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INDIANA & MICHIGAN ELECTRIC COMPANY

P.0, BOX 16631
COLUMBUS, OHIO 43216

July 22, 1987

AEP:NRG:05091
10 CFR 59.71(e)

Donald C. Cook Nuclear Plant
Docket Nos. 50-315 and 50-316
License Nos. DPR-58 and DPR-74
1987 FSAR UPDATE

- U.'S. Nuclear Regulatory Commission
-Attn: Document Control Desk

Washington, D.C. 20555
Attn: T. E. Murley
Dear Dr. Murley:

We are transmitting to you under separate cover ten (10) coples of
the changed pages for the 1987 version of the Final Safety Analysis Report

" (FSAR) for the Donald C. Cook Nuclear Plant, Unit Nos. 1 and 2. These

pages are being transmitted to you according to the provisions of 10 CFR
50.71(e). A list of replacement pages is included with each copy.

Changed pages have been dated "July, 1987" in the lower right corner
in order to maintain a reference point for changed pages in addition to
vertically barring the specific change.

We hereby certify that the information contained in this update to
the FSAR, to the best of our knowledge, accurately presents changes made
since the previous submittal.

Very truly yours,

M. P. Alegkich
Vice President

MPA/naw

cc: John E. Dolan
W. G. Smith, Jr. - Bridgman
R. C. Callen
G. Bruchmann
G. Charnoff
NRC Resident Inspector - Bridgman
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A5 REACTOR COOLANT TRITIUM SOURCES

GENERAL DISCUSSION

During the fissioning of uranium, tritium atoms are generated in the fuel
at a rate of approximately 8 x 107> atoms per fission (1.05 x 1072

curies/mwt - day). Other sources of tritium include neutron reactions with
boron (in the coolant for shim control), neutron reactions with lithium
(utilized in tﬁe coolant for pH control, and produced in the coélant by neutron
reactions with boron), and by neutron reactions with naturally'océﬁrring
deuterium in light water. The source term data is presented in

Tables 14A.5-1 and 14A.5—2.

A, Release of Ternary Produced Tritium

The tritium formed by ternary fission in uranium fueled .reactors can
be retained in the fuel, accumulate in the void between the fuel

and cladding, react with cladding material (zirconium tritide), or
diffuse through"the cladding into the coolant. Operating experience
at the Shippingport reactor (zircaloy clad) indicated that less

than 1% of the ternary produced tritium 1s released to the reactor
coolant. In ordér to insure adequate sizing of liquid waste
treatment facilities, WNES conservatively assumes that 30% of the
ternary produced tritium is released to coolant. This assumption
then requires that th? waste treatment system be sized to process
approximately 4 reactor coolant system volumes in addition to normal
reactor plant liquid wastes. Anticipated ternary tritium loss to °

~

the reactor coolant is 1%.

B. Tritium Produced from Boron Reactions

\’t

The neutron reactions with boron resulting in the production of

tritium are:

UNIT 1 14A-12  July, 1987



UNIT 1

® @ -
p10 (n, 2a) T : ] ) d o
B10 (n, a), Li7 (n, na) T
B (n, ) Be®
Blo (n, d) Be9 (n, a) T

0f the above reactions, only the first two cont;ibute significantly

to the tritium production. The Bll (n, T) Be9 reaction has a

threshold of 14 Mev and a cross section of ~ 5 mb, since the number
? n/cxn2 -sec¢ the

tritium produced from this reaction is negligible. The Blo reaction

of neutrons produced at this energy are less than 10
may be neglected, since Be9 has been found to be unstable.

Triéium Produced from Lithium Reactions

The neutron reactions with lithium resulting in the production of
tirtium are:

Li7 (n, na) T
Li6 (n, ) T

In the WNES designed reactors, lithium is used to maintain the réactor
coolant pH at ~ 9.5. The reactor coolant is maintained at a maximum
level of 2.2 ppm lithium. A cation demineralizer is included in .

the Chemical and Volume Control System to remove the excess lithium

10 (n, a)'Li7 reactions.

produced in the B
The L16 (n, a) T reaction is controlled by limiting the L16 impurity
in the lithium used in the reactor coolant’ and in lithiating the

demineralizers to less than 0.001 parts of LiG. This limication has

been in effect on WAPD designed reactors since 1962.

14A-13 July, 19?2




UNIT 1

Tritium Production from Deuterium Reactions

Since the amount of naturally occurring deuterium is less than 0.00015

the tritium produced from this reaction is negligible; less than 1

curie per year.

Tritium Sources from'the Reactor Employing Ag-In-Cd Absorber Rods

Basic Assumptions and Plant Parameters:

1.
2.
3.
4,

6.
7.

Core thermal power
Plant load factor

Core volume

Core volume fractions

a.
b.

C.

UO2
Zr + SS

HZO

Initial reactor coolant boron level

a.
b.

Initial cycle
Equilibrium cycle

Reactor coolant volume

Reactor coolant transport times
a. In-core

b. Out-of-core

Reactor coolant peak lithium level
(99.9% pure Li7)

Core averaged neutron fluxes:
a., E> 6 Me

b. E > 5 Mev

c. 3 Mev < E < 6 Mev

d. 1 Mev < E < 5 Mev

e, E < 0,625 ev

14A-14

3391 MWt
0.8

3
1153 ft

.3052
.1000
.5948

840 ppm
1200 ppnm
12,560 ft°

0.77 sec
10.87 sec

2.2 ppm
2
n/em -sec

'2.91 x 1072

7.90 x 10%2

2.26 x 10-°
5.31 x 102
2.26 x 1003

July, 1982



10, Neutron reaction cross-sections

a. 30 (n, 24) T: o (1Mev SE S5 Mev) = 31.6 mb
~ (spectrum weight)
g (E > 5 Mev) = 75 mb

b, L1 (n, na V) T: o (3 MevS ES 6 Mev) =  39.1mb
) (spectrum weight)
g (E ” 6 Mev) = 400 mb
11, Fraction of ternary tritium diffusiné through

zirconium cladding

a, Design value ‘ . 0.30

b. Expected value .01
Revised Tritium Source Term Data l

- Because of the importance of the ternary fission source on the

operation of the plant,'Westinghouse has been closely following
operating plant data. A program is being conducted at the l
R. E. Ginna Plant to follow this in detail. The R. E. Ginna Plant

has a zircaloy clad core with silver-indium-cadmium control rods.

The operating levels of boron concentration during the startup of

the plant are approximately 1100 to 1200 ppm of boron. 1In addition,

burnable poison rods in the core contain boron which will contribute

some tritium to the coolant, but only during the first cycle. Data

during the operation of the plant has indicated very clearly that

the present design sources were indeed conservative. The tritium

released is essentially from the boron dissolved in the coolant

and a ternary fission source which is less than ten percent. 1In

addition to this data, other operating plants with zi}caloy clad

cores have also reported low tritium concentrations in the reactor l

coolant system after considerable periods of operation.

The revised tritium source term data developed as a result of this

program is presented in Table 14A.5-2.

UNIT 1 14A-15 July, 1987




TABLE 14A.5-1

TRITIUM PRODUCTION IN THE REACTOR COOLANT (ci/yr)#*

Tritium Source

Ternary Fissions

Burnable Poison Rods
(Inatial Cycle)

Soluble Poison Boron
(Initial Cycle)
(Equilibrium Cycle)

Lijg Reaction

Li-6 Reaction
Deuterium.Reaction
Totals Initial Cycle
Totals Equilibrium Cycle

Total
Produced

10,420
922

378
525

11
6
1
11,738
10,963

Released to the Coolant

Desi
3126
277

378
525

11
6
1
3799
3669

gn
e

Valu

*This table was applicable at the time Unit 1 was licensed.

UNIT 1 ‘ T

14A-16

July, 1987

Expected

Value

104

378
525

11

509
647
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“TABLE 14.A.5-2 . .
Revised Tritium Production In The Reactor Coolant* —~

[ .
- .

Expected Release

Total Produced to Reactor Coolant
Tritium Source . (curies/yr) (curies/yr)
Ternary Fission 10,000 1000
Burnable Poison Rods . _ )
(Initial Cycle) 1420 e L)
Soluble Boron - .
(Initial Cycle) 206 T médé'
(Equilibrium Cycle) 294 29k
Lithium and Deuterium e
Reactions 105 - . 105
Total Initial Cycle 11,730 . ‘1453
Total Equilibrium Cycle 10,400 __— 1400
Basis:
Release Fraction from Fuel 10%
Release Fraction from Burnable Poison Rods . " 10% .

Burnable Poison Rod B-10 Mass 6160 gpm

*This table was included in the Original FSAR in May, 1976.

-

UNIT 1 14A-17 July, 1082,




| @ “ TABLE 14A.8-1

CONCENTRATION OF IODINE - |
ISOTOPES IN THE RECIRCULATION LOOP

Recirculation Loop

- Isotdge . Concentration ( c/cc)
I-131 1.06 x 10°
I-132 1.83 x 10%° i
12133 . 8.26 x 10° i
1-134 1.96 x 10% ?
I-135 4.08 x 10°

~

The radiation sources circulating in the residual heat removal loop are shown
in Table 14A.8-2 and are used for whole body radiation doses in the auxiliary . l
. building. ‘ |

‘ The radioactivity in the containment also would be additional source of
ﬂ radiation to the auxiliary building following a loss-of-coolant accident.

“ UNIT 1 14A-21 July, 1987



DECAY
TIME
@ HR
g.5 HR
1 HR
2 HR
8 HR
1Dy
1 WK
1M
6. M0
1 YR

UNIT 1

g.4

1.63E+@7
1,51E+@7
1,39E+@7
1.28E+@7
1.11E+¢7
1,¢3E+¢7
9, 54E+@6
1.21E+¢6
4 . 16E+@4
1.22E+@3

‘-

1 i W eimianeERRw

woms »

TABLE 14.

n eranen Tesaame Aubme

A.8-2

RADIATION SOURCES CIRCULATING IN RESIDUAL UEAT

REMOVAL LOOP AND ASSOCIATED EQUIPMENT - MEV/CC ~ SEC

¢08

1.31E448
1.23E+48
1.14E+08
1,03E+¢8
7.75E+¢7
6.99E+37
4, 88E+G7
4.69E+G7
1.56E+§7
1,31E+97

GAMMA ENERGY (MEV/PHOTON)

1.3

8.54E+06
7 .56E+@6
6.18E+36
4. 59E+@6
7 .16E+H+45
4 ,8LEHD4
1.16E+@2
@, 9PE+0g
3.0PE+00
9. PPE+00

107

4,90E+@6
4,16E+@6
3.46E+@6
2,.53E+¢6
4 16E+5
1.82E+34
2,.93E+g2
3. 9PE+30
9.90E+30
@.00E+30

14A-22

2.2

4.61E+06
4 . 16E+@6
3.67E+36
3.Q1E+P6
5.61E+35
1.75E+@5
P. 9OE+ig
¢ .GBEHES
" 9.00E+00
?.GeE+30

2.5

1. 7GE+p6
1.61E+#6
1.20E+86
8.24E+95
1.3¢E+85
7.87E+H)3
¢.00E+I0
¢ .9PE+IS
$.9GE+00
¢ .00E+30

3.5

4 .50E+@5
3.78E+¥5
2.78E+35
2.90E=05
2 .51E+¢4
9.96E+g1
8 .00E+00
8. 00E+00
8. 60E+00
9 .00E+90

July, 1982




e ®

/721 ¢ I
;m/ 7 = 57207300257







R

-l

CHAPTER 3
TABLE OF CONTENTS (Cont'd)

Section Title Page
3.4.1.5 Other Considerations 3.4-5
3.4.2 Description 3.4-6
3.4.2.1 Summary Comparison 3.4-6
3.4.2.2 Fuel and Cladding Temperatures 3.4-7
3.4.2.3 Critical Heat Flux Ratio or Departure from 3.4~-12
Nucleate Boiling Ratio and Mixing Technology
3.4.2.4 Flux Tilt Considerations 3.4-20
3.4.2.5 Void Fraction Distribution 3.4-20
3.4.2.6 Core Coolant Flow Distribution 3.4-21
3.4.2.7 Core Pressure Drops and Hydraulic Load 3.4-24
3.4.2.8 Correlation and Physical Data 3.4-26
3.4.2.9 Thermal Effects of Operational Transients 3.4-29
3.4.2.10 Uncertainties in Estimates 3.4-30
3.4.2.11 Plant Configuration Data 3.4-33
3.4.3  Evaluation 3.4-34
3.4.3.1 ° Core Hydraulics 3.4-34
3.4.3.2 Influence of Power Distribution 3.4-37
3.4.3.3 Core Thermal Response 3.4-40
3.4.3.4 Analytical Techniques 3.4-40
3.4.3.5 Hydrodynamic and Flow, Power Coupled, 3.4-49
Instability
3.4.3.6 Waterlogging 3.4-52
3.4.3.7 Potentially Damaging Temperature Effects 3.4-53
During Transients
3.4.3.8 Enerxgy Release During Fuel Element Burnout 3.4-54
3.4.3.9 Fuel Rod Behavior Effects from Coolant 3.4~55
Flow Blockage
3.4.4 Testing and Verification 3.4-57
3.4.4.1 Tests Prior to Initial Criticality 3.4-57
3.4.4.2 Initial Power and Plant Operation 3.4-57
3.4.4.3 Component and Fuel Inspections 3.4-58
UNIT 2 3-iii July, 1984




CHAPTER 3

TABLE OF CONTENTS (Cont'd)

Section Title
3.4.5 Instrumentation Application
3.4.5.1 Incore Instrumentation
{ 3.4.5.2 Overtemperature and Overpower AT Instrumentation 3.4-~59
3.4.5.3 Instrumentation to Limit Maximum Power Output 3.4-59
f 3.4 References 3.@.62
3.5 EXXON FUEL DESIGN ’ 3.5-1
3.5.1 Fuel and Mechanical Design 3.5=-2
References l 3.5-24
3.5.2 Nuclear Design 3.5=35
1 References 3.5-44
\ 3.5.3 Thermal—Hydraulic Design -~ Cycle 4 " 3.5-57 ~
ot References ' . 3.5-59

UNIT 2 3-iv July, 1984 W



Table
3.1-1
3.1-2
3.1-3
3.2-1
3.3-1
3.3=-2
3.3-3
3.3-4
3.3-5

3.3-6
3.3-7
3.3-8
3.3-9
3.3-10
3.3-11

3.4-1
3.4-2

3.4-3

3.4-4

3.4-5
3.4-6

3.5.1-1.

3.5.1-2
3.5.1-3
3.5.2-1

UNIT 2

CHAPTER 3
LIST OF TABLES

Title
Reactor Design Comparison Table
@palytic Techniques in Core Design
besign Loading Conditions for Reactor Core Components
Maximum Deflections Allowed for Reactor Internal Support Structures
Reactor Coxre Description
Nuclear Design Parameters
Reactivity Requirements for Rod Cluster Control Assemblies
Benchmark Critical Experiments

Axial Stability Index Pressurized Water Reactor Core
with a 12-Foot Height

Typical Neutron Flux Levels at Full Power

Comparison of Measured and Calculated Doppler Defects
Saxton Code II Isotopics Rod MY, Axial Zone 6
Critical Boron_Concentrations, HZP, BOL

Coﬁbarison of Measured and Calculated Rod Worth

Comparison of Measured and Calculated Moderator
Coefficients at HZP, BOL

Reactor Design Comparison Table

Thermal-Hydraulic Design Parameters for One of
Four Coolant Loops Out of Service

Void Fractions at Nominal Reactor Conditions
with Design Hot Channel Factors

Comparison of THINC-IV and THINC-I
Predictions with Data from Representative
Westinghouse Two and Three Loop Reactors

Comparison of HYDNA with Experimental Data
Syétem Design and Operating Parameters
Description of Region 6 Fuel Assembiies
Comparison of Mechanical Design Values
Fretting Corrosion Results

D. C. Cook Unit 2
Principal Characteristics for Nuclear Analysis of Cycle 4 Fuel

3-v July, 1984




Table

3-5.2-2

3.5.2-3

3.5.3-1

UNIT 2

CHAPTER 3 ‘nl”’

LIST OF TABLES (Cont'd)

Title

D. C. Cook Unit
Neutronics Characteristics of Cycle 4
Compared with Cycle 3 Data

D. C. Cook Unit 2°
Control Rod Shutdown Margins and
Requirements of Cycle 4 Compared to Cycle 3

Thermal~Hydraulic Design Values Used in Evaluation

3-vi July, 1984 W



Figure

3.5.1-3
3.5.1-4
3.5.2-1

3.5.2-2
3.5.2-3

3.5.2-4
3.5.2-5

3.5.2-6
3.5.2-7

@ - '30502-:8

3.5.2-9

@ UNIT 2

CHAPTER 3
LIST OF FIGURES (Cont'd)

Title
Bundle Overall Pressure Drop
Rod Bow for ENC 17x17 Fuel

D. C. Cook Unit 2, Cycle 3, Power Distribution Comparison
to Map 203-50, 100% Power, Bank D at 222 Steps, 8,533 MWD/MT

D. C. Cook Unit 2, Cycle 3 Boron Letdown Curve

D. C. Cook Unit 2, Cycle 4
Loading Pattern with Nine Registered Assemblies:

D. C. Cook Unit 2, Cycle 4, Boron Letdown Curve

D. C. Cook Unit 2, Cycle 4, Full Core Relative Power
Distribution, 100 MWD/MTU, 989 ppm, 3,411 MWt

D. C. Cook Unit 2, Cycle 4, Fuel Core Relative Power
Distribution, 13,400 MWD/MTU, 10 ppm, 3,411 MWt

D. C. Cook Unit 2, Cycle 4, F_ vs. Axial Height, ARO, HFP,
Equilibrium Xenon, (3-D XTG

D. C. Coock Unit 2, Cycle 4, Power Distribution Comparison
to Map 204-22, 100% Power, Bank D at 222 Steps, 3,507 MWD/MTU .

Maximum [F. times K(2Z)] vs. Axial Height for Exxon Nuclear

Fuel forQCycle 4 Operation

3-xi - July, 1984




Section

14.0
14.0.1
14.0.2
14.0.2.1

14.0.2.2

14.0.2.3

14.0.2.4
14.0.2.5

14.0.2.6

"IED 14.0.2.7

14.0.2.8

14.0.2.9

14.0.2.10

14.0.2.11

14.0.2.12

14,1

14.1.1

TABLE OF CONTENTS

PLANT CHARACTERISTICS AND INITIAL

CONDITIONS USED IN THE ACCIDENT ANALYSIS .........

POWER DISTRIBUTION .......i.ciiitvnnennnnnnenensns

RANGE OF PLANT OPERATING PARAMETERS AND

STATES USED IN THE ANALYSIS .......cvivinieennnnnnn

REACTIVITY COEFFICIENTS USED IN THE

SAFETY ANALYSIS ...t iininneneneenarnnnneanns

SCRAM INSERTION CHARACTERISTICS USED IN

THE ANALYSIS ...ttt iiieinenenenrnnnnennnnnss

COMPONENT CAPACITIES AND SETPOINTS USED IN

THE AANALYSIS .......0iiniviiiinnnnnenn e eeseeaaee

PLANT SYSTEMS AND COMPONENTS AVAILABLE FOR

MITIGATION OF ACCIDENT EFFECTS .......v0ovvnvuvnnn.

EFFECTS OF FUEL ROD BOWING AND MIXED

ASSEMBLY TYPES .....0iiiitiiiininiientnnnnenennnns

PLANT LICENSING BASIS AND SINGLE

FAILURE CRITERIA ......'itiiitiinnnnnennnnnnennnnns

NOMENCLATURE . ... .iviiiiiiiiiiteinennnnnnnnnnnnnnns

INCREASE IN HEAT REMOVAL BY THE

SECONDARY SYSTEM .........ciivuiiinnnennn. I

14-1i

Page
14.0.1-1
14.0.1-1
14.0.2-1
14.0.2-1
14.0.2-4
14.0.2-6
14.0.2-7
14.0.2-8
14.0.2-9
14.0.2-10
14.0.2-11
14.0.2-12
14.0.2-13
14.0.2-14
14.0.2-17
14.1.1-1
14.1.1-1

July, 1987 .




14.1.2
14.1.3

14.1.4

14.1.5

14.2.1
14.2.2
14.2.3
14.2.4
14.2.5

14.2.6

14.2.7
14.2.8
14.2.9

14.3

14.3.1

14.3.2

14.3.3
14.3.4

14.3.5

UNIT 2

’

INCREASE IN FEEDWATER FLOW . .vvvsonnneomneennnn,
INCREASE IN STEAM FLOW ..v'vvvvvennnnnnnnnn. S

INADVERTENT OPENING OF A STEAM GENERATOR RELIEF
OR SAFETY VALVE ... ... .iititiiiiiiitiieernnennnnnnnennnns

STEAM SYSTEM PIPING FAILURES INSIDE AND OUTSIDE OF
CONTAINMENT ... .... ittt iiiiitiinnneeennnnneenns

DECREASE IN HEAT REMOVAL BY THE
SECONDARY SYSTEM ......vtitiiiiinnrnnenonnnnnennnennnens

LOSS OF EXTERNAL LOAD ....tiiiiniennnneennannoannnansns

TURBINE TRIP ......itieiiiinrnnnerenrenenennensennennns

STEAM PRESSURE REGULATOR FAILURE ........0o0ivenvnnennns

LOSS OF NONEMERGENCY AC POWER TO THE STATION
AUXILIARIES . ... i.iiitiiitiietatinenenoennarnsnsnnnnnnsas

LOSS OF NORMAL FEEDWATER FLOW ... . it
FEEDWATER SYSTEM PIPE BREAKS .........iviveurnnnennnnns
TURBINE-GENERATOR ACCIDENT ..........000v... e,

REACTOR COOLANT SYSTEM PIPE RUPTURE
(LOSS OF COOLANT ACCIDENT) ....v''viivennennennrnneennnns

MAJOR REACTOR COOLANT SYSTEM PIPE RUPTURE
(LOSS OF COOLANT ACCIDENT) ......coiviinneinnnnnnns e

LOSS OF REACTOR COOLANT FROM SMALL RUPTURED

PIPES OR FROM CRACKS IN LARGE PIPES

WHICH ACTUATES THE EMERGENCY CORE

COOLING SYSTEM ...iviiiiiiiiiiiernenennneneneenenenenss

ENVIRONMENTAL CONSEQUENCES OF A LOSS
OF COOLANT ACCIDENT .......'i''iiinnrnennnnrnnenensnennns

14-13

14.1.2-1
14.1.3-1
14.1.4-1
14.1.5-1
14.2.1-1
14.2.1-1
14.2.2-1
14.2.3-1
14.2.4-1
14.2.5-1
14.2.6-1
14.2.7-1
14.2.8-1
14.2.9-1
14.3.1-1
14.3.1-2
14.3.2-1
14.3.3-1
14.3.4-1
" 14.3.5-1
July, 1987

®




Section

14.0

14.1

14.1.1
14.1.1.1

14.1.1.2

14.1.1.3
14.1.1
14.1.2

UNIT 2

CHAPTER 14
TABLE OF CONTENTS

Titie Page
SAFETY ANALYSIS 14.0~1
Core and Coolant Boundary Protection Analysis 14.0-2
Standby Safegquards Analysis 14.0-2
Reactor Coolant System Pipe Rupture 14.0-2
(Loss-of-Coolant Accident)
Environmental Qualification + 14.0-2
Reference ) 14.0-3
CORE AND COOLANT BOUNDARY PROTECTION ANALYSIS 14.1—1‘
Steady-State Errors 14.1-2
Power Distribution . 14.1-3
Reactor Trip 14.1-4
Calometric Error Instrumentation Accuracy 14.1-5
Rod Cluster Control Assembly Insertion 14.1-6
Characteristics
Reactivity Coefficients ' 14.1-7
Fission Product Inventories 14.1~8
Residual Decay Heat 14.1-10
Computer Codes Utilized 14.1-13
References 14.1-20
Uncontrolled Rod Cluster Control Assembly 14.1.1-1
Bank Withdrawal from a Subcritical Condition
Identification of Causes and Accident 14.1.1-1
Description
Analysis of Effects and Consequences 14.1.1-3
Method of Analysis 14,1.1-3
Results 14.1.1-5
Conclusions 14.1.1-6
References "14.1.1-7
Uncontrolled Rod Cluster Control Assembly 14.1.2-1
Bank Withdrawal at Power
14-i July, 1984




Section
14.1.2.1

14.1.2.2

14.1.2.3,

14.1.2
14.1.3
14.1.3.1

14.1.3.2

14.1.3.3
14.1.3
14.1.4
14.1.5
14.1.5.1

14.1.5.2

14.1.5.3

14.1.5

14.1.6
14.1.6.1

14.1.6.2

UNIT 2

CHAPTER 14
TABLE OF CONTENTS (Cont'd)

Title

“Identification of Causes and Accident
Description

Analysis of Effects and Consequences
Method of Analysis
Results

Conclusions

References

Rod Cluster Control Aséembly Misalignment

Identification of Causes and Accident
Description

Analysis of Effects and Consequences
Method of Analysis
Results
Conclusions
References
Rod Cluster Control Assembly Drop
Uncontrolled Boron Dilution

Identification of Causes and Accident
Description

"Analysis of Effects and Consequences
Methods of Analysis
Conclusions
References-
Loss of Forced Reactor Coolant Flow
General
Method of Analysis
Results

Conclusions

Single Reactor Coolant Pump Locked Rotor

14-ii

Page
14.1.2-1

14.1.2-3
14.1.2-3
14.1.2-4
14.1.2-7
14.1.2-8
14.1.3-1
14.1.3-1

14.1.3-3
14.1.3-3
14.1.3-3
14.1.3-6
14.1.3~7
14.1.4-1
14.1.5-1
14.1.5-1

14.1.5-2
14.1.5-2
14.1.5-5
14.1.5-10
14.1.6-1
14.1.6-1
14.1.6-2
14.1.6-3
14.1.6-4
14.1.6-5

July, 1985

(1]



Section

14.1.6
14.1.7
14.1.7.1

14.1.7.2

14.1.7.3
14.1.7
14.1.8

14.1.8.1

14.1.8.2

14.1.8
14.1.9
14.1.9.1

UNIT 2

CHAPTER 14
TABLE OF CONTENTS (Cont'd)

Title
Method of Analysis
Evaluation of the Pressure Transient

Evaluation of DNB in the Core During
the Accident

Film Boiling Coefficient
Fuel Clad Gap Coefficient
Zirconium - Steam Reaction
Results

Conclusion

References

Startup of an Inactive Reactor Coolant Loop

Identification of Causes and Accident
Description

Analysis of Effects and Consequences
Method of Analysis
Results '
Conclusions
References

Loss of External Electrical Load and/ox
Turbine Trip

Identification of Causes and Accident
Description

Analysis of Effects and Consequences
Method of Analysis
Results
Conclusions
References
Loss of Normal Feed@atér

Identification of Causes and Accident
Description

14-iii

[

Page
14.1.6-5

14.1.6-7
14.1.6~7

14.1.6-8
14.1.6-8
14.1.6-8
14.1.6-9
14.1.6-10
14.1.6-11
" 14.1.7-1
14.1.7-1

14.1.7-1
14.1.7-1
14.1.7-2
14.1.7-3
14.1.7-4
14.1.8~-1

14.1.8-1

14.1.8-3
14.1.8-3
14.1.8-5
14.1.8-7
14.1.8-8
14.1.9-1
14.1.9-1

July, 1984




Section
14.1.9.2

14.1.9.3
14.1.9
14.1.10

14.1.10.1

14.1.10.2

14.1.10.3
14.1.10
14.1.11
14.1.11.1

14.1.11.2

14.1.11.3
14.1.11
14.1.12

14.1.12.1

14.1.12.2

14.1.12.3

UNIT 2

CHAPTER 14
TABLE OF CONTENTS (Cont'd)

Title
Analysis of Effects and Consequences
Method of Analysis
Results
Conclusions
References

Excessive Heat Removal Due to Feedwater
System Malfunctions

Identification of Causes and Accident
Description

Analysis of Effects and Consequences
Method of Analysis
Results
Conclusions
References .
Excessive Load Increase Incident

Identification of Causes and Accident
Description

Analysis of Effects and Consequences
Method of Analysis -
Results
Conclusions
References

Loss of Offsite Power to the Station
Auxiliaries (Station Blackout)

Identification of Causes and Accident
Description

Analysis of Effects and Consequences
Method of Analysis

Conclusions

1l4-iv

Page
14.1.9-2
14.1.9.2
14.1.9-4
14.1.9-6
14.1.9~7
14.1.10~-1

14.1.10-1

14.1.10-1
14.1.10-1
14.1.10-3
14.1.10-4
14.1.10-5
14.1.11-1
14.1.11-1

14.1.11-2
14.1.11-2
14.1.11-3
14.1.11-3
14.1.11-4
14.1.12-1

14.1.12-1

14.1.12-2
14.1.12-2
14.1.12-3

July, 1984




Section
14.1.12
14.1.13

14.2
14.2.1
14.2,2

14.2.2
14.2.3
14.2.4
14.2.4.1

14.2.4.2

14.2.4.3
14.2.5
14.2.5.1

UNIT 2

CHAPTER 14
TABLE OF CONTENTS (Cont'd)’

Title
References

Turbine-Generator Accident

STANDBY SAFEGUARDS ANALYSIS
Fuel Handling Accident
Accidental Release of Radiocactive Liquids
Waste Evaporator Condensate Tanks
Monitor Tanks

Condensate Storage Tanks, Primary
Water Storage Tanks, and Refueling
Water Storage Tanks

Auxiliary Building Liquid Waste
Storage Tanks

Piping

CVCS Holdup Tanks
References
Accidental Waste Gas Release
Steam Generator Tube Rupture

Identification of Causes and Accident
Description

Analysis of Effects and Consequences
Method of Analysis
Recovery Procedure
Results
Conclusions
Rupture of a Steam Line

Identification of Causes and Accident
Description

14~-v

Page
14.1.12-3

14.1.13-1

14.2-1
14.2.1-1
14.2.2-1
14.2.2-1
14.2.2-2
14.2.2-2

14.2.2-3

14.2.2-4
14.2.2-4
14.2.2-6
14.2.3-1
14.2.4-1
14.2.4-1

14.2.4-3
14.2.4-3
14.2.4-4
14.2.4-9
14.2.4-9
14.2.5-1
14.2.5-1

July, 1984



Section

14.2.5.2

14.2.5.2.1

14.2.5.2.2

14.2.5.2.3

14.2.5.3
14.2.5
14.2.6

14.2.6.1

14.2.6.2

UNIT 2

4

CHAPTER 14
TABLE OF CONTENTS (Cont'd)

Title
Analysis of Effects and Consequences
Method of Analysis ’
Results

Equipment Inside Containment Needed to Detect
Monitor, and Mitigate a Steamline Break
Inside Containment

Environmental Qualification of Equipment
Required to Detect, Monitor, and Mitigate
a Steamline Break inside Containment

Calculated Environmental Conditions for
Qualification Testing

Conclusions

References

Rupture of a Control Rod Drive Mechanism

Housing (Rod Cluster Control Assembly Ejecpién)

Identification of Causes and Accident
Description

Analysis of Effects and Consequences
Method of Analysis
Average Core Analysis
Hot Spot Analysis
System Overpressure Analysis
Calculation of Basic Parameters
Ejected Rod Worths and Hot Channel Factors
Reactivity Feedback Weighting Factors
belayed Neutron Fraction, B
Moderator and Doppler Coefficient
Trip Reéctivity Insertion
Results ;
Fission Product Release
Pressure Surge

Lattic Deformations

Page

14.2.5-4
14.2.5-4
14.2.5-8
14.2.5-12

14.2,.5-13

14.2.5-14

14.2.5-22
14.2.5-23
14.2.6-1

14.2.6-1

14.2.6-7
14.2.6-7

14.2.6-7

14.2.6-8

14,2.6-9

14.2.6-9
14.2.6-10
14.2.6-10
14.2.6-11
14.2,.6~-11
14.2.6-12
14.2.6-13
14.2.6-14
14.2.6-15
14.2,6-15

14-vi July, 1984

|




13

Section

14.2.6
14.2.7

14.2.8
14.2.8.1

CHAPTER 14
TABLE OF CONTENTS (Cont'd)

Title
References

Secondary System Accidents Environmental
Consequences

Major Rupture of a Main Feedwater Pipe

Identification of Causes and Accident
! Description

14.2.8.2 ‘5>Analysis of Effects and Consequences

14.2.8.3
14.2.8.4
14.2.8

14.3
14.3.1

14.3.1.1

14.3.1.2

UNIT 2

Method of Analysis
Results
Conclusions

Reference

REACTOR COOLANT.SYSTEM PIPE RUPTURE
(Loss of Coolant Accident)

Major Reactor Coolant System Pipe Ruptures
(Loss of Coolant Accident)

Westinghouse Performance Criteria for
Emergency Core Cooling System

Method of Thermal Analysis
Results
Conclusions = Thermal Analysis
Additional ECCS LOCA Analyses
Safety Significance of LOCA with Power

Locked Out To Accumulator Isolation Valves

Safety Significance During Shutdown

Large Break LOCA ECCS
Analyses Effective on January, 1982

LOCA-ECCS Analysis
Results of Original Analysis

Conclusions -~ Thermal Analysis

14-vii

Page
14.2.6-16

14.2.7-1

14.2.8-1
14.2.8-1

14.2.8-3
14.2.8-3
14.2.8-5
14.2.8-6
14.2.8-7

14.3-1
14.3.1-1
14.3.1-2

14.3.1-4
14.3.1-5
14.3.1-7
14.3.1-8
14.3.1-8

14.3.1-10
14.3.1-16

14.3.1-16
14.3.1~16
14.3.1-18

July, 1984



Section

14.3.1.3

14.3.1
14.3.2
14.3.2.1

14.3.2.2

14.3.2.3

14.3.2.4
14.3.2
14.3.3
14.3.3
14.3.4
14.3.4.1

14.3.4.2

UNIT 2

CHAPTER 14
TABLE OF CONTENTS (Cont'd)

* Title
Subsequent Changes in LOCA-ECCS Analyses
Technical Specifications

Current Major Reactor Coolant System Pipe
Rupture (Loss-of-Coolant Accident)

Introduction

Identification of Causes and Accident
Description

Sequence of Events and Systems Operxation

Calculational Methods and Input Parameters

Conclusions
References

Loss of Reactor Coolant from Small Ruptured
Pipes or from Cracks in large Pipes which
Actuates the Emergency Core Cooling System

Identification of Causes and Accident
Description

Analysis of Effects and Consequences
Method of Analysis
Results
Conclusions
Additional Break Sizes
Post~-TMI Small Break LOCA Considerations
References
Core and Internals Integrity Analysis
References
Containment Integrity Evaluation

General Description of Containment Pressure
Analysis

Long Term Containment Pressure Analysis
Containment Pressure Calculation

Structural Heat Removal

‘ l4-viii

Page

14.3.1-19
14.3.1-22

14.3.1-24
14.3.1-24

14.3.1-25
14.3.1-25
14.3.1-26
14.3.1-28

14.3.1—390'

14.3.2-1

14.3.2-1

14.3.2-3
14.3.2-3
14.3.2-4
14.3.2-5
14.3.2-6
14.3.2-6
14.3.2-8
14.3.3-1
14.3.3-5
14.3.4-1
14.3.4-1

14.3.4-2
14.3.4-3"°
14.3.4-5

July, 1984




L.

CHAPTER 14
TABLE OF CONTENTS (Cont'd)

Sectiﬁn Title Page
14.3.4.3 Short Term Blowdown Analysis 14.3.4-6
TMD Code - Short Term Analysis 14.3.4-6
Experimental Verification 14.3.4-7
Application to Plént Design 14.3.4-9
Initial Pressure Peaks 14.3.4-11
Detailed TMD Results-Loss-of-Coolant Accident 14.3.4-12
Sensitivity Studies 14.3.4-13
Choked Flow Characteristics 14.3.4-14
14.3.4.4 Compression Ratio Analysis 14.3.4-14
"Air Compression Process Description 14.3.4-15
Methods of Calculation and Results 14.3.4-16
Plant Case 14.3.4-18
Effect of Steam Bypass .14.3.4-19
14.3.4;5 | Long Term Mass and Energy Releases 14.3.4-22
Basis of the Analysis 14.3.4-23
Blowdown Results 14.3.4-25
Reflood Results 14.3.4-25
Two-Phase Post Reflood Results 14.3.4-25
Depressurization Energy Release 14.3.4-26
Energy Balance Tables 14.3.4-26
14.3.4.6 Containment Analysis for Steam Line Break 14.3.4-27
Break Flow Calculations 14.3.4-28
Single Failure Effects 14,.3.4-29
Containment Transient Calculations 14.3.4-30
Results ) 14.3.4-31
14.3.4.7 Subcompartment Analysis 14.3.4-32
Pressurizer Enclosure 14.3.4-32
Steam Generator Subcomparément Analysis 14.3.4-34
UNIT 2 14-ix July, 1984




CHAPTER 14 m

. TABLE OF CONTENTS (Cont'd)

Section Title . Page
14.3.4 References 14.3.4-36
14.3.5 Environmental Consequences of a Loss of 14.3.5-1

Coolant Accident
14.3.6 Hydrogen in the Unit 2 Containment after a 14.3.6-1

Loss of Coolant Accident
14.3.6.1 Production of Hydrogen : 14.3.6-1
14.3.6.2 Control of Hydrogen a 14.3.6-2
14.3.6.3 Results of Analysis - Overall Containment 14.3.6~2
14.3.6.4.1 Containment Lower Volume 14.3.6-3
14.3.6.4.2 Containment Lower Volume Subcompartment Analysés 14.3.6-4
14.3.6.5 Distributed Ignition System 14.3.6-5
14.3.6.6 Post-Accident Containment Hydrogen 14.3.6-5 .

Monitoring System
14.3.6 References 14.3.6-6 m
14.3.7 Long Term Cooling 14.3.7-1 .
14.3.7 References . 14.3.7-10
14.3.8 Nitrogen Blanketing 14.3.8-1
. Postulated Small Break Loss-of-Coolant 14.3.8-1

Accident - Nitrogen Blanketing Concern

14.4 ENVIRONMENTAL QUALIFICATION STATUS 14.4-1
Appendix 14A Radiation Sources 14a-1
Appendix 14B Safety Analysis For Operation of D. C. Cook 14B-1

Unit 2 With A Positive Moderator Coefficient .

Appendix 14C Safety Analysis for Operation of D. C. Cook
Unit 2 with Exxon Nuclear Company Reload Fuel
at 3411 MWt - 14c-1

UNIT 2 14-x July, 1984



14.1-1
14.1-2

14.1-3
14.1-4
14.1-5
14.1.5-1
14.1.6-1

14.1.12-1

14.2.2-1
14.2.2-2
14.2.2-3
14.2.4-1

14.2.4-2
1402.4-3

14.2.5-1
14.2.5-2

14.2.5-3

14.2.5-4
14.2.5-5
14.2,.5-6

UNIT 2

CHAPTER 14
LIST OF TABLES

Title

Accident Cross-Reference

Time Sequence of Events

Trip Points and Time Delays to Trip Assumed in Accident Analyses

Determination of Maximum Overpower Trip Point-Power
Range Neutron Flux Channel - Based on Nominal Setpoint
Considering Inherent Instrumentation Errors

Core and Gap Activities Based on Full Power Operation for 650 Days
Power-Temperature Distribution for Full Core

Feedback Coefficient for Accidenthnalysis

CVCS Valves Locked Closed for Refueling

Summary of Results for Locked Rotor Transients

Natural Circulation Flow

Parameters for Liquid Radioactive Tank Failure Analysis
Ground Water Activities Due to Liquid Radioactive Tank Failure
Reactor Coolant Equilibrium Fission and Corrosion Product Activities

Parameters Recommended for Determining Radioactivity Releases for
Steam Generator Tube Rupture

(No Heading)
(No Heading)

Core Parameters Used in Steam Break DNB Analysis

4.6 ft2 Double-Ended Break 102% Power With Main
Steam Line Isolation Valve Failure

0.942 ft2 Split 30% Power With Auxiliary Feed

Runout Protection Failure
1.4 ft2, 4.6 ft2 Double Ended Steam Line Breaks
Steam Line Ruptures

D. C. Cook Unit 2 Ice Condenser Design Parametexs

14-xi July, 1984

-




Table
14.2.5-7
14.2.5-8
14.2,5-9
14.2.5-10
14.2.5-11
14.2.6-1

14.2.8~-1

14.3.1-1
14.3.1-2
14.3.1-3
14.3.1-4
14.3.1-5
14.3.1-6
14.3.1-7
14.3.1-8
14.3.1-9
14.3.1-10
14.3.1-11
14.3.1-12
14.3.1-13
14.3.1-14
14.3.1-~15
14.3.2-1
14.3.2-2
14.3.4-1
14.3.4-2

UNIT 2

CHAPTER 14
LIST OF TABLES (Cont'd)

Title .
0.1 th Split 30% Power
0.35 th Split 30% Power
0.6 Ft? Split 30% Power
Key Parameters Affecting Split Steam Line Breaks

Parameters Used in the Analysis of the Rod Cluster
Control Assembly Ejection Accident

Time Sequence of Events for Feedline Rupture

Large Break Containment Data (Ice Condenser Containment)
Mass and Energy Releases During Blowdown

Mass and Energy Releases During Reflood

Mass Flow From Broken Loop Accumulator

Large Break Results

Large Break Time Sequence of Events

Large Break Time Sequence of Events

Large Break

Containment Data (Ice Condenser Containment)
Reflood Mass and Energy Releases

Broken Loop Accumulator Flow

Donald C. Cook Unit 2 System Input Parameters

i.O DECLG Break Analysis Parameters

D, C. Cook, Unit 2, 1.0 DECLG Break Event Times
1.0 DECLG Break Fuel Response Results for Cycle 5
Small Break Time Sequence of Events

Small Break Loss of Coolant Accident Results
Structural Heat Sinks

Enexgy Accountings

14=-xii July, 1985




Table
14.3.4~3
14.3.4-3a
14.3.4-4

14.3.4~5
14.3.4-6
14.3.4-7

14.3.4-8
14.3.4-9

14.3.4-10
14.3.4-11
14.3.4-12
14.3.4-13
14.3.4-14
14.3.4-15
14.3.4-16
14.3.4-17
14.3.4-18
14.3.4-19
14.3.4-20
14.3.4-21

14.3.4-22

14.3.4-23

UNIT 2

CHAPTER 14
LIST OF TABLES (Cont'd)

Title
Material Property Data
TMD Flow Path Input Data

Calculated Maximum Peak Pressures in Lower
Compartment Elements Assuming Unaugmented Flow

Calculated Maximum Peak Pressures in the Ice
Condenser Compartment Assuming Unaugmented Flow

Calculated Maximum Differential Pressures Across the
Operating Deck of Lower Crane Wall Assuming Unaugmented Flow

Calculated Maximum Differential Pressures Across
the Upper Crane Wall Assuming Unaugmented Flow

Sensitivity Studies for the Donald C. Cook Unit 2 Plant

Donaid C. Cook Unit 2 Ice Condenser Design Parameters

Deck Leakage Sensitivity

Blowdown Data Summary

Blowdown Mass and Energy Release Double Ended Pump Suction
Blowdown Mass and Energy Release 0.6 Double Ended Pump Suction
Blowdown Mass and Enexrgy Release 3 Ft3 Pump Suction Split
Blowdown Mass and Energy Release Double Ended Hot Leg

Blowdown Mass and Eneigy Release Double Ended Cold Leg

19 Element W Reflood Model

Reflood Data Summary

Reflood Mass and Energy Release Double Ended Pump Suction Max SI
Reflood Mass and Energy Release Double Ended Pump Suction Min SI

Reflood Mass and Energy Release 0.6 Double Ended
Pump Suction Max SI

Reflood Mass and Energy Release 3 th Pump Suction
Split Max SI

Reflood Mass and Enexgy Release Double Ended
" Hot Leg Max SI

14-xiii July, 1984

.- B .




Table
14.3.4-24

14.3.4-25
14.3.4-26
14.3.4-27
14.3.4-28
14.3.4—2§

14.3.4~30
14.3.4-31
14.3.4-32
14.3.4-33
14.3.4-34
14.3.4-35

* 14,.3.4-36

14.3.4-37
14.3.4-38
14.3.4-39
14.3.4-40
14.3.4-41
14.3.4-42
14.3.4-43
14.3.4-44

UNIT 2

CHAPTER 14
LIST OF TABLES (Cont'd)

Title

Reflood Mass and Energy Release Double Ended
Cold Leg Max SI

Double Ended Pump Suction Post Reflood Mass and
Energy Release Max SI Flow

Double Ended Pump Suction Post Reflood Mass and
Energy Release Min SI Flow

Mass and Energy Release Double Ended Pump Suction
Guillotine Max SI

Mass and Energy Release Double Ended Pump Suction
Guillotine Min SI

Mass and Energy Release 0.6 Doublé Ended Pump

Suction Guillotine
Mass and Energy Release 3 th Pump Suction Split
Mass and Energy Release Double Ended Hot Leg Guillotine
Mass and Energy Release Double Ended Cold Leg Guillotine
TMD Input
TMD Flow Path Input Data

4.6 th Double Ended Break 102% Power With Main
Steam Line Isolation Valve Failure
2

0.942 Ft“ Split 30% Power With Auxiliary Feed
Runout Protection Failure

1.4 th Double-Ended Steamline Breaks

Steam Line Ruptures

Pressurizer Enclosure Nodalization Volumes

Pressurizer Enclosure Nodalization Hydraulic Data

Differential Pressure

Summary-~Break Mass Flow and Energy Flow

Comparison of Peak Differential Pressures

Peak Differential Pressure (PSI) Break at Outlet Nozzle

14-xiv July, 1984

@



Table
14.3.4-45

14.3.6~-1

14.3.6-2
14.3.6-3
14.3.6-4

14.3.6-5
through .
14.3.6-8

14B-1
14B-2
"14B-3

l4C-1.1
14C-1.2
14C-2.1
14C-3.1

14C-3.3
14C-3.4

14C-4.1
14C-4.2
l4c-4.3
1l4C-4.4
14C-4.5

UNIT 2

CHAPTER 14
LIST OF TABLES (Cont'd)

. Title
Peak Differential Pressure (PSI) Break at Side of Vessel

Plant Parameters for Calculating Post-Accident-
Hydrogen Generation

Aluminum Inventory Inside Containment Building
Zinc Inventory Inside Containment Building

Fraction of Each Hydrogen Contribution Considered
for Subcompartment Analysis

Hydrogen Concentration in the Lower Volume

Subcompaxtments
Accidents Evaluated for Positive Moderator Coefficient Effects
Comparison of Results for Locked Rotor Analyses

Summary of Rod Ejection Results Beginning of Cycle

Applicable Fuel and Vessel Design Limits
Recommended Overtemperature AT Setpoint Equation
Summary of Results '

Operating Parameters Used in PTSPWR Analysis of
Donald C. Cook Unit 2

Donald C. Cook Unit 2 Trip Setpoints
Donald C., Cook Unit 2 Fuel Design Parameters Exxon Nuclear Fuel

Donald C. Cook Unit 2 Kinetics Parameters Supported by the
Plant Transient Analysis <

Event Sequence for Fast Rod Withdrawal
Event Sequence for Slow Rod Withdrawal
Event Sequence for Four Pump Coastdown
Event Sequence for Locked Rotor

Event Sequence for Loss of External Load

14~xv July, 1984

N




Table
14C-4.6
14C-4.7
14C-4.8
14C-4.9
14C-4.11

UNIT 2

CHAPTER 14
LIST OF TABLES (Cont'd)

Title
Event Sequence for Feedwater Flow Increase
Event Sequence for Decreased Feedwater Heating
Event Sequence for Excessive Load Increase
Event Sequence for Large Steam Line Break
D. C. Cook Unit 2, Cycle 4, Ejected Rod Analysis (HZP)

14-xvi July, 1984

@



Figure -
14.1-1

14.1-2
14.1-3
14.1-4
14.1-5
14.1-6
14.1.1-1

14.1.1-2

14.1.1-3

14.1.2-1

14.1.2-2

14.1.2-3

14.1.2-4

14.1.2-5
14.1.2-6
14.1.2-7

14.1.3-1

v

UNIT 2

CHAPTER 14
LIST OF FIGURES

Title

Illustration of Overpower and Overtemperature
AT Protection

RCC Normalized Rod Position Versus Time Curve

Normalized RCCA Reactivity Versus Fuel Covered (Fraction)
Normalized RCCA Reactivity Versus Time After Trip
Doppler Powexr Coefficient Used in Accident Analysis
Residual Decay Heat

Uncontrolled RCCA Bank Withdrawal From A Subcritical
Condition Nuclear Power Versus Time

Uncontrolléd RCCA Bank Withdrawal From A Subcritical
Condition Heat Flux Versus Time

Uncontrolled RCCA Bank Withdrawal From A Subcritical Condition
Temperature Veggus Time, Reactivity Insertion
Rate 75 x 10 ~ AK/sec .
Pressurizer Pressure Transient and Nuclear Power Transient
for Uncontrolled RCCA Bank Withdrawal From:Full Power
with Minimum Feedback and 70 PCM/Sec Withdrawal Rate

DNBR Transient and Core Average Temperature Transient
for Uncontrolled RCCA Bank Withdrawal from Full Power
with Minimum Feedback and 70 PCM/Sec Withdrawal Rate

Pressurizer Pressure Transient and Nuclear Power Transient
for Uncontrolled RCCA Bank Withdrawal From Full Power
with Minimum Feedback and 2 PCM/Sec Withdrawal Rate

DNBR Transient and Core Average Temperature Transient for
Uncontrolled RCCA Bank Withdrawal from Full Power with
" Minimum Feedback and 2 PCM/Sec Withdrawal Rate

Effect of Reactivity Insertion Rate on Minimum DNBR
for RCCA Bank Withdrawal Accident from 60% Power

Effect of Reactivity Insertion Rate on Minimum DNBR for
RCCA Bank Withdrawal Accident from 60% Power "

Effect of Reactivity Insertion Rate on Minimum DNBR
for RCCA Bank Withdrawal Accident from 10% Power

Pressurizer Pressure Transient, DNBR Transient Vessel Average
Temperature, and Core Heat Flux Transient for Dropped RCCA

N 14-xvii July, 1984

&t




Figure
14.1.6-1

14.1.6-2
14.1.6-3
14.1.6-4
14.1.6-5
14.1.6-6
14.1.6~7
14.1.6-8
14.1.6-9
14.1.6-10
14.1.6-11
14.1.6~-12

14.1.6-13
14.1.6-14
14.1.6-15
14.1.6-16
14.1.6-17

14.1.6-18

UNIT 2

CHAPTER 14
LIST OF FIGURES (Cont'd)

Title

Flow Coastdown Versus Time, Loss of Power to Four Pumps
with Four Loops Operating

Flow Coastdown Versus Time, Loss of Power to One Pump
with Four Loops Operating

Flow Coastdown Vexrsus Time, Loss of Power to Three
Pumps with Three Loops Operating .

Flow Coastdown Versus Time, Loss of Power to One Pump
with Three Loops Operating

Nuclear Power and Heat Flux Transients, Loss of Power
to Four Pumps with Four Loops Operating

DNBR Versus Time, Loss of Power to Four Pumps with
Four Loops Operating

Nuclear Power and Heat Flux Transients, Loss of Power
to One Pump with Four Loops Operating

DNBR Versus Time, Loss of Power to One Pump with Four
-Loops Operating

Nuclear Power' and Heat Flux Transients, Loss of Power
to Three Pumps with Three Loops Operating

DNBR Versus Time, Loss of Power to Three Pumps with
Three Loops Operating

Nuclear Power and Heat Flux Transients, Loss of Power .
to One Pump with Three Loops Operating

DNBR Versus Time, Loss of Power to One Pump, with
Three Loops Operating

Four Loops Operafing, One Locked Rotor, Pressure Versus Time
Three Loops Operéting, One Locked Rotor, Pressure Versus Time
Four Loops Operating, One Locked Rotor, Core Flow Versus Time
Four Loops Operating, One Locked Rotor, Loop FlowWVersus Time

Four Loops Operating, One Locked Rotor, Nuclear Power
and Heat Flux Transients

Four Loops Operating, One Locked Rotor, Clad
Temperature Versus Time

14-xviii July, 1984

U]




Figure

14.1.6-19
14.1.6~-20
14.1.6-21

14.1.7-1
14.1.8-1

14.1.8-2
14.1.8-3
14.1.8-4
14.1.8-5
14.1.8-6
14.1.8-7
14.1.8-8
14.1.9-1
14.1.10-1
14.1.11-1
14.1.11-2
14.1.11-3

14.1.11-4

UNIT 2

~

CHAPTER 14
LIST OF FIGURES (Cont'd)

v

- Title

Three Loops Operating, One Locked Rotor, Core Flow Versus Time

Three Loops Operating, One Locked Rotor, Loop Flow Versus Time

Three Loops Operating, One Locked Rotor, Nuclear Power and
Heat Flux Transients

Startup of an Inactive Reactor Coolant Loop

Loss of Load Accident with Pressurizer Spray and
Power Operated Relief Valves, Beginning-of-Life

Loss of Load Accident with Pressurizer Spray and
Power Operated Relief Valves, Beginning-of-Life

Loss of Load Accident with Pressurizer Spray and
Power Operated Relief Valves, End-of-Life

Loss of Load Accident with Pressurizer Spray and
Power Operated Relief Valves, End-of-Life

Loss of Load Accident Without Pressurizer Spray and
Power Operated Relief Valves, Beginning-~-of-Life

Loss of Load Accident Without Pressurizer Spray and
Powexr Operated Relief Valves, Beginning-of-Life

Loss of Load Accident Without Pressurizer Spray and
Power Operated Relief Valves, End-of-Life

Loss of Load Accident Without Pressurizer Spray and
Power Operated Relief Valves, End-of-Life

Reactor Coolant Average Temperature, Steam Generator Water
Level, Pressurizer Water Volume and Pressurizer Pressure
as a Function of Time, Loss of Normal Feedwater

Feedwater Control Valve Malfunction

Ten Percent Step Load Increase, Beginning-of-Life,
Manual Reactor Control

Ten Percent Step Load Increase, Begxnnxng-of—Life,
Manual Reactor Control

Ten Percent Step Load Increase, End-of-Life, Manual
Reactor Control

Ten Percent Step Load Increase, End-of-Life, Manual
Reactor Control

14-xix July, 1984

b




Figure
14.1.11-5

14.1.11-6
14.1.11-7

14.1.11-8

14.2.5-1
14.2.5-2

14.2.5-3
14.2.5-4

14.2.5-5
14.2.5-6
14.2.5-7
14.2.5-8

14.2.5-9

14.2.5-10
14.2.5-11
14.2.5-12
14.2.5-13
14.2.5-14
14.2.5-15

14.2.6~1

UNIT 2

CHAPTER 14
LIST OF FIGURES (Cont'd)

Title

Ten Percent Step Load Increase, Beginning-of-Life,
Automatic Reactor Control

Ten Percent Step Load increase, Beginning-of-Life,
Automatic Reactor Control

Ten Percent Step Load Increase, End-of-Life,
Automatic Reactor Control

Ten Pexrcent Step Load Increase, End-of~Life,
Automatic Reactor Control

Variation of Ke with Core Temperature

££
Variation of Reactivity with Power at Constant Core
Average Temperature

Injection Curve .

Steam Line Break Downstream of Flow Measuring Nozzle
with Safety Injection and Outside Power (Case a)

Steam Line Break at Exit of Steam Generator with
Safety Injection and Outside Power (Case b)

Steam Line Break Downstream of Flow Measuring Nozzle
with safety Injection without Outside Power (Case c)

Steam Line Break at Exit of Steam Generator with
Safety Injection without Outside Power (Case 4d)

Steam Line Break Equivalent to 247 1lb/sec at 1100
psia with Outside Power (Case e)

Compartment Temperature

Compartment Temperature

Work Break Lower Compartment Temperature Comparison
Upper Compartment Temperature (30% Power Le%el)
Lower Compartment Pressure (30% Power Level)

Lower Compartment Temperature (30% Power Level)

Woxrst Break Lower Compartment Temperature Comparison
(Generic Analysis)

Nuclear Power Transient BOL, HFP, RCCA Ejection Accident

14-xx July, 1984




| E

Figure
14.2.6-2

14.2.6-3
14.2.6-4

14.2.8-1

14.2.8-2
14.2.8-3

14.3.1-1
14.3.1-2
14.3.1-3
14.3.1-4
14.3.1-5
14.3.1-6
14.3.1-7
14.3.1-8
14.3.1-9
14.3.1-10
14.3.1-11
14.3.1-12
14.3.1-13
14.3.1-14
14.3.1-15
14.3.1-16
14.3.1-17
14.3.1-18
14.3.1-19

UNIT 2

CHAPTER 14
LIST OF FIGURES (Cont'd)

Title -

Hot Spot Fuel and Clad Temperature Versus Time, BOL,
HFP, RCCA Ejection

Nuclear Power Transient, EOL, H2P, RCCA Ejection Accident

Hot Spot Fuel and Clad Temperature Versus Time, EOL,
HZP, RCCA Ejection Accident

Main Feedline Rupture Accident Average Coolant
Temperature as a Function of Time

Main Feedline Rupture Accident Pressurizer Water Volume

Main Feedline Rupture Accident Pressurizer Pressure
as a Function of Time

Fluid Quality-DECLG (C. = 1.0)
Fluid Quality-DECLG (C_ = 0.8)
Fluid Quality~DECLG (C_ = 0.6)
Mass Velocity-DECLG (C_ = 1.0)
Mass Velocity-DECLG (C. = 0.8)

D
Mass Velocity = DECLG (CD = 0.6)

O U U o
H

Heat Transfer Coefficient ~ DECLG (CD = 1,0)

Heat Transfer Coefficient - DECLG (CD = 0,8)

Heat Transfer Coéfficient - DECLG (CD = 0.6)

Core Pressure - DECLG (CD = 1.0)

Core Pressure - DECLG (CD = 0,8)

Core Pressure = DECLG (CD = 0.6)

Break Flow Rate - DECLG (CD = 1,0)

Break Flow Rate - DECLG (CD = 0.8)

Break Flow Rate - DECLG (CD = 0.6)

Core Pressure Drop - DECLG (cD = 1.0)

Core Pressure Drop - DECLG (CD = 0,.8)

Core Pressure Drop - DECLG (CD = 0.6)

Peak Clad Temperature - DECLG (CD = 1.0)
14-xxi

July, 1984




Figure

14.3.1-20
14.3.1-21
14.3.1-22
14.3.1-23
14.3.1-24
14.3.1-25
14.3.1-26
14.3.1-27
14.3.1-28

14.3.1-29
14.3.1-30

14.3.1-31
14.3.1-32

14.3.1-33
14.3.1-34
14.3.1-35
14.3.1-36
14.3.1-37
14.3.1-38
14.3.1-39
14.3.1-40
14.3.1-41
14.3.1-42
14.3.1-43
14.3.1-44
14.3.1-45

UNIT 2

CHAPTER 14
LIST OF FIGURES (Cont'd)

Peak Clad Temperature - DECLG (CD =
Peak Clad Temperature - DECLG (CD

Fluid Temperature -
Fluid Temperature =
Fluid Temperature -
Core Flow -~ Top and
Core Flow - Top and
Corxre Flow - Top and

Reflood Transient -
Core Water Levels

Reflood Transient -

Reflood Transient -~
Core Water Levels

Reflood Transient -

Reflood Transient - DECLG (CD = 0.6) Downcomer and

Core Water Levels ‘ D
Reflood Trans?ent - DECLG (CD = 0.6) Core Inlet Velocity
Accumulator Flow (Blowdown) - DECLG (CD = 1,0)
Accumulator Flow (Blowdown) - DECLG (CD =A0.8)
Accumulator Flow (Blowdown) = DECLG (CD = 0.6)
Pumped ECCS Flow (Reflood) - DECLG (CD = 1,0)
Pumped ECCS Flow (Reflood) - DECLG (CD = 0.8)
Pumped ECCS Flow (Reflood) - DECLG (cD = 0.6)
Containment Pressure - DECLG (CD = 1.0)
Containment Pressure - DECLG (CD = 0.8)
Containment Pressure - DECLG (CD = 0,6)
Core Power Transient - DECLG (CD = 1,0)
Core Power Transient - DECLG (CD = 0.8)
Core Power Transient - DECLG (CD = 0.6)

14=-xxii July, 1984 .

Title
0.8
= 0.6
DECLG (CD = 1.0)
DECLG (CD = 0.8)
DECLG (CD = 0.6)

Bottom - DECLG (CD
Bottom ~ DECLG (CD
Bottom - DECLG (CD
DECLG (CD

1.0)
0.8)

DECLG (CD

DECLG (CD

DECLG

({C

)
)

1.0)
0.8)
0.6)

1.0) Downcomer and

Core Inlet Velocity

Downcomer and

0.8).Core Inlet Velocity




Figure
14.3.1-46
14.3.1-47a
14.3.1-47b
14.3.1-47c
14.3.1-48a
14.3.1-48b
14.3.1-48¢c
14.3.1~4%a
14.3.1-4%
14.3.1-49c
14.3.1-50a
14.3.1-50b
14.3,1-50c
14.3.1-51a
14,3.1-51b

14.3.1-51c

14.3,.1-52a
14.3.1-52b
14.3.1-52¢
14.3.1-53a
14.3.1-53b
14.3.1—53c
14.3.1-54a
14.3.1-54b
14.3.1-54c
14.3.1-55a
14.3.1-55b
14.3.1-55¢

UNIT 2

CHAPTER 14

LIST OF FIGURES (Cont'd)

Title

Break Energy Released to Containment

Fluid Quality =~ DECLG (CD =
Fluid Quality - DECLG (CD =
Fluid Quality - DECLG (CD =
Mass Velocity - DECLG (CD =
Mass Velocity ~ DECLG (CD =
Mass Velocity - DECLG (CD =
Heat Transfer Coefficient -
Heat Transfer Coefficient -
Heat Transfer C&efficient -
Core Pressure - DECLG (CD =
Core Pressure ~ DECLG (CD =

Core Pressure - DECLG (cD =
Break Flow Rate - DECLG (CD
Break Flow Rate - DECLG (CD

Break Flow Rate - DECLG (CD

Core Pressure Drop - DECLG (CD
Core Pressure Drop - DECLG (CD
Core Pressure Drop - DECLG (CD
Peak Clad Temperature - DECLG (cD
Peak Clad Temperature - DECLG (CD
Peak Clad Temperature - DECLG (C

1.0)
0.8)
0.6)
1.0)
0.8)
0.6)
DECLG (CD
DECLG (CD
DECLG (CD'
1.0)
0.8)
0.6)
= 1.0)
= 0.8)
= 0.6)
= 1.0)
= 0.8)
= 0.6)
= 1.
= 0.
= 0.

D
Fluid Temperature - DECLG (CD = 1.0)

Fluid Temperature - DECLG (CD
Fluid Temperature - DECLG (CD
Core Flow (Top and Bottom) - DECLG (CD
Core Flow (Top and Bottom) - DECLG (CD
Core Flow (Top and Bottom) - DECLG (CD

14-xxiii

0.8)
0.6)

0)
8)
6)

1.0)
0.8)
0.6)

1.0)
0.8)
0.6)

July, 1984




Figure
14.3.1-56a

14.3.1-56b
14.3.1-56¢
14.3.1-57a
14.3.1-57b
14.3.1-57¢

14.3,1-58a
14.3.1-58b
14.3.1-58c
14.3.1-59%a
14.3.1-5%
14.3.1-59c
14.3.1-60a
14.3.1-60b
14.3.1-60c
14.3.1-61a
14.3.1-61b
14.3.1-61c
14.3.1-62

14.3.1-63

14.3.1-64

14.3.1-65

UNIT 2

CHAPTER 14

LIST OF FIGURES (Cont'd)

Title

Reflood Transient - DECLG (C
Downcomexr and Core Watexr Levels

Reflood Transient - DECLG (C
Downcomer and Core Water Levels

Reflood Transient - DECLG (C
Downcomer and Core Water Levels

Reflood Transient - DECLG (CD

Core Inlet Velocity:

Reflood Transient - DECLG (C
Core Inlet Velocity

Reflood Transient - DECLG.(CD
Core Inlet Velocity

« Accumulator

Accumulator

Accumulator

Pumped ECCS
Pumped ECCS
Pumped ECCS
Containment
Containment

Containment

Core Power Transient

Core Power Transient

Flow
Flow
Flow

Flow (Reflood) - DECLG (C
Flow (Reflood) -~ DECLG (C
(Reflood) - DECLG (C

Flow

(Blowdown)
(Blowdown)
{Blowdown)

= 1.0)

= 0.8)

= 0,6)

1.0)
= 0.8)
= 0.6)

DECLG (CD
DECLG (Cb
DECLG (CD

D
D
D

Pressure - DECLG (C. = 1.0)

Pressure = DECLG (C
- DECLG (C
Core Power Transient -~ DECLG (C
-~ DECLG (
DECLG (CD

Pressure

o

0.8)
0.6)
1.0)
0.8)
0.6)

o o
non

o

C

o
n

Break Energy Released to Containment

Axial Peaking Factor versus Rod Length 1.0 DECLG Break

with Full ECCS Flow

Axial Peaking Factor versus Rod Length 1.0 DECLG Break

with Single Failure ECCS Flow

Upper Plenum Pressure, 1.0 DECLG Break (Single Failure

and Full ECCS Flow)

l4-xxiv

1.0)
0.8)
0.6)

= 1.0)
= 0.8)

0.6)

July, 1984

@



Figure
14.3.1-66

14.3.1-67
14.3.1-68
14.3.1-69
14.3.1-70

14.3.1~-71
14.3.1-72
14.3.1-73

14.3.1-74
14.3.1-75
14.3.1-76

14.3.1-77
14.3.1-78

14.3.1-79

14.3.1-80
14.3.1-81
14.3.1-82
14.3.1-83

14.3.1-84"

14.3.1-85

14.3.1-86
14.3.1-87

UNIT 2

CHAPTER 14
LIST OF FIGURES (Cont'd)

Title

Pressurizer Pressure, 1.0 DECLG Break (Single Failure
and Full ECCS Flow) .

Total Break Flow, 1.0 DECLG Break (Single Failure)
Average Core Inlet Flow, 1.0 DECLG Break (Single Failure)
Average Core Outlet Flow, 1.0 DECLG Break (Single Failure)

Downcomer Flow Rate, 1.0 DECLG Break (Slngle Failure and
Full ECCS Flow)

Pressurizer Surge Line Flow, 1.0 DECLG Break (Single Failure
and Full ECCS Flow)

Flow From Intact Loop Accumulators, 1.0 DECLG Break (Single
Failure and Full ECCS Flow)

Flow From Broken Loop Accumulators, 1.0 DECLG Break (Single
Failure and Full ECCS Flow)

Average Core Inlet Flow, 1.0 DECLG Break (Full ECCS Flow)
Average Core Outlet Flow, 1.0 DECLG Break (Full ECCS Flow)

Hot Channel Average Fuel Temperature, 1.0 DECLG Break
(Single Failure)

Clad Surface Temperature, 1.0 DECLG Break (Single Failure)

Depth of Metal - Water Reaction, 1.0 DECLG Break
(Single Failure)

Hot Channel Heat Transfer Coefficient, 1.0 DECLG Break
(Single Failure)

Hot Assembly Inlet Flow, 1.0 DECLG Break (Single Failure)
Hot Assembly Outlet Flow, 1.0 DECLG Break (Single Failure)
(No Heading) ‘ ‘

Clad Surface Temperature, 1.0 DECLG Break (Full ECCS Flow)

Depth of Metal-Water Reaction, 1.0 DECLG Break (Full ECCS Flow)

Hot Channel Heat Transfer Coefficient, 1.0 DECLG Break .
(Full ECCS Flow)

Hot Assembly .Inlet Flow, 1.0 DECLG Break (Full ECCS Flow)
Hot Assembly Outlet Flow, 1.0 DECLG Break (Full ECCS Flow)

14-xxv July, 1984




Figure
140 3 . 1—88

14.3.1-89
14.3.1-90

14.3.1-91
14.3.1-92

14.3.1-93
14.3.1-94
14.3.1-95

14.3.1-96
14.3.1-97

14.3.1-98
14.3.1-99
14.3.1-100

14.3.1-101
14.3.1-102

14.3.2-1
14.3.2-2
14.3.2-3
14.3.2-4
14.3.2~-5
14.3.2-6
14.3.2-7
14.3.2-8

UNIT 2

CHAPTER 14 m

LIST OF FIGURES (Cont'd)

1

Title ,

ICECON Containment Back Pressure, 1.0 DECLG Break
(Single Failure) v,

{(No Heading)

Normalized Power, 1.0 DECLG Break (Single Failure and
Full ECCS Flow)

Core Flooding Rate, 1.0 DECLG Break (Single Failure)

Reflood Downcomer Mixture Level, 1.0 DECLG Break
(Single Failure) ’

Reflood Core Mixture Level, 1.0 DECLG Break (Single Failure)
Reflood Upper Plenum Pressure, 1.0 DECLG Break (Single Failure)

Reflood Core Saturation Temperature, 1.0 DECLG Break
(Single Failure)

Core Flooding Rate, 1.0 DECLG (Full ECCS Flow)

Reflood Downcomer Mixture Level, 1.0 DECLG Break
(Full ECCS Flow).

Reflood Core Mixture Level, 1.0 DECLG Break (Full ECCS Flow)
Reflood Upper Plenum Pressure, 1.0 DECLG (Full ECCS Flow)

Reflood Core Saturation Temperature, 1.0 DECLG Break
(Full ECCS Flow)

TOODEE2 Cladding Temperature vs. Time, 1.0 DECLG
Break (Single Failure)

TOODEE2 Cladding Temperature vs. Time, 1.0 DECLG Break
(Full ECCS Flow)

Safety Injection Flow Raée

Reactor Coolant System Depressurization Transient (4 Inch)
Core Mixture Height (4 Inch)

Clad Temperature Transient (4 Inch)

Steam Flow (4 Inch)

Rod Film Coefficient (4 Inch)

Hot Spot Fluid Temperature (4 Inch)

14-xxvi July, 1984 m)

Core Power




Figure
14.3.2-9

14.3.2-10
14.3.2-11
14.3.2-12
14.3.2-13
14.3.2-14
14.3.2-15
14.3.4-1

14.3.4-2

14.3.4-3
14.3.4~4

14.3.4-5
" 14.3.4-6

14.3.4-7
14.3.4-8

14.3.4-9
14.3.4~-10
14.3.4-11

14.3.4-12
14.3.4-13
14.3.4-14
14.3.4-15
14.3.4-16
14.3.4-17
14.3.4-18
14.3.4-19

"IEE" UNIT 2

CHAPTER 14
LIST OF FIGURES (Cont'd)

Title
Reactor Coolant System Depressurization Transient (3 Inch)
Reactor Coolant System Depressurization Transient (6 Inch)
Core Mixture Height (3 Inch)
Core Mixture Height (6 Inch)
Clad Temperature Transient (3 Inch)

Clad Temperature Transient (6 Inch)

&Core Power Distribution

Containment Pressure Versus Time

Temperature Versus Time for Upper (U.C.) and
Lower Compartment (L.C.)

Active Sump Temperature Versus Time
Inactive Sump Temperature Versus Time
Containment Pressure Versus Time
Plan at Equipment Rooms Elevation
Containment Section View

Plan View at Ice Condenser Elevation - Ice
Condenser Compartments

. Layout of Containment Shell

TMD Code Network

Upper and Lower Compartment Pressure Transient for Worst Case
Break Compartment (Element 6) Having a DEHL Break

Illustration of Choked Flow Characteristics

Steam Concentration in a Ve{tical Distribution Channel
Peak Compression Pressure Versus Compression Ratio
Coolant Temperature at Core Inlet

Core Reflooding Rate - Vin

Carryover Fraction -‘Fout
Fraction of Flow Through Broken Loop

Post~Blowdown Downcomer and Core Water Height

14-xxvii July, 1984




Figure

14.3.4-20
14.3.4-21
14.3.4-22
14.3.4-23
14.3.4-24
14.3.4-25
14.3.4-26

14.3.4-27
through
14.3.4-71

14.3.4~72
through .

. 14.3.4~-116

14.3.4-117
through
14.3.4-161

14.3.4-~162
through
14.3.4-206

14.3.4-207
through
14.3.4-251

14.3.4-252
through
14.3.4-296

14.3.4~-297
through
14.3.4-341

UNIT 2

CHAPTER 14
LIST OF FIGURES (Cont'd)

Title

Steam Generator Heat Content

Cold Leg Double-Ended Guillotine Full Power mh Transient
Cold Leg Double-Ended Guillotine Full Power m Transient
Cold Leg Double-Ended Guillotine Full Power mh Transient
Cold Leg Double-Ended Guillotine Full Power m Transient
Hot Leg Double-Ended Guillotine Full Power mh Transient
Hot Leg Double-Ended Guillotine Full Power m Transient

DECLG: Compartment #1

DEHLG: Compartment #1

DEHLG: Compartment #2

DEHLG: Compartment #3

DEHLG: Compartment #4

DEHLG: Compartment #5

DEHLG: Compartment #6

14-xxviii July, 19284




Figure
14.3.4-342

through
14.3.4~386

14.3.4-387
through
14.3.4-393

14.3.4-394

14.3.4-395
through
14.3.4-431

14.3.4-432
through
14.3.4-476

14.3.4-477
14.3.4-478
14.3.4-479
14.3.4-480
14.3.4-481

14.3.4-482
through
14.3.4-486

14.3.4-487
through
14.3.4~-493

14.3.4-494
14.3.4-495
14.3.4-496

14.3.4-496
14.3.6-1
14.3.6-2
14.3.6-3

UNIT 2

CHAPTER 14
LIST OF FIGURES (Cont'd)

Title
DECLG: Compartment #3

DECLG: Compartment #4

Figure was omitted by Westinghouse Electric
Corporation from the Amendment No. 78

DECLG: Compartment #4
DECLG: Compartment #6

Compartment Temperature

Compartment Temperature

Pressurizer. Enclosure Noding
Pressurizer Enclosure Noding ‘
TMD Code Network

TMD Compressible Flow for Pressurizexr Enclosure
Pressurizer Enclosure Differential

Steam Generator Enclosure Above Elevation 665 Ft.
Steam Generator Enclosure Below Elevation 665 Ft.

Steam Generator Enclosure Cut-Open View of the
Steam Generator Enclosure (Sheet 1 of 2)

Steam Generator Enclosure (Sheet 2 of 2)
Corrosion Rate of Aluminum as a Function of Temperature
Corrosion Rate of Zinc as a Function of Temperature

Hydrogen Generation and Removal Rates as Function of Time

14-xxix July, 1984




Figure
14.3.6-4
14.3.6-5

14.3.6-6
14.3.6-7

14.3.6-8
14.3.6-9

14.3.7-1
14.3.7-2
14.3.7-3

14.3.7-4
14.3.7-5

14.3.7-6
14.3.7-7

14.3.7-8
14.3.7-9
14.3.7-10
14.3.7-11

14.3.7-12
14.3.7-13
14.3.7-14
14.3.7-15

UNIT 2

CHAPTER 14
LIST OF FIGURES (Cont'd)

Title
Hydrogen Generated (SCF) as a Function of Time

Volume Percent Hydrogen in the Containment as a \
Function of Time

Volume Percent Hydrogen in the Upper and Lower Volumes
as a Function of Time

Cumulative SCF of Hydrogen and Hydfogen Generation
Rates (SCFM) as Function of Time

Temperature Versus Time

Schematic Diagram of Post-Accident Containment
Hydrogen Monitoring System (Pachms)

Large Steam Break with Reactor Coolant Pumps Running
Reactor Coolant System Pressure Versus Time (Seconds)

Large Steam Break with Reactor Coolant Pumps Running
Broken Loop Cold Leg Temperatures Versus Time (Seconds)

Large Steam Break with Reactor Coolant Pumps Running
Intact Loop Cold Leg Temperatures Versus Time (Seconds)

Large Steam Line Break with Reactor Coolant Pumps Running

Large Steam Break with Reactor Coolant Pumps Tripped
Reactor Coolant System Pressure Versus Time (Seconds)

Large Steam Break with Reactor Coolant Pumps Tripped
Broken Loop Cold Leg Temperature Versus Time (Seconds)

Large Steam Break with Reactor Coolant Pumps Tripped
Intact Loop Cold Leg Temperature Versus Time (Seconds)

Large Steam Line with Reactor Coolant Pumps Tripped
Typical Small Break Pressure Transient
Energy Removed by Break At Equilibrium

Equilibrium Pressure Between SI Flow and Break Flow
for Saturated Liquid Discharge from the Break

2 Inch Cold Leg Break

1 Inch Break

.615 Inch Break x
Mixture Height Above Bottom of Core, Ft

14-xxx July, 1984




Figure
14.3.7-16

14.3.7-17
14.3.7-18
14.3.7-19
14.3.7-20
14.3.8-1 -
14.3.8-2

14.3.8-3

14B-1
14B-2
14B-3
14B-4
14B-5
14B-6
14B-7
14B-8
14B-9

14B-10
14B-11

14B~-12

_14B-13

14B-14
14B-15
14B-16

UNIT 2

-

1

CHAPTER 14
LIST OF FIGURES (Cont'd) \

| Title
1 Inch Break
.615 Inch Break
Charging Flow from One Centrifugal Charging Pump
Large Steam Line Break with Reactor Coolant Pumps Running
Large Steam Line Break with Reactor Coolant Pumps Tripped
Typical Small Break Pressure Transient
Enexgy Remoged by Break at Equilibrium

Equilibrium Pressure Between SI Flow and Break Flow for
Saturated Liquid Discharge from the Break

Moderator Température Coefficient Versus Power Level

Rod Withdrawal from Subcritical Nuclear Power Versus Time
Rod Withdrawal from Subcritical Temperature Versus Time
Rod Withdrawal from Subcritical Heat Flux Versus Time
Rod Withdrawal at Power . ‘

Loss of Flow - Flow Versus Time

Loss of Flow - Analysis Results

Loss of Flow - DNBR Versus Time

Loss of Load - Automatic Rod Control with Pressurizer
Relief and Spray

Loss of Load - Automatic Rod Control with Pressurizer
Relief and Spray

Loss of Load - Manual Rod Control No Pressurizer
Relief or Spray

Loss of Load - Manual Rod Control No Pressurize
Relief or Spray ’

Rod Ejection BOL HFP Nuclear Power Versus Time
Rod Ejection BOL HFP Temperature Versus Time
Rod Ejection BOL HZP Nuclear Power Versus Time

Rod Ejection BOL HZP Temperature Versus Time

14-xxxi July, 1984

a




Figure
l4C-1.1

14C-3.1

14C-3.2
14C-4.1
14C-4.2
14C-4.3
1l4C-4.4

14C-4.5

14C-4.6
14C-4.7
14c-4.8
1l4C-4.9
14C-4.10

14C-4.11

14C-4.12
14C-4.13

14C-4.14
14C-4.15

14C-4.16

14C~-4.17

14C-4.18
14C-4.19

UNIT 2

CHAPTER 14
LIST OF FIGURES (Cont'd)

Title

Coxre Safety Limits for Four Pump Operation at 3425 Mwt
Rated Power

Axial Power Profile Used in Transient Analysis of
D. C. Cook Unit 2

Scram Curve Used in Donald C. Cook Unit 2 Transient Analysis
Power, Heat Flux, and System Flows Fast Rod Withdrawal

Core Temperature Response, Fast Rod Withdrawal

Primary Loop Temperature Changes, Fast Rod Withdrawal

Pressure Changes in Pressurizer and Steam Generators,
Fast Rod Withdrawal

Level Changes in Pressurizer and Steam Generators,
Fast Rod Withdrawal

Minimum DNB Ratioi Fast Rod w%thdrawal‘

Power, Heat Flux, and System Flows, Slow Rod Withdrawal, Case
Core Temperature Responses, Slow Rod Withdrawal, Case 1
Primary Loop Temperature.Changes, Slow Rod Withdrawal, Case 1

Pressure Changes in Pressurizer and Steam Generators,
Slow Rod Withdrawal, Case 1

Level Changes in Pressurizer and Steam Generators,
' Slow Rod Withdrawal, Case 1 ’

Minimum DNB Ratio, Slow Rod Withdrawal, Case 1

Power, Heat Flux, and Systems Flows for Slow Rod
Withdrawal, Case 2

Core Temperature Responses for Slow Rod Withdrawal, Case 2

Primary Loop Temperature Changes for Slow Rod Withdrawal;
Case 2

Pressure Changes in Pressurizer and Steam Generators for
Slow Rod Withdrawal, Case 2

Level Changes in Pressurizer and Steam Generators for
Slow Rod Withdrawal, Case 2

Minimum DNB Ratio for Slow Rod Withdrawal, Case 2

Power, Heat Flux, and System Flows, Four Pump Trip

14-xxxii July, 1984

lm'




Figure
14C~-4.20

14C-4.21
14C-4.22

14C-4.23

14C-4.24
14C-4.25
14C-4.26
14c-4.27
14C-4.28

14C-4.29

14C-4.30

14C-4.32
14C-4.33
14C-4.34

14C-4.35

14C-4.36
14C-4.37
14C~4.38
14C-4.39
14C-4.40

14C-4.41

14C~-4.43

UNIT 2

CHAPTER 14
LIST OF FIGURES (Cont'd)

Title
Core Temperature Responses, Four Pump Trip
Primary Loop Temperature Changes, Four Pump Trip

Pressure Changes in Pressurizer and Steam Generators,
Four Pump Trip

Level Changes in Pressurizer and Steam Generators,
Four Pump Trip

Minimum DNB Ratio, Four Pump Trip _
Power, Heat Flux, and System Flows, Locked Rotor, Case 1
Core Temperature Responses, Locked Rotor, Case 1
Primary Loop Temperature Changes, Locked Rotor, Case 1

Pressure Changes in Pressurizer and Steam Generators,
Locked Rotor, Case 1

Level Changes in Pressurizer and Steam Generators,
Locked Rotor, Case 1

Minimum DNB Ratio, Locked Rotoxr

Power, Heat Flux, and System Flows, for
Locked Rotor, Case 2

Core Temperature Résponses for Locked Rotor, Case 2
Primary Loop Temperature Changes for Locked Rotor, Case 2

Pressure Changes in Pressurizer and Steam Generator
for Locked Rotor, Case 2

Level Changes in Pressurizer and Steam Generator
for Locked Rotor, Case 2

Minimum DNB Ratio for Locked Rotor, Case 2
Power, Heat Flux, and System Flows, Loss of Load
Core Temperature Responses, Loss of Load
Primary Loop Temperature Changes, Loss of Load

Pressure Changes in Pressurizer and Steam Generators,
Loss of Load

Level Changes in Pressurizer and Steam Generators,
Loss of Load

Minimum DNB Ratio, Loss of Load

Power, Heat Flux, and System Flows for Feedwater Flow Increase

14-xxxiii July, 1984




Figure
14C-4.44

14c~4.45
14C-4.46
14C-4.47
14c-4.48
14C-4.49

14C-4.50
1l4C-4.51

14C-4.52
14C-4.53
14C-4.54
14¢-4.55
14C-4.56
14C-4.57
14C-4.58
14C-4.59
14C-~4.60
14c-4.61

14C-4.62
'14C-4.63

14C-4.64
14C-4.65
14C-4.66

14C-4.67

14C-4.68

UNIT 2

CHAPTER 14
LIST OF FIGURES (Cont'd)

Title

Core Temperature Responses for Feedwater Flow Incggase
Primhry Loop Temperature Changes for Feedwater Flow Increase
System Pressure Changes for Feedwater Flow Increase

System Level Changes for Feedwater Flow Increase

Minimum DNB Ratio for Feedwater Flow Increase .

Power, Heat flux, and System Flows for
Decreased Feedwater Heating

Core Temperature Responses for Decreased Feedwater Heating

Primary Loop Temperature Changes for
Decreased Feedwater Heating

System Pressure Changes for Decreased Feedwater Heating
System Level Changes for Decreased Feedwater Heating

.Minimum DNB Ratio for Decreased Feedwater Heating

Power, Heat Flux, and System Flows for Excessive Load Increase
Core Temperature Responses for Excessive Load Increase
JPrimary Loop Temperature Changes for Excessive Load Increase
System Pféssure Changes for Excessive Load Increase

Systém Level Changes for Excessive Load Increase

Minimum DNB Ratio for Excessive Load Increase

Variation of Reactivity with Power at Constant
Core Average Temperature

Variation of Reactivity with Core Average Temperature
at EOL, N-1 Rods

Power, Heat Flux, and System Flows,
Large Steam Line Break

‘Core Temperature Responses, Large Steam Line Break
Primary Loop Temperature Changes, Large Steam Line Break

Pressure Changes in Pressurizer and Steam Generators
Large Steam Line Break

Level Changes in Pressurizer and Steam Generators
Large Steam Line Break

Reactivity Feedback, Large Steam Line Break

14-xxxiv July, 1984




1.4 GENERAL DESIGN CRITERIA

[

The general design criteria followed in the design of this plant have
been developed as performance criteria which define or describe safety
objectives and procedures, and they provide a guide to the type of
plant design information which is included in this report. These
criteria are specifically addressed in the chapters of the FSAR where
they are pertinent. An‘index to the criteria is given in Table 1.4-1.
In the chapter where a specific criterion is relevent to the design,

the criterion is quoted and is followed by a brief summary of the design
or procedures. The design or procedures are then more fully described
in other sections of the chapter. Other criteria which apply generally

to the design of the plant are given in Section 1.4.1.

In addition, the Donald C. Cook Nuclear Plant has been designed to
comply with, the Applicant's understanding of the intent of the AEC
proposed General Design Criteria, as published for comment by the AEC
in July, 1967.(1) The application of the AEC proposed General Design
Criteria to the Donald C. Cook Nuclear Plant was discussed in the
original FSAR, Appendix H. Table 1.4-1 contains a cross-index between
the AEC design criteria and the FSAR chapters where those criteria are

interpreted.
1.4.1 OVERALL PLANT REQUIREMENTS

Quality Standards

Criterion: Those systems and components of reactor facilities which
are essential to the prevention, or the mitigation of the
consequences, -of nuclear accidents which could cause undue
risk to the health and safety of the public shall be identi-
fied and then designed, fabricated, and erected to quality
standards that reflect the importance of the safety function
to be performed. Where generally recognized codes and
standards pertaining to design, materials, fabrication, and
inspection are used, they shall be identified. Where
adherence to such codes or standards does not suffice to
assure a quality product in keeping with the safety function,
they shall be supplemented or modified as necessary.
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Quality assurance programs, test procedures, and inspection
acceptance criteria to be used shall be identified. An
indication of the applicability of codes, standards, quality
assurance programs, test procedures and inspection acceptance
criteria used is required. Where such items are not covered
by applicable codes and standards, a showing of adequacy is
required.

’
Those features of the reactor facility which are essential to the
prevention of accidents which could affect the public health and safety
or to the mitigation of their consequences were designed, fabricated, and
erected to quality standards that reflect the importance of the safety
function to be performed. See Sub-Chapter 1.7 for a discussion of the
quality assurance program. ‘Recognized codes and standards were used

when appropriate to the application.

Features of the facility essential to accident prevention and miéigation,
are the fuel, reactor coolant system and containment barriers; the con-
trols and emergency cooling system, whose function is to maintain the
integrity of these three barriers; systems which depressurize and reduce
the contamination level of the containment; power supplies and essential
services to the above features; and the components employed to safely
convey and store radioactive wastes and spent reactor fuel. Quality
standards for material selection, design, fabrication, and inspection
governing the above features conform to the applicable provisions of

recognized codes and good nuclear practice.

Performance Standards

.

Criterion: Those systems and components of reactor facilities which
are essential to the prevention, or to the mitigation of
the consequences, of nuclear accidents which could cause
undue risk to the health and safety of the public shall
be designed, fabricated, and erected to performance
standards that enable such systems and components to
withstand, without undue risk to the health and safety of
the public, the forces that might reasonably be imposed

~ by the occurrence of an extraordinary natural phenomenon
such as earthquake, tornado, flooding condition, high wind
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or heavy ice. The design bases so established shall
" reflect: (a) appropriate consideration of the most severe
of these natural phenomena that have been officially recorded
at the site and the surrounding area and (b) an appropriate
margin for withstanding forces greater than those recorded
to reflect uncertainties about the historical data and their
suitability as a basis for design.

Those features of the reactor facility which are essehtial to the
prevention of accidents which could affect the public health and safety
or to the mitigation of their consequences were designed, fabricated,
and erected to performance standards that enable the facility to with-
stand, Qithout loss of the capability to protect the public, the
additional forces imposed by the most severe earthquakes, flooding
conditions, winds, ice, or other natural phenomena charactéristic to
the Donald C. Cook Nuclear Plant site.

Piping, components and supporting structures of the reactor and

safety related systems were designed to withstand aﬁy seismic disturbance
predictable fér the site. The dynamic response of the structure to
ground acceleration, based on appropriate spectral characteristics of

the site foundation and on the damplng of the foundation and structure,

was included in the de91gn analysis.

Structures, equipment, and piping materials, in both the containment
and auxiliary buildings, have been selected for their compatibility with
the expected normal and accident environments. For those components
located inside the containment which are required for controlling the
Design Bases Accidents (DBA), the effect of the spray chemical additive
(NaOH)Ihas been considered as well as radiation levels, pressure and
temperature. Material compatibility has been discussed in detail in

the Indian Point Unit 2 FSAR (reference doéument 50-247).
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Fire Protection

Criterion: A reactor facility shall be designed to ensure that the m
probability of events such as fires and explosions and
the potential consequences of such events will not result
in undue risk to the health and safety of the public.
Noncombustible and fire resistant materials shall be used
throughout the facility wherever necessary to preclude such
risk, particularly in areas containing critical portions of
the facility such as containment, control room, and com-
ponents of engineered safety features.

Primary emphasis is directed at minimizing the risk of fire by use of
thermal insulation and adhesives which do not support combustion, flame
retardant wiring, adequate overload and short circuit protection, and
the elimination of combustible trim and furnishings. The facility is
equipped with protection systems for controlling fires which might
originate in plant equipment. See Sub-Chapter 9.8 for a description

of the Fire Protection System.

The Containment and Auxiliary Building Ventilation Systems can be operated

from the control room of the corresponding unit as required to limit the m
potential consequences of fire. Critical areas of the containment, the

control room and the areas containing components of engineered safety

features, have detectors to alert the control room to the possibility

of fire so that prompt action may be taken to prevent significant

damage.

Sharing of Systems

Criterion: Reactor facilities may share systems or components if it can
be shown that such sharing will not result in undue risk to
the health and safety of the public.

Two types‘of sharing were considered: a) sharing of systems and
components between the two units and b) sharing of components among

systems within a unit. For such shared systems and components, analyses
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.

confirm that there is ng interference witﬁ basic function and operability
of these systems due to sharing, and hence no undue risk to the health
and safety of the public results. Sub-Chapter 1.3 identifies tﬁe shared
facilities and equipment in the plant.

»

Missile Protection

Criterion: Adequate protection for those engineered safety features,
the failure of which would result in undue risk to the
health and safety of the public, shall be provided against
dynamic effects and missiles that might result from plant
equipment failures.

This section discusses in general terms the missile criteria, missile

sources, and methods of missile protection for the Donald C. Cook

Nuclear Plant.

A more comprehensive discussion of missiles arising in the event of a

failure of the main turbine-generator can be found in Chapter 14.

Missile Protection Criteria

5

The Donald C. Cook Nuclear Plant is designed so that missiles from

external or internal sources:

-

1. Will not cause or increase the severity of a loss of coolant

accident.

2, Will not damage Engineered Safety Features such that the

minimum required safety functions are jeopardized.

3. Will not cause a break‘in the Class I portion of a steam or

feedwater pipe.

4, Will not prevent safe shutdown and isolation of the reactor

plant.
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5. Will not damage fuel stored in the Spent Fuel Pit.

Potential Missiles

Credible missiles, from sources considered capable of generating

potential missiles, are defined as follows:
1. Tornadoes

a. Bolted Wood Decking - 12 £t x 12 £t x 4 in, 450 1bs. traveling
at 200 mph.

b, Corrugated Sheet Siding - 4 £t x 4 f£t, 100 lbs. traveling at
225 mph.

Ce Passenger car - 4000 lbs traveling along the ground at 50 mph.

da. Small diameter pipe - 2 1/2 in., schedule 40, steel pipe

8 ft. length. @

2. Main Turbine Failure

General Electric Unit 1

Qe Vane from last stage -bucket - 54 lbs traveling at 1170 ft

per sec (Easing exit velocity).

<

| b. 120° segment of last stage Wheel -~ 8264 lbs traveling at
409 ft per sec (casing exit velocity).
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3.

4.

5.

6.

7.

8.

Brown Boveri Unit 2

ae Vane from last stage bucket - 168 lbs traveling at

1135 £t per sec (casing exit velocity).

. be 120° segment of next-to-last disc - 8360 lbs traveling at

551 £t per sec (casing exit velocity).

Structures and overhead cranes which are not of Seismic Class I

design.

Dynamic equipment failures encompassing pumps, diesel engines,

and turbine drives.

Valve stems and bonnets of significant size, having the potential

to violate any of the missile protection criteria.
Control rod drive mechanism or parts thereof.

N

Pipe rupture whip, including steam/water jet forces following

a pipe rupture of an adjacent pipe.
Miscellaneous.

Qe Sand plugs.

* be Instrument wells and thimbles with mounted components.

With reference to item 7, above, to determine the dynamic impact and

erxogsive effects of high temperature pressurized water and of steam jets

from ruptured pipe lines, Westinghouse conducted a series of tests with

subcooled water at 2250 psia/S500°F and with saturated steam at 1030 psia,

released through nozzles of 3 different diameters, impinging on reinforced
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concrete structures, at various angles. Evaluation of the resuits(

2)

indicates that erosion of concrete by a priméry coolant or steam line

break definitely does not impose. a design consideration.

Missile Protection Methods

Protection of safety-related equipment from missiles has been accomplished

by one or more of the following methods:

1.

2,

3.

4.

5.

Compartmentalization

Enclosing equipment in missile protected compartments.
Barriers
Erecting barriers to stop potential missiles either at the

source or at the location of the equipment to be protected.

Separation

Sufficient separation of redundant systems so that a potential

migsile cannot impair both systems.

Restraints

Limiting generation of potential missiles by means of restraints.

Equipment Design

Designing the structure or component to withstand a missile,

without loss of function.
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6. Strategic Orientation

| “ Orienting equipment, or parts of equipment, in a direction

' that directs the potential missile paths away from safety-
related equipment.

7. Distance

Locating equipment beyond range of potential missiles.

Determination of Missile Shield Thickness

In cases where concrete or steel is used as migsile protection, the
calculation of the missile shield thickness required was based on the
modified Petry formula, as set forth in the U. S. Navy Bureau of Yards
and Docks publication, "Design of Protective Structures", Navy Docks
P-51, or the Stanford Steel Penetration formula presented in

Nuclear Engineering and Design, "“The Design of Barficades for

Hazardous Pressure Systems", C. V. Moore, 1967,

Records Requirements

Criterion: The reactor licensee shall be responsible for assuring the
maintenance, throughout the life of the reactor, of records
of the design, fabrication, and construction of major
components of the plant essential to avoid undue risk to
the health and safety of the public.

~

The Indiana and Michigan Electric Company oxr its authorized
representative and Westinghouse Electric Corporation have retained
documentation of the design, fabrication and construction of

essential plant components.

These records verify the high quality and performance standards

applicable to essential plant components.



1.4.2 PROTECTION BY MULTIPLE FISSION PRODUCT BARRIERS

Physical barriers are provided by the fuel pellet, fuel cladding, ‘ w
reactor coolant system pressure boundary and containment structure to

protect the public from the release of fission products produced within

the fuel assemblies. The specific details and design basis for each

barrier are identified and discussed in Chapters 3, 4, and 5.

The design of the fuel cladding, core related structural equipment, and
control and protective systems. ensures that fuel damage in excess of
acceptable limits is not likely, or can be readily suppressed in the

unlikely event of its occurrence.

The Reactor Coolant Sy;tem, including the reactor pressure vessel, was
designed to accommodate the system pressure and temperatures attained
under expected modes of plant operation, and to maintain material stress
within applicable code stress limits. Its materials of construction
are protected by control of coolant chemistry from corrosion phenomena.
It is proteéted from overpressure by means of relieving devices. “
High-pressure equipment in the Reactor Coolant System is surrounded by

barriers to‘prevent a missile, generated from the Reactor Coolant

system in a loss-of-coolant accident, from reaching either the contain-

ment liner or the containment cooling equipment, anq from impairing the

function of‘the engineered safety features. The principal missile

barriers are the reinforced concrete operating floor and the reinforced

concrete shield wall enclosing the reactor coolant loops. A steel and

concrete structure was also provided over the control rod drive

mechanisms £o block a missile generated from a fracture of the mechanism

housing.
' The reactor coolant system piping and reactor vessel are completely

enclosed within the containment structure. The containment structure it-

self was designed to wiihstand the temperature and pressure conditions
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associated with the complete severance of a reactor coolant pipe

coincident with a seismic occurrence. Essentially no leakage of radio-

active materials to the environment will result under these conditions.
1.4.3 NUCLEAR AND RADIATION CONTROLS

Monitoring potentially radioactive areas and .operation of the reactor
protection, reactor control systems and turbine-generator is accom-
plished in the control room from where actions required to maintain

the safe operational status of the plant are centered.

Radiation protection has been provided to permit access to equipment 1
in the control room, even under accident conditions, as necessary, to |
shut down and maintain safe control of the facility without radiation ;
exposures to personnel in excess of the Code of Federal Regulations 1
limits. The control room is equipped with the controls necessary for l
monitoring and maintaining control over the fission process and for 1
conditions that could reasonably be expected to cause variations in

core reactivity. In addition to instrumentation and controls which are

required to maintain plant variables within prescribed operating ranges,

means are provided to ﬁonitor fuel and waste storage handling areas,

reactor coolant pressure boundary leakage, containment atmosphere and

potentially contaminated facility effluent discharge paths.

Core protection systems automatically sense accident situations and
initiate operation of the safety systems thaé prevent or suppress
conditions that could result in exceeding fuel damage limits. This
combination of monitoring and core protection systems provides assur-
ance that radioactive releases are maintained well below established
fedexral regulatory limits for normal operations, anticipated transients

and possible accident conditions.

\
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Positive indications in the control room of leakage of coolant %rom the
reactor coolant system to the containment are provided by equipment
which permits continuous monitoring of the containment air activity and
humidity. The basic design criterion is the detection of deviations 7
from normal containment environmental conditions including air particu-
late activity, radiogas activity, humidity, and in the case of gross
leakage, the liquid inventory in the process systems and containment

sump.

The containﬁent atmosphere, unit vents, gland steam condenser vent, the
condenser steam jet air ejector exhaust, steam generator power operated
reliefs, and the Waste Disposal System liquid effluent are monitored
for radioactivity.

For the case of leakage from the reactor containment under accident
conditions, the plant area radiation monitoring system supplemented

by portable survey equipment, provides adequate monitoring of releases

during an accident.

Monitoring and alarm instrumentation have been provided for fuel and
waste storage and handling areas to detect inadequate cooling and to
detect excessive radiation levels. Radiation monitors have been pro-
vided to maintain surveillance over the release of radioactive gases
and liquids.

A controlled ventilation system removes gaseous radioactivity from the
atmosphere of the spent fuel storage pool and waste treatment areas of
the auxiliary building and discharges it to the atmosphexe via the
plant vent. ' Radiation monitors are in continuous service in these

areas to actuate high-activity alarms on the control board annunciator,

as described in Chapter 11.
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1.4.4 RELIABILITY AND TESTABILITY OF PROTECTION SYSTEMS .
Protection systems were designed.with a degree of functional relia-
bility and in-service testability which is commensurate with the safety
functions to be performed. System design incorporates such features as
emergency power availability, preferred failure mode design, redundancy
and isolation between control systems and protective systems. In ’
addition, the protective systems were deSigned‘such thét no single
failure would prevent proper system action when required. For design
purposes, multiple failures which result from a single event were
considered single failures. The proposed criteria of the Institute of
Electrical and Electronic Engineers for nuclear power plant proéébtion

{(IEEE-279) have been utilized in the design of protective systems.

The plant variables monitored and the sensors utilized are identified
and discussed at length in Westinghouse proprietary reports submitted

in support of this application, and referenced in Chapter 7.

-

; The coincident trip philosophy is carried out to provide a safe and

reliable Reactor Protegtion System since a single failure will not
defeat its function nor cause a spurioﬁé reactor” trip. Channel
indépendence originates at the process sensor and continues bacﬁ
through tﬁe field wiring and congainment penetrations to the analog
protection racks. The power supplies to the proﬁection sets are fed
from instrumentation buses. '

Two reactor trip bféakers are probided to interrupt power‘to the rod
drive mechanisms. The breaker main contacts are connected in series.
Opening either breaker will interrupt power to all mechanisms causing-
all rods to fall by gravity into the core. Manual trip also actuates
the shunt trip coil of the trip breakers. Each protection chanﬂel

feeds two logic matrices, one for each undervoltage trip circuit.




"

L3

Each reactor trip circuit is designed so that a trip occurs when the
circuit is de-energized. 2An open circuit or‘:loss of channel po&er
therefore would cause the affected circuits to go into a trip mode.
Reliability and independence is ;btained by redundancy within each
channel, except for back-up reactor trips.such as the reactor coolént
pump breaker position. Reactor trip is implemented by interrupting
power to the mechanism on each drive allowing the rod clusters to be
inserted by gravity. The protection system is thus inherently safe in

the event of a loss of rod control power.

The components of the protection system are designed and laid out so
that the mechanical and thermal environment accompanying any emergency
situation in which the components are required to function will not

interfere with that function.

The actuation of the engineered saféty features provided for loss—-of-
coolant accidents, e.g., emergency core cooling pumps and containment
spray systems, is accomplished from redundant signais derived from
reactor coolant system, steam flow, and containment instrumentation.
Channel independence originates at Fhe process sensor ;nd is carried
through to the analog protection racks. De~energizing a channel will

cause that channel to go into its trip mode.

A comprehensive program of plant testing is executed for equ%pment
vital to the functioning of engineered safety systems. The progiam
consists of performance tests of individual pieces of equipment, and
integrated tests of the system as a whole, and periodic tests of the
actuation circuitry and the performance of mechanical components to
assure reliable performance upon demand throughout the plant lifetime.
The following series of periodic tests and checks can be cqnducted to

assure that the systems can perform their design functions should they

be called on during the plant lifetime.
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a)

b)

c)

d)

S

.Integrated Test Actuation Circuits and Motor-Operated Valves

The automatic actuation circuitry, valves and pump bréakers can
be checked during integrated system tests performed during each

planned cooldown of the Reactor Coolant System for refueling.
Accumulator Tanks

The accumulator tank pressure and level are continuously
monitored during plant operation and flow from the tanks can be
checked at any time using test lines,

)
Safety Injection, Residual Heat Removal, Containment Spray and
Centrifugal Charging Pumps | '
The centrifugal charging, séfety injection, residual heat removal
and containment spray pumps are periodically tested during plant
operation in accordance with the applicable edition of the ASME
Boiler and Pressure Vessel Code Section XI. Remotely operated
valves in these, systems are tested périodically within the criteria
of ASME Section XI including exclusions and accepted code relief
requests. Actuation circuits are tested periodically during plant

3

operation or during plant shutdowns.
Boric Acid Concentration in the Accumulators
The accumulators are supplied with borated water at refueling

water concentrétion of at least 2000 ppm while the plant is in

operation. This concentration is checked periodically by sampling.

t




e)

£)

g)

h)

i)

Boron Injection Tank -

The Boron in this tank is maintained at a' concentration of

approximately 12 wt% boric acid (20,000-22,500 ppm boron).
Chemical Concentration in the Spray Additive Tank

The concentration of chemical solution in this tank is maintained
at approximately 30 wt% NaOH.

Emergency Power Sources

The starting of the diesel-generator setg can be tested from
the control room. The ability of the units to start within

the prescribed time and to carry intended loads is checked.
Containment Penetration and Weld Channel Pressurization

Penetrations are designed with double seals and containment liner
welds are backed by a steel channel. The large access openings
such as the equipment hatch and personnel air locks are equipped

withﬂdouble gasket seals, and provisions are made for testing.

Instrumented Protection Channels

All reactor protection channels, with the exception of back-up
reactor trips, are supplied in sets which provide the capability
for channel calibration and test. Bypass removal of a trip circuit
is used only in 2/4 logic which then becomes 2/3 logic, except for
special 1/2 logic such as start-up trips which become 1/1 logic.




Reactor protection system protection channels in service at power are

capable 'of being tested to verify operation.' This includes a checking

!through to the final relay which forms the logic. Thus, the operability

of a reactor trip channel can be determined conveniently and without
ambiguity. A complete channel test can be performed through and includ-

ing’ the final trip breakers, excluding the transmitter.

Actuation of the engineered safety features including containment
isolation also employs coincidence circuits which allow checking of the
operability of one channel at a time. Removal or bypass of one signal

channel places that circuit in the tripped mode.

The normal on-line test procedure (exceptions noted above) consists of

tripping the channel downstream of the on-off controller (process

‘control) or superimposing the test signal on the transmitted signal

(NIS Power Range). In the process control equipment, the 2/4 logic
goes to 1/3 remaining, and the 2/3 logic goes to 1/2 remaining. The
transmitted signal is disconnected and a simulated signal is injected.
The trip points are then checked against this signal. .
In the NIS power range equipment, a signal is superimposed on the
existing input signal and the trip point is checked against the com- .

bined signal.,

Transmitters and detectors are checked by comparing their outputs to

" each other.

1.4.5 REACTIVITY CONTROL

Two independent reactivity control systems, of different design
principles, are provided in the reactor system design. These are
neutron absorbing control rods and chemical poisoning of the reactor

coolant with boron. The reactivity worth of the highest worth control

¥
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rod is less than that required to achieve criticality with that rod
out of the core and all the remaining control rods fully inserted in

the core.
1.4.6 REACTOR COOLANT PRESSURE BOUNDARY

The Reactor Coolant System has been designed so that static and‘dynamic
loads imposed on boundary components as a result of any inadvertent and
sudden release of energy to the coolant will not caﬁse rupture of the
pressure boundary. In order to continually guard against any weakness
developing, the reactor coolant pressure containing components have
provisions for inspection and testing to assess the structural and leak~

tight integrity of the boundary components during their service lifetime.

1.4.7 ENGINEERED SAFETY FEATURES

. The engineered safety features provided in this, plant have sufficient
redundancy of compbnents and power sources so that under the conditions
of the design basis accident, the system can, even when operating

with partial effectiveness, maintain the required integrity of fission
product barriers to keep exposure’ of the public well within the guide-
lines of 10 CFR 100,

A general explanation of each of the engineered safety features is given
below. Specific details on system design and operation are covered in

Chapter 6.

1. A steel lined concrete containment structure provides an extremely

reliable final barrier against the escape of fission products.

2. An emergency core cooling system is provided to deliver borated
water to the core, in the event of a loss-of-coolant accident,
in three modes: passive accumulator inﬂection, active safety

injection, and residual heat removal recirculation. The design

*
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provides for periodic testing of active éomponents for operability

and required functional performance as well as incorporating pro-

visions to facilitate physical inspection of critical components.

3. Heat removal systemslare provided within‘the containment to cool
the containment atmosphere under design basis accident conditions.
Two systems of different design principles are provided, the
Containment Spray System and the Ice Condenser System. These
systems have the capacitf to a&equately cool the containment

atmosphere as well as reduce the concentration of halogen fission
products.

1.4.8 FUEL AND WASTE STORAGE SYSTEMS

Fuel storage and wastéchandling facilities are designed such that
accidental releases of radioactivity will not exceed the limits of 10
CER 100.

During refueling of the reactor, operations are conducted with the
spent fuel under water. This provides visual control of the oéeration
at all times and also maintains low rédiation levels. The borated
refueling water assures subcriticality and also provides adequdte cool-
ing for the spent fuel during transfer., Spent fuel is taken from the
reactor, transferred to the refueling cavity, and placed inzthe fuel
transfer system. Rod cluster control assembly transfer from a spent
fuel assembly to a new fuel assembly is accomplished prior to trans-
ferring the spent fuel to the spént fuel storage pool. The spent fuel
storage pool is supplied with a cooling system for the removal of the
decay heat of the spent fuel. Racks are‘provided to accommodate the
storage of a total of two thousand and fifty fuel assemblies. The
storage pool is filled with borated water at a concentration to match
that used in the Eeactor cavity during refueling operations. The spent

fuel is stored in a vertical array with sufficient center-to-center

x
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distance between assemblies to assure subcriticality (K off S <0 95) even

if unborated water were introduced into the" ‘pool. The water level

maintained in the pool provides sufficient shield1n§ to permit normal
occupancy of the aieadby opératihg personnel.. The spent fuel éool is
a156 provided with systems to maintain waﬁer cleanliness and to indi-
cate pool water level. Radiation is continuously monitored and a high

"

- level is annunciated in the control room.
Water removed from the spent fuel pool must be pumped out as there are
no gravity drains. Spillage or leakage of any liquids from waste
handling facilities within the auxiliary building go to waste drain
system floor drains. These floor drains are connected to separate
"contaminated" sumps in the auxiliary build{ng.

Postulated accidents involving the release of radicactivity from the
fuel and waste storage and handling facilities are shown in Sub-Chapter
14,2 to result in exposures well within the limits of 10 CFR 100, ‘

The refueling cavity, the refueling canal, the transfer canal, and the
spent fuel storage pool are reinforced concrete structures with a
corrosion resistant liner. These structures have been!designed to
withstand ioads due to postulated earthquakes. The transfer tube which
connects the refueling canal and the transfer canal which forms part of
the reactor containment is provided with a valve and a blind flange

‘which closes off the transfer tube when not_in use.
1.4.9 EFFLUENTS
Gaseous, liquid and solid waste disposal facilities have been designed

so that the discharge of effluents and off~-site shipments are in

accordance with applicable governmental requlations.
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from experimental and analytical development programs into the
core thermal design codes used to evaluate the loss-of-coolant

accident.

This program has been completed. A preliminary evaluation of the
loss—-of-coolant accident utilizing the results of the Flashing
Heat Transfer Program in the core thermal design code has been

presented in Reference 18.

Blowdown Forces Program (Item 15 in Reference 1)

The objective of the program was to develop digital computer
programs for the calculation of preésuxe, velocity, and force
transients in the Reactor core and internals during a loss-of-
coolant accident, and to utilize these codes in the calculation of
blowdown forces on the fuel assemblies and reactor internals to
assure that the stress and deflection criteria used in the design

of these components are met. ¢
Westinghouse has completed the development of BLODWN-2, an
improved digital computer program for the calculation of local
fluid pressure, flow and density transients in the Reactor
Coolant System,

Extensive comparisons have been made between BLODWN-2 and
available test data, and the results are given in Reference 19,
Agreement between code predictions and data has been good.

An analysis using the BLODWN-2 Program has been applied to this

reactor meets the established design criteria.

Gross Failed Fuel Detector Program

Since the Donald C. Cook Nuclear Plant will not use the W delay
neutron failed fuel monitor, the W R & D on this monitor is no
longer applicable.
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10.

A description of the Failed Fuel Detection System to be used at w

the Donald C. Cook Nuclear Plant is given.

Reactor Vessel Thermal Shock (Item 16 in Reference 1) |

The effects of safety injection water on the integrity of the '

reactor vessel following- a postulated loss-of-coolant accident, |

have been analyzed using data on fracture toughness of heavy

section steel both at beginning of plant life and after irradi- |

ation corresponding to approximately 40 years of equivalent plant 1

life. The results show that under the postulated accident con- ‘
|

ditions, the integrity of the reactor vessel is maintained.

Fracture toughness data is obtained from a Westinghouse
experimental program which is associated with the Heavy Section
Steel Technology (HSST) Program at ORNL and Euratom programs.
Since résults of the analyses are dependent on the fracture
toughness of irradiated steel, efforts are continuing to obtain m
additional fracture toughness data. Data on two-inch thick

specimens is expected in 1970 from the HSST Program. The HSST is
scheduled for completion by 1973.

A detailed anal&sis considering the linear elastic fracture
mechanism method, along with various sensitivity studies was
submitted to the AEC Staff and members of the ACRS enlisted:
"The Effects of Safety Injection On A Reactor Vessel And Its
Internals Following A Loss Of Coolant Accident" (December, 1967),
(Proprietary). Revised material for this report plus additional
analysis and fracture toughness data was presented at a meeting
with the Containment and Component Technology Branch on i
August 9, 1968, and forwarded by letter for AEC review and }
comment on October 29, 1968.
|
|
|
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1.7 QUALITY ASSURANCE

,/ @ AMERICAN ELECTRIC POWER Company, Inc.

1 Riverside Plaza (614) 223-1000
P.O. Box 16631

Columbus, Ohio 43216-6631

W. S. WHITE, JR.
Chairman of the Board
and
by Chief Executive Officer p

1614) 223-1500

STATEMENT OF POLICY
FOR THE DONALD C. COOK NUCLEAR PLANT
QUALITY ASSURANCE PROGRAM

POLICY

American Electric Power Company, Inc., recognizes the fundamental
importance of controlling the design, modification and operation of -Indiana
& Michigan Electric Company's Donald C. Cook Nuclear Plant (Cook Plant) by
implementing a planned and documented Quality Assurance Program, including
Quality Control, that complies with applicable regulations, codes and
standards.

The Quality Assurance Program has been established for safety-related
activities performed during the operations of, or in support of the Cook
Plant. The Quality Assurance Program supports the goals of maintaining the
safety and reliability of the Cook Plant at the highest level, and conducting
safety-related activities in compliance with applicable regulations, codes,
standards and established corporate policies and practices.

As Chairman of the Board and Chief Executive Officer of American
Electric Power Company, Inc., I maintain the ultimate responsibility for the
Quality Assurance Program associated with the Cook Plant. I have delegated
functional responsibility for the Quality Assurance Program to the American
Electric Power Service Corporation (AEPSC) Vice Chairman - Engineering and
Construction. He has, with my approval, delegated further responsibilities
as outlined in this statement.

.

JIJMPLEMENTATION

The AEPSC Manager of Quality Assurance, under the direction of the
AEPSC Vice Chairman=~- Engineering and Construction, has been assigned the
overall responsibility for specifying the Quality Assurance Program require-
ments for the Cook Plant and verifying their implementation. The AEPSC Vice
Chairman - Engineering and Construction has given the AEPSC Manager of
Quality Assurance authority to stop work on any quality-related activity
that does not meet applicable administrative, technical and/or regulatory
requirements. The AEPSC Manager of Quality Assurance does not have the
authority to stop unit operations, but shall notify appropriate plant and/or
corporate management of conditions not meeting the aforementioned criteria,

@ "and recommend that unit operations be terminated.
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eee. Page 2

The Vice President - Nuclear Operations and the Executive Vice Presiden
and Chief Engineer, under the direction of the AEPSC Vice Chairman- Engineering
and Construction, have been delegated responsibility for effectively implement-
Ing the Quality Assurance Program.

The Donald C. Cook Plant Manager, under the direction of the AEPSC Vice
President - Nuclear Operations, is delegated the responsibility for establishing
Cook Plant Quality Control and implementing the Quality Assurance Program at
the Cook Plant.

The AEPSC Manager of Quality Assurance is responsible for providing
technical direction to the Plant Manager for matters relating to the Quality
Assurance Program at the Cook Plant. The AEPSC Manager of Quality Assurance is
also responsible for maintaining a Quality Assurance Section at the Cook Plant
to perform required reviews and audits, and to provide technical liaison
services to the Plant Manager.

The implementation of the Quality Assurance Program is described in
the AEPSC General Procedures and subtier department/division procedures,
D. C. Cook Plant Manager's Instructions (PMI) and subtier Department Head
Instructions and Procedures, which in total, document the requirements for
Iimplementation of the Program.

Each AEPSC and Cook Plant organization that is, or becomes, involved

in safety-related activities for the Cook Plant has the responsibility to .
implement the policies and requirements of the Quality Assurance Program
that are applicable to their respective area(s) of responsibility. AEPSC

and Cook Plant personnel involved in safety-related activities shall be
familiar with, and comply with, the requirements of the applicable Quality
Assurance Program requirements.

COMPLIANCE

The AEPSC Manager of Quality Assurance shall monitor the compliance
with the established Quality Assurance Program. Audit programs shall be
established to ensure that AEPSC and Cook Plant activities comply with
established program requirements, identify deficiencies or noncompliances,
and obtain effective and timely corrective actions.

Any employee engaged in safety-related activities who believes that
the Quality Assurance Program is not being complied with, or that a deficiency
in quality exists, should notify his or her supervisor, the AEPSC Manager of
Quality Assurance and/or the Plant Manager. If the notification does not in
the employee’s opinion receive prompt attention, the employee should contact
successively higher levels of management. Employees reporting such conditions
shall not be discriminated against by companies of the American Electric
Power System. Discrimination includes discharge or other actions relative to
compensation, terms, conditions or privileges of employment.

2

W. S. White, Jr.
Chairman of the Board
American Electric Power Company, Inc.
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1.7.1
1.7.1

1.7.1

ORGANIZATION
.1 SCOPE

American ElébtricdboWer Service Corporation (AEPSC) is responsible for
establishing and implementing the Quality Assurance Program for the
operational phase of the D.C. Cook Nuclear Plant (Cook Plant). Although
authority for development and execution of various portions of the
program may be delegated to others, such as contractors, agents or
consultants, AEPSC retains overall responsibility. AEPSC shall evaluate
work delegated to such organizations. Evaluations shall be based on the
status of safety importance of the activity being performed and shall be
initiated early enough to assure effective quality assurance during the
performance of the delegated activity and annually thereafter as a
minimum.

This section of the Quality Assurance Program Description identifies the
AEPSC organizational responsibilities for activities affecting the
quality of safety-related nuclear power plant structures, systems, and
components, and describes the authority and duties assigned to them. It
addresses responsibilities for both attaining quality ijectives and for
the functions of establishing the Quality Assurance Program, and
verifying that activities affecting the quality of safety-related items
are performed in accordance with QA Program requirements.

1.7.1.2 IMPLEMENTATION

.2.1 Source of Authority

The Chairman o% the Board and Chief Executive Officer of American
Electric Power Company, Inc. (AEP) and AEPSC is responsible for safe
operation of the Donald C. Cook Nuclear Plant. Authority and
fesponsibi1ity for effectively implementing the QA Program for plant
modifications, operations and maintenance are delegated through the AEPSC
Vice Chairman - Engineering and Construction, to the AEPSC Vice President
- Nuclear Operations (Manager of Nuclear Operations) and the AEPSC
Executive Vice President and Chief Engineer (reference Jdohn E. Dolan
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letter dated November 1, 1984, Subject: SupportROrganization for Donald
C. Cook Nuclear Plant).

In the operation of a nuclear power plant the licensee is required to
establish clear and direct lines of responsibility, authority and accoun-
tability. This requirement is applicable to the organization providing
support to the plant, as well as to the plant staff. While the AEPSC
organization changes effective on September 1, 1984, have not affected
the responsibility and authority of the Manager of Nuclear Operations,
these bhanges in the AEPSC engineering organization require a new direc-
tive for the support of the Cook Plant.

The AEPSC corporate support of the Cook Plant is the responsibility of
the entire organization under the direction of the Manager of Nuclear
Operations who maintains primary responsibility for the Cook Plant within
the corporate organization. The AEPSC Vice President - Nuclear
Operations is the Manager of Nuclear Operations. A1l other AEPSC

- divisions and departments, other than the Quality Assurance Departmeﬁt,

having a supporting role for the Cook Plant are functionally responsible
to the Manager of Nuclear Operations (reference Figure 1.7-1).

In order to facilitate a more thorough understanding of the support
functions, some of the responsibilities, authorities, and '
accountabilities wi@hin the organization are as follows:

1) The responsibilities of the Manager of Nuclear Operations shall be
dedicated to the area of nuclear plant operations and support.

2) The Manager of Nuclear Operations shall be responsible for, and has
the authority to direct all nuclear operational and support matters
within the corporation and shall make or concur in all final
decisions regarding significant nuclear safety matters.

3) AEPSC division and department managers responsible for nuclear

matters shall be familiar with activities within their scope of
responsibility that affect plant safety and reliability. They shall
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be cognizant of and sensitive to interfal and external factors that
might affect the operations of the Cook Plant.

4) AEPSC division and department managers responsible for nuclear
matters have a commitment to seek and identify problem areas and
take corrective action to eliminate unsafe conditions, or to improve
trends that will upgrade plant safety and reliability.

5) The Manager of Nuclear Operations shall ensure that plant personnel
are not requested to perform inappropriate work or tasks by
corporate personnel and shall control assignments and requests that
have the potential for diverting the attention of the Plant Manager
from the primary responsibility for safe and reliable plant
operation.

6) AEPSC division and department managers having nuclear support
responsibilities as well as the Plant Manager and plént department
managers shall be familiar with the policy statements from higher
management concerning nuclear safety and operational priorities.
They shall be responsible for ensuring that activities under their
direction are performed in accordance with these policies and the
referenced subject letter.

’

1.7.1.2.2 Responsibility for Attaining Quality Objectives in AEPSC Nuclear
Operations

The American Electric Power Company, Inc., (AEP) Chairman of the Board
and Chief Executive Officer has de1egated the functional respon51b111ty
of the Quality Assurance Program to the American Electric Power Service
Corporation (AEPSC) Vice Chairman - Engineering and Construction.

The AEPSC Manager of Quality Assurance, under the direction of the AEPSC
Vice Chairman - Engineering and Construction, is responsible for
specifying Quality Assurance Program requirements and verifying their
implementation.
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The AEPSC Vice President = Nuclear Operations and AEPSC Executive Vice
President and Chief Engineer, under the direction of the AEPSC Vice
Chairman - Engineering and Construction, are responsible for effectively
implementing the Quality Assurance Program.

The Plant Manager, under the direction of the AEPSC Vice President -
Nuclear Operations, is responsible for establishing Cook Plant Quality
Control and implementing the Quality Assurance Program at the Cook Plant.

Management/supervisory personnel receive functional training to the level
necessary to plan, coordinate, and administrate those day-to-day verifi-
cation activities of the QA Program for which they are responsible,

AEPSC has established an independent off-site Nuclear Safety and Design
Review Committee (NSDRC) which has been established pursuant to the
requirements of the Technical Specifications for the Cook Plant. The
function of the NSDRC is to oversee the engineering, design, operation,
and maintenance of the Cook Plant by performing audits and independent
reviews of activities which are specified in the Facility Operating
Licenses.

The Cook Plant on-site review group is the Indiana & Michigan Electric
Company (I&MECo) Plant Nuclear Safety Review Committee (PNSRC). This
committee has been established pursuant to the requirements of the Cook
Plant Technical Specifications. The function of the PNSRC is to review
plant operations on a continuing basis and advise the Plant Manager on
matters related to nuclear safety.

1.7.1.2.3 Corporate Organization

American Electric Power Company

AEP, the parent holding company, wholly owns the common stock of all AEP
System subsidiary (operating) companies. The major operating companies

and generation subsidiaries are shown in Figure 1.7-2. The Chairman of

the Board of AEP is the Chief Executive Officer of all operating
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companies. The responsibility for the functional management of the major
operating companies is vested in the President of each operating company

reporting to the AEPSC President and Chief Operating Officer who reports

to the AEPSC Chairman of the Board and Chief Executive Officer.

American Electric Power Service Corporation

The responsibility for administrative and technical direction of the AEP
System and its facilities is delegated to the American Electric Power
Service Corporation (AEPSC). AEPSC provides management and technological
services to the various AEP System Companies.

Operating Companies

The operating féﬁi]ities of the AEP System are owned and operated by the
respective operating companies. The responsibility for executing the
engineering, design, construction, specialized technical training, and
certain operations supervision is vested in AEPSC while all or part of
the administrative function responsibility is assigned to the operating
companies. In the case of Cook Plant, I&MECo provides only public
affairs, accounting and ipdustrial safety direction.

The Donald C. Cook Nuclear Plant is owned and operated by Indiana &
Michigan Electric Company (I&MECo) which is part of the AEP system.

1.7.1.2.4 Quality Assurance Responsibility of AEPSC

1)  AEPSC provides the technical direction of the Cook Plant, and as
such makes the final decisions pertinent to safety-related changes
in plant design. Further, AEPSC reviews NRC letters, bulletins,
notices, etc., for impact on plant design, and the need for design
changes or modifications.

2)  AEPSC furnishes licensing, NRC correspondence, fuel management and
radiological support activities.

1.7-7 : July, 1985




3) AEPSC provides additional service in matters such as supplier
qualification, and spare and replacement part procurement, to the
extent established by AEPSC and plant procedures.

4) The AEPSC QA Department provides technical direction in quality
assurance matters to AEPSC and the Cook Plant, and oversees the
adequacy and implementation of the QA Programs through review and
audit activities,

5) Cognizant Engineer - The AEPSC engineer that provides overall
engineering and design responsibility, including implementation of
quality assurance and quality control measures, for a system, item
of equipment, or structure.

Quality Assurance Responsibility of I&MECo - D.C. Cook Plant

As owner and operator, I&MECo operates the Cook Piant per licensing
requirements, including the Technical Specifications and such other
commitments as established by the operating licenses. The Plant Manager
Instruction (PMI) system and subtier instructions and procedures describe
the means by which compliance is achieved and responsibilities are
assigned, including interfaces with AEPSC. Figure 1.7-3 indicates the
organizational relationships within the AEP System pertaining to the
operation and support of the Cook Plant.

1.7.1.2.5 Organization (AEPSC) .

The Chairman of the Board and Chief Executive Officer is ultimately
responsible for the Quality Assurance Program associated with the Cook
Plant. This responsibility has been functionally delegated to the AEPSC
Vice Chairman - Engineering and Construction. The AEPSC Vice Chairman -
Engineering and Construction has further delegated responsibilities which
are administered through the following division and department management
personnel:

107
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AEPSC Manager of Quality Assurance
AEPSC Vice President - Nuclear Operations
AEPSC Executive Vice President and Chief Engineer

Quality Assurance Department

The AEPSC Manager of Quality Assurance reports to the AEPSC Vice Chairman
- Engineering and Construction and is responsible for the Quality
Assurance Department. The Quality Assurance Department consists of the
following positions and sections (Figure 1.7-4):

Quality Assurance Engineering Section

Audits and Procurement Section

Training and Procedures Specialist

Quality Assurance Staff Specialist

D.C. Cook Plant Site Quality Assurance Section

The Quality Assurance Department is organizationally independent and is
responsible to perform the following:

Identify quality problems,
Initiate, recommend, or provide solutions through designated channels.
Verify implementation of solutions.

Prepare issue and maintain Quality Assurance Program documents, as
required.

Verify the implementation of the Quality Assurance Program through
scheduled audits and surveillances.

Review engineering, design, procurement, construction and oper-
ational documents for incorporation of, and compliance with appli-
cable quality assurance requirements to the extent specified by the
AEPSC management approved QA Program.

Organize and conduct the QA orientation, training, certification and
qualification of AEPSC personnel.

Provide general guidance, when requested, for the collection,
storage, maintenance, and retention of quality assurance records.
Establish and maintain a Qualified Suppliers List (QSL) of nuclear
(N) items and services.
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Identify noncompliances of the established QA Program to the respon- @ .
sible organizations for corrective actions and report significant
occurrences that jeopardize quality to senior AEPSC management .

Follow up on corrective actions identified by QA during and after
disposition implementation.

Assure that conditions adverse to quality are dispositioned to

preclude recurrence.

Conduct in-process QA surveillance at supplier's facilities, as

required,

Assist and advise other AEP/AEPSC groupé in matters related to the

Quality Assurance Program.

Maintain a 1ist of nuclear grade items (N-List) for the D.C. Cook

Plant.

Establish a mechanism for identifying, tracking and closing out
quality-related commitments.

Conduct audits as directed by the Nuclear Safety and Design Review
Committee (NSDRC).

Review AEPSC originated nonconformances, ngncomph‘ances and ﬂ'
associated corrective action recommendations. .

Maintain cognizance of industry and governmental quality assurance
requirements such that the Quality Assurance Program is compatible
with requirements, as necessary. '
Recommend for revision to, or improvements in the established QA
Program to senior AEPSC management.

Issue "Stop Work" orders when significant conditions adverse to
quality are identified to prevent unsafe conditions from occurring
and/or continuing. ‘

Provide AEPSC management with periodic reports concerning the
status, adequacy and implementation of the QA Program.

Prepare and conduct special verification and/or surveillance programs
on in-house activities, as required or requested.

Routine attendance and participation in daily plant work schedule
and status meetings.

Provide adequate QA coverage relative to procedural and inspection
gontrols, acceptance criteria, and QA staffing and qualification of
personnel to carry out QA assignments.
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Amplification of Specific Responsibilities

Qualification of the AEPSC Manager of Quality Assurance

The AEPSC Manager of Quality Assurance shall possess the

following position requirements:

- Bachelor's degree in engineering, scientific or related
discipline.

- Ten (10) years experience in one or a combination of the
following areas: engineering, design, construction,
operations, maintenance of fossil or nuclear power gene-
ration facilities or utility facilities Quality Assurance,
of which at least four (4) years must be experience in
nuclear quality assurance related activities.

- Knowledge of QA regulations, policies, practices and
standards.

- . The same or higher organization reporting level as the
highest line manager directly responsible for performing
activities affecting quality such as engineering, procure-

_ment, construction and operation, and is sufficiently
independent from cost and schedule.

- Effective communication channels with other senior manage-
ment positions. '

- Responsibility for approval of QA Manual(s).

- Performance of no other duties or responsibilities unre-
lated to QA that would prevent full attention to QA
matters.

Stop Work Orders

The AEPSC Quality Assurance Department is respbnsib]e for '
ensuring that quality related activities are performed in a
manner that meets applicable administrative, technical, and
regulatory requirements. In order to carry out this respon-
sibility, the AEPSC Vice Chairman - Engineering and Construction
has’given the AEPSC Manager of Quality Assurance, the authority
to stop work on any quality related activity that .u
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does not meet the aforementioned requirements. Stop work
authority has been further delegated by the AEPSC Manager of
Quality Assurance to the Supervisor - Quality Assurance (site).

The AEPSC Manager of Quality Assurance and the Supervisor -
Quality Assurance do not have the authority to stop unit
operations, but will notify appropriate plant and/or corporate
management of conditions which do not meet the aforementioned
criteria, and recommend that unit operations be terminated.

- QA Orientation, Training, Qualification and Certification
Program

a) ~AEPSC QA shall, if directed by AEPSC management, be
responsible for establishing, maintaining and conducting a
general QA orientation and training program for AEPSC
personnel engaged in safety-related activities. This
program includes the AEPSC QA philosophy and such facility
specific programs as may be required by facility or
regulatory requirements.

b) AEPSC has established and maintains a QA Auditor training
and certification program for all AEPSC QA Auditors.

- Problem Identification, Reporting and Escalation

- AEPSC QA has established mechanisms for the identification
and reporting and escalating safety-related problems to a
level of management whereby satisfactory resolutions can
be obtained.

Nuclear Operations Division

The AEPSC Vice President - Nuclear Operations (Manager of Nuclear Oper-
ations) reports to the AEPSC Vice Chairman - Engineering and Construction
and is responsible for the Nuclear Operations Division. Reporting to the
AEPSC Vice President - Nuclear Operations are the following:
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- Donald C. Cook Plant Manager

- Assistant Division Manager - Nuclear Engineering (not charted)

- Assistant Division Manager - Nuclear Operations (not charted)

- Consulting Nuclear Engineer - Nuclear Operations (not charted)

- Staff Engineer - Nuclear Operations (not charted).

The organization and responsibilities of the Donald C. Cook Piant Manager
are defined further within this section under 1.7.1.2.6 Organization

(Cook Plant).

The AEPSC Assistant Division Manager - Nuclear Engineering is responsible
for two of the four sections within- the Nuclear Operations Division, as
follows (not charted):

- Nuclear-Safety and Licensing (NS&L) Section

- Nuclear Material and Fuels Management (NMFM) Section

The AEPSC Assistant Division Manager - Nuclear Operations is responsible
for the remaining two sections, as follows (not charted):

- Nuclear Operations Support (NOS) Section

- Radiological Support (RS) Section

The Nuclear Operations Division is responsible for the following:

- Formulate policies and practices relative to safety, licensing,
operation, maintenance, fuel management, and radiological support.

- Provide the Plant Manager with the technical and managerial guidance,
direction and support to ensure the safe operation of the plant.

- Provide direction to all other AEPSC engineering divisions on engin-
eering matters pertaining to the Cook Plant. ’

- Maintain liaison with the AEPSC Manager of Quality Assurance.

- Implement the requirements of the AEPSC Quality Assurance Program.

- Maintain knowledge of the latest safety, licensing, and regulatory
requirements, codes, standards and federal regulations applicable to
the operation of Cook Plant,

- Accomp]iéh the procurement, economic, technical, licensing and
quality assurance activities dealing with the reactor core and its
related fuel assemblies and components.
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Prepare bid specifications, to evaluate bids, and to negotiate and
_administer contracts for the procurement of all nuclear fuel and
related components and services.

Prepare testimony for, and participate in Public Service Commission
proceedings cor.cerning nuclear fuel costs and related rates charged

to the customer.

Keep special nuclear material accountability. records.

Provide analyses to support nuclear steam supply system operation
including reactor physics, fuel economics, fuel mechanical behavior,
core thermal hydraulic and LOCA and non-LOCA transient safety analy-
sis and other analysis activities as requested, furnish plant
Technical Specification changes and other licensing work, and
participate in NRC and NSDRC meetings as required by these analyses.
Perform reactor core operation follow-up activities and other
reactor core technical support activities as requested, and arrange
for support from the fuel fabricator when needed in these activities.
Develop, maintain and implement a quality assurance program both for
the specific fabrication of nuclear fuel and related components and
for auditing the quality program of the vendors of these products.
Contract for, and provide technical support for, disposal of both
high level and low level radioactive waste.

Obtaining and maintaining the NRC Operating License and Technical
Specifications for the Cook Plant.

Act as the communication link between the NRC, AEPSC, and the plant
staff.

Perform and coordinate efforts involved in gathering information,
pérforming calculations and generic studies, prepare criteria,
reports, and responses, reviewing items affecting safety, and inter-
preting regulations.

Review, coordinate, and resolve all matters pertaining to nuclear
safety between Cook Plant and AEPSC. This includes, but is not
limited to: the review of certain plant modifications to ensure that
the requirements of 10CFR50.59 are met; the preparation of safety
evaluations or reviews for any designated subject; the preparation
of safety evaluations or reviews for any designated subject; the
preparation of changes to, and appropriate interpretation of, the
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plant Technical Specification submittals of license amendments; and
the analysis of plant compliance with regulatory requirements.
Provide the corporate cognizant safety engineer who is responsible
for all matters associated with nuclear safety.

Primary corporate contact for most oral and written communication
with the NRC. ‘

Corporate representative to " the Westinghouse Owners Group.

Provide the support in key areas of expertise such as nuclear engi-
neering, probabilistic analysis, thermohydraulic analysis, chemical
engineering, mechanical engineering, electrical engineering, and
technical writing.

Provide the secretary of the Nuclear Safety and Design Review
Committee and coordinate and report on committee meetings.
Interface with vendors and other outside organizations on matters
connected with the nuclear steam supply system and other areas
affecting the safe design and operation of nuclear plants.
Participate as appropriate in the review of nuclear plant operating
experiences, and relate those experiences to the design and safe
operation of Cook Plant.

Review, evaluate, and respond to NRC requests for information and
NRC notifications of regulatory changes resulting in plant modifica-
tions or new facilities. Such responses are generated in accordance
with appropriate AEPSC Administrative Procedures.

Develop, specify, and/or review conceptual nuclear safety criteria
for Cook Plant, in accordance with established regulations. This
includes all information contained in the FSAR, as well as special-
ized information such as environmental qualification and seismic
criteria. |

Review and evaluate performancé requirements for systems, equipment
and materials for compliance with specified safety criteria.
Review, on a conceptual basis, plant reports and proposed plant
safety-related design changes (Request for Changes), to the extent
that they are related to the ultimate safe operation of the plant,
for compliance with safety regulations, plant Technical Specifi-
cations, the FSAR design basis, and with any other requirements
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under the Operating License and to determine if there are any
unreviewed safety questions as defined in 10CFRS50.59.

Perform reviews of Noncompliance Reports and 10CFR21 reviews in
accordance with corporate requirements.

Provide as a focal point within AEPSC for coordinating design
changes for the Cook Plant. This program primarily involves project
management responsibilities for scheduling and implementing Request
for Changes (RFCs) and includes extensive interfacing with engineer-
ing, design, construction, and Cook Plant. These responsibilities
for both capitalized and expensed modifications and additions to
Cook Plant.

Provides working level coordination with the INPO. This effort
includes providing AEPSC access to INPO resources such as NUCLEAR
NETWORK and NRPDS, and effectively integrating AEPSC and Cook Plant
efforts towards utilizing INPO recommendations contained in Operating
Experience Reports to improve Cook Plant performance.

Coordinate the AEPSC review of completed plant condition reports and
provide organizational services and record keeping for review work
performed by the NSDRC Subcommittee on Corporate and Plant
Occurrences.

Coordinate AEPSC inputs for Cook Plant operating and maintenance
budgets, review these budgets; present the budgets to AEPSC manage-
ment, and monitor and assess budget performance.

Daily communication with the Cook Plant, provide AEPSC management
with a daily plant status report, and makes presentations to senior
management at regularly scheduled construction staff meetings.
Provide administrative coordination for the Ice Condenser Task Force
and for the Regulatory Performance Improvement Program (RPIP).
Obtaining a plant simulator and developing master service contracts.
Process incoming vendor information.

Coordinate development of a plant facility data base.

Participate in human factors reviews, and contributing to the annual
FSAR updates through reviews of Licensee Event Reports and the
Annual Operating Report.

Radiological, emergency and security planning.
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- Corporate support of the Cook Plant's radiation protection and
health physics program, technical service and advice on the radio-
Togical aspects of design changes, modifications or-capital improve-
ments, the ALARA program, the radiation monitoring system, the
environmental radiological monitoring and sampling program, dose and
shielding analysis, radiochemistry review, and meteorological

monitoring.

- Cook Plant and corporate emergency planning including procedure
development, exercise scheduling, faci]ity procurement and mainten-
ance, and the liaison with off-site emergency planning grcups such
as FEMA and_the Michigan State Police.

- Interface with the plant's security department providing support for
the security plan, reviewing security facilities, maintaining
security document files, and developing the employee fitness for
duty/background screening program.

- Provide Nuclear General Employee Training (NGET) for AEPSC personnel
and radiation training for coal plant personnel who handle radiation
sources. )

- Participate on ALARA Subcommittees.

- Prepare responses to the NRC on radiological, emergency planning and
security issues.

- Serve as technical advisors on plant audits.

- Remain cognizant of current decommissioning practices and
developments.

Environmental Engineering Division

The AEPSC Executive Vice President and Chief Engineer, reporting to the
AEPSC Vice Chairman - Engineering and Construction, is responsible for
the Environmental Engineering Division through the AEPSC Assistant Vice
President - Environmental Engineering. The Environmental Engineering
Division provides a nonsafety-related function for the Cook Plant with
exception of its participation on the Nuclear Safety and Design Review
Committee (NSDRC).
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Engineering and Design

The AEPSC Executive Vice President and Chief Engineer, reporting to the
AEPSC Vice Chairman - Engineering and Construction, is responsible for
certain engineering and design functions through the AEPSC Vice President
- Engineering and Design. The AEPSC Vice President - Engineering and
Design is responsible for the following divisions:

- Civil Engineering Division

- Design Division

- Materials Handling Division

Civil Engineering Division

The AEPSC Division Manager - Civi]iEhgineering, reporting to the AEPSC
Vice President - Engineering and Design, is responsible for the Civil
Engineering Division, The Civil Engineering Division consists of the

following (not charted):
Structural Engineering Section ‘l}

Civil Engineering Laboratory Section
Geotechnical Engineering Section ‘

Survey and Mapping Group

The Civil Engineering Division is responsible for the following:

- Make recommendations and assist in the formulation of policies and
practices relating to the structural design and engineering of
office and service buildings, and miscellaneous structures, and
provide the general supervision of the structural engineering of
such facilities and structures.

- Arrange for outside engineering and consulting assistance as required.

- Prepare and review improvement requisitions for capital expenditures.

- Approve invoices for outside services.

- Approve purchase requisitions and contracts as authorized.

- Prepare and approve Request for Changes (RFCs) pertaining to nuclear

generating plants. ‘
- Initiate and maintain a program of development and training for
personnel in the division.
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Prepare specifications, procurement of civil/structural works and
modifications to same relative to the Civil Engineering Division.
Direct and coordinate the preparation of specifications and instruc-

tions to bidders for general construction and structural features of
power plants and buildings and evaluate proposals received; make
recommendations for the award of contracts.

Direct and coordinate the preparation of contracts for the structural
phases of power plant and building design and construction.

Provide services to the field organizations, including the assignment
of personnel to the field during construction, normal or emergency
outages, or as requested.

Assist in planning and execution of maintenance work on buildings
and other structures.

Prepare site studies.

Arbitrate disputes which arise between construction forces and
outside suppliers of materials and services.

Coordinate structural consultant's reports with design.

Participate in"periodic inspections of contractors' work.

Check of structural drawings submitted for review.

Review and recommend concrete mix formulations for all new
construction.

Supervise maintenance and repairs of all masonry and concrete work
in the AEP System, including supplying trained inspection personnel.
Direct testing of materials used in concrete and testing of soils to
be used in work throughout the AEP System.

Design Division

The AEPSC Division Manager - Design, reporting to the AEPSC Vice

President - Engineering and Design, is responsible for the Design Division.
There are two (2) Assistant Division Managers (not charted) reporting to
the AEPSC Division Manager - Design who are responsible for various
sections as follows (not charted):
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Assistant Division Manager
Architectural Design Section
Mechanical Design Section
Structural Design Section

Assistant Division Manager

The Design Division is responsible for the following:

Formulate, administer, and implement policies and practices relating
to the design of power plants and miscellaneous structures.

Direct the development, maintenance, procedural review and implemen-
tation by which the Design Division adheres to the QA Program
elements as established by the AEPSC General Procedures Manual.
Conduct periodic management reviews and surveillances of division
activities to ensure compliance with QA Program objectives, and
external surveillances as necessary, of consultants outside organi-

Electrical Plant Section
Control Services Section

zations and vendors for which the division is cognizant.

Conduct functions of the division so as to be in conformance with

the operating licenses of the Cook Plant.

Coordinate the review and/or answering of corrective actions issued

and assigned to the Design Division.

Coordinate special projects and studies, as required.

Establish and maintain files of design documents for record purposes.

Initiate and/or implement and control design changes and

modifications.

Coordinate the development and maintenance of the computerized
Design Drawing Control (DDC) and the Vendor Drawing Control (VDC)
programs which include coordinating the programs with interfacing

divisions/departments.

Control the issuance and distribution of drawings for the Cook Plant
including monitoring of the Aperture Card Microfilm Program.
Supervise and control the work of consultants, Architect/Engineers
and outside design agencies supplying services to AEP in their .
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discipline and process notification of defects in accordance with
company requirements. Also perform detailed reviews of design work
submitted by outside agencies.

Supervise the identification of critical design decisions and ensure
appropriate analyses and reviews are provided. Review, approve
and/or sign off all design drawings prior to issuance.

Provide to the field organizations such services as required during
‘construction, normal or emergency outages or as requested, including
assigning design personnel to the field.

Maintain an up-to-date 1ist of all major approved materials and
specifications used within the division's scope of responsibility.
Initiate and/or aid in the responses of reportable items as
described in the AEPSC General Procedures and division proceduresf
Schedule, develop, coordinate and control design studies calcu-
lations/analysis, drawings, purchase documents, specifications and
other design activities, as assigned for system, components or
structures within the division's responsibility.

Review and update, as required, the Cook Plant Final Safety Analysis
Report (FSAR).

Perform functions related to the Cook Plant as required in response
to NRC requirements. *

Participate on committees that review nuclear activities as appointed
or assigned. ‘

Coordinate and resolve design comments made by interfacing
departments/divisions.

Prepare, review approve and administer design specifications and
purchase documents for design services and/or materials.

Initiate and/or aid in the responses of reportable items as described
in the AEPSC General Procedures and division procedures.

Participate in the Initial Assessment Group (IAG) and provide
assistance to on-site personnel and other divisions.

Identify and report deficiencies in the division's functions,
duties, and responsibilities.

Coordinate the implementation of division commitments.
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Materials Handling Division

The AEPSC Division Manager - Materials Handling, reporting to the AEPSC
Vice President - Engineering and Design, is responsible for the Materials
Handling Division. The Materials Handling Division contains one (1)
section that performs safety-related work as follows (not charted):

- Coal and Materials Handling Section ‘

The Coal and Materials Handling Section is responsible for the following:

- Develop policies and practices relating to the engineering of )
materials handling installations for Donald C. Cook Nuclear Plant.

-  Review the activities of materials handling systems for the Cook
Plant and approve, as required, all design changes and modifications-
including the preparation of specifications, procurement of equipment
and modifications to equipment,

- Arrange for outside engineering and consulting services, as required.

- Provide training and development programs necessary for personnel of
the division (including the company's safety and health program),
which are consistent with the written policy of American Electric
Power Company and American Electric Power Service Corporation.

- Prepare and administer erection and service contracts,

- Review and evaluate proposals ‘and make recommendations for awards of
purchase orders and contracts.

- Prepare, review and approve specifications, purchase and change
documents, sketches, drawings, design input, design verifications
and calculations, as required.

- Initiate and/or review approval and control of laboratory and field
investigations, feasibility studies, improvement requisitions,
reports and cost estimates pertaining to the Cook Plant.

-  Provide field services to the Cook Plant including the assigning of
personnel as are required during construction, normal or emergency
outages, or as requested,

- Direct the review of, and response to corrective actions assigned to
the Material Handling Division.

-+ Identify critical engineering and design input and ensure that
appropriate analysis and reviews are conducted.
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Implement a corrective action system with regard to all safety-
related activities of the division that will control and document
all items, services, or activities which do not conform to

requirements.

Maintain a surveillance program in support of the Quality Assurance

Program and review and approve the activities of this program which

can be separated into the following two (2) areas:

- Internal management review of the Materials Handling Division.

- External technical surveillance of consultants, outside
materials handling organizations and vendors over which the
division is cognizant. :

Assist in planning and execution of maintenance work on equipment

and facilities.

Review and approve manufacturer's equipment drawings prior to
fabrication,

Prepare design criteria, engineering standards, conceptual layouts,
studies and procedures in conjunction with materials handling
equipment at the Cook Plant.

Assist in the preparation of applications for federal, state and
local permits relative to installations being made which require
such permits.

Perform shop and field inspections on equipment being fabricated or
installed which is within the scope of the division's responsibility.
Provide input for special studies and-reports which may be requested
by other divisions or governmental agencies such as the Nuclear
Regulatory Commission.

Provide technical guidance when requested in support of maintenance
and operations activities at the Cook Plant.

Conduct periodic management reviews of the activities of the division
to ensure compliance with the objectives of the Quality Assurance
Program, and external technical surveillance, as necessary, of
consultants, outside materials handling organizations and vendors
over which the division is cognizant.

Establish and maintain a permanent file for QA records.

Process RFCs in accordance with AEPSC General Procedures and division
procedures.
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Electrical Engineering Department

The AEPSC Executive Vice President and Chief Engineer, reporting to the
AEPSC Vice Chairman - Engineering and Construction, is responsible for
the Electrical Engineering Department through the AEPSC Senior Vice
President - Electrical Engineering and Deputy Chief Engineer. Reporting
to AEPSC Senior Vice President - Electrical Engineering and Deputy Chief
Engineer is the AEPSC Manager - Generation and Telecommunications
Engineering Division. The Generation and Telecommunications Engineering
Division (not charted) is the only division within the Electrical
Engineering Department that is responsible for performance of electrical
oriented safety-related activities. The AEPSC Assistant Manager -

Generation and Telecommunications Engineering Division rep&rts to the
AEPSC Manager - Generation and Telecommunications Engineering Division
and is responsible for the one (1) section within the Electrical
Engineering Department that is responsible for safety-related activities
as follows (not charted):

- Electrical Generation Section

The Electrical Generation Section is responsible for the following:

- Plan and engineer, in conjunction with other specialists, sections
and divisions, electrical facilities inside Cook Plant up to the
high voltage (HV) bushings of the main generator transformers, and
the relaying and controls on breakers associated with the generator
and auxiliary system, including: determination of general layout
and design; advising on selection of major electrical equipment;
preparation of one-line diagrams, and; coordination of inside and
outside electrical plant facilities. |

- Engineer and design all electrical controlis for operation and
protection of steam generator, turbine generator, and auxiliary

equipment and general plant protection, including checking elementary

diagrams and approving drawings.
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Prepare cost estimates and improvement requisitions for electrical
plant facilities, including review of improvement requisitions and
cost estimates prepared by others.

Review and approve all procedures, correspondence, requests for
design changes or modifications as appropriate.

Obtain, review and perform engineering evaluations including equip-
ment qualification.

Provide technical support to Nuclear Safety and Licensing (NS&L) and
to Cook Plant Operations and Maintenance Departments.

Perform and evaluate economic studies, investigations, analysis and
reports for electrical faci1ities-pertaining to the design,
operation and maintenance of the generafing plants.

Maintain a constant awareness for improvements and more economic
design of equipment, electric facilities, maintenance and operating
methods or procedures,

Assign membership to the Nuclear Safety and Design Review Committee
(NSDRC) audit subcommittees, participating in matters covered in the
committee's charter.

Participate in the evaluation and remedy of any situation requiring
activation of the emergency response organization.

Prepare and/or approve specifications and purchase requisitions, and
perform drawing review of electrical equipment, including control
and protective relays.

Assist field personnel in installation, start-up and the subsequent
locating of problems in protective, control, or electrical equipment
and in determining proper operation of equipment during normal or
after emergency operations. |

Assist with the establishing of relay and control standards.
Maintain a constant awareness of the activities of the ensure
compiiance with all applicable procedures initiating, when required,
training or retraining programs.

Review and approve responses to NRC correspondence as required.
Closely follow manufacturers' engineering and designs to ensure
provision of adequate and reliable equipment and circuitry in the
areas of turbine-generator protective controls, switchgear, elec-
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trical auxiliaries, mechanical equipment and protective devices upon
" which depend the safety, reliability, economy and performance of the

unit and plant.

- Perform calculations for proper application and settings of protec-
tive relays.

- Coordinate with the Mechanical Engineering Division to ensure that
all electrical devices purchased with mechanical equipment conform
to accepted standards and fulfill the desired function.

Mechanical Engineering Division

The AEPSC Executive Vice President and Chief Engineer, reporting to the
AEPSC Vice Chairman - Engineering and Construction, is responsible for
the Mechanical Engineering Division through the AEPSC Assistant Vice
President - Mechanical Engineering. Reporting to the AEPSC Assistant
Vice President - Mechanical Engineering, are the following (not charted):
- AEPSC Assistant Division Manager(s)

- Consulting Mechanical Engineer - Nuclear

- Staff Engineer - Chief Metallurgist

Further, the AEPSC Assistant Division Manager - Nuclear is responsible
for the foliowing positions and sections (not charted):

- Nuclear Project Engineer(s)

- Turbine and Cycle Evaluation Section

- Chemical Engineering Section

- Heat Exchangers and Pumps Section

- Piping and Valves Section

- Instrumentation and Control Section

- Fire Protection and HVAC Section

- Analytical and R&D Section

The Mechanical Engineering Division is responsible for the following:

- Provide technical engineering support in areas of operation and
maintenance, including: the Inservice Inspection (ISI) Program; the
Quality Assurance Program; th2 AEP ALARA Program covering radiation
protection, and; the corporate and plant Industrial Safety Program.
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- Provide engineering support for the other AEPSC engineering divisions,
as well as for the manufacturers, suppliers, or constructors of
equipment and systems. ,

- Provide engineering support to the AEPSC Nuclear Operations Division.

- Preparation of equipment specifications and purchase requisitions
for plant equipment, major spare parts and services related to
specific areas of responsibility of MED.

- Provide technical direction and assistance to the AEPSC Design
Division in the layout and arrangement of equipment, piping, systems,
controls, etc., for the development of drawings.

- Develop system flow diagrams and progressive reviews to determine
the adequacy of system designs.

- Provide technical assistance to the Cook Plant for use and control
of special processes, including welding, heat treating, nondestruc-
tive examination, etc.

- Initiate and develop design changes in areas of responsibility of
the Mechanical Engineering Division.

- Develop System Descriptions and Descriptive Articles.

- Provide support personnel for the emergency response organizatioﬁ.

- Provide analytical support in engineering disciplines (e.g., heat
transfer, thermodynamics, fluid dynamics).

- Review and approval of mechanical design drawings.

- Provide Engineering evaluations for Condition Reports, LERs,
INPO-SOERs and NRC Buliletins.

Plant Construction Division

-

The AEPSC Assistant Vice President -‘P1ant Construction Division reports
to the AEPSC Vice Chairman - Engineering and Construction, and is respon-
sible for the Plant Construction Division. The Plant Construction
Division consists of the following sections (not charted):

- Administrative Section

- Construction Contracts Section

The Plant Construction Division is responsible for the following:
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- Provide a Construction Manager, reporting administratively to the
AEPSC Assistant Vice President - Plant Construction Division and
functionally to the Cook Plant Manager, to perform major modifica-
tions and maintenance work.

- Scope, bid and make recommendations relative to construction
contracts.

- Administer contracts -throughout the construction period.

Purchasing and Stores Department (not charted)

The AEPSC Executive Vice President - Operations reporting to the AEPSC

President and Chief Operating Officer is responsible for the Purchasing
and Stores Department through the AEPSC Vice President - Purchasing
and Stores.

The Purchasing and Stores Department is responsible for the following:

- Purchasing "N" items only from suppliers appearing on the Qualified
Suppliers List (QSL).

- Coordinate procurement activities with AEPSC Nuclear Operations and
Engineering Divisions, the AEPSC Quality Assurance Department and
Cook Plant personnel.

- Prepare and issue requests for quotations, contracts, service orders
and purchase orders for "N" items.

- Establish a system to implement corrective action as described in
the AEPSC General Procedures for the Cook Plant.

- Establish a system of document keeping, and transmittal.

- Establish a system of document control for controlled procedures,
instructions, and purchasing documents for "N" items.

- Conduct training sessions involving purchasing personnel and others
on an annual basis or more frequently, as required, and ascertain
that training sessions include complete responsibilities associated
with the purchase of safety-related items.

- Notify suppliers of their status regarding the QSL, e.g., inclusion,
exclusion, conditional approval, etc.

- Notify the Indiana & Michigan Electric company Purchasing Department
and the Cook Plant Stores of changes in the QSL.
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Receipt inspection, handling, storage and control of stores items.

1.7.1.2.6 Organization (Cook Plant)

The Plant Manager reports functionally and administratively to the AEPSC
Vice President - Nuclear Operations Division (Manager of Nuclear
Operations) and is responsible for the Cook Plant activities. Reporting
to the Plant Manager are the following (Figure 1.7-5):

Assistant Plant Manager - Maintenance

Assistant Plant Manager - Operations

Administrative Superintendent

Quality Control Superintendent (reports functionally to the Plant
Manager)

The Cook Plant organization, under the Plant Manager is responsible for
the following:

Ensure the safety of all facility employees and the general public
relative to general plant safety, as well as radiological safety by
maintaining strict compliance with plant Technical Specifications,
procedures and instructions.

Recommend facility engineering modification and initiate and approve
plant improvement requisitions.

Ensure that work practices in all plant departments are consistent
with regulatory standards, safety, approved procedures, and plant
Technical Specifications.

Provide membership, as required, on the Plant Nuclear Safety Review
Commi ttee.

Maintain close working relationships with the NRC as well as local,
state, and federal government regulating officials regarding condi-
tions which could affect, or are affected by Cook Plant activities.
Set up plant load schedules and arrange for equipment outages.
Develop and efficiently implement all site centralized training
activities.

Direct all facility personnel and safety programs.
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Administer the centralized facility training complex, simulator, and m
programs ensuring that program development is consistent with the
systematic épproach to training, INPO, regulatory and corporate
requirements.

Ensure that human fesource activities include employee support
programs consistent with INPO/NUMARC guidelines, company policies,

and reguiatory requirements and standards,

Administer the NRC approved physical Security Program in compliance
with regulatory standards, Modified Amended Security Plan, and
company policy.

Supervise, plan, and direct the activitieé related to the maintenance
and installation of all power plant equipment, structures, grounds,
and yards. . )

Prepare plant maintenance budgets, construction budgets, improvement
requisitions, and work orders.

Prepare and maintain records and reports pertinent to equipment
maintenance, cost histories, regulatory agency requirements.
Administer contracts and schedule outside contractors' work forces. m
Enforce and coordinate plant regulations, procedures, policies, and
objectives to assure safety, efficiency, and continuity in the
operation of the Cook Plant within the limits of the operating

license and the Technical Specifications and formulation of related
policies and procedures,

Plan, schedule, and direct the activities relating to the operation
of the Cook Plant and associated switchyards; cooperate in planning
and scheduling of work and procedures for refueling and maintenance
of the Cook Plant; direct and coordinate fuel loading operations.
Review reports and records and direct general inspection of operating
conditions of plant equipment and investigate any abnormal conditions,
making recommendations for repairs. Establish and administer
equipment clearance procedures consistent with company, plant, and
radiation protection standards; authorize and arrange for equipment
outages to meet normal or emergency conditions. Provide the shift
operating crews with appropriate procedures and instructions to

assist them in operating the plant safely and efficiently. q»
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Approve operator training programs administered by the Cock Plant
Training Department designed to provide operating personnel with the
knowledge and skill required for safe operation of the facility and
for obtaining and holding NRC operator licenses. Coordinate training
programs in plant safety and emergency procedures for Cook Plant
Operating Department personnel to ensure that each shift group will
function properly in the event of injury of personnel, fire, nuclear
incident, or civil disorder.

Advance planning and overall conduct of scheduled and forced outages,
including the scheduling and coordination of all plant activities
associated with refueling, preventive maintenance, corrective
maintenance, equipment overhaul, Technical Specification surveil-
lances, and design change installations.

Coordinate all plant activities associated with the initiation,
review, approval, engineering, design, production, examination,
inspection, test, turnover, and close out of design changes.

Develop and implement an effective Quality Control Program. This
encompasses, but is not limited to, the planning and directing of
quality control activities to assure that industry codes, Nuclear
Regulatory regulations, and company instructions and policies
regarding quality control for the nuclear generating station are
enforced, and that these activities are.proper]y documented.

Prepare reports of reportable occurrences which are mandated by the
NRC and the Technical Specifications.

Direct the activities of contractor QC/NDE personnel assigned to the
QC Department and provide inspections of work performed.

Prepare statistical reports utilized in Nuclear Regulatory Appraisal
Meetings and Enforcement Conference.

Coordinate the efforts of outside agencies such as American Nuclear
Insurers (ANI), Institute of Nuclear Power Operations (INPO), and
Third Party Inspector Programs.

Maintain knowledge of developments and changes in NRC requirements,
industry standards and codes, regulatory compliance activities, and
quality control disciplines and techniques.
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Stop plant operation in the event that conditions are found which m :
are in violation of the Technical Specifications or adverse to
quatlity.

Qualification and certification of inspection, test, and examination
personnel ensuring ‘compliance to Regulatory Guide 1.58, ANSI N45.2.6,
the ASME B&PV Code, and SNT-TC-1A, as applicable, except as noted in
Appendix B hereto, item 9. '

Conduct of the Quality Control Program, including recommendations
for improvement.

Procurement, receiving, quality control receipt inspection, storage,
hénd]ing, issue, stock level maintenance, sale, and overall control
of stores nuclear and standard grade material, components, and
equipment.

Provide material service and support in accordance with policies and
procedures required by AEP Purchasing and Stores, AEPSC Quality
Assurance, and the Nuclear Regulatory Commission (NRC), which are
administered and enforced in a total effort to ensure safety and
plant reliability. . w
Plan and direct engineering and technical studies, nuclear fuel
management, equipment performance, instrument and control mainte-
nance, on-site computer systems, Shift Technical Advisors, and
emergency planning for the Cobk Plant. These activities support
daily on-site operations in a safe, reliable, and efficient manner
in accordance with all corporate policies, applicable laws, regul-
ations, licenses, and Technical Specification requirements.
Implement station performance testing and monitor programs to ensure
optimum plant efficiency.

Direct programs related to on-site fuel management and reactor core
physics testing and ensure satisfactory completion.

Establish testing and preventive maintenance programs related to
station instrumentation, electrical systems, and computers.
Recommend alternatives to plant operation, technical or emergency
procedures, and design of equipment to improve safety of operations

and overall plant efficiency.
Implement the corporate Emergency Plan as.it pertains to the D.C.
Cook Plant site.
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- Provide technical and engineering services in the fields of chemis-

try, radiation protection, ALARA, and environmental in support of
the safe operation of the plant and the health and safety of the
employees and the public.

- Plan and schedule the activities of the Physical Sciences Sections
of the plant in support of operations and maintenance.

- Establish chemistry, radiochemistry, 'and health physics criteria
which ensure maximum equipment 1ife and the protection of the health
and safety of the workers and the public.

- Establish sampling and analysis programs which ensure the chemistry,
radiochemistry, and health physics criteria are within the estab-
lished criteria.

- Establish and direct investigations, responses, and corrective
actions when outside the established criteria.

- Administer and direct the plant's radioactive waste programs,
including volume reduction, packaging and shipping.

- Administration of the QA Records Program,

1.7.2 QUALITY ASSURANCE PROGRAM
1.7.2.1  SCOPE

Policies that define and establish the D.C. Cook Nuclear Plant Qua]ify
Assurance Program are summarized in the individual sections of this
document. The program is implemented through procedures and instructions
responsive to provisions of the QAPD, and will be carried out for the
life of the plant,

Quality assurance controls apply to activities affecting the quality of
safety-related structures, systems and components, to an extent based on
the importance of those structures, systems, or components to safety.
Such activities are performed under controlled conditions, including the
use of appropriate equipment, environmental conditions, assignment of
qualified personnel, and assurance that all applicable prerequisites have
been met. “

Safety-related structures, systems or components are defined as items:
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- which are associated with the safe shutdown (hot) of the reactor; or
isolation of the reactor; or maintenance of the integrity of the
reactor coolant system pressure boundary.

or

- whose failure might cause or increase the severity of a design basis
accident as described in the FSAR; or lead to a release of radioac-
tivity in excess of 10CFR100 1imits.

In general, items are safety-related if they are: classified as Seismic
Class I, or Electrical Class IE; or associated with the Engineered Safety
Features Actuation System; or associated with the Reactor Protection
System.

A special QA program has been implemented for Fire Protection items
(Section 1.7.19 herein).

Quality Assurance Program status, scope, adequacy, and compliance with
10CFR50, Appendix B, are regularly reviewed by AEPSC management through
reports, meetings, and review of audit results. |

The implementation of the Quality Assurance Program may be accomplished
by AEPSC and/or Indiana & Michigan Electric Company or delegated in whole
or in part to other AEP System companies or outside parties. However,
AEPSC and/or Indiana & Michigan Electric Company retain full responsi-
bility for all safety-related activities. The performance of the
delegated organization is evaluated by audit or surveillances on a
frequency commensurate with their scope and importance of assigned work.

1.7.2.2 IMPLEMENTATION
1.7.2.2.1

i

The Chairman of the Board of AEPSC, as Chief Executive Officer, has
stated in a signed, formal "Statement of Policy", that it is the corporate
policy to comply with the provisions of applicable codes, standards and
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regulations pertaining to quality assurance for nuclear power plants as
required by the Donald C. Cook Nuclear Plant operating licenses. The
statement makes this QAPD and the associated implementing procedures and
instructions mandatory, and requires compliance by all respcnsible
organizations and individuals, It identifies the management positions
within the companies vested with responsibility and authority for imple-
menting the program and assuring its effectiveness.

1.7.2.2.2

The Quality Assurance Program at AEPSC and the plant consist of controls
exercised by organizations responsible for attaining quality objectives,
and by organizations responsible for assurance functions.

The QA Program effectiveness is continually assessed through management
review of various reports, NSDRC review of the QA audit program and shall
also be periodically by reviewed by independent outside parties as deemed
necessary by management.

The QA program described in this QAPD is intended to apply for the life
of the D.C. Cook Nuclear Plant,

The QA program applies to activities affecting the quality of safety-
related structures, systems, components, and related consumables during
plant operation, maintenance, testing, and all modifications. Safety-
related structures, systems and components are identified in Nuclear (N)
Lists and other documents which are developed and maintained for the
plant.

1.7.2.2.3

This QAPD, organized to present the Quality Assurance Program for the

. D.C. Cook Nuclear Plant in the order of the 18 criteria of 10CFRS50,
Appendix B, states AEPSC policy for each of the criteria, and describes
how the controls pertinent to each are carried out. Any changes made to
this QAPD that do not reduce the commitments previously accepted by the
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NRC must be submitted to the NRC at least annually. Any changes made to m ‘
this QAPD that do reduce the commitments previously accepted by the NRC
must be submitted to the NRC and receive NRC approval prior to implemen-
tation. The submittal of the changes described above shall be made in
accordance with the requirements of 10CFR50.54.

The program described in this QAPD will not be changed in any way that
would prevent it from meeting the criteria of 10CFR50, Appendix B and
other applicable operating license requirements.

1.7.2.2.4

Documents used for implementing the provisions of this QAPD include the
following:

Plant Manager Instructions (PMIs) establish the policy for compliance

with quality-related criteria, and assign resﬁonsibility to the various
departments, as required, for irpp]ementationl Department Head Instructionsm
(DHIs) have been prepared, when required, to impiement those activities

for each department. Department Head Procedures (DHPs) have been prepared

to describe the detailed activities required to support safe and effective

plant operation.

The PMIs are reviewed by the AEPSC Supervisor - Quality Assurance (Site)
for concurrence that they will satisfactorily implement regulatory
requirements and commitments. They are then reviewed by the Plant
Nuclear Safety Review Committee (PNSRC) prior to approval by the Plant
Manager.

Safety-related DHIs and DHPs are reviewed by the department head of
origination, AEPSC Supervisor - Quality Assurance (Site), PNSRC and Plant
Manager prior to use.

_AEPSC General Procedures (GPs) are utilized to define corporate policies m

and requirements for quality assurance, and to implement applicable
quality assurance requirements within AEPSC.
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GPs may also be used to define policies which are nonprocedural in

nature.

When

contractors perform work on-site under their own quality assurance

programs, the programs are reviewed for compliance and consistency with
the applicable requirements of the Plant’s Quality Assurance Program and
the contract, and are approved by the AEPSC Supervisor - Quality Assurance
(Site), PNSRC and Plant Manager prior to the start of work.

1.7.2.2.5

Provisions of the Quality Assurance Program for the D.C. Cook Nuclear
Plant apply to activities affecting the quality of safety-related struc-
tures, systems, and components. Appendix A to this QAPD lists the
Regulatory Guides and ANSI Standards that identify AEPSC's commitment.
Imposition of these guides/standards on AEPSC/I&MECo suppliers and
subtier suppliers will be on a case-by-case basis depending upon the item
or service tc be supplied. Appendix B describes recessary exceptions and
clarifications to the requirements of those documents. The scope of the
program and the extent to which its controls are applied, are established
as follows: |

a)

b)

AEPSC uses the criteria specified in the D.C. Cook Plant Final
Safety Analysis Report (FSAR) for identifying structures, systems
and components to which the Quality Assurance Program applies.

This identification process results in the N-List for the D.C. Cook
Nuclear Plant. This N-List is a controlled document, issued to
designated personnel. N-List items:are determined by engineering
analysis of the function(s) of plant structures, systems and compo-
nents in relation to safe operation and shutdown.

The extent to which controls specified in the Quality Assurance
Program are applied to N-List items is determined for each item
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considering its relative importance to safety. Such determinations m .
are based on data in such documents as the plant Technical Specifi-
cations and the FSAR.

1.7.2.2.6

Activities affecting safety are accomplished under controlled conditions.
Preparations for such activities include consideration of the following:

a) Assigned personnel are qualified.

b) Work has been planned to applicable engineering and/or Technical
Specifications.

c) Specified equipment and/or tools are available.

d) Materials and items are in an acceptable status.

e) Systems or structures on which work is to be performed are in the
proper condition for the task.

f)  Proper instructions/procedures for the work are available for use.

g) Items and facilities that could be damaged by the work have been ‘ID
protected, as required. ‘

~h) Provisions have been made for special controls, processes, tests and

verification methods.

1.7.2.2.7

Responsibility and authority for planning and implementing indoctrination
and training are specifically designated, as follows: -

a) The Training and Indoctrination Program provides for on-going
training and periodic refamiliarization with the Quality Assurance
Program for the D.C. Cook Nuclear Plant.

b) Personnel who perform inspection and examination functions are
qualified in accordance with requirements of Regulatory Guide 1.58,
ANSI N45.2.6, the ASME B&VP Code, or SNT-TC-1A, as applicable and
with exceptions as noted in Appendix B hereto.
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c) Personnel who participate in Quality Assurance Audits are qualified . .
in accordance with Regulatory Guide 1.146.

d) Personnel assigned duties such as special cleaning processes,
welding, etc., are qualified in accordance with applicable codes,
standards and regulatory guides.

e) The Training/Qualification Program includes, as applicable, provi-
sions for retraining, reexamination and recertification to ensure
that proficiency is maintained. ‘

f) Training and qualification records including documentation of
objectives, content of program, attendees and dates of attendance
are maintained at least as long as the personnel involved are
performing activities to which the training/qualification is relevant.

g) Personnel responsible for performing activities that affect quality
are instructed as to the purpose, scope and implementation of the
applicable quality related manuals, instructions and procedures.

Management/supervisory personnel receive functional training to the level
necessary to plan, coordinate and administer the day-to-day verification
activities of the QA Program for which they are responsible.

Training of AEPSC and plant personnel is performed employing two tech-
niques, as applicable: 1) on the job and formal training administered by
the department or section the individual works for; and 2) formal training
conducted by NRC licensed instructors from the Training Department or
other entities (internal and external to the AEP System). Records of
training sessions for such training are maintained. Where personnel
qualifications or certifications are required, these certifications are
performed on a scheduled basis (consistent with the appropriate code or
standard).

Plant employees receive introductory training in quality assurance
usually within the first two weeks of employment. In addition, AEPSC
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personnel receive training prior to being allowed unescorted access to w
the plant. This training includes management's policy for implementation

of the Quality Assurance Program through Plant Manager and Department

Head Instructions and Procedures. These instructions also include a

description of the Quality Assurance Program, the use of instructions and
procedures, personnel requirements for procedure compliance and the

systems and components controlled by the Quality Assurance Program.

1.7.2.2.8

The AEPSC Information System Department (not charted) has established a
Computer Software Quality Assurance Section. Procedures are being
developed to establish QA reqﬁirements for safety-related computer
software. The Computer Software QA Section will be subject to periodic
audit by the AEPSC QA Department.

1.7.3 DESIGN CONTROL

1.7.3.1  SCOPE m

Modifications to structures, systems and components are accomplished in
accordance with approved design. Activities to develop such designs are
controlled. Depending on the type of modification, these activities
include design and field engineering; the performance of physics, seismic,
stress, thermal, hydraulic, radiation and Safety Analysis Report (SAR);
accident analyses; the development and control of associated computer
programs; studies of material compatibility; accessibility for inservice
inspection and maintenance; and determination of quality standards. The
controls épp]y to preparation and review of design documents, including
the correct translation of applicable regulatory requirements and design
bases into design, procurement and procedural documents.

1.7.3.2  IMPLEMENTATION
1.7.3.2.1

Modifications to the plant are controlled by instructions and procedures. m
A1l modifications are reviewed as required by 10CFR50.59.
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"iiln) 1.7.3.2.2

A Change Control Board has been established within AEPSC to perform the
review and authorization for safeiy-re]ated design changes [Request for
Change (RFCs)]. The Change Control Board is made up of members of the
Engineering and Design Divisions within AEPSC.

®

1.7.3.2.3

Plant originated RFCs are reviewed by the Plant Nuclear Safety Review
Committee (PNSRC) and approved by the Plant Manager prior to submission
to the Change Control Board. The cognizant member of the Change Control
Board assigns a lead engineer for each RFC. The lead engineer is respon-
sible for coordinating the RFC activities within AEPSC. The AEPSC
Nuclear Safety and Licensing Section reviews RFCs to determine their
impact on nuclear safety and to determine if the proposed changes involve
an unreviewed safety question as defined by 10CFR50.59. RFCs are then
returned to the PNSRC for subsequent review prior to submission to the

- Change Control Board. If an RFC were to involve an unreviewed safety

question, it would not be approved by the Nuclear Safety and Licensing
Section until the required approval was received from the NRC.

1.7.3.2.4

Proposed design changes which require emergency processing’ are originated
at the plant, reviewed by the PNSRC and approved by the Plant Manager.
Plant management then contacts the AEPSC Nuclear Operations Division, and
other AEPSC management, as required, describes the change requested and
implements the change only after receiving verbal AEPSC management
authorization to proceed. These reviews and approvals are documented and
become a part of the RFC package.

1.7.3.2.5

When RFCs involve design interfaces between internal or external design
organizations, or across technical disciplines, these interfaces are
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controlled. Procedures are used for the review, approval, release,
distribution and revision of documents involving design interfaces to
ensure that structures, systems and components are compatible geometri-
cally, functionally, with processes and the environment. Lines o%
communication are established for controlling the flow of needed design
information across design interfaces, including changes to the
information as work progresses. Decisions and problem resolutions
involving design interfaces are made by the AEPSC organization having
responsibility for engineering direction of the design effort.

1.7.3.2.6

Checks are performed and documented to verify the dimensional accuracy
and completeness of design drawings and specifications.

1.7.3.2.7

RFC design docdment packages are reviewed by AEPSC QA to assure that the
documents have been prepared, verified, reviewed and approved in accor-
dance with company procedures.

1.7.3.208

The extent of and methods for design verification are documented. The
extent of design verification performed is a function of the importance
of the item to safety, design complexity, degree of standardization, the
state-of-the-art, and similarity with previously proven designs. Methods
for design verification include evaluation of the applicability of
standardized or previously proven designs, alternate calculations,
qualification testing and design reviews. These methods may be used
sinq]y or in combination, depending on the needs for the design under
consideration.

When design verification is done by evaluating standardized or previously
proven designs, the applicabj]ity of such designs is confirmed. Any
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differences from the proven design are documented and evaluated for the
intended application. '

Qualification testing of prototypes, components, or features is used when
the ability of an item to perform an essential safety function cannot
otherwise be adequately substantiated. This testing is performed before
plant equipment installation where possible, but always before reliance
upon the item to perform a safety-related function. Qualification
testing is performed under conditions that simulate the most adverse
design conditions, considering all relevant operating modes. Test
requirements, procedures and results are documented. Results are
evaluated to assure that test requirements have been satisfied. Modifi-
cations shown to be necessary through testing are made, and any necessary
retesting or other verification is performed. Test configurations are’
clearly documented.

Design reviews are performed by multi-organizational or interdisciplinary
groups, or by single individuals. Criteria are established to determine
when a formal group review is required, and-when review by an individual
is sufficient.

1.7.3.2.9
Persons representing applicable technical disciplines are assigned to
perform design verifications. These persons are qualified by appropriate
education or experience but are not directly responsible for the design.
The designer's immediate supervisor may perform the verification,
provided that:

1) The supervisor is the only technically qualified individual.

2) The supervisor has not specified a singular design approach, ruled
out design considerations, nor established the design inputs.

1.7-43 July, 1985




3) The need is individually documented and approved in advance by the ‘m ’
supervisor's management.

4) Regularly scheduled QA audits verify conformance to previous items 1 l
through 3. |

Design verification on safety-related design changes shall be completed
prior to declaring a design change operational.

1.7.3.2.10

Plant implementation of the RFC is accomplished by the Plant Manager

assigning a specific plant department the responsibility for coordinating

the designbchange. Material to perform the design change must meet the
specifications established for the original system or as specified by the

lead engineer. For those design changes where testing after completion

is required, the testing documentation is reviewed by the organization
performing the test and, when specified, by the AEPSC lead engineer or m
cognizant engineer. Further, completed RFCs are reviewed by AEPSC QA

(Site) following installation and testing.

| 1.7.3.2.11

1 Changes to design documents, including field changes, are reviewed,
approved and controlled in a manner commensurate with that used for the
original design. Such changes are evaluated for impact. Information on

! approved changes is transmitted to all affected organizations.

f

1.7.3.2.12
Error and deficiencies in, and deviations from approved design documents

are identified and dispositioned in accordance with established design
| control and/or corrective action procedures.

| ®
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1.7.3.2.13

This mechanism provides for: 1) controlled submission of design changes,
2) engineering evaluation, 3) review for impact on nuclear safety, 4)
review by AEPSC QA, 5) design modification, 6) AEPSC managerial review,
and 7) approval and record keeping for the implemented design change,
1.7.4 PROCUREMENT DOCUMENT CONTROL '
1.7.4.1 SCOPE

Procurement documents define the characteristics of item(s) to be procured,
identify applicable regulatory and industry codes/standards requirements
and specify supplier Quality Assurance Program requirements to the extent
necessary to assure adequate quality.

1.7.4.2  IMPLEMENTATION . 1
1.7.4.2.1 |

Procurement documents for safety-related materials/services originating
at the plant, except as denoted below, are processed through AEPSC for
review and approval. The plant may request the assistance of AEPSC
cognizant engineers in any procurement activity.

Procurement control is established by instructions and procedures. These
documents require that purchase documents be sufficiently detailed to
ensure that purchased materials, components and services associated with
safety-related structures or systems are: 1) purchased to specification
and code requirements equivalent to those of the original equipment or
service, 2) properly documented to show compliance with the applicable
specifications, codes and standards, and 3)-purchased from vendors or
contractors who have been evaluated and deemed qualified.

Procedures establish the review of procurement documents to determine
that: quality, requirements are correctly stated, inspectable and
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controllable; there are adequate acceptance criteria; procurement
documents have been prepared, reviewed and approved in accordance with
established requirements.

Each involved manager is responsible for procurement planning, bid
solicitation, bid evaluation, and for assuring that the applicable QA
requirements are set forth in the procurement documents.

1.7.4.2.2

The N-List, in conjunction with other sources, is used to determine
equipment classification. Donald C. Cook Nuclear Plant Specifications
(DCC Specifications) are used to determine material and documentation
requirements, codes or standards that materials must fulfill, and define
the documentation that must accompany the material to the plant.

Department heads cognizant of the equipment and its quality assurance
requirements review all procurement documents to assure that correct
classification is made; that the appropriate plant specifications which
identify quality requirements, are referenced or attached; and that the
documentation requirements are properly stated. Purchase requisitions
for new safety-related equipment are initiated by the AEPSC cognizant
engineers who establish the initial equipment quality assurance require-
ments. Replacement or spare equipment is procured via the original
purchase requirements. In instances where these requirements have been
superseded by a revised specification, the replacement/spare part is
procured to the revised requirements.

1.7.4.2.3

The contents of procurement documents vary according to the item(s) being
purchased and its function(s) in the plant. Provisions of this QAPD are

4

L

considered for application to service contractors also. As applicable, ﬂ»

procurement documents include:

a) Scope of work to be performed.



‘B b) Technical requirements, with applicable drawings, specifications,
codes and standards identified by title, document number, revision
and date, with any required procedures such as special process
instructions identified in such a way as to indicate source and
need.

I4

c) Regulatory, administrative and reporting requirements.

d) Quality requirements appropriate to the complexity and scope of the
work, including necessary tests and inspections.

e) A requirement for a documented QA Program, subject to QA review and
written concurrence prior to the start of work.

f) A requirement for the supplier to invoke applicable quality require-
ments on subtier suppliers,

ﬁ g) Provisions for access to supplier and subtier suppliers' facilities
and records for inspections, surveillances and audits.

h) Identification of documentation to be provided by the supplier, the
schedule of submittals and documents requiring AEPSC approval.

1.7.4.2.4
The AEPSC QA Department performs off-line reviews of procurement
documents to assure that the procurement documents have been prepared,
reviewed and approved per the QA program requirements.

1.7.4.2.5

Changes to procurement documents are controlled in a manner commensurate
with that used for the original documents.

.
l
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1.7.5 INSTRUCTIONS, PROCEDURES, AND DRAWINGS
1.7.5.1 SCOPE

Activities affecting the quality of safety-related structures, systems
and components are accomplished using instructions, procedures and
drawings appropriate to the circumstances, including acceptance criteria
for determining if an activity has been satisfactorily completed.

1.7.5.2  IMPLEMENTATION
1.7.5.2.1

Instructions and procedures incorporate: 1) a description of the
activity to be accompiished, and 2) appropriate quantitative (such as
tolerances and operating limits) and qualitative (such as workmanship and
standards) acceptance criteria sufficient to determine that the activity
has been satisfactorily accomplished. Hold points for inspection are
established when required.

Instructions and procedures pertaining to the specification of and/or
1mp1ementatjon of the QA Program receive multiple reviews for technical
adequacy and inclusion of appropriate quality requirements. Top tier
instructions and procedures are reviewed and approved by AEPSC QA. Lower
tier documents are reviewed and approved, as a minimum by management/
supervisory personnel trained to the level necessary to plan, coordinate
and administer those day-to-day verification activities of the QA Program
for which they are responsible.

Temporary procedures may be issued for activities which have short-term
applicability.

1.7.5.2.2
AEPSC activities relative to the D.C. Cook Nuclear Plant are outlined by

procedures which provide the controls for the implementation of these
activities. AEPSC has two categories of QA program procedures:
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1) General Procedures which are applicable to all divisions of the
corporation.

2) Division/Section Procedures which apply to the specific division or
section involved.

1.7.(5‘2.3

The Plant Manager Instructions have been classified into the following
series:

1000 Organization

2000 Administration

3000 Procurement, Receiving, Shipping and Storage

4000 Operations, Fuel Handling, Surveillance Testing

5000 Maintenance, Repair and Modification

6000 Technical Services - Chemistry, Radiological Controls,
Engineering and Instrument Maintenance and Calibration

7000 Quality Services - Review and Audit, Equipment Classification,
Indoctrination and Training,'Inspections, etc.

Instructions and progedures identify the regulatory requirements and
commitments which pertain to the subject that it will control and
establish responsibilities fbr jmplementation. Instructions and proce-
dures may either provide the guidance necessary for the development of
supplemental instructions and/or procedures to implement their require-
ments, or provide comprehensive guidance based on the subject matter.

1.7.5.2.4

Plant drawings are produced, controlled and distributed under the control
of AEPSC and the plant. AEPSC design drawings are produced by the AEPSC
Design Division under a set of procedures which direct their development
and review. These procedures specify requirements for inclusion of
quantitative and qualitative acceptance criteria. Specific drawings are
reviewed and approved by the cognizant Engineering Divisions.
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AEPSC has stationed an on-site design staff to provide for the revision m
of certain types of design drawings to reflect as-built conditions.

-

1.7.5.2.5

Complex plant procedures are designated as "In Hand" procedures.

Examples of "In Hand" procedures are those developed for extensive or
complex jobs where reliance on memory cannot be trusted. Further, those
procedures which describe a sequence which cannot be altered or require
the documentation of data during the course of the procedure, are
considered. "In Hand" procedures are designed as such by double
asterisks (**) which precede the procedure number on the cover sheet, all
pages and attachments of a procedure and the corresponding index.

1.7.6 DOCUMENT CONTROL
1.7.6.1 SCOPE

Documents controlling activities within the scope defined in Section 2.0,
"Quality Assurance Program" are issued and changed according to
established proceduresl Documents such as instructions, procedures and
drawings, including changes thereto, are reviewed for adequacy, approved
for release by authorized personnel and are distributed and used at the
location where a prescribed activity is performed.

Changes to controlled documents are reviewed and approved by the same
organizations that performed the original review and approval, or by
“other qualified, responsible organizations specifically designated in
accordance with the procedures governing these documents. Obsolete or

superseded documents are controlled to prevent inadvertent use.

1.7.6.2  IMPLEMENTATION
1.7.6.2.1

Controls are established for approval, issue and change of documents in

. the following categories: qm)
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@ a) Design documents (e.g., calculations, specifications, analyses).
b) Drawings and related documents.
¢) Procurement documents.
d) Instructions .and procedures.
e) Final Safety Analysis Report (FSAR).
f) Nuclear Regulatory Commission submittals.
g) Plant Technical Specifications.
h) Safeguards documents.

1.7.6.2.2
The review, approval, issuance and change of documents are controlled by:

a) Establishment of criteria to ensure that adequate technical and
quality requirements are incorporated.

b) Identification of the organization responsible for review, approval,

@ issue and maintenance.

c¢) Review of changes to documents by the organjzation that performed
the initial review and approval, or by the organization designated
in accordance with the procedure governing the review and approval
of specific types of documents. '

Maintenance, modification and inspection procedures are reviewed by AEPSC
QA for compliance with established inspection requirements.

1.7.6.2.3
Documents are issued and controlled so that:
a) The documents are available prior to commencing work.

b) Obsolete documents are replaced by current documents in a timely
manner.
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1.7.6.2.4

Master lists or equivalent controls are used to identify the current
revision of instructions, procedures, specifications and drawings. These
control documents are updated and distributed to designated personnel who
are responsible for maintaining current copies of the applicable
documents. The distribution of controlled documents is performed under
procedures requiring receipt acknowledgement and in accordance with
established distribution lists.

107.6.2.5

In the event a drawing is developed on-site to reflect an as-built
configuration, the marked-up drawing is maintained in the Master Plant
File and all holders of the drawing are issued appropriate notification
to inform them the revision they hold is not current, cannot be used and,
if required, reference must be made to the Master Plant File drawing.

1.7.6.2.6

Documents prepared for use in training or for interested parties are
appropriately marked to indicate that they are for information use only,
and cannot be used to operate or maintain the facility, or to conduct
quality-related activities.

1.7.6.2.7
. N
A mechanism has been established which controls responses to NRC
documents (I.E. Bulletins, I.E. Inspection Reports, Generic Letters,
etc.). These responses, which are uniquely identified by an individual
number, require several levels of review and approval.
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@ 1.7.7 CONTROL OF PURCHASED MATERIAL, EQUIPMENT, AND SERVICES

1.7.7.1  SCOPE

Activities that implement approved procurement requests for material,
equipment and services are controlled to assure conformance with procure-
ment document requirements. Controls include a system of supplier
evaluation and selection, source inspection, audit and acceptance of
items and documents upon delivery and periodic assessment of supplier
performance. Objective evidence of quality that demonstrates conformance
with specified procurement document requirements is available to the
nuclear power plant site prior to use of equipment, material, or
services.

1.7.7.2  IMPLEMENTATION
1.7.7.2.1

AEPSC "qualifies suppliers by performing a documented evaluation of their
capability to provide items or services specified by procurement
documents. Al11 material, equipment and services, designated
safety-related, are purchased from suppliers whose QA programs have been
accepted in accordance with AEPSC requirements. Qualification of such
suppliers and maintenance of a Qualified Supplier List (QSL) is
accomplished by the AEPSC QA Department. In the discharée of this
responsibility, the AEPSC QA Department utilizes information generated by
others (such as the CASE Association and ASME) to aid in the supplier
qualification process. Distinction is made between suppliers, stocging

_distributors (warehouses) and sales offices. The supplier or distributor

must be on the QSL before procurement can be completed.

AEPSC is a member of CASE and performs audits for submittal to the CASE
Register as well as the plant's Qualified Suppiier List. The CASE
Register provides a prescreened list of potential suppliers with QA
programs. An evaluation is made if there is an interest in a CASE listed
supplier to consider the scope of the qualification audit and the
identity of the auditor which are stated in.the Register. Additional
program surveys will be conducted, as necessary, to meet requirements.




Acceptance is not complete until it has been determined that the supplier m
can meet the basic QA and technical requirements of the product or
service that is required.

1.7.7.2.2

For commercial "off-the-shelf" items where the requirements for a
specific Quality Assurance Program appropriate for nuclear applications
cannot be imposed in a practical manner, source verification is used to
provide adequate assurance of acceptability.

1.7.7.2.3

In-process surveillance of suppliers' activities during fabrication,
inspection, testing and shipment of items is performed when deemed
necessary, depending upon supplier qualification status, complexity and
importance to safety of the item being furnished, and/or previous
supplier history. This surveillance is performed by the cognizant w
engineering department, responsible plant department, or AEPSC QA, or any
combination thereof.

1.7.7.2.4

Spare and replacement parts are procured in such a manner that their
performance and quality are at least equivalent to those of the parts
that will be replaced.

a) Specifications and codes referenced in procurement documents for
spare or replacement items are at least equivalent to those for the
original items or to properly reviewed and approved revisions.

b) Parts intended as spares or replacement for "off-the-shelf" items,
or other items for which quality requirements were not originally
specified, are evaluated for performance at least equivalent to the
original. . ‘HHW
: A
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c) Where quality requirements for the original items cannot te deter-
mined, requirements and controls are established by engineering
evaluation performed by qualified individuals. The evaluation
assures there is no adverse effect on interfaces, interchangeability,
safety, fit, form, function, or compliiance with applicable regulatory
or code requirements. Evaluation results are documented.

d) Any additional or modified design criteria, imposed after previous
procurement of the item(s), are identified and incorporated.

1.7.7.2.5

Instructions and procedyres address requirements for supplier selection
and control as well as procurement document control. The PMI on receipt
inspection of safety-related materials addresses the program for inspec-
tion of incoming materials inciuding a review of the documentation
required under the procurement. Receipt inspection personnel are quali-
. fied and certified in accordance with the requirements of ANSI N45.2.6.
Receipt inspection provisions apply regardless of whether procurement
originates at the plant or at AEPSC. Additional inspections may apply if
required by the procurement document.

Where materials and/or services are safety-related and procurement is
accomplished without assistance of AEPSC, supplier selection is limited
to those companies identified on the Qualified Suppliers List (QSL).

1.7.7.2.6

Materials received at the site are tagged with a "Hold" tag and placed in
a designated, controlled area until receipt inspected. During receipt
inspection, designated material characteristics and attributes are
checked, and documentation is checked against the procurement documents.
If found acceptable, the "Hold" tag is removed and replaced with an
"Accepted" tag and the material is placed in a designated area of the
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storeroom. Material traceability to procurement documents and to end use
is maintained through recording of Hold Tag and Acceptance Tag number on
applicable documents.

Nonconforming materials, or missing or questionable documentation results
in materials being kept on hold and placed in a designated, controlled
area of the storeroom. If the nonconformance cannot be cleared, the
material is either scrapped, returned to manufacturer, or dispositioned
through engineering analysis.

1.7.7.2.7

" Contractors providing services (on-site) for safety-related components,

are required to have either a formal quality assurance program and
procedures, or they must abide by the plant quality assurance program and
procedures. Prior to their working at the p]aht, contractor quality
assurance programs and procedures must be reviewed and approved by the
AEPSC Site Quality Assurance Supervisor, PNSRC and the Plant Manager.
Further, periodic audits of site contractor activities are conducted
under the direction of the AEPSC Site Quality Assurance Supervisor.

1.7.7.2.8

Suppliers are required to furnish the following records:
a) Applicable drawings and related engineering documentation that
identify the purchased item and the specific procurement require-

ments (e.g., codes, standards and specifications) met by the item.

b) Documentation identifying any procurement requirements that have not
been met.

c) A description of those nonconformances from the procurement require-
ments dispositioned "use-as-is" or "repair".

d) Quality records as specified in the procurement requirements.
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1.7.7.2.9

The validity of supplier certificates of conformance is evaluated at the
time of supplier resurvey and requalification, and is based on the
continual implementation of the supplier's QA program.

1.7.8 IDENTIFICATION AND CONTROL OF ITEMS .
1.7.8.1 SCOPE

Materials, parts and components (items) are identified and contro11ea to
prevent their inadvertent use. Identification of items is maintained
either on the items, their storage areas or containers, or on records
traceable to the items.

1.7.8.2  IMPLEMENTATION
1.7.8.2.1

Controls are established that provide for the identification and control
of materials, parts and components (including partially fabricated
assemblies).

1.7.8.2.2

Items are identified by physically marking the item or its container, and

by maintaining records traceable to the item. The method of identi-
fication is such that the quality of the item is not degraded.

1.7.8.2.3

Items are traceable to applicable drawings, specifications or other
pertinent documents to ensure that only correct and acceptable items are
used. Verification of traceability is performed and documented prior to
release for fabrication, assembly, or installation.
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1.7.8.2.4

Requirements for the identification by use of heat number, part number,
or serial number are included in the specifications and/or purchase
order.

1.7.8.2.5

Separate storage is provided for incorrect or defective materials that
are on hold, and material which has been accepted for use. All safety-
related materials are appropriately tagged or identified (stamping, etc.)
to provide easy identification as to the materials‘usage status. Records
are maintained for the issue of materials, to provide traceab1]1ty from
storage to end use in the plant.

1.7.8.2.6

When materials are subdivided, appropriate identification numbers are m
transferred to each section of the material, or traceability is

maintained through documentation.

1.7.9 CONTROL OF SPECIAL PROCESSES
1.7.9.1 SCOPE

Special processes are controlled and are accomplished by qualified
personnel using approved procedures and equipment in accordance with
applicable codes, standards, specifications, criteria and other special
requirements.

1.7.9.2  IMPLEMENTATION
1.7.9.2.1

Processes subject to special process controls are those for which full
verification or characterization by direct inspection is impossible or
impractical. Such processes include welding, heat treating, chemical m
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cleaning, application of protective coatings, concrete placement and
nondestructive examination.

1.7.9.2.2

Special process requirements for chemical cleaning, application of
protective coatings and concrete placement are set forth in AEPSC Speci-
fications and/or directives prepared by the responsible AEPSC Cognizant
Engineer. These documents are reviewed and approved by other personnel
with the necessary technical competence. AEPSC Specifications are
reviewed by the AEPSC QA Department.

Special process requirements for welding, heat treating and nondestruc-
tive examination (NDE) are set forth in AEPSC Specifications and the
AEPSC Welding and NDE Manuals. These specifications and manuals are
prepared by or are reviewed and approved by the AEPSC Staff Engineer -
Chief Metallurgist (Corporate NDE Level III Administrator). The AEPSC
NDE Manual is reviewed by the AEPSC QA Department.

Special process procedures, with the exception of welding and heat
treating, are prepared by plant personnel with technical knowledge in the
discipline involved. These procedures are reviewed by other personnel
with the necessary technical competence and are qualified by testing.

Welding is performed in accordance with the procedure contained in the
AEPSC Welding Manual. These procedures are qualified in accordance with
applicable codes and standards, and Procedure Qualification Records are
prepared. The weld procedure qualification record is reviewed and
approved by the AEPSC Staff Engineer - Chief Metallurgist. Weld quali-
fication documentation is retained in the AEPSC Welding Manual.

Contractor welding procedures are qualified by the contractor. These
procedures and the qualification documentation are reviewed and approved
by the plant and the AEPSC Staff Engineer - Chief Meta]]urgist: This
documentation is retained by the contractor. .
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1.7.9.2.3

Nondestructive examination personnel are qualified and certified by
either a designated Corporate NDE Level III Administrator or by a Cook
Plant NDE Level 111 (NDE Supervisor) who has been qualified and certified
by the designated Corporate NDE Level III Administrator. Certification
is by examination. Personnel qualification is kept current by perfor-
mance of the special process(es) and/or reexamination at time intervals
specified by the AEPSC NDE Manual. Unsatisfactory performance or, where
applicable, failure to perform within the designated time intervals,
requires recertification.

Plant welders are qualified by the Maintenance Department utilizing the
procedures in the AEPSC Welding Manual. Examination of specimens is
performed by the QC Department in accordance with the AEPSC Specification
covering welder qualification. Plant welder qualification records are
maintained for each welder by the Maintenance Department. Contractor and
craft welders are qualified by the contractor utilizing procedures
approved by the plant and the AEPSC Staff Engineer - Chief Metallurgist.
Contractor and craft welder qualification records are maintained by the
contractor,

1.7'9.204

Quality Control Technicians assigned to the Quality Control Department
perform nondestructive testing for work performed by plant and contractor
personnel. These individuals are qualified to SNT-TC-1A and records of
the qualifications are maintained at the plant.

107‘9.205

For special processes that require qualified equipment, such equipment is
qualified in accordance with applicable codes, standards and
specifications.
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1.7.9.2.6

Special process qualifications are reviewed during regularly scheduled QA
audits. Qualification records are maintained in accordance with Section
1.7.17, “Quality Assurance Records".

1.7.9.2.7

The documentation resulting from welding and nondestructive testing is
reviewed by appropriate management personnel.

1.7.10 INSPECTION
1.7.10.1 SCOPE

Activities affecting the quality of safety-related structures, systems
and components are inspected to verify their conformance with require-

ments.. These inspections are performed by personnel other than those who

perform the activity. Inspections are performed by qualified personnel

_utilizing written procedures which establish prerequisites and provide

documentation for evaluating test and inspection results. Direct
inspection, process menitoring, or both, are used as necessary. When
applicable, hold points are used to ensure that inspections are accom-
plished at the correct points in the sequence of activities,

1.7.10.2 IMPLEMENTATICN
1.7.10.2.1 - -

Inspections are applied to appropriate activities to assure conformance
to specified requirements.

Hold points are provided in the sequence of procedures to allow for the
inspection, witnessing, examination, measurement, or review necessary to
assure that the critical or irreversible elements of an activity are
being performed as required. Note that hold points may not apply to all
procedures but each must be reviewed for this attribute.
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Hold points specify exactly what is to be done (e.g., type of inspection
or examination, etc.), acceptance criteria, or reference to another
procedure, and the individual(s) by job title who must perform or attest
to the satisfactory ccmpietion of the hold point. )

When included in the sequence of a procedure, the activities required by
hold points are completed prior to continuing work beyond that point.

Process monitoring is used in whole or in part where direct inspection
alone is impractical or inadequate.

1.7.10.2.2

Training and Qualification Programs for personnel who perform inspections
are established, implemented and documented in accordance with Section
1.7.2, "Quality Assurance Program". '

1.7.10.2.3 ) ' m

Inspection requirements are specified in procedures, instructions,
drawings, or checklists as applicable. They provide for the following as
appropriate:

a) Identification of applicable revisions of required instructions,
drawings and specifications.

b) Identification of characteristics and activities to be inspected.
c) Inspection methods.

d) Specification of measuring and test equipment having the necessary
accuracy.

e) Identification of personnel responsible for performing the inspection.kl‘nﬂ

{1

f)  Acceptance and rejection criteria.
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g) Recording of the inspection results and the identification of the

inspector,

1.7.10.2.4

The Plant Quality Control Department has been assigned the responsibility
for establishing and executing the following programs:

~a) In-process verifications and inspections.
b) Inservice inspections.

To ensure the quality of the maintenance, operation, technical,
administrative, planning and construction activities at the D.C.
Cook Nuclear Plant, the Plant Quality Control Department will
inspect, monitor and verify key attributes that have been deemed
necessary to assure the acceptability of:

a) Equipment

b) Tests

¢) Processes

d) Materials

e) Parts

f)  Components

g) System checks

The performance of these inspections, verifications and monitoring will
be defined by instructions/procedures written by the responsible plant
departments.

1.7.10.2.5

Inspections are performed, documented, and the resuits evaluated by
designated personnel in order to ensure that the results substantiate the
acceptability of the item or work. Evaluation and review results are
documented.
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1.7.10.2.6 w :

Inspection of work associated with normal operation of the plant, such as
surveillance tests and verification of routine maintenance, may be
performed by individuals in the same group as that which performed the
work, but not by personnel who directly performed or supervised the work.,
The qualification of these personnel is described in Appendix B hereto,
item 9b, with exceptions as noted therein.

1.7.11 TEST CONTROL
1.7.11.1 SCOPE

Testing is performed in accordance with established programs to demon-
strate that structures, systems and components will perform satisfactorily
in service. The testing is performed by qualified personnel in accordance
with written procedures that incorporate specified requirements and

acceptance criteria. Types of tests are: m
Scheduled

Surveillance, preventive maintenan?e, post-design, qualification.

Unscheduled

Pre- and post-maintenance.

Test parameters, including any prerequisites, instrumentation require-

ments and environmental conditions, are specified in test procedures.
Test results are documented and evaluated.

1.7.11.2 IMPLEMENTATION
1.7.11.2.1

Tests are performed in accordance with programs, procedures and criteria
that designate when tests are required and how they are to be performed.
Such testing includes the following:
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a) Qualification tests, as applicable, to verify design adequacy.

b) Acceptance tests of equipment and components to assure their opera-
tion prior to delivery or installation.

c) Post-design tests to assure proper and safe operation of systems and
equipment prior to unrestricted operation,

d) Surveillance tests to assure continuing proper and safe operation of
systems and equipment. The PMI on surveillance testing controis the
periodic testing of equipment and systems to fulfill the surveillance
requirements established by the Technical Specifications. The
scheduling of these activities is reviewed by an Assistant Plant
Manager. Controls have been established to identify uncompleted
surveillance testing to assure it is rescheduled for completion to
meet Technical Specification frequency requirements. Data taken
during surveillance testing is reviewed by appropriate management
personnel to assure that acceptance criteria is fulfilled, or
corrective action is taken to correct deficiencies.

e) Maintenance tests after preventive or corrective maintenance.
1.7.11.2.2

Test procedures, as required, provide mandatory hold points for witness,
or review, ‘

1.7.11.2.3

Testing is accomplished after installation, maintenance, or repair, by
surveillance test procedures or performance tests which must be satisfac-
torily completed prior to determining the equipment is in an operable
status. A1l data resulting from these tests is retained at the plant
after review by appropriate management personnel.
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1.7.12 CONTROL OF MEASURING AND TEST EQUIPMENT
1.7.12.1 SCOPE

Measuring and testing equipment used in activities affecting the quality
of safety-related systems, components and structures are properly iden-
tified, controlled, calibrated and adjusted at specified intervals to
maintain accuracy within necessary. limits.

1.7.12.2 IMPLEMENTATION
1.7.12.2.1

Each involved plant department has established procedures for calibration
and control of measuring and test equipment utilized in the measurement,
inspection and monitoring of structures, systems and components. These
procedures describe calibration techniques and frequencies, and mainte-
nance and control of the equipment,

The AEPSC Site Quality Assurance Section periodically assesses the
effectiveness of the calibration program via the QA audit program.

1.7.12.2.2

Measuring and test equipment is uniquely identified and is traceable to
its calibration source.

1.7.12.2.3

A system has been established utilizing labels which are to be attached
to measuring and test equipment to display the date calibrated and the

next calibration due date. Where labels cannot be attached, a control

system is used that identifies to potential users any equipment beyond

the calibration due date.
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1.7.12.2.4

Measuring and test equipment is calibrated at specified intervals. These
intervals are based on the frequency of use, stability characteristics
and other conditions that could adversely affect the required measurement
accuracy. Calibration standards are traceable to nationally recognized
standards where they exist. Where national standards do not exist,
provisions are established to document the basis for calibration.

The primary standards used to calibrate secondary standards have, except
in certain instances, an accuracy of at least four (4) times the required
accuracy of the secondary standard. In those cases where the four (4)
times accuracy cannot be achieved, the basis for acceptance is documented
and is authorized by the responsible manager. The secondary standards
have an accuracy that assures that the equipment being calibrated will be
within the required tolerances and the basis for acceptance is documented
and authorized by the responsible manager.

1.7.12.2.5

A series of PMIs define the requirements for the control of standards,
test equipment and process equipment.

1.7.12.2.6

When measuring and testing equipment used for inspection and testing is
found to be outside of required accuracy limits at the time of calibration,
evaluations are conducted to determine the validity of the results

obtained since the most recent calibration. Retests or reinspections

are performed on suspect items. The results of evaluations are

documented. ’
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1.7.13 HANDLING, STORAGE, AND SHIPPING
1.7.13.1 SCOPE

Activities with the potential for causing contamination or deterioration,
by environmental corditions such as temperature or humidity that could
adversely affect the ability of an item to perform its safety-related

" functions and activities necessary to prevent damage or loss are identi-
fied and controlled. These activities are cleaning, packaging,
preserving, handling, shipping and storing. Controls are effected
through the use of appropriate procedures and instructions.

1.7.13.2 IMPLEMENTATION
1.7.13.2.1

Procedures are used to control the cleaning, handling, storing, packaging,
preserving and shipping of materials, components and systems in accor-
dance with designated procurement requirements. These procedures include,
but are not limited to, the following functions:

a) Cleaning - to assure that required cleanliness levels are achieved
and maintained.

b) Packaging and preservation - to provide adequate protection against
damage or deterioration. When necessary, these procedures provide
for special environments such as inert gas atmosphere, specific
moisture content levels and temperature levels,

¢) Handling - to preclude damage or safety hazards.
d) Storing - to minimize the possibility of loss, damage, or deterio-
ration of items in storage, including consumables such as chemicals,

reagents and lubricants. Storage procedures also provide methods to
assure that specified shelf 1ives are not exceeded.
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@ 1.7.13.2.2

Controls ﬁave been established for limited shelf life items such as "0"
rings, epoxy, lubricants, solvents and chemicals to assure tney are
~correctly identified, stored and controlled to prevent shelf life expired
materials from being used in the plant. Controls are established in
PMIs. ‘

1.7.13.2.3

Packaging and shipping requirements are provided to vendors with the DCC
Specifications which are a part of the purchase order. Controls for
receipt inspection, damaged items and special handling requirements at
the plant are established by a PMI. Special controls are provided to
assure that stainless steel components and materials are handled with
approved 1ifting slings.

1.7.13.2.4
Storage and surveillance requirements have been established to assure
segregation of storage. Special controls have been implemented for
critical, high value, or perishable items. Routine surveillance is
conducted on stored material to provide inspection for damage, rotation
of stored pumps and motors, inspection for protection of expcsed surfaces
and cleanliness of the storage area.

1.7.13.2.5

Special handling procedures have been implemented for the processing of
nuclear fuel during refueling outages. These procedures minimize the
risk of damage to the new and spent fuel and the possible release of
radioactive material when placing the spent fuel into the spent fuel
pool.
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1.7.14 INSPECTION, TEST, AND OPERATING STATUS
1.7.14.1 SCOPE

Operating status of structures, systems and components is indicated by
tagging of valves and switches, or by other specified means, in such a
manner as to prevent inadvertent operation. The status of inspections
and tests performed on individual items is clearly indicated by markings
and/or logging under strict procedural controls to prevent inadvertent
bypassing of such inspections and tests.

1.7.14.2 IMPLEMENTATION
1.7.14.2.1 -

For RFC (Design Change) activities, including item fabrication, instal-
lation and test, a PMI exists which specifies the’degree of control
required for the identification of inspection and test status of struc-
tures, systems and components,

Physical identification is used to the extent practical to indicate the
status of items requiring inspections, tests, or examinations. Proce-
dures exist which provide for the use of calibration and rejection
stickers, tags, stamps and other forms of identification to indicate test
and inspection status. The Clearance Permit System uses various tags to
identify equipment and system operability status. Another PMI establishes
a tagging system for bypassed safety functions. For those items requiring
calibration, a PMI exists which requires physical indication of calibration
status by calibration stickers.

1.7.14.2.2

Application and removal of inspection and welding stamps, and of such
status indicators as tags, marking, labels, etc., are controlled by plant
procedures.
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The inspection status of materials received at the plant is identified in
accordance with instructions established in a PMI. The status is identi-
fied as Hold, Hold for Quality Control Clearance, Reject, or Accept.

The inspection status of work in progress is controlled by the use of
hold points in procedures. Plant Quality Control or departmental super-
visory personnel inspect an activity at various stages and sign off the
procedural steps covered by the inspection.

The status of welding is controiled through the use of a weld data block
which identifies the inspection and nondestructive test status of each
weld.

1.7.14.2.3

Required surveillance test procedures are defined in a PMI. This instruc-
tion provides for documenting bypassed tests, and for rescheduling of the

. test. An Assistant Plant Manager reviews the completed and signed off
Weekly Surveillance Test Schedule to assure compiiance.

The status of testing after minor maintenance is recorded as part of the
job order. The status of testing after major maintenance is included as
part of the procedure, and includes the performance of functional testing
and approval of data by supervisory personnel.

Testing, inspection and other operations important to safety are conducted
in accordance with properly reviewed and approved procedures. The PMI

for plant prbcedures requires that procedures be followed as written.
Alteration to the sequence of a procedure can only be accomplished by a
procedure change which is subject to the same controls as the original
review and approval. In situations when an immediate procedure change is
required to continue in-process work or testing and the required complete
review and approval process can not be accomplished, an "On The Spot"
change is processed in accordance with the PMI on pliant procedures.
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1.7.14.2.4 ﬂlﬂ’

Nonconforming, inoperable, or malfunctioning structures, systems and
components are clearly identified by tags, stickers, stamps, etc., and
documented to prevent inadvertent use.

1.7.15 NONCONFORMING MATERIALS, PARTS, OR COMPONENTS
1.7.15.2 SCOPE

Materials, parts, or components that do not conform to requirements are
controlled in order to prevent their inadvertent use. Nonconforming
jtems are identified, documented, segregated when practical and disposi-
| : tioned. Affected organizations are notified of nonconformances. '

1.7.15.2 IMPLEMENTATION
1.7.15.2.1

Items, services, or activities that are deficient in characteristic, m
documentation, or procedufe, which render the quality unacceptable or
indeterminate, are identified as nonconforming, and any further use is
controlled. Nonconformances are documented and dispositioned, and )
notification is made to affected organizations. Personnel authorized to
disposition, conditionally release and close out nonconformances are

designated.

The Job Order System and/or the Condition Report System (refer to Section
16.0) are used at D.C. Cook Nuclear Plant to identify nonconforming items
and initiate corrective action. Systems, components, or materials which
require repair or inspection are controlled under the Job Order System.
In addition, the various procedures identified in Section 14 provide for
identification, segregation ahd documentation of nonconforming items.

1.7.15.2.2

Nonconforming items are identified by marking, tagging, segregating, or m
. by documented administrative controls. Documentation describes the
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nonconformance, the disposition of the nonconformance and the
inspection requirements. It also includes signature approval of the
disposition,

Completed Job Orders are reviewed by the supervisor responsible for
accomplishing the work and the supervisor of the department/section that
originated the Job Order. The QA Department periodically audits the Job
Order System, and on a sample basis, Job Orders. |

1.7.15.2.3

Items that have been repaired or reworked are inspected and tested in
accordance with the original inspection and test requirements or alterna-
tives that have been documented. ‘

Items that have the disposition of "repair" or "use-as-is" require
documentation justifying acceptability. The changes are recorded to
denote the as-built condition.

When required by established procedures, surveillance or operability
tests are conducted on an item after rework, repair or replacement.

" 1.7.15.2.4

Disposition of conditionally released items are closed out before the
items are relied upon to perform safety-related functions.

1.7.16 CORRECTIVE ACTION
1.7.16.1 SCOPE

Conditions adverse to quality, such as failures, malfunctions, deficien-
cies, deviations, defective material and equipment and nonconformances,

are identified promptly and corrected as soon as practical.

For significant conditions adverse to quality, the cause of the condition
is determined, and corrective action is taken to preclude repetition. In
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these cases, the condition, cause and corrective action taken is docu- w ’
mented and reported to appropriate levels of management.

1.7.16.2 IMPLEMENTATION
1.7.16.2.1

Procedures are established that describe the plant and AEPSC corrective
action programs. These procedures are reviewed and concurred with by the
AEPSC QA Department.

AEPSC accomplishes corrective action in the following manner:

a) Audit reports which require action as a result of a corrective
action request. )

b) In accordance with established procedures for Condition Reports,
’ Noncompliance Reports, Inspection Reports and Audit Reports. lm

¢) As required by NRC Letters, I.E. Bulletins and Inspection Reports.

d) As required by 10CFR, Part 21 identified deficiencies.

1.7.16.2.2

Condition Reports provide the mechanism for plant personnel to notify
management of conditions adverse to quality. Investigations of reported
conditions adverse to quality are assigned by management. The investi-
gation report is used to identify the need for changes to instructions or
procedures, the initiation of a design change to correct system or
equipment deficiencies, or the initiation of job orders to correct minor
deficiencies. Further, Condition Reports are used to identify those
actions necessary to prevent recurrence of the reported condition.
Condition Reports are also used to report violations to codes, regulations
and the Technical Specifications. Condition Reports are reviewed by the
PNSRC for evaluation of actions taken to correct the deficiency and m
prevent recurrence.
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Noncompliance Reports (NCRs) provide the mechanism for AEPSC personnel to
jdentify noncompliances. Investigation of reported conditions are
assigned to the responsible jndividual. NCR investigation requires the
determination of the cause of the condition and identification of imme-
diate action and action taken to prevent recurrence.

The AEPSC Nuclear Operations Division receives copies of Condition
Reports for distribution, on a selected basis, to cognizant engineering
departments for review.

The AEPSC Nuclear Safety and Cesign Review Committee reviews Condition
Reports, NCRs, NRC Inspection Report Responses, 10CFR21 items and QA and
NSDRC audits for independent evaluation of the reported conditions and
corrective actions.

- The QA Department periodically audits the corrective action systems for
compliance and effectiveness.

1.7.17 QUALITY ‘ASSURANCE RECCRDS
1.7.17.1 SCOPE

Records that furnish evidence of activities affecting the quality of
safety-related structures, systems and components are maintained. They
are accurate, complete, legible and are protected against damage, deteri-
oration, or loss. They are identifiable and retrievable.

1.7.17.2 IMPLEMENTATION
1.7.17.2.1

Documents that furnish evidence of activities affecting quality are
generated and controlled in accordance with the procedure that governs
those activities. Upon completion, these documents are considered
records. These records include:
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a) Results of reviews, inspections, surveillances, tests, audits and
material analyses.

b) Qualification of personnel, procedures and equipment.

c) Operation logs.

d) Maintenance and modification procedures and related inspection
results. :

e) Reportable occurrences.

f) Records required by the plant Technical Specifications.

g) Nonconformance reports. |

h) Corrective action reports.

i)  Other documentation such as drawingé, specifications, procurement
documents, calibration procedures and reports. |

1.7.17.2.2

Instructions and procedures establish the requirements for the identi-
fication and preparation of records for systems and equipment under the
Quality Assurance Program, and provides the controls for retention of
these records.

Criteria for the storage location of quality related records and a
retention schedule for these records has been established.

File Indexes have been established to provide direction for filing and to
provide for the retrievability of the records.

Controls have been established for limiting access to the Plant Master
File to prevent unauthorized entry, unauthorized removal and for use of
the records under emergency conditions. The Accounting Supervisor is
responsible for the control and operation of the plant master file room,

1.7.17.2.3
Within AEPSC, each department/division manager is responsible for estab-

lishing procedures for the identification, collection, maintenance and
storage of records generated by his department/division. These procedures
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shall ensure the maintenance of records sufficient to furnish objective
evidence that activities affecting quality are in compliance with the
established QA Program.

1.7.17.2.4

When a document becomes a record, it is designated as permanent or
nonpermanent and then transmitted to file. Nonpermanent records have

specified retention times. Permanent records are maintained for the life
of the plant.

1.7.17.2.5
Only authorized personnel may issue corrections or supplements to records.
1.7.17.2.6

Traceability between the record and the item or activity to which it
applies is provided. '

1.7.17.2.7

Except for records that can only be stored as originals, such as radio-
graphs and some strip charts, records are stored in remote, dual facili-
ties to prevent damage, deterioration, or loss due to natural or unnatural
causes. When only the single original can be retained, special fire-rated
facilities are used.

1.7.18 AUDITS
1.7.18.1 SCOPE

A comprehensive system of audits is carried out to provide independent
evaluation of compliance with, and the effectiveness of the Quality
Assurance Program, including those elements of the program implemented by
supp]ie(s and contractors. Audits are performed in accordance with
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written procedures or checklists by qualified personnel not having direct m
responsibility in the areas audited. Audit results are documented and
are reviewed by management. Follow-up action is taken where indicated.

1.7.18.2 IMPLEMENTATION
1.7.18.2.1 AEPSC QA Department Responsibilities

The basic responsibility for the assessment of the Quality Assurance
Programs is vested in the AEPSC QA Department. They are

primarily responsible for ensuring that proper QA programs are
established and implemented. These responsibilities are discharged in
cooperation with the AEPSC and plant ménageﬁent, and their staffs.

Stop Work Authority - Refer to Section 1.7.1.2.5 herein. . |

1.7.18.2.2
Internal audits are performed in accordance with established schedules W
that reflect the status and importance of safety to the activities being
performed. A1l areas where the requirements of 10CFR50, Appendix B apply
are audited within a period of two years.

1.7.18.2.3
The AEPSC Quality Assurance Department conducts audits to verify the
adequacy and implementation of the QA Program at the plant and within
AEPSC. QA audit reports are distributed to the Plant Manager and PNSRC
(site audits) and the NSDRC (all audits).

1.7.18.2.4
The independent off-site‘review and audit organization is the AEPSC

Nuclear Safety and Design Review Committee (NSDRC). This committee is 1|
composed of AEPSC, -1&M and plant management members. A Charter and “‘mw
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Procedures Manual has been developed for this committee. The NSDRC
conducts periodic audits of plant operations pursuant to established
criteria (Technical Specifications, etc.).

NSDRC Audit Reports are submitted for review to the Chairman of the NSDRC
and to the Vice Chairman Engineering and Construction. Corrective Action
Requests provide for the recording of actions taken to correct deficien-
cies found during these audits.

1.7.18.2.5

The plant on-site review group is the Plant Nuclear Safety Review
Committee (PNSRC). This committee reviews plant operations as a routine
evaluation and serves to advise the Plant Manager on matters related to
nuclear safety. The composition of the committee is defined in the
Technical Specifications.

The PNSRC also reviews instructions and procedures for safety-related
systems prior to approval by the Plant Manager. In addition, this
committee serves to conduct investigations of violations to Technical
Specifications, reviews Condition Reports to determine if appropriate
action has been taken and reviews all design changes.

1.7.18.2.6

Audits of suppliers and contractors are scheduled based on the status of
safety importance of the activities being performed, and are initiated
early enough to assure effective quality assurance during design, pro-
curément, manufacturing, construction, installation, inspection and
testing.

Principal contractors are required to audit their suppliers
systematically in accordance with the foregoing scheduling criteria.
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1.7.18.2.7

Regularly scheduled audits are supplemented by special audits when
significant changes are made in the Quality Assurance Program, when it is
suspected that quality is in jeopardy, or when an independent assessment
of program effectiveness is considered necessary.

1.7.18.2.8

Audits include an dbjective evaluation of quality related practices,
procedures, instructions, activities and items; and review of documents
and records to confirm that the QA program is effective and properly
implemented.

1.7.18.2.9

Audit procedures and the scope, plans, checklists and results of indivi-
dual audits are documen;ed.

1.7.18.2.10

Personnel selected for auditing assignments have experience or are
given training commensurate with the needs of the audit and have no
direct responsibilities in the areas audited.

1.7.18.2.11

Management of the audited organization identifies and takes appropriate
action to correct observed deficiencies and to prevent recurrence.
Follow-up is performed by the auditing organization to ensure that the
appropriate actions were taken. Such follow-up includes reaudits when
necessary.
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@ 1.7.18.2.12

The adequacy of the Quality Assurance Pregram is regularly assessed by
AEPSC management. The following activities constitute formal elements of
that assessment:

a) Audit reports, including follow-up on corrective action
accomplishment and effectiveness, are distributed to appropriate
levels of management.

b) Individuals independent from the Quality Assurance Organization, but
knowledgeable in auditing and quality assurance, periodically review
the effectiveness of the Quality Assurance Programs. Conclusions

. . and recommendations are reported to the AEPSC Vice President -
Nuclear Operations.

1.7.19 FIRE PROTECTION QA PROGRAM -

m 1.7.19.1 Introduction , %

\
The D.C. Cook Nuclear Plant Fire Protection QA Program has been developed |
using the guidance of the NRC Branch Technical Position 9.5-1, Appendix i
llA!l . ;

This QA Program is applicable to:
January 31, 1977 that protects safety-related items which appear in
the Fire Protection Technical Specifications; and,

2) The balance of plant fire protection areas and equipment designed
and/or procured after January 31, 1977.

Implementation of the Fire Protection QA Program is the responsibility of
each involved AEP organization.

|
|
|
1) Fire protection areas and equipment designed and/or procured after
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The QA Program for the Fire Protection Program at D.C. Cook Plant applies
to the following activities: design, procurement, fabrication, construc-
tion, operation, maintenance and modification.

1.7.19.2 Organization

The QA program for fire protection is under the management control of
AEPSC. This control consists of:

1) Formulating and verifying that the Fire Protection QA Program
incorporates suitable requirements and is acceptable to the manage-~
ment responsible for fire protection; and,

2) Verifjing the effectiveness of the QA program for fire protection
* through review, surveillance and audits. The QA program for fire
protection is part of the overall plant QA program. These QA
criteria apply to those items within the scope of the Fire Protection
Program, such as fire protection systems, emergency lighting,
communication and emergency breathing apparatus, as well as the fire
protection requirements of applicable safety-related equipment.

AEPSC and plant management has direct functional responsibility for the
formulation, implementation and assessment of the D.C. Cook Fire
Protection Program.

The Section Manager - Fire Protection and HVAC and the Fire Protection
Engineer have coordinated the building layout, the fire suppression and
fire detection systems, commensurate with fire areas within the plant.
They have established the design of the overall fire detection/suppression
system and the incremental parts of the system. Maintenance information
has been provided to the plant in the form of system descriptions and
equipment supplier instruction material.

The Fire Protection Program at the D.C. Cook Plant provides for inspection
of fire and explosion hazards and training of fire brigades and responding
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fire departments, The Plant Manager has delegated responsibility to
various plant departments for the following fire protection activities:

a) Maintenance of fire protection system,
b) Testing of fire protection equipment,
c) Fire safety inspections,

d) Fire fighting procedures, and

e) Fire drills,

The Shift Supervisor on duty is designated as the Fire Chief and coordi-
nates the fire fighting efforts of shift personnel and the fire brigade.

1.7.19.3 Design Control and Procurement Document Control

Quality standards are specified in the design documents such as appropri-
ate fire protection codes and standards, and deviations and changes from
these guality standards are controiled.

The plant design was reviewed by qualified personnel to assure
inclusion of appropriate fire protection requirements. These

reviews include items such as:

1) PReviews to verify adequacy of wiring isolation and cable separation
criteria.

2) Reviews to verify appropriate requirements for rocm isolation
(sealing penetrations, floors and other fire barriers).

3) Reviews to determine increase in fire loadings.

4) Reviews to determine the need for additional fire detection and
suppression equipment. '

A review and concurrence of the adequacy of fire protection requirements

and quality requirements stated in procurement documents is performed.
This review determines that fire protection requirements and quality
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requirements are correctly stated, verifiable and contré]]ab]e; there are
adequate acceptance and rejection criteria; and the procurement document
has been prepared, reviewed and approved in accordance with QA program
requirements,

Design and procurement document changes, including field changes and
design deviations are subject to the same level of controls, reviews and

approva1§ that were applicable to the original document.

1.7.19.4 Instructions, Procedures and Drawings

Inspections, tests, administrative controls, fire drills and training
that govern the Fire Protection Program are prescribed by documented
instructions, procedures, or drawings, and are accomplished in accordance
with these documents,

Indoctrination and training programs for fire prevention and fire’
fighting are implemented in accordance with documented procedhres.
Activities associated with the fire protection system are prescribed and
accomplished in accordance with documented instructions, procedures and
drawings.

Instructions and procedures for design installation, inspection, test,
maintenance, modification and administrative controls are reviewed to
assure that proper fire protection requirements are included.

1.7.19.5 Control of Purchased Material, Equipment and Services

Measures are established to assure that purchased material, equipment and
services conform to the procurement documents. These measures include
provisions, as appropriate, for sodrce evaluation and selection, objec-
tive evidence of quality furnished by the contractor, inspections at
shpp]iers, or receiving inspections,

Source or receiving inspection is provided, as & minimum, for those items ”
whose quality cannot be verified after installation.
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‘B 1.7.19.6 Inspection

A program for independent inspection of the fire protection activities
has been established and implemented.

These inspections are performed by personnel other than those responsib]p
for implementation of the activity.

The inspections include:

a)

b)

d)

e)

f)

g)

v

Inspection of: 1) ipstallation, maintenance and modification of
fire protection systems; and 2) emergency Tighting and communication
equipment.

Inspections of penetration seals and fire retardant coating instal-
lations to verify the activity is satisfactorily completed.

Inspections of cable routing to verify conformance with design
requirements. ‘

Inspections to verify that appropriate requirements for room isola-
tion are accomplished following construction or modification
activities.

Measures to assure that inspection personnel are independent from
the individuals performing the activity being inspected, and are
knowledgeable in the design and installation requirements for fire
protection.

Inspection procedures, instructions and/or check lists are provided
for inspections,

Periodic inspections of fire protection systems, emergency breathing

and auxiliary equipment, emergency lighting and communication
equipment.
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h)

1.7.19.7

a)

b)

c)

d)

1.7.19.8

Periodic inspections of materials subject to degradation such as
fire stops, seals and fire retardant coating.

Test and Test Control

Installation testing - Following installation, modification, repair,
or replacement, sufficient testing is performed to demonstrate that
the fire protection systems, emergency lighting and ccmmunication
equipment will perform satisfactorily. Written test procedures for
installation tests incorporate the requirements and acceptance
1imits contained in applicable design documents.

Periodic testing - Periodic testing schedules and methods have been
implemented and the results documented. Fire protection equipment,
emergency lighting and communication equipment are tested periodi-

cally to assure that the equipment functions properly.

Programs have been established to verify the testing of fire protec-
tion systems and to verify that test personnel are effectively

trained.

Test results are documented, evaluated, and their acceptability
determined by a cualified responsible individual or group.

Inspection, Test and Operating Status

The inspection, test and operating status for the Fire Protection System
are performed as described in Section 1.7.14.

1.7.19.9

Nonconforming Items

Nonconforming items for the fire protection components are identified and

dispositioned as described in Section 1.7.15.
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1.7.19.10 Corrective Action

The corrective action mechanism described in Section 1.7.16 applies to
the fire protection system.

1.7.19.11 Records

Records generated to support the fire proFection system and its components
are controlled as described in Section 1.7.17.

1.7.19.12 Audits

Audits are conducted and documented to verify compliéﬁce with the Fire
Protection Program as described in Section 1.7.18.

Audits are periodically performed to verify compliance with the adminis-
trative controls and implementation of quality assurance criteria. The

audits are performed in accordance with preestablished written procedures
or check Tists. Audit results are documented and reviewed by management
having responsibility in the area audited. Follow-up action is taken by
responsible management to correct the deficiencies revealed by the audit.
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REGULATORY AND

APPENDIX A

SAFETY GUIDES/ANSI STANDARDS

Reg. Guide 1.8 (9/75)
ANSI N18.1 (1971)

Reg. Guide 1.14 (8/75)

Reg. Guide 1.16 (8/75)

Safety Guide 30 (8/72)

ANST N45.2.4 (1972)

Safety Guide 33,
Appendix A (11/72)
ANSI N18-7 (1976)
(ANS 3.2 1976)

ANSI N45.2 (1977)

Reg. Guide 1.37 (3/73)

ANSI N45.2.1 (1973)

1070A-93

Personnel Selection and Training
Selection and Training of Nuclear Power
Plant Personnel

Reactor Coolant Pump Flywheel Integrity

Reporting of Operating Information,
Appendix A - Technical Specifications

Quality Assurance Requirements for the
Installation, Inspection, and Testing
of Instrumentation and Electric
Equipment

Installation, Inspection, and Testing
Requirements for Instrumentation and
Electric Equipment During the Construc-
tion of Nuclear Power Generating '
Stations

Quality Assurance Program Requirements
(Operation)

Administrative Controls and Quality
Assurance for the Operational Phase of
Nuclear Power Plants

Quality Assurance Program Requirements
for Nuclear Facilities '

Quality Assurance Requirements for
Cleaning of Fluid Systems and
Associated Components of Water-Cooled
Nuclear Power Plants

Cleaning of Fluid Systems and
Associated Components During Construc-
tion Phase of Nuclear Power Plants

July, 1985
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11.

12.

Reg.

ANSI

Reg.

ANSI

Reg.

ANSI

Reg.

ANSI

Reg.

Reg.

ANST

Guide 1.38 (10/76)
N 45.2.2 (1972)
Guide 1.39 (10/76)
N45.2.3 (1973)
Guide 1.54 (6/73)
N101.4 (1972)

Guide 1.58 (9/80)

N45.2.6 (1978)

Guide 1.63 (7/78)

Guide 1.64 (10/73)

N45.2.11 (1974)

1.7.A-94

APPENDIX A

Quality Assurance Requirements for
Packaging, Shipping, Receiving, Storage
and Handling of Items for Water-Cooled
Nuclear Power Plants

Packaging, Shipping, Receiving, Storage
and Handling of Items for Nuclear Power
Plants (During the Construction Phase)

Housekeeping Requirements for Water-
Cooled Nuclear Power Plants
Housekeeping During the Construction
Phase of Nuclear Power Plants

Quality Assurance Requirements for
Protective Coatings Applied to Vater-
Cooled Nuclear Power Plants

Quality Assurance for Protective

‘Coatings Applied to Nuclear Facilities

Qualification of Nuclear Power Plant
Inspection, Examination, and Testing
Personnel

Quatifications of Inspection, Exami-
nation, and Testing Personnel for
Nuclear Power Plants

Electric Penetration Assemblies in
Containment Structures for Light-Water-
Cooled Nuclear Power Plants

Quality Assurance Requirements for the
Design of Nuclear Power Plants
Quality Assurance Requirements for the
Design of Nuclear Power Plants

July, 1985



15.

16.

17.

Reg.
ANSI

Reg.

ANST

Reg.

ANSI

Reg.

Reg.

ANSI

Guide 1.74 (2/74)
N45.2.10 (1973)

Guide 1.88 (10/76)

N45.2.9 (1974)

Guide 1.94 (4/76)

N45.2.5 (1974)

Guide 1.108 (8/77)

Guide 1.123 (7/77)

N45.2.13 (1976)

APPENDIX A

Quality Assurance Terms and Definitions
Quality Assurance Terms and Definitions

Collection, Storage, and Maintenance of
Nuclear Power Plant Quality Assurance
Records

Requirements for Collection, Storage,
and Maintenance of Quality Assurance
Records for Nuclear Power Plants

Quality Assurance ﬁequirements for
Installation, Inspection, and Testing
of Structural Concrete and Structural
Steel During the Construction Phase of
Nuclear Power Plants

Supplementary Quality Assurance
Requirements for Installation,
Inspection, and Testing of Strucutral
Concrete and Structural Steel During
the Construction Phase of Nuclear Power
Plants

Periodic Testing of Diesel Generator
Units used as Onsite Electric Power
Systems at Nuclear Power Plants

Quality Assurance Requirements for
Control of Procurement of Items and
Services for Nuclear Power Plants
Quality Assurance Requirements for
Control of Procurement of Items and
Services for Nuclear Power Plants
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18. Reg. Guide 1.144 (1/79) - Auditing of Quality Assurance Programs
: ‘ for Nuclear Power Plants
f ANSI N45.2.12 (1977) - Requiremens for Auditing of Quality _
Assurance Programs for Nuclear Power ,
f Plants

19. Reg. Guide 1.146 (8/80) - Qualification of Quality Assurance
Program Audit Personnel for Nuclear
. Power Plants
ANSI N45.2.23 (1978) - Qualification of Quality Assurance
Program Audit Personnel for Nuc1ear\
. Power Plants

20. ANSI N45.2.8 (1975) - Supplementary Quality Assurance
Requirements for Installation,
Inspection and Testing of Mechanical
Equipment and Systems for the. Construc-
tion Phase of Nuclear Power Plants

21. ANSI N45.4 (1972) Q - Leakage-Rate Testing of Containment
Structures for Nuclear Reactors

22. ANSI N510 (1975) - Testing of Nuclear Air-Cleaning Systems
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APPENDIX B

AEPSC/I1&MECO EXCEPTIONS TO OPERATING PHASE
STANDARDS AND REGULATORY GUIDES

GENERAL
Requirement

) Certain Regulatory Guides invoke or imp]thegu1atory Guides and standards

in addition to the standard each primarily endorses.
Certain ANSI Standards invoke or imply additional standards.

Exception/Interpretation

The AEPSC/I&MECo commitment refers to the Regulatory Guides and ANSI
Standards specifically identified in Appendix A. Additional Regulatory
Guides, ANSI Standards and similar documents implied or referenced in
those specifically identified are not part of this commi tment.,

N18.7, General

Exception/Interpretation

AEPSC and I&MECo have established both an on-site and off-site standing
committee for independent review activities. Together they form the

independent review body.

The standard numeric and qualification requirement may not be met by each
group individually. Procedures will be established to specify how each
group will be involved in review activities. This exception/interpreta-
tion is consistent with the plant's Technical Specifications.

Sec. 4.3.1

Requirement

"Personnel assigned responsibility for independent reviews shall be
specified in both number and technical disciplines, and shall
collectively have the experience and competence required to review
problems in the following areas: . . . ."

.
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Exception/Interpretation w

AEPSC Nuclear Safety and Design Review Committee (NSDRC) and Plant
Nuclear Safety Review Committee (PNSRC) will not have members specified
by number nor by technical disciplines, and its members may not have the
experience and competence required to review problems in all areas listed
in this section. This exception/interpretation is consistent with the
plant's Technical Specifications.

The NSDRC and PNSRC will not specifically include a member qualified in
nondestructive testing but will use qualified technical consultants to
perform this and other functions as determined necessary by the respec-
tive committee chairman.

2b. Sec. 4.3.2.1
Requirement
"When a standing committee is responsible for the independent review
program, it shall be composed of no less than five persons of whom no
more than a minority are members of the on-site operating organization. W
Competent alternatives are permitted if designated in advance. The use
of alternates shall be restricted to legitimate absences of principals."”

Exception/Interpretation
See Item 2a.

2¢. Sec. 4.3.3.1
Requirement
", . . recommendations . . . shall be disseminated promptly to appropriate
members of management having responsibility in the area reviewed."

Exception/Interpretation

Recommendations made as a result of review will generally be conveyed to
the on-site or off-site standing committee. Procedures will be
maintained specifying how recommendations are to be considered.
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Sec. 4.3.4

Requirement
"The following subjects shall be reviewed by the independent review

body: . . . ."

Exception/Interpretation
Subjects requiring review will be as specified in the plant Technical
Specifications.

Sec. 4.3.4(3)

Reguirement

"Changes in the Technical Specifications or License Amendments relating
to nuclear safety are to be reviewed by the independent review body prior
to implementation, except in those cases where the change is identical to
a previously reviewed proposed change."

Exception/Interpretation

The NSDRC and PNSRC will not review Techn1ca1 Specification changes after
NRC approval prior to implementation. The basis for this position is the
NSDRC and PNSRC review Technical Specification changes prior to submittal
to the NRC.

Sec. 4.4

Requirement

"The on-site operating organization shall provide, as part of the normal
duties of plant supervisory personnel . . . ,"

Exception/Interpretation

Some of the responsibilities of the on-site operating“organization
described in Section 4.4 may be carried out by the PNSRC and/or NSDRC as
described in plant Technical Specifications.
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2g. Sec. 5.2.2
Requirement
"Temporary changes, which clearly do not change the intent of the
approved procedure, shall as a minimum be approved by two members of the
plant staff knowledgeable in the areas affected by the procedures. At
least one of these individuals shall be the supervisor in charge of the
shift and hold a senior operator's license on the unit affected.”

Exception/Interpretation

I&MECo considers that this requirement applies only to procedures identi-
fied in plant Technical Specifications. Temporary changes to these
procedures shall be approved as described in plant Technical
Specifications.

2h., Sec. 5.2.6
Requirement
"In cases where required documentary evidence is not available, the’
associated equipment or materials must be considered nonconforming in M
accordance with Section 5.2.14. Until suitable documentary evidenceis
available to show the equipment or material is in conformance, affected
systems shall be considered to be inoperable and reliance shall not be
placed on such systems to fulfill their intended safety functions."

Exception/Interpretation
I8MECo initiates appropriate corrective action when it is discovered that
documentary evidence does not exist for a test or inspection which is a

requirement to verify equipment acceptability. This action includes a
technical evaluation of the equipment's operability status.

2i. Sec. 5.2.8

Requirement
"A surveillance testing and inspection program . . . shall include the
establishment of a master surveillance schedule reflecting the status of

all planned in-plant surveillances tests and inspections.”

(]
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Exception/Interpretation
Separate master schedules may exist for different programs such as ISI,
pump and valve testing and Technical Specification surveillance testing.

Sec. 5.2.13.1

Requirement

"To the extent necessary, procurement documents shall require suppliers
to provide a Quality Assurance Program consistent with the pertinent
requirements of ANSI N45.2 - 1971."

Exception/Interpretation

To the extent necessary, procurement documents require that the supplier
has a documented Quality Assurance Program consistent with the pertinent
requirements of 10CFR50, Appendix B; ANSI N45.2; or other nationally
recognized codes and standards.

Sec. 5.2.13.2

Requirement

ANST N18.7 and N45.2.13 specify that where required by code, regulétion,
or contract, documentary evidence that items conform to procurement
requirements shall be available at the nuclear power plant site prior to
installation or use of such items.

Exception/Interpretation

The required documentary evidence is available at the site prior to use,
but not necessarily prior to installation. This allows installation to
proceed while any missing documents are being obtained, but precludes
dependence on the item for safety purposes.

Sec. 5.2.16

Requirement
Records shall be made and equipment suitably marked to indicate cali-

brdation status.

Exception/Interpretation
See Item 6b.
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Sec. 5.3.5(4)

Requirement

This section requires that where sections of documents such as vendor
manuals, operating and maintenance instructions or drawings are incor-
porated directly or by reference into a maintenance procedure, they shall
receive the same level of review and approval as operating procedures.

Exception/Interpretation

Such documents are rgviewed by appropriately qualified personnel prior to
use to ensure that, when used as instructions, they provide proper and
adequate information to ensure the required quality of work. Maintenance
procedures which reference these documents receive the same level of
review and approval as operating procedures.

N45.2.1,

Sec. 2

Requirement

N45.2.1 establishes criteria for classifying items into "cleanness
levels”, and requires that items be so classified.

_ Exception/Interpretation

Instead of using the cleanness level classification system of N45.2.1,
the required cleanness for specific items and activities is addressed on
a case-by-case basis.

Cleanness is maintained, consistent with the work being performed, so as
to prevent the introduction of foreign material. As a minimum, cleanness
inspections are performed prior to closure of "nuclear" systems and
equipment. Such inspections are documented.

Sec. 5

Requirement
"Fitting and tack-welded joints (which will not be immediately sealed by
welding) shall be wrapped with polyethylene or other nonhalogenated

plastic film until the welds can be completed.”
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Exception/Interpretation

I&MECo sometimes uses other nonhalogenated material, compat1b1e with the
parent material, since plastic film is subject to damage and does not
always provide adequate protection.

N45.2.2, General

Requirement 5

N45.2.2 establishes requirements and criteria for classifying safety
related items into protection levels.

Exception/Interpretation

Instead of classifying safety related items into protection levels,
controls over the packaging, shipping, handling and storage of such items
are established on a case-by-case basis with due regard for the item's
complexity, use and sensitivity to damage. Prior to installation or use,
the items are inspected and serviced as necessary to assure that no
damage or deterioration exists which could affect their function.

Sec. 3.9 and Appendix A3.9
Requirement
"The item and the outside of containers shall be marked."

(Further criteria for marking and tagging are given in the Appendix.)

Exception/Interpretation

These requirements were originally written for items packaged and shipped
to construction projects. Full compliance is not always necessary in the
case of items shipped to operating plants and may, in some cases, increase
the probability of damage to the item. The requirements are implemented
to the extent necessary to assure traceability and integrity of the item.

Sec. 5.2.2

Requirement
"Receiving inspections shall be performed in an area equivalent to the

level of storage."
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4c.

4d.

de.

Exception/Interpretation

Receiving inspection area environmental controls may be less stringent
than storage environmental requirements for an item. However, such
inspections are performed in a manner and in an environment which do not
endanger the required quality of the item.

Sec. 6.2.4

Requirement

"The use or storage of food, drinks and salt tablet dispensers in any
storage area shall not be permitted.”

Exception/Interpretation .

Packaged food for emergency or extended overtime use may be stored in
material stock rooms. The packaging assures that materials are not
contaminated. Food will not be "used" in these areas.

Sec. 6.3.4

Requirement

"AT1l items and their containers shall be plainly marked so that they are
easily identified without excessive handling or unnecessary opening of
crates and boxes." )

Exception/Interpretation
See N45.2.2, Section 3.9 (Exception 4b.).

Sec. 6.4.1

Requirement

"Inspections and examinations shall be performed and documented on a
periodic basis to assure that the integrity of the item and its container
. . . is being maintained."

Exception/Interpretation )

The requirement implies that all inspections and examinations of items in
storage are to be performed on the same schedule. Instead, the inspec-
tions and examinations are performed in accordance with material storage
procedures which identify the characteristics to be inspected and include
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the required frequencies. These procedures are based on technical
considerations which recognize that inspections and frequencies needed
vary from item to item.

N45.2.3,

Sec. 2.1

Requirement

Cleanness requirements for housekeeping activities shall be established
on the basis of five zone designations.

Exception/Interpretation

Instead of the five-level zone designation system-referenced in ANSI
N45.2.3, I&MECo bases its controls over housekeepipg‘activities on a
ponsideration of what is necessary and appropriate for the activity
involved. The controls are effected through procedures or instructions.
Factors considered in developing the procedures and instructions include
cleanliness control, personnel safety, fire prevention and protection,
radiation control and security. The procedures and instructions make use
of standard janitorial and work practices to the extent possible.
However, in preparing these procedures, consideration is also given to
the recommendations of Section 2.1 of ANSI N45.2.3.

N45.2.4,

Sec. 2.2

Requirement

Section 2.2 establishes prerequisites which must be met before the
installation, inspections and testing of instrumentation and electrical
equipment may proceed. These prerequisites include personnel qualifi-
cation, control of design, conforming and protected materials and
availability of specified documents.

Exception/Interpretation . '
During the operations phase, this requirement is considered to be appli-
cable to modifications and initial start-up of electrical equipment. For
routine or periodic inspection and testing, the prerequisite conditions
will be achieved as necessary.
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Sec. 6.2.1

Requirement
"Items requiring calibration shall be tagged or labeled on compietion,

indicating date of calibration and identity of person that performed
calibration."

Exception/Interpretation

Frequently, physical size and/or location of installed plant instrumenta-
tion precludes attachment of calibration labels or tags. Instead, each
jnstrument is uniquely identified and is traceable to its calibration
record. '

A scheduled calibration program assures that each instrument's
calibration is current. ‘

N45.2.5,

Sec. 2.5.2

Requirement ,

"When discrepancies, malfunctions or inaccuracies in inspection and
testing equipment are found during calibration, all items inspected with
that equipment since the last previous calibration shall be considered
unacceptable until an evaluation has been made by the responsible author-
ity and appropriate action taken.

Excéption/lnterpretation

1&MECo uses the requirements of N18.7, Section 5.2.16, rather than
N45.2.5, Section 2.5.2. The N18.7 requirements are more applicable to an
operating plant.

Sec. 5.4

Requirement

"Hand torque wrenches used for inspection shall be controlled and must be
calibrated at least weekly and more often if deemed necessary. Impact
torque wrenches used for inspection must be calibrated at least twice
daily." ’
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Exception/Interpretation

Torque wrenches are controlied as measuring and test equipment in accor-
dance with ANSI N18.7, Section 5.2.16. Calibration intervals are based
on use and calibration history rather than as per N45.2.5.

N45.2.6, Sec., 1.2

Requirement

"The requirements of this standard apply to personnel who perform inspec-
tions, examinations and tests during fabrication prior to or during
receipt of items at the construction site, during construction, during
preoperational and start-up testing and during operational phases of
nuclear power plants.”

Exception/Interpretation

Personnel participating in testing who take data or make observations,
where special training is not required to perform this function, need not
be qualified in accordance with ANSI N45.2.6 but need 6n1y be trained to
the extent necessary to perform the assigned function.

Reg, Guide 1.58 - General

Requirement
Qualification of nuclear power plant inspection, examination and testing

personnel.

C.2.6

Requirement

Regulatory Guide 1.58 endorses the guidelines of SNT-TC-1A as an accep-
table method of training and certifying personnel conducting leak tests.

Exception/Interpretation‘

I&MECo takes the position that the "Level" designation guidelines as
recommended in SNT-TC-1A, paragraph 4 .do not necessarily assure adequate
leak test capability. I&MECo maintains that departmental supervisors are
best able to judge whether engineers and other personnel are qualified to
direct and/or perform leak tests. Therefore, I&MECo does not implement
the recommended "Level" designation guidelines.
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It is I&MECo's opinion that the training guidelines of SNT-TC-1A, Table \m
I-G, paragraph 5.2 specifically are oriented towards the basic physics

involved in leak testing, and further, towards individuals who are not

graduate engineers. I&MECo maintains that it meets the essence of these
training guidelines. The preparation of leak test procedures and the

conduct of leak tests at Cook Plant is under the direct supervisor of
Performance Engineers who hold engineering degrees from accredited

" engineering schools. The basic physics of leak testing have been incor-

porated into the applicable test procedures. The review and approval of
the data obtained from leak tests is pérformed by department supervisors
who are also graduate engineers.

I&MECo does recognize the need to assure that individuals involved in

leak tests are fully cognizant of leak test procedural requirements and
thoroughly familiar with the test equipment involved. Plant performance
engineers receive routing, informal orientation on testing programs, to

ensure that these individuals fully understand the requirements of

performing a leak test. ‘llb

¢5, C6, C7, C8, C10
Exception/Interpretation

1&MECo takes the position-that the classification of inspection, exami-
nation and test personnel (inspection personnel) into "Levels" based on
the requirements stated in Section 3.0 of ANSI N45.2.6 does not neces-
sarily assure adequate inspection capability. I&MECo maintains that
departmental and first line supervisors are best able to judge the
inspection capability of the personnel under their supervision, and that
"Jevel" classification would require an overly burdensome administrative
work load, could inhibit 1n§pect1on activities and provides no assurance
of inspection capabilities. Therefore, I&MECo does not implement the
"jevel classification" concept for inspection, examination and test
personnel.

The methodology under which inspections, examinations and tests are

conducted at the Donald C. Cook Nuclear Plant requires the involvement of IWN]
first line supervisors, engineering personnel, departmental supervisors
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and plant management. In essence, the last seven (7) project functions
shown in Table 1 to ANSI N45.2.6 are assigned to supervisory and
engineering personnel and not to personnel of the inspector category.
These management supervisory and engineering personnel, as a minimum,
meet the educational and experience requirements of "Level II and Level
I1I" personnel, as required, to meet the criteria of ANSI 18.1 which
exceeds those of ANSI N45.2.6. 1In I&MECo's opinion, no useful purpose is
served by classification of management, supervisory and engineering
personnel into "Levels."

Therefore, I&MECo takes the following positions relative to regulatory
_ positions C5, 6, 7, 8 and 10 of Regulatory Guide 1,58.

C-5 Based on the discussion in B.1 above, this position is not appli-
cable to the Donald C. Cook Nuclear Plant.

C-6 Replacement personnel for Donald C. Cook Nuclear Plant management,
supervisory and engineering positions subject to ANSI 18.1 will meet
the educational and experience requirements of ANSI 18.1 and there-
fore those of ANSI N45.2.6.

Replacement inspection personnel will, as a minimum, meet the
educational and experienée requirements of ANSI N45.2.6, Section
3.5.1 - "Level I".

C-7 1I&MECo, as a general practice, complies with the training recommen-
dations as set forth in this regulatory position.

C-8 A1l I&MECo inspection, examination and test personnel are instructed
in the normal course of employee training in radiation protection
and the means to minimize radiation dose exposure.

C-10 IZMECo maintains documentation to show that inspection personnel
meet the minimum requirements of "Level I" and that management,
supervisory and engineering personnel meet the minimum requirements
of ANSI 18.1.
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N45.2.8, m

Sec. 2.9

Requirement

Section 2.9e of N45.2.8 lists documents relating to the specific stage of
installation activity which are to be available at the construction site.

Exception/Interpretation

A11 of the documents listed are not necessarily required at the construc-
tion site for installation and testing. AEPSC and I&MECo assure that
they are available to the site as necessary.

Sec. 2.9e

Requirement
Evidence that engineering or design changes are documented and approved

shall be available at the construction site prior to instaliation.

Exceptioﬁ/lnterpretation

Equipment may be installed before final approval of engineering or design (ﬂm
changes. However, the system is not placed into service until such

changes are documented and approved.

Sec, 4.5.1

Requirement

"Installed systems and components shall be cleaned, flushed and condi-
tioned according to the requiremen%s of ANSI N45.2.1. Special considera-
tion shall be given to the following requiremenfs: « « « " (Reguirements
are given for chemical conditioning, flushing and process controls.)

Exception/Interpretation

Systems and components are cleaned, flushed and conditioned as determined
on a case-by-case basis. Measures are taken to help preclude the need:
for cleaning, flushing and conditioning through good practices during
maintenance or modification activities.

@
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11a.

11b.

11c.

APPENDIX B

N45.2.9

Sec. 5.4, Item 2

Requirement -

Records shall not be stored loosely. "They shall be firmly attached in
binders or placed in folders or envelopes for storage on shelving in
containers.”" Steel file cabinets are preferred.

Exception/Interpretation

Records are suitably stored in steel file cabinets or on shelving in
containers. Methods other than binders, folders, or envelopes (for

example, dividers) may be used to organize the records for storage.

Sec. 6.2

Requirement .

"A 1ist shall be maintained designating those personnel who shall have
access to the files". '

Exception/Interpretation

Rules are established governing access to and control of files as pro-
vided for in ANSI N45.2.9, Section 5.3, Item 5. These rules do not
always include a requirement for a list of personnel who are authorized
access. It should be noted that duplicate files and/or microforms may
exist for general use.

Sec. 5.6

Requirement .

When a single records storage facility is maintained, at least the
following features should be considered in its construction: etc.

Exception/Interpretation

The Donald C. Cook Nuclear Plant Master File Room and other off-site
record storage facilities comply with the requirements of NUREG-0800
(7/81), Section 17.1.17.4. "
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12a.

12b.

13.
13a.

APPENDIX B

Reg. Guide 1.144,

Sec C3a(2)

Requirement

Applicable elements of an organization's Quality Assurance Program for
"design and construction phase activities should be audited at least
annually or at least once within the Tife of the activity, whichever is
shorter.,"

Exception/Interpretation

Since most modifications are straight forward, they are not audited
individually. Instead, selected controls over modifications are audited
periodically.

Sec. C3b(1)

Requirement
This section identifies procurement contracts which are exempted from

being audited.

Exception/Interpretation
In addition to the exemptions of Reg. Guide 1.144, AEPSC/I&MECo considers
that the National Bureau of Standards or other State and Federal Agencies

which may provide services to AEPSC/I&MECo are not required to be audited.

N45.2.13,

Sec. 3.2.2

Requirement

N45.2.13 requires that technical requirements be specified in procurement
documents by reference to technical requirement documents. Technical
requirement documents are to be prepared, reviewed and released under the
requirements established by ANSI N45.2.11.

Exception/Interpretation

For replacement parts and materials, AEPSC/I&MECo follow ANSI N18.7,
Section 5.2.13, Subitem 1, which states: "Where the original item or
part is found to be commercially 'off the shelf' or without specifically

1.7.8-112 " July, 1986

{m




13b.

13c.

13d.

APPENDIX B

jdentified QA requirements, spare and replacement parts may be similarly
procured, but care shall be exercised to ensure at least equivalent
performance.,"

Sec. 3.3.2

Requirement .

"procurement documents shall require that the supplier have a documented
Quality Assurance Program that implements parts or all of ANSI N45.2 as
well as applicable Quality Assurance Program requirements of other
nationally recognized codes and standards."”

Exception/Interpretation
Refer to. Item 2j.

Sec., 3.3(a)

Requirement

Reviews of procurement documents shall be performed prior to release for
bid and contract award.

Exception/Interpretation

Documents may be released for bid or contract award before completing the
necessary reviews. However, these reviews are completed before the item
or service is put into service, or before work has progressed beyond the
point where it would be impractical to reverse the action taken.

Sec. 3.3(b)

Requirement

Review of changes to procurement documents shall be performed prior to
release for bid and contract award.

Exception/Interpretation

This requirement applies only to quality related changes (i.e., changes
to the procurement document provisions identified in ANSI N18.7, Section
5.2.13.1, Subitems 1 through 5). The timing of reviews will be the same
as for review of the original procurement documents.
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14.
14a.

14b.

APPENDIX B

Sec. 10.1

Requirement ]
"Where required by code, regulation, or contract requirement, documentar
evidence that items conform to procurement documents shall be available
at the nuclear power plant site prior to installation or use of such
items, regardless of acceptance methods."

Exception/Interpretation
Refer to Item 2j.

Requirement
npost-installation test requirements and acceptance documentation shall

be mutually established by the purchaser and supplier."”

Exception/Interpretation

In exercising its ultimate responsibility for its Quality Assurance
Program, AEPSC/I&MECo establishes post-insta]latidn test requirements
giving due consideration to supplier recommendations.

Reg. Guide 1.58/ANSI N45.2.23 and ANSI N45.2.2.12

ANST N45,2.23, Sec. 1.1

Requirement )

This standard provides requirements and guidance for the qualification of
audit team leaders, henceforth identified as "Lead Auditors".

ANSI N45.2.12, Sec. 4.2.2

Requirement
A Lead Auditor shall be appointed team leader.

Exception/Interpretation

The AEPSC audit program is directed by the AEPSC Manager of QA who is a
qualified lead auditor; and is administered by designated QA Department
Section Managers who are also qualified lead auditors.
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APPENDIX B

Audits are, in most cases, conducted by individual auditors, not by
raudit teams". These auditors are qualified by established procedures
and are assigned by the responsible QA Section Manager based on their
demonstrated audit capability and general knowledge of the audit subject.
In certain cases, this results in an individual other than a "lead
auditor" conducting the actual audit function. '

Established AEPSC audit proceaures require that, in all cases, the audit
functions of preparation/organization, reporting of audit findings and
evaluation of corrective actions be reviewed by QA Department Section
Managers, thereby meeting the requirements of ANSI N45.2.23°relative to
"Lead Auditors", and "Audit Team Leaders".
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The inland satellite and the beach satellite are also no longer in

operation.

New Meteorological Instruments

The current meteorological instrumentation is located east of the plant
on the microwave tower. The tower contains the following redundant

instrumentation:

180 ft. level - Temperature Sensors
150 ft. level - Wind Speed and Direction Sensors
50 ft. level - Wind Speed and Direction Sensors

30 ft. level - Temperature Sensors,

Additionally, a Dew Point and Precipitation Sensor are provided. This
instrumentation provides readouts in both control rooms, and the data is

recorded in Unit 1 control room.

The base USGS elevation of the microwave tower is 735'-0",

Special Studies

Phenomena having relatively long recurrence intervals, such as tornadoes
and ice storms, in the area cannot be studied directly ‘from site obser-
vations and estimates have been derived from special reports.(l, 2, 3,
4)

Analysis

The meteorological data from the Donald C. Cook Nuclear Plant site
have been abstracted, processed and analyzed on a monthly basis by
Smith-Singer, Meteorologists, Inc. The computer output from which
the analysis is made is too extensive to include as a part of this
report.» The summaries given here are derived from it. Table 2.2-1

is a sample of the original hourly records in the computer data file.
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2.2.2 GENERAL METEOROLOGY

Southwestern Michigan is typical of the northern lake regions of the
United States in most respects. The flat terrain and the frequent
passage of well-developed extra-tropical storms create a consistently
strong wind flow, as well as rapid changes in both dispersion conditions
and wind direction. Some of the meteorological statistics are useful
primarily for general planning of the facilities and are therefore
reported with a minimum of description. Other data are important in

the assessment of safety and these are discussed fully. ,
Temperatures, Precipitation, Humidity and Barometric Pressure
These elements are largely of value in the general engineering design.

The temperature and precipitation data reported in Tables 2.2-2 and 3

have been obtained from the plant site.

High Winds

Strong winds are the most important meteorological hazard to the
faciliéies. The region is frequented by relatively strong, gusty winds,
usually accompanying the passage of squall lines or thunderstorms and
the maximum wind associated with these phenomena is 90 mph on a 100 year

recurrency interval.

The tornado presents a very specialized type of hazard involving both

violent winds and extremely large, rapid changes in barometric pressure.

The storms are small, unpredictable in detail and rather infrequent,
but they undoubtedly represent one of the few environmental factors
that could, if ignored in plant design, inflict direct major damage

on the facility. Typically, the tornado is a narrow funnel, often

only a few hundred yards wide, in which winds may briefly reach 300 mph.

Almost instantaneous changes in barometric pressure occur, reaching
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3 inches of mercury and causing explosion of vulnerable structures. cot

|
\
|

Because of the severity of the phenomena, very few reliable measurements

of tornado intensities exist. It is therefore difficult to dissociate

wind and pressure effects, but the estimates ‘given above are considered

fairly reliable maximum values. This portion of Michigan has a signifi-

cant tornado” probability, as is apparent in the map shown in

Figure 2.2-2. The 1° latitude-lopgitude square containing Benton

Harbor has had 13 tornadoes between 1916 and 1961 while some sectors

in states to the southwest have had 70 to 90. This frequency of occur-

rence’ can be translated (after Thom)(3) into a probability of a tornado

affecting the site once in 1042 'years.

Ice Storms

Far less destructive, but ‘far more probable, are the ice storms that
frequent the north central states. Michigan lies in the belt where
such storms are common and in the years from 1898 to 1965, 33 signifi-
cant ice storms have been reported in this area. .

r

2,2.3 DISPERSION METEOROLOGY -

The micrometeorology of thé site seems fairly typical of the northern
lake regions. The sand dunes in the immediate vicinity cause some
aberration of wind flow at low levels for short distances but, in
general, the wind is vigorous, turbulent and uncomplicated over the
entire area. The thermal stability shows approximately the seasonal
variation expected close to large lakes, exhibiting almost no stable
cases during the winter months, contrasted with a slightly greater
frequency in inversions in the late sprihg and summer when the air
temperature is usually warmer than that of the lake surface. Even in
the least favorable month, however, the inversion frequency is only 22%.
There are almost no instances in which stable lapse rates are accompanied

-

by winds toward the heavily populated Chicago area.

4
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Purbulence Classifications

It is helpful in studies of dispersion climatology to have a single
parameter indicative of the general turbulence to sexrve as a reference.
Neither thermal stability nor wind speed can be used alone as such an
indicator, although both are closely related to turbulence, but a
qualitative classification can be made directly from the 200 ft. level
on the tower. ) .

The four turbulence classes employed in this analysis follow closely the
system developed and used extensively by Smith and Singer. The classifi-
cation is defined in Figure 2.2-3 together with sample wind direction
traces. @éble 2.2-4 shows the distribution of the four turbulence
classes on a monthly and an annual basis. Indiwvidual monthiy vari-
ations among the three years were small, and the overall sdmmary is

a good representation of the typical distribution.

It is important to relate the turbulence classes to other parameters
representing the atmospheric dispexsive capacity of the site. The most
direct and significant relationship is developed from the fluctuations
of a bi-directional wind vane. Perhabs the most convincing evidence of
the strength and turbulence of the wind flow is the fact that the bivane
installed on the 200~foot meteorological towexr has been continually
damaged by the continuous exposure. Howeveyr, some early bivane data,
have been collected and analyzed. The bivane was removed from service

ip,eariy 1969.

The turbulence classes can be compared to the lapse rate and wind speed

distributions and this has been done. -

From Table 2.2-4 it is seen that the typical daytime turbulence

(Class II) dominates the distribution throughout the year, accounting

fér 81% of all hours and never occurring less than 70% of the time in

any month. The surprisingly sm911 frequency of stable (Class IV) con-

ditions which was noted in the PSAR is apparently a genuine feature of
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the site, since its annual average occurrence is only 7% of the total.
The most marked tendency for stable conditions occurs in the sumher
when the general wind £1l6w in the area becomes relatively light.
There is a tendency for an increase in the nuﬁber of stable hours -
during the spring, when the lake water is cold compared to the air

temperature, but it is not especially'marked.

Lapse Rates ' ’ - .
The temperature lapse rates between the 200 and 50~foot levels on the
main tower are summarized in Table 2.2-5. Most of the months shown
represent two years of data rather than three because of malfunctions
of the instrumentation at certain times, but the data given are a fair

approximation of the thermal stability.

A difference is noted between the turbulence class data of Table 2.2-4
and the stability as represented by the lapse rates in Table 2.2-5,
Approximately 20% of the hours of Table 2.2-5 have'inveréions; whereas
only 7% of the turbulence class data appear to be stable. The. -
difference is in part attributable to difficulties with the instru-
mentation, but it probably also has to do with the possibility of L
having significant turbulence with slightly positive lapse .rates, if
the wind speed is sérong and the terrain rough. :since the ‘turbulence
élass measurement is a direct indication of the fluctuation of a wind
inSfrdment, we consider it to be a more reliable measure of turbulence.

.
P

Turbulence Classes in Association with Lapse Rates and Wind-Speeds

Tables 2.2-6 through 10 summarize the relationship among lapse rates,

wind speeds and turbulence classes, as well as providing an overall

view of the wind speed and lapse rate distriputions.

.
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Turbulence Class I represents a very small percentage of the total

observational period, as has been noted in Table 2.2-4, and it clearly

is related to unstable‘lapse rates. Turbulence Class II (Table 2.2-7)

is also primarily related to unstable lapse rates, but a significant
portioh of the cases are associatedmwith stable lapse rates and strong
wind speeds. The stormy conditions are represented‘by Class IXII, with
most of the cases in Table 2.2-8 appearing in conjunction with high
winds. The Class IV condition has an unusually wide scatter iﬁ its )
relation with both winds and lapse rates. Many, but by no means the ‘
majority, of the cases are found with inverxsions (Table 2.2-9) but light
winds and instability also account for a number of Class IV types. This
association is almost certainly a result of the flow direction from the
lake, which can be lacking in turbulence if the winds are light and the
lake surface reasonably calm.

Table 2.2-10 summarized the relation between lapse rates and wind speeds
for all hours, regardless of turbulence class. ’The remarkable feature.
of the table is the wind distribution. Thirty-four percent of the winds
at the 200-foot level exceed 18 mph, and only 3% fall into the 0-3 mph
category. The lapse rate distribution, as has been noted earlier, is
not especially unusuai for a site with such strong winds. One notes
some difference in the total percentages within lapse rate groups
between Table 2.2-5 and Table 2.2-10. This results from the inclusion !
of all h&urs having acceptable lapse rate data in the former, whereas ‘
only those hours with both good wind and lapse rate data are included
in Table 2.2-10.

Wind Direction and Speed Distributions

There are many systems of summarizing wind data for a study of site
dispersion characteristics, but the key questions are usually defined as
the most érobable annual dose rxates from the small quantities of gaseous
effluents released in normal operation and estimation of the least

favorable conditions that might follow an accident. 1In the following

»
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sections, tabular data are presented that can be translated directly

in terms of these two questions, but illustrative material is also

included to provide a clearer picture of the site characteristics.

Wind Rose Associated with Turbulence Classes

Figures 2.2-4 through 18 comprise a series of annual wind roses arranged

in accordance with turbulence classes for the 200 and 50-foot height on '

the tower and for the inland satellite location. They are plotted as
the percentage of all hours observed and they are arranged in consecu-

tive sets of three according to turbulence class. .

Turbulence Class I

Figures 2.2-4, 5 and 6 are the Class I wind roses for the 200-foot,
50~-foot and inland satellite locations, respectively. They are note-
worthy only in that the percentage of such cases is very small and

that the prominent wind directions are S and SE.

Turbulence Class II

The wind roses for this classification deserve somewhat more detailed

attention, since this turbulence regime represents 80% of allehours.
At all three locations (Figures 2.2-7, 8 and 9) the wind direction
distributions are marked in the variety of directions represented.
Peaks are noted from the NNW, WNW, and SSW and only the NE direction
sector is relatively negiected. The peaks in the distribution are
not outstanding, however, generally ranging from 3 to 4% in 10-degree
intervals from the most prominent direction sectors. It is also
noteworthy that the mean wind speeds are high (14 and 9 mph at the 200
and Satellite positions). The mean speed at the 50-foot location is
surprisingly low and this situation is discussed in detail in section

titled "Tabulation of Wind Directions and Speeds" below.

y *
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Turbulénce Class IIT

As with Class I, the figures representing these cases (Figures 2.2-10 I

through 12) include a small percentage of the overall hours and are
primarily associated with S to SE winds.

Turbulence Class IV

Tﬁe Class IV roses (Figures 2.2~13, 14 and 15) also represent a small
percentage of the hours, but they are more significant because of the
relatively poor dispersion conditions associated with the classifi- .
cation. At all of the locétions, the distributions are surprisingly
uniform, with most direction sectors being approximately %% of the
hours. and the peaks reaching 1 to 1k%s.

All Classes
The last three figures of this series ‘(Figures .2.2-16 through 18)
include all hours and they are essentially similar to the Class II - »

cases of which they ére largely comprised.

Seasonal Variations

There is considerable seasonal variability in the wind roses, but
nothing that is exceptionally significant from the point of view of
dispersion problems. The overall wind rose data from the 200-foot
level provides a typical picture of this variability. Figures 2.2~19
through 22 show the patterns for the four seasons. The winter rose
(Figure 2.2-19) is quite varied with erratic peaks from several
directions. The spring pattern is much more definite, Figure 2.2-20
showing a clear preference for NNW and SSE directions. The summer
rose has the most pronounced pattern, with more than 6% in each of
the‘sectors from 190 to 210 degrees. The fall wipd rose has a
tendency to reflect more easterly components than‘any of Fhe others,
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with SE and NE prominently represented, as well as a single prominent
peak from N.

Tabulation of Wind Directions and Speeds

The listing of wind speeds and directions by turbulence classes for
direct use in the estimation of anual dose rates or concentration
patterns from the small quantities of gaseous effluents released in
normal operation is accomplished in Tables 2. 2-11 through 18. The
first four reflect the 200-foot wind dlstrlbutlons and the last four
were derived from the inland satelllte. The latter was used in
preference to the 50-foot level on the main towex because of the
restrictive influence of the dunes and vegetatlon on the flow through
the lower levels of the tower. These tables are self-explanatory and
simply document conclusions that are noted in other sections of this

meteorology report.

Tables 2.2-19 through 28 are similar listings for the on-site beach
instrument, arranged so that one can examine the complete patterns on a
monthly basis, during each of the months that the equipment has been in
operation so far. 1In these tables the Class IV hours ‘are contrasted

to the overall hourly data.

Representativeness of the Wind Speeds

After the original main tower installation and inland satellite had
been in operation for the first full year, it became.eviéent“that there
was some tendency for restriction of the low-level wind speeds as
exemplified by the 50-foot level on the ‘tower. In particular, it was
noted that the mean winds at the 50~foot level were much lower than
those at the inland satelllte, which are actually closer to the ground
surface. Table 2.2-29 shows the problem very clearly: the wind speeds
at the 50-foot level are significantly lower than those ‘at the satel-
lite in all but the stable, Class IV turbulence. Fuxthemmore, compari-
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son of the 50-foot speeds with those obtained from the 200-foot

instrument indicated an unreasonably rapid increase of wind speed with M 1

height, whereas comparison between the satellite and the 200-foot levels

were more in accord with typical results.

This restriction apparently was associated with the vegetation nearby

and with the rugged dune structure. Since the terrain was being altered
locally for construction purposes, it was felt that a wind instrument
located nearer the beach would be more representative and the 50-foot
Aexovane on the iﬁland satellite was moved to the location shown on

the plot plan in Chapter 1 in the Spring of 1969.. The instrument was
replaced by a RAIM Associates cup and vane in December i969 to provide
greater sensitivity and accuracy at low speeds. The beach sateilite :

is no longer in operation.

Onshore Winds During Stable Conditions

»

An important factor in safety analyses is the frequency of onshore winds
accompanied by stable atmospheric conditions and the speed of such winds »

when such a condition occurs.

The data from the beach instrument are worth reviewing from this
standpoint. In Table 2.2-30, the freqﬁency of onshore winds associated
with Class IV turbulence is presented for the five months in which the
beach instrument has been operating satisfactorily. The aata are
furthef broken down according to wind speed in the 0-3 mph class and
those exceeding 3 mph. "Onshore" is defined as any wind ranging from

180-010 degrees on the westerly side of the compass rose.

Except for the month of August, 1969, in which Class IV turbulence
was common, the combination of onshore winds of low speeds in stable
conditions is very unusual. Based on the data obtained so far, one

would anticipate an annual freqgency of occurrence of less than 1%.

>
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Wind Steadiness ’

An analys%s of the wind steadiness (its tenéeﬁcy to remain nearly fixed
ip direction over extended pefiods, as defined by Singers) is presented
ih Table 2.2-31. Essentlally, the tabulated data 1nd1cate how fre-
quently one would antic1pate nearly steady wind directions to occur for .
varying lengths of time. Considering any sort of dispersion condition
(shown in the upper portion of the table) one would expect perlods of
24 hours with almost invariant w1nds to occur about once a year, but
steady winds lasting as long as 8 consecutive days should not occur
more than once in 80 years. Of more direct significance to safety
evaluation is the combination of steady winds and stable conditions
(Class IV turbulence) given in the lower section. It appears that

such conditions might occur for as long as 24 hours every three years
or so, but two consecutive days of stable, steady winds would be most

unlikely.

Dispersion Parameters

The bivane installation at 150 feet on the tower was originally planned
as the primary indicator of the horizontal and vertical dispersion
parameters. Unfortunately, as has been true in many similar instal-
lations, this piece of equipment is not adapted to routine sexvice of
any kind, especially in rigorous climates and it was in operation
infrequently. Consequently, the dispersion parameters in Table 2.2-32
are derived partially from the Aerovane regords of wind direction range
and partially from general considerations of mid-latitude dispersion.
The main contribution from the bivane was the suggestion that the
vertical motion in the vicinity of the dunes is more vigorous than it
would be over flat terrain and the expressions of az in the stable case
indicate this. The contribution of Gy and 6z for Class IV gives results

very close to Pasquill F within the first kilometer from the source.

»
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Atmospheric Pressure

One of the special studies completed during the course of the
investigation is included in this report because of particular interest
in the subject. This is the review of hourly changes in atmospheric
pressure obtained from the aneroid that was included in the facility.
Table 2.2-33 shows that the vast majority of the‘hours have net changes
ranging from -.15 to +.15 inches, with a few scattered cases having
larger rates of change. It is true that much higher rates of change

may occur for a few minutes during an hour, but they do not persist.

A
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Turbulence Class III

As with Class I, the figures representing these cases (Figures 2.2-10
through 12) include a small percentage of the overall hours and are

primarily associated with S to SE winds.

Turbulence Class IV

The Class IV roses (Figures 2.2-13,°14 and 15) also represent a small
percentage of the hours, but they arelmore significant because of the
relatively poor dispersion conditions associated with the classifi-

cation. At all of the locations, the distributions are surprisingly
uniform, with most direction sectors being approximateiy 1/2% of the

hours and the peaks reaching 1 to 1 1/2%.

All Classes .

The last three figures of this series (Figures 2.2-16 through 18)
include all hours and they are essentially similar to the Class II cases

of which they are largely comprised.

Seasonal Variations

There is considerable seasonal variability in the wind roses, but nothing
that is exceptionally significant from the point of view of dispersion
problems. The overall wind rose data from the 200-foot level provides a
typical picture of this variability. Figures 2.2-19 through 22 show the
patterns for the four seasons. The winter rose (Figure 2.2-19) is quite
varied with erratic peaks from several directions. The spring pattern is
much more definite, Figure 2.2-20 showing a clear preference for NNW and
SSE directions. The summer rose has the most pronounced pattern, with
more than 6% in each of the sectors from 190 to 210 degrees. The fall
wind rose has a tendency to reflect more easterly components than any of
the others,
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Wind Steadiness

An analysis of the wind steadiness (its tendency to remain nearly fixed in (m
direction over extended periods, as defined by Singer5) is presented in
Table 2.2-31. Essentially, the tabulated data indicate how fre-

quently one would anticipacé nearly steady wind directions to occur for
varying lengths of time. Considering any sort of dispersion condition
(shown in the upper portioﬁ of the table) one would expect periods of 24
hours with almost invariant winds to occur about once a year, but steady
winds lasting as 1oné as 8 consecutive days should not occur more than
once in 80 years. Of more direct significance to safety evaluation is
the combination of steady winds and stable conditions (Class IV
turbulence) ‘given in the lower section. It appears that such conditions

might occur for as long as 24 hours every three years or so, but two

consecutive days of stable, steady winds would be most unlikely.

Dispersion Parameters

2

The bivane installation at 150 feet on the tower was originally planned as m
the primary indicator of the horizontal and vertical dispersion
parameters. Unfortunately, as has been true in many similar instal-
lations, this piece of equipment is not adapted to routine service of any
kind, especially in rigorous climates and it was in operation
infrequently. Consequently, the dispersion parameters in Table 2.2-32 are
derived partially from the Aerovane records of wind direction range and
partially from general considerations of mid-latitude dispersion. The
main contribution from the bivane was the suggestion that the vertical
motion in the vicinity of the dunes is more vigoxous than it would be over
flat terrain and the expressions of z in the stable case indicate this.
The contribution of 'y and 2z for Class IV gives results very close

to Pasquill F within the first kilometer from the source.
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Turbulence Class I represents a very small percentage of the total
observational period, as has been noted in Table 2.2-4, and it clearlé is
related unstable lapse rates. Turbulence Class II (Tgble 2.2-7) is

also primanly related to unstable lapse rates, but a

gnificant portion
of the cases\are associated with stable lapse rates ajid strong wind
speeds. The stormy conditions are represented by Class III, with most of
ith high winds. The

has an unusually wide scatter /in its relation with both

the cases in Table 2.2-8 appearing in conjunction

winds and lapse ratds. Many, but by no means the majority, of the cases
are found with inversNons (Table 2.2-9) but ljyght winds and iﬁétability

also account for a numbgr of Class IV types./ This association is almost

certainly a result of the\ flow direction fyom the lake, which can be
lacking in turbulence if the winds are light and the lake surface
reasonably calm.

Table 2.2-10 summarized the reldtion/ between lapse rates and wind speeds

for all hours, regardless of turbylence class. The remarkable feature of

the table is the wind distributibn.
0 the 200-foot level exceed 18
category. The lapse rate dj

especially unusual for a

Thirty-four percent of the winds at
h, and only 3% fall into the 0-3 mph

tribution\ as has been noted earlier, is not

te with such\strong winds. One notes some

difference in the total
2.2-5 and Table 2.2-1¢.

having acceptable 1

ercentages withik lapse rate groups between Table

This results from \the inclusion qf all hours

se rate data in the forker, whereas only those hours

with both good wipd and lapse rate data are inkluded in Table 2.2-10,

and Speed Distributions

There are jiany systems of summarizing wind data for\a study of site .
dispersign characteristics, but the key questions are, usually defined as

the mogt probable annual dose rates from the small quaptities of gaseous

efflyents released in normal operation and estimation-of the least

fayorable conditions that might follow an accident. In the following
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with SE and NE prominently represented, as well as a single prominent peak

from N. .

Tabulation of Wind Directions and Speeds

The listing of wind speeds and directions by turbulence classes for direct
use in“the estimation of anual dose rates or concentration patterns from
the small quantities of gaseous effluents released in normal operation is
accomplished in Tables 2.2-11 through 18. The first four reflect the
200-foot wind distributions and the last four were derived from the inland
satellite. The latter was used in preference to the 50-foot level on the
main tower because of the restrictive influence of the dunes and
vegetation on the flow through the lower levels of the tower. These
tables are self-explanatory and simply document conclusions that are noted

in other sections of this meteorology report.

Tables 2.2-19 through 28 are similar listings for the on-site beach

instrument, arranged so that one can examine the complete patterns on a

monthly basis, during each of the months that the equipment has been in m
operation so far. In these tables the Class 1V hours are contrasted to

the overall hourly data,

Representativeness of the Wind Speeds

After the original main tower installation and inland satellite had

been in operation for the first full year, it became evident that there
was some tendency for réstriction of the low-level wind speeds as
exemplified by the 50-foot level on the tower. In particular, it was .
noted that the mean winds at the 50-foot level were much lower than those
at the inland satellite, which are actually closer to the ground surface.
Table 2.2-29 shows the problem very clearly: the wind speeds at the
50-foot level are significantly lower than those at the satellite in all

but the stable, Class IV turbulence. Furthermore, compari-
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Sampling of Food

It is now evident that milk alone provides sufficient control of
terrestrial pathways. kdditional human food materials is not needed
in the program unless radioactive materials othex th;n noble gases,
tritium and iodine are detected in the plant discharges to the
atmosphere. Nevertheless, additional human food crops will be

sampled annually for the purpose of information.

The noble gases do not enter directly into the food chains. Tritium enters l
freely into all food chains; however, since almost all tritium occurs as

tritiated water, it does not concentrate in food pathways as do

other elements. Iodine does concentrate along food pathways and it has

been shown that the air-pasture-cow-milk pathway is critical and that milk

is the best monitoring medium. Lake water is not used for irrigation in

the area. There is, consequently, neither need nor justification for

monitoring human foods other than milk in the terrestial environment, and

fish in the aquatic environment.

All sampling points have been selected on their being representative
of the area and accessible for sampling. Table 2.7-4 describes the
current Environmental monitoring program, as defined in the plant Technical

Specifications.
2.7.3 STABLE ELEMENT STUDIES

The pre-operational phase of the environmental program includes a
study of stable element concentrations in the lake water and in
selected aquatic organisms. The purposes of these measurements are
(1) to put an upper limit on the degree to which radioactive material
discharged from the plant into the lake could be‘concentraCed in human
food taken from the lake, (2) to find critical pathways and the means for
estimating population exposure by these pathways, and (3) to determine
the relationship between the concentration factors in fish (and any other
human foods taken from the lake) to those in aquatic organisms selected
to monitor the water environment.
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The principle involved in these stable element studies is that the m

radioactive isotopes of an element cannot be concentrated more highly

than the corresponding stable isotopes of that element by biological,
chemical or physical processes in the environment. The general form

of these studies is described in the next paragraph.

The radioactive isotopes anticipated in the liquid waste (Table 11.1-5)
are examined, as are the data on similar operating reactors. From
these one obtains a list of the elements which correspond to all the

‘ radioactive isotopes which may contribute to radioactivity in food

| chains. Samples of lake water, edible portions of fish, and possible

! monitor organisms are collected and analyzed for each of the elements

i in the list. The data so obtained give concentration factors from

; “water to fish, and from water to monitor organisms for the stable

elements. Radioactive isotopes of these elements cannot be concen-

trated to factors greater than those for the corresponding stable

elements. «»

2.7.4 MEASUREMENT OF RADIOACTIVITY

The pre-operational phase of the environmental program included the
collection and analysis of samples for radioactivity; the intensity of
the post-operational phase is concerned exclusively with radioactivity
released from the plant. This section describes the equipment and
techniques that are used to collect and analyze environmental samples

for radioactivity.

Direct radiation doses primarily due to radioactive noble gases in the l
environment is measured with thermoluminescent dosimeters. The detection

limit of thermoluminescent dosimeters is 1 to 2 mR per month. This

sensitivity corresponds to 2 to 4 percent of the maximum permissible dose - ’I

to the public from radioactive noble gases.
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BRIDGMAN:

STEVENSVILLE:

GALIEN:

SOUTH BEND:

DOWAGIAC:

TABLE 2.7-3

LOCATTONS OF THE MILK SAMPLING STATIONS

A) INDIGATOR FARMS-

DISTANCE: 4.25 MILE
SECTOR: G
Figure 2.7-2, FARM #Ml

DISTANCE: 4.5 MILE
SECTOR: F
Figure 2.?-2, FARM #M2

DISTANCE: 9 MILE
SECTOR: G
Figure 2.7-2, FARM #M3

B) BACKGROUND FARMS

DISTANCE: 18 MILE
SECTOR: E
Figure 2.7-2, FARM #M4

DISTANCE: 20 MILE
SECTOR: J
Figure 2.7-2, FARM #M5
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Exposure Pathway
And/Or Samples

1. Airborne
a. Radioiodine and
and Particulates

2. Direct Radiation

3. Waterborne
a. Surface

Page 1 of 3

TABIE 2.7-4

RADIOLOGICAL ENVIRONMENTAL MONTTORING PROGRAM

Sample Iocations

Al-A6 (Site)
New Buffalo, South
Bend, Dowagiac, and

Coloma are Background

a) T1-T9 (Site)

b) New Buffalo, South
Bend, Dowagiac,
Coloma

c) 10 TID Monitor
Iocations in the
Five Mile Radius

11, I2, 13

*Composite samples shall be collected by
collecting an aliquot at J.ntexvals not

exceeding 24 hours.

Sampling and
Collection Frecquency

Continuous operation of sampler
with Sample Collection as
required by Dust Loading But at
Ieast Once Per 7 Days

At least once per 92 Days
(Quarterly)

Composite* Sample Over One-
Month Period

Type & Frequency
of Analysis

Radioiodine canister
Analyze: Weekly for
I-131 .

Particulate sample
Gross Beta Radio-
actlv:l.ty follgwmg
Filter Change”,
composite (by loca-
tion) for gamma
isotopic quarterly.

Gamma Dose. At Least
Once Per 92 Days.

Gamma Isotopic
Analysis monthly.
Composite for tritium
analysis-quarterly.
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Exposure Pathway
And/Or Samples

b. Grourd

c. Drinking

d. Sediment from
Shoreline

4. Ingestion
a. Milk

-

TABIE 2.7-4 (Cont'd)

RADTOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

Sa;nnole Iocations

W1-W7

st. Joseph(

B(

Stevensville
Bridgman
Galien

. Dowagiac

South Bend

*Composite samples shall be collected by
collecting an aliquot at intervals not

exceeding 24 hours.

Sampling and
Collection Frecquency

Quarterly

' Composite* Sample

Collected over a Period of

< 31 days

Compos:.te* Sample Over a 2-week
Period if I-131 Analysis is
Performed )

Semi~Annually

At least once per 15 days when
animals are on Pasture. At

Ieast Once Per 31 Days at Other -

Times.

Page 2 of 3

Type & Frequency
of Analysis

Gamma Isotopic and
Tritium analysis
quarterly.

Gross Beta and Gamma
Isotopic Analysis of
each composite sample.
Tritium Analysis of
composite Quarterly.
I-131 analysis on each
composite when the
dose calculated for
the consumption of
the water is greater
than 1 mrem per year.

Gamma Isotopic

Analysis
Semi-Annually.

Gamma Isotopic and
I-131 Analysis of
Each Sample.
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Exposure Pathway
And/Or Samples

b. Fish

c. Food Products

Page 3 of 3

TABLE 2.7-4 (Cont'd)

RADIOLOGICAL ENVIRONMENTAL MONTTORING PROGRAM

Sample Iocations

Plant Site
Off-Site

Plant Site
Off-Site (approx.
20mi) -

Plant Site

Sampling and
Collection Frequency

2/year
(Semi-Annually)

At time of Haxvest. One Sample
of Each of the Following Classes
of Focd Products:

1. Grapes

At time of Harvest. One'sample
of Broad Ieaf Vegetation

3particulate sample filters should be analyzed for gross beta 24
hours or more after sampling to allow for radon and thoron

daughter decay.

If gross beta activity in air or water is greater

than 10 times the yearly mean of control samples for any medium,
gamna isotopic analysis should be performed on the individual samples.

Type & Frequency
of Analysis

Gamma Isotopic
Analysis on Edible
Portion.

Gamma Isotopic

Analysis on Edible
Portion.

Gama Isotopic Analysis
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In conclusion a set of "as built" dimensions were taken to verify
conformance to the design requirements and assure proper fitup
between the reactor internals and the reactor pressure vessel,

~

Fuel Quality Control

Quality‘Control philosophy is generally based‘on the following
inspéctions being performed to a 95% confidence that at least 95% of
the product meets specification, unless otherwise noted, using either
a hypergeometric function with zero defects for small lots or the
latest revision of Mil-105D for large lots. This confidence level
has been based on past experience gained during the manufacturing of
over 400 metric tons of uranium cores. The following inspections

are included:
1) Component Parts

. .All parts received are inspected to a 95/95 confidence level,

The characteristics inspected depend upon the component parts .

and include dimensional and visual checks, audits of test
reports, material certification and non-destructive testing
such as X-ray and ultrasonic. Westinghouse materials pro-
cess and component specifications specify in detail the

inspection to be performed.

All material used in the manufacture of this core has been

accepted and released by Westinghouse Quality Control.

2) Pellets
Inspection is performed to a 95/95 confidence level for the
dimensional characteristics such as diameter, length and

squareness of ends. Additional visual inspections are

performed for cracks, chips and porosity according to
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standards established at the beginning of production. These

standards are based upon standards used in previous cores which
have in turn served as standards for over 50 million pellets
manufactured and used in operating cores. Density is determined

in terms of weight per unit length and is plotted on zone charts

-used in controlling the process. Chemical analyses are taken

on a sample basis throughout pellet production.

Rod Inspection

Rod inspection consists of the following 100% non-destructive
inspection and is based on the experience, specifications,
procedures and standards established on previously manufactured
and operating cores.

a) Leak Testing

Each rod is tested to a known leak rate using mass

spectrometry with helium being the detectable gas.
This is.the system used previously on the leak test
of over 300,000 rods,.

b) X-ray

All fuel rod weld enclosures are X-rayed at O°, 60°

, and
120° using weld correction blocks. X-rays are taken in
accoxdance with ASTM E-142-68, using 2-2T as the basis of

acceptance,
c) Dimensional
All rods are dimensionally inspected prior to final

release and upgrading. The requirements include such

items as length, camber, and visual inspection.
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This ensures that 100 percent of the rod welds have been checked

by several different techniques.

1)

5)

6)

Rod Upgrading

The rods, upon final inspection, are upgraded and avéilable

for fuel assembly loading.

Assembly
Inspection consists of 100 percent inspection of drawing

requirements.
Other Inspection

The following inspection is performed as part of routine

inspection operation:

a) Measurements other than those specified above which are
critical to thermal and hydraulic analyses are obtained
to enable evaluation of manufacturing variations to a

99.5% confidence level.

b) Tool and gauge inspection and control including
standardization to primary and secondary working
standards. Tool inspection is performed at prescribed
intervals on ail serialized tools. Complete records

are kept of calibration and condition of tools.
c) Check audit inspection of all inspection activities and

records to assure that prescribed methods are followed

and that all records are correct and properly maintained.




[}
-
"
v «

d) Surveillance of outside contractors, including abproval
of stgndards and methods is performed where necessary.

However, all final acceptance is based upon inspection

rerformed at the Westinghouse plant,

To prevent the possibility of mixing enrichments during fuel manufacture

and assembly, ‘meticulous process control is-exercised.

The UF6 is received from the DOE diffusion plant in 5000 1lb cylinders.
These cylinders are tagged with the enrichment of the contents. In
addition, samples of the contents are'attached. These samples.are
analyzed by Westinghouse:to verify the énrichment of the contents.
Following verifications, the cylinders are moved to the product;on‘
area, yhere they arg piped‘in to the UF6 to Uo2 conversion process
equipment and thereafter (during the.conversion of the particular
region of the core) remain a permanent part of the process equipment.
Upon completion of this conversion, the UO2 is placed into sealed
containers which are color coded to identify the enrichment of the

contents.

Movement of powder from the conversion area to the pellet production
area can be made by one authorized group only who direct the powder

to the correct pellet production line. All pellet production lines

are physically separated from each other and pellets of only a single
enrichment and deﬁsity are produced in a given production line.

Finished pellets are placed on trays having the same coloxr code as the
powder containers and transferred to segregated storage racks. Physical
barriers prevent mixing of pellets of different densities and enrichments
in this storage area. Unused powdgr and substandard pellets to be repro-

cessed are returned to storage in the original color coded containers.

&
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Loading of the pellets into the cladding is again accomplished in

isolated production lines and again only one density and enrichment

is loaded on a line at a time.

At the time of loading, the top fuel tube end plug identification
character is checked with the density and enrichment identification
of the color code of the pellet storage tray. After each fuel tube
is seal welded, it is given the same color coding as has been carried
zthroughout the previous processes. The fuel tube remains color coded
until just prior to installation in the fuel assembly. The color
coding and end plug identification character provide a cross refer-

ence of the fuel contained in the fuel rods.

At the time of installation into an assembly, the color coding is
removed. After the fuel rods are installed, an inspector verifies
that all fuel rods in an aésembly have the same end plug identi-
fication, and that the top nozzle to be uséd on the assembly carries
the correct identification character describing the fuel enrichment
and density for the core region being fabricated. The top pozzle

identification then becomes the permanent description of the fuel

3
.

contained in the assembly.

Burnable Poison Rod Tests and Inspections

The end plug seal welds are checked for integrity by visual inspection

and X-ray. The finished rods are helium leak checked.
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artificially raised to the design value of FﬂH. Care is taken
in the nuclear design of all fuel cycles and all operating conditions to

ensure that a flatter assembly power distribution does not occur with

. N
limiting values of FAH'

Axial Power Distributions

The shape of the power profile in the axial or vertical direction is
.largely under the control of the operator through manual and autcmatic
motion of full length rods, and by responding to manual operation of the
CVCS. Nuclear effects which cause variations in the axial power shape
include moderator density, Doppler effect on resonance absorption,
spatial xenon, and burnup. Automatically controlled variations in total
power. output and full length rod motion are also important in
determining the axial power shape at any time. Signals are available to
the operator from the excore ion chambers which are long ion chambers
outside the reactor vessel running parallel to the axis of the core.
Separate signals are taken from the top and bottom halves of the
chambers. The difference between top and bottom signals from each pair
of detectors is displayed on the control panel and called the flux
difference, AI. Calculations of the core average peaking factor for
many plants and measurements from operating plants under many operating
situations are associated with either Al or axial offset in such a way
‘that an upper bound can be placed on the peaking factor. For these
correlations, axial offset is defined as:

%~ %
% * %

Axial offset =

where ¢, and ¢, are the top and bottom detector readings.

Representative axial power shapes for 80L and EOL conditions are shown
in Figure 3.3.1-16.
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Limiting Power Distributions

Occurrences which are expected frequently or regularly in the course
of power operation, maintenance, or maneuvering of the plant are
accommodated with qargin between any plant parameter and the value
of that parameter which would require either automatic or manual
protective action. Inasmuch as these occurrences occur frequently
or regularly, they must be considered from the point of view of
affecting the consequences of fault conditions. In this regard,
analysis of each fault condition described is generally based on a
conservative set of initial conditions corresponding to the most

adverse set of conditions which can occur during normal operations.

The list of steady-state and shutdown cdonditions, permissible deviaticns
(such as one cooclant loop out of sexrvice) and operational transients is
given in Chapter 14. Implicit in the definition of normal operation is
proper and timely action by the reactor operator. That is, the operator
follows recommended operating procedures for maintgining appropriate
power distributions and takes any necessary remedial actions when alerted
to do so by the plant instrumentation. Thus, as stated above, the worst
or limiting power distribution which can occur during normal cpération

is io be considered as the starting point for analysis of fault

conditions.

Improper procedural actions or errors by the operator are assumed in
the design as occurrences of moderate frequency. Some of the con-
sequences which might result are discussed in Chapter 14. Therefore,
the limiting power shapes which result from such events, are those
power shapes which deviate from the normal operating condition at the
recoﬁmended axial offset band, e.g., due to lack of proper action by
the operator during a xenon transient following a change in power level
brought about by control rod motion. Power shapes which fall in this
category are used for detexrmination of the Reactor Protection System
set points so as to maintaih margin to overpower the DNB limits.
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Doppler and Power Coefficients

The Doppler coefficient is defined as the change in neutron
"multiplication per degree change in fuel temperature. The coefficient
is obtained by calculating neutron multiplication as a function of
effective fuel temperature(s). The results from initial calculations

are shown in Figure 3.3.1-~16.

In order to know the change in reactivity with power, it is necessary to
know the change in the effective fuel temperature with power, as well as
the Doppler coefficient. It is very difficult to predict the effective
temperature of the fuel using a conventional heat transfer model because
of uncertainties in predicting the behavior of the fuel pellets. .
Therefore, an empirical approach is taken to calculate the power
coefficient, based on operating experience of existing Westinghouse
fueled cores. Figure 3.3.1-17 shows the power coefficient as a

function of power obtained by this method. The results presented

do not include any moderator coefficient éven though the mééerator

temperature changes with power level.

Nuclear Evaluation

The basis for confidence in the procedures and design methods comes
from the comparison of these methods with many experimental. results.
These experiments include criticals performed at the Westinghouse
Reactor Evaluation Center (WREC) and other facilities, and also
measured data from operating power reactors. A summary of the results
and discussion of the agreement between calculated and measured values
is given in other Safety Analysis Reports such as the FSAR for Indian
Point Unit 2, Docket No. 50-247, Section 3.2.1, and the PSAR for

D. C. Cook, Docket No. 50-315-316, Section 3.2.1.

UNIT 1 3.3-25 July, 1985

=



Extensive analyses on the threshold to xenon ,instabilities as a

function of variation in core parameters (power coefficient, etc.) have

been reported in Referxence 4.

3

Finally, verification of design analysis during the startup physics

tests is described in Section 3.3.2.
3.3.2 PHYSICS TESTS

Tests to Confirm Reactor Core Characteristics

A détailed series of startup physics tests were performed from zero
povwer up to and including 100% power. As part of these tests, a series
of core power distribution measurements were made over the entire range
of operation in terms of RCCA configuration and power level by means of
the incore movable detector system. In addition, rod worth, born end-

point, and reactivity coefficient measurements were made.

Within relevant aéceptance criteria, these test results show good
agreement with design predictions(l). To detect and eliminate possible
errors in the calculations of the initial reactivity of the core and

the reactivity depletion rate, the predicted relationship between fuel
burnup and the boron concentration was normglized to accurately reflect
actual core conditions. When full power was initially reached, and with
the control groups in the desired positions, the boron concentration was
measured and the predicted curve was adjusted to this point. As power
operation continued, the measured boron concentration was compared with
the predicted concentration ana the slope of the predicted curve
relating burnup and reactivity was corrected as necessary. This
normalization was completed after about 10 percent of the total core
burnup, has occurred. Thereafter, actual boron concentration was com-
pared with the predicted concentration, and the reactivity prediction of
the core was continuously evaluated. No reactivity anomaly greater<than

one percent was observed.
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In the THINC analysis, the benefit of coolant mixing in all the

subchannels in the hot assembly is considered and a mixing factor of
approximately 0.90 is used to evaluate the enthalpy rise to the point

of minimum DNB ratio.

The above subfactors are combined to obtain the total engineering hot
channel factor for an enthalpy rise of 1.01. The reduction in this
subfactor at nominal operating conditions from a value of 1.075 (PSAR)
was the result of the adaption of é%e THINC code (multi-subchannel
analyses) as a thermal and hydraulic design method. Table 3.4.1-2 is a

tabulation of the design engineering hot channel factors.
Operational Limits:

The above subfactors are incorporated in THINC steady-state and transient
analyses to yield operating limits for the maximum measured value of the
enthalpy rise hot channel factor, ﬁgg For the D. C. Cook Plant

Unit 1 the technical specification limit (for Cycle 7) is:

Fag - 1.51 (1 + 0.2 (1-P)]* (2a)

‘where, P is the ratio of operating power to rated power. The engineering

subfactor EAE

H is incorporated into the limiting value of 1.51%,

and
N N!
Fyg = 1.06 F (2b)

!
where, gﬂ: is the measured nuclear enthalpy rise peaking

factor, and the factor of 1.04 accounts for measurement uncertainty.

* For Cycles 8 and 9, thelﬁag limiting values for Westinghouse and
ENC fuel at 3250 MWt rated power have been changed to the values
stated in Tables 3.3.1-1 and 3.6.3-1, -
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The heat flux engineering subfactor of 1.03 is included in the maximum
measured value of the heat flux hot channel factor,-

]
Fg - 1.03 x 1.05 Fg (2¢)

where, Fg is the measured nuclear hot channel factor and the
factor of 1.05 accounts for measurement uncertainties. For Cycle 9
operations, the technical specifications require that Fg not

B
exceed the limits defined in Section 3.2.2 of the technical

specifications. (See Section 3.6.2.2).

Pressure Drop_ and deradlic Forces

The total loss across the reactor vessel, including the inlet and
outlet nozzles, and the pressure drop across the core are listed

in Table 3.4.1-1. These values include a 10% uncertainty factor.

Thermal and Hvdraulic Design Parameters m

The thermal and hydraulic design parameters are given in Table 3.4.1-1.

Thermal and Hvdraulic Evaluation

W-3 Equivalent Uniform Flux DNB Correlation

The equivalent uniform DNB flux q"DNB EU is calculated from the W-3

equivalent uniform flux DNB correlation as follows:

9DNB,EU - [(2.022 - 0.0004302p) + (0.1722 - 0.0000984p)e 18-177 - 0.004129p), 7
108
x [1.037 + G (0.1484 - 1.596 + 0.1729x[x| )] x [1.157 - 0.869]
6 B
10

-3.151D
e

x [0.2664 + 0.8357e ] x [0.8258 + 0.000794 (Hsac - Hin)] (
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The two dominant considerations in the Cycle 2 core design were:

1) maintainirg the low PN

Q

moderator temperxature coefficient (MTC) at BOC. The Cycle 2 core

value, and, 2) have a zero or negative

design was intended to establish and maintain a relatively flat power
distribution to ensure a low nuclear peaking factor. The negative
MTC was assured by administratively keeping the boron concentration

below the value where the MTC turns positive.

The reference core loading, which assumed a burnup of 17,200 MAD/MT in
Cycle 1, included ¢6 burnable poison rods distributed in 16 Exxon Nuclear
assemblies. Sufficient calculations were performed for the reference
core to determine that the neutronic parameters were adequate for utili-
zation in the accident and safety analysis. Nominal values of the
neutronic parameters for the Cycle 2 core lie within the ranges analyzed
in the FSAR for Cycle 1, and within the bounding values used. in the
safety aﬂalysis for Cycle 2. The MTC of reactivity for the Cycle 2

core was in the range from 0.0 x 10"4 to -3.0 x 10—4 Ap/°F. Similarly,
the bounding wvalues of the MTC used in the safety analysis for Cycle 2
were 0.0 x 10~¢ at BoC and -3.2 x 1074 Ap/°F at EOC, while comparable

Cycle 1 FSAR values are 0.0 x 10"4 and -3.5 x J.O"4 Ap/°F, respectively.

Physics Characteristics

The neutronic characteristics of the Cycle 2 core are compared with
those of Cycle 1 in Table 3.5.2-1. The Cycle 2 reference reactivity

coefficients are bounded by those of the safety analysis.

The Cycle 2 limit on the total power peaking factox (FQ) of 1.98, which
allows for a calculational uncertainty of 5 percent and 3 pgrcent for
engineering factors, was accommodated. This coxresponds to a Fg

limit of 1.83. This limit assured that the peak fuel rod linear powexr
density remained below the limiting values, thus meeting the LCCA and

DNBR overpower limits criteria.
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The worth of all control rods inserted in Cycle 2 was comparable to the

worths seen in Cycle 1, thus, indicating comparable shutdown margins.

©®

The control rod grouping and insertion sequence for Cycle 2 was not

changed from that of Cycle 1.
Analytical Input

The neutronics design methods utilized to calculate the data presented
herein are consistent with those described in Reference 1 with primary

reliance upon the XTG simulator code, Reference 2.

The burnup history of each of the exposealfuel assemblies was calcu-
lated by a three-dimensional, four node pé? assembly XTG model which
was utilized to simulate the Cycle 1 oéeration of the core. The results
of this calculational model are compared to a core measured power

distribution in Figure 3.5.2-1 and the boron curve in Figure 3.5.2-2.

Calculations for B@C2 utilized the assembly exposures, four values
per assembly, calculated in Cycle 1l at 17,200 MWD/MTU, ‘The 3-D XTG
model was verified using the 2-D pin-by-pin PDQ 7/HARMONY model. Axial

effects were accounted for through the buckling term 82.

Unit 1, Cycle 5 and Cycle 6 Neutronic Design

D.C, Cook Unit 1 Cycle 5 was chosen as the reference cycle with respect
to Cycle 6 due to close resemblence of the neutronic characterisitics
between these two cycles. The end of cycle exposure was 10,653 MWD/T.
The Cycle 5 and 6 consisted exclusively of assemblies supplied by ENC.

»

Design Basis

The Cycle 6 loading pattern was designed to achieve power distributions

and control rod reactivity worths according to the following constraints:

O
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a. The_peak FQ {s not to exceed the exposure dependent limit shown in
Figure 3.3:1-17, and the peak F,, is not to exceed 1.51.

b. The scrém worth of all rods, minus the most reactive rod, is to be
greater than the BOC and EOC shutdown requirements.

c. The moderator temperature coefficient is not to exceed +5 pcm/°F at
HZP, and less than 0 pcm/°F at 70% RTP.

Physics Characteristics

The neutronic characteristics of the Cycle 6 core are compared to those
of the Cycle 5 core in Table 3.5.2-2. The data indicate the neutronic
similarity between Cycles 5 and 6. Cycle 6 calculations of radial power

"distributions’at S0L, MOL, and EOL HFP conditions are shown in Figures

3.5.2-3 through 3.5.2-6. The boron letdown curve for Cycle 6 is shown
in Figure‘325.2-7, and a comparison between predicted power distribution
(XTG) and measured power distribution (Flux Map 106-15) is shown in
Figure 3.5.2-8. The V(Z) factor, which is used to obtain the maximum
anticipated FS(Z) max for Cycles Z-Z, is shown in Figure 3.5.2-9.
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design. The bases and criteria given in Section 3.2.1.1.1 of the Cook Unit 2
FSAR 1983 upda;e(lo) are also applicable, but it should be noted that the
region average discharge burnups considered in the Cook Unit 1 OFA fuel designm
are typically in the range of 38,000 MWD/MTU. These design bases and criteria

are summarized below:

" a. The cladding stresses under Condition I and II events are less than the
Zircaloy O.é% offset yield stress, with due consideration of temperature
and irradiation effects. While the cladding has some capabiiity for
accommodating plastic strain, the yield stress has been accepted as a

. conservative design basis.

b. Cladding Tensile Strain - The total tensile creep strain is less than 1%
from the unirradiated condition. The elastic tensile strain during a
transient is less than 1% from the pre-transiant value. This limit is
consistent with proven practice.

¢. Strafn Fatigue - The cumulative strain fatigque cycles &re less than the
design strain ?atigue life. This basis is consistent with proven practice.

d. Wear - Potential for fretting wear of the clad surface exists due to fiow
induced vibrations. This condition is taken into account in the design of
the fuel rod support system. The clad wear depth is limited to acceptable
values by the grid support dimple and spring design.

e. The rod internal gas pressure shall remain below the value which causes
the fuel-cladding diametral gap to increase due to outward cladding creep

(11)

during steady-state operation.

Rod pressure is also limited such that extensive ONB propagation shall not

(11)

occur during normal operation and accident events.

f. Cladding colliapse shall be precluded during the fuel rod design lifetime.
The models described in Reference 12 are used for this evaluation.
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During modes of operation associated with Condition I and Condition I
events, there is at least a 95 percent probability that the peak kW/ft
fuel rods will not exceed the UO2 melting temperature. The melting

temperature of UO2 is taken at 5080°F(7), unirradiated and decreasing
58°F per 10,000 MWO/MTU. B8y precluding U02 melting, the fuel geometry
is preserved and possible adverse effects of molten UO2 on the cladding

are eliminated. To preclude center melting, and as a basis for overpower
protection system setpoints, a calculated centerline fuel temperature of
4700°F has been selected as the overpower limit.

h. Oesign values for the properzies of materials used for the {uel rod design
and performance are given in Reference 7.

Evaluatien

The detailed OFA fuel rod design establishes such parameters as pellet size
and density, cladding-peliet diametral gap, gas plenum size, and helium
pre-pressurization level. The design also consicars effects such as fuel
density changes, fission gas release, cladding creep, and other physical
properties which vary with burnup. The iategrity of the fuel rods {s ensured
by desiqning to prevent excessive fuel temperatures, excessive internal rod
gas pressures due to fission gas releases, and excessive cladding stresses and
strains., This is achieved by dgﬁigning the fuel rods $o satisfy the
conservative design bases in the following subsections during Condizion I and
Cendition II events over the fuel lifetime. For each design basis, the
performance of\:he limiting fuel rod must not exceed the limits specifieé.

The NRC approved fuel rod design mode1(13‘14) is used to assure that design
bases are satis%ied and to predict fuel operating characteristics. Additional
details 'in the evaluation of the OFA fuel rods, which show that the design

" bases_are satisfied, are given in Sections 4.2.3.1, 4.2.3.2 and 4.2.3.3 of

WCAP79500(6). Also applicable are the fuel rod evaluations given in Section

3.2.1.3.1 of the Cook Unit 2 FSAR 1983 update(l®),

The W 15x15 OFA fuel rod design is essentially the same as the LOPAR W 15x1S
fuel rod design which has exhibited good in-core fuel performance(z). The
W OFA and ENC fuel rods have similar length and clad CD dimensions. Table
3.6.1 presents a comparison of the W and ENC fuel rod designs.
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As stated in the 17x17 OFA Reference Core Report(s), for a given burnup, the
magnitude of red bow for the W OFA is conservatively assumed to be the same
as that of a W LOPAR fuel assembly. The most probable causes of significant
rod bow are rod-grid and pellet-clad interaction Forces and wall thickness
variation. Since the OFA fuel rods are the same as the W LOPAR fuel rods,
there will be no difference in predicted bow due to rod considerations. The
OFA design will have reduced grid forces due to the Zircaloy grid springs.
Therefore, this component is predicted to decrease OFA rod bow compared to
LOPAR fuel. The impact of rod bow on DNBR penalties is discussed in Section
3.6.3.

The wear of fuel rod cladding is dependent on both the suppor:i provided by the
grids and the flow environment to which it is‘subjected.' OFA and ENC assembly
flow test results were evaluatad. ENC hydraulic test results show that the
crossilow between ENC and W 15x15 LCPAR assemblies is very similar to that
obtained during W flow tests on side-by-side W 15x15 OFA and W 15x15 LOPAR
adssembliies. These tests showed, only a smail crossflow between assembiies and
no significant fuel rod wear due to rod vibration. Extrapolation of the
results from flow tests involving OFA and LOPAR zssemblies shows that fuel rod
wear would be less than ten (10) percent of the cladding thickness For ai
least 48 moaths of reactor operation. This assures that clad wear will not
impair fuel rod integrity.

The above conclusions on OFA rod wear and integrity have aiso been supported
by analytical results. The analysis accounted for rod vibrations cauéad by
both axial and crossfiows, and for the effect of potenzial Fuel rod vo grid
gaps.

3.6.1.4 Core Components

The core components consist of the rod cluster control assemblies

(RCCAs), the primary and secondary source assembliies, the thimble plug
assemblies, and the burnable absorber assemblies. The control rod assemblies

in the Cook Unit 1 core are unchanged frem previous cycles and are
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compatible with the OFA gquide thimbles. New secondary source assemblies and

OFA compatible,plugging devices were supplied in Cycle 8. As discussed in
Section 3.6.1.2.1, the reduced diametral clearance compared to ENC guide
thimble results in an increased RCCA scram time from 1.8 to 2.4 seconds which
is used in all accident reanalyses.

The guide thimble plug used with the OFA has a smaller diameter (0.435") than
the current thimble plug diameter (0.498"), in order to maintain the same
thimble plug to thimble tube diametral clearance. The thimble plug assembly
presently used in ENC fuel cannot be used in OFAs due to insufficient

diametral ciearance between the current thimble plug and QFA quide thimble tupe.

The optimized assemblies, their thimble plugging devices, and source
assemblies are compatiblie with existing handling tools. A new tool is
provided for handling the new Wet Annular Burnable Absorber (WABA) rods.

Wet Annular Burnable Absorber (WABA)

The Wet Annuiar Burnable Absorber (WABA) rod design will be usad ia the Cook
Unit 1 reioad cores with 15x15 W OFA fuel. The materials, mechanical,
thermal hydraulic, and aucléar design evaluations of the WABA rods are
presented in a topical report( ). which has receivad NRC generic

aoproval(s) and aoproval for Cook Unit 1 appiicati on(l) of WAZAs.

The WABA design has annular aluminum oxide - boron carbide (A1203 - 84C)
absorber pellets contained within two concentric Zircaloy tubes with water
flowing through the center tube as well as around the outer tube. The WASA
design provides significantiy enhanced nuciear characteristics, whan compared
with the W borosilicate absorber rod design. Fuel cycle benefits result from
the reduced parasitic neutron absorption of Zircaloy compared to stainless_

“steel tubes, increased water fraction in the’burnable absorber cell,”and a

reduced boron penalty at the end of each ¢,cle.
éigures 3.6.1-8 and 3.6.1-9 show the design of a WABA rod, and Table 3.6.1-2

and Figure 3.6.1-9 present a comparison between the WAEBA rod and a ¥
borosilicate glass absorber rod.
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APOLLO is used to calculate differential rod worth versus core height, axial

nuclear hot channel factor versus control rod height, axial xenon oscillations

and stabflity studies, and axial power distributions.
3.6.2.2 Unit 1 Cycle 9 Neutrohic Design
3.6.2.2.,1 Analytical Input

The neutronics design methods utilized to calculate the data presented herein
are consistent with those described in References 3-7 with primary reliance
upon the 3D PALADON code.

The burnup history of each of the exposed fuel assemblies was calculated by a
three-dimensional, four node radially and 48 node axiélly per assembly,
3D-PALADON model which was utilized to simulate operation of the core for
Cycles 5, 6 and 7. | l

Calculations for BOC 9 utilized the agsembly exposures, calculated at an I
EOC 7 burnup of 10,446 MWD/MTU, and at the EOC8 burnup of 15,681 MWD/MTU. l
The 3D PALADON model was verified using the 2D pin-by-pin TURTLE model.

A;ial effects in the 2D models are accounted for through the bucking term

B_.
z

3.6.2.2.2 Design Bases
The nuclear design bases for the Cycle 9 core are as follows: _l

1. The design shall permit operation within the Technical Specifications for
the D. C. Cook Unit 1 nuclear plant.

2. The Cycle 9 loading pattern shall permit full power (3250 MWt total l
power) operation of the core throughout the Cycle 9 reactivity life
time of about 15,750 MWD/MTU. Power distributions and control rod
worth (both shutdown worth and the worth of a potentially ejected rod)
are maintained within the ranges analyzed in the Cycle 8 safety
analysis.
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3. At hot full power (3250 MWt total power ) the peak F AH shall not

exceed 1.435 in any single fuel rod throughout the cycle under nominal

operating conditions.

4. The moderator temperature coefficient (MIC) is maintained less than or
equal to +5 pcm/oF below 70% of rated power and less than or equal to
0 pcm/oF above 70% of rated power.

5. The worth of all rods minus the most reactive stuck rod shall exceed

BOC and EDC shutdown requirements.
3.6.2.2.3 Design Description and Results

The Cycle 9 reactor core consists of a mixed W OFA/ENC fuel core of 193
assemblies, each having a 15x15 fuel rod array. A description of the W
OFAs and ENC fuel assemblies are given in Sections 3.6.1 and 3.5.1

respectively.

The Cycle 9 loading pattern is given in Figure 3.6.2-1 which shows the
region number, sources, and the burnable absorber configuration. The core
consists of 48 fresh W OFAs with an average enrichment of 3.4 w/o U-235, 32
fresh OFAs with an average enrichment of 3.6 w/o, 79 once burnt OFA

assemblies and 34 exposed ENC assemblies. A low leakage loading pattern
was developed which results in the scatter-loading of the OFAs throughout
the iACerior of the core. WABA rods are inserted into a number of OFAs to
contxol power peaking and MIC. The exposed ENC fuel.is also scatter-loaded
in the center in a manner to control the power peaking. The WABA rods
contain 0.0153 gm/in of B-10, and 576 of these rods are distributed among
56 fresh assemblies loaded in the core interior. Pertinent fuel assembly

parameters for the Cycle 9 fuel are given in Tables 3.6.1-1 and 3.6.2-1,

Phvsics Characteristics

The nuetronics characteristics of the Cycle 9 core are compared with those
of Cycle 8 and are presented in Table 3.6.2-2. The reactivity coefficients
of the Cycle 9 core are bounded by the coefficients used in the safety

analysis,
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TABLE 3.6.2-2

D. C. Cook Unit 1 Neutronics Characteristics of

Cycle 9 Compared with Cycle 8 Data

Cycle 3
BOC EOC

Critical Boron ‘

HFP, ARO, Equilibrium Xenon (ppm) 1098 “ 10

HZP, ARO, No Xenon (ppm) 1534 -i-
Moderator Temperature Coefficient

HFP, ARO (pcm/°F) -5.38  -25.65

HZP, ARO (pem/°F) +2,82 .-
Doppler Coefficient (pcm/°F) -2.11  -2.23
Boron Worth, HZP (pcm/ppm) -9.1 -11.4
Total Nuclear Peaking Factor

Fg, HFP, Equilibrium Xenon 1.596  1.586
Delayed Neutron Fraction 0.0061 0.0052
Control Rod Worth of All Rods in

Minum Most Reactive Rod, HZP (pcm) 6060 6520
Excess Shutdown Mérgin (pcm) 1020 880
UNIT 1 3.6-41

6088

Cycle 9
BOC EOC
1782 10
1313 ---
-6.30 -25.65
+2.53 ---
-2.54 -2.62
-8.20 -10.10
- 1.688 1.527

0.0060 0.0051

6749
975 1100
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TABLE 3.6.2-3
D.C. Cook Unit 1 Control Rod Shutdown

Margins and Requirements of

Cycle 9 Compared to Cycle 8

Control Rod Worth‘gHZP), pcm
All Rods Inserted (ARI)

ARI less most reactive (N-1)
N-1 less 10% allowance [(N-1)".9)]

Reaétivitx Insertion, pecm
Power Defect (Moderator + Doppler)

Flux Redistribution
Void
Sum of the above three

Rod insertion allowance

‘Total Requirements

Shutdown Margin

(N-1) * .9 - Total Requirements

"

Required Shutdown Margin

Excess Shutdown Margin

Cycle 8 Cycle 9
BOC EOC BOC EOC
7422 7849 6955 7550
6060 6520 6088 6749
5450 5870 5479 6074
1180 1870 1355 1954
410 970 500 870

50 50 50 50
1640 2890 1905 2874
1190 500 999 500
2830 3390 2904 3374
2620 2480 2575 2700
1600¢a) 1600(a) 1600(a) 1600(a)
1020 880 975 1100

(a) Technical Specification Limit for Cycle 8 and 9

UNIT 1 3.6-42
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"TABLE 3.1-1 (cont'd.)

b

REACTOR DESIGN COMPARISON TABLE

OCORE MECHANICAIL DESIGN PARAMETERS

STRUCTURE CHARACTERISTICS
51. Core Diameter, in (Equivalent)

52. Core Height, in (Active Fuel)

REFLECTOR THICKNESS AND COMPOSITION
53. Top - Water plus Steel, in
54, Bottom - Water plus Steel, in
55. 8ide =~ Wate; plus Steel, in
56. Hzo/U Molecular Ratio Core, Lattice (Cold)

FEED ENRICHMENT, W/0, INITIAL OORE[h]
57. Region 1
58. Region 2
59. Region 3

b.C. COOK

UNIT 2.

132.7
143.7

10

10

15
2.41

2.10
2.60
3.10

TROJAN

132.7
143.7

10

10

15
2.43

2.10
2.60
3.10



' NOTES FOR TABLE 3.1-1

[a]

[b]

[c]

{4l

el

[£]

[g])

(h]

These numbers are based on Improved Thermal Design Procedure

in Reference 2.

The value of 437,8000 BTU/hr-ft2 is associated with a Cycle 1

value of FQ of 2.32. The Cycle 3 value is 375,500 B'I‘U/hr-ft2

corresponding:to a peaking factor of 1.99.

This limit is associated with the value of F_ = 3.50

Q

This value of 12.6 kW/ft is associated with a Cycle 1 value of

‘FQ of 2.32. The Cycle 3 value is 10.98 kW/ft associated with

a peaking factor of 1.99.
"See Section 3.3.2.2.6.

The value of F. = 2.32 was the value of FQ for normal operation

Q
reported in the original FSAR. The value for Cycle 3 is 1.99.

Includes the effect of fuel densification.

The reload feed enrichments for Cycle 2 and Cycle 3 were 3.4 w/o.

UNIT 2 . July, 1983
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TABLE 3.3-1

REACTOR CORE DESCRIPTION

(First Cycle)

Active Core

Equivalent Dlameter, in

Active guel Height, Firxst Core, in
Height-to-Diameter Ratio

Total Cross Section Area, ft2

H,0/U Molecular Ratio, lattice (Cold)

Reflector Thickness and Composition

Fuel

Top - Water plus Steel, in
Bottom - Water plus Steel, in
Side - Water plus Steel, in

Assemblies

Number

Rod Array

Rods per Assembly

Rod Pitch, in

Overall Transverse Dimensions, in
Fuel Weight (as Uoz), 1ib

Zircaloy Weight, 1b

Number of Grids per Assembly
Composition of Grids

Weight of Grids (Effective in Core), 1lb

Number of Guide Thimbles per Assembly
Composition of Guide Thimbles

Diameter of Guide Thimbles (upper part), in
Diameter of Guide Thimbles (lower part), in

Diameter of Instrument Guide Thimbles, in

UNIT 2

132.7
143.7
l.08
96.06
2.41

10
10
15

193

17 x 17

264

0.496

8.426 x 8.426
222,739
50,913

8 Type R
INC718

2324

24

Zircaloy 4
0.450 I.D. x
0.482 0.D.
0.397 I.D. x
0.429 0.D.
0,450 I.D. x
0.482‘0.D.
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TABLE 3.3~l1 (Continued)

REACTOR CORE DESCRIPTION

" (First Cycle)

Fuel

Fuel

Rods

Number

Outside Diameter, in
Diameter Gap, in
Clad Thickness, in
Clad Material

Pellets

Material
Density (percent of Theoretical)

Fuel Enrichments w/o

Region 1 ’
Region 2
Region 3
Diameter, in
Length, in
Mass of UO, per Foot of Fuel Rod, lb/ft

Rod Cluster Control Assemblies

Neutron Absorber
Composition
Diameter, in’
Density, lb/in3 '

Cladding Material

Clad Thickness, in
Number of Clustexrs
Full Length
Part Length
Number of Absorber Rods per cluster
Full Length Assembly Weight (dry), 1b

UNIT 2

50,952

0.374
0.0065
0.0225
Zircaloy-4

002 Sintered
95 ’

2,10

2.60

3.10 -
0.3225

- 0.530

0.364

‘Ag-In-Cd

80%, 15%, 5%

0.341

0.367

Type 304, Cold Worked

Stainless Steel

0.0185
53

0

24
157
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3.5 EXXON FUEL DESIGN

The Exxon Nuclear Company (ENC) reload fuel assemblies described in
this chapter are used in.the Donald C. Cook Nuclear Plant Unit 2 Cycle
5, the cycle now in operation. This chapter describes the mechanical,
nuclear, and thermal hydraulic design of these ENC-fabricated

assemblies.

Cycle 4 operation of Donald C. Cook Nuclear Plant Unit 2 was the
initial insertion of 17x17 fuel fabricated by ENC into a Westinghouse
reactor. In addition, ENC assemblies differ slightly from the
co-resident Westinghouse assemblies in fuel rod dimensions and
water-to-fuel ratio, having been optimized for the higher burnup
evident in the safety analyses.

The design of the ENC 17x17 array fuel assemblies is similar to the
ENC 14x14 and 15x15 array fuel assemblies used successfully in other
reactor applications as shown .in Figures 3.5.,1-1 and 3.5.1-2. Overall
length, envelopes, spacer design, plenum length, etc., are identical.
All dimensions affecting the mechanical interfacing with control rods
and core support structure and with the co-resident fuel were
maintained identical with the corrésponding dimensions in the
Westinghouse fuel. The methodology used by ENC in determining the
appropriate operating setpoints and in verifying the safety of the
reload corxe is described in a number of Licensing Topical Reports
issued by ENC. A bibliography of the applicable topical reports is

included in the reference sections of this chapter.
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The insertion of ENC fuel into the core of Donald C. Cook Nuclear
Plant Unit 2 involved the use of the NRC-approved XNB Departure from
Nucleate Boiling (DNB) correlation developed by ENC and the
NRC-approved ENC fuel densification model for'PWRs. Operation of the
plant is based on the use of ENC's NRC-approved Power Distribution
Control Phase II (PDC-II), which is described earlier in Section 3.3

of this document.

3.5.1 FUEL AND MECHANICAL DESIGN

This section describes the mechanical, chemical and thermal design for
the Donald C. Cook Nuclear Plant Unit 2 reload fuel in Batches 6 and 7 I

under normal operating conditions.

Exxon Nuclear's design configuration for the Donald C. Cook Nuclear
Plant Unit 2 reload assemblies is compatible with Westinghouse fuel
and Westinghouse desig;ed reactor internals and consists of a 17x17 | ww
square array of 289 positions, occupied by 264 fuel rods, 24 ‘
Zircaloy~4 guide tubes and one Zircaloy-4 instrumentation tube.

The fuel consists of pressed and sinterxed UO, pellets. The nominal

pellet density is 94.0% of the theoretical dznsity, each pellet is
dished on each end, and the fuel active length is nominally 144
inches. Zircaloy~4 end caps are seal welded to the Zircaloy-4
cladding. Fuel rod pitch is maintained by eight bi-metallic grid
spacers constructed of Zicaloy-4 structural members with Inconel
springs. The grids are equally spaced along the length of the fuel
bundle and are welded to the guide tubes. The Zircaloy-4 guide tubes
are mechanically attached and secured to the upper and lower tie
plates. The spacers, guide tubes and tie plates form the structural
skeleton of the fuel bundle. The upper tie plate is designed to be

mechanically dismountable by remote handling under water.
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Description. of the Donald C. Cook Nuclear Plant Unit 2 Batches 6 and l

7 assembly components, including purpose and rationale, is given in
Table 3.5.1-1.

Mechanical Design

Fuel Assembly .

Design Basis .

The fuel assembly shall be dimensionally and hydraulically compatible
with existing fuel and dimensionally compatible with reactor fuel
handling equipment.

Design Evaluation

The significant dimensional comparisons between Exxon Nuclear and |
Westinghouse fuel designs are shown in Table 3.5.1-?. Exxon Nuclear

"has maintained the same dimensional values of all critical items. The

only significant difference is clad diameter and thickness where Exxon

Nuclear fuel rods are 4% smaller in diameter but have 10% thicker

cladding than Westinghouse fuel rods.

Orientation of each fuel assembly is controlled by an assymmetric

index hole in the upper tie plate. The position and size of the

indexing hole with respect to the locating holes in Exxon Nuclear |
fuel assemblies has been maintained identical to that used in

Westinghouse fuel assemblies. Compatibility with fuel handling l
equipment has been established by handling tests and on the basis that

the fuel has been loaded into Donald C. Cook Nuclear Plant Unit 2. 1In
addition, essentially identical fuel assemblies having identical upper

tie plate configurations have been successfully handled in other

plants.
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The reactor core consists of a square array of closely packed fuel <

assemblies. The Donald C. Cook Nuclear Plant Unit 2 reactor has a {

maximum of 15 assemblies packed side by side and can consist of both l i1
y i

ENC and Westinghouse assemblies. During an earthquake the fuel .
assemblies may interact with each other or with the peripheral core
support. A seismic event analysis, therefore, requires thaq_an entire
row of assemblies be included to determine the assembly and‘core
baffle interactive loads.

- The analyses described in Reference 1, which have been reviewed and

approved by the NRC, demonstrate the adequacy of ENC 15x15 fuel
assemblies under seismic~LOCA loading. Extensive seismic-LOCA
mechanical tests performed with a prototype ENC 17x17 assembly are in

Reference 2.

The measured fregquency (stiffness) of the two types of assemblies are

approximately the same. Therefore, the lateral response of 15x15 or .)
17x17 fuel assembly arrays to seismic~LOCA excitation should be

Eimilar. A comparison of the room temperature strength and stiffness

of the two grid spacer types is shown below:

3

15x15 Spacer 17x17 Spacer
Strength, 1lb 2,600 5,180
Stiffness, lb/in 50,000 80,000

Since the 17x17 spacer is substantially stronger than the 15x15
spacer, it would withstand expected seismic=LOCA lateral impacts

without significant deformation.
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Prototypes of the two assembly types were subjected to the following

axial impact loads:

15x15 Protocygg(l) 17x17 Prototype

Maximum impact on

lower end, 1lbs 19,000 50,000
Maximum impact on
upper end, lbs 10,000 20,000

In all cases, the test impacts were substantially higher than calculated
in Reference 1 for a LOCA event after being corrected for strength at
reactor temperature. Deformations measured after testing were insig-

nificant and did not affect control rod withdrawal force(l).

Based upon the above observations, it may be concluded that the ENC
17%17 fuel assembly design can withstand postulated seismic-LOCA forces

without affecting safe reactor operation.

To confirm hydraulic compatibility between a Westinghouse and an Exxon
Nuclear 17x17 array fuel assemblies, pressure drop tests have been
performed in a portable hydraulic test facility. The Westinghouse
assembly was tested at the D.C. Cook Nuclear Power Station. The Exxon
Nuclear assembly was tested at the Richland site. This test facility is
a closed recirculating pressurized water loop designed for operuting’

conditions of 300°F, 200 psig and a 3000 gpm flow rate.

Data were obtained for both test assemblies at coolant temperatures of
1859F, 250°F, and 300°F and in the Reynolds Number range of 50,000 to
275,000. The plenum to plenum pressure drops are compared in Figure

3.5.1-3. The results of this test have shown that Exxon Nuclear's D.C.
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Cook 17x17 array‘fuel is compatible with Westinghouse 17x17 array fuel

- assemblies. Details are discussed in the Thexrmal-Hydraulic section of

this report.
Guide Tubes

Design Bases
a. Guide tubes shall be of sufficient strength to carry the weight
of the fuel assembly, support holddown forces and resist scram

forces.,
b. The internal diameter of the guide tube shall provide sufficient
clearance for control rod insertion to met the required reactor

scram control rod insertion time.

c. The guide tubes shall provide for-control rod damping in

accordance with requirements specified for the Donald C. Cook

Nuclear Plant Unit 2 reactor.

da. The guide tube design, shall provide for sufficient coolant flow
to cool the control rod at any insertion distance. However, the
guide tube flow must be restricted to a level which will not

significantly affect cooling of the fuel rods.
Design Evaluation

The control rod guide tubes in the fuel assembly provide channels for

all types of absorber rods as well as source rods. They are fabricated
from a single piece of Zircaloy-4 tubing drawn to two different diameters.
The larger diameter section at the top provides a relatively large

annular area for rapid Rod Control Cluster (RCC) insertion during a

K
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reactor trip and accommodates a small amount of upward coolant flow

during normal operation. The bottom of the guide tube is of reduced
diameter to produce a dashpot action when the absorber rods approach thel
end of travel in the guide tubes during a reactor trip. The transition
zone at the dashpot section is conical in shape so that there are no

rapid changes in diameter in the tube.

The dashpot region is partially plugged at the bottom with a welded end
fitting. This end fitting and lower portion of the guide tube fit into a
sleeve which passes through-and is welded to the bottom spacer and to the
lower fitting. The quide tube is mechanically fastened to the lower tie
plate via cap screws and the threaded end fittings. Flow holes are
provided just above the transition zone to permit the entrance of cooling
water during normal operation and to accommodate the outflow of water
£rom. the dashpot during a reactor frip. A weep hole is provided in the

cap screw.

The.strucﬁural integrity of the guide tube has been analyzed and
laboratory tested.. The analytical work has shown that the critical load
for buckling on 24 guide tubes, assuming an Euler column, is more than ’
maximum expected column load. In actual practice the guide tubes have
some bow, and application of an axial load will increase the amount of

bow. Analysis has shown that the increase in bow for maximum predicted

loads will not affect integrity, thermal hydraulic conditions, or control

rod‘insertionv(Z)

A calculatibn of control rod motion was performed for the ENC 17x17 L
design ‘and compatibility with the previously measured rod drop times and

design values was evaluated. The forces considered by the analysis [

_ method include hydrodynamic drag due to fluid' shear and f£luid accelera-

tion, mechanical frictién, ﬁressure drop due to coolant flow, and gravity
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including the effects of bouyancy. The calculation is performed with a
computer program verified against experimental data taken by ENC. The

result of the analysis is as follows:

Compatibility

Parameter Criteria. _Information INC Design
Time to dash%oc (sec)

Hot, full 2.2 max. 1.5 1.4

Hot, zero flow 2.2 max. 1.3 1.2
Velocity at dashpoc (ft/s) :

Hot, full flo - 8.6 9.4

Hot, zero flow - 10.0 10.3
Total Insertion Time (sec)

Hot, full flow - - 2.3

Hot, zero flow - - 2.1°
Settling Velocity (£t/s)

Hot, full flow 0.76 max. - 43

Boc, zero flow ‘ 0.76 max. - 0.49
Force per Absorber' Rod
(1bf)

Bot, full flow 150.0 - 37.1

Hot, zero flow 150.0 - 45.0

An analysis of bypass core flow rate through the guide tubes and instru-

mentation tube shows that the core bypass flow rate is 2.6Z.

The mechanical attachment design of the guide tubes and upper tie plate
was evaluated from mechanical tests. The tests were performed on hybrided
test samples to. simulate reactor conditioms. Integrity of the joimts

was maintained to loads greater than 2-1/2 times the assembly weight.

Upper and Lower tie Plates

Design Bases

a. The strength of the tie plates shall be sufficient to withstand the

loads resulting from assembly holddown hydraulic forces, and handling
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and transport forces. The dynamic loads shall be considered equal

to 2.5 times static loads(2>.

b. The holddown springs shall provide sufficient load to prevent upward
motion of the fuel assembly under all normal reactor operating

conditions considering the most adverse tolerance conditions.
Design Evaluation

The upper tie plate is a box-like structure which functions as the fuel
assembly upper structural element and forms a plenum space éhere the
discharge coolant is mixed and directed toward the flow holes in the

upper core plate. The upper tie plate assembly is comprised of a casting,
two clamps, four triple leaf springs and four cap screws. All parts,

with the exception of the springs and their holddown screws, are constructed

of stainless steel. The springs and screws are made from Inconel.

The bottom tie plate is a square box-like structure which controls the
coolant flow distribution to the fuel assembly and functions as the
bottom structural element of the fuel assembly. The tie plate is machined

from a stainless steel casting.

The structural integrity of the tie plate has been determined through
mechanical tests. Both tie plates required loads in excess of twice the

design requirement before signs of yielding occurred(2),

The holddown spring design for the ENC Donald C. Cook Nuclear Plant Unit
2 consists of three leafs, whereas that used on ENC 15x15 has a double

leaf. The difference is required to provide greater holddown forces for
Donald C. Cook Nuclear Plant Unit 2 assemblies because of the higher m

pressure drop, while providing increased flexibility.
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The weight of an immersed fuel assembly is greater than 1,190 1lbs at
room temperature and greater than 1,230 1lbs at normal reactor operating
tegperature. The spring constant of the holddown spring system as
assembled in the complete tie plate structure is 1,540-1,700 lbs/in
cold, determined by test and 1,520—1,570 1bs/in hot, determined through

calculation.

Sufficient holddown occurs for the worst case of tolerance stackup during
normal operation. At room temperature the minimum spring compression is
0.78 inch: at normal operating temperatures the minimum spring compression
is 0.29 inch.

At 20% pump overspeed a net lifting force of 1,800 lbs has been calculated.
This load will not cause the holddown springs to yield. The holddown
springs are sufficiently far from the active core that no significant
in-reactor spring relaxation is expected. The design was confirmed by

the fact that there was no evidence of assembly lift during prototype
assembly flow tests over a large temperature range at flow rates above"

design conditionms.

Grid Spacers

Design Bases

a. Structural component materials shall retain adequate strength under
operating conditions to ensure functional operation throughout the

design life of the fuel.
b. The minimum spring force shall be sufficiently large to restrain

fuel rod thermal and mechanical bow, to minimize flow induced

vibrations, to avoid fatigue failure of the clad tube, and to
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prevent fretting corrosion at spacer-fuel rod contact points.
Irradiation induced stress relaxation shall be considered in estab-

lishing the minimum spring force.

c. The maximum spring force shall be less than the contact force at
which the calculated contact stresses are equal to the yield strength

of the clad tube, or which prevents axial growth of a fuel rod.
Design Evaluation

The Donald C. Cook Nuclear Plant Unit 2 grid spacers consist of inter-
locking structural Zircalo§-4 grid strips; Inconel spring strips are
mechanically secureqd within the structural strips. Two types of spacers
are used; one type yithout mixing vanes occupies the upper and lower
spacer locations; those with mixing vanes occupy the remaining. six
positions. The uppermost spacer is outside the actige fuel zone. The
spacers are attached to 24 guide tubes and an instrument tube which pass
through them at symmetrical cell locations. Springs and dimples are
positioned within each spacer cell such that every fuel rod is in contact
with one spring and four support dimples. fﬁe Zircaloy-4 structural

strips are welded at all intersections and to the enclosing side plates.

Structural characteristics of the grid spacers have been determined both
analytically and through mechanical tests. Analysis has shown that the
maximum stresses are below design limits for the worst predicted loads.
The mechanical tests were of two types: 1in one test axial loading was
applied on the side plates of a grid spacer to assess fuel assembly
loading and unloading conditions for irradiated fuel; for the other, a
dynamic transverse loading was applied to assess resistance to crushing

for seismic evaluation.
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The axial loading test showed that spacers, with minimum allowed
intersection weld cover, had sufficient»strength to meet the design
criteria. The dynamic transverse crush test was performed on a spacer
loaded with short lengths of tubing. The spacer buckled at a load of
5,500 pounds, ;quivalent to a 2,900 pound load at temperature, assuming
minimum strip thickness at all strips, and repeated loadings. The spacer
maintained a coolable geometry throughout the tést with no signs of any
serious structural damage other than the buckled configuration. The
minimum and magimum spring loads measured on assembled spacers have
demonstrated that the criteria are maintained throughout the design
lifetime of the fuel rods. A minimum ioad of 2.3 1lbs assures that
complete dimple lift-off will not occur at EOL. The maximum load of 8.0

pounds does not exceed clad stress limits.

Fuel Rod Design

Design Basis

a. Cladding plastic strain shall not exceed 1.0% from all causes,

includiné fuel swelling, thermal distortion and thermal expansion.

b. Maximum primary membrane stresses resulting from external coolant or
internal fission gas pressures shall be less than 2/3 yield or 1/3
ultimate strength based on the volumetric average clad temperature.

c. The cumulative usage factor for cyclic stresses shall not exceed
0.67.
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e. The mechanical design of the assembly shall be capable of achieving
' a maximum assembly average discharge burnup of at least 43,000
MWD /MTU.

Design Evaluation

a. Pellet Configuration

The parabolic radial temperature distribution in a fuel pellet
results in a much larger thermal expansion in the center portions
of the pellet compared to the edge regions. This condition results
*in a large differential axial‘expansion of the pellets which can be
accommodated by having dished pellets. ENC's pellet design, as
previously described, are dished on both ends which occupy 1% of

"

the pellet volume.

b. Rod Bow Analysis

Special features in the ENC reload design significantly reduce the

extent of creep bow. These features include:
1. Thicker cladding

2. Deeper grid spacers which produce a higher rotational restraint

on the rods at spacer support points.

3. A 5 point rod support system (4 dimples and 1 spring vs. &

dimples and 2 springs) which results in less axial restraint.

ENC's rod bow methodology(3s4) has been used to estimate the magnitude

of rod bow for ENC 17x17 fuel. The resulting rod bow in terms of fractional
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rod-to-rod gap closure is given in Figure 3.5.1-4. Gap closures greater
than 50% are seen not to occur until assembly exposures above 28,000
MWD/MIU. With ENC's methodology significant rod bow penalty to DNB does
not occur until gap closures are in excess of 50%. Thus significant rod
bow impacts will not occur until exposures in excess of 28,000 MWD)MTU.
Since significant bow penalty increases gradually with exposure beyond
28,000 MWD/MTU and since fissile depletion reduces assembly peaking at
high exposure rod bow effects to DNB will not be limiting for ENC 17x17
fuel.

Similarly rod bow impacts to total power peaking wiil generally be small.
At present the 5% total peaking measurement and 3% engineering factor
uncertainties for D.C. Cook Unit 2 taken together yield a total bow
impact to peaking yields a net uncertainty that is bounded by the 8.15%.
Convoluting these uncertainties along with the rod bow impact to peaking
yields a net uncertainty that is bounded by the 8.15% uncertainty until
high exposure (approximately 34,000 MWD/MTIU). Fuel at this exposure
will not be limiting so that rod bow will not be limiting with respect

to total power peaking.

c. Clad Collapse

In order to guard against the unlikely event that sufficient densi-
fication occurs to form pellet column gaps of sufficient size for

clad flattening to occur the following evaluation is performed(5).

Creep ovality analysis is performed with the COLAPX code using the
existing creep collapse evaluation procedure. Cladding creep down
is obtained from the corresponding RODEX2 analysis. The combination

of cladding ovality increase and creep down are calculated, and at
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a rod average burnup of 6,000 MWD/MTU, the combined creep down

shall not exceed the initial minimum diametral fuel cladding gap.

This will prevent pellet hangups due to cladding creep, allowing

the plenum spring to close axial gaps until densification is sub-

stantially complete. The calculated value of creep ovality is

.00152 in. The calculated value of cladding creepdown is .000608

in.

The sum is .00213 in., which is less than the minimum diametral

gap of 0.005 in.

Cladding Integrity

1.

Unit 2

Circumferential Strain

Tests(6:7) on irradiated tubing indicate potential for failure

at relatively low mean strains. These tests include tensile,
burst and Split‘ring tests, and the data indicate a ductility
ranging between 1.2% and 5% at normal reactor operating tempera-
tures. The failures are usually associated with unstable or
localized regions of high deformation after some uniform deforma-

tion. To prevent cladding failure due to plastic instability

.and localization of strain, the total mean circumferential

cladding strain for steady-state conditions is limited to 1%

at end-of-1life.

The cladding steady-state strain is evaluated with the RODEX2
code, which is.an interactive calculational procedure that’
considers the thermal-hydraulic environment at the cladding
surface, the pressure inside the cladding, and the thermal,
mechanical and compositional state of the fuel and cladding.
Calculations are performed for the worst expected fuel rod
power and fast flux history to determine a conservative history

in terms of cladding strain.
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In addition to evaluation of the fuel rod steady-state cladding
strain, RODEX2 determines the initial conditions for fuel rod
power ramping analyses and the fuel rod internal pressures for
cladding creep amalyses. Pellet density, swelling, densifi-
cation, and fission gas release models, and cladding and pellet
diameters are input to RODEX2 to provide the most conservative
subsequent ramping or collapse calculations for the reference

fuel rod design.

The fuel rod performance characteristics modeled by the RODEX2

code are:

Gas release

Radial Thermal Conduction and Gap Conductance
Free Rod Volume and Gas Pressure Calculations
Pellet-cladding Interaction

Fuel Swelling, Densification, Cracking and Crack Healing

0O O O O o o

Cladding Creep Deformation and Irradiation Induced Growth

With the minimum design pellet to cladding gap and the maximum
fuel density, the maximum calculated EOL steady-state strain
of 0.10% is within the design criteria limit of 1.0 percent.
M

Volatile fission products combined with high cladding stresses
and transient strains is a potential cause of stress corrosion
cracking failures. Stress corrosion cracking tests(8,9) have
shown that an iodine concentration greater than 1075 to 1076
gm/cm3 and tensile stresses are both needed to activate the
stress corrosion cracking process at cladding inner surface

temperatures between 300 and 400°9C. At fast fluences below
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1020 n/cm? there is insufficient fission product inventory to
allow concentrations that would activate stress. corrosion
cracking. The strain limit at these conditions is, therefore,

set at 1.0%Z to prevent cladding failure due to plastic instability
and localized strain. Power cycling at higher fluences may

lead to transient releases of fission products. Where the

fission gas composition begins to reach the range of susceptibility
to stress corrosion cracking, lower limits on tensile strain

are indicated. No power ramp test failures from the Studsvik

ramp programs have been observed at a calculated peak circum-
ferential stress level below 70,000 psi. The design limits

for transient strains are selected consistent with failure
correlations used in the ENC fuel rod performance codes to

minimize the potential for stress corrosion cracking failure.

The clad response during ramping power changes was calculated

with the RAMPEX code. This code calculates the pellet-cladding
interaction during a power ramp.- The initial condition are
obtained from RODEX2 output. The RAMPEX code considers the’
thermal condition of the rod in its flow channel and the
mechanical interactions that result from fuel creep, crack
healing, and cladding creep at any desired axial section in

the rod during the power ramp. Maximum hoop stress was determined

to be 41,700 psi. The recommended limit is 50,000 psi.

Axial Strain

Interference of fuel rods with tie plates can potentially
occur as a result of fuel rod growth. Fuel rod length changes

with burnup have been measured on irradiated Exxon Nuclear
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fuel. Based on these fuel data the predicted maximum length

change for Donald C. Cook Nuclear Plant Unit 2 fuel rods is

1.35 in. which is 85% of the minimum free space that was

designed into the fuel assemblies.
Cladding Stress Analyses

The highest rated fuel rods were evaluated to show the relative
effects of beginning-of-life (BOL) and end-of-life (EOL)
conditions. The stresses produced by primary system pressures,
fission gas pressure, thermal gradient, thermal bending, dimple
contact: forces and cyclic conditions are summarized in ENC's
generic design document for 17x17 reload assemblies for Westing-

house plants(Z).

Strain Fatigue

The number of cumulative strain fatigue cycles is limited to

two thirds (2/3) the design strain fatigue life.

Cyclic PCI loading combined with other cyclic loading asso-

ciated with relatively large changes in power can cause cumu-
lative damage which may eventually lead to fatigue failure.

Cyclic loading limits are established to prevent fuel failures

due to this mechanism. The design life is based on correlations(10)
which give a safety factor of 2 on stress amplitude or a safety

factor of 20 on the number of cycles.
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The calculations were based upon the duty cycles which conser-
vatively envelope the expected duty cycles of a typical PWR.
As for the cladding ramp strain analysis, the power ramp rate
was assumed to follow ENC's PREMACCX preconditioning recommen-
dation. Cladding stress amplitudes for the various power
cycles were determined from RAMPEX analyses. The initial
conditions were obtained from RODEX2 outputs. To account for
possible stress concentration in the cladding, an assumed
total strain concentration factor of 1.25 was applied to the
calculaﬁed cyclic cladding stresses. The allowable cycles
were determined from the fatigue design curve(10) yhich considers
the effect of maximum mean stress. The total usage factor of
0.26 is less than the design criteria requirement of a maximum
cumulative usage factor of 0.67.

.

Fretting Test

The fretting characteristics of fuel rods and spacers were eva}uatéd
via a 17x17 proof-of-fabrication assembly flow test at maximum
reactor operating conditions for more than 1000 hours. Results of
visual inspection are shown in Table 3.5.1-3. The analysis was
based on inspection of 12 rods, five of which had had the spacer
springs relaxed 100% over the full length of the rod, plus five

relaxed to 75%.and two rods with nominal spring forces.

Burnable Poison

The burnable poison cluster design consists of the following major components:
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1. Holddown assembly made from stainless steel except for the

holddown spring which is made from Inconel.

¥

2. Boron rod assemblies consisting of B4C-A1203 pellets,

. Zircaloy-4 cladding and end plugs, and an Inconel plenum
spring. The rods are 152.90 inches long overall with a

140. inch long pellet column.

3. Solid plug rods made from stainless steel and are 6.30 inches
long.
The burnable poison clustexr assemblies can vary in the total number of

A1203-B4C rods. The cluster can consist of 4, 8, 12, 16, 20, or 24

A1203-B4C rodlets, depending on the cycle design and neutronic

requirements. The non-A1203—B4C rodlet locations contain solid rods as

in Item 3 above to maintain proper flow balance for each assembly.

Thermal Design

Design Bases

a. The maximum fuel temperature (at overpower) shall not exceed the

fuel melting temperature.

b. The cladding temperature shall be less than:
850°F Internal Surface
675°F External Surfacg
750°F Volume Average (local)

based on crud-free surface conditions. .

v
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Fuel Temperature Analysis

Fuel temperature for the Exxon Nuclear fuel design are well below the

U0y incipient fuel melting temperature of 5080 + 20°F. The fuel temperature
calculation considered the effects of radial neuéron flux depression,
temperature, density, thermal conductivity, fuel densification and pellet

relocation by pellet cracking.

Lyons, et al., (11) thermal conductivity data were used for the U0; fuel
temperature calculation. The empirical fit of the data used in the

analysis is:

- _38.264 -13 3
K(T) 502.4 t T + 6.126 x 10 (T + 273)
where
K(T) = thermal conductivity, watts/cm-°(, and
T = temperature, °C \

Integration of the algebraic thermal conductivity expression between 0
and 2800 degrees centigrade yields 93 watts/cm. This value is recognized
to be somewhat less than that derived from other data, which yields an
integrated value of 97 watts/cm. The empirical fit of Lyons' UO; thermal
conductivity data shows a moderate increase in conductivity for fuel
temperatures greater than 1500°C which is in basic agreement with in-
reactor tests but results in higher predicted fuel temperatures for a

’

given linear heat generation rate.
Lyons' data was obtained for 95% TD fuel. Corrections for the other

densities, such as for in-reactor densified fuel, were made using a Loeb

type expression:
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Kp(T) = R(T)gs5 [1 - 2.5 (1 -P)}/0.875

where

Kp(T) = Thermal conductivity of fuel with fraction P of theoretical

density
K(T)g5 = thermal conductivity of 95% TD fuel
P = fraction of theoretical density

The film coefficient used to predict the clad wall temperature was based
on the Dittus-Boelter(IZ) correlation for forced convection heat transfer

and the Jens-Lottes{(13) correlation for heat transfer during subcooled

nucleate boiling.

Fuel densification and the corresponding changes in fuel deasity and

pellet radius are calculated from the following empirical expressions:

AP/AP L.y, = [0.007¢ ) , t < 20

AP /APpax. = [0.2198 1n(t) - 0.5184] 20<t < 1000

AP /APpay. = 1.0 t > 1000
where

t = effective full power hours, and

AP max, = maximum fuel density change upon completion of densification
and

Ar = [AP/ P+ 20 ] [r/3]

where
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fuel density change at time t,

>
~O
f

standard deviation in the measured probability .

e}

distribution for pellet density, and

nominal as-fabricated pellet radius.

K
[

The densification rate expressions were developed from the experimental

data of Hanevik, et al.(14)

The model for gap closure which results from pellet cracking and
resultant pellet fragment relocation, was based on a detailed
investigation of approximately 80 irradiated fuel pellet cross sections
which showed that substantial closure of the initial pellet-to-cladding
gap occurs after 600 hours of operation or after the first two'or three

power cycles,

For the Exxen Nuclear Donald C. Cook Nuclear Plant Unit 2 fuel design,
the maximum fuel temperature conditions exist at beginning-of-life when
the pellet-to-cladding clearance is maximum. The maximum calculated
cladding temperature was 642°F at the cladding 0.D. and 716°F at the
cladding I.D. for 11.66 kw/ft (overpower conqition for 3,411 MWt rated

power).

Chemical Design

The materials used in the fuel assembly components contained in Batches
6 and 7 fuel are essentially identical to those used in earliexr batches.
Consequently, the chemical intéraction conditions between fuel, cladding,
coolant and assembly were not altered during Cycle 4 of Donald C. Cook

Nuclear Plant Unit 2, nor were they altered in subsequent cycles.
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TABLE 3.5.1-1

DESCRiP’I‘ION OF REGION 6 AND 7 FUEL ASSEMBLIES

Item Purpose Material/Rationale
Upper Tie Plate . Provides lifting fixture. Cast SS, Grade CE-3
Forms plenum space for - Strength ,
coolant discharge. - Corrosion resistance

Maintains guide tube array. T
Cladding Contains fission gases Zircaloy-4 '
and keeps water from - Minimize neutron absorption
contacting fuel.

Fuel Rod End Cap Welds Provide high guality GTAW - Fillet Head
of fuel rods. - Excellent penetration
- Extremely low porosity
-~ High strength integrity

Plenum Spring Maintain compact fuel column Inconel Wire
during handling and shipping. - Maintain spring load during
reactor operation

Plenum Chamber Collects fission gases. - Assures that gas pressure
Provides space for axial ] will not overstress cladding.
expansion of fuel. - Assures dilution of released

fission gases.

Pellet-Cladding Gap Provide clearance between ' Optémized design to maximize l
fuel and cladding. ’ fuel rod heat transfer and to
minimize pellet-clad interaction
from swelling expected at high
burnup.
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N Item

Rod‘Atmosphere

Spacers

Guide Tubes

Instrumentation Tube

Bottom Tie Plate

TABLE 3.5.1-1 (continued)

DESCRIPTION OF REGION 6 AND 7 FUEL AéSEMBLIES

Purpose

Heat transfer medium between
pellet and clad.

Maintain correct rod-~to-rod
spacing.

Provide channels for
control rods, burnable
poison rods, source rods.

Provide channel for in-core
monitoring.

Distributes coolant to
fuel rods. Maintains guide

tube array.

B iy
- pepeas

Material/Rationale -

s
Xs

Helium , " )

- Good heat transfer characteristics

- Provides an easy and reliable leak !
detection monitoring means

Zircaloy-4 Frame, 'Inconel Sprlngs

- Corrosion minimized

- Mechanical stability

- Spring loads on-cladding must be
sufficient to minimize lateral
and rotational movement of fuel
rod but must not cause excessive
cladding or spring stress

- Spacer must not cause excessive
coolant flow rqsistance

Zircaloy-4

- Minimize neutron absorptlon

~ Minimize differential thermal
expansion with fuel rods

Zircaloy-4 . .
- Minimize neutron absorptlon '

'~ Maintain material continuity - L]
. with guide tubes

. Cast Sé, Grade CF-3

- Strength
- Corrosion resistance.




TABLE 3.5.1-2

COMPARISON OF MECHANICAL DESIGN VALUES

A, FUEL PELLETS

Initial Enrichment,
w/o U-235

Pellet Dish, % of
Undished Volume

Average UOj Density,
% of Theoretical

Pellet Diameter, inches
B. FUEL ROD

Number of Rods Per Assembly
Active Length, inches

Rod Pitch, inches

Fill Gas

c. CLADDING

Material
Qutside Diameter, inches

Wall Thickness, inches

D. FUEL ASSEMBLY

. Geometry
Number of Assemblies
Fuel Assembly Pitch, inches

Envelope at Grid Locations

*NA means not available.

Unit 2

Region 6
(ENCS

3.65
1.0

94
0.3030

264
144.0
0.496

Helium

Zircaloy-4
0.360
0.025

17x17
72 ENC
8.466
8.426

3.5-28

Regions 3,4,5

(Westinghouse)

3.10/3.40/3.40
NA*

95
0.3225

264
144.0
0.496

Belium

Zircaloy-4
0.374
0.0225

17x17
193 Total
8.466
8.426

July 1983
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TABLE 3.5.1-i (Continued)

COMPARISON OF MECHANICAL DESIGN VALUES

; - Regions 6 & 7 gggiﬁhssl to 5
. (ENC) (Westinghouse)
E. CONTROL ROD GUIDE TUBE
Number/Assembly 24 . 24
Material Zircaloy-4 Zircaloy-4
ID, inch 0.448 0.450
OD, inch 0.480 0.482

F. INSTRUMENTATION TUBE

@ . Number/Assembly . 1 "1

. Material Zircaloy-4 Zircaloy-4 -
ID, inch , 0.448 0.450
oD, inch 0.480 0.482

G. SPACER GRIDS

Number 8 8
Material Zircaloy-64/ Inconel 718
Inconel

@ 3.5-29

UNIT 2
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TABLE 3.5.1-3

FRETTING CORROSION RESULTS

TESTING CONDITIONS

Pressure
Temperature
Flow °
Coolant

Duration

RESULTS

No sign of fretting

2235 psia
600°F

2540 gpm

Borated deionized water

1000 hours

Mechanical wear from 0.0 to 0.6 mils

Unit 2

No loosening of fittings or weld failures

3.5-30

July 1983 (m
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3.5.2 " NUCLEAR DESIGN

Exxon Nuclear Company's principal PWR neutronic design tools are the
XPOSE code for generating the cross-sections or the basic nuclear
parameters, the PDQ7 code for computing reactivity and xy power
distributions, and the XTG code for analyses requiring a
three~dimensional simulation. The PDQ7 code is a few-group diffusion
theory code, which when combined with the HARMONY depletion routine,
provides a powerful and flexible core depletion capability. XTG is a
simulated two-group diffusion theory code which uses course mesh spacing
and can account for important reactivity feedback mechanisms such as
power dependent xenon, fuel temperature (Doppler), and moderator
temperature. The Exxon Nuclear Company design methods are described

briefly in the following subsections and more completeiy in Reference 1.

Nuclear Data and Computational Methods

Since it would be impractical to provide full descriptions of the
computer codes, the reader is referred to the code documents themselves

for additional details. See Reference 1.

Nuclear Cross Section Data

Measured neutron cross-sections are the necessary starting point of all
neutronic calculations. These are strong functions of neutron energy and
exhibit very different values for the various isotopes present in PWR

cores.

With a few exceptions the cross-section used by Exxon Nuclear Company are

from the national nuclear data file ENDF/B - Version I(Z). The data

provides a description of the neutron reaction cross-section over the

UNIT 2 3.5-35 July, 1985
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range from 10 Mev to .0001 ev incident neutron energy. Resonance
reactions are described using single level Breit-Wigner resonance
parameters. With this exception, the cross-sections are taken to be
constant over a small range in energy. The entire energy range from 10

Mev to .0001 ev is described by 345 of the "fine groups."

The Neutron Cross Section Code (XPOSE) And Its Application

Neutron spectra are calculated using the '‘XPOSE code which is an improved
version of the‘iEOPARD(3) code. XPOSE£4) uses the basic nuclear data
library to produce spectrum avéraged broad group cross-sections over the
following energy ranges.

XPOSE BROAD GROUP STRUCTURE .
Gxoup No. l . Energy Range
10 Mev - .821 Mev
.821 Mev ~ 5530 ev
5530 ev - 1.855 ev
1.855 ev - ,0001 ev

S W NN e

The spectrum calculation for energies from .0001 to 1.855 ev is based
.upon the Wigner-wWilkins approximation as contained in the SOFOCATE(S) )
code. Spatial thermal self-shielding factors are introduced by means of

(6) methods where the factors are energy

the Amouyal-Benoiét—Horowitz
dependent and inhexent in the spectral calculation, i.e., they are
determined at each energy level. 1In addition, provision is made to
weight non unit-fuel-cell regions suEh as water channels, control rod
guide tubes, and burnable absorber rods by a factor to account for
non-uniform thermal neutron flux distributions within the fuel assembly.

" Two hundred and ninety-five (295) fine groups cover the energy range.

UNIT 2 3.5-36 July, 1985
CYCLE 5




The epithermal slowing down spectrum calculation is performed with 50
MUFT(7) fine enexgy groups from 10 Mev to 1.855 ev. The resonance cross-
sections are Doppler broadened using an input "effective resonance"

temperature.

The U-238 resonance absorption is calcuated by a technique which is based
upon the experimental measurements of integral absorption by

Hellstrand(e).

Treatment of Burnable Absorber

The analytical procedure for representing a burnable absorber rod is
ultimately based on the surface boundary conditions for the individual
absorber. Specifically, the neutron current-to-flux ratio at the surface
of the burnable absorber rod is computed as a function of energy and then
averaged over the neutron spectrum as computed by XPOSE for the
homogenized fuel assembly. The energy averaged values, thermal and
epithermal, of the current-to-flux ratio are then converted into a
consistent set of equivalent diffusion theory constants which, when used
in diffusion theory calculations, yield the same neutron capture rate as

when actual physical constants are used in transport theory calculations.

Since the burnable absorber region homogenized with its clad, the guide
tube, and the associated water is represented by a single mesh rectangle
in the guarter-core calculations, it is necessary to develop a procedure
that will preserve the proper reaction rates as well as worths. The

procedure is as follows:

1. Fuel and burnable absorber rod cross-sections are computed by XPOSE.
Burnable absorber rod data are for the burnable absorber region only
and are generated based on the current-to-flux ratio method

described above.
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2, A 9 pin arrxay (one burnable absorber pin and eight fuel pins) is m
described with a 1~D diffusion theory 60 mesh cylinder (40 mesh
points describe the burnable absorber cell). Reference fast and
thermal reaction rated for the burnable absorber cell are computed
in four (tﬁree fast and one thermal) broad groups over a range of

B-10 concentrations simulating BOL to EOL.

3. A 9 pin array is described with a 3x3 mesh using the mesh
description and two group structure to be employed in the
quarter-core calculation. The burnable absorber cell macroscopic
absorption cross-sections are adjusted so that the fast and thermal
reaction rates agree at each B-10 concentration with the explicit
calculation in Step 2.

4. Burnable absorber number densities are factored out of the
macroscopic cross-sections from Step 3 and micorscopic

cross-sections are computed.

5. The resulting microscopic cross-sections for the burnable absorber m

cell are used in the quarter-core PDQ(Q)

model’and/or in an assembly l
PDQ model from which macroscopic assembly cross-sections for XTG are
calculated.

¢

The Spatial Codes and Their Application

Few-group, spatial calculations are performed primarily with two codes:
PDQ?/HARMONY(lo) and XTG(l;). Both codes compute an eigenvalue(which is
the effective multiplication factor and depends on the spectrum average
cross-sections throughout the problem space. In general, the diffusion
theory codes provide the spatial power distribution and the core
reactivity as determined by the cross-sections. XTG includes
power-temperature feedback mechanisms through cross-section modification
which are currently not available in the PDQ7 models at Exxon Nuclear.
These methods are discussed more fully in Reference 1.
o ®
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e

'utilized“in tﬁé\quaffer‘core PDQ7 model and in an infinite assembly PDQ7 ‘ l ;

P o
. -

* Spectrum-averaged: few-group cross-sections calculated with XPOSE are oA
* ' v = B [“{

Ed

model from which cross-sectlons for XTG are determined. e

v
L -

- e -3
N .

'pnd-7/nARM0NY | ‘ . C .

PDQ~-7/HARMONY is a few-group diffusion: theory code combined wlth a

transmutation subroutine and with a generalized three—dimen51onal

interpolater. This combination makes it possible to handle' eigenvalue

calculations in one, two or three dimensions and at variqus burnups. It :

has some of the most sophisticated numerical routines available included

L redw

in its structure which gives it a high speed of convergence. - o

When the depletion routine, HARMONY, is added to PDQ-7, a burnup
description of great power and flexibility is available. In particular,
it is possible to include exposure dependent variations of microscopic
cross-sections of the materials in the assembly. Thus, as the burnup
calculation proceeds and the flux\spectrum varies, the absorption rate
changes, not only because of the spectrum change itsqlf, but because of
the accompanying change in the microscopic cross-section for absorption

of each of the constituents.

XTG

XTG is a simulated two-group, three-dimensional diffusion theory code
utilizing coarse mesh., Diffusion theory is used to so;ve for the fast
group flux in each node. The thermal flux is calculated from the fast
flux assuming no thermal ieakage to occ&r between nodes. This permits
the use of an iterative solution on the fast group only, which makes it
possible to carry out a: full three-dimensional core calculation with

reasonable computer time usage. The code has a macroscopic burnup model.
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‘ UNIT 2, CYCLE 5, NEUTRONIC DESIGN - . -

s

aAnalytical Input - -

- - -
Pl

The neutroniés design methods utilized to calculate the data presented
herein are consistent with those described in Reference 1 with primary

reliance upon the XTG simulator code.

“e

The burnup history of each of the exposed fuel assemblies was calculated
by a three-dimensional, four node per assembly XTG model which was-
utilized to simulate opetation of the core for Cycles 1, 2, 3, and 4.

The results of this calculational model are compared for Cycle 4 to a
core measured power distribution in Figure 3.5.2-1 and the boron curve in

Figure 3,5.2-2.

Calculations for BOCS utilized the assembly exposures, four values per
assembly in 2-D and forty eight (48) values per assembly in 3-D
calculated in Cycle 4 at 13,400 MWD/MTU. The 3-D XTG model was verified
using the 2-D pin-by-pin PDQ-7/HARMONY model. Axial effects in the 2-D

models were accounted for through the buckling term Bi.

Design Basis

The nuclear design bases for the Cycle 5 core were as follows:

1. The design shall permit operation within the Technical

Specifications for the D. C. Cook Unit 2 nuclear plant.

2. The final Cycle 5 loading pattern shall permit full power- (3,411 MWt
total power*) operation of the core throughout Cycle 5 reactivity
life time of about 17,900 MWD/MT. Power distributions and control

* excludes pump heat

UNIT 2 ) 3.5-40 July, 1985
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rod worth (both shutdown worth and the worth of a potentially ejected

rod) are maintained within the ranges analyzed in the Cycle 5 safety

analysis.

3. At hot full power (3,411 MWt total poweri the peak Fg shall not
exceed the limits shown in Figure 3.5.2-8 and the peak g:x shall not
exceed 1.49 in any single fuel rod through the cycle under nominal
operating conditions for Exxon Nuclear Company supplied fuel. Fox

fuel supplied by Westinghouse the allowable F is reduced by 3.4%

Q
and the allowable FX’H by 0.67%.
4. The moderator temperature coefficient is maintained less than or
equal to +5 pcm/°F below 70% of rated power and less than or equal

to 0 pcm/°F at or above 70% of rated power.

5. The scram worth of all rods minus the most reactive rod shall exceed

BOC and EOC shutdown requirements.

Nuclear Design Description , .

The reactor core consists of 193 assemblies, each having 17x17 fuel rod
array. Each assembly contains 264 fuel rods, 24 RCC guide tubes, and 1 .
instrumentation tube. The fuel rods consist of slightly enriched Uo2
pellets inserted into zircaloy tubes. The RCC guide tubes and the
instrumentation tube are also made of zircaloy. Each ENC assembly
contains eight zircaloy spacers with Inconel springs; seven of the

spacers are located within the active fuel region.

The Cycle S loading pattern is shown in Figure 3.3.2-3 with assemblies
identified by Fabrication ID and the burnable absorber configuration.
The core consists of 92 fresh ENC assemblies with an average enrichment
of 3.64 w/o U-235, 29 exposed Westinghouse_assemblies and 72 exposed ENC

assemblies. A low radial leakage fuel management plan has been
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developed and results in the scatter-loading of the fresh fuel throughout

the core with the fresh assemblies loaded in the core interior containing
A1203-B4C burnable absorber rods. The exposed fuel is also
scatter-loaded in the center in a manner to control the power peaking.
The A1203—B4C burnable absorber rods contain 0.026 gm/in of B-10 and 1040
of these rods are distributed among 72 fresh assemblies loaded in the
core interior. Pertinent fuel assembly parameters for the Cycle 5 fuel

are depicted in Table 3.5.2-1.

Physics Characteristics

The neutronics characteristics of the Cycle 5 core are compared with
those of Cycle 4 and are presented in Table 3.5.2-2. The data presented
in the table indicates the neutronic similarity between Cycles 4 and 5.
The reactivity coefficients of the Cycle 5 core are bounded by the

coefficients used in the safety analysis.

The boron letdown curve for Cycle 5 is shown in Figure 3.5.2-4. The BOCS
xenon freekcritical boron concentration is calculated to be 1}91 ppm. At
100 MWD/MT, equilibrium xenon, the critical boron concentration is 1149

ppm. The Cycle 5 length is projected to be 17,900 MWD/MT + 300 MWD/MT at

a core power of 3,411 MWt with 10 ppm soluble boron remaining.

Power Distribution Considerations

Representative calculated power maps for Cycle 5 are shown in Figures
3.5.2-5 and 3.5.2-6 for BOC and EOC conditions, respectively. The radial

power distributions are representative of the all rods out, equilibrium
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xenon configurations. A comparison between predicted power distribution

(XTG) and measured power distribution (Flux Map 205-60) is shown in ) l‘
Figure 3.5.2-7. The hot full power allowable FQ as a function of core

height including the axial dependent K(z) penalty is shown in Figure

3.5.2-8 for Exxon Nuclear Company supplied fuel. l

Control Rod Reactivity Requirements

Detailed calculations of shutdown margins for Cycle S are compared with '
Cycle 4 data ;n Table 3.5.2-3. The D. C. Cook Unit 2 nuclear plant
Technical Specifications require a minimum required shutdown margin of
1,600 pcm at BOC and EOC. The Cycle 5 analysis indicates excess shutdown
margin of 1008 pcm at BOC and 721 at the EOC. The Cycle 4 analysis
indicated an excess shutdown margin of 722 pcm at BOC and 734 pcm at EOC.

The control rod groups and insertion . limits for Cycle 5 will remain
unchanged from Cycle 4. With these limits the nominal worth of the
controlbank, D-Bank, inserted to the insertion limits at HFP is 149 pcm

at BOC and 272 pem at EOC. The control rod shutdown requirements allow

for a HFP D-Bank insertion egquivalent to 400 pcm and 500 pcm at BOC and
EOC, respectively.

Moderator Temperature Coefficient

The Technical Specifications require that the moderator temperature
coefficient be less than or equal to +5 pcm/°F below 70% of rated power

and less than or equal to 0 pcm/°F at or above 70% power. The HZP, ARO
moderator temperature coefficient is calculated to be +3.0+2 pcm/°F and l
meets the Technical Specification limit below 70% power. The moderator
temperature coefficient at or above 70% power is calculated to be less:

than 0 pcm/°F and also meets the Technical Specification requirements.
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Table 3.5.2-1

@ D. C. Cook Unit 2, Principal Characteristics for
Nuclear Analysis of Cycle 5 Fuel

Cycle 5

Region 5 Region 6 Region 7

Nominal Enrichment (w/o0) 3.40 3.65 3.64
Nominal Density (% TD) 95 94 94
Pellet 0D (in) .3225 .3030 .3030
Clad QD (in) .374 .360 .360
Diametral Gap (in) .0065 .0070 .0070
Clad Thickness (in) .0225 .0250 .0250
Rod Pitch (in) - .496 .496 .496
Spacer Material Inconel Bi-Metallic Bi-Metallic
Fuel Supplier W ENC - ENC
Fuel Stack Height

Nominal (in) 144 144 144
Number of Assemblies 29 72 92
Regionwise Loading

(MTU) 13.286 29.077 37.154
Exposure (MWD/MT)

80C5 24,069 16,368 0

EQCS 34,866 35,410 19,546

Incremental 10,797 19,042 19,546

3.5-45
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Table 3.5.2-2

D. C..Cook Unit Z, Neutroniags Characteristics of Cycle 5 Compared With Cyclé 4 Data

Cycle 4 Cycle §
BQC £0C : 80C £0C
Critical Boron

HFP, ARO, Eq. Xenon (ppm) 9gg9(b) 10(b) 1,149 10

HZP, ARO, No Xenon (ppm) 1,465(2)  cemeeees 1,569 —eamme--
Moderator Temperature Coefficient

HFP, (pcm/OF) -4.0 (b)  -27.5(b) 2.1 -26.3

HZP, (pcm/OF) _ -0.97(a)  -21.9(b)  +3.0 -21.1
Isothermal Temperature Coefficient -

HEP, (pcm/OF) -5.4 (b) =~ -29,2(b)  -3.4 -27.8

HZP, (pcm/OF) ' -2.86(a)  -23.6(b) 1.3 -23.0
Doppler Coefficient (pcm/OF) -1.4 = -1.6 -1.3 -1.5
Boron Worth, (pcm/ppm) .

HFP _ -7.7 (b)), .g.7 (b) -8.0 -9.6

HZP - -g.95(a)  -10.9(b)  -9.4 -11.7
Total Nuclear Peaking Factor .

F“Q, HFP, Equilibrium Xenon 1.59 (a)  1.55 (b) . 1.64 1.54
Delayed Neutron Fraction .0057 .0051 .0062 .0051
Control Rod Worth of A1l Rods

In Minus Most Reactive Rod,

HZP, (pcm) 5,525 6,093 6,301 6,172
Excess Shutdown Margin, (pem)(c) 722 734 1,008 721 '

(a) Measured data
(b) ENC calculated

(c) Shutdown margin evaluation based on the most adverse
combination of power level and rod insertion
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Table 3.5.2-3

D. C. Cook Unit 2 Control Rod Shutdown Margins and

Requirements of Cycle 5 Compared to Cycle 4

Cycle 4 Cycle §
80C EQC 80C £0C
"Control Rod Worth (HZP), pcm
A11 Rods Inserted (ARI) 6,348 6,888 7,065 7,279
ARI Less Most Reactive (N-1) 5,525 6,093 6,065 6,079
N-1 Less 10% Allowance
[(N-1)*.9)] 4,972 5,484 5,458 5,471
Reactivity Insertion, pcm(a)
Power Defect (Moderator+Doppler) 400 500 400 500
Flux Redistribution 600 - 600 600 600
Void 50 50 50 50
Sum of the Above Three 1,050 1,150 1,050 1,150
Rod Insertion Allowance 1,600 2,000 1,800 2,000
Total Requirements 2,650 3,150 2,850 3,150
Shutdown Margin (N-1)*.9 -
Total Requirements 2,322 2,334 2,608 2,321
Required Shutdown Margin 1600(b)  1600(b)  1600(b)  1600(b)
Excess Shutdown Margin 722 734 1,008 721

(a) The reactivity insertion allowance assumes the most adverse

combination of power level and rod insertion.

The BOC shutdown

margin is increased at HFP conditions and the EQC shutdowm
margin remains unaffected at HFP conditions.

(b) Technical Specification limit.

Unit 2
Cygle S
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t
11
12
13
14

15

H G F £ 0 C 8 A
.856 .985 .975 1.046 971 1.069 1.008 .901
.848 .966 .964 1.042 .983 1.086 1.019 .859

+0.9 +2.0 +1.1 +0.4 -1.2 -1.6 -1.1 +4,9 7
.982 1.079 1.218 1.071 1.218 .997 1.128 .742
.968 1.064 1.186 1.069 1.206 1.002 1.125 737

+1.4 +1.4 +2.7 +.2 +1.0 -0.5 +0.3 +.7
.974 1.220 -1.081 1.073 1.104 1.234 1.020 .862
.972 1.187 1.079 1.080 1.123 1.243 1.039 .835
+0.2 +2.8 +.2 -0.6 -1.7 -0.7 -1.8 +3.2

1.049 1.076 1.095 1.093 1.246 1.024 1.107 .554

1.041 1.065 1.072 1.099 1.249 1.058 1.126 .564

+0.8 +1.0 +2.1 -0.5 -0.2 -3.2 -1.7 -1.8
.970 1.219 1.105 1.246 .990 1.175 .758
.983 1.196 1.}18 1.240 1.030 1.195 .766

‘103 +109 ‘102 +0c5 -309 -107 "1-0

1.068 .980 1.227 1.023 1,173 1.019 .396

1.059 . .986 1.221 1.051 1.190" 1.031 .401

+.9 -0.6 +).5 -2.7 -1.4 -1.2 -1.2

1.007 1.124 .999 1.102 .755 .395 Calculated (XTGPWR)

1.010 1.109 1.030 1.105 .757 .395 Measured Assembly Power

-0.3 +1.4 -3.0 -0.3 -0.3 0.0 gﬁﬂ % 100
.903 .748 .857 *.951
.852 .735 .822 .558 Calculated Measured ¢ Diff.

+6.0 +1.8 +4o3 "1.3 FgH 1.354 1.343 » +0.8
Yy 1.565 1.557 +0.5

Figure 3.5.2-1

D. C. Cook Unit 2, Cycle 4, Power Distribution Comparison to Map 204-46,

100% Power, Bank D @220 Steps, 7,752 MWD/MT
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Figure 3,5.2-2

D. C. Cook Unit 2, Cycle 4 Boron Letdown Curve
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Unit 2
Cycle S

Figure 3.5.2-3 D. C. Cook Unit 2, Cycle 5, Full Core

Loading Pattern
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M2 + + + + + D2
R47 . R8
J7 |Fl15 a D13 | ¢ Ji c MI3 | a K15 | H3 2
R92 |S03 S27 R73 S13 SO1 | R46
N8 a b L2 c L4 H1 E4 c E2 b a G7 3
R19 S21 S51 | SO06 | S46 S57 R70
Al0 { b P7 d K3 c J12 | ¢ F3 d 87 b R10 4
S10 S45 S66 S37 $32 S23 S08
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M4 | + + + + + D14 | Previous Core Location 15
R49 R3 Fabrication ID’
+- Fresh Fuel Assembly, No BA Pins
a Fresh Fuel Assembly, 4 BA Pins
b Fresh Fuel Assembly, 12 BA Pins
¢ Fresh Fuel Assembly, 16 BA Pins
d Fresh Fuel Assembly, 20 BA Pins
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Critical Boron Concentration (ppm)
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Figure 3.5.2-4 D. C. Cook Unit 2, Cycle 5, Boron Letdown Curve
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1

H 6 F 3 0 c 8
8 1.049 1.169 1.119 1.159 1.136 1.177 .955 .993
9 1.206 1.164 1.109 1.042 1.175 1.112 1.098 .982
10 1.116 1.110 1.099 1.154 1.102 1.148 1.021 .856
1.160 | 1.084° 1.156 | 1.090 1.084 1.072 | 1.054 .409
12 1.141  |1.177 1.106 1.085 | 1.071 1.050 .681 m
13 1.177 1.113 1.151 1.075 "1.050 .886 .316
14 .954 1.099 1.023 1.056 .682 .309 Assembly Relative Power
15 .993 .982 .857 .410 Peak Assembly = 1.206 (H9)
Pin Fpy = 1.323 (H9)
Peak F = 1.644 (G15)
Figure 3.5.2-5 D.C. Cook Unit 2, Cycle 5, Relative Power'Distribution,
100 MWD/MT, 1149 ppm, 3411 MWt, ARO
Unit 2 3.5-52 July, 1985("
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.954

14 .893 1.077 .997 732 .387 Assembly Relative Power
15 .841 .850 777 .434 Peak Assembly = 1.260 (F11)
N =
Pin Fry 1.369 (F11)
Peak Fg = 1.536 (F11)

Figure 3.5.2-6 D. C. Cook Unit 2, Cycle 5, Relative Power Distribution
17,900 MWD/MT, 10 ppm, 3411 MWD/MT, ARO

Unit 2

Cycle S July, 1985
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Figure 3.5.2-7 D. C. Cook Unit 2, Cycle 5, Power Distribution O
Comparison to Map 205-60, 100% Power, Bank D @
221 Steps, 11,454 MW3/MTU
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%hirthorﬁnithdraulié design performance requirements for the Exxon
Nuclear 17x17 design were as followss )

¢
«

T

1. The minimum departure from nucleate boiling ratio (MDNBR) is > 1.17
as calculatad using the XNB co::elation.f}" In addition, an adjust-
ment of 2% on the MDNBR is included for mixed cores containing
hydraulically different fuel assemblies. )

; 2. The fuel is thermally and hydrauliéally compatible with the Westing-

house fuel in the core at the time of insertion of the resload fuel.

Design Analxsis

TP S CEL, DOy P PR S

The predicted steady-state thermal-hydraulic performance of the ENC,
Donald C. Cook Nuclear Plant Unit 2 reload fuel design satisfied all of
the design basis requirements. The thermal-hydraulic analysis was

_ performed at 118.5% of rated power (3,411 MWt). The analysis in this
T) of 2.58

. Q
which includes a 1.03 engineering factor and a 1.01 densification factor

\4

section was performed with a total power peaking factor (F

corresponding to an allowed factor of 2.48. The Donald C. Cook Nuclear

Plant Unit 2 was licensed(Z)

for operation in Cycles 4 and 5 with a
maximum peaking factor (FQ) of 2,04 for ENC reload fuel and 1.97 for l
Westinghouse fuel. The larger nuclear heat flux factor was used in the
analysis to demonstrate that adequate thermal margins exist at the

increased peaking in order to anticipate future changes in allowable

peaking. The results of the analysis are summarized in Table 3.5.3-1.

UNIT 2 3.5-56 - July, 1985 m/,
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Minimum Departure From Nucleate Boiling Ratio (MDNBR)

The MDNBR of the Donald C. Cook Nuclear Plant Unit 2 fuel at 118.5% of
rated power was calculated to be 1.68 for the Westinghouse fuel and 1.42
for the ENC reload fuel at the design total peaking factor‘of 2.58 for
both fuel types. The smaller rod size and larger flow area of ENC fuel
account for a large part of the reduced MDNBR relative to Westinghouse
fuel. The MDNBR calculation was performed with standard calculational
techniques described in Reference 3. The MDNBR calcualtion was based on
the XNB critical heat flux correlation with correction factors for non-

dniform axial heat flux profile and unheated subchannel boundaries.

Thermal Hydraulic Compatibility

%

The hydraulic compatibility tests of Westinghouse and ENC 17x17 fuel, are
described in Section 3.5.1. The hydraulic characteristics of the ENC 17x
17 fuel are calculated to closely match those of the Westinghouse fuel.
At a flow rate corresponding to nominal reactor operating. conditions, the
plenum-to-plenum pressure drop of the ENC fuel assembly is approximately
equal to the Westinghouse fuel assembly. Between the tie plates, the
Westinghouse fuel has about 1.2 psia less pressure drop than the ENC fuel
assembly. This small difference in assembly pressure drop has negligible

effect upon the margin to DNB.

UNIT 2 3.5-57 July, 1985
CYCLE 5 ‘
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TABLE 3.5.3-1

THERMAL HYDRAULIC DESIGN VALUES USED IN EVALUATION

Rated Heat Output ) 3,411 MWt

Maximum Overpower 18.5%

Heat Generated in Fuel 97.47

Nominal Design Pressu;e 2,250 psi

Design Inlet Temperature 543.1 OF

Average Core Temperature 574.1 OF ;
Total Reactor Coolant Flow 142.7 x 106 1bs/hr
Active Coolant Flow 136.3 x 105 1bs/hr
Average Mass Velocity(l) 2.525 x 109 1bs/hr-fe2
Average Coolant Velocity Along Fuel Rods(1) 15.5 ft/sec

Active Heat Transfer Surface Area(l) 57,625 ft2

Average Heat Flux ' " . 197,562 Btu/hr-ft2
Maximun Heat Flux(l,3) 601,446 Btu/hr-ft2
Maximum LHGR(3) ) 16.61 kw/ft

Average LHGR 5.456 kw/ft

MDNBR - ENC(2Z,3) 1.42

MDNBR - Westinghouse(2:3) 1.68

(I)Core is fueled with all ENC assemblies.

(2)Mixed core with both ENC and Westinghouse fuel.

-(3)At overpower.

3.5-59
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TABLE 4.1-1

*

SYSTEM DESIGN AND OPERATING PARAMETERS

|
Plant design life, years ' 40 i o
|

Number of heat transfer loops 4
Design pressure, psig ,2485
Nominal operating pressure, psig q . o, 2235

Total system volume including pressurizer

and surge line (ambient conditions), ft3 (estimated) 12,500
System liquid volume, including pressurizer .
and surge line (ambient conditions), £t3 11,892

System liquid volume, including pressurizer
max. guaranteed power, ft3 (estimated) . {1,780
Total Reactor heat output (100% power) Btu/hg '11,089*x 106 (Unit 1)
. a " (3250 Mut)
11,641 x,106 (Unit 2)
(3411 MWe)

Unit 1 Unit 2

|
Reactor vessel coolant temperature . |

at full power: . .

Inlet, nominal, oF 536.3 " 541.27
Outlet,, oF ' 599.3 606.35 }
Coolant temperature rise in vessel
at full power, avg., oF 63.0 '64.8
Total coolant flow rate, lb/hr 135.6 x 106 134.6_x 106
(*) Steam pressure at full power, psia m258 . 820
Steam Temp. @ full power, oF 512.1 521.1
ambient conditions, ft3 . T 12,438 Te 12,438

Equivalent to 88,500 gpm/loop. This value is the one used in non-1ITDP
transients. The value used in the anaiysis of ITDP transients is
142.7 x 106 1b/hr. Measured values are typically 146.0 x 106 lb/hr.

Total Reactor Coolant Volume at ”} . .
(*)
July, 1983 .



TABLE 4.1-2

REAC%OR COOLANT SYSTEM DESTGN PRESSURE SETTINGS

v

Pressure si

Unit 1 Unit 2

Design Pressure . 2485 2485
Operating’ Pressure . 2235 2235
Safety Valves ' . 2485 2485
Power Relief Valves* 2335 2335
Pressurizer Spray Valves (Begin to Open) 2260 2260
Pressurizer Spray Valves (Full Open) 2310 2310
Pressurizer Pressure High - Reactor Trip 2378 2378
High Pressure Alarm 2310 2310
Pressurizer Pressure Low - Reactor Trip > 1865 > 1950
Low Pressure Alarm " 2135 * 2135
Pressurizer Pressure Low - Safety Injection > 1815 > 1900
Hydrostatic Test Pressure 3106 3106
Backup Heaters On 2185 2185
Proportional Heaters (Begin to Operate) 2250 2250
Proportional Heaters (Full Operation) 2220 2220

*During Start-up and Shut-down.when Reactor Coolant System pressure
drops below 390 psig for Unit 1, 425 psig for Unic 2, a safeguard
circuit is manually switched on which allows opening of that Unit'’s
two Power Relief Valves at 400 psig for Unit 1, 435 psig for Unit 2,

for low temperature overpressure protection of the Reactor Vessel.

o July, 1986




' Total Heat Transfer Surface Area, ft“-

TABLE 4.1-5

STEAM GENERATOR DESIGN DATA*

Number of Steam Generators

Design Pressure, Reactor Coolént/Steam, psig

Reactor Coolant Hydrostatic, K Test Pressure
(tube side-cold), psig

Design temperature, Reactor Coolant/Steam, °F

Reactor Coolant Flow, 1lb/hr
2

L]

Primary Side:
Heat Transfer Rate (per unit), Btu/hr
Coolant Inlet Temperature, °p
Coolant Outlet Temperature, °p
Flow Rate, (per unit), lb/hr
Pressure loss, psi

Heat Transfer Area, fc2

Secondary Side:
Steam Temperature at full power, °F
Steam Flow, lb/hr
Steam Pressure at full power, psia
Maximum moisture carryover, wt %
Feedwater Temperature at No. 6 Heater

Outlet

Fouling Factor, hr-fc2-°F/Btua

Overall-Height, ft-in.

Shell OD, upper/lower, in.

Number of U-tubes

U-tube outer Diameter, in.

Tube Wall Thickness, (minimum), in.
Number of manways/ID, in.

Number of handholes/ID, in.

*Quantities are for each steam generator

-

4
2485/108

3107
650,600
33.9 x 1
51,500

Unit 1
2773 x 10°
599.3
536.3
33.9 x 10°
31.4
51,500

512.1
3.53 x 106

758

0.25

436.5

0.0002

67-8
175.75/1
3388
0.875
0.050
4/16
2/6

5

06

L]

Unit 2
2903 x 10
606.35
541.27
33.7 x 10°

31.4

51,500

6

521.1
3.685 x 10°
820
"0.25
431.3

0.00005

35
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TABLE 4.1-5 (cont’d.)

STEAM GENERATOR DESIGN DATA®

Reactor Coolant Water Volume, ft3

Primary Side Fluid Heat Content, Btu

Secondary Side Water Volume, fc3

Secondary Side Steam Volume, ft3
Secondary Side Fluid Heat Content, Btu

*Quantities are for eath steam generator

Rated Load No l.oad
1080 1080
28.7 x 10° 27.7 x 10°
1837 3524
4030 . 2344

5.738 x 107 . 9.628 x 107

July, 1982




4.2.9 REACTOR COOLANT FLOW MEASUREMENTS .

Elbow taps are used in the Réactor Coolant System as an instruﬁgnt
device that indicates the status of the reactor coolant flow(4): The
basic function of this device is to provide information as to whether
or not a reduction in flow rate has occurred. The correlation between
flow reduction and elbow tap read out ﬁas been well established by the

following equation: -ﬁ-%— = (—%’)—) 2: where APO is the referenced pressure
o o

differential with the corresponding referenced flow rate We and AP is
the pressure differential with the corresponding flow rate,. The full
flow reference point ié established during initial plant startup. The
low flow trip point is then established by extrapolating along the
correlation curve. The technique has been well established in provid-
ing core protection against low coolant flow in Westinghouse PWR plants.
The expected absolute accuracy of the channel is within * 10% and

field results have shown the repeatability of the trip point to be

. withip t.l%. The‘analysis.of the loss of flow transient presented in

Sub-Chapter 14.1 assumes instrumentation error of + 3%.

4.2.9.1 Reactor Coolant Margin To Saturation

A digital subcooling monitor is provided to display in the control
room either the temperature or pressure margin available for the
sub-cooled operating condition below the corresponding saturation
pressure or saturation temperature. The device selects the highest
temperature reading from 8 core exit thermocouples and 8 hot and
cold leg RTD's, and the lowest pressure reading from two wide range
pressure sensors, and then calculates the corresponding saturation
conditions, and displays the available margin of subcooling below

saturation, in either temperature (°F) or pressure (psi).

4.2-33 July, 1982




The plant computer is also used to display the margin of subcooling
temperature (°F) on an analog trending device in the control room.
The computer uses the lowest pressure reading from two wide range
pressure sensors and any of four different temperatures, selected by
the operator and derived as follows: 1. Hottest incore thermocouple,
2. Average of the incore thermocoupies {excluding hottest and

coldest), 3. Hottest hot or cold leg RTD, 4. Average of the RTD's,

4.2-34 - . July, 1982
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5.1 GENERAL DESIGN CRITERIA

Below are listed those general '‘criteria applicable to containment that
governs the design of the plant, followed by those criteria that relate
specifically to the containment system.

5.1.1 GENERAL CRITERIA

Ouality Standards

Criterion: Those systems and components of reactor facilities which
are essential to the prevention, or to the mitigation of
the consequences, of nuclear accidents which could cause
undue risk to the health and safety of the public shall
be identified and then designed, fabricated, and erected
to quality standards that reflect the importance of the
safety function to ke performed. Where generally recognized
codes and standards pertaining to design, materials, fabri-
cation and inspection are used, they shall be identified.
Where adherence to such codes or standards does not suffice
to assure a-quality product in keeping with the safety
function, they shall be supplemented or modified as necessary.
Quality assurance programs test procedures, and inspection
acceptance criteria to be used shall be identified. An
indication of the applicability of codes, standards, quality
assurance programs, test procedures, and inspection accept-
ance criteria used is given. Where such items are not
covered by applicable codes and standards, a showing of
adequacy is required.

The reactor containment system is essential to the protection of the

health and safety of the public. Consequently, this containment was

"designed, fabricated and erected to quality standards that reflect its

importance. i ‘

Quality standards governing the design, selection of materials, fabri-
cation and inspection of the containment system conform to the ap-
plicable provisions of recognized codes and good nuclear practice.

The reinforced concrete structure was designed in accordance with

the applicable portions of codes ACI-318-63 and ACI-301-66. Ouality

assurance programs, comprising test procedures and acceptance standards

5.1-1 July, 1982



used, are identified in Section 5.2.2." The applicability of codes,

tests standards and other quality assurance programs, including ac-

ceptance criteria, are also discussed in this section.

Pexformance Standards

Criterion: Those systems and components of reactor facilities which
are essential to the prevention, or to the mitigation of the
consequences of nuclear accidents which could cause undue
risk to the health and safety of the public shall be
designed, fabricated and erected to performance standards
that will enable such systems and components to withstand,
without undue risk to the health and safety of the public,
the forces that might reasonably be imposed by the occurrence
of an extraordinary natural phenomenon such as earthquake,
tornado, flooding condition, high wind or heavy ice. The
design bases so established shall reflect: (a) appropriate
consideration of the most severe of these natural phenomena
that have been officially recoxrded for the site and the
surrounding area and (b) an appropriate margin for with-
standing forces greater than those recorded to reflect
uncertainties about the historical data and their
suitability as a basis for design.

.All components and supporting structures of the reactor containment were

designed so that they would sustain no loss of function in the event of
maximum conceiyable ground acceleration acting in the horizontal and
vertical directions simultaneously. The dynamic response of the structure
is based on appropriate spectral characteristics of the site foundation.
Damping of the foundation and structure was included in the design analysis.
Other applicable natural phenomena which were considered in the design

were flooding conditions, seiches and tornados.

=

Fire Protection

Criterion: A reactor facility shall be designed to ensure that the
probability of events such as fires and explosions, and the
potential consequences of such events, will not result in

P undue risk to the health and safety of the public. Non-
combustible and fire resistant materials shall be used
throughout the facility, wherxever necessary, to preclude such

v . *
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5.2 '~ CONTAINMENT STRUCTURE

5.2.1 DESIGN CRITERIA

Reactor Containment

+

Criterion: The containment structure shall be designed (a) to sustain
without undue risk to the health and safety of the public
the initial effects of gross equipment features, such as
a large reactor coolant pipe break, without loss of requi-
red integrity, and (b) together with other engineered
safety features as may be necessary, to retain for as
long as the situation requires the functional capability
of the containment to the extent necessary to avoid undue
risk to the health and safety of the public.

The reactor containment is a reinforced concrete structure consisting
of a vertical cylinder, hemispherical dome and flat base. The in-
terior is divided into three volumes, a lower volume which houses the
reactor and Reactor Coolant System, an intermediate volume housing the
energy absorbing ice ked in which steam is condensed and an ;pper
volume which accommodates the air displaced from the other two volumes
during a loss-of-coolant accident. The condensation of steam in the

] ice bed limits the containment pressure to values substantially below

those for a comparable dry-type containment under the same conditionms.

The ice condenser containment, together with the containment spray system,

provides the functional capability of containment for as long as neces-
sary following an accident. The design pressure of the containment
exceeds the peak pressure occurring as the result of the complete
blowdown of the reactor coolant through an& rupture of the Reactor
Coolant System up to and including the hypothetical double-ended seve-
rance of a reactor coolant pipe. The design pressure is not exceeded
during subsequent long-term pressure transignts resulting from the
combined effects of heat sources such as residual heat and metal-water
reaction with operation of one train of the emexgency core cooling

and containment spray systems.

5.2-1 ) July, 1982



All piping systems which penetrate the containment are anchored at the
containment wall. The penetrations for the main steam, feedwater, blow-
down and samples lines are designed so that the containment is not
breeched due to a hypothesized pipe rupture. The core pipe capability
in bending is assumed to be limited to its pléstic moment capability
based upon the yield strength of the pipe material multiplled by a
suitable factor. The factors used were as follows:

2.5 For stainless Steel Core pipes.
1.65 For Carbon Steel core pipes.

.

Anchors are designed to withstand the thrust, moment, and torque -

resulting from a hypothesized rupture of the attached pipe.
Isolation valves are supported to withstand, without impairment of
valve operability, loadings including those from maximum potent1a1

seismic conditions.

Reactor Containment Design Basis

Criterion: The reactor containment structure, including openings and
penetrations, and any necessary containment heat xemoval
systems, shall be designed so that the leakage of radio-
active materials from the containment structure under
conditions of pressure and temperature resulting from the
larxgest credible energy release following a loss~of-coolant
accident, including the calculated energy from metal-water
or other chemical reactions that could occur as a conse-
quence of failure of any single active component in the
emergency core cooling system will not result in undue-
risk to the health and safety of the public.

The reactor containment structure and penetrations, with the aid of
containment heat removal systems including the ice bed, are designed
to limit below 10 CFR 100 values the leakage of radioactive fission
products from the containment under those conditions that would-.result
from the largest credible energy release following a loss-of-coolant
accident, including a margin to cover the effects of metal-water

reaction ox other undefined energy souxces.

5.2~2 July, 1982




pret =

TL' =

LY =

TL' L

TL =

E =
E' =
W =
W=
(p) =
U,P, =

16 psi (in fan-accumulator room due to main steam break)

Temperature gradient through the concrete and liner undex
operating conditions |
Temperature gradient through the concrete wall associated with
1.5 times design pressure (18 psi)

Temperature gradient through the concrete wall associated with
1.25 times design pressure (15 psi)

'

Temperature gradient through the concrete wall associated with

,1.0 times design pressure (12 psi)

Temperature in the liner associated with an accident pressure

of 1.5 times design pressure (18 psi)

Temperature in the liner associated with an accident pressure of
1.25 times design pressure (15 psi)

Temperature in the‘liner associated with a bressure of 1.0 times
design pressure (12 psi)

Temperature in the liner (320°F) associated with 1.5 times main
steam break design pressure (1.5 x 16 psi) due to fan-accumulator
room main steam line break.

Temperature gradient through the concrete and liner under test
conditions

Operating basis earthquake

Design basis earthquake

Wind load

Tornado .

3 psi differential due to ambient pressure drop due to toxrnado

Unsymmetrical pressuxe of 8 psi

Load condition (a) indicates that the containment has the capacity to

remain

elastic and withstand loads at least 50 percent greater than

those calculated for the postulated loss-of-coolant accident alone.

Results of the analysis using load conditions (b) and (c) indicate

that the containment has the capacity to remain elastic énd withstand
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loadings at least 25 percent greater than those calculated for the
postulated loss-of-coolant accident with é coincident operating:

basis earthquake or wind loading.

Load condition (d) indicates that the containment has the capacity to
remain elastic and withstand loadings at least as great as those
calculated for the postulated loss-of-coolant accident with a coin-

cident design basis earthquake, as defined in Chapter 2.

Load condition (e) indicates that the containment has the capacity

to remain elastic and withstand loadings at least as great as those
calculated for operating temperature with a coincident design tornado.
Load condition (f) indicates that the containment has the capacity to
remain elastic and withstand loadings at least as great as those
calculated for operating temperature.

Load condition (g) indicates that the containment has the capacity

to remain elastic and withstand loadings at least as great as that ~
of an unsymmetical pressure of 8 psi in the ice condenser area coin-

cident with a design basis earthquake.
Load condition (h) is for proof testing.

Load condition (i) indicates that the containment has the capacity
to remain elastic and withstand local loadings at least 50 percent
greater than that due to a steam line break in the fan~-accumulator

room.
' Scaled load plots for moments, shears, deflection, longitudinal

forces, and hoop tension, are shown in Figures 5.2.2-14 to 5.2.2-50.

The legend for these plots is shown in Figure 5.2.2-13.
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Shrinkage induces cracking in the concrete and an initial compressive

stress in the rebar and liner.

Design criteria requires that the concrete carry none of the tensile
stresseé. Therefore, in the analysis, the concrete that is in tension
was considered as being cracked. Where, by analysis, the céncrete was
shown to have compressive stresses, the effects of the initial shrin-
kage induced tension would be to reduce the compressive stresses. This

effect was not taken into account in the calculations.

The initial compression in the rebars, due to the .concrete shrinkage,

has not been considered as reducing the rebar tensile stress.

Concrete shrinkage does introduce initial compressive stress in the
liner, and this initial stress has been considered to be additive to

the liner compression stress due to operating and accident conditions.

The auxiliary building concrete was analyzed by conventional structure -

analysis techniques (i.e., by structural computer programs or hand
computations). If the sections assumed in the analysis were satis-
factory, reinforcing was determined in accordance with design method
in AQI-318-63. If‘the section assumed was not correct, the above
procedure was ;epeated until the analysis and design agreed. The
effects of teﬁperature stresses werg‘added directly when determining
the section capacities.

Equilibrium checks of interndl‘stresses and external loads were made.
The computexr program used for the analysis and design of the con-
tainment structure shell was "The GENSH 5 Multi-Layer Static Shell
Program: of the Franklin Institute Research Laboratory iﬁ Philadelphia,
Pa. ‘The output of‘this program. lists both the external loads at the
section desired, and the internal stresses at both surfaces of each
layer of the section being analyzed. The equilibrium of the external
1oads and the internal stresses was also checked at variohs points

by manual computations in order to spot-check the computer output.
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All structural components are designed to have a capacity required by

the most severe loading combination. The loads resulting from the use

of these equations are hereafter termed "factored loads".

The design includes the consideration of both the primary and secondary
stresses. ‘'The design limit for tension members (that is, the capacity
required for the design load) is based upon the yield stress of the

reinforcing steel.

No steel reinforcement experiences average strains beyond the yield
point at the factored load. The load capacity of the structure, so
determined, is reduced by a capacity reduction factor "@" which is
provided for the possibility that small adverxse variations in material
strengths, workmanship, dimensions and control, while individually .
within required tolerances and the limit of good pracéice, occasionally
may combine to result in actual capacity lower than the determined
value. For tension members the factor "g" is 0.95. The factor "g"

!

is 0.90 for flexure and 0.85 for bond and anchorage.

A "g" value of 0.75 was used for all Class I structural nembers
carrying loads in shear which were produced by earthquake only.
For combinations of earthquake loads with LOCA loads a "g@" value of

0.85 was used for structural members carrying loads in shear.

The capacity reduction factor of 0.75 for shear, which is more con-

servative than that required by the ACI code, was used for earthquake
load alone in recognition of the fact that the potentially relatively
laxge component of shear load associated with earthquake can be )

considered dynamically applied thereby justifying some additional

conservatism.

The load factors used in the equations of Section 5.2.2.3 make pro-
visions for integrity of the containment structure, by the same

philosophy used in the ultimate strength ‘procedure in ACI 318-63.

«
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Because of the refinement of analysis and the restrictions on con-
struction procedures, the load factors in the design primarily provide
for a safety margin on the load assumptions. ' The load factors utilized
in this criterion are based upon the load factor concept employed in
Part IV-B of "Structural Analysis and Proportioning of Members-~Ultimate
Strength Design" of ACI 318-63. The load factor applied to earthquake
or wind load is consistent with that utilized in ACI 318-63. The
reduction in the load factor applied to the pressure and thermal

loads, when the design earthquake or maximum wind velocity is
experienced is also consistent with ACI 318-63. Therefore ap-
plicable provisions of "Building Code Requirements for Reinforced
Concrete" ACI 318-63 are utilized.

5.2.2.4 Divider Barrier

It is an essential requirement of the ice condenser containment that
the steam and air flowing from the lower containment compartment in

the event of a failure of a pipe in the Reactor Coolant System, be
routed to the upper compartment via the ice bed. To accomplish this,

a structural barrier within the containment vessel separates the

lower and upper containment compartments. This divider barrier includes
the walls of the ice compartment, the upper deck, the compartments
enclosing the upper portion of the steam generators and pressurizer,

the gate separating the reactor cavity from the refueling canal,

and portions of the walls of the refueling canal. The interior wall

of the ice compartment also serves as the crane support wall.

It is not necessary to apply a vapor barrier to the exterior surface

of the containment wall for the height of the ice condenser compartment.
The exterior wall of the ice condenser is separated from the

structural concrete and is composed of insulated wall panels which

form a complete sheet metal vapor barrier for the refrigerated ice
conéenser compartment. This vapor barrier is the exterior surface

of the insulation and is the warm side.
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The operating deck portion of this barrier is supported at its outer

radius by short reinforced concrete columns extending above the
lower crane wall. The deck is supported at its inner radius by the
reinforced concrete primary shielding wall around the reactor.

The removable central portion of this deck spans the reactor cavity
above the reactor vessel. 'The operating deck includes hatches above

the reactor coolant pumps.

Other portions of the divider barrier are penetrated by hatches for
general acceéss and materials handling. The hatch covers and the

bulkhead walls between the reactor cavity and the refueling canal

. are designed to limit post-accident leakage between the lower and

upper containment volumes.

The divider barrier between the upper and lower containment compartment
i; designed to carry the differential pressure between the lower and
upper compartments during the postulated loss~of-coolant accident
under factored 1§§d conditions (a), (b) and (d). The portions of

the divider barrier which enclose confined spaces in which a pipe

rupture could occur; such as, the steam generator compartments and

* the slab above the reactor vessel are designed with consideration for

differential pressures as a function of available relief area. 1In
addition, the barrier is designed to withstand impact from credible
missiles and the effects of fluid jets and pipe whip (where they

could occur) without loss of function. For these conditions localized
plastic action is accepted and structural ductility is considered

in determining equivalent static loads.
Figures 5.2.2-51 to 5.2,2~55A indicate the elements of the divider

barrier, the reinforcing used in the barrier elements and the pressure

loading applied to these elements.
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Analysis of the crane wall, operating deck, steam generator and pres-

surizer enclosures segments of the barrier structure was by computer.

A check was made by manual calculations.

The manual analysis check for the enclosures and the crane wall is
based on "Theory of Plates and Shells"* and "Beams on Elastic Founda-

tions" **

The manual analysis check for the operating deck assumes a representa-

tive restrained one way slab strip.

The Reactor Access Openihg Cover and the Bulkhead are designed manually

considering them to be simply supported one-way slabs.

Reinforcing and concrete sections were designed using "Ultimate
Strength Design" criteria for the accident conditions and "Working

Stress Design" criteria for the operating conditionq.

»

Loading combinations were those listed in section 5.2.2.3.
Additional loads are as follows:

1) An internal design pressure of 20 psi in the steam generator
enclosure factored in accordance with the equations of

sect. 5.2.2.3.

2) An internal design pressure of 15 psi in the pressurizer
enclosure factored in accordance with the equations of
sect. 5.2.2.3.

* “pheory of Plates and Shells" by Timoshenko, published by
McGraw-Hill Book Co. 1940.

** "paams on Elastic Foundations" by Hetenyi, published by The
University of Michigan Press, Ann Arbor, Michigan 1955.
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3)

4)

5)

6)

7)

8)

9)

SHRINKAGE

»

An 8 psi external design pressure on the upper compartment

crane wall in the ice condenser area.

Thermal load.

5et impingement force.

Missile impact force. | ’

Pipe reactions’ and thrust force on the main steam line

support anchors.

Steam generator lateral support loads due to earthquake

and loss of coolant accident or main steam line break.

A pressure differential across the operating deck
of 12 psi.

The effects of shrinkage are to impose tensile stresses in the con-

crete and compressive stresses in the reinforcing steel. Fox a

‘volume/surface area ratio of 12, a conservative value of shrinkage

strain equal to 200 x 10-6~(in/in), based on the Matlock and Hansen

Graph (see reference page 5.2-101) was used. The computed tensile

stresses in the concrete are 56 psi in the crane wall and 34 psi

in the steam generator and pressurizer enclosures. These values

were added to the stress values determined in the loading combi-

nations.
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TEMPERATURE

Two factors are considered in the calculation of thermal stresses.
(1) A maximum thermal gradient of 20°F across the thickness gives
a tensile stress of 174 psi in the 3' -0" concrete cross-section
and 168 psi in the 2' -0" concrete cross-section of the

barrier structure.

(2) A maximum mean thermal rise of 50°F is considered axially in

the hoop and meridional directions of the barrier structure.

The results from (1) and (2) are superimposed onto the values determined
in the loading combinations.

Accident thermal load increments are of‘too short a duration to com~
pletely penetrate the concrete thickness during blow-down interval.
Thermal gradient values used at operating conditions are conservative
and do not take into consideration the temperature drop at the skin

surfaces of the wall, If this were done the values could be reduced.,
JET IMPACT

The unattenuated steam blast from a main steam pipe break inside the
steam generétor enclosure was considered. The failure of the main
steam pipe may occur at any place in the p?pe system. The mode of
failure is considered as either a longitudinal split or a double~
ended rupture. The manual calculation of stresses was based on

elastic analysis, assuming interaction of two major types of elements.

a) Vertical strips of annulus sidewall acting as beams supported

at the top and bottom.

b) Circular hoops, 1 ft. wide, around the steam generator enclosure
wall.
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These two elements act together to rxesist the worst accident com-

bining the jet impact and the instantaneous internal pressure 0
(20 psi). The computed maximum tensile stresses in the steam generator

enclosure wall if xesisted only by meridional bending elements are

259 psi in the concrete and 2,500'psi in the reinforcing. The combined

action of elements.in both hoop and meridional direction.resﬁlts .

in much lower stresses.
MISSILES

fhe generation of missiles from the reactor control rod drive mechanism
was considered in the design of the reactor access opening cover and
the primary shield wall. The concrete was analyzed fbr missile pén-
etration by the modified Petry formula (Ref. The Bureau of Yards and
Docks of the U. S. Navy "Designing Bomb-Resistant Structures").

The maximum possible depth of penetration was found to be 0.66 inches
in either the 4' -0" thickness of the reactor access opening cover
or the primary shield wall. The minimum margin of safety is there- 0
fore, F. S. = 48/0.66 = 72 against full penetration.

See FSAR Chapter 14 Safety Analysis, Section 14.3.4, for a discussion
of 1eakage‘throﬁgh the barrier. Sensitivity coefficient leakage

has been found to be .081 psi in containment pressure increase per
ft2 of deck leakage. An upper bound for maximum size break in event.
of a DBA would be approximately ten times the design bypass area of

5 sq. ft. This is arrived at by taking the difference between
containment design pressure and maximum pressure due to DBA and the

above coefficient.

5.2.2.5 Structural Materials

»

The design of the containment vessel structure is based on specifica-

tions giving acceptable limitations of physical and chenical properties
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for the structural materials used. For certain materials, Indiana &
Michigan Electric Company performed physical and/or chemical tests

prior to selecting such materials for this project.

The oxganization, responsibilities, and general provisions for Quality
Control are described in Subk-Chapter 1.7. The specific quality control

procedures imposed by Specification requirements are outlined herein.

CONCRETE

Structural concrete work has been performed in accordance with "Building
Code Requirements for Reinforced Concrete" (ACI 318-63) and “"Specifi-
cations for Structural Concrete for-Buildings" (ACI 301-66).

To supplement the requirements set forth by ACI Standards and Codes,
The Bureau of Reclamation Concrete Manual was also used. Compressive
strength testing has been performed in accord with ACI 214-65 and
ASTM C-39. All concrete used in class I structures has a minimum

compressive strength of 3,500 psi at 28 days with or without fly ash.

. ACI-301, "specification for Structural Cohcrete for Buildings", has
keen followed in the construction of the Donald C. Cook Nucleax
Plant, except where the project specifications have provided detailed
instructions. ‘ .
Portland Cement conforms to Specification for Portland cement, ASTM
C~-150, Type I.

1

In addition to the test performed by the cement supplier (those tests
specified in the "Specification for Portland Cement” ASTM C150) the

following tests were performed by the Sporn Materials Laboratory (now
known as the AEP Civil Engineering Laboratory) for I & M Electric Co.

to assure that the cement conforms to the ASTM C150 Specification.

5.2-39 July, 1982



ASTM C 114 - Standard Methods for Chemical Analysis of

Hydraulic Cement.

ASTM C 204 ~ Standard Method of Test for Fineness of Portland
Cement by Air Permeability Apparatus.

ASTM A 191 -~ Standard Method of Test for time setting of
Hydraulic Cement by the Vicat Needle.

All concrete contains a maximum of 30% (by weight) fly ash which

conforms to the "Specification for Fly Ash" ASTM C 618.

Prior to the seléction of fly ash a series of tests wererconducted‘

by the Sporn Materials Laboratory (now known as the AEP Civil Engineering
Laboratory) for determining its chemical properties, thus assuring a
high quality concrete. In addition, the Laboratory had performed
periodic tests on the fly ash to ensure that its properties are within

the limits set forth in ASTM Specification C 618.
Concrete aggregates conform to ASTM Specification C-33-64.

The Course aggregate used in this project was crushed dolomite and it

was graded to the following limits:

Sieve Size . ‘ )

Square Openings Total % Passing by Weight
v 85 - 95
3/4% » 30 - 65
3/8" ‘ 0 - 10
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Fine aggregate (sand) was obtained locally and has a fineness modulus

between 2.7 and 3.0. Fine aggregate was graded within the following
limits. -

Sieve Size Total % Passing by Weight
# 4 95 - 100
48 85 - 95
i 16 ' 60 - 75 v
# 30 35 - 60
# 50 10 - 30
# 100 | ‘ 2-8

The type and size of aggregate, slump, and additives had been estab- .
lished to ensure high concrete quality with the specified strength and
to mimimized shrinkage and creep. Neither calcium or any admixtures
containing calcium chloride or other chlorides} sulphides, or nitrides

wexe used.

Mixing water was controlled by periodic testing to ensure that it did

not contain more than 1000 ppm of the above chemical constituents.

Purpose of Concrete Admixtures

All structural concrete contains 'a water reducing admixture and an

air entraining admixture meeting ASTM specifications C-494 and C-260-67
respectively. "Placewel R" was selected as the water”reducing agent
and "Aircon Double Strength" as the air entraining agent, both

manufactured by Union Carbide Corporation. Dosage requirements for -

recommendations and trial mixes performed by the concrete laboratory.

"placewel R" is used primarily to reduce water requirements in the

5.2-41
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mixes and thus reduce the cement content without sacrificing work-

Y

ability or strength. "Aircon" was used primarily to increase the

durability of the concrete.

Inspection and Surveillance

The following quality control measures outlined below apply to structural
concrete. ’

Pre-~Construction Tests

Prior to commencing concrete work for this project, the AEP Sporn
Materials Laboratory (now known as the AEP Civil Engineering Laboratory)
conducted a series of tests on different trial mixes (using the

same materials selected for this project) to determine the mix pro-
portions necessary to produce concrete conforming to the strength reg-
uirements specified. The majority of the concrete compression tests
for these trial mixes showed a 7-day strength equal or greater than

that expected at 28-days.

The methods used for sampling, making, cuiing and testing concrete

specimens were in accordance with the’following ASTM Standaxds.

a. ASTM C-192-66 - "Standard Method of Making and Curing Concrete

and flexure Test Specimens in Laboratory."

b. ASTM C-34-64" Standard Method of Test of Compressive Strength
of Molded Concrete Cylinders."

c. ASTM C-172~54 "Standard Method of Sampling Fresh Concrete".

. d. ASTM D-1~-65 " Standard Method of making and curing concrete

compression and Flexure Test Specimens in the Field".

.
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Field Materials Testing Laboratory

To monitor Quality Control on construction materials, ISME Co. éstab-
lished a field testing Laboratory which was under the direct control of
the Sporn Materials Laboratory (AEP C. E. Laboratory). The field
testing Laboratory was manned by competent personnel experienced in the

testing of construction materials.

Some of the tests conducted by the field Laboratory were:

a) Testing of coarse and fine aggregates.
b) Testing of concrete cylinders.

c) Congrete slump.

a) Aii entrainment.

e) Reinforcing steel.

During testing operationé the‘testing laboratory assigned an inspector
at the batch plant to moq}tor the mix proportions of each batch of
concrete produced by the batch plant. The concrete batch plant
utilized for this project conformed in all respects, including pro-
visions for storage and precision of measurements, with the "Standard

Specifications for Ready Mixed Concrete" ASTM C 94-68.

The batch plant inspector tested, periodically, the mix ingredients and
ensured that a tape record was provided for each batch, documenting

the time loaded, actual proportions of the mix, amount of concrete,
concrete design strength,‘destination as to portion of structure,
identification of transit mixer, and reading of revolution counters at

first addition of water.

Whenever ready-mixed concrete was required, it was mixed and transported
in accordance with "Specification for Ready~Mixed Concrete, "ASTM

C94-68. The minimum amount of mixing in truck mixers, loaded to maximum
capacity, was 70 revoluEions of drum or blades after all ‘of the ingredi-‘

ents, including water, were in the mixer. The maximum number of re-

5.2-43 July, 1982



N ~ R oy S S ae 3 TAW
B ad , “"""a'ériﬁ' .

volutions at mixing speed was 100. Records were main;ained as to the

time and reading of the revolution counter when concrete was discharged.

Inspectors at the construction site, inspect reinforcing and concrete

placement and curing.

For Class I structures (containment vessel, auxiliary building and other
structures) 'test cylinders and concrete compression tests were taken
based on the following schedule:

Concrete Poured in cu. yds. Samples taken
0-100 ’ 1 for each 100 'cu. yds.
100-1000 ‘ 1 for each 500 cu. yds.
1000-2000 1 for each 700 cu. yds

2000 and over 1 for each 1000 cu. yds.

]
A sample consists of 2 cylinders to be tested at each of 3.7 and
28 days. :

v .

For every mix design, and prior to the p;oduction of structural concrete,
five (5) slump tests were made and an average value was established.
This value was within the range of 3" to 5". Slump tests were also
made at the time concrete test cylindefs were cast. They were also

made at the batch plant and at least each hour during pouring time.

During mass concrete operations, for cobtaining the desired slump, the
batch plant operator "holds back" a portion of the theoretical quantity
of water, as determined by the approved design mix. Aas a xesult the
concrete produced is of low slump since a portion of the full amount

of water specified in the mix design was "held back".

The slump of the concrete was determined by means of an ammeter at-
tached to the mixer drum motor. If the ammeter reading indicated
low slump more water was added to bring the slump up to within the

specified range of 3" to 5". The added amount of water was recorded.

"
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The amount of "hold back" water was estimated based on the moiétpre
content of the sand. The Cook Plant practice was that no water
was added to the concrete after it ;eft the batch plant.

In addition to the slump control outlined above, at least two manual
slumps were taken whenever test cylinders were cast. Furthermore,
whenever a large pour was being made (500 cu. yds. or greater) one
slump test was taken at the batch plant every hour for the duration
of the pour. ﬁ

Over the course of the project ‘the average compressive strength oflthe
28 . day cylinders either met or exceeded the specified compressive
strength of 3500 psi..

All slump tests were conducted in accordance with the "Method of Test
for Slump of Portland Cement Concrete' ASTM Specificati9n C 143-58.
Batch rejection was based on deviation from specified slump speci-
fications. Pour removal would be based on an engineering analysis of
core cylinéer tests that would be instituted following the failure

" of strength cylinder tests to meet 90 percent of the specified

average strength.

Concrete samples for the Cook Plant were taken from the transport
trucks at the site concrete laboratory which was located, adjacent to
the mixing plant., This is in conformance with ACI-214, section on

"Tests and Specimens Required".

Reinforcing Steel - Material and Specification

Reinforcing steel is deformed new billet steel bars conforming to

the requirements of "Standard Specification for Deformed Billet-Steel
Bars for Concrete Reinforcement ASTM Designation A 615-68". This steel
has a minimum yield strength of 40,000 psi.
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Rebar Inspection and Testing o ' ’

4

Certified reports of chemical and physical test performed on the
re%nforcing steel are submitted to the Engineer by the supplier.

These tests conform to the requirements of "Standard Specification for
Deformed Billet-Steel Bars for Concrete Reinforcement" ASTM Designation
A615-68.

In oxder to assure that réinforcing‘steel met appropriate specifi-

cat}ons, samples of rebar delivered to the job site were selected and
tested to confirm compliance with the specified physical requirements
and for certification of mill test reports. , '

The selection of the ‘specimens was as follows:

Twq specimens wexe taken for each heat of material. No samples selected
included the end 12 inches of any bar delivered. '
Specimens were tested for ultimate.strength, yield strength and elonga-
tion by Indiana & Michigan Electric Company, prior to fabrication and/or
delivery of 'the reinforcing to the job site. If any of these specimens
failed to meet the requirements of the applicable specification for
ultimate strength, yieid strength or elongation, the heat of steel was
resampled, this time selecting four specimens instead of two as were
required originally. If any of these specimens failed to meet the
requirements of the applicable specification for ultimate strength, yield

strength or elongation, the entire heat was rejected.

All reinforcing was kept separated by size and heat and tagged with
the manufacturer's identification number. This identification was

maintained at least until the heat of steel met the aforementioned

requirements.
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_To insure that only the specified reinforcing steel was received, the

mill test reports for each shipment were checked against the mill test

reports sent to the job site with the ‘test specimens.

Only two grades of rebars were used during the entire project, both of
which met the requirements as stated. This eliminated the possibility

of substitution of an inferior grade of steel during erection.

Generally, grade 40 rebaré were used during erection of all structures.
" If grade 40 was not available, grade 60 rebars (which are superior in
strength) were used. However, only a very limited amount of grade 60

rebars were used and the stresses were kept to grade 40 allowables.

Since the low operating temperature of the ice condenser would not
have adverse affects on the reinforcing steel with respect to its
physical properties, tests for determining the NDTT properties of

the material were not required.

Reinforcing Steel Splices -~ Specifications v '

The main load carrying reinforcement. is spliced by the Cadweld process
ox’lap spliced as noted in Section 5.2.2. These Cadweld splices are
designed to develop the average minimum ultimate tensile strength of

the ASTM grade of reinforcing bars being spliced, with no splice falling
below 125% yield. }ap splicing will be permitted for secondary or
flexural load carrying bars up to and including No. 11l. ZLapped splices
where used, have followed provisions of ACI Code 318-63, Section 805.

Cadweld splice staggers in the containment structure have been maintained
at 6 ft. minimum between splices in adjacent bars for the foundation

mat and 2 ft. minimum between splices in adjacent bars for the con-

tainment wall and interior structure. No tack welding was permitted.
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Installaﬁion Procedure - Cadwelds

In addition to the manufacturex's splicing procedure, the’'following

procedures were observed:

Cadwel@ splice sleeves and powder were stored in such a
manner as to avoid wetting or soaking from snow and rain,
to prevent rusting of splice sleeves and to prevent wet-
ting of powder prior to field usage. When being used the
powder was protected from water and moisture by water tight

containers.

Rebar ends to be spliced were wire~brushed, by means of a
powered wire brush, to remove all loose mill scale, red

rust and adhering concrete.

.

Rebar ends which were wet, grease or mud covered were dried
with a torch before wire brushing.

Rebar ends which were painted had the paint burned off by

a torch before wixre brushing.

A line was marked 12" & 1/4" from the end of the bar
with a paint marker. This line was used as a reference
point to insure that the bar ends were centered in the

splice sleeve. i

-

-Clean rebar ends were heated, to assure complete abgence

of moisture, immediately before the splice sleeve was

placed into final splicing position.

With all packing materials, equipment and graphite pouring
basin in position, the splice sleeve was heated externally,
until it was warm to the touch, when the temperature was

below 32°F or the humidity:was above 65%.
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"~ 'Prior to any production splicing, each operator and foreman or super-

visor, was instructed by a representative of the manufacturer. Each
operator was reauired to prepare and have tested 3 splices for each of
the positions to be used in production work (horizontal, vertical

and diagonal). An operator was considered qualified if all three
specimens for each position passed the visual and the tensile test
pexrformed by Owner's site personnel, qualified.in cadweld splicing.

A list of qualified operators and their qualified test results is
maintained at job site. A manufacturer's representative of Cadweld
was present for at least the first one hundred (100) production splices
to verify that proper procedures were being used and quglity splices

obtained.

Inspection and Testing - Cadwelds

.

The Cadweld splice acceptance procedures used were those of the man-
ufacturer. All completed splices were visually inspected at both ends
of the splice sleeve and at the tap hole in the center of the splice
sleeve. Sound, nonporous filler metal had to be visible at both ends
of the splice sleeve and at the tap hole in the center of splice sleeve
for the splice to be accepted. Filler metal recessed 1/4" from the end
of the sleeve, due to the'paqking material, was not considered to be

a poor fill.

Randomly selected splices for each crew and position* were tensile¥*
tested. Selected splices, excluding curved rebars of containment
bottom slab and dome with radius less than 57'6", were tensile tested
by Applicant's Testing Laboratory, in accordance with the following

schedule for each crew, position, bar size and grade of bar.

One (1) production splice out of the first ten splices.

Two (2) production and two (2) sister splices out of the
next 100 splices e

«

[

*Specifications require that no splice in the test series shall
have a tensile value below 125% of the specified yield point stress

of that grade of reinforcing bar to which it is being applied.
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One (1) production and two (2) sister splices out of the
next and subsequent 100 splices.

Sister splices, where used, were made with test bars of 3 feet in

length, spliced in sequence with production bars.

No reinforcing steel splices were checked by non-destructive inspection

methods. g

Liner and Anchors

Materials and Specifications

The steel for the liner and attachments conform, where applicable, to:

a) Specification for Low Carbon - High Manganese Normalized
steel with Fine Grain Structure" ASTM A-442-66 Grade 60.
The liner plate thickness is 1/4" on the bottom and 3/8"

on the shell. and dome.

b) "specification for structural steel"™ ASTM A36~67 for

rolled sections including weld channels and stiffeners.

c) The anchorages fox the containment liner consist of
structural angles conforming to ASTM A 36 Specification
and L-shape Nelson Studs (3/8" dia). These stpds conform
to the requirements of ASTM A-lOé—GQT "Low Carbon Steel".

.

Inspection and Tests - Anchors

To confirm the structural integrity of the Nelson stud to plate

~weldment, at the beginning of each day, each weldexr attached at least
one test stud which was tested by bending the stud abproximately 45

degrees toward the face of the plate. Whenever failure occurrxed in
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the weld, the welding procedure and/or technique was reviewed and cor-

rected, and tvo successive studs were successfully welded and tested
before further studs required by the design were welded to the liner
plate. The test studs were allowed to remain in place, but were not
considered as part of the regular stud pattern required by the design.
All stud welds were visually inspected. Any stud on which a full

360 degree weld was not obtained was removed and replaced by a new
stud.

Inspections and Tests = Liner

ASTM standard test procedures were employed for liner plate to ascertain
compliance w}th ASTM A 442-66 Specification. Certified copies of

mill test reports describing the chemical and physical properties of

the steel were submitted to I&M Electric Company for approval. Test

for qualifying welding procedures and welders were performed by the
fabricator and monitored by I & M Electric Co. The liner plate material
was tested (one test for each heat of steel) to determine its Nil
Ductility Transition Temperature (NDTT). These tests were conducted

in accordance with the Naval Research Laboratory's Report NRL 6300

on Drop-Weight Tear Test. The tests wexre conducted at a maximum tem-
perature of 30°F below the minimum service temperature of 0°F. In
addition, the plates were impact tested, by the liner fabricator, in .
accordance with the applicable sections of Paragraph N330, Section III
of the ASME Boiler and Pressure Vessel Code, at the same temperature

as the Drop-weight tear test (-30°F).

Quality Control measures for welding and weld testing:

All welding electrodes used for the Donald C. Cook Nuclear Plant
were kept in "holding ovens" at a temperature of 150°F. Welding

electrodes were issued by the job foreman to welders-as required.
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However, no welding electrodes were allowed to be used if wet or if

they had been removed from the holding ovens for more than four (4)
hours.

a. All welders and welding procedures were qualified in strict
accordance with the requirements of Part A Section IX of the
ASME Code (1968).

b. All welds in the bottom (including the reactor pit and re-
circulation sump), cylindrical shell and dome liners were

tested as follows:

Complete radiographic testing was done for the first 15 acces-
sible feet of weld made by each welder and position, in accordance
with Paragraph UW 51 Section VIII of the ASME Code. )

Spot radiography was done for every, 50 feet following that
portion of the weld completely tested by radiography, except

as néted below.

Those areas of the liner which were impractical to be radio-
graphed or spot radiographed were tested 100% by the Magnetic
Particle Test Method per Section VIII of the ASME Code.

All liner welds were 100% vacuum box tested.
Upon completion of the non-destructive testing of welds, all welded
seams were covered by test channels, which were tested for strength

and leakage as follows:

a. The channels were pressurized wiqh air to 50 psig for

15 minutes (strength test). -

¥
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b. Following the strength test, the channels were pressurized
. with a 20% by weight of Freon-Air mixture. By means of a

halogen leak detector, having a sensitivity of 10.7 standard
cubic centimeters per second,,100% of the welds were tested
for leakage. Furthermore, the weld channel zones!(a group
of connected channels) were tested at a pressure of 15 psig
for two houxrs with no drop in pressure aﬁove acceptable
limits taking into account pressure variations due to tem-

perature variation.

The following additional documents were used to supplement the basic
document (ASME Section IXII). Dates of references are the létest

edition at the time of oxrder placement.

a. ANSI B1l6.5 -~ Steel Pipe Flanges and Flanged Fitéings

b. ASME Boiler and- Pressure Vessel Code, Sections VIII, IX and II
c. ANSI B16.11 Socket Weld Flttlngs

d. ASTM Standards

»

e. American Electric Power Service Corporation Specifications for
Nuclear Piping, Piping Materials, Containment Liner’

f.  Westinghouse Electric Corporation Process Specification
83336KA and Appendices A & B.

5.2.2.6 Corrosion Protection -

The portion of the Containment Building which is below the ground
water table (GWT) at aéproximate elevation 585 has been waterproofed
by means of a PVC 40 mil plastic membrane. Realizing the seasonal
fluctuations in GWT, the membrane is applied well above the highest

known GWT elevation.
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In addition, I & M Electric Co. has conducted a series of tests to
determine whether or not hatural o£ man-made underground corrosion
tendencies were present at the plant site. During these investiga~
tions two important factors were cdnsidered:*
a) The abiiity;of the soil to sustain or accelerate any
corrosion cells that might be established. ‘

b) The behavior of any man-made d.c. currents present.

Since it is known' that soil electrical resistivity and acidity are good
indicators of soil corrosion tendencies, the purpose of the tests was
to measure these two parameters. The soil resistance to electrical
charges was measured with Vibroground using the four-pin method. This
method gives the average soil resistivity from the surface to the pin
spacing. Five pin spacings varying from 10 to 50 feet were used at
most test locations (for test locations see Figure 5.2-1). . The values .
of 10,000 Ohm-centimetérs or less are the values commonly considered

conducive to corrosion.

The values measured)are listed in Table 5.2-2. Acidity tests ﬁere‘
made, where possibie; by means of pH paper to determine tﬂe chemical
aggressiveness of éhe electrolyte. Very slight acidity was found in
the lake water, varying between 6.5 and 6.8. Tests wexe also made

- in the immediate plant site area and a pﬁ of 6.5 was noted. Thesé
values are close to the neutral pH of 7 which is indicative of a
passive environment. "

To determine the presence of stray d.c. current, potential drop: tests
were made at the piant site. These tests indicate no stray currents
were present. The area around the plant site was investigated for

pipelines under cathodic protection. Two pipelines were found to run
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roughly parallel to the lakeshore and under cathodic protection with
pipe to soil potentials averaging 2.25 volts. No rectifier units were
found in a six mile section of these lines and it was concluded -that

they have no effect in the plant area. ’

0

Based on the above investigation it was concluded that the undexground
environment at the plant site does not promote corrosion. However

this does not preclude the possibility that man-made corrosion cells
introduced into this environment will not promote corrosion. Réalizing
this fact, considgrable care,  has been exerxcised to eliminate from the
design all e1ectric§lly connected dissimilar metals, foreign electro-
lytes in the vicinity of metals, stray d.c. currents and othér coxr-
rosion promoting ‘devices. ,

The exposed surface of the containment liner (vertical cylindrical shell
and dome) was coated with Carbozine No. 1l as primer and Phenoline white
No. 305 as finish coat. The total thickness is approximately seven

(7) mils. The outer surface of the steel is directly in cgntgct with
the concrete which providés adequate corrosion protection due to the

.

alkaline properties of the concrete.

For the’conthinment reinforcing a 3 inch cover of concrete was provided.

This is approximately 50% éreater than that specified by ACI—318 code.

P
o

5.2.2.7 Structural Design for Jet Loadsﬁ?wg |

' *
9P o'y Q
An analysis has been;gége to summarize the capability of the contain-
ment divider barrier and compartments; to withstand the jet foxce
effects of a reactor coolant loop (DBA) or steam line break inside the

containment building. *
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The reactor coolant system is provided with pipe whip restraints.
Both circumferential and longitudinal rupFures were considered in the
design of this restraint system. Circumferential ruptures were con-
sidered at all changes in direction and nozzle junctions in the RCS
and connecting systems. Iongitudinal ruptures were postulated to

occur dt selected locations within the reactor coolant pressure boundary.

Four restraints have been provided on each of the four main steam

risers as well as two restraints on each steam line imﬂediatelyu

before exiting the containment. - Restraint cross sections axe shown

in Fig. 5.2.2<56, .

The reactor coolant, main-steam and feedwater lines have been restrained
outside and within the steam generator and pressurizer enclosures such

that damage to the containment, safeguard systems and an increased

severity of a LOCA would not occur from pipe whip or blowdown jet forces.

The jet effects assessed are the result of conditions arising from the

following postulated breaks: > 1
1

!

Reactor Coolant Piping System

9 * 1
1. Reactor Vessel Outlet Nozzle ~ Partial Guillotine

I .

2. Reactor Vessel Inlet Nozzle -~ Partial Guillotine

(-r '\'ga ’ T

A

3. Steam Generator Inlet Nozzle - Guillotine

4. Steam Generator Outlet NoZZle) - Guillotine
(3

[
0

5. Reactor Coolant Pump Inlet Nozzle - Guillotine

6. Reactor Coolant Pump Outlet Nozzle ~ Guillgtine
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7¥ 50° Elbow on the Intrados - Split
v
*

"8, Flow Entrance to the 90° Elbow - Guillotine '
~ N "

0 ry
-‘ : 'Q?

4}
.

9. ' - RHR Primary Loop Connection - Guillotine *

. .

* " 10.  safety Injection/Primary Cdolant Loop Connection - Guillotine
A
11. Pressurizer Surge/Primary Coolant Loop Connection =~ Guillotine

12. Joop Closure Weld in Crossover Leg - Guillotin?

P
) .
. . .

13. Surge Line Inlet to Pressurizer - Guillotine

(Pressurizer Compartment)

~ Main Steam Pipe Sjstem

L ]

14. Main-'Steam Line Nozzle of Steam Geﬁégaﬁor - Guillotine

(Steam Generator Compartment)

15. Ma:'.‘@SteQn Line - Gu:i.lb»tir@ {1“ .
(Fan-Accumulator Compartment)

v .

o .
Figs. 5.2.2~56 and 5.2.2-56A illustrate the break locations repre-
senting the Westinghouse critéria for break locations in the RCS
and the restraints and physical geometry of the structurgs subjegt
to jets, including the steam generator and pressurizer enclosures,
the fan-accumulator rooms, and the operating deck. The crane wall
is subjected to reactions from the steam generator snubbers acting
as rigid supports during aﬂ earthquake and/or'DBA. The combined DBA
and DBE load in the steam generator enclosure is 1600 KIP's at each

reaction point and was factored into the design of the crane wall.
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In addition to loading conditions (a) through (i), of Section 5.2.2.3,
the containment barrier and associated enclosures were analyzed for : o

jet effects &s;ng the follow1ng loadlng conditions:

(1.0+.05) DL + 1.0F_ + 1.07° (1)
(1.0£.05) DL + 1.25P + 1.0 F + 1.07' - (2)
Where: - '
Fi= equmvalent stati¢ jet load effects at the initiation of
) ‘ ;
the break.

. T .

« . . .
L4 "

Fs = equivalent static jet load effects during the saturated

préssure phase, and all other terms as defined in the

0 e
. .

-
.

Thége equivalent static jet load effects were determiped from the

time history forcing function at the point'oﬁ postuiated break,

and are considered to act on the affected structure, with the

following assumptions: ¢
4 g - .
« 1. ak response of structure due to initial and saturated

jet impingements on divider barrier.

a. Assuming a ductility factor equal to 3 in regions

whexre moment governs design.

b. f4uAssuming a ductility factor equal to 1.3 in regions

where shear or diagonal tension govern design.
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2. Peak response of structure due to initial and saturated jet
impingement on internal structure other than the divider
barrier. ‘

a. Assuming a ductility factor equal to 10.0 in region

where nioment governs design.

b. Assuming a ductility factor equal to 3.0 in regions

where shear or diagonal. tension govexn design.

In those cases where a calculated time history forcing function defined
at-the point of a break is n;t available, such forcing functions shall
be conservatively defined as a rectangular pulse with zero rise time
and a duration at least ten (10) times the fundamental period of the

affected structure. The magnitudes of these forcing functions are:

F =1,
s 1.2 pi A and
F =1.2p A where:
s | s
pi = gystem normal operating pressure of the initiation
of the break
) ps = saturation pressure evaluated from the piping pressure
’ response after the postulated break.
A = cross sectional area of the pipe.

Based upon air analysis of piping pressure Eransients, Fs is taken
as 2/3 Fi' For assumed slot failures, the break opening is taken
as a length equal to twice the diameter of the pipe and having an
area equal to the cross sectional area of the pipe. The jet is assumed

to diverge with a solid angle equal to 10° on each side.

>

-
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For purposes of calculating jet impingement logds; one pipe diameter
displacement (i.e. outsidé'edge to outside edge) was assumed unless it
was physically impossible to get the displacement, as iﬂ the sleeve
through the reactor cavity shield. This is a conservative assumption
for guillotine breaks of the reactor coolant system and the steam line,

since hinges cannot form and the pipes will move laterally away from

each other only slightly.

Stress Criteria

The allow§b1e shears for the jet loads were determined by the following

formulas:

(a) Peripheral shear (governing in line of punching shear)
Art. 1707, ACl 318-63

V. = VH
u  bed (egn. 17-7 of ACl 318-63)
Vy = 43 VE'c

whexe b, = periphery of critical section

=21 (R +-% )

where R = radius of jet cone, with other symbols as defined on
p. 318-68 of ACl 318-63.

<

(b) Radial shear - Art. 1701, ACl 318-63

= ' - N
v, = 3.5 f'c »/(1.0 .002 )

where N = axial tension
and

v = g (1.9 /o + 25001’%’;‘.1q )~ (egn 17-2 of AC1 318-63)
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” 2 3.5 JF¢
| 4t-d

where M' =M+ N ( (egn 17~3 of Acl 318-63)

8 )

3

For shears exceeding the values listed above, web reinforcing

was added.

Results of the Analysis

\
The analysis for the’ jet loads involves a consideration of the "source"
and the "target". Each poétulated pipe break was considered as a
source and the barrier or-combartmént internal structures were considered

as targets. Each target was analyzed for the effects from each source.

Basically, all targets are protected from jet forces in at least

one of the following manners:

a. The source and the target are physically separated or
0 the break orientation is such that the structure is not

a target.

b. The energy level of the source is insignificant relative
to the target.

C. There is interference between the source and target such

that (a) and (d) apply.

d. The target is capable of resisting resulting jet impinge-

ment forces.
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The targets considered included the operating deck, steam generator

énd pressurizer enclosures, crane wall, fan-accumulator rooms, missile

shield, reactor cayigx primary shield, containment wall, and fill slab. 0
Note, that‘in all cases, -the containment wall integri&y was‘not affected

by jet impingement. The results of the ahalysis are presented in

Table 5.2-5. Only the primary target for each break is presented, the

=

secondaxy targets being subjected to much lower foxces.

This analysis was conducted in a conserxvative manner since (1) the
break locations considered are more severe than Westinghouse position
papers and App. B2 of ANS-20 indicate, (2) no energy dissipation due
to distance or turbulent discharge was considered, and (3) the pipe

' 'was assumed to displace one pipe diameter where, in actuality, the pipe

I3

would ‘not hinge. ’ o . .o
5.2.3 ’ VESSEL STRUCTURAL ANALYSIS (STATIC) " - .
oo ]
Basically three separate containment vessel structural components are
analyzed, each-in equilibrium with loads acting on it and with con-
straints‘ occurring at the’ juncture with other structures. The three 0

structuralrcomponents'are:

a) The hemispherical dome ; K
b) The right cylinder

c) The base mat

- .

Since the thickness of the dome and cylinder -are small in comparison
with the radius of curvature (cylinder 3.5/57.5 = 1/16.4; dome
2.5/57.5 = 1/23.0), the dome and cylinder were treated as thin-walled

shell structures. .

All tensile stresses were assumed in the design to be carried by the
reinforcing steel. No credit was taken in the design of the shell,
for the linexr capability to carry tensile, compressive or shear stresses.

N
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Discontinuity stresses occur at changes in section or direction of

the containment shell.

The juncture of the cylinder to the dome is a point of discontinuity

since the dome and cylinder have different radial stiffnesses under

load.

x

The juncture of the cylinder to the base slab is a point of dis-

continuity. 1In the analysis, the cylinder base slab juncture was

considered to be a point of infinite
this point does not expand or rotate

temperature load conditions.
The containment vessel structure was

1) The forces due to pressure

and thermal considerations

rigidity and the cylinder at

under the internal pressure and

analyzed in the following manner:

wind (or tornado), dead load

were determined by thin

shell theory following procedures indicated in "Thin Shell

Concrete Structures" by D.

Shells" fourth printing by

2) The dome and cylinder wexe

structures and the primary

Billington and "Stresses in

Wilhelm Flugge.

initially treated as independent

systems solved. The edges

of the structures were considered free to displace (translate

and rotate). This solution results in membrane stresses.

3) The magnitudes of the edge

»

displacements were determined.

4) The amount of translational and rotational displacement

due to unit edge loads at the boundaries were determined.

5) At the joint between dome and cylinder, compatibility was

achieved by computing the magnitude of the edge effects
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required to eliminate the differential of displacement
between the boundaiy of the dome and that of the .

cylinder.

6) The results of Step "5" are meridional and hoop stresses
which were superimposed on the meridional and hoop membrane
stresses resulting from the solution of the primary systems

of Step "2" and meridional bending moments.

7) A similar procedﬁre to that oﬁ Step "5" was followed for
the lower edge of the cylinder, where the cylinder joins
the base slab, to achieve compatibility of displacement
between this boundary and the base slab. ‘

For additional conservatism in the determination of meridional moments
at the points of discontinuity, the concrete was considered to be fully
cracked vertically. Poisson's Ratio was not considered and Young's
Modulus was taken as the value specified in ACI 318-63, Section 1102;

no variation of this value was considered.

The equivalent internal pressure loéd imposed on the containment shell
due to thermal loads was determined considering the fact that commer-
cially available plate could vary by +7 percent or -3 percent from
its nominal thickness and that the actual yield point may exceed the

minimum yield value by 30 percent.

The equivalent pressure load on the concrete shell, as determined from
the liner thermal load, was based on plate being +7 percent greater
than nominal thickness and plate stress 30 percent greater than min-
imum yield.

’
Unsymmetrical pressure and thermal loadings exist because of various
relatively confined areas in the lower compartment and because the
ice condenser does not cover the full 360 deg. of the cohtainment

structure. The effects of this asymmetry were evaluated.
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Analysis of the containment structure for seismic loading was by

beam flexure theory. See Appendix F of the Original FSAR. For. the
seismic analysis a range of shell rigidities was considered to allow

for various depths of crack in concrete.

The containment structure was designed by Ultimate Strength methods
conforming to the behavior criteria of ACI Code 318-63, Part

IV-B -~ "Structural Analysis and Proportioning of Members - Ultimate
Strength Design."

Stress and strain limits conform to ACI-318-63. Capacity reduction

factors are as indicated in Section 5.2.2.

Principal réinforcing used in the containment structure has a minimum
yield strength of 40,000 psi and a minimum ultimate strength of 70,000
psi. Concrete has a minimum 28-day compressive strength of 3,500 psi.

The concrete is considered not to carry any tensile forces.

The radial shear carrying capability of the concrete at each section
was evaluated according to the procedure of ACI-318-63, Part IV-B,
Section 1701. Where shear reinforcing was required it was considered

that all the shear at the section is carried by the shear reinforcing.

Whexe radial diagonal bars were required, they were not lap spliced
with the main vertical or inclined tangential wall bars, but were
either bent back and forth between the opposite faces of the wall to
form a continuous stirrup or the bars were hooked about the main rein-

forcing to achieve positive anchorage.

Supplementary reinforcing which was added to accommodate local conditions
such as discontinuity stresses was carried a sufficient distance beyond
the region where it is required and anchorage was achieved by means

of end plates cadwelded to the reinforcing bars.

¥
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The analysis of the hemispherical dome was performed by the super-
position of stresses resulting from gravity, accident pressure and
thermal loads. In addition, earthquake or wind loading creates both

direct and shear stresses in the dome.

Cylinder

Tha analysis of the cylinder was by the superposition of stresses
resulting from gravity, pressure and thermal loads, over-turning

due to earthquake or wind and shears due to earthquake or wind.

The concrete was reinforced circumferentially using steel hoops and
vertically by vertical reinforcing. Tangential shear reinforcing as
required to resist shear due to earthquake or wind was .placed at 45°

to the vertical each side of the vertical.

Although the cylinder wall was considered fixed at the juncturé with
the base slab, for determination of discontinuity stresses in the

thin shell ahalysis, the effects of base slab edge rotation on the
cylinder wall due to elastic subgrade were determined, as were the
effects of base slab edge deformation due to accident internal pressure
'1oading. Modif%cation of the cylinder base discontinuity stresses was

then made as required.

There is no soil backfill along the lower part of the cylinder wall,

therefore, the wall has no elastic restraint due to soil backfill.

The effects of penetrations through the cylinder wall were considered.
Penetrations 9 inches or less in diameter do not significantly pertuxrb
the reinforcing pattern in the containment wall, therefore no special

reinforcing considerations were made at these areas.’
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For penetrations between 9 inches and approximately 4 feet - 6 inches
in diameter, the reinforcing was terminated at the opening. _The rein-
forcing so terminated was anchored by means of end plates cadwelded to
the reinforcing bars at the periphery of the penetration, to achieve
poéitive anchorage. Supplemental reinforcing was added in the direction
of the main reinforcing, and diagonally, to replace the reinforcing
terminated. The area of supplemental reinforcing added is twice that
of the area of reinforcing terminated and was placed adjacent to the
penetration. The ddditional reinforcing was extended a sufficient
length beyond the area which was considered as significantly affected
by stress concentration due to the penetration, so that the additional
reinforcing develops its full ultimate strength at ultimate bond
stress. In no case is the length of these additional reinforcing bars
less than 20 feet. Consideration was also given to hooking the ends
of this additional reinforcing to provide positive anchorage, where

termination is in a tensile zone.
)
t

Openings in the concrete shell greater than approximately 4 feet -

6 inches in diameter are:

a) The equipment hatch
b) The personnel access hatch

Reinforcing of these large openings is by means of a thickened concrete

ring beam around each opening..

The external loads applied at the openings are dead load, pressure due
to incident conditions, temperature associated with the incident con-
dition and earthquake load. Design combinations considered are es-
sentially the same as for the rest of thevcylindrical shell and are
considered according to the factored load equations in Section 5.2.2.3.
Secondary stresses in the concrete ring beam result from the peripheral
forces of the penetration itself; due to the internal pressure of the
accident condition, earthquake or torﬁado. Additionally, secondary

stress is induced by the curvature of the ring to match the cylinder. -

5.2-67 July, 1982



Analysis of the ring beam and the adjacent area was made by a finite

element program by the Franklin Institute Research Laboratories. "

Base Mat

The containment Building base mat was analyzed by three independent
methods. The STRUDL and GENSHL 5 computer programs were used and
manual calculations were made as a check on the computer programs.
The various loads considered were: Dead Load, Soil Reactions,

Thermal ILoads, Wind ILoads, Tornado ILoads and Earthquake Load.

Three soil reaction distributions were considered for the static load
condition. It was considered most probable that the soil reaction
is fairly uniform as indicated in Case I in Figure 5.2.2-57. Howevér,
the soil reaction may vary linearly to a condition of maximum bearing
pressure under the pit indicated in Case II of Figure 5.2.2-57 as a

uniform pressure under the slab and a greater uniform pressure under

the pit or it may vary linearly to a condition of maximum bearing
‘bressure at the edges of the slab as indicated in case III of Figure
5.2.2-57, ‘

Lateral soil pressures on the walls of the reactor cavity and the

refueling canal were considered in the analysis.

Seismic and wind or tornado conditions cause over-turning moments.
The soil reactions for these conditions was directly super imposed
onto the static cases as indicated in Case IA, IIA, and IIIA of
Figure 5.2.2-57A.

The soil reactions are considered as member loads in the STRUDL computer

program. Whereas the "GENSHL 5" program has provision for an elastic

"

foundation material.
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The dynamic model of the containment includes a rocking spring below
the base slab, and a lateral sprin§ at the Base mat elevation. The
stiffnesses of these springs, determined from the dynamic soil modulus
and the base mat geometry, accounts for the soil below and around the
base mat.

The maximum soil pressure component due to the earthquake loads are
2.5 Ksf for the "OBE" and 4.0 Ksf for the "DBE".

The maximum soil pressures for both uniform and non-uniform soil pres-
sure distributions including the DBE pressures are shown in Figures
5.2.2-58 and 5.2.2-58A. Based on the ultimate bearing capacity of

the underlying clay stratum of 36 (kips/ftz), the maximum soil pressure
under corbined seismic and other appropriate loads of 14.8 ksf provides
a factor of safety of 2.4. This factor of safety is conservative

since it is based on (unconfined) compression tests of the clay, and
since the influence of the sand layer overlying the clay in distributing

the load is neglected.

The stressesdin the base slab resulting from the internal pressure

due to the accident condition were treated separately. These stresses
were then added to the stresses previously determined. The edge
deformations of the base slab for the accident condition were deter-
mined and the modification of the cylinder base discontinuity stresses

were made, as stated under "Cylinder Analysis”.

The base slab was analyzed for the effects of a temperature gradient
of 110°F on the inside surface of the structural concrete adjacent to
this stub liner and a 45°F temperature on the outside of the concrete

against the soil.

Loading was applied to the base slab in accordance with the factored

load equations in Section 5.2.2.3.
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Each loading condition for the entire containment structure was cal- O

culated separately and the method of superposition was used to obtain

the resultant foundation loading and base moments and shears. -
The loadings considered for the reactor cavity are:

1. Dead load (concrete)

2. 10 psi external pressure

3. 30 psi internal pressure

4, 65 psi internal preésure

5. Dead load (reactor)

6. Operating thermal load

7. Steam Generator #1 lateral load due to accident - ragial

8. Steam Generator #1 lateral 1oad.due to accident - tangential
9. Steam Generator #2 lateral load due to accident - yadial

10. Steam Generator #2 lateral load due to accident ~ tangential
11. Reactor lateral load due to Loss of Coolant Accident

12, Seismic lateral load due to Operating Basis Earthquake

13. Seismic lateral load due to Design Basis Earthquake

A) 1+4+5+ 6

B) 1+ 3+5+ 6

c) 14+ (1.2) 2+ 13 + 6 + [(7+8) or (9+10) or 11]

D) 1+ (1.5) 2 + 12 + 6 + [748) or (9+10) or 11}

E) 1+ (1.8) 2 + 6 + [(7+8) or (9+10) or 11]

F) 1+5+6 '

The heat generation rates due to radiation in the primary concrete were
calculated by using a point kernel analysis technique. In addition to
the reactor core sources, the code considers the captured gamma and
inelastic neutron scattering contributions outside the core, and within

the concrete.
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A description of the analyses using the STRUDL and GENSHL 5 computer

programs and the manual calculations follows:

STRUDL Computer Program

The circular slab was modeled as a gridwork of beams framed in the cir-
cumferential and radial directions. The wall and the slab of the reactor
pit were also modeled into a space frame connected with the circular

mat as a continuous structure. The slab section under the containﬁent
wall and the crane wall were modeled to include the stiffening effects

of the walls. The roundation mat was supported by vertical and hor-
izontal soil springs, which represent the soil modulus of the elastic

subgrade.

The soil spring stiffnesses were varied to achieve a variation of soil
pressure distribution to meet the criteria as indicated in Figures
5.2.2-57 (Case II or Case III) and 5.2.2-57A (Case IIA or IIIA).

The earthquake evaluation was made considering dynamic soil modulus.

Case I "Uniform Pressure Distribution" was not recorded since it resulted
in smaller values than either II or III for both static and dynamic

conditions.

GENSHL 5 Computer Program

To model the reactor pit, mat, containment wall and dome into the
“GENSHL 5" program, which only takes bodies of revolution, the un-
symmetrical shape of the reactor pit was ieplaced by a cylindrical body
of=revolution. Both translational and rotational soil spring constants
were supplied directly to the foundation for Case II ox IIA and Case
III or IIIA as mentioned under the "STRUDL Program'".

Both the "STRUDL" and the "GENSHL 5" programs were run for factored

load combinations (a) thru (h), of Section 5.2.2.3, -which includes the

unsymmetrical tornado and earthquake loads. Earthquake forces were
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introduced onto the foundation mat as a cosine function. The earthquake
evaluation was made considering dynamic soil modulus. The maximum
compressive and shear stresses in the concrete and the tensile stresses
in the rebars occur in the 10 ft. thick mat at the junction of the

mat and the reactor wall for load ‘combinations (b) and (d). According
to the "GENSHL 5" program the computed maximum compréssive and tensile
stresses are =-2400 psi and 36,000 psi respéctively in the slab cross-
section. The maximum vertical shear stress across the 10 ft. mat
section is 160 psi. The shear stress in excess of 110 psi is taken

by the shear reinforcing.

Manual Calculation (used as a check on the computer analysis)

The irregular shape of the mat, caused by the reactor pit. allows only
an approximate method of analysis. The reactor:pit area was replaced
by an equal sized slab of equivalent stiffness. The foundation mat was
then analyzed as a circular plate on an elastic foundation. The

reactor pit area was then analyzed separately as a rigid frame.
Liner

The Liner has been designed considering loading due to normal operating,
proof-testing and accident conditions. Earthquake or tornado cause
straining of the concrete which, because of the anchorage system at-
taching the liner to the containment wall, is transferred to the

liner. The stresses in the liner due to this transfer of stra;n are
+3550 psi and +2300 psi for the "Design Basis Earthquake" and the
"Operating Basis Earthquake", respectively and are considered in the

liner ahalysis.

All loads were analyzed separately and then combined in accordance with

the factored load equations in Section‘5.2.2.3.

v

The liner was also designed, and stiffeners provided as required, to

resist the hydrostatic head of freshly poured concrete.
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The liner is not considered to participate in resisting lateral shear as

a design function when designing the containment wall. .
The function of the containment liner is to serve as a leaktight barrier

under all postulated operating and accident conditions.

The liner strain capability is limited by the weld material. Although
the ultimate strain of the weld material is 17% in 2" (0.17"/"), the
limiting allowable strain for this design is conservatively set at 0.5%
(0.005" /"), .

The computed maximum strains in the liner are .003"/" in compression
and 0.002"/" in tension.

Stress limits as stated were derived from Table N-424 of the ASME Boilerx

and Pressure Vessel Code-f968-Section III-Nuclear Vessels.

Commercially available plate varies in thickness; therefore, the
buckling analysis for the liner was made considering plate varia- '

tions of +7 percent and -3 percent from nominal thickness.

The containment reinforcing was designed to yield point stress for the
factored load equations. Because a minimum linexr thickness of 3/8

inch for the cylinder and dome was imposed by construction consideration,
the ratio of liner steel area to reinforcing steel area,- for this low
design pressure containment concept, is large. This large ratio of
liner area to reinforcing steel area, not considered in design, pre-

cludes the liner being stressed in tension beyond minimum yield value.

Since the function of the liner is to act as an essentially gas-~tight
membrane, no credit was taken for the liner's ability to resist primary
bursting stresses. This is an extremely conservative assumption since
the liner is capable of carrying the §esign pressuré within its tension

yield capacity without any assistance from the concrete reinforcing
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steel. This fact results in two structural systems acting in parallel,

either one of which is capable of carrying the design pressure load’

elastically.
Cycling loads considexed in the design of the .liner were:

1) Thexmal cycling due to annual outdoor temperature variations.
Daily variations do not significantly penetrate the concrete
shell to influence cycling on the liner. Based on the life

of. the plant, 40 cycles were considered. B

2) Thermal cycling due to containment interior temperature
varying during reac;or system startup and shutdown, was
considered to be 200 cycles.

"

3) Thermal cycling due to accident condition was considered

to be 1 cycle.

]
4) Cycling due to earthquake was considered to be 10 cycles.

Liner anchorage was designed to accommodate at plate joints, a 'differ-
ential of load due to adjacent plates varying in thickness by 10
percent of the nominal thickness.

Li;er stresses around openings were analyzed in accordance with the
procedure shown in "Theory of Elasticity" by S. Timoghenko’and

J. W. Goodier. The analysis neglects the stiffening effect of the
penetration sleeve and thus over-estimates the distortion due to the

biaxial stress field.

The liner meets selected requirements of the ASME Pressure Vessel

Code and, in conformity with the philosophy of this code, the opening

-

was compensated for as required.

.
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The liner plate is anchored to the concrete by additional angles .

around the penetration.

The bottom liner plate is welded at the joints to continuous structural

members which are embedded in and anchored to the concrete base slab.

The juncture of the cylinder and the base slab is fixed. ‘There is no’
differential translation of the cylinder bottom with reference to the
base slab, the rotation which could occur at this juncture is only
that rotation which results due to straining of the meridional rein-
forcing in the cylinder wall at the joint area. The liner juncture
at the base was designed to accommodate this rotation.

Figures 5.2.2-59 and 5,2.2—59K and illustrate the liner arrangement
used under the reactor and at the base é&linder line juncture. The
behavior of the liner arrangement at the base of the containment wall

was investigated for accident conditions. The cylindrical knuckle

which serves as a transitional member between the wall liner and the
mat liner was considered as an arch with fixed supports. The stresses
in the knuckle are tenéile.stresses in the accident case therefore

the danger of buckling is averted. Local cracking of the concrete

at the anchors would not result in loss of the anchor because of the
length of the anchor and because the anchors are tied back into a
greater depth of the concrete wall, by means of Nelson Studs welded to
the anchors. The arrangement at the bottom of the reactor pit is
somewhat different. The wall liner meets the liner of the floor slab
at right angles. Both liners are welded at their junction at an
anchorage angle embedded in concrete. Since the linerx is protected
from accident temperature by the concrete £ill, the only stresses
that exist are the axial stresses which are induced in the liner

plate by normal temperature gradients. These direct compression

stresses induced by the restraining concrete are low enough to be
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carried by the steel plate without either buckling or yielding of

the liner between anchorages. The strain limits developed for this

design are, as previously mentioned, conservatively set at 0.5% strain.

Lateral load transfer under the interior structure is accomplished by

a series of interrupted keys in the base slab. The load transfer is
therefore by direct bearing. The maximum bearing stress is 2200 psi.
The liner follows these keys so that there is no loss of liner leaktight
integrity. See Fig. 5.2.2-59B.

The fill concrete in the core of the containment is locked between
the crane wall' and the primary shield and therefore transfers its

lateral load to both the crane wall and the primary shield.

The lateral load of the fill concrete in the annulus between the
crane wall and the containment wall is transéitted to the crane
wall by rebars embedded into the crane wall. See Figure 5.2.2-59B,’
attached.

Uplift forces are not transmitted through the liner plate. All
equipment uplift forces are transmitted by means of weldments anchored

*

direcfly into the concrete.

See reactor coolant pump and steam generator support anchorages,
Figure 5.2.2-~59C , and ice condenser support column anchorage, Figure
5.2.2=-59D,

The crane wall experiences some net uplift force and is therefore
anchored to the foundation slab by dowels which are welded to but K
do not penetrate the liner. See Figure 5.2.2~59E attached. The

maximum computed stress in the dowels is 10,000 psi.
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The seams of the bottom liner plate are covered by weld channels. To

~

prevent imposition of lateral loads onto this channel due to thermal

expansion of the bottom fill concrete over the liner, or earthquake,
the weld channels were encased, where required, in styrofoam material

before placing of this £ill concrete.

e
Where loadings msft be transferréd through the ‘liner, they are trans-
ferred through the liner 5% a direct path by means of structural
weldments embedded into the concrete. The leaktight integrity of the

linexr is not impaired.

Internal Structure .

In addition to the three basic containment vessel structural components,
there exists an internal structural system consisting of the reactor
shield, divider barrier and other internal components. This internal
system is completely separated from the containment vessel shell at

all elevations above the base slab, so as to prevent restraints or
concentrated loads from being imposed on the containment vessel cylinder
wall. The internal structure is a self-supporting reinforced concrete
structure capable of withstanding all loads to which it is subjected.
The dynamic analysis considered independent movement of interior

and exterior structures and the maximum values of deflection so deter-
mined were used to determine the required separation of the two structures
("RATTLE SPACE").

There exists an annulus space of 13 ft. between the crane wall and the
containment wall. Within this annulus space are two slabs and a number
of radial walls all framing to the crane wall, but all maintaining a
nominal 4-inch gap to the liner. When allowance is made for construction

tolerances and liner weld test channel depths a clear rattle space of

at least 1-3/8" remains.
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Static and thermal loading conditions for the crane wall were analyzed
in accordance with the procedure in "Theory of Plates and Shells"™,
second edition by Woinowsky-Krieger. The crane wall was considered

to be a complete cylinder for initial analysis. The section at the
equipment hatch area was then removed and a vertical section of the
cylinder at each side of this opening was considered to act as a
vertical beam spannlng between the crane girder and the floor. Re-~
straint to radial deformation at the edges of the openipg is provided

by the end closure walls of the ice condenser compar mqnt which are

deck. Discontinuity moments were considerﬁgf
.y

opening and at the steam generator and presFﬁﬁfzer enclosures.

oriented radially and considered to cantilever from thg operating
Ei% the edges of this large

' N
Values of forces and moments determined from manual computations for
static and thermal loading conditions were used as a check for those
values determined from a computer analysis. For the computer analysis
the internal structure was modeled as a space,frame composed of a network
of prismatic members. The computer program used was the "American

Electric Power General Frame Analysis."

The interxnal cylinder was modeled as a grid work consisting of horizon-
tal beams at intervals along the height and vertical beams intersecting
the horizontal beams and extending from the top of the cylinder to

the.base slab or terminating at openings.

The steam generator and pressurizer enclosures were similarly modeled.
The horizontal members were framed to the interior cylinder at the
nodal points (intersections between vertical and horizontal members).
Theuvertical members of the enclosures were framed to the nodal points

of the floor (barrier slab) grid.

The floor slab and reactor primary shield were modeled in a similar

manner.
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The forces, moments and shears determined from the seismic dynamic
analysis were superimposed on those determined from analyses of—other
loads in accordance with the factored load equatioﬁs as indicated in
Section 5.2.2.3.

A flexible barrier between the bottom of the ice condenser compartment
and the containment cylinder wall is provided, to prevent the flow of
steam and air from bypassing the ice condenser. The flexible barrier
was so designed that no load transfer occurs écross it. See figs,
5.2.2-60 & 5.2.2~60A. The extent of the seal is shown in Figs. 5.2.2-60B
& 5.2.2-60C.

The seal does not carry pressure but is backed up by a steel plaée

with which it is in contact. The seal assembly was designed to with-
stand a peak pressure of 24 psi. The seal material is expected to have
a minimum life under operating conditions in excess of 10 years. The
seal material is Uniroyal #3807 or equal.

Under operating conditions the seal sees very little radiation, how-
ever, there may be some areas which would be exposed to a dosage

of 40 MR/HR (0.0014 x 107 Rad. for 40 years continuous plant opération).
Under ac?ident conditions based on TID-14844 activity release assumptions

7 Rads. in 10,000 seconds.

the seal material will see a dosage’ of 1 x 10
The criteria for the seal material is that it remains functional during
operating conditions within its material life and that during accident
conditions the seal material remains functional for two hours. It is

required that the bypass of the ice condenser be limited for the period

of ice melt-down which is 5,500 secs. (approx. 1 1/2 hrs.).
Some properties of Uniroyal #3807 are listed below:

1. Tensile 200 lbs/sq. in.
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Elongation 205%

Tensile at 100% elongation 139 1lbs/sq. inch

Aging Characteristics at 120°F UNIROYAL 3807 is based on

ethylene - propylene terpolymer. These polymers are noted

for their outstanding aging characteristics. Test data
indicates that the EPT, on which 3807 is based, is good for
sexvice in excess of 10,000 hours at 120°F. It will retain 100%
of its elongatién after continuous sexrvice for 10 days at 350°F
and for 100 days at 300°F.

The following gives an indication of the basic properties for
resistance to moisture in the presence of dilute borate solutions.
UNIROYAL 3807 shows virtually no change in properties after the
following cycle: 2.5 hrs at 286°F, followed by 24 hours at 212-
220°F, followed by 40 hours at 145-158°F. The test sample material
was immersed during the course of this test in a solution of 1.43%
boric acid at a pH of 9.3. This pH was obtained through the use

of 3.8 grams per liter of sodium hydroxide.

The exposure at 221°F in radiation environments with continuous
dosage amounts of 1 x 108 rads relates to a specific test and
does not indicate a limitation of temperature to which UNIROYAL
3807 may be used, as indicated above, continuously at 120°F and
intermittently at 350°F.

As regards fire resistance and ultimate temperature limitations
of the materials, results of tests conducted in Uniroyal
Laboratories on 3807, utilizing the DOT definitions and tests

for oxygen index, smoke temperature, melt temperature, and

‘ignition temperature, are as follows:
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Oxygen index 18.7

Smoke temperature 503°F
Melt temperature 529°F
Ignition temperature 620°F

~ The spacing between bolts holding the seal is 3". The maximum lateral
movement between the containment wall and the crane wall is 1.3".

This represents less than 44% elongation in 3". The material is

good for 205% elongation. Tension in the material during elongation
would be 60 psi if it were laid in without additional length between

bolts. The material capability is 200 psi.

The seal, however, is laid in with 1/2" play (extra length) between
bolt dimensions.* Therefore the seal sees very little actual cyclic

elongation.

The seal is completely accessible for inspection and replacement. The
divider seal is inspected at least once every eighteen months, during

a unit shutdown.

If the seal material were not provided the hypothetical by-pass area

would be 32 ft.2

It is assumed in the post LOCA containment pressure analysis that
there will be no steam bypass of the structural seals providéd between

the crane wall and containment wall.

Dynamic Analysis for Seismic Loading .

Computer runs were made with various soil shear moduli. The analysis
showed that for a variation of + 10% of the soil shear modulus the

structure natural frequency varies within a range of * 5%. Assuming

”
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also that the concrete modulus of elasticity varies within #* 10% of

the recommended value, this’ results in an additional % 5% variation : m
in the natural frequency of the structure. Based on the above results

it was concluded that the natural frequency of the structure must hav;

a tolerance of * 7.5% to reflect the possible variations in the soil

and concrete properties.

Containment Structure

The vessel was analyzed to determine the structural response to earth-
quake loading. A multi degree-of-freedom model of the structure was
used. The interrelation of the containment vessel structure and the
interior structure through the base was considexed, as was the rotation

and translation of the composite structure on the subgrade.

The containment structure was modeled as two cantilever beams coupled
at the base by a rigid foundation mat. A modal analysis was made
using response spectra to determine the maximum probable peak ac-

celerations at various elgvations of the structure by means of an | 0
AEP computer program "Containment Vessel Program". 4% modal damping

was used for all modes for éhe "Operating Basis earthquake" (10% G)

coincident with LOCA and 7% modal damping for the "Design Basis

earthquake" (20%G) coincident with LOCA. Computed forces from the

accelerations so determined were used as input to a shell of revo-

lution model of the structure to determine the stresses.

The dynamic model is shown in Figure 5.2.2-61.

An evaluétion was made of the natural frequency and mode shapes of the
first three modes. These frequencies were used in conjunction with
response spectra and the appropriate damping factor to evaluate
maximum displacements, velocities, and accelerations. The values of
these parameters determined for each of the first three modes, were

adjusted by the modal participation factor and mode shape to obtain
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the moment and shear in each mode. The moments and shears of the
individual modes were combined by computing the square root of ‘the
sum of the squares of the individual modal values as indicated in
a paper by Dr. Nathan M. Newmark (25 May, 1967) "Design Criteria for
Nuclear Reactors Subjected to Earthquake Hazards". The effect .
of the higher modes were evaluated at this point by examining their -~

contribution.

The formulation of the natural frequency equations makes use of the
stiffness method of analysis. The soil spring constants used for the
rotation and translation of the stgucture were baséd on the results
of field investigation. The pefceﬁt ofs critical damping factor used
for the 10 percent and 20 percent of gravity seismic conditions are
a maximum of 4 percent and 7 percent respectively. The earthquake

ground response spectra for this site are shown in Chapter 2.

Possible coupling of the internal structure and the containment vessel
structure through the ice condenser intexrnal support structure was
considered. '

The spring constant representative of the material used for the thick
layers of insulation in the ice condenser compartment is 6 psi per:
inch of deflection. For a spring constant of this magnitudé, ié has
been determined that the effects on the natural frequencies are less
than 0.003 percent for the first mode, 1éss than 0.60 percent for th?
second mode and less than 3.5 percent for the third mode. Moments

vary by less than 1.5 percent and the shears by less than 0.20 percent.

The effects, therefore, were considered to be negligible and the ma-
thematical model for seismic analysis considers the interior structure
and the containment vessel structure to be uncoupled at all elevations

above the base slab.
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Torsional effects of unsymmetrically located items although of too

small a mass to effect the containment structure significantly were

analyzed for the local structural elements.

As stéte@ in the discussion of the general analytical model, (Appendix "F"
of the Original FSAR), to evaluate the effects of cracking of the concrete,
provisions were made in the seismic program to input various percentages
of concrete area for the structure. .
Structural deflections, due to shear and flexural deformations, were
determined for the containment vessel structure and for the interior
structure at inéremental intervals along the height. The deflections
were determined for the individual modes and for the composite response.
In the composite response the rotational offset and the translational

offset were included.

It was considered that undexr the design basis earthquake condition, the
reinforcing may be stressed to yield point values and that under
operating basis earthquake the reinforcihg may be stressed somewhat
below the yield point value. Since the maximum damping values stated

include the effects of the soil, they are considered to be conservative.

The percentage of critical damping for use in the seismic analysis of
the reinforced concrete structures is dependent upon the stress in

the reinforcing.

The percentages indicated %n,Table 5.2-4 were used for the design
analysis of the structures. For the condition of approximately yield
siress level in reinforcing, the maximum value of percentage critical
damping is 7 percent. For stress levels of approximately 1/2 yield

stress level, the value of percentage critical damping is 4 percent.

- B »
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Two sets of percentage critical damping are indicated for the con-
tainment structure because, under a condition of seismic occurrence
coincident with accident condition, the amount of cracking in the
structure is much greater than for the condition of seismic occurrence

without a coinci@ent accident.

The D. C. Cook auxiliary building is a complex structural system,
asymmetric in plan, with heavy concrete slabs at various floor
elevations. These floor slabs are interconnected with numerous
concrete shear walls and or heavy cross-braced steel members. MThe
overall height dimension is smaller than the plan dimensions. This
low height to plan aspect ratio iﬁdicates that under lateral loads the
predominate deformations of the long shear walls will be shear defor-
formation. Consequently, the relative rotations of the slabs about
horizontal axes do not cause significant deformations, but because

of the asymmetrical mass-stiffness distribution, rotation of the slabs
about a vertical axis could occur when this type of structure is sub-
jected to lateral loads. Therefore, if a shear structure is modeled in
an X-Y¥-Z axis system where the Z axis is vertical and the X and Y are
parallel to the principal axes of the structure, three degrees of
freedom, rotations about the X and Y axes, Ox and ey, and vertical
translation, Az, could be neglected in the model. The motions of

the lumped masses in the model are restricted to a horizontal plane
and each lumped mass is allowed the remaining three degrees of

freedom A , A and 0O .
- x' y z

In discussing the Cook ahxiliary building model the words "Model
Slab" will be substituted for the words "lumped mass" because the
mass of the actual structure is simulated in the model with virtual
infinitely rigid slabs located at the elevations of the major floor
slabs and roofs of the structure. The actual slabs are considered to
be infinitely rigid in their own planes. The rigid body motions of
the model slabs consist of three degrees-of-freedom; horizontal
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translation in two perpendicular directions and rotation about a

vertical axis. The model slabs are interconnected by weightless

elastic springs which possess stiffness in the X or Y direction and
simulate the shear walls and vertical bracing in the strﬁcture.* These
springs are distributed horizbntally on the model slabs so the torsional

stiffness interconnecting two slabs is approximated.

Since the ends of the springs are considered to be horizontally distri-
buted on the special extent of the model slabs, the model élabs are
not point masses, but may be thought of as rigid bodies with horizontal
dimensions where a vertical dimension is meaningless because the mass
of the actual structure is considered lumped in the planes of the

model slabs.

Mass Properties:

Three coordinates are required to describe the motion of each model
slab. Therefore, three mass parameters are associated with each

model slab. These mass parameters for the ith slab of the model are:
Mx associated with X translation
i ,

My associated with Y translation
i .

Iei associated with rotation about a vertical axis

The mass parameter associated with X translation and Y translation is
the same and equal to the mass of the slab. The mass polar moment
of inertia, Io' is about a vertical axis through the cent?roid of the
slab.
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+' Stiffness Properties:

0 . When the stiffness of the structural components which interconnect

slabs were evaluated, the following assumptions were made:

1.

-

All floor and roof slabs were rigid in their own planes;
no joint can displace relative to another joint on the

same slab. .

Walls interconnecting slabs offer resistance to relative
displacement of slabs in the direction of the long dimension
of the wall only. o

The stiffness of small reinforced concrete columns or

walls and steel can be neglected because their stiffness

is small compared to the stiffness of larger walls.

%

[4;
When resisting lateral &oads applied parallel to the long dimension,

most walls act as short, deep beams; therefore, the contribution of

0 shear to the deflection must be considered in calculating the stiffness

of a wall.

The stiffness of an individual wall was calculated by the

following formula:

=2
K=3

shear form factor

cross—-sectional area of the wall
shear modulﬁs of concrete
height of wall

oo » H
n

The stiffness of steel framing which acts as springs is evaluated with

frame or truss analysis computer programs.
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The horizontal flexibility of the soil which supports the auxiliary
building was simulated with linear elastic springs distributed over m

the base of the model in two perpendicular directions.

Analytical Procedure:

The compilation of the mass-stiffness properties of the auxiliary
building began early in the design process. As design proceeded, the
dynamic model was kept current with design changes. To facilit;te

the calculation, documentation and revision of the model's properties
throughout the design process, a computer routine was used in compiling

input to the dynamic model.

Mass properties of each slab are coded on a card and the program uses
this data in compiling the mass matrix and the load vector.

0
Each structural component which is considered aﬁspring in“fhe model is
assigned an identification number. Foxr each sgpf%g the identification
number, stiffness, slabs the spring interconnects, and the horizontal 0
distances of the springs end from the slab centroids (required to
formulate torsional stiffness about a vertical axis) are coded on a
card. The program uses this information to compile the stiffness matrix,
and after the dynamic response is calculated, again uses this information
in distributing the inertia forces into the structural components by

imposing calculated modal displacements on the springs.

Input data to the dynamic program consists of 10 groups of cards
which specify the mass-stiffness properties of the model, degrees of
freedom, and the loading. This input is titled and printed as output

in the following oxder:

1. Problem identification
2, Number of X springs .
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Number of Y springs

Rocking code

X sﬁring constants and topology
Y spring constants apd topology
Seismic loading code (direction of load)
Structural symmetry code

Slab masses and polar moments of inértia
Number of modes to be considered

Number of spectral data points or time history data points
Spectrum daté or time history forcing functions

Slabs where responses are required.

Output from calculation done by the dynamic program consists of the

following groups of information for each direction of excitation
(X or Y or both): '

1.
2,
3.
4,
5.
6.
7.
8.
9.
10.

11.
12,

13.

L)

stiffness matrix (optional)

Mass matrix (optional)

Ioading vector (optional)

Orthogonality check of eigenvector

Modal periods V

Modal participation factors

Mode shapes normalized with respect to the mass matrix
Modal displacements

Modal inertia forces acting on the masses

Probable maximum displacements and inertia forces at slab
centroids

Probable maximum shear forces in springs

Time history response if time history forcing function
used as excitation

Slab response spectra (optiona1)>

Seismic forces used in the structural design of the auxiliary kuilding

were obtained from exciting the dynamic model with the Cperating Basis

and Design Basis Farthquake Spectra presented in the PSAR. Two percent

of critical damping was used in the analysis.
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The equipment design criteria for Class I systems and components sup-

ported in the auxiliary‘building were developed by generating reéponse
spectra from the motions §f the lumped masses in the dynamic model.
Mass motions used .to generate response spectra were obtained from a

time history analysis of the dynamic model.

Input data for the seismic evaluation of Class I equipment was derived
from the computer program. The information for equipment seismic
inéut are natural frequency for each of the first three modes and
response curves for the required elevation for the required

equipment-damping values.
5.2.4 PENETRATIONS

In general, a penetration consists of a sleeve embedded in, and anchored
to, the concrete containment wall, and welded to the containment liner.
The weld to the liner is shrouded by a éhannel which can be pressurized

to demonstrate the integrity of the penetration to liner weld. The core
pipe, electrical conductor cartridges, or air ducts pass through the
embedded sleeves. The ends of the resulting annuli are closed off

by welded end sections. Provision was made for differential expansion
and misalignment between pipe, cartridge, or duct and sleeve. No signi-
ficant loads are imposed on the liner. Pressurizing connections have
been provided to periodically demonstrate the integrity of the penetration

assemblies.

An elastic stress analysis was performed for each penetration assembly
using a finite element computer program. The design basis accident
conditions used in this analysis consider moment, sﬁear, axial thrust,
and torsion resulting from individual breaks either inside or outside
the containment. Normal and tangential stresses in the penetration

assembly, as well as concrete bearing stresses, were determined for the

following three .emergency loading cases (as indicated in Figure 5.2.2-62):
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1. Moment + Shear

2. Moment + Axial Thrust

3. Moment % Shear * Toxsion .

In determining penetration stresses, no consideration was given to

the ability of a thickened liner to aid in resisting the applied

loading.

The allowable stress intensities for the materials used in the penetra~

tion assemblies were determined from the criteria presented in ASME
Pressure Vessel Code, Section III 1968 Ed, Figure N-414, Table N-421,
and Table N-424, and the allowable stresses of USAS Piping Code B 31.1-

1967 EQ4.
Case Core Pipe
B 31.1
Noxmal Sallowable =1.0 Stabulated
Upset* sallowable = 1.2 stabulated
ASME III

%* =
Emexrgency Pm Sy or 1.2 Sm

1.5 Sy or 1.8 Sm

PL + PB =;1.5 Sy or 1.8 Sm

*Includes seismic effects

5. 2-91

Sleeve and Flued head

ASME III

P =S

PL = 1.5 Sm

P, + Py =1.58

P + Py +F =S,

P +Pp+Q=3.08

Same as above

ASME III

Same as core pipe.
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Figure 5.2.2-62 illustrates the design details for typical penetrations.

For example, for penetration CPN=-48 (Resiaqgl Heat Removal) the fol-

fowing maximum local stresses were computed for the pipe rupture

condition.
Maximum Stress Allowable Stress
Intensity (ksi) Intensity (ksi)
Flued Head: Core part 29.7 43.7
Sleeve part : 25.8 52,5
Core Pipe * 42.8 43.7
Bxterior Support Plate 6.7 52.5

]
Thermal protection of concrete at hot peneérations is provided by means

of two redundant cooling coils. Each individual coil is capable of
maintaining adjacent concrete temperature Fo a maximum of 150°F.
Therefore, in the unlikely event of a failure of one of the coils,
the faulty coil can be isolated without loss of thermal protection

to the concrete.

The thermmal gradients of each hot penetration, for its operating condi-
tion, were determined to establish the cooling capacity required to
maintain concrete temperatures at less than 150°F, assuming a 120°F

ambient condition.

Stress analyses using the "GENSHL 5" camputer program were performed

to determine the stresses and strains in the penetration sleeves for

the various factored operating and accident loading conditions. At

the junction of the thickened liner and penetration sleeve, the strains
detemined were a maximum for the accident loading condition. The worst
case occurred at an electrical penetration sleeve with a strain of 0.107%.
The worst strain for a piping penetration sleeve was 0.055%. The

allowable strain has been set at 0.5%.
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Stresses in the plastic domain were not combined since.the analysis

performed did not require consideration of the full plastic strength
of the pipe. )

Nommal shear, bending' and torsional reactions from the pipe ruptures
are transferred from the pipe sleeve to the contaimnment wall by the
system of circumferential and longitudinal lugs on the penetration

sleeve.

NORMAL LOADS are transferred to the concrete by bearing under rings

attached to the sleéve, the concrete at the peximeter of the ring is
checked for punching shear and diagonal tension. When, for accident
loads, the punching shear is greater than 500 psi or the diagonal
tension is greater than 60 #/inz, shear reinforcing has been added.

The nomal load imposes local bending on the wall, the magnitude of

the resulting stresses were analyzed by elastic beam formulae and,
where necessary, extra rebars were added in both tpe hoop and mexidional

direction.

SHEAR AND BENDING PIPE LOADS are transferred to the wall by a com-

bination of bearing under the sleeve and radial shear at the perimeter

of the rings in the concrete. The same cri;eria is used as outlined
for "normal forces" above for transferring these stresses to the
reinforcing. The allowable bearing stress = 0.9 x 0.85 f'c = 2680
#/inz.

TORSIONAL PIPE LOADS are transferred from the sleeve to the concrete
by bearing under the longitudinal stiffeners. The allowable bearing

is the same as above. These bearing stresses then induce shear and
tension stresses in the wall, but in all cases these stresses were

found to be very small and no additional reinforcing was required.
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Where reinforcing bars were bent to clear penetrations the radial
compressive stresses in the concrete, under a bar that has been

stressed to the yield point, has been limited to 2500 psi.

The minimum radius of curxvature is 3'-0".

In addition to the large bend radius, curved bars have been tied back
to adjacent straight bars using #6 ties. See Figure 5.2.2-63.

Where penetrations larger than 4'-0" in diameter are required, the-
following loadings were considered in the design of the openings:
Pressure, dead load, operating basis earthquake, design basis earthquake,
wind, tornado operating temperature, accident temperature and shrinkage.
The secondary forces were treated by computer program as part of its

analysis.

The thickened liner around the penetrations was proportioned in ac-
cordance with the area replacement method given in the ASME Pressure
Vessel Code, Section VIII. For the mechanical and electrical pene-
trations a stress analysis using the "GENSHL 5" computer program was
performed to ‘determine the stresses in the thickened liner and the
penetration sleeve, resulting from the various factored operating and
accident lohding conditions. The thickened liner around the Eqﬁip—
ment Hatch and Personnel Lock was modeled with the thickened concrete
*shell, and a finite element analysis was performed for the composite
section using the FELAP computer program of the Franklin Institute.
Liner stresses were canputed for the fa;tgred operating and accident
loading conditions. The stresses for the thickened liner and sleeve
materials were campared with the stresses given in Table N-421, and -
Table N-424 of the ASME Pressure Vessel Code, Section III - 1968. In
all cases the stresses cbtained from the stress analysis were less than
those specified. As a check on the computer analysis, approximate hand

calculations were performed for the operating themmal loads considering
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the thickened liner as a flat plate with the edges restrained and a
uniform temperature change across the thickness. The following equa-

tion was used for these approximate calculations:* '

- - __EAT
5175 = )

Where:
fl = Principal meridional stress
f2 = Principal Hoop Stress .
oo = Coefficient of Expansion
E = Modulus of Elasticity

AT = Uniform Temperature changé across. the plate thickness.

v = Poissons Ratio‘
Tables 5.2-8 and 5.2;9 summarize the membrane stresses in the thickéned
iiner for typical penetrations. In those areas where the yield stress
has been reached the resulting strains were checked and are less than
0.5%.
The camputer piogram used to calculate the liner stresses assumes that
there is a compatibility of strain between the liner and the concrete
wall. The liner is mechanically attached to the concrete wall by
anchors and therefore is less stressed than the computed values.
To determine the critical buckling stress between anchors, the liner
was analyzed as a flat plate. This assumption is consexvative in
that the liner will have to buckle against its own curvature. For
the analysis it was assumed that the liner was fixed at the angles
and there was no differential radial movement of the boundaries.
The analysis was based on an interaction curve given by A. Pfluger
"Stabilitats probleme der Elastostalik", pages 404 and 405,‘Springer

* Timoshenko and Goodier, Theory of Elasticity, Second Edition,
.McGraw—Hill Book Co., p. 401, :
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Verlag Berlin 1964. . The critical stress resultants N1 and Nz ére
the stresses induced in the plate (see Fig 5.2.2-64) and are defined

as N1 = KSNe where KS = 6.97.
N2 = K3Ne where K3 = 4,00
2
N =T Et> 2
e 12 (1- \)2) X 1/b
Whexre: E = Modulus of Elasticity

Poissons ratio

Plate thickness )
Plate width
Plate length

- O ¢ <
it

It can be seen from the interaction curve that for a = infinity
the influence from Nl can be neglected.

N2 (Critical) = 60,000 psi
b = Span = 14" = spacing between anchors

(See Fig. 5.2.2~64)

The stress in the liner at operating temperature is -18.5 ksi ... the

20:900 . 3 24,

factor of safety against elastic buckling = 18,500
14

The specified design stress limits are + 20 ksi for operating condition

and yield stress for accident condition.
The thickened liner between the penetration and the transition to 3/8"

thickness is anchored by inverted angles with the leg welded to the

liner and spaced at 14".

The unbalanced shear forces at the transition from the thickened liner
to the typical 3/8" wall liner thickness are taken by Nelson Studs.

5.2-96 July, 1982




The maximum shear force on a panel occurs during accident conditions

when one panel is completely buckled while the adjacent ones remain
unbuckled. The unbalanced shear force is transmitted to the concrete ’

by bearing between the angle and the concrete.

The material for both the thickened and unthickened liner plate is
A442 Gr. 60 and the material for the penetration sleeve is A333 Gr. 6
or A516 Gr. 70.

The stresses in the reinforced plate are transferred to the céncrete
- wall by the angles and Nelson Stu§ Anchors, described above, and to
the typical 3/8" wall liner through the hutt weld connecting the

two plates.

The maximum strain is 0.11% for an' unbuckled panel and 0.3% at the

plastic hinges in a buckled panel. The allowable strain is 0.5%.

A. The Franklin Institute finite element computer program was used
to analyze all stresses in the rebar and concrete around the
equipment and personnel accesses. The procedure used was to
analyze, by the FELAP program, rectangular areas of the wall
75' (Horiz) x 64' (Vert) and 54' (Horiz) x 46' (Vert) for the
equipment hatch and the personnel hatch, respectively. These
areas were then divided into elements approximately 4* x 2'6"
in elevation. Different material types across the wall were re-
presented as separate layers. Boundary conditions, taken from
the GENSHL program results, material properties; loads and
temperatures were input for each load condition; from the results,
concrete layers carrying tension were cracked and the rebaf

modified until the stresses were within the allowable.

The openings were checked for operating loads, accident loads

". and test pressure loads. i .
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1) At Normal Qperating:Condition

The loads due to normal operating conditions are:

(af Operating temperature
(b) Dead load

(c) Shrinkage

(d) Creep

The allowdable stresses in the reinforcing steel and concrete

due to the worst combination of operating loads were 0.5fy =

20,000 psi for steel in tension and 0.45f'c = 0.45x3500 = 1580

psi in concrete in compression.

2) Test Pressure

¥

The thickened concrete around the openings was analyzed for the

following loads under test condtions:

(a) Internal pressure of 1.34 times accident pressure equal
1,34x12 = 16 psi

(b) Dead load
(¢) Live load
(d) Temperature transients at test conditions

(e) Shrinkage
The allowable stresses due to the combinations of the above loads

were increased 33% above the operating stresses since the test

. ¢
pressure is temporary.
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3) At Factored loads o

LN
~

" The factored load combinations for ultimate design are as.fSiIOWS:
(2) 1.5P + DL # 0.05DL + (T' + TL') |
(b) 1.25P + DL * 0.05DL + (T" + TL") + 1.25E
(c) 1.0P + DL * 0.05DL + (T"' + TL"') + E'

The thickened concrete around the openings was checked for the above

load combinations.

The capacity reduction factors used in the ultimate design were 0,95
for axial stresses, 0.9 for bending stresses, and 0.85 for diagonal
tension, giving allowable stresses in the rebar of 38,000 psi,

36,000 psi, and 34,000 psi, respectively; and 0.9x0.85x3500 = 2680 psi
canpression in the concrete. .

@

PERSONNEL HATCH

The computed maximum meridional and hoop stresses in the rebar were
34,000 psi and 37,200 psi, respectively (load Combination "a").
EQUIPMENT HATCH

The computed meridional and hoop stresses in the rebar were 26,000 psi
and 38,000 psi, respectively (load Combination a).

The initial run of the FELAP Computer Program was with uncracked con-
crete section and manually estimated reinfoxcing; the results showed
which layers carried tension. These were then cracked in both hoop

and meridional directions for the next run. In subsequent runs
reinforcing and cracking were modified until the stresses were within
acceptable limits. Therefore, it can be seen that the concrete is
conservatively assumed not to carry biaxial or uniaxial ténsion, but
that these stresses are carried by the reinforcing under design criteria.
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The FELAP Computer Program combined all normal and shear stresses due
to axial load, two directional bending, two directional shear and
tension. In places where the shear stresses were greater than 60 psi,
#8 sloping radial bars were added; these were required only under
the‘pggsonnel hatch. Also, extra diagonal bars were added where the
-téngehtial shear stress was greater than 40 psi. The design criteria
for the thickened concrete around large openings was the same as for
’the.rest of the cohtainment wall.

%
[

The FELAP Computer Program was used to design the thickened part

of the containment wall around the openings. |

This was checked by comparing stresses at similar points on the
GENSHL AND FELAP Programs.

The thickened portion of the wall had little effect on the typical
wall rebar stresses, except on the vertical sides of the equipment
hatch where additional rebar was required to keep the rebar stresses
below yield.

The effect of shrinkage is to impose tensile stresses in the concrete
and compressive stresses in the rebar and liner. Since the ccampressive
stress in the rebar réduces the tensile stresses due to accident loads
they were neglected, but, the tensile stresses in the concrete will
reduce the margin against cracking when the accident loads are imposed
on the structure. The tensile stresses in the concrete due to shrinkage
were calculated from the following formula:

£ = n Ss Ts Ee = 80#/sq.in.

A
(1--\»3)2\c + (1-vc)n S
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£ = stress in concrete

c
n = ratio of modulus of elasticity of steel and concrete
As = total cross sectional area of steel
T
s = shrinkage strain in concrete

The value“of Ts = 10"4 was taken from the papei by "Matlock and Hansen"*
which states that for a given water/cement ratio and aggregate, shrin-
kage decreases linearly as volume/surface ratio increases. The
volume/surface ratio for the containment building wall at the person-

nel access is 72.

The maximum volume/surface on the graph equals 8, to be on the conserva-
tive side, a volume/surface = 24 was used, which, by extrapolation, gave

a shrinkage strain of 1074,

Torsional stresses were evaluated by the multi-layexr FELAP Computer
Program. The analysis this program performed was too complex to
check by approximate manual calculation, such as ccmparing the
thickened concrete to a circular plate.

Details of the reinforcing pattern used around large openings such

as the Personnel and Equipment Hatches are shown in Fig. 5.2.2-65

& 5. 2. 2-65A¢

A Factor of Safety of 1.5 has been applied to the accident pressure
when combined with the associated accident temperature in factored
load Combination (a); a Factor of Safety of 1.25 when combined with
associated accident temperature and operating basis earthquake in
Combination (b); and a Factor of Safety of 1.0 when combined with

associated accident temperature and design basis earthquake in

*" ghape of Member on the Shrinkage and Creep of Concrete', By Hansen
& Matlock, ACI Journal 63/10 Feb. 1966. .
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Combination (¢). The earthquake stresses around the openings are

negligible, therefore Combination (a) controls and 1.5 is the minimum

Factor of Safety. - 0

The allowable stresses for these combinations are ¢fy or ¢f',
where ¢ = 0.95, 0.9, and 0.85 for axial, bending and diagonal ten-
sion, respectively. :

The maximum stress taken from the FELAP Computer. output equals 38,000

psi for load Combination (a) and, therefore the stress in the rebar

at design load would equal 3%%%99 = 25,300 psi giving a Factor
of Safety against minimum yield = = 1.60.
25,300

Equilibrium checks of internal stresses and external loads were

made both for the "GENSHL" program and the "FELAP" program. All

bodies as modeled in the "GENSHL" program were checked for com-

patibility. This particular check was necessary forx deterxrmining

whether the lengths of the bodies selected for the structure modeling

were sai:isfactory. Additional and more detailed checks of the "GENSHL" ‘ i

Program were made at the following spots:

1) Locations of discontinuities in the geometrical shape such
as, the shell wall and base mat juncture, and the shell

wall and dome Jjuncture.

2) Locations of major change in temperature conditions. In
the meridional direction this occurs at the lower and
upper limits of the ice condenser area (El. 642'-0" and
the springline). In the hoop direction this occurs near
the limits of the ice condenser area (Azimuths 150°F and

»

210°). ' -
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3)

Locations of localized accident cénditions. The fan

accumulator room where, the unsymmetrical pressure and

thermal loading cause high stresses. (ElL. 630'-0" and
Azimuth 90).

For the FELAP Program complete checks were made at the following

locations:

1)

2)

At the Personnel Hatch.
El. 618'-0" at Azimuth 325°, This is in the thickened
portion close to the haunch where stresses are re-

latively high.

At the Equipment Hatch.

El 644'-0" at Azimuth 145° which is the juncture of the
containment shell and the haunch for the thickened portion
at the Hatch and also where the effect of the thermal

condition in the ice condenser compartment is felt.

PROCEDURES FOR CHECKING RESULTS OF "GENSHL" PROGRAM

A)

«

Compatiblity (Internal Check)

1)

2)

Moments and forces acting on the end of any element of
the shell, and its deformations, are exactly equal to
those at the adjacent end of the next element, as
listed in the results of the Computer analysis.

The sum of the products of the internal stresses of all
the cross-sectional layers of any element times the
corresponding layer thicknesses is equal to the force

resultants, axial or shear, given by the computer analysis.

-

5.2-103 July, 1982



B)

«

The sum of the products of those internal forces of all
the layers times the corresponding arms from the centroid
of the section is equal to the moment acting in that

direction given by the computer.

3) The sum of all the force resultants due to each individual
load times the factors for the specific combinations is
equal to the final results from the superposition of all
individual loads by the camputer.

Equilibrium (External Check)

The summations of moments and forces given by the computer acting
at any element of the shell as a free body are statically in
equilibrium with external loads.
t
1) The axial forxce in the cylindrical shell, per ft. of circum-
ference, due to internal pressure, given by the computer, is
equal to 1/2 PR (meridional direction), and PR, per ft. of
height of shell, (hoop directién).

o
]

internal pressure (psi).

=
]

internal radius in inches.

They are equal to zero for uniform thermal5loadings.

For non-uniform or unsymmetrical thermal loadings the sum
of the membrane forces throughout the whole cylindrical

section of each harmmonic function from the computer analysis

is equal to zero. .
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2)

3)

ay
L4

In the check of seismic computations the contaimment shell
is divided into thirteen segments. The sum of the weight

of each segment times the acceleration times the armm from

the center of gravity of each segment to the base mat

is equal to the sum of the resultant moments given .

by the computer analysis in the meridional direction.

The sum of the weight of each segment times the acceleration
(% G) is equal to the sum of the resultant tangential shears
at the base mat given by the camputer analysis.

The curves plotted, based on the foundation settlements

from the computer analysis times the corresponding soil
modulus of elasticity, aré close to the shapes of foundation
pressure distribution stated in the FSAR.

The sum of those camputed soil pfessures times the corres-
ponding foundation areas is equal to the total loads acting
on the mat plus the weight of the foundation mat itself.
The discrepancies between th; manually computed values and
the GENSHL results are less than 10%. The greatest dis-
crepancies appear at points of differences, either in the
discontinuity of geometric shape, in the varying stiffness
of different layer properties of adjacent elements, or in
varying loading conditions between adjacent elements.

The computer results take all these into consideration, make
all the necessary compatibility correctidns, and add the
local bending effects of the shell in addition to the

membrane forces.
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PROCEDURES FOR CHECKING RESULTS OF "FELAP" PROGRAM

A)

]

Internal Check

1)

3)

4)

5)

The sum of the internal stresses of 'all the layers given
by the computer times their corresponding layer thicknesses,
is equal to the force resultant in the same direction given

by the computer at the middle of panel.

Take any panel or a group of panels as a free body. The

sum of all the forces given by the computer acting at the

- four nodal points of a panel is statically in equilibrium.

Likewise, the sum of all the forces given by the computer
at the exterior nodal points along the boundaries of a
group of panels is gtatically in equilibrium.

Pass a horizontal section through the middle of panels within
a certain area. The sum of stress resultants in the meridional
direction given by the computer times the width of the m ‘
corresponding panels is in équilibrium with the sum of \
forces in the meridional direction acting at exterior

nodal points along the boundaries of that sectioned area.

Pass a vertical section through the middle of panels within
a. certain area., The sum of stress resultants in the hoop
direcéion given by the computer times the height of the
corresponding panels is in equilibrium with the sum of forces

in the hoop direction acting at the exterior nodal points
along the boundaries of that sectioned area.

The sum of the stress resultants of each individual load
times the factors for the specific combination is equal
to the final results from the superposition program given

by the camputer.
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B) External Check

»

The sums of the forces given by the camputer acting at any hodal
point. joining any four panels are statically in eqﬁilibrium with
external loads. It is equal to zero in the uniform themmal

loading and nodal point or the external loadings acting on the
nodal point.

In all cases checked, the discrepancies between the manualfy

caqputed values and the camputer values was less than 10%.

5.2.4.1 Electrical Penetrations

Cartridge-tybe penetrations wexre used for all electrical conductors
passing through the contaimment. This type of penetration is a

. hollow cylinder closed on both ends, through which the conductors pass.

Each penetration cartridge provides a minimum of two pressure seals
in' series for each conductor. Each cartridge is provided with
pressure connections to allow test pressurization for leak cheéking
of the two pressure seqls. There are a total of 110 electrical pene-

trations for the two units of the following types and quantities:

TYPE . UANTITY
Power

5 Kv 16
600 V 38
Control ’ 24

Instrumentation ' - 32

Figure 5.2-2 shows a typical electrical penetration.
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The penetration sleeves which accommodate the electricalfpenetration
cartridges are standard wall pipe of A333 Grade 6 carbon steel.
Penetration sleeve ends were seal weided to weld rings, which are an
integral part of the penetratiop cartridge.

Inspection and Testing

Electrical Penetrations - Prototype Tests

Prior to coammencement of full production, a production prototype of the
electrical penetrations listed in Table 5.2-3 successfully passed, in
sequence, those tests indicated by X. ’

Upon coampletion of the above tests, each prototype successfully passed,
a second time, the High Potential and Leakage test prescribed.

In addition to the prototype test listed in Table 5.2-3 all materials
used in the penetrations were quality control inspected, tested and

approved for service under operating and accident radiation dosages.

Electrical Penetrations Production Tests

Each completed electrical penetration successfully passed the

following tests prior to shipment:

1. Leakage
2. Conductor Continuity Test
3. High Potential Test

4. Insulation Resistance.
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5.2.4.2 Piping Penetrations

Piping penetrations are provided for all piping passing through the
containment walls. The core pipe is contained within a sleeve which is
welded to the containment liner. Several core pipes may pass through
the same penetration assembly to minimize the number of penetrations
required. 1In such cases, each core pipe is welded to cﬁe end plates

in the penetration assembly. 1In the case of a pipe carrying a hot
fluid, the core pipe may be insulated and cooling may be provided to

limit the concrete temperature abutting the sleeve to 1509F,

The design ensures that, even under postulated accident conditions,
potential resultant torsional, axial, bending and shear 1oéds will

not cause a breach of containment integrity. Penetrations were
analyzed for the following conditions: a) Normal Operating Conditions;
b) Transient Conditions; c) Seismic; d) Pipe Rupture (including con-
sideration of the status of each pipe during the course of an ac-
cident). Loads on the penetration sleeve were combined following the
principles in ASME Boiler and Pressure Vessel Code Section III.
Penetrations were designed such that the rupture of connecting piping

will not cause a loss of containment integrity.

Piping between the containment penetrations and the isolation valves
outside the containment were designed in conformance with USAS B31l.1

for design loads.

The main-steam pipe penetration assembly is similar to the hot pipe
penetration illustrated in Figure 5.2-2. The core pipe within the
penetration has a structural capability greater than that'of the pipes
welded to it. The penetration sleeve and core pipe are joined by a
flued head which has a structural capability not less than the core pipe
within the penetration assembly. The penetration sleeve in turn has

adequate structural capability,
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A complete thermal analysis was made of the penetration assembly to
determine thermal insulation requirements to be used in conjunction
with expanded plate-type coolers, to limit concrete temperature during
normal operation to 1500F. Coolers were provided with redundant
circuitry and capacity to maintain concrete temperature below 1500F with
one circuit out of service. Thermal analysis to determine the time
dependent limitations of penetration sleeve temperature limitations

with regard to the containment liner and concrete was performed to cover

conditions of loss of cooling water.

N B

The thermal growth of the penetration sleeve and stress at the anchors

and liner weld was considered in establishing temperature limitations.

The penetration assembly is anchored into the containment wall with a
structural capability based upon Maximum Pipe Rupture Loads with regard
to torsion, bending, shear, and jet thrust. Earthquake loads were

L)

considered.

The penetration assembly was designed to withstand any strains imposed

by the liner.

The radial deformation imposed by the liner on the penetration sleeve
was considered to be uniform around the circumference of the penetration
sleeve and the moments and hoop stresses in the ‘penetration sleeve

then determined.

Stresses in the penetration were limited to the values stated in ASME

Boiler apd Pressure Vessel Code, Section III.

f

Sump Penetration

Two piping penetrations in the containment sump area are of the pipe

and ‘outer sleeve design. The outer sleeve is welded directly to the
base of the liner. The weld to the liner is covered by a pressurization
channel which is used to demonstrate liner inCegrity.‘ The inner and

outer pipes extend through the containment wall and are connected to

an isolation valve and enclosure.
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Fuel Transfer Penetration

A piping penetration, designated the fuel transfer tube penetration, is
provided for fuel movement between the refueling canal in the contain-
ment and the transfer canal in the auxiliary building. "The penetration
consists of a stainless steel pipe installed inside a 24" pipe, as shown
in detail on Figure 5.2-4. The inner pipe acts as the transfer tube

and connects the"coﬁtaihment refueling cavity with the fuel transfer
canal in the auxiliary building.

The outer pipe is wglded to the containment liner and provision was made
for the employment of a seal ring for pressurizing welds essential to
containment integrity. Bellows expansion joints were provided on the
outer pipe to compensate for any differential movement between the

inner and outer pipes and also between the containment and auxiliary
building structures. These bellows do not serve as part of the containment

pressure boundary.

Specification and Tests

Piping penetrations were designed to the intent of USAS B31l.1 1967
Edition and N-Cases’ (1955), and ASME Boiler andAPressure Vessel Code .
Section III 1968 Edition.
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Material specifications for the piping penetrations are as follows;

Penetration Sleeve ASTM A - 333 Gr 6
Penetration Reinforcing Rings ASTM A - 442 Gr 60%
Penetration Sleeve Reinforcing ASTM A - 442 Gr 60%
Bar Anchoring Rings, End Place§ ) ,
or Flued Heads ASTM A - 442 GR 60%
ASTM A - 350 LFI
ASTM A -182 F 316 and F 304
Rolled Shapes ASTM A - 442 Gr 60%
Core Pipe Carbon Steel ASTM A - 106 Grades B and C
" ASTM A - 155 KC 70 Class I
Stainless Steel ASTM A - 312 TP 304
ASTM A - 358 Class I TP 304
ASTM A - 376 TP 304 and TP 316
ASTM A - 213 (Type'136)
ASTM A - 249 (Type 316)

%* or ASTM A 516 Gr. 70.

NDTIT has been considered where required for the materials listed above.
The piping penetration assemblies were tested, prior to installation,

by pressurizing the annulus between the core pipe and sleeve for 30
minutes during which time the exterior was checked for leaks using a

soap bubble solution. If any leakage was found, the assembly was
repaired and the assembly retested. Following the soap bubble leakage
test, the annulus was pressurized with a mixture of air and 20% by weight
' of freon gas.” The assembly was then tested for leakage using a halogen
leak detector with a sensitivity of 10-7 standard cc per second. A mass
spectrometer examination was substituted for the halogen leak detection

‘test where it was deemed required.
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5.2.4.3 Equipment Hatches and Personnel locks

Equipment Access Hatches

An equipment hatch with an inside diameter of 20'-0" has been provided
to enable passage of large equipment and components into the containment

during plant shutdown.
Design requirements include:

a. The materials for the equipment hatch conform to the
requirements of AST™ A-300 Specifications. The minimum

plate thickness is 1 inch.

The design pressure is 12 psig, acting from the reactor side.
The equipment hatch was éabricated and constructed as a Ciass
"B" vessel in accordance with Séation IIXI of the ASME Code.
‘o v :
b. The hatch is equipped with double compression seals for
leak tightness. A pressure connection has been provided
between the seals for testing of the seals.

c. - A removable floor has been provid;d capable of supporting a
live load of 1,000 lbs/sq. f£t. (If at any time the load being
transferred throughout the equipment hatch exceeds the
above load, the barrel of the hatch, both inside and outside
the containment will be shored by means of temporary supports
to prevent a structural failure of the body ring of the
hatch) .

Personnel locks

Two personnel access locks have been provided, one of which penetrates
the flat head of the equipment hatch. Each personnel lock is a
welded steel assembly with a door at' each end equipped with a double
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compressible seal to insure leak tightness of the lock. For details,

see Figure 5.2-5,

Design requirements include:

The materials for the locks conforms to the requirements of
AST™M A-516 Grade 70 firebox quality and ASTM A-300 Specifi-
cations. The minimum plate thickness is 3/8". The design

pressure is 12 psig. The personnel locks were fabricated
and constructed as Class "B" vessels in accordance with

Section III of the ASME Code.

b. The doors, of the personnel locks, are interlocked so that

one door cannot be opened unless the other is sealed.

c. Each door is equipped with a pressure valve for equalizing
the pressure across each door. At no time can the equalizing

L
valves on both dooxrs be opened.

d. A test connection has been provided between the double
compressible seals for allowing periodic leak testing of .

the seals.

e. All shafts penetrating the locks have double éacking and a
test connection has been provided for periodic pressure

testing for leak tightness.

£. An emergency air supply has been provided to the inside y
of the lock. This connection was designed to pemit

periodic testing.

.

g. The locks have been equipped with pressure switches and with

limit switches.
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h. Indicating lights have been provided outside the lock

at each door to indicate whether the opposite door is

being operated.

‘ fhe personnel locks were hydrostatically tested to 15 psig, i.e., 25%
greater than the design pressure of 12 psig. Following the hydrostatic
testing, the locks were‘tested for leaktightness by means of

Freon~-Air mixture, pressurized to the designtpressure for 24 hours.

All weld seams were checked with a Halogen leak detector.

Accessibility Criteria

* Access to the containment during normal operation is limited andAwill
,bé controlled .in compliance with the limits set forth in 10CFR20.
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For Class C piping, the following is provided for minimum isolation
subsequent to an incident: . ‘
a) Incaming Lines: One check valve

b) .Outgoing Lines: One auto-trip valve

Class D
Class D piping must remain in service after a hypothetieal accident.
R

Piping of the engineered safety features falls into this category.

i

o

For Class D biping the following is provided for minimum isolation
subsequent to an incident.

a) Incaming Lines: One remote manual valve or a check valve.

b) Outgoing Lines: One remote manual valve
Class E

Class E piping is connected to a nommally closed system outside of the
contaimment, and is separated from tbe Reactor Coolant System and the

containment atmosphere by a closed valve and/or a membrane barrier.

For Class E piping the following constitutes the minimum isolation
provided.

2ll Lines: A nommally closed manual valve inside or outside the
containment.

-

4

5.4.2 - CONTAINMENT ISOIATION SYSTEM DESIGN

The general design basis covering the number and location of isolation
valves required to assure reactor containment integrity are given in

Section 5.4.1. A summary of the major piping penetratione is given
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in Table 5.4-1. This table lists the number and types of isolation

valves that are provided for the lines penetrating the containment:
Valve positions during nommal operation, shutdown, and incident con-

ditions are also listed.

Check valves may be employed as one of the two barrierxs for incoming
lines.

Test connections and.pressurizing means are provided to test each
isolation valve or barrier for leak tightness.. Either water or a gas
'is used as the pressurizing medium depénding on the requirements of
each case. Where it is necéssary to make a quantative leakage test,
provision is maée to:

a) measure the inflow of the pressurizing medium, or
b) collect and measure the leakage, or

c). calculate the leakage from the rate of rressure drop.

The test connections are valved out and capped when not in use.

All isolation valves ére missile protected. Isolation valves, actuators,
and control devices required inside the containment are located between
the missile barrier and the containment wall. Isolation valves, actua-
tors and control devices outside the contaimnment are located outside

the path of potentialrmissiles or provided with missile protection.

There are two levels of automatic containment isolation identified as
Phase A and Phase B. Phase A‘isélation closes all lines penetrating
the containment except essential lines such as Safety Injection and
Contaimment Spray which are not isolated, and ccmponent cooling water
to the reactor pumps and service water to the ventilation units which
isolates on Phase B. (For Phase A and B initiating signals see éhapter

7 Instrumentation and Control.) All automatic isolation valves are
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TABLE 5.4-1

PIPING PENETRATIONS SHEET 11 OF 12
Line Size Status of
and Isolation Valves Isolation Valves Isolation
Number Flow Actuation Figure
Service Class of Lines Direction N - I Inside Outside Signal Number Notes

Non Essential Service A 25" (2) In Open If Closed - 2 Auto Trip B 9.8-6
Water to Instrument Needed
Room, Ventilation Units
Non Essential Service A 25" (2) Out Open If Closed -~ 2 Auto Trip B 9.8-6
Water from Instrument Needed
Room Ventilation Units
Sample Lines to Hydro- D 1/2" (9) Out Closed Closed 1Int. -~ 2 Auto Trip A 14.3.6~12a 11
gen Monitoring System .
Sample Line Return From D 1/2" (1) In Closed Closed Int. - Auto Trip A 14.3.6~12a 11
Hydrogen Monitoring
System
Containment Pressure E 1/2" (6) - Open Open Open - Manual NA - 12
Transmitters
Containment Sump D 172" (1) Out Closed Closed Int. - 2 Auto Trip A 9.6~2 11
Sample to Post-
Accident Sampling
System
Post Accident D 1/2" (1) In Closed Closed Int. Check Auto Trip A 9.6-2 11
Sampling System
Return
Post Accident D 1/2" (1) Out Closed Closed Int. - 2 Auto Trip A 9.6—? 13
Sampling System
Supply (Gas)
11) May be put in service manually after incident
12) See Fig. 7.5-1 for a functional diagram of these instruments.
13) Connected to Containment Air Particulate and Radio Gas Detector Sample Line

»




TABLE 5.4-1

PIPING PENETRATIONS SHEET 12 OF 12
Line Size Status of
and Isolation Valves Isolation Valves Isolation
) Number Flow - Actuation Figure
Sexvice Class of Lines Direction N S I Inside Outside Signal Number Notes
Incore Flux . NA 8" (1) - Closed If Closed Blind Blind NA - 13
Detection System . _ Needed Flange Flange
Spare Penetrations NA 18" (5) Weld Weld NA -
6" (4) - Closed Closed Closed Cap Cap

13) Used for replacement of incore flux instrumentation thimbles.

N: Norxmal Int: Intexrmittent Isolation Actuation Signals:
S: shutdown L.C.: Locked Closed A: Phase A Isolation »
1: Incident NA: Not Applicable B: Phase B Isolation

‘ CVI: Containment Ventilation Isolation
{initiated by Safety Injection Signal
or High Containment Radiation)
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Maintain a maximum temperature of 100°F and a minimum

temperature of 60°F in the Containment Instrumentation Room.

Purge the In-core Instrumentation Room atmosphere t6 the unit

vent during periods of personnel access to this room.

Ensure that a reliable supply of cooling air is provided to

the Control Rod Drive Mechanisms.

Reduce the concentration of airborne fission products
(particulates,_iodine and methyl iodine gases) which may be
introduced into the containment atmosphere via leakage from
the Reactor Coolant System (concurrent with 1 percent fuel

cladding defects).

Aid in reduction of Containment pressure in the event of ‘an

accident. (See Chapter 14.)

Ensure that, in the case of ‘a loss~of-coolant accident, any
hydrogen that may be formed will not accumulate in pockets

in excess of 4 percent (by volume).

Maintain concrete temperature below 150°F at the crane wall

sleeves serving the RHR system when that system is operating.

In accordance with the Unit 2 Technical Specifications, the Unit 2

containment purge supply and exhaust and the instrument xoom purge

supply and exhaust systems can only be operated during mode 5 or.6

operation without technical specification relief. The Unit 1

Technical Specifications allow use of these systems during any mode

of operation.
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5.5.3 SYSTEM DESCRIPTION

Containment Purge Supply and Exhaust System

One Containment Purge Supply and Exhaust System is supplied for each
Containment structure so that, prior to entry, if required, radio-

activity can be reduced to safe levels.

Purge air is supplied to the containment through‘two 16,000 CFM fans
and their associated filters and heating coils. Purged air is exhausted
through two 16,000 CFM capacity fans and ébéoiute particulate filters
to the unit vent where it is monitored before release to the atmosphere.
The purge-air supply and exhaust fans and filters are located in the

Auxiliary Building. '

There are four air penetrations of the Containment associated with
this system, a supply and an exhaust penetration into both the upper
and lower compartment. -Each penetration has two fail-closed isolation

valves. (These valves are normally closed when the purge systems are

not in operation.)

The Containment Purge Supply and Exhaust System has a total capacity of
32,000 CFM which affords approximately 1.5 air changes per hour.

The Containment Purge Supply and Exhaust System takes outside air
through intake vents and passes it ‘thxough medium-efficiency particu-
late filters (NBS Dust Spot Efficiency for atmospheric dust of 50%)
and steam coils when necessary prior to discharge into the contain-
ment. The upper compartment purge eihaust plenum draws 11,000 CFM of
air through inlets along the periphery of the refueling canal. The
lower compartment purge exhaust plenum draws 21,000 CFM of air through
inlets along the periphery of the reactor well cavity.
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The Containment Purge Supply and Exhaust System serves to provide: 1)

a means of reducing the radiation level in the containment to a safe
value for containment entry, 2) a continuous airflow through the
containment during refueling operations, and 3) heated air to the
containment necessary for comfort of personnel working in the

containment.

The Containment Purge Supply and Exhaust System is not normally
operated. If, prior to containment entry, the containment radiation
monitors indicate radiation levels in the’ containment area in excess
of the appropriate Federal regulations for radiation exposure to an
individual worker (per 10 CFR 20), and if it is determined that the

radiation level within the containment is at a safe level for purging,

then the Containment Purge Supply and Exhaust System is activated to
reduce the radiation level within the containment to a safe value for

containment entry.

In the unlikely event that radiation levels in the containment are too

high for purging, the Containment Auxiliary Charcoal Filter System will

be operated until radiation levels are low enough for purging. When
the containment radiation level has been reduced to an acceptable

point for purging, the Containment Purge Supply and Exhaust System

isolation valves will be opened and the purge system will be actuated.

The Containment Purge Supply and Exhaust System fans are operated

remotely from the Control Room, except that the Isolation valves close

automatically upon a safety injection signal or a high containment

radiation level.

During purge operations, the rate of purge can be controlled by the

operator who has the option of operating any desired combination of the

Containment Purge Supply and Exhaust System fans or by repositioning
as necessary volume dampers (the volume dampers are located in the
Auxiliary Building). Operation in this manner will prevent any
undesirable containment pressure buildup, and will also provide a

means of vacuum relief in the event of a negative containment
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pressure. Because containment pressures can be controlled entirely by w

operation of the Containment Purge Supply and Exhaust System during
purging operations, there will be no need to use the Containment

Pressure Relief System during Containment Purxge.

Instrumentation Room Purge Supply and Exhaust System

The Containment Instrumentation Room is isolated from the general
Containment atmosphere and has a separate and independent purge system

consisting of a 1000 CFM supply unit and a 1000 CFM exhaust unit.

The supply unit draws outdoor air through an intake louver, passes it

through a medium-efficiency particulate filter and electric blast coil

heaters and discharges it into the Containment Instrumentation Room.

The exhaust unit draws air from the Containment Instrumentation Room,

passes it through both absolute particulate and charcoal filters and

discharges it to the unit vent where it is monitored before release.

This operation affords approximately 3-1/2 air -changes per hour for w

the Containment Instrumentation Room.
Both the Contéinment Instrumentation Room purge supply and purge exhaust
penetrations have two isolation valves similar in type and function to

those provided for the Containment Purge Supply and Exhaust System.

Containment Pressure Relief System

Containment pressure rg;ief is provided by a 1000 CFM ex@aust unit
composed of a fan, an absolute filter and a charcoal filter. This

system is located in the Auxiliary Building. There is a single pene-
tration of the containment barrier for this system with two isolation
valves similar in type and function to those provided for the Containment

Purge Supply and Exhaust System. l

Y . 'n'
B
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A flow diagram of the Containment Pressure Relief System is shown in
Figure 5.5-2., The system fan draws containment atmosphere through a
register in the upper compartment where, prior to discharge to the
plant vent, it is passed through a filter unit containing both HEPA
and charcoal filters. Additional features of the system design include
two isolation valves, an automatically operated flow regulatiﬁg damper
which limits flow through the filters to 1000 cfm, a backdraft damper
in the duct to the unit vent to prevent backflow from the unit vent
into the containment, and a bypass path around the fan so that con-
tainment pressure relief can be provided in the event the pressure

relief unit fan fails to start.

The system can be operated manually from the Control Room any time that
containment pressure exceeds ambient. However, if the containment
pressure should reach 0.2 psig, an alarm will sound in the control room

to alert the operator to actuate the system.

The operator action required to actuate the system consists of opening
the normally closed isolation valves and starting the fan motor. Such
operator action will limit the containment internal pressure to less

than 0.3 psig for normal atmospheric fluctuations.

If operation of the Containment Pressure Relief System is necessary,

the containment atmosphere will always be exhausted through the charcoal
and HEPA filters in the unit. This should be sufficient to prevent any
adverse radioactivity from being exhausted to the environment. In any
case, however, if during operation of the unit, a high radiation alamm
sounds, the Containment Pressure Relief System isolation valves will
automatically close. This will prevent any further release of adverse
radioactivity to the environment.

The containment pressure relief system is intended for use only for
normal operation when it is necessary to reduce internal containment

pressure. It is not intended for use when the Containment Purge
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Supply and Exhaust System is operating, since the Containment Purge

Supply and Exhaust fans themselves provide the necessary means of

controlling internal containment pressure.

Upper Compartment Ventilation System

The Upper Compartment Ventilation System consists of four free standing
recirculating ventilating units (3 for normal operaggon, 1 standby).
Each unit includes a 25,000 CFM fan, water cooling éoils and electric
blast coil heaters.

The water for the cooling coils is supplied by the Non-Essential Service
Water System. Any three of the four units have sufficient cooling
capacity to maintain the temperature below 100°F during design summer
conditions.. Water flow to the cooling cqils is regulated by modulating
air-operated valves located outside the containment. These valves are
controlled by proportional thermostats located on the ventilation unit

intakes. Maximum water-flow is 80 gpm per unit.

Normally, three ventilation units operate continuously. Cooling is
performed whenever the intake air temperature exceeds 90°F. The
electric blast coil heaters are energized whenever the intake air

temperature drops below 75°F.

2

Lower Compartment Ventilation System

The Lower Compartment Ventilation System is the largest of the Contain-
ment Ventilation Systems. It consists of four recirculation wventilation
units composed of fans and water cooling coils, four booster fans for
Control Rod Drive Mechanism ventilation, vent fans for feactor and

pressurizer enclosure ventilation and associated duct work.

'
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The four recirculation ventilation units are located in the annﬁlar

space around the periphery of the lower chamber between the crane wall
and the containment liner. Each unit is composeé of water cooling coils
and two 36,000 CFM fans. The intake to these units is connected via a
duct penetration through the crane wall to air intakes from the top of
the four steam generator enclosures, the Reactor Coolant Pump Motor
areas and the discharges from the Control Rod Drive Mechanism vent
fans. Air is drawn from the above stated heat sources, passed through
the water cooling coils and discharged into the annular space. The
cooled air re-enters the lower chamber via openings in the crane wall
and through the pipe tunnel below the annular space which also has
openings in the crane wall into the lower chamber.

The four recirculation units are split into pairs; two units in eachﬂof
the two fan rooms. Normally, both fans of oneuunit and one of the fans
of the second unit in a given room limit the average containment air
temperature to 110°F, The water to the cooling coils is fed by the
Non-Essential Service Water System. Water flow to each unit is modu-
lated by an air-operated valve outside the containment which is con-
trolled by a proportiqnal thermostat in the recirculation unit intake.

Maximum water flow per unit is 440 gpm.

There are four 20,000 CFM fans (1 standby) which draw air through the
Control Rod Drive Mechanism shroud and discharge it into the intake
ducts of the four lower compartment recirculation units. The four fans
are located outside the primary shield of the reactor vessel and are
all connected via a common intake header to the Control Rod Drive
Mechanism ventilation shroud. There are redundant temperature sensors
in the intake header which actuate an alarm in the Control Room in the

event that the air temperature leaving the shroud exceeds the setpoint.
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Two 3000 cfm booster fans draw air from the pipe tunnel and dischaxrge

it into the lower reactor cavity. This operation ensures a continuous

flow of cool air at the base of the reactor vessel. Two 12,000 cfm fans ' O
(1 standby) draw air from the top of the pressurizer enclosure and dis-

charge into the suction side of the lower containment ventilation system.

This operation prevents heat buildup at the top of the enclosure. (The

steam generator enclosures are ventilated by duéts which are also

directly connected into the suction side of the lower containment

ventilation system.)

Containment Instrumentation Room Ventilation System

The In-Core Instru?entation Room is an isolated sector of the lower

compartment. The temperatures in the room are controlled by two free-

standing, 9,600 cfm recirculation ventilation units (1 standby). Each

unit is composed of a fan, Qater cooling coil and electric blast cail

heaters. The water for coils is supplied by the Non-Essential Sexrvice

Water System. Water flow is regqulated in the same manner as for the

upper compartment ventilation units. Maximum water flow per unit is

50 gpm. The Instrumentation Room is kept at a constant temperature of 0
approximately 90°F during plant operation.

Containment Auxiliary Charcoal Filter System

This system consists of two 8000 cfm fan-filter units located in the
lower containment compartment. Each unit contains both absolute
particulate and charcoal filters, for reduction of fission product

particulate activity which may be air-borne in the lower compartment.

L]
¥

The containment atmosphere is monitored for radioactivity during
reactor power operation, and the numbex of auxiliary charcoal filter

units in operation (none, 1 ox 2) depends on the air-borne activity

levels obsexved.
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Containment Air Recirculation/Hydrogen Skimmer System

The Containment Air Recirculation/Hydrogen Skimmer System is the only
séfety related ventilation system within the containment. This system
functions only in the event of a hi-hi containment pressure signal. It
consists of two redundant independent systems which include fans, back

draft dampers, valves, piping and ductwork.

Both Containment Air Recirculation Hydrogen Skimmer System Fans are

located in the upper volume. The fans discharge, via the annular space

between the crane wall and the Containment liner, into the lower compart-'

ment. The fans are provided with back draft dampers on the discharge to

prevent backflow during initial blowdown.

Figure 5.5-2 shows the various components of this system and

Figure 5.5-3 shows the recirculation flow patterns that are createa by
this system. The system includes provisions for providing both

1) general recirculation of containment atmosphere between the upper
and lower compartments following a loss-of-coolant accident, and

2) preventing the improbable accumulation of hydrogen in restricted

areas within the containment following a loss-of-coolant accident.

The potential areas of hydrogen pocketing are the top of the containment
dome, and the lower compartment enclosures which include the three rooms
in the annular space between the crane wall and the liner, the steam
generator enclosures, and the pressurizerkenclosure. Hydrogen pocket-
ing is prevented by continuously drawing air out of the top of each of
the above areas at such a rate as to limit the potential local hydrogen

concentration to less than 4% by volume.

Each of the two independent systems fan has its own intake system
composed of three sebarate headers. These headers draw 39,000 CFM
from the upper compartment in the immediate vicinity of the fan, draw
1,000 CFM from the uppex compartment at the top of the dome, and draw
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air from the potential hydrogen pockets in the lower compartment (this

is the hydrogen skimmer header). Each header has volume control dampers

in the line or at the air intake to balance flow. The hydrogen skimmer
header is composed of two pipe branches, one which draws 500 CFM from
the top of each double steam generator enclosure and pressurizer
enclosure and one which draws 100 CFM from each of three rooms in the
annular space. There is a normally closed, motor-operated hydrogen
skimmer valve on each main hydrogen skimmer header to prevent ice

condenser bypass during initial blowdown.

Ten minutes after receipt of a hi-hi contaimment pressure signal the
Air Recirculation/Hydrogen Skimmer System fans start and the motor
operaﬁed valves in the hydrogen skimmer header serving the lower
compartment enclosures open. The total system design air flow per train
is 41,800 SCFM.

Hot Sleeve Ventilation System

The hot sleeve ventilation system consists of two 3,000 CFM fans

(1 standby, 1 active), which blow air through the three crane wall
sleeve penetrations aésociated with the Residual Heat Removal System
so that the temperature of the concrete at the sleeves will not exceed

150°F when the RHR system is operating.

5.5.4 DESIGN EVALUATION

The Containment Ventilation System provides adequate capacity to insure
that proper temperatures are maintained in the various portions of the
containment under operating and shutdown conditions in all types of

weather.

The Containment Auxiliary Charcoal Filter System units will remove the
airborne radioactivity that could result from leakage from the Reactor

Coolant System (concurrent with 1 pexcent fuel cladding defects).

»
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The Containment Purge Supply and Exhaust System provides the capability

for changing the containment air prior to entry for refueling and
maintenance. The Instrumentation Room can be purged independently of
the balance of the’containment so that entry may be achieved when

necessary.

Containment Air Recirculation/Hydrogen Skimmer System

Each containment Air Recirculation/Hydrogen Skimmer System fan is
designed to operate at a flow of 41,800 SCFM against a pressure drop
through the fan inlet, across the back-draft damper and associated
ductwork, and through the ice condenser from the lower volume to the
upper volume. The hydrogen skimmer system is in parallel with a
portion of the above flow circuit, and therefore is considered in the
overall pressure drop against which the fan must operate. The static
pressure drop against which the fan must operate is"conservatively:
calculated as 4.175" w.g. and consists of the following:

i

Pressure drop through the ice condenser 2.075" w.qg.

Pressure drop through damper across fan
inlet (to assure adequate flow from the
hydrogen skimmer system) 0.5" w.q.

Pressure drop through the backdraft

damper and associated ductwork 1.6" w.qg.

Total pressure drop 4,175" w.qg.
The pressure drop through the ice condenser represents a consexrvative
estimate of conditions in the ice condenser just after blowdown assuming
that neither the intermediate nor}top ice condenser doors are open and
that just the vent area above the ice condenser is available for air
recirculation. The actual pressure drop through the ice condenser
following a loss-of-coolant accident will be much less than the above
value, thus assuring that the flow capability of each Containment Aix
Recirculation/Hydrogen Skimmer System fan is greate; than the required

41,800 scfm.

.



Containment Pressure Relief System

The Containment Pressure Relief System provides the capability for
reducing_the containment pressure by 0.1 psig in 8 minutes érovided the
atmospheric pressure remains constant. Based on extensive data taken as
part of the site meteorology program, normally expected atmospheric
fluctuations at the Cook Plant would not result in a change in atmos-
pheric pressure of 0.1 psig in less than 40 minutes. Therefore, requir-
ing the operator to actuate the Containment Pressure Relief System when
the internal containment pressure reaches 0.2 psig assures that internal
containment pressure will nevexr reach 0.3 psig during normal plant

operations.

The automatically operated air-operated dampexr in the Containment
Pressure Relief System provides a means of maintaining a constant' air
flow through the charcoal and HEPA filters in the unit. Regulation ‘
of the flow in this manner will optimize the iodine absorption capa-
bility of the impregnated activated charcoal by limiting the face
velocity through the charcoal filters, thus providing a minimum
residence time of aigﬁlow of 0.25 seconds in each of the six 2-inch

deep charcoal beds in this unit.

The HEPA/charcoal filters in the Containment Pressure Relief System
have an exceedingly high capability for removal of both airborne
particulate matter and airborne radiocactive iodine. Both systems
also have more than adequate capacity- for retention of both particu-
lates and iodine for the intended use of the system. The impregnated
activated charcoal has a minimum absorption capability of 2.5 mg. of
iodine for every gram of charcoal (total charcoal in this unit is a
minimum of 37,100 grams). The single 24" x 24" x 12" HEPA filter is
capable . of holding at least 4 pounds of NBS Cottrell Precipitate

Standardized Test Dust at a pressure drop of no more than 2.0 inches

W.g.

'
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5.5.5 INCIDENT CONTROL

In the event of an incident the two independent Containment Air
Recirculation/Hydrogen Skimmer System fans automatically start after
a 10 minute time delay after initiation of 2/4 hi-hi containment
pressure signals. The operation of either fan ensures the reduction

of the containment pressure to the limits described in Chapter 1i4.

At the same time the Air Recirculation/Hydrogen Skimmer fans start,

the hydrogen skimmer valves in the two Containment Air Recirculation/
Hydrogen Skimmer headers open, thus causing the Air Recirculation/
Hydrogen Skimmer System fans to continuously purge all potential hydrogen

pockets in the Containment.

All other Containment Ventilation Systems are not designed for operation

during a loss of coolant accident.

The occurrence of a High Containment Radiation £ignal from the upper
compartment area or lower containment particulate/radiogas monitors
will automatically trip the purge fans and close all ventilation

system isolation control valves, thus isolating the Containment. ,

5.5.6 MALFUNCTION ANALYSIS
Sufficient redundancy exists in all recirculation ventilation systems

to ensure a normal operation with one active component out of service.

The two filter cleanup units provide redundancy for small leakage rates.
The Containment Purge Supply and Exhaust Systeh is fitted with dual
supply and exhaust fans. Simultaneous failure of a supply and an

exhaust fan would result in an 80-minute purge rate.

5.5-15 July, 1986



The Containment Air Recirculation/Hydrogen Skimmer Systems are two 100%

- redundant systems, therefore the loss of either system or any component

of either system will not impair system operation.
5.5.7 TESTS AND INSPECTION

All systems are inspected, tested and balanced upon installation.
Charcoal and particulate filters are individually tested before ship-
ment, upon installation and periodically thereafter as required.

Replacement filters will be tested in the same manner.

The Containment Air Recirculation/Hydrogen Skimmer fans were tested
during installation and are tested periodically to ensure proper
functioning. The initial test qf these fans were conducted at both
no flow and full flow, verifying the fan capability to deliver the
required amount of air, The pericdic fan flow tests are conducted

at no flow to assure that the fan is still operable.

5.5-16 July, 1982



