Reactor Building

TIP Drive Area - Reactor
Building

HPCI Room - Reactor Building

RHR West Room - Reactor Building

Core Spray - RCIC Room-
Reactor Building

RE-90-22

RE-90-23

RE-90-24

RE-90-25

RE-90-26

27

28

29

32

0.1-+1 000 519.0

0.1-+1000 519.0

0.1-+1000 519.0

0.1-+1000 568.0 "

n-R7

u-R7

u-R7

Core Spray Room - Reactor
Building

RHR East Room - Reactor Building

Suppression Pool Area
Reactor Building

Stack Room

RE-90-27

RE-90-28

RE-90-29

RE-90-32
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Table 7,13-2 (Continued)

LOCATIONS OF AREA RADIATIONMONITORS

Unit 2

Sheet 3

CHANNEL SENSOR AND CONVERTER LOCATION DETECTOR

Station
No.

Range
MR/HR

floor
Elevation

Feet

Approx
Col
No. Description

TVA
Inst
Number

0.1 F1000 664.0

0.1wt 000 664.0

0.1wt 000 639.0

O.1w1000 639.0

O.twt000 617.0

px-R11

ux-R10

q-R10

s-R10

d-T8

Fuel Storage Pool Area - Reactor
Building

Service Floor Area - Reactor
Building

New Fuel Storage - Reactor
Building

Recirculating Pump M-G Set Area-
Reactor Building

Generator Operating Floor-
Turbine Building

RE-90-1

RE-90-2

RE-9H

RE-90-4

RE-90-5

10

12

13

14

15

16

17

18

19

0.1-+1000

0.1wt 000

Not Used

0.1w1000

0.1wt 000

Not Used

Not Used

0.1-+1000

0.1w1000

Not Used

0.1wt 000

0.1mt 000

Not used

0.1m 1000

617.0

617.0

621.25

586.0

593.0

593.0

557.0

557.0

565.0

e-T6

I<-Tg

t-R9

j-T6

p-R9

s-R9

c-T8

/-T8

j-T9

RFP Operating Floor - Turbine
Building

Turbine Operating Floor - Turbine
Building

Cleanup System Area - Reactor
Building

Feedwater Heater Area - Turbine
Building

North Cleanup System Area-
Reactor Building

South Cleanup System Area-
Reactor Building

Hotwell Pump Area - Turbine
Building

Condenser Corridor - Turbine
Building

Outside Steam Line Cavity-
Turbine Building

RE-90-6

RE-90-7

RE-90-9

RE-90-10

RE-90-13

RE-90-14

RE-90-16

RE-90-17

RE-90-19
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Table 7.13-2 (Continued)

LOCATIONS OF AREA RADIATIONMONITORS

Unit 2 (Continued)

Sheet 4

CHANNEL SENSOR AND CONVERTER LOCATION DETECTOR

Station Range
No. MR/HR

Floor
Elevation

Feet

Approx
Col
No. Description

TVA
Inst
Number

20

21

0.1-+1000 565.0

0.1m1000 565.0

r-R9

r-R13

CRD-HCU West Area - Reactor
Building

CRD-HCU East Area - Reactor
Building

RE-90-20

RE-90-21

22

23

24

25

10w10
6

0.1m1000

0.1m1000

0.1m1000

565.0

565.0

519.0

519.0

p-R12

p-R12

u-R14

u-R8

TIP Room - Reactor Building

TIP Drive Area - Reactor Building

HPCI Room - Reactor Building

RHR West Room - Reactor
Building

RE-90-22

RE-90-23

RE-90-24

RE-90-25

26

27

28

29

30

31

0.1m1000 519.0

0.1-+1000 519.0

0,1-+1000 519.0

0.1m1000 519.0

0.1-+1000 664.0

0.1m1000 557.0

n-R8

n-R14

u-R14

u-R14

p-R12

c-T6

Core Spray - RCIC Room-
Reactor Building

Core Spray Room - Reactor
Building

RHR East Room - Reactor
Building

Suppression Pool Area Reactor
Building

Fuel Storage Pool, Area-
Reactor Building

Raw Cooling Water Pumps Area-
Turbine Building

RE-90-26

RE-90-27

RE-90-28

RE-90-29

RE-90-30

RE-90-31
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Table 7.13-2 (Continued)

LOCATIONS OF AREA RADIATIONMONITORS

Unit 3

Sheet 5

CHANNEL SENSOR AND CONVERTED LOCATION DETECTOR

Station
No.

Range
MR/HR

Floor
Elevation

Feet

Approx
Col
No. Description

TVA
Inst
Number

0.1m1000

0.1m1000

0.1-+1000

0.1w1000

0.1w1000

0.1m1000

0.1m1000

664.0

664.0

639.0

639.0

617.0

617.0

617.0

px-R19

ux-R17

q-R17

s-R17

d-T14

e-T12

k-T15

Fuel Storage Pool Area - Reactor
Building

Service Floor Area - Reactor
Building

New Fuel Storage - Reactor
Building

Recirculating Pump M-G Set Area-
Reactor Building

Generator Operating Floor-
Turbine Building

RFP Operating Floor - Turbine
Turbine

Turbine Operating Floor - Turbine
Building

RE-90-1

RE-90-2

RE-9M

RE-&4

RE-90-5

RE-90.6

RE-90-7

10

12

13

0.1w1000 617.0

0.1-+1000 621.25

0.1-+1000 586.0

0.1m1000 586.0

0.1w1000 586.0

0.1w1000 593.0

p-R16

t-R16

j-T12

b-T12

d-T12

p-R16

Main Control Room-

Cleanup System Area - Reactor
Building

Feedwater Heater Area - Turbine
Building

SJAE and SPE Area - Turbine
Building

Feedwater Heater Area - Turbine
Building

North Cleanup System Area-
Reactor Building

RE-90-8

RE-90-9

RE-90-10

RE-90-11

RE-90-12

RE-90-13

14

15

16

17

0.1w1000

Not used

0.1w1000

0.1w1000

593.0

557.0

557.0

s-R16

c-T14

f-T14

South Cleanup System Area-
Reactor Building

Hotwell Pump Area - Turbine
Building

Condenser Comdor - Turbine
Building

RE-90-14

RE-90-16

RE-90-17
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Table 7.13-2 (Continued)

LOCATIONS OF AREA RADIATIONMONITORS

Unit 3 (Continued)

Sheet 6

CHANNEL SENSOR AND CONVERTER LOCATION DETECTOR

Station Range
No. MR/HR

Floor Approx
Elevation Col

Feet No. Description

TVA
Inst
Number

18

19

20

21

22

23

24

25

26

27

28

29

0.1m1000 557.0

0.1-+1000 565.0

0.1-+1000 565.0

0.1-+1000 565.0

10m10 565.0
6

0.1m1000 565.0

0.1m1000 519.0

0.1-+1000 519.0

0.1-+1000 519.0

0.1m1000 519.0

0.1-+1000 519.0

0.1-+1000 519.0

0.1-+1000 557.0

f-T12

j-T15

r-R16

r-R20

p-R19

p-R19

u-R21

u-R15

n-R15

n-R21

u-R21

u-R21

c-T13

Condensate Demineralizer Area-
Turbine Building

Outside Steam Line Cavity-
Turbine Building

CRD-HCU West Area - Reactor
Building

CRD-HCU East Area - Reactor
Building

TIP Room - Reactor Building

TIP Drive Area - Reactor Building

HPCI Room - Reactor Building

RHR West Room - Reactor
Building

Core Spray - RCIC Room-
Reactor Building

Core Spray Room - Reactor
Building

RHR East Room - Reactor
Building

Suppression Pool Area - Reactor
Building

Raw Cooling Water Pumps-
Turbine Building

RE-90-18

RE-90-19

RE-90-20

RE-90-21

RE-90-22

RE-90-23

RE-90-24

RE-90-25

RE-90-26

RE-90-27

RE-90-28

RE-90-29

RE-90-31
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Table 7.13-2 (Continued)

LOCATIONS OF AREA RADIATIONMONITORS

Radwaste Building

Sheet 7

CHANNEL SENSOR AND CONVERTER LOCATION DETECTOR

Station . Range
No. MR/HR

Floor
Elevation

Feet

Approx
Col
No. Description

TVA
Inst
Number

0.1-+1000 546.0

0.1w1000 546.0

0.1-+1000 565.0

0.1m1000 565.0

0.1m1 000 565.0

0.1m1000 578.0

0.1w1000 578.0

0.1m1000 565.0

wb-W6

wb-W3

wc-W6

wa-W3

wc-W1

wf-W3

wb-W3

Service Water Booster Pump Area

Equipment Drain Sump Area

Radwaste Control Room

Access Corridor

Waste Packaging Area

Waste Sample Tank Area

F.D. Sample Tank Area

West Wall Radwaste Evaporator Building

RE-90-35

RE-90-36

RE-90-37

RE-90-38

RE-90-39

RE-90-40

RE-9041

RE-90-42

NOTE: Indicators and trip units located on radwaste control panel. Annunciation on main control
room panel.
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7.18.1 Desi n Ob'ectives

The design objective of the Backup Control System is to provide: (1) a means to
safely shut down the plant from locations outside the main control rooms,
contiguous rooms at the same level as the control rooms, the spreading rooms, and
contiguous rooms below the spreading rooms, collectively referred to as the control
bay, and (2) a sufficient complement of suitable instrumentation and controls to
bring the plant to the cold condition in an orderly fashion and maintain it in that state
indefinitely.

This section does not address control room evacuation and backup control due to a
significant fire (i.e., a 10 CFR 50, Appendix R event) in the control bay. Detailed
safe shutdown requirements for an Appendix R event in the control room are
provided in Volume 1 of the Fire Protection Report.

7,18,2 ~Di ~ B

The Backup Control System shall be designed to:

Provide for safe shutdown of any or all of the units in the plant after gross
damage to the Control Bay (i.e., main control rooms, contiguous rooms at the
same level as the control rooms, the spreading rooms and contiguous rooms
in the level below the spreading rooms).

b. Provide redundant or diverse controls over the methods for cooling the
reactors and removing heat dissipated to the containments.

c. Perform its function without creating any new common points of vulnerability
in the control bay. I

d. Perform its function without obtaining information from any sources in the
control bay which may be damaged, inaccessible, etc..

e. Prevent failure in or to the backup control information readout equipment
indicators from influencing the redundant readout equipment in the control
room.

Maintain the separations of the divisions of backup control outside the
control bay such that no failure will deprive the plant of essential shutdown
services.

7.18-1



Consistent with (c) above, transfer control from the control room to the
backup control locations regardless of the condition of the circuits in the
control room (e.g., shorts, open-circuits, or grounds).

Provide control room annunciation of any transfer switch that is turned from
its normal position.

Provide only shutdown capability from a normal operating state without
consideration of any other accidents, such as LOCA, prior to or after the
event that damages the control room.

Shut the plant down to essentially the same state as would occur with a loss
of offsite power without incremental fuel failures.

Correct any spurious opening of valves which would lead to a loss of coolant
or admission of high pressure fluids to low pressure systems.

Provide for operation of valves for only essential services, such as main
steam, RBCCW, RHR, EECW, ADS, etc. (The general function of
containment isolation is not required to be operable.)

Provide environmental protection at the backup control locations for
operators and equipment regardless of the conditions in the control room.

Provide for initiating and maintaining backup control with the reactors at any
normal operating pressure and level.

I

Provide for implementing of backup control with onsite power automatically
available upon loss of offsite power; however, manual controls of the diesel
generators shall be available as a backup for automatic transfer on loss of
offsite power.

Provide for remote load control (4KV Shutdown Boards) to replace the
electrical control board in the main control room. Alarms may be monitored
from the diesel information panel for Unit 1/2 and from the 4KV Shutdown
Boards for Unit 3..

Have redundant communication system(s) available between the backup
control centers: electrical board rooms (includes shutdown board rooms),
the Diesel Generator Buildings, the RCIC Relay Panels, and any other
necessary locations.

Provide for operation of the fire pumps directly from the 4160-V shutdown
boards irrespective of the condition of the control room.
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The Backup Control System is a variation of the normal system used inside the
control room to shut down the reactor when normal feedwater and electrical control
power supplies are not available and the normal heat sinks (turbines and
condensers) may not be available. Reactor pressure is controlled and reduced,
while decay heat and sensible heat are removed, by dumping steam through the
main steam relief valves to the suppression pool. The reactor pressure boundary is
protected by the backup controls so that spurious openings of valves which could
cause a loss of coolant or admit high pressure to low pressure piping systems are
prevented.

Reactor water inventory is maintained by RCIC while the reactor(s) are above 50
psig (RCIC operates at a reduced flow rate between 50 psig and 150 psig reactor
pressure) and augmented as desired (but not necessarily) by the control rod drive
pumps while the reactor(s) are above 50 psig. Below 150 psig, makeup water can
also be supplied from the RHR System as well as from control rod drive pumps, the
RHRSW pumps or the condensate pumps, the suppression pool is cooled by
circulating the principal flow through the RHR pumps into and through the torus via
the test bypass. These valves are designed for throttling. I

All RHR pumps, all RHRSW pumps, and two heat exchangers per unit are equipped
with backup controls to provide redundancy. On a three-unit basis, only one RHR
pump, one RHR heat exchanger, and one RHRSW pump (providing cooling water
to the heat exchanger) are necessary to be concurrently operated per unit for
reactor and suppression pool cooling. Two of the RHRSW pumps are operated to
provide cooling water to the EECW System via both header systems. The EECW
System is provided with backup controls to ensure redundant operation of this
system as an entity.

The onsite diesel generator system and associated shutdown boards are available
to the Backup Control System. Load control for the Unit 1/2 and/or Unit 3 diesels
may be directed from their respective remote locations (Diesel Information Center
and 4KV Shutdown Boards for Unit 1/2 and 4KV Shutdown Boards for Unit 3).
Actual load manipulations are carried out at the 4KV Shutdown Boards in their
respective electrical board rooms. Essential plant parameters are monitored from
the backup control panels located in the electrical board rooms.

Undesired loads which might occur from circuit malfunctions are prevented by.
manual switching at the boards. All board breakers (except transformer breakers)
are provided with transfer switches on the front of the individual panels at the
equipment locations. These transfer switches are two-position "Normal-Emergency"
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switches which, when in "Emergency" mode, preclude spurious breaker operations
from remote or automatic sources as required.

7.18.4 S stem 0 eration

The Backup Control System is put in operation when the control room operators are
forced to evacuate. They would proceed to locations in the diesel building, and
shutdown board rooms, which are provided with suitable instrumentation and
controls from which they can effect and maintain a safe shutdown condition for an
indefinitely long time. The detailed procedures for implementing backup controls
will rely on the Shift Manager to initiate emergency action. Initially, the Shift
Manager makes an assessment of the situation and attempts corrective measures
to preclude evacuation. Ifabandonment becomes necessary, operators will scram
the reactor by the scram switches at the Main Control Room panel, trip the
recirculation pumps, start the onsite power system, and the EECW System (2
pumps). The main turbine is tripped and bypass operation is continued for as long
as possible. The operators are dispatched to the dispersed backup control centers
in the shutdown board rooms. The operators perform at the backup control centers
and operate the transfer switches to disconnect the main steam relief valves (this
prevents spurious blowdown of the primary system), and then operate the transfer
switches on the main steam line isolation valves to transfer control to the Backup
Control System. All other transfers are accomplished by special switches at the
switchgear and/or the motor control centers, except those for the RCIC System
which are done at the RCIC relay panel in the Reactor Building near the backup
control center. After operation of all the transfer switches, the plant is then shut
down in an orderly manner to the cold condition.

7.18.5 Desi n Evaluation

The Backup Control System is not an engineered safety feature, but is a design
feature to cope with a forced evacuation from the control room(s). Fires or some
other gross event could cause a forced evacuation of the Main Control Room, as
well as cause common damage and loss of the control circuits multiple divisions of
protection, safeguards equipment, and auxiliary supporting systems. Primarily,
because of loss of control of the latter group of systems, the consequences of such
an incident could be that the operating condition of the affected units might degrade
to an indeterminate and/or unsafe state. This Backup Control System is designed
to prevent this degradation, irrespective of the condition of the control and
spreading rooms, and the circuits and equipment therein, and thus, provide for the
capability to safely shut down the plant from outside the control room(s). (However,
the event which occurred to cause such damage is considered to be a major
damaging event in its own right, and is not an event preceding or following a
loss-of-coolant accident.)
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In effect, the system provides protection against damage in the control bay and is
physically and electrically separated from these damaged areas. The system
provides redundancy or a diverse means to effect a cold shutdown (MODE 4)
condition considering the single failure criterion.

The transfer switches are of the maintained contact type, and transfer of any switch
to the emergency position is annunciated in the Main Control Room.

The addition of the Backup Control System does not introduce any new common
points of vulnerability, nor does it create any significant new hazards to existing
safety circuits. Thus, the plant will not endanger the health and safety of the public
under the condition of forced evacuation of the control room, even ifunspecified
damage occurs in the control room or the control bay.

7.18.6 Ins ection and Test

Any malpositioned transfer switches can be detected during operation and
immediate corrective measures will be taken. Operability of components from the
Backup Control Center will be tested to the extent practical once per operating
cycle. This includes testing of transfer of control of active components and
instrument calibration.

7.18-5
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8.4 NORMALAUXILIARYPOWER SYSTEM

8.4.1 General

The plant electric power system consists of the main generators, the main step-up
transformers, the unit station service transformers (USSTs), the common station
service transformers (CSSTs), the cooling tower transformers (CTTs), the batteries,
and the electric distribution system as shown on Figures 8.4-1 a, 8.4-lb, and 8.4-2.
Under normal plant operating conditions, the main generators supply electrical
power through isolated-phase buses to the main step-up transformers and the unit
station service transformers which are physically located adjacent to the Turbine
Building. The primaries of the unit station service transformers are connected to the
isolated-phase bus at a point between the load side of the generator breaker
terminals and the low-voltage connection of the main transformers. The generator
breaker has an interrupting capacity of 200,000 amperes at rated maximum voltage,
a continuous current rating of 36,000 amperes with a 4.8 cycle interrupting time,

"and a rated voltage of 24-kV (RMS). The maximum fault the breaker could be
required to interrupt is less than 200,000 amperes. The generator breaker is used
to isolate the main generator from the 500-kV system and the Normal Auxiliary
Power System during startup and shutdown.

During normal operation, station auxiliary power is taken from the main generator
through the unit station service transformers. During startup and shutdown,
auxiliary power is supplied from the 500-kV system through the main transformers
to the unit station service transformer with the main generators isolated by the main
generator breakers. Auxiliarypower is also available through the two common
station service transformers (CSSTs) which are fed from the 161-kV system.
Standby (onsite) power is supplied by eight diesel generator units (four for Units 1

and 2, and four for Unit 3).

In the event of a main generator trip during normal operation, the generator breaker
opens and auxiliary power is supplied from the 500-kV system through the main
transformer. Failure of a preferred offsite circuit from the 500-kV switchyard to the
main power transformer for Unit 1 or 2 brings about either a manual or an automatic
transfer for both safety- and nonsafety-related buses. The nonsafety-related buses
will be manually or automatically transferred to the CSSTs. The safety-related
buses for Units 1 and 2 transfer to the alternate units'nit station service
transformers (USSTs) ifvoltage is available. Otherwise, they will transfer with the
nonsafety-related buses to the CSSTs. Ifthis supply subsequently fails, only the
safety-related buses (Class 1E system) are automatically transferred to the standby
onsite electric power sources. Concerning Unit 3, failure of the preferred offsite
circuit from the 500-kV switchyard to the main power transformer brings about either
a manual or an automatic transfer of the 4-kV unit boards with their connected
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shutdown boards to the CSSTs. Ifthis supply is unavailable (or subsequently fails),
the safety-related buses are automatically transferred to the standby (onsite)
electric power sources.

8.4.2 Auxilia Power S stem Obective

The basic function of the normal auxiliary electrical power system is to provide
power for plant auxiliaries during startup, operation, and shutdown, and to provide
highly reliable power sources for plant loads which are important to its safety. The
Normal Auxiliary Power System is to furnish power to start up and operate all the
station auxiliary loads necessary for plant operation, and to furnish normal and
alternate sources of power for safe shutdown. The emergency sources of power for
safe shutdown will be provided by the diesel generators in the Standby Auxiliary
Power System.

8.4.3 Auxilia Power S stem Desi n Basis

The Normal AuxiliaryPower System shall be designed to furnish adequate
sources and distribution of power to station auxiliaries required for the
normal station power-producing function, and for the station common

. functions necessary to support plant operation in a safe and efficient manner.

2. Redundant preferred offsite power sources, and standby (onsite) power
sources shall be available to serve these loads when required.

3. These sources and systems shall be designed to furnish sufficient power to
obtain prompt and safe shutdown of the units, and to maintain the station in a
safe condition.

4. The system shall have a high degree of reliability.

8.4.4 Safet Desi n Basis

1. The normal auxiliary power system shall be designed to provide sufficient
normal and alternate sources of power to ensure a capability for prompt
shutdown and continued maintenance of the plant in a safe condition.

2. The normal and standby auxiliary power sources shall be sufficient in number
and of such electrical and physical independence that no single event, as a
minimum requirement, can negate all auxiliary power at one time.

8.4-2



3. The capacity of these sources shall be sufficient to supply the power required
to shut down the plant and maintain it in a safe condition under normal or
accident situations.

4. The buses shall be arranged so that essential loads can be easily transferred
to the standby onsite diesel generators. l

5. Buses and service components shall be physically separated to limitor
localize the consequences of electrical faults or mechanical accidents
occurring at any point in the system.

8,4.5 ~Oi ~

Reference is made to Figures 8.4-1a and 8.4-2, which show the arrangement,
source connections, and source ratings for this system. Further reference is made
to Figures 8.4-1b and 8.4-2, which show the sources into the standby emergency
auxiliary system. Table 8.4-1 is provided to explain the flow of power, transfers
between normal and alternate sources, and pertinent operational comments on
each of the boards and buses involved in the Normal and Standby AuxiliaryPower
Systems.

8.4.5.1 Unit Common Station Service and Coolin Tower
Transformers

The unit station service transformers are located outside the Turbine Building near
their respective main generator leads, with isolated-phase bus ducts used for the
primary connections. The common station service and cooling tower transformers
are located outside. Lighting arresters are provided as shown in Figure 8.3-6a to
protect the common station service transformers.

The transformers are three-phase, double-secondary, outdoor-type, oil-filled, Class
OA/FA or OA/FA/FOA, rated for 55'C temperature rise but with 65 C tise insulation.
The transformers are designed, manufactured, and tested in accordance with TVA
Standard Specifications. Transformer secondaries are wye-connected with I

resistance-grounded neutrals to provide positive relay operation on ground faults, to
limit short-circuit damage, and to avoid damaging transient overvoltage during fault
conditions. Common station service and cooling tower transformers are
wye-connected on the 161-kv primary, and each has a delta-connected stabilizing
winding. Unit station service transformers have delta-connected 20.7-kv primaries.
Each is capable of operating continuously with no loss of life at 112 percent of
rating at 65'C temperature rise.
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Unit station service transformer 1B, 2B, and 3B, which are fed from their respective
unit generator or 500-k switchyard, supply normal power to the 4160-V Unit boards
1A, 1B, 2A, 2B, 3A, and 3B. Each of these transformers is equipped with on-load
tap changers on the primary winding that can regulate the voltage over a ~10
percent range. Load tap changers (LTC) operate from signals received from I

voltage sensors on either of the 4160-V transformer secondary windings. Upon
receiving a voltage signal outside the limits of a set bandwidth, the voltage sensors
transmit a signal to the load tap changers to compensate for the voltage change.

The on-load tap changers on the unit station service transformers have a voltage
range of 18630-V to 22770-V with the equivalent of 17 possible transformation
ratios. The nominal time required to change a tap position after receiving a signal
from the voltage sensors is 1.10 seconds. Remote manual control of the load tap
changers can also be accomplished from the Main Control Room. The control
circuits of the on-load tap changers will block tap changer operation and alarm for
sensed voltage outside the permissible range for tap changer operation. Alarms
are also provided for tap changer "offposition."

Common Station Service Transformers A and B are fed from the 16I-kV system and
supplies power to 4160-V start buses 1A, 1B, 2A and 2B.

These transformers are equipped with no-load and automatic on-load tap changers
that can regulate the voltage. The load tap changers operate from signals received
from voltage sensors on Start Boards 1 and 2 at the 4160-V transformer secondary
winding side. Upon receiving a voltage signal outside the limits of the load tap
changer bandwidth settings, the voltage sensors transmit a signal to the load tap
changers to compensate for system voltage changes.

The on-load tap changers and the no-load tap changers on the Common Station
Service Transformers have a combined equivalent of 65 possible transformation
ratios. Each on-load tap changer has a plus and minus six steps from the neutral
position (13 positions total). These automatic load tap changers are capable of
operating at a rate of 1.1 seconds per tap change. Remote manual control of the
load tap changers can also be accomplished from the Main Control Room. The
control circuits of the on-load tap changers will block LTC operation and alarm for
sensed voltage outside the permissible range for the tap changer operation. Alarms
are also provided for tap changer "offposition."

Unit 3 station service transformer 1B and 2B are each capable of carrying the load
consisting of the safety loads of Unit 2 operating in Modes 1 through 5 or during
accident conditions plus the safety loads of Unit 1 in the defueled condition.
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Unit station service transformer 3B is capable of continuously carrying the load
consisting of all safety loads of the generating unit operating in Modes 1 through 5
or during accident conditions.

8.4.5.2 4160-V S stems

The 4160-V unit board switchgear consists of three boards per unit as shown in
Figures 8.4-1a, 8.4-1b, and 8.4-2. The boards are connected so that they can be
supplied from either a unit or a common station service transformer. The
switchgear sections are heavy-duty, metal-clad, of standardized unit construction.
Circuit breakers are of the air-magnetic type. Power connections from the station
service transformer to the switchgear are with nonsegregated buses.

The overcurrent relays and devices are selected to provide full selective
coordination on overloads, ground faults, and phase faults throughout the system
from station service transformers through motor control center branch molded-case
breakers. The control power for switchgear is supplied from 250-V DC power
supplies with battery backup. The cooling tower switchgear also has 120V AC
breaker tripping.

Each board and the startup bus has its source breakers interlocked to prevent
paralleling power sources, and each is provided with manual and automatic bus
transfer schemes. Automatic transfers are initiated by generator and transformer
protective relays, degraded under voltage on 4160-V shutdown boards and loss of
voltage at the normal supply (except for loss of voltage on 4160-V unit board 1A,
1B, 2A, and 2B). Transfer is blocked through manually-reset lockout relays in case
of faulted bus. Each bus section is provided with a manual-automatic transfer
selector switch.

The breakers and transformers are rated according to standard electrical-industry
practice where the impedance of the source, the short-circuit current, and the
breaker short-circuit current capabilities are taken into account.

Equipment is designed and tested in accordance with NEMAand IEEE/ANSI
Standards for metal-clad switchgear and power circuit breakers.

Each circuit breaker is provided with 250-V DC control power, stored-energy
mechanism; mechanically-operated, cell-mounted auxiliary switch with sufficient
contacts for all required interlocking; current transformers for metering and relaying;
and necessary switchgear-typ'e auxiliary relays for interlocking station auxiliaries
and supervision.

Each switchgear bus section and incoming line is provided with two
open-delta-connected potential transformers. Each motor breaker and 4160-480-V
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transformer primary breaker is provided with two current transformers (one in phase
A and one in phase C) for metering and phase-overcurrent relaying, and one
ground sensor current transformer for ground relaying. Each includes
induction-type overcurrent relays, and an instantaneous ground overcurrent relay.

Each switchgear bus section has an induction-type undervoltage relay which will
trip all motors on the bus in case of prolonged undervoltage.

Primary reading, two-element watt-hour meters are provided on each common
station service transformer secondary breaker, each tap from the start buses, and
for each 4-kV motor breaker.

Each station service transformer secondary breaker, and each start bus breaker is
provided with three ammeters, one wattmeter, and one voltmeter with transfer
switch. One ammeter and phase selector switch is provided on each motor and
4160-480-V transformer feeder. One voltmeter and phase selector switch is
provided on each switchboard bus section.

Nletal-enclosed, group-phase, insulated-conductor bus ducts are provided from
common and unit station service transformer secondaries to the switchgear, for start
buses, and connections from the start buses to switchgear. Bus ducts are furnished
with a continuous current rating as required for the full transformer or load rating.

Each switchgear bus and startup bus section provided with a three-phase set of
differential relays of the high-speed induction overcurrent type. Each source and
load breaker in each differential zone has three current transformers for this use
only.

Each common and unit station service transformer and cooling tower transformer
has differential overcurrent protection. Each secondary breaker is provided with
three current transformers for differential relaying only.

Each main breaker and bus tie breaker is provided with three current transformers
in addition to those for differential relaying, for use with metering and overcurrent
relaying. Three induction-type overcurrent relays are provided, two for phase
currents and one for residual or ground currents.

8.4.5.3 480-V Load Center Unit Substations

Each substation consists of 4160-480-V transformers, primary terminal box, and
close-coupled or bus duct connected 480-V, metal-enclosed switchgear. The 480-V
distribution system is three-phase ungrounded.
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Each substation bus is normally fed from its own transformer, with an alternate
source consisting either of an adjacent 480-V bus section or of another transformer
serving as standby. Substations serving station lighting have manually operated
main breakers. Other substations have automatic and/or manual transfers to the
alternate source.

Ventilated dry-type transformers are three-phase, delta-delta, 60kV BIL, rated for
80'C temperature rise. Transformers are AA/FArated. A no-load tap changer
handle, with means for pad locking, is provided on the outside.

Liquid-insulated transformers are enclosed with a curb to contain the liquid in case )

of a tank rupture.

Liquid-filledtransformers are three-phase, delta-delta, 60-kV BIL, rated for 55'C
temperature rise but with 65'C rise insulation for 12 percent margin in continuous
capability. Transformers are class OA except where dual ratings are shown in
Figures 8.4-1 a, 8.4-1b, and 8.4-2, in which cases transformers are class OA/FA. A
no-load tap changer handle, with means for padlocking, is provided outside the
tank.

Main and bus tie breakers and the main switchgear bus are rated 1600, 800, or 600
amperes, depending on the maximum transformer capability, and in accordance
with IEEE/ANSI Standard C37.16.

Each circuit breaker has three poles, and is electrically and mechanically trip-free
with either long-time and instantaneous or long-time and short-time overcurrent trip
devices, unless overcurrent relays are provided. The circuit breakers have manual
or electrical stored-energy closing mechanism, mechanical pushbutton trip, and
position indicator, and they are equipped for mounting on the drawout mechanism in
the breaker compartment.

Breakers controlling motors are electrically operated with time and instantaneous
series overcurrent tripping.

Breakers serving motor control centers or panelboards are manually operated with
short-time selective and long-time series overcurrent tripping, except for 480-V
shutdown board feed to 480-V control bay vent boards which are electrically
operated.

The 480-V lighting switchgear have main breakers with short-time selective and
long-time series overcurrent tripping and have key interlocking between main
breakers.
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On other 480-V switchgear, the main breakers are provided with three current
transformers, three induction-type overcurrent relays with hand-reset lockout relay,
and a circuit breaker control switch.

Each incoming line has two potential transformers, ammeter and phase selector
switch, voltmeter and phase selector switch, wattmeter, undervoltage and
overvoltage relay and, except for selected safety boards, an auxiliary relay for
initiating automatic bus transfer and automatically restoring normal condition. The
480-V shutdown boards and 480-V HVAC board have manual transfer only. Each
automatic bus transfer scheme has a manual-automatic transfer selector switch.
Each bus which serves important unit auxiliary motors has two delta-connected
potential transformers with voltmeter and phase selector switch, and induction-type
undervoltage relay and auxiliary relay to trip selected large motors after prolonged
loss of voltage. For the 480-V shutdown boards selection of motors tripped is
based on safe shutdown requirements. Refer to Section 8.5.3.5 for description for
480-V shutdown boards.

Each 480-V main bus has a ground indicator.

Each electrically operated breaker has a test pushbutton for electrically closing and
tripping the breaker only when the breaker is in the test position. Each electrically
operated breaker uses 250-V DC control power.

8.4.5.4 480-V Motor Control Centers

Motor control centers are in accordance with NEMAStandard IC1. Circuit
equipment consists of molded-case, thermal-magnetic or magnetic only circuit
breakers, contactors or starters, and auxiliary relays and timing relays as required.
Motor control centers have local indication and remote annunciation for loss of main
bus voltage.

Each starter has one red indicating light, rated 550-V for extended lamp life,
connected across the load terminals to indicate that the contactor is energized.

Each single-speed motor starter has at least two hand reset overload relays, with
the exception of selected MOVs which have throttling requirements which preclude
the use of thermal overload protection. Each two-speed motor starter has at least
two overload relays for each speed.

Starters and contactors are controlled with 120-V AC, single-phase, ungrounded
supplies from 480/120-V control power transformers. Two-pole, 250-V control fuses
are provided at each starter or contactor.
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8.4.6 Safet Evaluation

8.4.6.1 Normal Auxilia Power S stem Control Functions

Components used in the Normal Auxiliary Power System are those which are widely
applied throughout the utilityand industrial applications. In such applications, the
usage frequently demands reliability comparable to that of the requirements under
consideration herein. More specifically, some examples of the components which
are used are General Electric type IAVrelays for the detection of bus undervoltage,
General Electric type HFA, HGA, and HEA auxiliary relays for necessary
multiplication of contacts to achieve simultaneous functions, ATC motor-driven
timing relays, and General Electric type SB-1 or SBM control switches. These
electrical devices are of the heavy duty type, conservatively rated and applied, with
many years of operating experience. Control power is from the 250-V DC battery
system or from 480/120-V or 480/240-V AC control power transformers. I

The control circuitry is designed to provide certain automatic features as described
herein and to allow the operators to take other appropriate action as may be
required by the circumstances. The occurrence of automatic functions is
adequately displayed in the control room so that the operators can observe that
proper conditions have been established. For instance, should one of the 4.16-kV
buses fail to be energized after loss of the normal power source, the operator has
available in the control room the necessary annunciation and manual controls
(except for the cooling tower switchgear) to operate the appropriate circuit breakers.

The Normal Auxiliary Power System provides adequate power to operate all the
station auxiliary loads necessary for plant operation. The power sources for the
plant auxiliary power supply are sufficient in number and capacity, and of such
electrical and physical independence that no single probable event could interrupt
all auxiliary power at one time. Loads important to plant safety are split and
diversified between switchgear sections, and means are provided for rapid location
and isolation of system faults.

In the event of a total loss of all Normal Auxiliary Power System sources, auxiliary
power is supplied from standby diesel generators located on the site (safety-related
boards only).

The multiplicityof lines feeding the 500-kV and 161-kV switchyards, the redundancy
of transformers and buses within the plant, and the divisions of critical loads
between buses yield a system that has a high degree of reliability. Also, the design
utilizes physical separation of buses and service components to limitor localize the
consequences of electrical faults or mechanical accidents occurring at any point in
the system.
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The plant is designed to shut down safely on complete loss of offsite electrical
power. Upon loss of offsite power and reactor shutdown, standby power provides
auxiliary cooling, lighting, and miscellaneous services to permit access to plant
areas and to ensure continued removal of decay heat.

Shutdown power normally comes from offsite sources as described above. A high
degree of reliability in the auxiliary power system contributes to continuity of
operation and hence to safety.

If Unit 1 or 2 generator is incapacitated, the generator breaker will be opened and
auxiliary power backfed from the 500-kV system. There are still three other
independent sources of auxiliary power: the unaffected unit 500-kV system, the
offsite 161-kV system and the onsite standby diesel generator units. Each source
may be connected to feed the shutdown boards, and each has capacity for
operation of all systems required to shut down the plant and maintain it in a safe
shutdown condition.

There are two independent shutdown buses that supply the Units 1 and 2 shutdown
boards. These buses are normally connected to the 4-kV unit boards A and B.
Table 8.4-1 is a listing of the normal auxiliary power supplies and bus transfer
schemes.

lfthe Unit 3 generator is incapacitated, the generator breaker will be opened and
auxiliary power backfed from the 500-kV system. There are still two other
independent sources of auxiliary power: the offsite 161-kV system and the onsite
standby diesel generator units. Each source may be connected to feed the
shutdown boards, and each has capacity'for operation of all systems required to
shut down the unit and maintain it in a safe shutdown condition. This meets the
requirement of General Design Criteria 17 of two physically independent circuits.

At no time will loss of auxiliary power prevent scram, since stored pneumatic energy
and normal reactor pressure, or stored pneumatic energy alone at low reactor
pressure, are the means of driving in the control rods.

The Normal AuxiliaryPower System is operated and instrumented either at the
individual unit control boards or at the electrical control board which is common to
all three units. The electrical control board is located between Units 1 and 2 control
boards.

The control functions of the Normal Auxiliary Power System which are only
unit-related, such as feeder and load breaker operation, are located on the
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respective unit control boards only. The electrical control functions which are
shared by Units 1, 2, and 3, such as feeder breaker operation to the common
4160-V board, are located on the electrical control board.

Unit 3 is provided with a centralized control room physically separated from the
common control room for Units 1 and 2. Units 1, 2, and 3 share the same Reactor
Building bay.

The principal elements of the normal auxiliary electrical system are shown on the
electrical system key diagrams in Figures 8.4-1 a, 8.4-1b, and 8.4-2. All plant
auxiliaries except the reactor feedwater pumps, high-pressure coolant injection
pump, and reactor core isolation cooling system pump (these are steam
turbine-driven) are powered by electric drives. Under startup, shutdown, and for
normal operating conditions, all loads necessary for the operation of the reactors
and turbine-generator sets and 4-kV common boards A and B are supplied from the
unit station service transformers. Recirculation pump boards 1, 2, and 3 are
supplied from separate windings on the common or unit station service transformers
and supply only the variable frequency generator sets of the recirculation pump
motors. The high-voltage drop incurred during starting of these large motors can be
confined to these buses and will have negligible effect on the rest of the system.
The 4160-V unit boards 1A, 1B, 1C, 2A, 2B, 2C, 3A, 3B, and 3C supply the
remainder of the motors associated with the reactors and turbine-generator sets.
Safety-related loads required during shutdown conditions are supplied from the
shutdown boards. Power to these shutdown buses and boards is normally supplied
from the appropriate 4160-V unit boards. If necessary, power will be supplied from
the standby diesel generators. All shutdown boards are located within seismic
Class I buildings. Each 4160-V shutdown board and each 480-V shutdown board,
and their transformers, are physically isolated from each other.

If a unit generator is incapacitated, the unit station service transformer and the
common station service system will be used before it becomes necessary to use the
standby diesel generators.

Ifall sources of power other than the diesel generators are lost, provision is made
for manually connecting the diesel generators to backfeed a 4-kV unit board for the
purpose of operating a main turbine condenser as an alternate reactor cooling heat
sink. Interlocks prevent paralleling the diesel generators with the normal auxiliary
power sources should they return to availability. Operation in this mode does not
interfere with the logic for automatic connection of diesel generators for
independent operation upon receipt of an accident signal.

Loads and systems that are common to Units 1, 2, and 3, except standby
emergency systems, cooling towers, and the Post Accident Sampling
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Facility (PASF), are supplied from common boards A and B, which are normally fed
(

by the unit station service transformers.

8.4.6.2 Automatic Manual Selection of Normal Power Source and
~SI ~ F I~

See Figure 8.4-3 for details of the automatic transfer scheme as applied to the
shutdown bus circuit breaker trip-and-close circuits.

The 43-1 (automatic-manual) or 43-2 (automatic-manual) relay for the shutdown bus
is tripped to the manual position by actuating the pushbutton located in the unit
control room. This places the two unit board feed breakers to the shutdown bus in
the manual mode. The operator then closes the unit board feed breaker that is to
supply the shutdown bus. After the shutdown bus is energized, the operator resets
the 43-1 or 43-2 relay to the automatic position; this places the shutdown bus on
automatic transfer.

A single fault in the coil circuit of the relay could trip it to manual or prevent
resetting to the automatic position. This would not trip or close any circuit breaker.
The operator will have indication of the relay position by the relay target and a
lighted pushbutton. The operator will be in full control and still have the same
sources of power available to the shutdown buses as on automatic. With this
portion of the system on manual, the automatic transfer of the unit boards from the
unit station service transformer to the start bus will still make the primary offsite
power source available to the shutdown system automatically. It would take a
double fault for a failed 43-1 relay contact to cause a circuit breaker to trip or close.

An undervoltage on the normal power source to a shutdown bus will trip the source
breaker and prevent it from closing. The remaining source is automatically selected
and the bus is reenergized. This transfer takes place through the 30 percent
residual voltage relay. A trip of the 4-kV unit board source breakers, iffeeding the
shutdown bus, willcause a 4-kV shutdown bus transfer identical to that of the
source undervoltage transfer described above, except that the residual relay is
bypassed, resulting in a fast transfer.

Both shutdown buses cannot be automatically paralleled unless a double fault
occurs, since the trip-and-close circuits of each breaker are interlocked such that
they cannot both be closed at the same time.

Automatic shutdown bus transfers are blocked for the following conditions:

Accident signal received (block begins 5 seconds after an accident signal and
continues until the signal is cleared),
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2. Any bus source breaker transfer switch turned to the emergency position,

3. Any source breaker lockout relay operation,

4. Shutdown bus lockout relay operation,

5. Backfeed switch in the backfeed position, and

6. Automatic-manual relay in the manual position.

8.4.7 Ins ection and Testin

An extensive and exacting inspection and testing program has evolved as standard
procedure for all TVAgenerating station construction. The procedures are
formalized by data sheets, check sheets and reports. The program is expanded in
the case of nuclear plant construction to include tests required to assure reactor
safety and to include expanded operational tests of functions related to reactor
safety. The discussion here is limited to quality assurance and field setting of
components in the auxiliary power system.

All transformers, switchgear, and motor control centers are subjected, as a
minimum, to factory tests required under NEMAand ANSI standards. These tests
include dielectric tests, electrical and mechanical operation of circuit breakers and
contactors, and measurement of transformer constants.
Manufacturer's certified test reports are submitted to TVAfor review and approval.

8.4.7.2 ~tne ection

TVA inspects, as appropriate, manufacturer's work during production, and permits
release of equipment for shipment from the factory only after assuring the
equipment is complete, that it has been manufactured in accordance with the
speciTications, that specified tests have been performed, and that the equipment is
of high quality. The equipment is inspected for damage in shipment before
acceptance at the jobsite.

8.4.7.3 Field Tests

TVAperforms all tests required to determine that the auxiliary power equipment
functions safely, reliably, and as designed. These tests are made prior to
energizing the equipment. Examples of these tests are: detailed check of small
wiring, meggering of electrical power conductors, and phase relation and motor
rotation checks. All protective relays and circuit breaker series overcurrent devices
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are set and tested with calibrated equipment in accordance with setting instructions
issued or approved by design departments.
8.4.8 Modifications and Safet Evaluations

8.4.8.1 U erandLower De raded Volta eSensin S stems

In response to 1977 NRC Guidelines Position 1 - Second Level of Under or Over
Volta e Protection with a Time Dela, both upper and lower degraded voltage
relaying systems have been installed on each 4-kV shutdown board. The 4-kV
shutdown board A degraded voltage scheme, along with associated voltage
monitoring relays, is shown on Figure 8.4-4. The degraded voltage relaying of the
remaining seven (7) shutdown boards is identical to that of shutdown board A.
Setpoints mentioned in Section 8.4.8 are nominal values.

8.4.8.1.1 Over Volta e Sensin S stem

Refer to Figure 8.4-4. The three (3) upper degraded voltage relays sense each of
the three (3) phase-to-phase voltages on the shutdown board potential transformer
secondaries. If two (2) of the three (3) relays sense a shutdown board voltage
above their setpoint (4400-V) for more than five seconds, time delay pickup relay
will pick up and give annunciation. The annunciation will alert the operator to
reduce board voltage.

8.4.8.1.2 Undervolta e Sensin S stem

Refer to Figure 8.4-4. The three (3) lower degraded voltage relays sense each of
the three (3) phase-to-phase voltages on the shutdown board potential transformer
secondaries. If two (2) of the three (3) relays sense a shutdown board voltage
below their setpoint (3920-V), approximately 0.3 seconds, time delay relay will
initiate timing.

Should a degraded voltage exist for approximately 4 seconds, the diesel generator
will start.

Two other methods for starting the diesel generator are as follows:

a. For a loss of shutdown board voltage of greater than 1.5 seconds, relays will
drop out and start the diesel generator. This transfer from offsite power to
diesel generator power will not occur ifvoltage recovers to the reset setpoint
(2870-V) within 1.5 seconds.

b. An accident signal (low reactor vessel water level or high drywell pressure
coincident with low reactor pressure) or a pre-accident signal (low reactor
vessel water level or high drywell pressure) for either Unit 2 or 3 starts all
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eight diesel generator units with no time delay. The Unit 1 accident and pre-
accident signal inputs are temporarily disabled while the reactor vessel in
Unit 1 is defueled.

Should a degraded voltage exist for 6.9 seconds, time delay relays will pickup
and initiate shutdown board A power system isolation, load shedding, and
eventual closing of the diesel generator breaker when the diesel is up to
normal speed and voltage. This initiation is inhibited ifeither diesel generator
breaker 1818 or intertie breaker 1824 is closed. The closing of either of these
breakers is referred to as "diesel generator voltage available signal" in
Figure 8.5-4a. Time delay pickup relay (set at 1.3 seconds), allows time for
shutdown board power system isolation and subsequent voltage decay before
the diesel generator breaker 1818 close signal is issued.

For a sustained degraded voltage the diesel generator start signal is issued at
approximately 4 seconds; the shutdown board power system isolation and
load shedding signal is issued at approximately 6.9 seconds; and the diesel
generator breaker 1818 close signal is issued at approximately 8.2 seconds.
The setpoint of the timers has been determined by analysis and includes,
among other attributes, 5 percent repeatability.

For a loss of 4-kV shutdown board A voltage, the diesel generator breaker
1818 close signal is issued immediately provided the diesel generator is up to
normal speed and voltage, shutdown board A power system isolation and load
shedding has been initiated, and breakers 1716, 1614, and 1824 are tripped.
This initiation is inhibited if there is an accident signal from any unit and either
breaker 1818 or 1824 is closed.

Loss of voltage relays can initiate diesel generator start, shutdown board A
power system isolation, load shedding, and connection of the diesel generator
independent of the degraded voltage sensing system. Except for diesel
generator start, this initiation is inhibited for an accident signal in conjunction
with either diesel generator breaker 1818 or intertie breaker 1824 being
closed.

8.4.8.1.3 De radedVolta eSensin S stemConformancetoNRC
Re uirements Maintained for Historical Reference

The degraded voltage sensing system design requirements are given in 1977 NRC
Guidelines Position 1 - Second Level of Under or Over Volta e Protection with a
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Section(a) Requirements are as follows:

a. The selection of voltage and time set points shall be determined from an
analysis of the voltage requirements of the safety-related loads at all onsite
systems distribution levels.

~Res onse

The results of the original analysis performed in response to section (a) is
presented in FSAR Section 8.4.8.1.4. To support the restart of Unit 2 and Unit 3,
another voltage drop analysis has been performed. This new analysis specifies
transformer tap settings which ensures that voltage levels at the 4160V and 480V
busses are adequate, for Units 2 and 3 operation with Unit 1 defueled, without
transfer to onsite (diesel) power under normal operating, accident, and refueling
conditions, with maximum and minimum voltage levels at the 500 kV and 161 kV
busses.

Section b) Requirements as follows:

b. The voltage protection shall include coincidence logic to preclude spurious
trips of the offsite power source.

~Res onse

The relay logic for each shutdown board is arranged in a two-out-of-three logic
scheme, thereby satisfying this criterion.

Section c) Requirements are as follows:

c. The time delay selected shall be based on the following conditions:

1. The allowable time delay, including margin, shall not exceed the maximum
time delay that is assumed in the FSAR accident analysis,

2. The time delay shall minimize the effect of short duration disturbances from
reducing the availability of the offsite power source(s), and

3. The allowable time duration of a degraded voltage condition at all distribution
system levels shall not result in failure of safety systems or components.
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The diesel generators and their operational sequence of core standby cooling
systems is analyzed in FSAR Section 6.5 to ensure that the maximum time delay
that is assumed in the accident analysis is not exceeded. The shutdown board
voltage dips below the lower degraded voltage setpoint (3920-V) for less than three
seconds during the start of its largest motor (RHR), therefore a 4 second lower
degraded voltage time delay prior to issuing the diesel generator start signal will
minimize the effects of short duration disturbances.

The effects of short term degraded voltage on downstream electrical equipment has
'eenanalyzed and will not result in failure of safety systems and components.

Section d) Requirement is as follows:

d. The voltage monitors shall automatically initiate the disconnection of offsite
power sources whenever the voltage set point and time delay limits have been
exceeded.

~Res nse

This is the case of our design, refer to Figure 8.4-4.

Section e) Requirement is as follows:

e. The voltage relays are designed to satisfy the requirements of IEEE Std.
279-1971, "Criteria for Protection Systems for Nuclear Power Generating
Stations."

~Res onse

How the voltage relays satisfy the requirements of IEEE-279-1971 is discussed as
follows:

Re uirements of IEEE-279-1971 Seismic and Environmental Qualifications

The voltage relays will be operable under seismic conditions.

a. These relays have been seismically qualified to a more severe seismic level at )

the other plants than that required for the Browns Ferry Nuclear Plant.
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The associated time delay relays are seismically qualified for these specific
applications by combinations of seismic and circuit analyses. The analysis
compared the most severe seismic requirement imposed on the relay at its
mounting locations with the relay seismic capability established by vendor-
supplied test data.

i

c. All equipment is located above probable maximum flood level. Monitors are
mounted inside switchgear and are designed to operate under accident
conditions.

Class 1E Qualifications

All equipment is Class 1E. The relays are arranged in a two-out-of-three logic for
each voltage condition; therefore, the failure of a single voltage monitor will not
cause spurious system operation or cause the system to be inoperative. All voltage
relays will be mounted in the shutdown system switchgear which is of compatible
classifications. Time delay relays are located in diesel generator logic panels for
Units 1 and 2 and in the shutdown system switchgear for Unit 3. Diesel generator
logic panels have compatible classification.

Inde endence

Overvoltage relays and undervoltage relays are independent of each other. These
conditions apply to each of the four shutdown boards associated with Units 1 and 2,
and also to each of the four boards for Unit 3.

Redundanc of E ui ment and Controls

Each 4-kV shutdown board is supplied with three overvoltage and three
undervoltage monitors. Each system of three monitors is connected so that a single
failure will not result in the loss of the appropriate tripping function.

Reliabilit of Com onents

Components used to monitor degraded grid voltage conditions have been selected
to ensure voltage monitored system operation. These components comply with the
quality control and quality assurance requirements as set forth in 10 CFR Part 50.

~Teatabilit

The voltage monitors in each 4-kV shutdown board have the capability of being
tested during normal operation. Provisions are made for periodic testing of voltage
monitors and timing relays.
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8.4.8.1.4 Volta e Dro Anal sis Summa

Analyses were performed to verify the AC auxiliary power system is capable of
supplying sufficient voltage to successfully start and run all safety motors required
for Unit 2 and Unit 3 without transfer to onsite (diesel) power for normally expected
system loading.

Design Bases

1. Maximum load will occur 60 seconds following a Unit 2 or 3 LOCA. Unit 1 is
defueled.

2. 480-V load used in the analysis is the anticipated actual load.

3. Each 460-V safety motor is analyzed to ensure adequate starting and running
voltage to the motor terminals.

Results

The AC auxiliary power system is capable of supplying sufficient voltage to
successfully start and run all safety motors without transfer to onsite (diesel) power
for expected system loading.

The 4-kV safety motors have a normal operating range of+ 10 percent with a 20
percent voltage drop allowed on starting.

The 460-V safety motors are considered to have an operating range of
+ 10 percent, with a 15 percent voltage drop allowed on starting (except 20 percent
for compressor motors). For those motors that do not operate within this range,
justification is provided in the form of engineering analysis or vendor
documentation.

The 4-kV shutdown board degraded voltage relaying has two setpoints - high
voltage and low voltage as follows:

a. The upper degraded voltage relaying annunciates when the 4-kV shutdown
board voltage goes above 4400-V (110 percent of 4000-V). This annunciation
will alert the operator to take action to reduce the shutdown board voltage.

b. The lower degraded voltage relaying initiates, after a time delay, a transfer of
the shutdown board to the standby onsite (diesel) power distribution system
when the board steady state voltage falls below 3920-V. This will ensure
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proper operation of all safety loads fed from the board. In addition, the lower
degraded voltage relays have a fullyadjustable reset point to allow for reset
just above the relay operating setpoint (reset at less than or equal to 1.5
percent above trip value).

Concerning the 500-kV Offsite Power Source:

The Unit 1, 2, and 3 station service transformers with automatic onload tap
changers can successfully supply all 4-kV and 460-V safety motors under all
expected load and switchyard voltage variations without transfer to onsite (diesel)
power, this includes normal running and startup conditions. The 4-kV shutdown
board voltage dips below 3920-V for less than 3 seconds during the start of its
largest motor (RHR). This time is well within the degraded voltage approximately
6.9 second pickup time to trip offsite power to the shutdown board in preparation for
transfer to diesel power. The system will not transfer to onsite (diesel) power during
normal motor startup conditions.

Concerning the 161-kV Offsite Power Source:

The common station service transformers A and B with automatic on-load tap
changers can successfully supply all 4-kv and 460-V safety motors under an
accident load and swithyard voltage variations without transfer to onsite (diesel)
power due to a lower degraded voltage condition. Motor starting currents which
cause the 4-kV shutdown board bus voltages to dip below the lower degraded
voltage setpoint (3920-V) will recover before transfer to onsite power is initiated.

Away of exceeding the upper voltage setpoint (4000-V) was determined.

A combination of the following:

- Shutdown boards being fed from the 161-kV system
- Highest expected 161-kV switchyard voltage
- Light auxiliary power system load

The upper degraded voltage relays annunciate after a time delay of
approximately 5 seconds to alert the operator to take corrective action.
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8.6 250-V DC POWER SUPPLY AND DISTRIBUTION

8.6.1 66O6168888 3

The safety objective of the 250-V DC power system is to provide a highly reliable
source of control power and motive power as required for the Engineered
Safeguards System (ESS) so that no single credible event can disable the
containment isolation and core standby cooling functions and their supporting
control power sources and circuits.

8.6.2 Safet Desi n Basis

1. The ESS 250-V DC power system shall be designed with adequate
independence and redundancy so that the failure of any single active
component will not prevent the required ESS from functioning.

2. Battery capacity shall be adequate so that any two unit batteries can supply
for 30 minutes, without chargers available, the DC power required to operate
the ESS on any one reactor unit in the event of a design basis accident, as
well as the DC power required for the safe shutdown and cooldown of the
other two units.

3. The ESS that are supplied from the 250-V DC power system shall be
designed to operate at the required minimum voltage for individual
components.

4. The ESS 250-V DC power system shall be capable of withstanding the design
basis earthquake without impairment of its function.

5. The ESS 250-V DC power system shall be designed so that any component,
including battery charger, battery, distribution center, and interconnecting
wiring, can be tested without disabling any required ESS.

8.6.3 ~0 ~

The 250-V DC power system consists of two subsystems, a six battery plant system,
and a five battery control power system (shutdown board batteries).

1. The plant batteries are further categorized as unit batteries (Batteries 1, 2,
and 3) and station batteries (Batteries 4, 5, and 6). The ESS loads for the
three unit plant are supplied from Unit Batteries 1, 2, and 3. Batteries 1, 2,
and 3 also supply some non-safety-related loads, but Batteries 4, 5, and 6
only supply non-safety-related loads.

8.6-1



BFN-16

The 250-V DC unit system consists of three 120-cell lead-acid batteries (one
Class 1E battery and battery charger per unit and one Class 1E spare battery
charger common with the station system) together with the associated
circuitry, switches, indicators, and alarms (Figure 8.6-1a).

The 250-V DC station system consists of three 120-cell lead-acid batteries
(one Non-Class 1E battery and battery charger per unit and one Class 1E
spare battery charger common with the Unit system) together with the
associated circuitry, switches, indicators, and alarms
(Figure 8.6-1 f).

2. The 250-V DC control power supply system (Shutdown Board Batteries SB-A,
SB-B, SB-C, SB-D, and SB-3EB) consists of five 120-cell lead-acid batteries
(one battery and battery charger for each shutdown board, and one spare
battery charger), together with the associated circuitry, switches, indicators,.
and alarms (Figure 8.6-1a). The batteries also supply 480-V shutdown boards
for Units 1 and 2 and ATWS.

250-V Plant DC S stem

The battery chargers are of the solid-state, rectifier type, capable of working
independently. Each charger is capable of automatically regulating output voltage.
Each battery charger has the capacity to furnish floating, equalizing, and fast
charge in accordance with the battery manufacturer's recommendations.

Each battery charger provides the 250-V DC supply during normal operations,
keeps its associated battery fullycharged at all times, and recharges the battery
after a discharge. On loss of power to the charger, the battery supplies all required
loads. Each battery is equipped with a low-voltage alarm which is actuated before
battery voltage falls to 240-V.

Each of the batteries for the 250-V DC system consists of 120 lead-calcium grid
type cells.

The unit batteries have a 1-minute rating of 2080 amperes and an 8-hour discharge
rating of 2320 ampere-hours.

The station batteries have a 1-minute rating of 2240 amperes and an 8-hour
discharge rating of 2320 ampere-hours.

All ratings are to a final terminal voltage of 210-V at a temperature of 77'F.
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The three unit batteries have engineered safeguards control loads for the three
units distributed among them so that redundant subsystems on each unit have
separate normal and alternate power supplies. The battery board buses,
motor-operated valve boards, and distribution panels supply nominal 250-V DC
power to their loads without interruption unless the supply battery is discharged and
power to the charger is lost. All transfers from normal to alternate sources are done
manually, under administrative control procedures.

The major connected loads for the 250-V DC power system are listed in Table
8.6-1, Figure 8.6-5, and Figure 8.6-6. The batteries in the 250-V plant DC system
have the capacity to carry all their required selected loads for 30 minutes without
recharging. Each charger shall be sized to recharge its battery from the design
minimum charge, based on actual duty cycle ampere-hour discharge, in
approximately 12 hours under normal load conditions.

A typical arrangement of the 250-V plant DC system for one unit is shown in
Figure 8.6-2a; and the interconnection scheme for this same portion for all three
units, illustrating separation requirements, is shown in Figure 8.6-3.

250-V DC Control Power Su I S stem for shutdown boards

The 250-V DC control power battery chargers have similar characteristics to the
chargers of the plant system except for size.

The batteries for the 250-V control power supply are of the lead-calcium grid
construction. They have a one-minute rating of 500 amperes and an eight-hour
discharge rating of 410 ampere hours, both ratings to a terminal voltage of 210-V
at 77'F. Although the safety-design basis requirement for battery capacity is
30 minutes, the batteries have a greater (three hour rating of 108 ampere to a
terminal voltage of 210-V at 77'F) capacity to supply all required loads allowing
ample time for corrective action ifa charger malfunction occurs.

Normal 250-V DC control power for 4160-V shutdown boards A, B, C, D, and 3EB is
supplied by one of the DC control power supplies with an alternate supply from one
of the unit battery boards through a manual transfer switch. 250-V DC control
power for 480-V shutdown boards 1A, 2A, 1B, and 2B is supplied by one of the DC
control power supplies with an alternate supply from one of the battery boards
through a manual transfer switch. 250-V DC control power for 4160-V shutdown
boards 3EA, 3EC, and 3ED, 480-V shutdown boards 3A and 3B, 480-V HVAC
board B, the bus-tie board, and the cooling tower switchgear is from the unit battery
boards. Alternate supplies have been provided through manual transfer switches.
Separations between redundant control power circuits are maintained external to
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and within the switchgear. The major connected loads for the 250-V DC control
power system are listed in Table 8.6-1 and Figure 8.6-5.

The batteries in the 250-V DC control power supplies have the capacity to carry all
their required loads for 30 minutes without recharging. Each charger is sized to
recharge its battery from the design minimum charge, based on actual ampere-hour
removed, in approximately 12 hours under normal load conditions.

The typical arrangement for 250-V DC control power supplies A, B, C, D, and 3EB
is shown in Figures 8.6-2b and 8.6-2c. The key diagrams for the boards are shown
in Figures 8.6-1a, b, d, and e.

8.6.4 Safet Evaluation

8.6.4.1 General

The system is arranged and powered so that the probability of failure of power to
any single battery board bus or shutdown board control bus is very low and that
such a failure does not result in loss of any safeguards function. The system is
designed to meet the intent of the IEEE criteria for nuclear power plant protection
systems (lEEE-279).

Each battery, and its associated equipment, is easily accessible for inspection and
testing. The DC system is ungrounded and has a ground detection alarm. The
most probable mode of battery failure would be deterioration of a single cell which
can be detected well in advance by standard, routine battery inspections and
testing. The system is designed so that the batteries cannot be paralleled.

Each ESS battery and its associated earthquake-type racks and holddown bolts are
designed as Class I equipment in accordance with Appendix C, "Structural
Qualification of Subsystems and Components."

8.6.4.1.1 Plant DC S stem

Each ESS 250-V DC unit battery board bus can be supplied from its own battery
charger or from the spare charger. Each station battery board bus can be supplied
from its own charger or from the spare charger. The charger switching is done
manually and without normally paralleling the chargers; however, chargers are
designed to operate in parallel. The chargers can be powered from normal plant
auxiliary power or from the standby diesel-driven generator system.

Zero-resistance short circuits at the battery board or any point downstream can be
cleared by the breakers operating within their ratings. The unit batteries are located [
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in the control building each in its own ventilated, unit battery room. The station
batteries are located in the Turbine Building. The station batteries supply loads that
are not essential for safe shutdown and cooldown of the nuclear system and are not
considered in the accident load calculations.

8.6 4.1.2 Shutdown Board Control Power Su I

Each 250-V DC control power supply can receive power from its own battery,
battery charger, or from a spare charger. The chargers are powered from normal
plant auxiliary power or from the standby diesel-driven generator system.
Zero-resistance short circuits between the control power supply and the shutdown
board are cleared by fuses located in the respective control power supply A, B, C,
D, or 3EB. Each power supply is located in the Reactor Building or Diesel
Generator Building near the shutdown board it supplies. Each battery is located in
its own independently ventilated battery room.

8.6.4.2 Loss of One 250-V DC Unit Batte

The ESS 250-V DC system is arranged, and the batteries sized, such that the loss
of any one unit battery will not prevent the safe shutdown and cooldown of all three
units in the event of the loss of offsite power and a design basis accident in any one
unit. Loss of control power to any engineered safeguards control circuit is
annunciated in the Main Control Room of the unit affected.

8.6.4.3 Loss of One 250-V DC Control Power Su I Batte

The loss of one battery affects normal control power for the 480-V and 4160-V
shutdown board which it 'supplies. Complete loss of the control power to these
shutdown boards results in loss of only those engineered safeguards supplied by
these boards, which is acceptable.

8.6.5 Ins ection and Testin

Routine service and testing are based upon the recommendations of the
manufacturer and sound maintenance practices. Typical inspections include visual
examinations for leaks and corrosion and a check of all batteries for uniformity, as
well as values of cell voltage, specific gravity of electrolyte, and electrolyte level.
Any one battery or battery charger may be removed from the system for testing or
repair without loss of service to the system.

8.6-5
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8.8 AUXILIARYDC POWER SUPPLY AND DISTRIBUTION

8.8.1 48-V DC Power S stem

8.8.1.1 Power Generation Ob'ective

The objective of the 48-V DC Power System is to provide a reliable, continuous,
independent, and conveniently utilized 48-V DC power supply for the plant
communications and annunciator systems during all modes of plant operations.

8.8.1.2 Power Generation Desi n Basis

1. The 48-V DC Power System shall supply power for all 48-V DC requirements.

2. The annunciator system batteries shall be capable of supplying the connected
loads for a period of 8 hours without recharging, with a minimum battery
terminal voltage of 42 volts at the end of the 8-hour period.

3. The plant communications system (telephone) battery shall be capable of
supplying the connected loads for a period of 3 hours without recharging.

8,8,1.3 ~Oi I

The 48-V DC Power System consists of three batteries, four battery chargers, and
the associated buses, circuitry, and distribution panels required for the operation of
the system. One battery and its charger is for the plant communications system.
The other two batteries and their chargers are for the annunciator system. The
fourth charger is a spare unit and may be switched to supply power to any one of
the three 48-V DC buses. The battery chargers are not normally operated in
parallel but are designed to operate in parallel. The annunciator batteries are sized
and the system arranged so that the total station annunciator load may be supplied
from one battery.

During normal operations each battery charger provides the prime source of 48-V
DC power, with the battery supplying peak demands, normally keeps its battery fully
charged, and recharges its battery after a discharge. After a significant discharge
the spare battery charger may be paralleled with another battery charger to assist in
battery charging or load carrying. On loss of power to the charger, the battery
supplies all the required loads.

Loss of 48-V DC annunciator power from one battery will be annunciated and an
automatic transfer to the other 48-V annunciator battery accomplished. Thus, only
a brief interruption in annunciation will result. The low-voltage alarm is actuated
when battery voltage falls to 46-V.

8.8-1



The battery chargers are of the solid-state, rectifier type, capable of working
independently. Each charger is capable of automatically regulating output voltage
within 1/2 percent of its rated value under the following conditions:

1. The load is between 0 percent and 100 percent, with the AC power feeding
the charger deviating from the rated voltage by 10 percent.

2. The battery is connected or disconnected.

Either the telephone battery charger or the spare charger has the capacity to
deliver the maximum charging rate required by the telephone battery, while also
supplying the normal steady-state load. Either charger is also capable of
recharging the telephone battery, after a 3-hour discharge, to 95 percent of it'

capacity in approximately 12 hours, to maintain full charge once achieved; and to
periodically give the battery an equalizing charge. The annunciator battery
chargers A and B lack sufficient capacity to simultaneously deliver the maximum
charging rate and supply the normal steady-state load. It is possible to recharge
each battery from a totally discharged condition (1.75-V per cell) in a reasonable
time (the spare charger may be paralleled with another charger to assist in battery
charging or load carrying), maintain full charge once achieved, and to periodically
give the battery an equalizing charge.

The batteries are lead-acid, lead-calcium grid construction type with 24 cells
(nominal 48-V DC), and rated to carry the maximum load required by any one
battery. Each battery is designed to have an 8-hour rating of 840 ampere-hours.

The batteries are capable of supplying the connected loads for a period of 8 hours
without recharging, with a minimum battery terminal voltage of 42-V at the end of
the 8-hour period.

The 48-V batteries are mounted on sturdy earthquake-type racks suitable for easy
maintenance and housed in the battery rooms which are adequately ventilated to
prevent a concentration of combustible gases from the charging operation. Racks
and holddown bolts are designed as Class I equipment in accordance with
Appendix C, "Structural Qualification of Subsystems and Components."

The relation of the 48-V DC Power System to other associated electrical systems is
shown in Figure 8.6-1 c of Subsection 8.6.
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8.8.1.4 Ins ection and Testin

Routine service and testing are based upon the recommendations of the
manufacturer and sound maintenance practices. Typical inspections include visual
examinations for leaks and corrosion, and checking all batteries for uniformity as
well as values of cell voltage, specific gravity of electrolyte, and electrolyte level.
Any one battery or battery charger may be removed from the system for testing or
repair without interrupting service to the system.

8.8.2 24-V DC Power S stem

8.8.2.1 Power Generation Ob'ective

The objective of the+ 24-V DC Power System is to assure a supply of 24-V DC
power to various monitoring instrumentation during all modes of plant operation.

8.8.2.2 Power Generation Desi n Basis

1. The 24-V DC Power System shall supply power for all 24-V DC requirements
through the use of two independent channels for each unit.

2. The batteries shall be capable of supplying the connected loads for a period
of 3 hours, with each cell having a residual charge not less than 1.75-V at the
end of the 3-hour period.

8. ~ .2,3 ~0

The 2 24-V DC Power System for each unit consists of two separate and
independent 24-V DC channels. Each channel has a+24-V DC and a -24-V DC
battery charger connected in series with a common ground. The two battery
chargers are connected in parallel with two 24-V batteries having a common
ground. The channels are designed for reliability and to minimize electrical noise.
The circuits are designed so that the loads which are needed most will have the
greatest probability of being served. The prime source of power is from the battery
chargers, with the batteries serving as a backup source of power. Each channel
has an independent local distribution panel. The voltage of the channel is indicated
on the distribution panel.

Each channel is protected from high voltage by an overvoltage relay. The relay
operates the charger output circuit breaker and actuates an alarm in the control
room when the voltage exceeds approximately 29-V. The alarm in the control room
is also actuated on low voltage at approximately 22-V.
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The main circuit breakers on the feeder lines from the battery chargers and
batteries break both the + and - sides of the system, while the ground connection
remains uninterrupted. Loss of power from the battery chargers does not result in
loss of+ 24-V DC supply.

The battery chargers are of the full-wave silicon rectifier type, capable of working
independently. Each charger is capable of automatically regulating output voltage
within+ 2 percent of its rated value under the following conditions:

1. The load is between 0 percent and 100 percent, with the AC power feeding
the charger deviating from the rated voltage by 10 percent.

Each battery charger has the capacity to deliver the maximum charging rate
required by the battery, as recommended by the battery manufacturer, while also
supplying the normal steady-state DC load. It is possible to recharge each battery
from a totally discharged condition, maintain full charge once achieved, and to
periodically give the battery an equalizing charge if required. Lead-calcium
batteries do not require an equalizing charge if floated between 2.20 and 2.25-V per
cell.

The batteries are lead-acid, lead-calcium type with 12 cells (nominal 24-V DC) and
rated to carry the maximum load required by any one battery.

The 24-V batteries for each unit are mounted on a sturdy rack suitable for easy
maintenance and housed in the unit battery room, which is adequately ventilated to
prevent a concentration of combustible gases from the charging operation.

The relation of the 24-V DC Power System to other associated electrical systems is
shown in Figure 8.6-1d of Subsection 8.6.

The+ 24-V DC Power System is not a safety system and does not have a safety
design basis. An evaluation of the total loss of+ 24-V power is shown in Table
8.8-3. As shown by this evaluation, the complete loss of+ 24-.V DG power does not
have unacceptable results nor does it prevent safe shutdown of the plant.

8.8.24 Ins ection and Testin

Service and testing is performed on a routine basis in accordance with
recommendations of the manufacturers and sound maintenance practices. Typical
inspections include visual inspections for leaks and corrosion, and checking all
batteries for voltage, specific gravity, and level of electrolyte. At the time of
installation, a full load discharge test is made to prove that battery capacity is
adequate.

8.8-4
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9.0 RADIOACTIVEWASTE CONTROL SYSTEMS

9.1 SUMMARYDESCRIPTION

The radioactive waste systems are designed to process the radioactive wastes
generated during plant operation. These wastes can be liquid, solid, or gaseous.
Where permitted, the liquid and gaseous radioactive wastes are discharged to local
water streams or the atmosphere, respectively, at concentrations which at a
maximum are well below established regulatory limits. Radioactive wastes are
subject to the requirements of applicable plant procedures.

The Liquid Radwaste System collects, treats, and returns processed radioactive
liquid wastes to the plant for reuse. Treated radioactive wastes not suitable for
reuse are discharged from the plant in the circulating water discharge canal or
packaged for offsite burial.

The Solid Radwaste System collects, processes, stores, packages, and prepares
solid radioactive waste materials for shipment to offsite disposal facilities.

The Gaseous Radwaste System collects and processes gaseous radioactive
wastes from the main condenser air ejectors, the startup vacuum pumps,
condensate drain tank vent, and the steam packing exhauster, and controls their
release to the atmosphere through the plant stack so that the total radiation
exposure to persons outside the controlled area is as low as reasonably achievable
and does not exceed applicable regulations.

9.1-1
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9.2 LIQUID RADWASTE SYSTEM

9.2.1 Power Generation Ob ective

The Liquid Radwaste System collects, treats, and returns processed radioactive
liquid wastes to the plant for reuse. Treated radioactive wastes not suitable for
reuse and the suitable liquid waste for reuse whose volume is not needed for plant
operations or not desired for reuse are discharged from the plant or packaged for
offsite disposal.

9.2.2 Power Generation Desi n Basis

The Liquid Radwaste System shall be designed so that the liquid radwastes which
are discharged from the plant are within the limits specified in the ODCM and the
operation or availability of the plant is not limited thereby.

9.2.3 Safet Desi n Basis

The Liquid Radwaste System shall be designed to prevent the inadvertent release
of significant quantities of liquid radioactive material from the restricted area of the
plant so that resulting exposures are within the guideline values of 10 CFR 20,
Appendix I of 10 CFR 50, and/or 40 CFR 190.

9,2,4 ~0

The Liquid Radwaste System collects, processes, stores, and disposes of all
radioactive liquid wastes. The system is sized to handle the radioactive liquid
wastes from all three units of the plant. The radwaste facility is located in the
radioactive waste building. The Radwaste Building is located and the radwaste
equipment is arranged as shown in Figures 1.6-23 and 1.6-24.

Included in the Liquid Radwaste System are the following:

a. Piping and equipment drains carrying potential radioactive wastes,

b. Floor drain systems in controlled access areas and/or those areas which may
contain potentially radioactive wastes, and

c. Tanks, piping, pumps, process equipment, instrumentation, and auxiliaries
necessary to collect, process, store, and dispose of potentially radioactive
wastes.

Equipment is selected, arranged, and shielded to permit operation, inspection, and
maintenance with personnel exposures within the limits specified in 10 CFR 20 and

9.2-1
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applicable plant procedures. For example, sumps, pumps, valves, and instruments
are located in controlled access areas. A resin trap with differential pressure
instrumentation is installed in the effluent line for the radwaste waste demineralizer.
Details of the radwaste system are shown in Figures 9.2-3a through t. Operation of
the waste system is essentially manual start-automatic stop.

The system is divided into several subsystems so that the liquid wastes from
various sources can be kept segregated and processed separately. Cross
connections between the subsystems provide additional flexibilityfor processing of
the wastes by alternate methods. The liquid radwastes are classified, collected,
and treated as either high purity, low purity, chemical, or detergent wastes. The
terms "high" purity and "low"purity refer to conductivity and not radioactivity. These
liquid radwastes are referred to in the figures as "CRW'clean radwaste) and
"DRW'dirtyradwaste).

9.2.4.1 Hi h Purit Wastes

High purity (low conductivity) liquid wastes which are collected in the waste
collector tank are from the following main sources:

a. Drywell equipment drain sumps,

b. Radwaste Building equipment drain sump,

c. Turbine Building equipment drain sumps,

d. Reactor cleanup systems,

e. Decantate from cleanup phase separators,

f. Decantate from condensate phase separators,

g. Waste package drain tank,

h. Offgas condensate collector sump,

i. Turbine Building condensate pump pit equipment drain sumps,

j. Standby Gas Treatment Building sumps,

k. Floor drain filter and sample tank pump discharge,

I. Residual Heat Removal System.

9.2-2
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The high purity wastes are processed by filtration and ion exchange through the
waste filter and waste demineralizer. After processing, the waste is pumped to a
waste sample tank where it is sampled and then, ifsatisfactory for reuse, and there
is sufficient available volume in the condensate storage tanks to accept the waste it
is transferred to the condensate storage tanks as makeup water.

An alternate method of processing high purity wastes is the use of vendor supplied
skid mounted equipment interconnected with the Radwaste System. After
processing, depending on effluent quality and plant needs, the water can be sent to
either the waste surge tank or floor drain sample tank.

If the analysis of the sample reveals water of high conductivity ()1 ps/cm) or high
radioactivity concentration ()10-3 p,Ci/ml), it may be returned to the system for
additional processing. These wastes may be released to the discharge canal if
allowable discharge canal concentrations are not exceeded.

9.2.4.2 Low Purit Wastes

Low purity (high conductivity) liquid wastes which are collected in the floor drain
collector tank are from the following sources:

a. Drywell floor drain sumps,

b. Reactor Building floor drain sumps,

c. Radwaste Building floor drain sumps,

d. Turbine Building floor drain sumps,

e. Chemical waste tank,

f. RHR Systems,

g. Turbine Building backwash and receiver pit floor drain sumps,

h. Turbine Building condensate pump pit floor drain sumps.

These wastes generally have low concentrations of radioactive impurities; therefore,
processing consists of demineralization, filtration, and subsequent transfer to the
floor drain sample tank for sampling and analysis. An alternate method of
processing low purity wastes is the use of vendor supplied skid mounted equipment
interconnected to the permanent Radwaste System. After processing, depending
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on effluent quality and plant needs, the water can be sent to either the waste surge
tank or floor drain sample tank.

If the analysis indicates that the concentration of radioactive contaminants is
sufficiently low and the water is not needed for plant reuse, the sample tank batch is
transferred to the circulating water discharge canal for dilution with condenser
circulating water as necessary to meet plant effluent discharge requirements of the
ODCM. Manual valves are present between the floor drain sample tank and the
discharge to preclude the possibility of unanalyzed radioactive water leaking
directly to the river. Large-mesh, basket-type strainers are located in the floor drain
and waste subsystems to prevent surge tank eductors from becoming plugged.

The ODCM provides the methodology to administratively control limits below
regulatory limits.

Tritium is typically present in the radwaste effluents. The 10 CFR 20 limitfor tritium
is 1E-3pCI/ml - and the incremental contribution of the plant release is insignificant
compared to current regulatory guidance.

Estimated concentrations of the radioactivity in the liquid wastes discharged from
the radwaste facility to the discharge canal are given in Table 9.2-1. These liquid
wastes are released at a rate to give Effluent Concentration Limit (ECL) fraction of
s10 in the discharge canal during the period of the discharge. Since the discharge
is on a batch basis, the daily average concentration in the canal is correspondingly
less. The discharge from the canal to the environs, therefore, is equal to or less
than an ECL fraction of 10. Mixing in Wheeler Reservoir provides additional
dilution.

The annual average concentrations of the radioisotopes which are the major
contributors to the radioactivity in the canal after dilution are presented in Table
9.2-2, along with the ECLs for the same radioisotopes. From these data it can be
seen that the concentration of each discharged isotope is less than the ECL for the
radioisotope.

9.2.4.3 Chemical Wastes

Chemical wastes are collected in the chemical waste tank and are from the
following main sources:

a. Shop decontamination solutions,

b. Laboratory drains,
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c. Reactor Building decontamination drains,

d. Chemical waste from cleanup and condensate precoat tanks,

e. Radwaste Building floor drain sump,

f. Radwaste floor drain and waste filter decontamination drain, and

g. Fuel pool filters decontamination drain.

Chemical wastes are typically transferred in small quantities to the floor drain
collector tank for processing. The chemical contaminants and radioactivity
concentrations are variable and largely dependent on plant operational activities
which drain to the chemical waste tank. Normally, the radioactivity concentrations
are low enough to meet discharge canal concentration limits (after dilution). These
wastes may also be transferred to the floor drain collector tank and processed in the
same manner and with the same equipment as low purity wastes.

9.2.4.4 Deter ent Wastes

Detergent and other plant cleaning wastes are collected in the laundry drain tanks.
These wastes are primarily from plant cleaning and decontamination activities and
are typically of low radioactivity concentration. The laundry drain tanks may be
crosstied with the cask decontamination tank. Prior to discharge, tank contents are
recirculated through the laundry drain filter, sampled, and discharged into the
circulating water canal at a rate not to exceed the limits of the ODCM. As an
alternative, tank contents may be transferred to the floor drain collector tank and be
processed in the same manner and with the same equipment as low purity waste.

Cask decontamination liquid is collected in the 15,000-gallon cask decontamination
tank. This liquid is essentially high conductivity water of low radioactivity
concentration. The liquid is sampled, filtered through the laundry drain filter, and
discharged into the circulating water canal at a rate such that the limits of the
QDCM are not exceeded. As an alternative, tank contents may be transferred to
the floor drain collector tank and be processed in the same manner and with the
same equipment as low purity waste.

9.2.5 Power Generation Evaluation

Liquids having levels of radioactivity above technical specification limits are not
discharged from the plant. Pumpout rates of the liquid radwastes are variable.
Prior to discharge, wastes are sampled and analyzed in batches. The liquid waste
is then discharged at a rate such that technical specifications are not exceeded.
Discharge is into the discharge canal of Units 1, 2, and 3 or into the cooling tower
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blowdown. A monitor on the waste system discharge line will alarm on excessive
activity concentration and will automatically stop the discharge. The tank level and
laboratory analysis records are retained as a record of waste discharge from the
plant (see Subsection 7.12).

The monitor will be set to trip at a total ECL fraction of less than or equal to 10 in
the plant effluent. When in the open cooling tower mode, the minimum dilution flow
rate will be approximately 400,000 gpm or approximately 360,000 gpm in the helper
mode. (One unit in operation, with two of the three circulating water pumps
running.) The monitor will be set to limit the canal concentrations to less than the
applicable regulatory limits. At this level, the monitor willclose valves 77-58B and
77-58A (Figure 9.2-3c of the FSAR). In all cooling modes, discharge from the
radwaste system is accomplished by a 3-inch and a 1-inch line upstream of the
radiation monitor.

In the open mode, interlocks are provided which prevent the discharge of liquid
waste into a condenser cooling water discharge conduit when fewer than two of the
associated circulating water pumps are in operation. When the cooling towers are
in the helper mode, additional interlocks are provided which prevent discharging
liquid waste into a discharge conduit in which the flow is being routed to the towers.
An additional waste discharge line has been installed to connect with the cooling
tower blowdown line. The minimum flow in the blowdown line is 50,000 gpm when
discharging radwaste through the cooling tower blowdown line. A flow restricting
valve is installed in the waste discharge line which connects to the tower blowdown
line. The valve will be used to vary the flow rate, depending upon the radioactivity
of the waste, to assure that the canal concentration is within technical specifications
and the ODCM.

The processing equipment is located within concrete buildings to provide secondary
enclosures for the wastes in the event of leaks or overflows. Tanks and equipment
which contain wastes with high radioactive concentrations that could be determined
to result in increased dose to personnel are shielded. Except where flanges are
required for maintenance, most pipe connections are welded to reduce the
probability of leaks. Process lines which penetrate shield walls are routed to
prevent a direct radiation path from the tanks or equipment. Control of the waste
system is from local panels in the Radwaste Building.

Because the radioactivity concentrations in the plant discharge canal do not exceed.
the limits of the ODCM and the technical specifications and because the operation
and availability of the plant is not limited, the Liquid Radwaste System fulfillsthe
power generation design basis.
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9.2.6 Safet Evaluation

Table 9.2-3 shows the total activity of liquid and solid radwaste that could be stored
within the radwaste system ifall operating tanks were full to working level. The
tanks are located inside the Radwaste Building which extends 20 feet below grade
to its lowest floor. The total maximum activity of solid and liquid contents of all
tanks, when full to their maximum operating levels, is also shown.

Loss of tank contents within the Radwaste Building will result in the water flowing to
the lowest floor level within the radwaste structure by way of stairwells and other
openings. Using the approximate floor surface area of 12,232 square feet at
elevation 546.5', a maximum volume of 383,060 gallons will result in a liquid depth
of 50 inches above elevation 546'. At an average concentration of 0.2
microcurie/cc, the liquid activities will be 290 curies for the maximum volume
conditions.

The concrete walls and slabs of the Radwaste Building have been examined for
seismic loading. It has been determined that the Radwaste Building walls and slabs
housing radioactive equipment can withstand the Design Basis Earthquake (DBE).
Should a failure of the tanks, vessels and piping containing radioactivity occur, the
spilled liquid would be retained in the Radwaste Building.

In order to assess the impact of a liquid radwaste spill on the nearest potable water
supply surrounding the BFNP site, a study was conducted to determine if the limits
of 10CFR20, Appendix B, Table 2, Column 2 will be exceeded. The results of the
study involving a postulated release of liquid radwaste from the worst offending tank
indicates that the limits of 10CFR20 will not be exceeded. The worst offending tank
identified is the waste collector tank with a maximum operating volume of
approximately 38,000 gallons and maximum activity of 1.1E+8 microcuries. The
isotopic distribution contained in Table 9.2-4 served as the basis of the study.

Since a postulated release of liquid radwaste from the worst offending tank resulted
in radionuclide concentrations well below the limits of 10CFR20 in the unrestricted
area around the BFNP site then it can be concluded that the design basis is met.

9.2.7 Ins ection and Testin

The Liquid Radwaste System is normally operating on an "as required" basis during
operation of the nuclear plant thereby demonstrating operability without any special
inspections or testing.

9.2-7
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Table 9.2-1
ESTIMATED RADIOACTIVITYCONCENTRATION

IN RADWASTE SYSTEM EFFLUENT

Radwaste
Subsystem

Floor Drain

Detergent

Chemical

Normal
Concentration

(pCi/ml)

7x10
5 >.

1 x10

2x10

Maximum
Concentration*

(pCi/ml)

2x10

1 x10

7x10

Maximum
Concentration

After Processing

(pCi/ml)

2x10

1x10

7x10

*Based on operational conditions which would result in a stack release rate of
0.1 Ci/sec of a noble gas with 30-minute decay.
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TABLE 9.2-2

RADIOACTIVITYCONTENT OF LIQUIDEFFLUENT

ODCM (b)
Limits

~/cote e ~~C//mt

Release
Rate

~C// r

Annual Average
Concentration
~~C//mt

Fraction
of ODCM
Limit

SR-89

SR-90

SR-91

Mo-99

1-131

1-133

1-135

Cs-134

Cs-137

Ba-140

Ce-144

Np-239

Co-58

Co-60

8x10

5x10

2x10

2x10

'1 x10

7x10

3x10

9x10

1 x10

8x10

3x10

2x10

2x10

3x10

2.9 x 10

7.8 x 10

3.6 x 10

7.7x10

3.6 x 10

6.0 x10

2.7 x 10

3.9 x 10

7.8 x 10

7.7x10

1.0x10

7.8 x 10

4.2x10

4.2 x 10

1.01 x 10

2.72 x 10

1.25 x 10

2.69 x 10

1.25 x 10

2.01 x10

0.94 x 10

1.36 x 10

2.72 x 10

2.68 x 10

3.19 x 10

2.72 x 10

1.46 x 10

1.46 x 10

1.26 x 10

5.44 x 10

6.25 x 10

1.35 x 10

1.25 x 10

2.87 x 10

3.13 x 10

1.51 x10

2.72 x 10

3.35 x 10

1.06 x 10

1.36 x 10

7.30 x 10

4.87 x 10

Gross 1 x10 0.4 1.39 x 10 1.39 x 10

Tritium 1 x10 567 10 (') 2.00 x 10

(a) Average quarterly concentration
(b) 10 times the eNuent concentration limits (ECL) stated in 10 CFR 20.1001-20.2401, Appendix B, Table 2,

Column 2



BFN-16

Table 9.2Q

NORMALAND MAXIMUMCONCENTRATION OF LIQUIDRADIOACTIVE
WASTES AND VOLUMES OF RADWASTE TANKAGE

TankNesset

Waste Surge

Waste Sample

Floor Drain Sample

Laundry Drain

Waste Collector

Floor Drain Collector

Cleanup Phase Separator

Cleanup Backwash
Receiving (a)

Condensate Phase
SeparatorsA,B,C8 D

Condensate Phase
Separators E 8 F

Condensate Backwash
Receiving (b)

Spent Resin

Quantity

Volume
(Total)
(Gal.) (c)

73,220

75,470

31,570

1,920

37,780

31,400

14,840

6,000

50,700

25,400

19,500

1,630

Chemical Waste 5,100

Waste Backwash Receiver 1 7,170

Normal
Conc.
pCVcc

3x 1O5

7x10 6

1x1O5

1x102

3 x 10-5

2x102

2 x10-2

5x10 5

5x10 5

Sx105

5x10 5

5x10 5

2x to+

Liquid Total
Max.
Conc.
pCVcc

3x 10+

2x 10+

1x105

1x 1OO

8x103

1x100

1x10

1x104

1x104

1 x10+

1 x10~

1 x10+

7x10+

Normal
Act.
pCi

22 x 103

8.9 x 103

8.7x 102

7.7 x 101

1.1 x 106

5.4 x 103

14.8 x 105

6x 105

7.8 x 103

4.4 x 103

3x 103

3.3 x 102

1x103

3.4 x 103

Max.
Act.
pCi

2.3 x 105

8.9 x 105

2.2 x 105

7.7 x 101

1.1 x 108

1.1 x106

7.4 x 107

3x 107

1.6 x 104

8.9 x 103

6x 103

7.6 x 102

2x103

1.1 x 105

1 x 109

6x 107

3.9x 107

1.5 x 107

3x106

2x 106

8x106

1x 1og

Sx 1O9

9.7 x 107

1.5 x 109

1x10

2 x 108

2x10

Solid (each)
Normal Max.

Act. Act.
pCI pCI

NOTES:
(a)
(b)
(c)

Cleanup Backwash Receiving Tanks in Reactor Building
Condensate Backwash Receiving Tanks in Turbine Building
Addigonal liquid radwasto operaling volumo ol 26,890 gal. is not shown, but is included in the total working volume in 9.2.6. This volume represents ths liquid contained in the piping,
fittervessels, sum ps and miscellaneous tanks/vessels in ths Radwaste Building. The total working volume does not include the tanks represenled by Notes (a) and (b) above.
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Table 9.24
(Sheet 1)

RADIOACTIVITYCONTENTS OF TANKS AND SYSTEMS NOT DESIGNED TO
WITHSTANDTORNADO, MAXIMUMPROBABLE FLOOD OR DESIGN BASIS EARTHQUAKE

Number
of

Maximum
Activity
Per Tank
or System
{pCi

S- S-
soo lcOstrlbutl n er e tofTotal ctivi
-3 -33 -1 5 Cs- Cs- a- 40 C - 4 N 39 0-58 0-60

Waste Surge Tank

Waste Sample Tank
Floor Drain Sample Tank
Laundry Drain Tank
Waste Collector Tank
"Hoor Drain Collector

Tank
'Cleanup Backwash

Receiver Tank
'Condensate Backwash

Receiver Tank
'Spent Resin Tank
'Waste Backwash Receiver

Tank
Chemical Waste
Condensale Storage Tank
Condensate Transfer

System

'Condensate Hlteil
Demlneralizer Tanks

'Fuel Pool Fitter/

Oemineralizer Tanks
'Waste Deminerallzer Tank
Evaporator Feed Tank
'Waste Filter Tank
'Floor Drain Fitter Tank

27

23x10
2.2X10
1.1 x

10'.0

X
10'.1

x10
1

5.0 X 10

1.0x10

2.0 X 10

2.0 x10

1.1 X 10

2.0 X 10

6.0 x10

1.0X10

2.0 x 10

3.0X10
5.0 x10s

1.0 X 10

9.0 x 10

0.7

0.7

0.7

0.7

0.7

1.1
x10'.7

0.7

0.7

0.7

0.7

0.7

0.7

0.7

0.7

0.7

0.7

0.7

0.7

0.2 8.6 18.3 8.6 143
0.2 8.6 18.3 8.6 143
0.2 8.6 18.3 8.6 143
0.2 8.6 18.3 8.6 14.3

0.2 8.6 18.3 8.6 14.3

0.7 0.2 8.6 18.3 8.6

6.4 0.1

6.4 0.1

6.4 0.1

6.4 0.1

6.4 0.1

14.3 6.4

0.2 18.3

0.2 18.3

0.2 18.3

0.2 18.3

0.2 18.3

0.1 0.2

0.1 18.6 1.0 0.1

0.1 18.6 1.0 0.1

0.1 18.6 1.0 0.1

0.1 18,6 1.0 0.1

0.1 18.6 1.0 0.1

18.3 0.1 18.6 1.0

0.2 8.6 18.3 8.6 14.3

0.2 8.6 183 8.6 14.3

0.2 8.6 18.3 8.6 14.3

6.4 0.1 0.2 18.3

6.4 0.1 0.2 18.3

6.4 0.1 0.2 18.3

0.1

0.1

0.1

18.6

18.6

18.6

18.6

1.0 0.1

1.0 0.1

1.0 0.1

1.0 0.1

0,2 8.6 18.3 8.6 14.3

0.2 8.6 18.3 8.6 143
0.2 8.6 18.3 8.6 14.3

6.4 0.1 0.2 18.3

6.4 0.1 0.2 189
6.4 0.1 0.2 18.3

0.1

0.1

0.1

18.6

18.6

18.6

1.0 0.1

1.0 0.1

1.0 0.1

0.2 8.6 18.3 8.6 14.3

0.2 8.6 18.3 8.6 14.3

0.2 8.6 18.3 8.6 14.3
0.2 8.6 18.3 8.6 14.3

0.2 8.6 18.3 8.6 143
0.2 8.6 18.3 8.6 14.3

6.4 0.1 0.2 18.3 0.1

6.4 0.1 0.2 18.3 0.1

6.4 0.1 0.2 18.3

6.4 0.1 0.2 18.3

6.4 0.1 0.2 18.3

6.4 0.1 0.2 183

0.1

0.1

0.1

0.1

18.6

18.6

18.6

18.6

18.6

18.6

1.0 0.1

1.0 0.1

1.0 0.1

1.0 0.1

1.0 0.1

1.0 0.1

0.2 8.6 18.3 8.6 14.3 6.4 0.1 0.2 18.3 0.1
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Table 9.24
(Sheet 2)

RADIOACTIVITYCONTENTS OF TANKS AND SYSTEMS NOT DESIGNED TO
WITHSTANDTORNADO, MAXIMUMPROBABLE FLOOD OR DESIGN BASIS EARTHQUAKE

Number
of

Vess S

tern

a e a

Cask Decontamination

Tank
'Cleanup Phase Separator
'Condensate Phase

Separators:

-A,B,C8D
-E8F

6.0 X 10 0.7

1.02 x 109 11.9

9.7 x 107

1.5 x 109
2.2

2.2

Ivtadinum
ActiVity
Per Tank
or System

a Sr<9

0.2

79

0.7 19.8 17.2

0.7 - 19.8 17.2

0.3 0.7 46.5 0.1 8.'7 . 3.3 0.4
0.3 0.7 46.5 0.1 8.7 3.3 0.4

tsoto b i e of ota iivi
-9 9 -3 -3 -35 Cs-3 C-13 - 0 C- - 39 C -5 CG40

8.6 189 8.6 143 6.4 0.1 0.2 18.3 0.1 18.6 1.0 0.1

2.0 3.9 7.9 29.6 8.7 22.9 4.2

'Most of the activity is in solid (orm.
-The percent of Cs-134 and Cs-137 may be elevated ifTHERMEXbrine Is being reprocessed.



9.3 SOLID RADWASTE SYSTEM
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9.3.1 Power Generation Ob ective

The objective of the Solid Radwaste System is to collect, process, store, package,
and prepare for shipment solid radioactive waste materials produced through
operation of the three reactor units.

9.3.2 Power Generation Desi n Basis

1. The Solid Radwaste System shall be capable of handling the following types
of wet solid wastes: Reactor Water Cleanup System Sludge, Condensate
System Sludge, Fuel Pool Demin, Waste and Floor Drain Filter Sludge, Waste
Demin Resins, and Thermex Sludge.

2. The system shall be capable of handling contaminated dry wastes, such as
rags, paper, spent filter elements, used laboratory apparatus, used parts and
equipment, and tools.

3. The system shall be capable of handling irradiated reactor components, such
as spent control rods, and incore instruments.

9.3.3 Safet Desi n Basis

1. Packaged solid wastes shall comply with appropriate regulations of the U.S.
Nuclear Regulatory Commission (10 CFR 71), 10 CFR 61 and U.S.
Department of Transportation (49 CFR 170-189) disposal site criteria and the
states through which the wastes pass enroute to the disposal area and
disposal site criteria.

2. The Solid Radwaste System shall be designed so that operations can be
conducted without exceeding maximum permissible radiation dosage to
operating personnel.

9.3.4 Descri tion See Fi ures 9.2-3a 9.2-3d 9.2-3e and 9.2-3

9.3.4.1 Wet Solid Wastes

Wet solid wastes consist of spent powdered ion exchange resins, filter aid sludge,
and bead-type ion exchange resins. These are stored, packaged, and prepared for
shipment in the Radwaste Building. The arrangement of the equipment is shown in
Figure 9.2-1 b.

9.3-1
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Spent powdered ion exchange resin and filteraid sludge are accumulated and
stored in phase separator tanks. Batches of slurried materials are pumped into the
tanks, where the solids settle out. The supernatant liquid is decanted off to make
room for more slurry. Successive batches are accumulated until the desired settled
slurry volume has been reached. After an appropriate decay period, the sludge is
reslurried and pumped to the packaging area.

The cleanup phase-separator tanks are closed-top, vertical cylinders with conical
bottoms. Each has an overflow outlet leading to the Radwaste Building equipment
drain sump. Decant outlets are located at three levels above the maximum settled
sludge level. A bottom outlet leads to the suction of a sludge transfer pump. To
ensure complete reslurrying, sludge pump discharge flow is directed through a set
of eductors located in the settled sludge region. A flow through the eductors is
maintained throughout the slurry transfer period.

The condensate phase-separator tanks are vertical cylinders with conical bottoms.
Each has an overflow outlet leading to the Radwaste Building equipment drain
sump. Decant outlets are located at three levels above the maximum settled sludge
level. A bottom outlet leads to the suction of a sludge transfer pump. To ensure
complete reslurring, sludge pump discharge flowand air operated spargers are
used to stir up the settled sludge. Airflow through the sparger is maintained
throughout the slurry transfer period.

High-activity-level sludge from the reactor water cleanup filter-demineralizers is
stored in three cleanup phase-separator tanks. Each has a total capacity of about
785 cubic feet, which consist of water and settled sludge. The tanks are of
stainless steel. Normal operating requirements can be met with two tanks with a
60-day decay period. The third tank provides operating flexibilityand additional
decay time.

Six condensate phase-separator tanks are provided for storage of sludge from the
condensate, the fuel pool filter-demineralizers, and the waste and floor drain filters.
Sludge from the various sources may be mixed in the six tanks or segregated. Each
tank has a total capacity of about 1850 cubic feet which consist of water and settled
sludge. The tanks are fabricated out of stainless steel.

Bead-type ion exchange resins from the waste demineralizer are stored in the spent
resin tank. The tank is a closed-top, vertical cylinder with a conical bottom. It has a
capacity of 245 cubic feet and is capable of holding the resin and water resulting
from one backwash of the waste demineralizer. The tank is made of stainless steel.
The spent resin remains in the tank until operations personnel determine it needs to

9.3-2
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be transferred. From the tank the spent resin is transferred to the phase separators
where it is mixed with other sludges. After mixing it is sent to the packaging area.

Thermex sludge is stored in a shielded container located in the Radwaste Building.

~Packa in

The packaging system is designed to permit the use of several different types of
containers. These include disposable tanks (liners) in reusable shields constructed
of carbon steel or high density polyethylene plastic. Each type of container has a
slurry inlet connection and a vent connection. A connection'is provided also for the
attachment of a level indicator during fillingof the container. A diagram of the
packaging system is shown in Figure 9.2-3f.

Prior to a packaging run, a container is positioned at one of two dewatering
systems, either in a shipping cask or in a shielded enclosure. For a condensate
phase-separator, hoses are connected and the sludge pump and air-operated
spargers are used to stir up the settled sludge in the phase-separator and bring it
into suspension. For a cleanup phase-separator, eductors are used to mix the
slurry instead of air spargers. The slurry then is pumped to the loading station and
back to the phase-separator tank. A portion of the slurry is drawn off into the waste
package until the package is nearly filled. Water is withdrawn through the built-in
filter elements via the portable dewatering system(s) and drained into the waste
package drain tank via one of the drain header valves shown in Figure 9.2-3f. This
process is repeated until the package is nearly full of dewatered slurry. The
portable dewatering system hoses are disconnected, package penetrations are
plugged, and the package is prepared for onsite storage or offsite shipment.

Thermex sludge is packaged and shipped offsite for further processing or
processed onsite and returned to the radwaste tanks.

9.3.4.2 D Solid Wastes

Dry solid wastes include contaminated rags, paper, clothing, spent filter elements,
laboratory apparatus, small parts and equipment, and tools. Items of dry solid
waste are collected in suitable containers located throughout the plant.

Spent elements from air and gas filtration systems, liquid filter elements from the
filter demineralizers and laundry system, and elements from the offgas system,
which may have a high-radiation level, are packaged in accordance with applicable
burial site requirements prior to being transported for offsite disposal. Low-level
solid wastes, such as sand, dewatered sludges, dewatered resins, overpacked
damp or wet wastes and solidified or stabilized wastes, may be stored temporarily in
the Unit 3 condenser tube pullout area. In such instances a maximum curie

9.3-3
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inventory of 325 curies will not be exceeded. After a period of storage, the
containers are removed from the storage area and prepared for disposal.

Shielded containers are provided for shipment of high-activity waste ifrequired.

Waste may be shipped offsite to a processor for volume reduction.

An equipment decontamination unit is in operation allowing equipment and tools
previously disposed of as radioactive material to be placed back into inventory or
disposed of as clean trash.

Some LLW, stored in drums or boxes, are placed in trailers until they can be sent to
commercial disposal facilities or transferred to authorized onsite storage facilities.

9.3.4.3 Irradiated Reactor Com onents

Spent control rods and incore instrument strings and other miscellaneous irradiated
components are stored in the spent fuel pools. They are loaded into shielded
containers under water. These containers may then be stored or shipped offsite.

9.3.5 Power Generation Evaluation

The system is capable of handling the necessary types, quantities and radioactivity
levels of solid waste materials. Therefore, the Solid Radwaste System fulfillsthe
power generation design bases.

9.3.6 Safet Evaluation

A study of containers for shipping spent resins and filter aid was made under a
contract awarded by TVA. The purpose of this study was to develop and test
designs for licensable containers.

All containers used to package low-level spent resins or filter media have been
approved for use by NRC and/or authorized by the Department of Transportation.
Spent control rods, irradiated components, and spent resins or filter media, may
also be shipped in shielded containers owned by vendors.

Filling of containers with spent resins and filter aid is carried out without significant
radiation exposure to personnel. Containers being filled are usually inside shields.
Container connections are designed so that hose connections can be disconnected
and plugs inserted easily and quickly. Filling lines may be rinsed with condensate
before personnel enter the packaging area. Personnel involved with the entire
operation of filling, disconnecting, plugging, and loading of solid radwaste will

9.3-4



BFN-1 7

adhere to the various plant radiological procedures to maintain radiation exposures
as low as reasonably achievable.

It is therefore concluded that the safety design bases are met.

9.3.7 Ins ection and Testin

Prior to operation with radioactive materials, the wet solids handling system was
tested with nonradioactive spent powdered resin, filter aid, and bead resin to
determine performance characteristics of the system.

9.3-5
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Table 95-1

ESTIMATEDOFFGAS RELEASE RATES PER UNIT

Activation Gases
~lsot

N-13
N-16
0-19

(pCVsse)
~a- 'e

10 min
7.4 sec
19 sec

~lupi@ I~t

3$ X103
1.47 X 1II0.9X10

~lac ~l~s

Negligible
Negligible
Negligible

Fission Product Gases
(a)

Release rates are given in pCVsec, based on modified gas mixture

Kr-83m

Kr4tgm

Kr45(b)

Kr%7

Kr48

Kr%9

Kr-90

Kr-91

Mr-92

Kr-93

Kr-94

Kr-95

Kr-97

Xe-131m

Xe-133m

Xe-133

Xe-135m

Xe-135

Xe-137

Xe-138

Xe-139

Xe-140

Xe-141

Xe-142

Xe-143

Xe-144

~alf-Life

1.86 hr

4.4 hr

10.74 yr

76 min

2.79 hr

3.18 min

322 sec

8.6 sec

1.84 sec

129 sec

1.0 sec

0.5 sec

1 sec

1186 day

226 day

527 day

15.7 min

9.16 hr

3.82 min

14.2 min

40 sec

13.6 sec

1.72 sec

122 sec

0.96 sec

9 sec

T«O

3.4x103

6.1x103

10.20

2.0x10

2 Oxtg

1.3x10

2.8x105

3.3xt05

3.3xi05

9.9x104

2.3x104

2.1x1 03

1.4x101

1 5x101

2.9x10

8.2x10

2.6x10

22xt0
1.5x10

8.9x10

2.8x10

3.0x10

2.4x105

7.3x10

1.2x104

5.6x10

304vtin
~H!du

29x10

5.6x10

10-20

1.5x104

1.8x104

1.8x102

1.5x10

2.8xtIP

8.2x10

6$x10

2.2x10

6.7x10

2.1x104

Discharge From
Charcoal
~ggrbers

1 Ox101

52x102

10-20

3.7x10

4.1x102

9.8x100

2 7xl01

3.0x10

Totals «25x10 «1.0x10 4.0x10

(a) The releaso rate (R) of each noble gas can be expressed by the simplified
form:

mo Xi]
Ri«K y49
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Table 9.5-1 (cont'd)

ESTIMATED OFFGAS RELEASE RATES PER UNIT

Sheet 2

The observed experimental data from several operating BWRs including KRB and Dresden 2 have shown a

variation in individual noble gas isotopes with respect to each other that can be expressed in terms of variation in rn,

the exponent of the decay constant term (X). The average measured value of m was 0.4 with a standard deviation

7
of 2 0.07. With the Z R. It=30 min set at 100,000 pCi/sec, the value of K is 2.6 X 10 . Y. is the fission yield

9 I

for isotope i. Decay times (t) of 15.7 hrs and 181 hrs were used for Krand Xe, respectively, in arriving at the

values in the column headed "Discharge from Charcoal Adsorbers." These times include a 6 hr dehy in the holdup

pipe.

(b) Estimated from experimental observations.

Table 9.5-2

PROCESS INSTRUMENTALARMS

u c ional Pa me e
Main Control Room

ttttdcdted ~ddd ddd

Preheater discharge temperature - low

Recombiner catalyst temperature - high/low

Offgas condenser drain well (dual) level - high/low

Offgas condenser gas discharge temperature - high

Hq analyzer (condenser discharged) (dual) - high

Gas flow (offgas condenser discharge) - high/low

Cooler - condenser discharge temperature - high/low

Glycol solution temperature - high/low

Gas reheater discharge humidity high

Prefilter W - high

Carbon bed temperature - high

Carbon vault temperature - high/low

Post filterW - high

Insbumentation elements:

Temperature - theimocouple

Level - differential pressure diaphram

Hydrogen - thermal conductivity

Gas flow - floworifice and thermal dispersion

Differential pressure - differential pressure diaphragm

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X
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TABLE9.54

OFFGAS SYSTEM MAJOR EQUIPMENT ITEMS

Sheet 1

Offgas Preheaters

Two Required.

Duty: %.8 X 10'tu/hr each

Construction: Stainless steel tubes and carbon steel shell. 300 ft (minimum). 350 psig shell design pressure, 1,000 pslg tube
design pressure. 400'F shell design temperature, 5754F tube design temperature.

Catalytic Recombiners

Two Required.

Duty: «2.2 X 10'tu/hr each

Construction: Stainless steel cartridge, low alloy steel she! I. Catalyst cartridge containing a precious metal catalyst on nichrome
strips. Catalyst cartridge to be replaceable without removing vessel. 350 psig design pressure. 900'F design temperature.

Offgas Condenser

One Required.

Duty: 1.25 X 10'tu/hr

Construction: Low alloy steel shell. Stainless steel tubes. 600 ft'minimum) surface area. 350 psig shell design pressure.
250 pslg tube design pressure. 900'F shell design temperature. 150'F tube design temperature.

Water Separator

One Required.

Construction: Carbon steel shell, stainless steel wire mesh. 350 psig design pressure. 250'F design temperature.

Cooler Condenser

Duty: ~1.1 X 10'tu/hr

Construction: Stainless steel shell. Stainless steel tubes. 100 ft (minimum) surface area. 100pslg tubedesign pressure. 350
psig shell design pressure. 150'F tube design temperature. 150'F shell design temperature.

Moisture Separators (Dovmstream of Cooler-Condenser)

Two Required.

Construction: Carbon steel shell, stainless steel wire mesh. 350 psig design pressure. 150'F design temperature.

Gas Reheater

One Required.

Duty: 2.8 kW (minimum)

Construction: Carbon steel shelL 14 ft surface area. 1,050 psig process pipe design pressure. 150'F design temperature.
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TABLE9.5-3 (Cont'd)

OFFGAS SYSTEM MAJOR EQUIPMENT ITEMS

Sheet 2

Glycol Storage Tank

One Required. 7.5 feet inside diameter, 9.5 feet high.

Construction: Carbon steel. 3,000 gal. Water-filled hydrostatic design pressure. O'F design temperature. Code, API 650.

Glycol Solution Refrigerators and Motor Drives

Two Required.

Duty: ~104 Btu/hr each, single stage vapor compressor, 20 hp.

Construction: Conventional refrigerator units w/chilling self~ontalned and pump exchangers, glycol exit solution temperature 35'F.

Glycol Pumps and Motor Drives

Two Required.

Duty: 65 gal Jmin. 5 hp

Construction: Cast iron, 3-In. connections, 85 ft TDH, 0'F design temperature.

Glycol Tank Agitator and Motor Drive

One Required

Duty: 2 hp

Eliminate thermal gradients In tank.

Prefilters and After Filters

Two Required of each type.

Duty: 160 cfm rating at 1 In. HgP (clean)

Construction: Carbon steel shell. High efficiency moisture resistant filterelement. Flanged shell. 350 psig design pressure. 150'F
design temperature.

Carbon Bed Adsorbers

Quantity: 6 Beds

Construction: Carbon steel, 4 ft of(5/8 inch wall) x 21 ft 6-1/8 Inch length vessels each with a 16-ft packed section containing W
tons of 8-16 mesh carbon (-200 ft of activated carbon) Columbia G or equivalent. Design pressure 350 pslg. Design
temperature 150'F.

A flowdistributor willbe placed in the ln!et of each column. Channeling is precluded by use of a vertical bed and a large bed to
particle diameter ratio (-500). Underhill'as stated that channeling or wall effects may reduce efficiency of the holdup bed ifthis
ratio is not greater than 12.

1
Dwight Underhill, et al. 'Design of Fission Gas Holdup Systems,
Proceedings of the Eleventh AEC AirCleaning Conference, 1970, p. 217.
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Table 9.&4

EQUIPMENT MALFUNCTIONANALYSIS

Sheet 1

Equipment
~lte ~alfu I~lcHo ~C* Desi n P eca ions

Preheaters Steam leak Would further dilute process
offgas Steam consumption
would increase.

Spare preheater.

Low pressuro
steam supply

Recombiners Catalyst
gradually
deactivates

Cat Iyst
gets wet a'

start

Recombiner performance would
fall offat Iow power level,
and hydrogen content of recom-
biner gas discharge would
increase, eventually to a
combustible mixture.

Temperature profile changes
through catalyst. Eventually
excess Hz would be dotected
by Hz analyzer or by gas
flowmeter. Evontually tho
gas could becomo combustible.

Hz conversion falls off
and Hz is detected by down-
stream analyzers. Eventually
the gas could become
combustible.

Low temperature alarms on
preheater exist and recom-
biner Inlet. Recornbiner
Hz analyzer.

Temperature probes in
recombiner and Hz
analyzer provided.
Spare recombiner.

Condensato drains,
temperature probes in
recombiner. Airbleed
system at startup.
Recombiner thermal
blanket, spare recombiner and
heater. (For Units 2 & 3, low
condenser vacuum scram has
been removed.) Hydrogen
analyzer.

Recombiner
Condenser

Drain well

Cooling
water
leak

Uquid lovel
instruments
fail

The coolant (reactor conden-
sato) would leak to tho
process gas (shell) side.
This would bo detected if
drain-well liquid level
incroases. Moderate
leakage would be of no
concern from a process
standpoint. (Tho process
condensate drains to the
hotwell.)

Ifboth drain valves fail to
open, water willbuild up in
tho condenser and pressure
drop viillincrease.

None.

Two separate drain systems
are provided each with high
and low lovel alarms.

The high hP, ifnot
detected by instrumentation,
could cause pressure buildup
in tho main condenser and
eventually initiate a
reactor scram. Ifa drain
valve fails to dose, gas
willrecycle to the main
condenser, increase tho load
on the SJAE, and cause back
pressure on tho main condenser,
eventually causing a reactor
scram.
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Table 9.&4 (Continued)

EQUIPMENT MALFUNCTIONANALYSIS

Sheet 2

Equipment
gatfun~cti Desi n P ecautio s

Water
separator

Corrosion of
wire mesh
element

Higher quantity ofwater
collected in holdup line and
routed to radwaste.

Stainless steel
mesh specified.

Six-hour
holdup line

Cooler-
condensers

Moisture
separators

Corrosion of
lino

Corrosion of
finned tube

Icing up of
finned tube

Corrosion of
wire mesh
element

Leakage to soil of gaseous
and liquid fission products

Glycol-water solution would
leak into process (shell)
sido and bo discharged to
dean radwaste. Ifnot
detected at radwaste, the
glycol solution would dis-
charge to tho reactor conden-
sate system.

Shell side of cooler could
plug up with ico, gradually
building up pressure drop.
Ifthis happens, the spare
unit could bo activatod.
Complete blockage of both
units would increase hP
and lead to a reactor scram.

Increased moisture would bo
retained in process gas
routed to charcoal'dsor-
bers. Over a long period,
tho charcoal'erformance
would deteriorate as a result
of moisture pickup.

Outside of pipe dipped and
wrapped. Dehumidification coil
provided.

Stainl~teel-finned
tubes specified. The
inventory of glycol~ter
can be observed in tank.
Spare cooler provided.

Design glycohH
solution temperature of 33
to 50'F. Spare unit
provided. Redundant
temperature indication
and alarm systems.

Stainless steel mesh s peci-
fied. Relativo humidity
instrumentation provided.
Spare unit provided.

Gas reheater Heater
element
failure

Cool gas, saturated with
water vapor would enter the
charcoal adsorbers.
Eventually, charcoal'er-
formance willdetoriorate as
charcoal'oisture content
increases, and plant emissions
will increase.

Dual heating circuits
provided. Moisture
recorder and high moisture
alarm.

Prefilters

~Charcoal
adsorbers

Hole in
filter media

~Charcoal
gets wet

Moro radioactivity wou'Id
deposit on the charcoal'n
the first adsorber vessel of
the train. This would increase
the radiation level in tho
charcoal'ault and make
maintenance more dNicult.

Charcoal performance will
deteriorate gradually as
charcoal gets wet. Holdup
times for krypton and xenon
willdecrease, and plant
emissions will increase.

hP instrumentation
provided. Spare unit
provided.

Highly instrumented,
mechanically simple gas
dehumidification system
with redundant equipment.
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Table 9.&4 (Continued)

EQUIPMENT MALFUNCTIONANALYSIS

Sheet 3

Equipment
jLeeD jVialfu~~io Conserve c s esi recaution

Vault air
conditioning
units

Mechanical
failure

Ifambient temperature exceeds
approximately 80'F, increased
emission could occur.

Spare refrigerator unit
provided.

Ifambient temperature Is
below approximately 60'F,
charcoal could pick up
additional moisture.

Vault temperature alarms
provided.

After
filters

Glycol
refiigera-
machines

Steam jet
ejectors

Hole in
filtermedia

Mechanical
failure

Low flowof
motive high
pressure
steam

Probably of no real conse-
quence. The charcoal'edia
itself should be a good filter
at the low air velocity.

Ifspare unit fails to oper-
ate, the glycol solution
temperature willrise and the
dehumidification system
performance viilldeteriorate.
This willcause gradual buildup
of moisture on the charcoal,i
with increased plant emissions.

When the hydrogen and oxygen
concentrations exceed 4 and 5
vol %, respectively, the pro-
cess gas becomes combustible.

Inadequate steam flowwill
cause overheating and deter-
ioration the catalyst.

hP instrumentation
provided. Spare unit
provided.

Spare refrigerator
Glycol solution
temperature alarms
provided.

The normal steam pressure to the air
ejectors is 200 psig. Ifthe steam
supply pressure to the operating
air ejector drops to 170 psig, the steam
supplytothe SJAE isshutoff. The
capability exists for the standby air ejector
to be activated automatically. Ifthe steam
supply pressure for the standby unit is also
less than 170 psig, the steam supply to the
standby SJAE is shut off. Ifneither SJAE
is in operation, condenser back pressure
willcontinue to increase. By ensuring
adequate steam supply to the SJAEs, the
Q concentration cannot get as high as 5
percent.

Steam flow to be held at
constant maximum flow
regardless of plant power
level.

Wear of
steam supply
nozzle of
ejector

increased steam flowto
recombiner. This could
reduce degree of recombina-
tion at low power levels.

1
,1

The term "activated carbon" would be more appropriate than the term "charcoal."
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ISOTOP C NV 0 N A 0 SSS

g~i~o~e P e cate
Recom-
biner

Offgas
Con-
denser

Water
~99

Sheet 1

Holdup
Pjiie

Cooler
Con-
~se

Moisture
S~eg~ato ~a ~refit er

Charcoal
Vessel
~rat

First
Charcoal~e

Residence Time
Operating Time
Solid Daughter Capture
Solid Daughter Washout

Lseoto eee

Kr-83M
Kr-85M
Ke-85
Kr-87
Rt>87

Kr-88
Rb-88
Kr-89
Rb-89
Sr-89

Y-89M
Kr-90
Rb-90
Sr-90
Y-90

Kr-91
Rb-91
Sr-91
Y-91M
Y-91

Kr-92
Rb-92
Sr-92
Y-92
Kr-93

0.8 Sec
0
0

2.77+3
4.92+3
1.90+1
1.57+4

0

1.61+4
4.21+0
9.67+4
2.94+1
1.27-6

0
1.67t5
2.87+2

0
0

8.62t4
4.17+2
2.234

0
0

1.41+3
8.82+1
1.74-3

0
4.53t1

0.94 Sec
0
0

3.26+3
5.78+3
2.24+1
1.85t4

0

1.90t4
1.57+1
1.13tS
1.09t2
1.15-5

0
1.93t5
1.06t3

0
0

9.44t4
1.50+3
2.02-2
1.29.6

0

1.20+3
2.67+2
1.42-2

0
3.35+1

50 Sec
0

100%
100%

1.73tS
3.07+ S

1.19t3
9.79tS

0

1.01t6
1.74+4
S.50t6
1.14+5
3.17-1

1.23-1
6.23+6
7.95+5
1.15-2

0

1.18+6
5.10+5
2.36+2
8.30-1
1.324l

2.81+3
5.06+3
1.65+1
1.97-2
5.10t1

5.1 Sec
0

100%
100%

1.76+4
3.13+4
1.21+2
9.95t4

0

1.02+5
1.70+2
5.07+5
9.84+2
2.6&4

1.44-5
3.35+5
3.70+3
4.83-6

0

7.19+3
2.30+2
8.09-3
2.39.6

0

1.58+1
2.11+6
4.36+2
4.29-2

0

6Hr
0

60%
100%

2.98+7
8.57+7
5.14t5
1.2348

0

2.26t8
1.31+8
2.71+7
1.63t7
5.14t4

5.13t4
2.89t6
1.73t6
2.81+1
8.83.1

1.41+4
8.49+3
2.95+3
2.43t 3
3.18t0

2.70tO
1.62to
1.28to
6.30-1

0

178 Sec
0
0

6.57+4
4.22+5
4.26+3
1.28+5

0

8.01+5
3.85+5

0
1.29-1
3.04+2

3.04+2
0
0

1.56.1
9.77-3

0
0

1.30t1
1.41+1
3.94.2

0
0

2.924
4.17-3

0

6.5 Sec
0
0

2.38+3
154t4
1.56+2
4.62+3

0

2.90+4
1.49t4

0
4.38-3
1.11+1

1.11+1
0
0

5.71-3
3.58-4

0
0

4.75-1
5.15-1
1.444

0
0

1.06-4
1.524

0

14.5 Sec
0
0

5.30+3
3.42+4
3A8+2
1.03+4

0

6.48+4
3.36+4

0
9.70-3
2A8+1

2ASt1
0
0

1.27-2
7.99-4

0
0

1.06to
1.1540
3.23 3

0
0

2.36-4
3.39.4

0

43.5 Sec
1 Yr
100%
0

1.58t4
1.0345
1.03+3
3.07+4

0

1.94+5
3.75+6

0
8.76-1
1.07+7

1.07+7
0
0

2.74+4
2.71+4

0
0

3,67+3
4.02+3
5.58+3

0
0

2.27-1
6.56-1

0

Kr-9.7 Hr
Xe-7.3 Day
10 Yr
100%
0

3.43+6
4.21+7
8.38tS
4.61+6
6.38-4

5.87+7
5.87+7

0
0
0

Kr-1.6 Hrs.
Xe-1.2 Day

10 Yr
100%
0

1.59+6
1.21+7
1.39tS
2.72t6
3.76-4

2.13+7
2.13+7

0
0
0

43.5 Sec
1Yr
100%
0

4.33t2
2.22+4
1.03t3
1.52+2

0

1.74t4
1.74t4

0
0
0
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95-5 Con

SOTOPIC INV N 0 YWHA COA 0 FGASSYS M

Sheet 2

+f0'n
Rb-93
Sr-93
Y-93
Zr-93
Nb43M

Kr-94
Rb-94
Sr-92
Y-94
Kr-95

Rb-95
Sr-95
Y-95
Zr-95
Nb-95M

Kr-97
Rb-97
Sr-97
Y-97
Zr-97

Nb-97
Xe-131M
Xe-133M
Xe-133
XQ-135M

Xe-135
Cs-13S
Xe-137
Cs-137
Ba-137M

~ri~tte'.22+0

9.51M
0
0
0

1.20+0
1.27-1
3.22M

0
7.164

3.994
0
0
0
0

7.224
5.6M
2.4M
3.44-5

0

0
1.21+1
2.22+2
6.60t3
2.09+4

1.78+4
0

1.18+5
3.45.5

0

Recom-
~fner

6.47+0
7.534

0
0
0

7.77-1
3.30-1
2.37'

2.566

4.244
0
0
0
0

4.6&4
5.374
5.574
2.2M

0

0
1 42t1
2.61+2
7.76+3
2.4S+4

2.09+4
0

1.39+5
1.294

0

Offgas
Con-
denser

1.21+2
8.01+0
3.$ R3

0
0

8.46-1
2.37+0
9.57-1
1.35-2

0

2.444
1.784

0
0
0

5.~
5.904
8.9M
1.434

0

0
7.56+2
1.39t4
4.13+5
1.28+6

1.11+6
0

6.84t6
1.37-1
1.02-2

Water
~e>~+r

0
0

,0
0
0

0
7.72+1
1.41+3
4.21+4
1.28+5

1.13+5
0

6.42+5
1.194
9.154

Holdup
aliis

0
3.24+5
5.76+6
1.75+8
3.40+7

3.97+8
2.63-2
4.14+7
3.84+2
3.80t2

Cooler
Con-
~do sef

0
2.65+3
4.S7+4
1.42+6
5.20-1

2.58t6
2.64e4

0
2.14t0
2.14to

Moisture
~8e te

0
9.69+1
1.67+3
5.19+4
1.77-2

9.43+4
9.734

0
7.83-2
7.83-2

Qehea! er

0
2.16+2
3.72+3
1.16+5
3.93-2

2.22t5
2.17-5

0
1.75-1
1.75-1

Prefiirer

0
6.49+2
1.11+4
3.47+5
1.15-1

6.45+5
4.74+1

0
3.75+5
3.75+5

Charcoal
Vessel~i

0
0
0
0
0

0
7.66+6
6.45+7
3.26+9
3.54+0

7.06+8
2.13+3

0
0
0

First
Charcoal

Vitesse

0
1.51+6
2.25+7
7.78t8
3.54+0

6.28+8
1.89+3

0
0
0

~fterfi er

0
4.25+2
1.19+3
1.36+5

0

1.16t0
0
0
0
0
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OO N 0

9 5- Con

AHA COA OF GAS S

Sheet 3

Xe-138
Cs-1 38
Xe-139
Cs-139
Ba-139

Xe-140
Cs-140
Ba-140
La-140
Xe-141

Cs-141
Ba-141
La-141
Ce-141
Xe-142

Cs-142
Ba-142
La-142
Xe-143
Cs-143

Ba-143
La-143
Ce-143
Pr-143
Xe-144

Cs-144
Ba-144
La-144
Ce-144
Pr-144

@<~~heats

7.11+4
1.02+1
1.76+5
8.73+1
3.20-3

1.21+5
5.28+2
8.87-5

0
7.19+2

8.45+0
1.464

0
0

2.20+1

3.46+0
1.064

0
4.17-1
6.68-2

1A&3
0
0
0

1.55+2

3.35+1
5.38-1
1.874

0
0

Recorn-
biner

8.34+4
3.81+1
2.03+5
3.23+2
2.99-2

1.36+5
1.92+3
8.11M

0
5.96+2

2.68+1
1.22-2

0
0

1.58+1

8.81+0
7.763

0
2.63.1
1.61-1

7.6(R3
2 408

0
0

1.70+2

9.64+1
4.15+0
3.46-2

0
0

Otfgas
Con-
~dnser

Water
~Se a~ra o

4.35+6 4.34+5
4.18+4 3.97+2
7.1' 4.41+5
2.72+5 1.41+3
7.01+2 3.36-1

2.63+6 5.5Q+4
9.11+5 1.56+3
1 23+1 1.71 3
8.(&4 0
1.29+3 0

1.92+3 0
3.68+1 0
3.33-2 Q

0 0
2.24+1 0

4.79+1
3.01+0
9.02C
2.71-1
7.23-1

8.85-1 0
2.45-2 0
2.73'

0 0
2.22+3 1.57+1

2.41+3 1.14+1
2.18+3 1.31+0
7.74+2 3.24-2
3.86-4 0
3.208 0

Holdup
Pjiie

1.04+8
6.26+7
4.7846
2.87+6
2.71+6

1.94+5
1.16+5
1.56+3
7.76+1

0

0
0
0
0

3.26+1

1.95+1
1.95+1
1.95+1
1.18-2
1.10-2

Cooler
Con-
~d

3.32-1
1.9843

0
0

2.64+3

0
0

8.53e0
8 43-1

0

Moisture
~Savior

1.12-2
7.0'I+1

0
0

9.~1

0
0

3.11-1
3.09-2

0

ehea er

2.49-2
1.56+2

0
0

2.12+2

0
0

6.95-1
6.90-2

0

Prefilter

7.29-2
2.9804

0
0

1.05+5

0
0

7.64+4
7.74+4

0

0
0
0

-0
0

Charcoal
Vessel
~Trai

2.0340
2.03IO

0
0
0

First
Charcoal
Vitesse

2.0340
2.03e0

0
0
0

Atterfdter

0
0
0
0
0
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TA 9.5$ Con d

OTO IC N N 0 -CHARCOA 0 G SS S
(tic)

Sheet 4

Corpse f

N-13
N-16
N-17
0-19
iodine

Prehe~e

6.734
4.72-7
443+3
7.12+5

Recom-
~ier

7.90+3
5.09-7
4.50+3
8.18+5

Offgas
Con-
derlser

4.08i5
5.30+8
2.66+4
2.41+7

Water
~Se a~rato

4.03+4
1.62+6
3.57+0
1.13i6

Holdup
~i

6.86+6
2.52+6
2.66
8.01+6

Cooler
Con-
denser

2.07-5
0
0
0

Moisture
~se reter ches e

1.504
0
0
0

defier

4.348
0
0
0

8.70+4

Charcoal
Vessel
Terai

8.39-5
0
0
0

8.70+4

First
Charcoal
Vessel

0
0
0
0

8.70+4

tttteretter

TOTAL 4.88+7 5.28+7 5.96+8 7.87+6 1.49+9 5.87+6 2.15+5 4.91+5 2.77+7 4.21+9 1 48+9 1.96+5
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95-5 Con

SOTO C 0 -C A CO 0 G S YST
(pc)

Sheet 5

Component
Gas
Kr+ Xe

Solid
Daughters

Gas
Kr

Gas
Xe

Preheater

Recomblner

Offgas Condenser

Water Separator

Holdup Pipe

Cooler Codenser

Moisture Separator

Gas Reheater

Prefilter

Carbon Bed Train

First Carbon Bed

Afterfilter

9.24+ 5

1.06+ 6

3.92+ 7

2.96+ 6

1.25+ 9

5AO+ 6

1.97+ 5

4.39+ 5

1.31 + 6

4.15+ 9

1A6+ 9

1.78+ 5

1.4 +3

1. +4
2.69+ 6

2.12+ 6

2A +8

4.7 +5

1.8 +4
5.2 +4
6.4 +6
5.87+ 7

2.13+ 7

1.74+ 4

3.91 + 5

4A8+ 5

1.54+ 7

1.10+ 6

4.95+ 8

1.42+ 6

5.16+ 4

1.15+ 5

3A4+ 5

1.10+ 8

3.78+ 7

4.11+ 4

5.33+ 5

6.1 + 5

2.38+ 7

1.86+ 6

7.6 +8
3.98+ 6

1.45+ 5

3.24+ 5

9.7 +5
4.04+ 9

1.42+ 9

1.37+ 5
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TABLE 9.5-6

RADIOLOGICALEXPOSURES - MODIFIEDOFFGAS SYSTEM

COMPONENT FAILURE

Component
Failed

1st C. Bed

6C. Beds

P refilter

Hold-up Pipe

Total System

Pri. Act.
Released

iodine

Noble Gas

Particulate

Particulate

All

Released

1%

10%

1%

20%

See above

Resultant
Exposure
at 1400M

5.6 mr

0.6 mr

2.6 mr

10.2 mr

20.2 mr

There is a 1.2 mr contribution from failure of all other components listed in Table 9.5-5.
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Table 9.5-7

EFFLUENT - GLAND SEAL OFFGAS

SUBSYSTEM'leoto

e

Release Rate
to Environment

c/sec

Kr-83m

Kr-85m

Kr-85

Kr-87

Kr-88

Kr-89

Kr-90

Kr-91

Xe-131m

Xe-133m

Xe-133

Xe-135m

Xe-135

Xe-137

Xe-138

Xe-139

Xe-140

34x10

5.7 x 10o

8.3 x 10

2.0 x
10'.9

x 10~

1.3x10

5.4 x
10'.3x10

1.3 x
10'.1

x10

5.4x10

2.9x10

1.9x10

1.6 x 10~

1.0 x 10~

8.0 x 10

2.8 x 10

'Table taken from response to AEC Question 9.4, dated March 25, 1971.
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