Public Service
Electric and Gas
Company

80 Park Plaza, Newark, NJ 07101 / 201 4308217 MAILING ADDRESS / P.O. Box 570, Newark, NJ 07101

Robert L. Mittl General Manager
Nuclear Assurance and Regulation

September 7, 1984

Director of Nuclear Reactor Regulation
U.S8. Nuclear Regulatory Commission
7920 Norfolk Avenue

Bethesda, MD 20814

Attention: Mr, Albert Schwencer, Chief
Licensing Branch 2
Division of Licensing

Gentlemen:

HOPE CREEK GENERATING STATION
DOCKET NO, 50-354

DRAFT SAFETY EVALUATION REPORT
OPEN ITEM STATUS

Attachment 1 is a current list wnich provides a status of
the open items idertified in Section 1.7 of the Draft Safety
Evaluation Report (SER). Items identified as "complete" are
those for which PSE&G has provided responses and no confir-
mation of status has been received from the staff. We will
consider these items closed unless notified otherwise., In
order to permit timely resolution of items identified as
"complete” which may not be resolved to the staff's satis-
faction, please provide a specific description of the issue
which remains to be resolved.

Attachment 2 is a current list which identifies Draft SER
Sections not yet provided,

In addition, enclosed for your review and approval (see
Attachment 4) are the resolutions to the Draft SER open
items, and FSAR question responses listed in Attachment 3,
Please note that the proposed change to FSAR Section 12.3.4
in response to DSER Item No. 166, covers radiation protec=-
tion items discussed via a telecon between Charles Hinson
(NRC-RAB) and Russell Lovell (PSE&G) regarding supplenental
radiation monitoring. PSE&G is making a commitment tc pro-
vide the additional information requested by July 1, 1985,
It is our understanding that identifying the location of
supplemental monitors may be handled as a comfirmatory item
pending radiation protection/health physics inspections.
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Director of Nuclear
Reactor Regulation 2 9/7/84

Also, enclosed for your review (see Attachment 5) is a copy
of the revised FSAR Section 1,10, Item II.K.3.25 as
reque sted by G, Thomas of the Reactor Systems Branch.

In reviewing DSER Appendix A, PSE&G has identified the
following discrepancies:

a. The tag number of the Reactor Water Cleanup Filter
- Demineralizer Hoist is incorrectly entered in
Table 2.1 of DSER Appendix A as 10H203., The cor-
rect tag number was 10H213, As described in the
attached DSER responses, two new hoists, 1AH220 and
1BH220, have replaced 10H213,

b. The tag numbers of the Diesel Generator Underhung
Crane, 1AH400 through 1DH400, are incorrectly
entered in Table 2.1 as 0AH301 through ODH301.

Should you have any questions or require any additional
information on these open items, please contact us.

Very truly yours,

e

Attachments/Enclosure

C D. H. Wagner
USNRC Licensing Project Manager

W. H, Bateman
USNRC Senior Resident Inspector



DATE: 9/7/84
ATTACHMENT 1
DSER R. L. MITTL TO
OPEN SECTION A, SCHWENCER
ITEM NUMBER SURJECT STATUS __LETTER DATED
1 2.3.1 Design-basis temperatures for safety- Complete 8/15/84
related auxiliary systems
2a 2.3.3 Accuracies of meteorological Camplete 8/15/84
measurements (Rev, 1)
2b 2.3.3 Accuracies of meteorological Camplete 8/15/84
measurement s (Rev, 1)
2c 2.3.3 Accuracies of meteorological Camplete 8/15/84
measurements (Rev, 2)
2d 2.3.3 Accuracies of meteorological Camplete 8/15/84
measurement s (Rev, 2)
3a 2.3.3 Upgrading of onsite meteorclogical Camplete 8/15/84
measurements program (III.A.2) (Rev, 2)
3b 2.,3.3 Upgrading of onsite meteorological Camplete 8/15/84
measurements program (III.A.2) (Rev, 2)
3c 2.3.3 Upgrading of onsite meteorological NRC Action
measurements program (III.A.2)
R 2.4.,2.2 Ponding levels Camplete 8/03/84
5a 2.4.5 wave impact and rurup on service Complete 9/7/84
water intake structure (Rev, 2)
5b 24.5 Wave impact and runup on service Camplete 9/7/84
water intake structure (Rev. 2)
5¢ 2.4.5 Wave impact and rurup on service Complete 7/27/84
water intake structure
5d 2.,4.5 Wave impact and runup on service Camplete 9/7/84
water intake structure (Rev, 2)
6a 2,4,10 Stability of erosion protection Complete 8/20/84
structures
6b 2.4,10 Stability of ercsion protection Camplete 8/20/84
structures
6c 2.,4.10 Stability of erosion protection Complete 8/03/84
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structures




ATTACHMENT 1 (Cont'd)

DSER R. L. MITTL

OPEN SECTION A. SCHWENCER

ITEM NUMBER SUBJECT STATUS LETTER DATED

Ta 2.4.11.2 Thermal aspects of ultimate heat sink Complete 8/3/84

70 2.4.11.2 Thermal aspects of ultimate heat sink Camplete 8/3/84

8 2.5.2.2 Choice of maximm earthquake for New Complete 8/15/84
England - Piedmont Tectonic Province

9 2.5.4 Soil damping values Complete 6/1/34

10 2.5.4 Foundation level response spectra Complete 6/1/84

11 2.5.4 Soil shear moduli variation Complete 6/1/84

12 2.5.4 Combination of soil layer properties Complete 6/1/84

13 2.5.4 Lab test shear moduli values Complete 6/1/84

14 2.5.4 Liquefaction analysis of river bottam Camplete 6/1/84
sands

15 2.5.4 Tabulations of shear moduli Complete 6/1/84

16 2.5.4 Drying and wetting effect on Complete 6/1/84
Vincentown

17 2.5.4 Power block settlement monitoring Complete 6/1/84

18 2.5.4 Maximum earth at rest pressure Complete 6/1/84
coefficient

19 2.5.4 Liquefaction analysis for service Complete 6/1/84
water piping

20 2.5.4 Explanation of observed power block Complete 6/1/84
settlement

21 2.5.4 Service water pipe settlement records Complete 6/1/84

22 2.5.4 Cofferdam stability Camplete 6/1/84
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_SUBJECT

2.5.4
2.5.4

2.5.4
2.5.4.4
2.5.5
3.4.1

3.4.1

3.4.1

J.4

3.4.1

3.4
3.4.1
3.5.1.1
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3.5.1.2

il 3.5.1.3

2 3.5.1.4
13 3.5.2

M P84 50/12 )

Clarification of FSAR Tables 2.5.13

and 2.5.14
Soil depth models for intake

structure
Intake structure soil modeling

Intake structure sliding stability
Slope stability
Flood protection

Flood protection
Flood protection

Flood protection

Fload protection

Flood protection
Flood protection

Internally generated missiles (cutside
containment)

Internally rmnud missiles (inside
contaimment

Turbine missiles

Missiles generated by natural phencamena Camplete

Structures, systems, and camponents to
be protacted from externally generated
missiles

A. SCHWENCER
_STATUS _ LETTER DATED
Camplete 6/1/84 ‘
Camplete 6/1/84
cawplete 8/10/84 {
Camplets 8/20/84 }
Camplete 6/1/84 i
Camplete 8/30/84

(”. l,
Camplete 8/30/84 |
(Rev. 1)
Camplete 8/30/84
(Rev. 1)
Camplete 8/30/84
(Rev. 1)
Camplete 8/30/84
(Rev, 1)
Camplete 1/21/84
Camplete 1/21/84
Camplete 8/3/84
(Rev. 1)
Closed 6/1/84
(5/30/84~
Aux.Sys.Mtg. )
Complete 7/18/84
1/27/84
Camplete 1/27/84 J



39

40

41
42

43

45

47

DSER
SECTION
NOGER

ATTACHMENT | (Cont'd)

SUBJECT _

3.6.7

3.6.2

3.6.2
3.6.2

3.6.2

3.7.2.3

3.7.2.3

3.8.2
3.8,2

3.8.2
3.8.3

3.8.4

3.8.5

3.8.6

3....
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Unrestrained whipping pipe inside
containment

ISI program for pipe welds in
break exclusion zone
Postulated pipe ruptures

Feedwater isolation check valve
cperability

Design of pipe rupture restraints

SSI analysis results using finite

element method and elastic half-space

approach for contairment structure
SSI analysis results using finite

element method and elastic half-space

approach for intake structure
Steel contairment buckling analysis

Steel contairment ultimate capacity
analysis

SRV/LOCA pool dynamic loads

ACI 349 deviations for internal
structures

AC1 349 deviations for Category I
stouctures

ACI 349 deviations for foundations
Base mat response spectra

Rocking time histories

R. L. MITIL TO
A. SOWENCER
STATUS _ LETTER DATED
Camplete 7/18/84
Camplete 6/29/84
Canplete 6/29/84
Camplete 8/20/84
Camplete 8/20/84
Canplete 8/3/84
Camplete 8/3/84
Canplete 6/1/84
Canplete 8/20/84
(Rev. 1)
Camp lete 6/1/84
Camplete 6/1/84
Camplete 8/20/84
(Rev, 1)
Camp lete 8/20/84
(Rev. 1)
Camplete 8/10/84
(Rev. 1)
Canplete 8/20/84
(Rev, 1)



ATTACHMENT 1 (Cont'd)

DSER R. L. MITTL TO
QPEN SECTION A. SCHWENCER
ITEM NUMBER _SUBJECT _STATUS _ LETTER DATED
49 3.8.6 Gross concrete section Camplete 8/20/84
(Rev. 1)
50 3.8.6 Vertical floor flexibility response Canplete 8/20/84
spectra (Rev, 1)
51 3.8.6 Comparison of Bechtel independent Camplete 8/20/84
verification results with the design- (Rev, 2)
basis results
52 3.8.6 Ductility ratics due to pipe break Camplete 8/3/84
53 3.8.6 Design of seismic Category I tanks Camplete 8/20/84
(Rev. 1)
54 3.8.6 Cambination of wvertical responses Camplete 8/10/84
(Rev, 1)
55 3.8.6 Torsional stiffness calculation Camplete 6/1/84
56 3.8.6 Drywell stick model develcpment Camplete 8/20/84
(Rev, 1)
57 3.8.6 Rotational time history imputs Camplete 6/1/84
58 3.8.6 "0" reference point for auxiliary Canplete 6/1/84
building model
59 3.8.6 Overturning moment of reactor Camplete 8/20/84
building foundation mat (Rev, 1)
60 3.8.6 BSAP element size limitations Camplete 8/20/84
(Rev, 1)
61 3.8.6 Seismic modeling of drywell shield Camplete 6/1/84
wall
62 3.8.6 Drywell shield wall boundary Camplete 6/1/84
conditions
63 3.8.6 Reactor building dame boundary Camplete 6/1/84
conditions
M PB4 80/125 ~gs



71
72
73
74
75
76

78
79

3.8.6

3.8.6
3.8.6

3.8.6

3.8.6
3.8.6
3.8.6
3.8.6

3.8.6
3.8.6

3.8.6

3.8.6
3.8.6

SSI analysis 12 Hz cutoff frequency

Intake structure crane heavy load
Trp

Impedance analysis for the intake
structure

Critical loads calculation for
reactor building dome

Reactor building foundation mat
contact pressures

Factors of safety againmst sliding and
overturning of drywell shield wall

Seismic shear force distribution in
cylinder wall

Overturning of cylinder wall _
Deep beam design of fuel pool walls
ASHSD dome model load inputs
Tornado depressurization

Auxiliary building abnommal pressure

Targent ial shear stresses in drywell
shield wall and the cylinder wall

Factor of safety against overturning
of intake structure

Dead load calculations

Post-modif icatior seismic loads for
the torus

A. SCHWENCER
__STATUS _ LETTER DATED
Camplete 8/20/84
(Rev. 1)
Camplete 6/1/84
Camplete 8/10/84
(Rev, 1)
Camplete 6/1/84
Camplete 6/1/84
Camplete 6/1/84
Camplete 6/1/84
Camplete 6/1/84
Canplete 6/1/84
Camplete 6/1/84
Canplete 6/1/84
Camplete 6/1/84
Camplete 6/1/84
Camplete 8/20/84
(Rev. 1)
Camplete 6/1/84
Canplete 8/20/84
( M . l )



ATTACEMENT 1 (Cont’d)

SUBJECT

Torus fluid-structure interactions
Seismic displacement of torus

Review of seismic Category I tank
Factors of safety for drywell
buckling evaluation

Ultimate capacity of containment

load cambination consistency
Camputer code validation

Information on transients
Stress analysis and elastic-plastic

Vibration levels for NSSS piping
Vvibration monitoring program during

Piping supports and anchors
Triple flued-head containment

Load combinations and allowable

DSER

OPEN SECTION
ITEM __NUMBER
80 3.8.6
8l 3.8.6
82 3.8.6

design
83 3.8.6
84 3.8.6

(materials)
85 3.8.5
86 3.9.1
87 3.9.1
88 3.9.1

analysis
89 3.9.2.1

systems
90 3.9.2.1

testing
91 3.9.2.2
92 3.9.2.2

penetrations
93 3.9.3.1

stress limits
94 3.9.3.2

M PB4 80127 ~-gs

Design of SRVs and SRV discharge
piping

R. L. MITIL. TO
A. SCIWENCER

_STATUS _ LETTER DATED
Camplete 6/1/84
Camplete 8/20/84

(Rev. 1)
Camplete 8/20/84

(Rev, 1)
Camplete 6/1/84
Complete  8/20/84

(Rev. 1)
Camplete 6/1/84
Camplete 8/20/84
Camplete 8,/20/84
Camplete 6/29/84
Camplete 6/29/84
Canplete 7/18/84
Camplete  6/29/84
Comp lete 6/15/84
Camplete 6/29/84
Complete 6/29/84



ATTACHMENT | (Cont’d)

DSER R. L. MITIL. TO

COPEN SECTION A. SCHWENCER

ITEM MMBER SUBJECT __STATUS _ LETTER DATED

95 3.9.3.2 Fatigue evaluation on SRV piping Camplete 6/15/84
and LOCA downcomers

9% 3.9.3.3 IE Information Notice 83-80 Camp lete 8/20/84

(Rev. 1)

97 3.9.3.3 Buckling criteria used for camponent Camplete 6/29/9%4
supports

98 3.9.3.3 Design of bolts Camplete 6/15/84

99a 3.9.5 Stress categories and limits for. Camplete 6/15/84
core support structures

9% 3.9.5 Stress categories and limits for Camplete 6/15/84
core support structures

100a 3.9.6 10CFRS0,55a paragraph (g) Camplete 6/29/84

100b 3.9.6 10CFRS0,.55a paragraph (g) Canplete 8/20/84

101 3.9.6 PSI and ISI programs for pumps and Camplete 8/20/84
valves

102 3.9.6 Leak testing of pressure isolation Camplete 6/29/84
valves

103al 3.10 Seismic and dynamic qualification of Camplete 8/20/84
mechanical and electrical equipment

103a2 3.10 Seismic and dynamic qualification of Canplete 8/20/84
mechanical and electrical equipment

103a3 3.10 Seismic and dynamic qualification of Camplete 8/20/84
mechanical and electrical equipment

103a4 3.10 Seismic and dynamic qualification of Camplete 8/20/84

M P84 B0/12 8 ~-gs

mechanical and electrical equipment



ATTACHMENT 1 (Cont'd)
R. L. MITTL I
A. SCHWENCER
SUBJECT STATUS LETTER DATED

Seismic and dynamic qualification of Complete 8/20/84
mechanical and electrical equipment
Seismic and qualification of Carmplete 8/20/84
mechanical and electrical equipment
Seismic and dynamic qualification of Complete 8/20/84
mechanical and electrical equipment
Seismic and dynamic qualification of Complete 8/20/84
mechanical and electrical equipment
Seismic and dynamic qualification of Camplete 8/20/84
mechanical and electrical equipment
Seismic and dynamic qualification of Complete 8/20/84
mechanical and electrical equipment
Seismic and dynamic qualification of Camplete 8/20/84
mechanical and eloctrical equipment
Seismic and dynamic qualirication of Caplete 8/20/84
mechanical and electrical equipment

103b6 3.10 Seismic and dynamic qualification of Complete 8/20/84
mechanical and electrical equipment

103cl 3.10 Seismic and dynamic qualification of Complete 8/20/84
mechanical and electrical equipment

103c2 3.10 Seismic and dynamic qualification of Complete 8/20/84
mechanical and electrical equipment

103¢c3 3.10 Seismic and dynamic qualification of Complete 8/20/84
mechanical and electrical equipment

103c4 3.10 Seismic and dynamic qualification of Complete 8/20/84
mechanical and electrical equipment

104 3.11 Environmental qualification of NRC Action
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mechanical and electrical equipment



_SUBJECT

4.2

4.2

4.2

4.2

4.47

4.47

4.6

‘.6

5020‘03
111b 5.2.4.3
llle 5.2.4.3
112a 5.2.5
112b 5.2.5
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Plant-specif ic mechanical fracturing
analysis

Applicability of seismic andd LOCA
loading evaluation

Minimal post-irradiation fuel
surveillance program

Gadolina thermal conductivity
equation

T™MI-2 Item II.F.2
T™MI-2 Item II.F.2

Functional design of reactivity
control systems

Functional design of reactivity
control systems

Preservice inspection program
(camponents within reactor pressure
boundary)

Preservice inspection program
(camponents within reactor pressure

boundary)

Preservice inspection program
(components within reactor pressure

boundary)

Reactor coolant pressure boundary
leakage detection

Reactor coolant pressure boundary
leakage detection

Camplete

Camplete

Camplete
Camplete

Camplete

Camplete

Camplete

Camplete

Camplete

Camnplete

6/29/84

8/20/84
8/20/84

8/30/84
(Rev. 1)

8/30/84
(Rev. 1)

6/29/84

6/29/84

6/29/84

R/30/84
(Rev, 1)

8/30/84
(Rev. 1)



DSER R. L. MITTL
OPEN SECTION A. SCHWENCER
ITEM __NUMBER _SUBJECT STATUS __ LETTER DATED
112¢ 5.2.5 Reactor coolant pressure boundary Camplete 8/30/84
leakage detection (Rev. 1)
1l2d $.2.5 Reactor coolant pressure boundary Complete 8/30/84
leakage detection (Rev, 1)
li2e 5.2.5 Reactor coolant pressure boundary Camplete 8/30/84
leakage detection (Rev, 1)
113 5.3.4 GE procedure applicability Complete 7/18/84
114 5.3.4 Comgliance with NB 2360 of the Summer Complete 7/18/84
1972 Addenda to the 1971 ASME Code
115 5.3.4 Drop weight and Charpy v-notch tests Complete 9/5/84
for closure flange materials (Rev, 1)
116 5.3.4 Charpy v-notch test data for base Complete 7/18/84
materials as used in shell course No. 1
117 5.3.4 Campliance with NB 2332 of Winter 1972 Complete 8/20/84
Addenda of the ASME Code
118 5.3.4 Lead factors and neutron fluence for Complete 8/20/84
surveillance capsules
119 6.2 ™I item II.E.4.) Complete 6/29/84
120a 6.2 ™I Item II.E.4.2 Camplete 8/20/84
120b 6.2 ‘™I Item II.E.4.2 Camp lete 8/20/84
121 6.2.1.3.3 Use of NUREG~0588 Complete 7/27/84
122 6.2.1.3.3 Temperature profile Canplete 7/27/84
123 6.2.1.4 Butterfly valve operation (post Comp lete 6/29/84
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ATTACHMENT 1 (Cont'd)
DSER R. L. NITTL TO
OPEN SECTION SCHWENCER
ITEN NMBER SUBJECT STATUS __ LETTER DATED
1242 6.2.1.5.1 R shield annulus analysis Comp lete 8/20/84
(Rev, 1)
124b 6.2.1.5.1 RV shield annulus analysis Complete 8/20/84
(Rev. 1)
124c 6.2.1.5.1 RV shield annulus analysis Complete l/n/u”
(Rav.,
125 6.2.1.5.2 Design drywell head differential Complete 6/15/84
pressure
126a 6.2.1.6 Redundant position indicators for Comp lete 8/20/84
vacuum breakers (and control rocm
alarms)
126b 6.2.1.6 Redundant position indicators for Complete 8/20/84
vacuum breakers (and control rocm
alarms)
127 6.2.1.6 Operability testing of vacuum breakers Camplete l/m/l:)
(Rav,
128 6.2.2 Air ingestion Complete 1/27/84
129 6.2.2 Insulation ingestion Complete 6/1/94
130 6.2.3 Potential bypass leakage paths Complete 6/29/84
131 6.2.3 Administration of secondary contain- Complete 7/18/84
ment openings
132 6.2.4 Containment isolation review Comp lete 6/15/84
133a 6.2.4.1 Containment purge system Coamplete 8/20/84
133b 6.2.4.] Contairment purge system Comp lete 8/20/u4
133¢ 6.2.4.1 Containment purge system Comp lete 8/20/84
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DSER

OPEN SECTION
ITEM _ __ NUMEER
134 6.2.6
13 6.3.3
136 6.3.5
1s57a 6.4
137 6.4
137¢ 6.4

138 6.6

139 6.7
140a 9.1.2
140b 9.1.2
140c 9.1.2

1 40a 9.1.2
14la 9.1.3
141b 9.1.3
14le 9.1.3

ATTACHMENT 1 (Cont'd)

—SURJECT

Containment leakage testing

LPCS and LPCI injection valve
interlocks

Plant ific LOCA (see Section
15.9.13

Control room habitability
Control room habitability
Control room habitability

Preservice inspection program for
Class 2 and 3 components

MSIV .oakage control system
Spent fuel ool storage

Spent fuel pool storage
Spent fuel pool storage
Spent fuel pool suorage
Spent fuel cooling and cleanup

s ten

Spent fuel cooling and clearup
system

Spent fuel pool cooling and clearup
ayntem

A. SCHWENCER
_STATUS _ LETTER DATED
Canplete 6/15/84
Caplete 8/20/84
Complete 8/20/84

(Rev, 1)
Camplete 8/20/84
Canplete 8/20/84
Camplete 8/20/84
Camplete 6/29/84
Comp lete 6/29/84
Complete 9, 7/84
(Rev, 2)
Camplete 9/7/84
(Rev, 2)
Camp lete 9/7/84
(Rev, 2)
Canplete 9/7/84
(Rev, 2)
Complete 8/30/84
(Rev, 1)
Complote 8/30/84
(Rev, 1)
Camplete B/30/84
(Rev, 1)

R, L. MITIL TO



ATTACHMENT 1 (Cont'd)

R. L. MITIL TO

A. SCHWENCER
SURJECT STATUS  LETTER DATED
1414 9.1.3 Spent fuel pool cooling and cleamup Camplete 8/30/84
system (Rev, 1)
14le 9.1.3 Spent fuel pool cooling and clearup Complete 8/30/84
system (Rev,. 1)
141f 9.1.3 Spent fuel pool cooling and cleanup Camplete 8/30/84
system (Rev. 1)
141g 9.1.3 Spent fuel pool cooling and cleamup Camplete 8/30/84
system (Rev, 1)
142a 9.1.4 Light lcad handling system (related Camplete 8/15/84
to refueling) (Rev. 1)
142b 9.1.4 Light load handling system (related Complete 8/15/84
to refueling) (Rev, 1)
143a 9.1.5 Overhead heavy load handling Camplete 9/7/84
143b 9.1.5 Overhead heavy lcad handling Open
1l44a 9.2.1 Station service water system Camplete 8/15/84
(Rev. 1)
144b 9.2.1 Station service water system Complete 8/15/84
(Rev, 1)
144c 9.2.1 Station service water system Canplete 8/15/84
(Rev, 1)
145 9.2.2 ISI program and functional testing Closed 6/15/84
of safety and turbine auxiliaries (5/30/84~
coolingy systems Aux .Sys.Mtg.)
146 9.2.6 Switches and wiring associated with Closed 6/15/84
HPCI/RCIC torus suction (5/30/84~
Aux.Sys.Mtg.)
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ATTACHMENT 1 (Cont'd)

DSER R. L. MITIL TO
OPEN SECTION A. SCHWENCER
ITEM NUMBER SUBJECT STATUS  LETTER DATED
147a 9.3.1 Canpressed air systems Canplete 8/3/84
(Rev 1)
147 9.3.1 Caompressed air systems Camplete 8/3/84
(Rev 1)
147c 9.3.1 Campressed air systems Camplete 8/3/84
(Rev 1)
1474 9.3.1 Canpressed air systems Camplete 8/3/84
(Rev 1)
148 9.3.2 Post-accident sampling system Camplete 8/20/84
(I1.B.3)
149a 9.3.3 Equipment and floor drainage system Camplete 7/21/84
149 9.3.3 Equipment and floor drainage system Camplete 7/27/84
150 9.3.6 Primary contaimment instrument gas Camplete 8/3/84
system (Rev. 1)
151a 9.4.1 Control structure ventilation system Camplete 8/30/84
(Rev. 1)
151b 9.4.1 Control structure ventilation system Camplete 8/30/84
"~ {Rev. 1)
152 9.4.4 Radioactivity monitoring elements Closed 6/1/84
(5/30/84~
m.sy’.”m.)
153 9.4.5 Engineered safety features ventila- Camplete 8/30/84
tion system (Rev 2)
154 9.5.1.4.a Metal roof deck construction Complete 6/1/84
classificiation
155 9.5.1.4.b Ongoing review of safe shutdown NRC Action
capability
156 9.5.1.4.c Ongoing review of alternmate shutdown NRC Action
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capability



ATTACHMENT 1 (Cont'd)

LSER R. L. MITIL TO
OPEN SECTION A. SCHWENCER
ITEM NUMBER SURJECT STATUS  LETTER DATED
157 9.5.1.4.e Cable tray protection Canplete 8/20/84
158 9.5.1.5.a Class B fire detection system Camplete 6/15/84
159 9.5.1.5.a Primary and secondary power supplies Camplete 6/1/84
for fire detection system
160 9.5.1.5.b Fire water pump capacity Complete 8/13/84
161 9.5.1.5.b Fire wat2r valve supervision Camplete 6/1/84
162 9.5.1.5.c Deluge va..es Camplete 6/1/84
163 9.5.1.5.¢c Marual hose station pipe sizing Camplete 6/1/84
164 9.5.1.6.e Remote shutdown panel ventilation Camplete 6/1/84
165 9.5.1.6.g Emergency diesel generator day tank Camplete 6/1/84
protection
166 12.3.4,2 Airborne radioactivity monitor Camplete 9/7/84
positioning (Rev, 1)
167 12.3.4.2 Portable continuous air monitors Camplete 7/18 /84
168 12.5.2 Equipment, training, and procedures Camplete 6/29/84
for inplant iodine instrumentation
169 12.5.3 Guidance of Division B Regulatory Camplete 7/18/84
Guides
170 13.59.2 Procedures generation package Camplete 6/29/84
submittal
171 13.5.2 T™MI Item I.C.1 Camplete 6,29/84
172 13.5.2 PGP Commitment Camplete 6/29/84
173 13,5.2 Procedures covering abnormal releases Complete 6/29/84
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DSER R. L. MITTL TO
OPEN SECTION A. SCHWENCER
ITEM NUMBER SUBJECT STATUS LETTER DATED
174 13.5.2 Resclution explanation in FSAR of Camplete 6/15/84
m Itm I.C.7 m I.CCB
175 13.6 Physical security Open
176a 14.2 Initial plant test program Camplete 8/13/84
176b 14.2 Initial plant test program Conp. lete 9/5/84
(Rev, 1)
176¢ 14.2 Initial plant test program Camplete 7/27/84
1764 14.2 Initial plant test program Camplete 8/24/84
(Rev. 2)
176e 14.2 Initial plant test program Camplete 7/27/84
176f 14.2 Initial plant test program Complete 8/13/84
176g 14.2 Initial plant test program Camplete 8/20/84
176h 14.2 Initial plant test program Camplete 8/13/84
1761 14.2 Initial plant test prograr Camplete 7/27/84
177 15.1.1 Partial feedwater heating Camplete 8/20/84
(Rev. 1)
178 15.6.5 LOCA resulting fram spectrum of NRC Action
postulated piping breaks within RCP
179 15.7.4 Radiological consequences of fuel NRC Action
handling accidents
180 15.7.5 Spent fuel cask drop accidents NRC Action
181 15.9.5 TMI-2 Item II.K.3.3 Complete 6/29/84
182 15.9.10 TMI-2 Item II.K.3.18 Camp lete 6/1/84
183 18 Hope Creek DCRDR Camwplete 8/15/84
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R. L. MITIL TO
CPEN SECTION A. SCHWENCER
ITEM NUMBER SUBJECT STATUS _ LETTER DATED
184 7.2.2.i.e Failures in reactor vessel level Camplete 8/1/84
sensing lines (Rev 1)
185 7.2.2.2 Trip systam sensors and cabling in Camplete 6/1/84
turbine building
186 7.2.2.3 Testability of plant protection Canplete 8/13/84
systems at power (Rev. 1)
187 7.2.2.4 Lifting of leads to perfoma surveil- Camplete 8/3/84
lance testing
188 7.2.2.5 Setpoint methodclogy Camplete 8/1/84
189 7.2.2.6 Isolation devices Camplete 8/1/84
190 7.2.2.7 Regulatory Guide 1.75 Complete 6/1/84
191 7.2.2.8 Scram discharge volume Camplete 6/29/84
192 7.2.2.9 Reactor mode switch Camplete 8/15/84
(Rev. 1)
193 7.3.2.1.10 Manual initiation of safety systems Camplete 8/1/84
194 7.3.2.2 Standard review plan deviations Camplete 8/1/84
(Rev 1)
195a 7.3.2.3 Freeze-protection/water filled Camplete 8/1/84
instrument and sampling lines and
cabinet temperature control
195b 7.3.2.3 Freeze-protection/water filled Camplete 8/1/84
instrument and sampling lines and
cabinet temperature control
196 7.3.2.4 Sharing of comon instrument taps Canplete 8/1/84
197 7.3.2.5 Microprocessor, multiplexer and Camplete 8/1/84
(Rev 1)

M P84 80/12 18 - gs
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DSER R. L. MITIL TO

CPEN SECTION , A. SCHWENCER
ITEM NUMBER SUBJECT STATUS LETTER DATED _
198 7.3.2.6 TMI Item IT.K.3.18-ADS actuation Camplete 8/20/84
199 7.4.2.1 IE Bulletin 79-27-Loss of non-class  Camplete 8/24/84

IE instrumentation and control power (Rev. 1)

system bus during cperation
200 7.4.2.2 Remote s‘utdown system Complete 8/15/84

(Rev 1)

201 7.4.2.3 RCIC/HPCI interactions Camplete 8/3/84
202 7.5.2.1 Level measurement errors as a result Camplete 8/3/84

of erwirormental temperature effects

on level instrumentation reference

leg
203 7.5.2.2 Regulatory Guide 1.97 Camplete 8/3/84
204 7.5.2.3 ™I Item II.F.l - Accident monitoring Camplete 8/1/84
205 7.5.2.4 Plant process canputer system Canplete 6/1,/84
206 7.6.2.1 High pressure/low pressure interlocks Camplete 7/27/84
207 7.7.2.1 HELBs and consequential contrcl system Camplete 8/24/84

failures (Rev. 1)
208 7.7.2.2 Multiple control system failures Car plete 8/24/84

(Rev, 1)

209 7:7.2.3 Credit for non-safety related systems Camplete 8/1/64

in Chapter 15 of the FSAR (Rev 1)
210 7.7.2.4 Transient analysis recording system Camplete 7/27/84
211a 4.5.1 Control rod drive structural materials Camplete 7/27/84
211b 4.5.1 Control rod drive structural materials Camplete 7/27/84
2llc 4.5.1 Control rod drive structurzl materials Camplete 7/27/84
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DEER R. L. MITTL O
COPEN SECTION A. SCHWENCER
ITEM NUMBER SUBJECT STATUS LETTER DATED
2114 4.5.1 Control rod drive structural materials Camplete 7/27/84
2lle 4.5.1 Control rod drive structural materials Complete 7/21/84
212 4.5.2 Reactor internals materials Complete 7/21/84
213 $.2.3 Reactor coolant pressure boundary Camplete 7/27/84
material
214 6.1.1 Engineered safety features materials Complete 7/27/84
215 10.3.6 Main steam and feedwater system Complete 7/27/84
materials
216a 5.3.1 Reactor vessel materials Camplete 7/21/84
216b $.3.1 Reactor vessel materials Camplete 7/27/84
217 9.5.1.1 Fire protection organization Camplete 8/15/84
218 9.5.1.1 Fire hazards analysis Camplete 6/1/84
219 9.5.1.2 Fire protection administrative Camplete 8/15/84
controls
220 9.5.1.3 Fire brigade and fire brigade Complete 8/15/84
training
221 8.2.2.1 Physical separation of offsite Camplete 8/1/84
transmission lines
222 8.2.2.2 Design provisions for re-establish- Complete 8/1/84
ment of an offsite power source
223 8.2.2.3 Independence of offsite circuits Camplete 8/1/84
between the switchyard and class IE
buses
224 8.2.2.4 Cammon failure mode between onsite Camplete 8/1/84

and offsite power circuits



ATTACHMENT 1 (Cont'd)

R. L. MITIL TO
OPEN SECTION A. SCHWENCER
ITEM NUMBER SUBJECT STATUS LETTER DATED
25 8.2.3.1 Testability of automatic transfer of Camplete 8/1/84
power from the normal to preferred
power source
226 8.2.2.5 Grid stability Camplete 8/13/84
(Rev. 1)
227 8.2.2.6 Capacity and capability of offsite Canplete 8/1/84
circuits
228 8.3.1.1(1) Voltage drop during transient condi- Camplete 8/1/84
tions
229 8.3.1.1(2) Basis for using bus voltage versus Camplete 8/1/84
actual connected load woltage in the
voltage drop analysis
230 8.3.1.1(3) Clarification of Table 8.3-11 Camplete 8/1/84
231 8.3.1.1(4) Undervoltage trip setpoints Camplete 8/1/84
232 8.3.1.1(5) Load configuration used for the Complete 8/1/84
voltage drop analysis
223 8.3.3.4.1 Periodic system testing Camplete 8/1/84
234 8.3.1.3 Capacity and capability of onsite Camplete 8/1/84
AC power supplies and use of ad-
ministrative controls to prevent
overloading of the diesel generators
235 8.3.1.5 Diesel generators load acceptance Camplete 8/1/84
test
2% 8.3.1.6 Campliance with position C.6 of Canplete 8/1/84
G 1.9
237 8.3.1.7 Decription of the load sequencer Camplete 8/1/84
238 8.2.2.7 Sequencing of loads on the offsite Camplete 8/1/84
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DSER R. L. MITIL TO

CPEN SECTION A. SCHWENCER

TTEM NUMBER SUBJECT STATUS LETTER DATED

239 8.3.1.8 Testing to verify 80% minimum Camplete 8/15/84
voltage

240 8.3.1.9 Compliance with BIP-PSE-2 Camplete 8/1/84

241 8.3.1.10 Load acceptance test after prolonged Camplete 8/20/84
no load cperation of the diesel (Rev. 1)
generator

242 8.3.2.1 Carpliance with position 1 of Regula- Camplete 8/1/84
tory Guide 1.128

243 8.3.3.1.3 Protection or qualification of Class Camplete 8/1/84
1E equipment from the effects of
fire suppression systems

244 8.3.3.3.1 Analysis and test to demonstrate Camplete 8/30/84
adequacy of less than specified (Rev. 1)
separation

245 8.3.3.3.2 The use of 18 versus 36 inches of Camplete 8/15/84
separation between raceways (Rev. 1)

246 8.3.3.3.3 Specified separation of raceways by Camplete 8/1/84
analysis and test

247 8.3.3.5.1 Capability of penetrations to with- Camplete 8/1/84
stard long duration short circuits
at less than maximum or worst case
short circuit

248 8.3.3.5.2 Separation of penetration primary Camplete 8/1/84
and backup protections

249 8.3.3.5.3 The use of bypassed thermal overload Camplete 8/1/84
protective devices for penetration
protections

250 8.3.3.5.4 Testing of fuses in accordance with Camplete 8/1/84
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DSER R. L. MITTL TO
OPEN SECTION A. SCHWENCER
ITEM NUMBER SUBJECT STATUS LETTER DATED
251 8.3.3.5.5 Fault current analysis for all Camplete 8/1/84
representative penetration circuits
252 8.3.3.5.6 The use of a single breaker to provide Complete 8/1/84
penetration protection
253 8.3.3.1.4 Comitment to protect all Class lE Complete 8/1/84
equipment fram external hazards versus
only class 1E equipment in one division
254 8.3.3.1.5 Protection of class lE power supplies Campleve 8/1/84
from failure of unqualified class 1E
loads
255 8.3.2.2 Battery capacity Camplete 8/1/84
256 8.3.2.3 Autcmatic trip of loads to maintain Camplete 8/20/84
sufficient battery capacity
257 8.3.2.5 Justification for a 0 to 13 second Complete 8/1/84
load cycle
258 8.3.2.6 Design and qualification of DC Camplete 8/1/84
system loads to operate between
minimm and maximum voltage levels
259 8.3.3.3.4 Use of an inverter as an isolation Camplete 8/1/84
device
260 8.3.3.3.5 Use of a single breaker tripped by Complete 8/1/84
a LOCA signal used as an isolation
device
261 8.3.3.3.6 Autamatic transfer of loads and Complete 8/1/84
interconnection between redundant
divisions
262 11.4.2.d Solid waste control program Camplete 8/20/84
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R. L. MITTL TO

DSER

OPEN SECTION ; A. SCHWENCER
ITEM NUMBER SUBJECT STATUS LETTER DATED
263 11.4.2.e Pire protection for solid radwaste Complete 8/13/84

storage area
264 6.2.5 Sources of cxygen Complete 8/20/84
265 6.8.1.4 ESF Filter Testing Camplete 8/13/84
266 6.8.1.4 Field leak tests Complete 8/13/84
267 6.4.1 Control roam toxic chemical Complete 8/13/84

detectors
268 Air filtration unit drains Complete 8/20/84
269 5.2.2 Code cases N-242 and N-242-1 Camplete 8/20/84
270 5.2.2 Code case N-252 Camplete 8/20/84
TS-1 2.4.14 Closure of watertight doors to safety- Open

related structures
T5-2 4.4.4 Single recirculation loop operation Op=n
TS-3 4.4.5 Core flow monitoring for crud effects Complete 6/1/84
TS-4 4.4.6 Loose parts monitoring system Open
TS5 4.4.9 Natural circulation in normal Open

operation
TS-6 6.2.3 Secondary containment negative Open

pressure
TS~7 6.2.3 Inleakage and drawdown time in Open

secondary containment
TS-8 6.2.4.1 Leakage integrity testing Open
TS-9 6.3.4.2 BCCS subsystem periodic camponent Open
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DSER R. L. MITTL TO

OPEN SECTION A. SCHWENCER
ITEM NUMBER SUBJECT STATUS LETTER DATED
TS-10 6.7 MSIV leakage rate
TS-11 15.2.2 Availability, setpoints, and testing Open

of turbine bypass system
TS~-12 15.6.4 Primary coolant activity
c-1 4.2 Fuel rod internal pressure criteria Complete 6/1/84
Lc-2 4.4.4 Stability analysis submitted before Open
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DSER Open Item No. 5 (DSER Section 2.4.5)

WAVE IMPACT AND RUNUP ON SERVICE WATER INTAKE STRUCTURE

The applicant has analyzed the wind waves that would traverse
plant grade coincident with the PMH surge hydrograph and runup
on safety-related facilities. These calculations were based on
the assumption that wind waves would be generated in the Delaware
Estuary and progress to the site. As the suryge level would
begin to rise, resulting from the approaching eye of the
postulated hurricane, the wind speed would progressively change
direction from the southeast clockwise to the west, Waves
encroaching on the southern end of the Island would be depth-
limited (i.e., the waves would "feel" bottom and thus become
shallow water waves) by plant grade elevation on both the Salem
and Hope Creek sites, These depth-limited (shallow water)
waves will impact and runup on the southern and western faces
of the safety-related structures in the power block. The
applicant has stated that the southern face of the Reactor
Building and the Auxiliary Building are designed for a flood
protection level of 38.0 ft msl or 3.2 ft above the maximum
calculated wave runup height of 34.8 ft msl and the other
exposures of safety-related structures have a flood protection
level of 32,0 ft msl or 1 ft above the maximum calculated wave
runup height of 31.0 ft msl,

The staff has requested the applicant to provide additional
information on the waves that impact on the river face of
service water intake structure. The waves impacting on this
face of the structure are not reduced in height (depth-limited)
as those that traverse plant grade,

As indicated in Section 2.4.1, the applicant states that all
accesses to satety-related structures (doors and hatches) are
provided with water-tight seals designed to withstand the head
of water associated wi.th the flood protection levels., But, the
applicant has not indicated whether the water-tight doors are
designed to withstand either the combined loading effects of
both static water level and the dynamic wave impact or, as
cited in Sections 3,4.,1 and 3.5.1.4 of this report, the impact
of a barge propellei by winds and waves associated with a
hydrologic event that floods plant grade.

Based upon its analysis according t> SRP 2.4.5, the staff
concludes that the flood protection level of El, 38.0 ft msl

for the southern face of the Reactor Buidling and Auxiliary
Building and El. 32.0 ft msl for the remaining safety-related
structures within the power block meets the regquirements of
Regulatory Guide 1.59. Until additional information and analysis

K51/2-15 1



DSER Open Item No. 5 (Cont'd)

are available, the staff cannot conclude that the flood pro-
tection level of El., 32.0 ft msl for the Service Water Intake
Structure meets the requirements of Regulatory Guide 1,59,
Based on its analysis, the staff cannot conclude that the plant
meets the requirements of GDC 2 with respect to the hydrologic
aspects of Probable Maximum Surges and Seiche Flooding.

RESPONSE

The requested information for the service water intake structure
has been provided in the responses to the following NRC guestions:

Information Provided Question No.
Wave runup elevations 240.8

wWave impact loads 240.9

Flood protection 240.8 and 410.69

As a result of discussions with the NRC staff, the response to
Question 410.69 has been revised and summary calculations for
wave overtopping of the west and south walls have been submitted
under separate cover,

Information on the ability of the doors and hatches to withstand
the combined loading effects of static water level and the
dynamic wave impact is provided in the response to FSAR Question
240,14,

K51/2/16 5~2



HCGS FSAR

QUESTION 410.69 (Section 9.2.1)

Provide a figure(s) in the FSAR which shows the protection of
the station service water system from the flood water (includ-
ing wave effects) of the design basis flood.

RESPONSE

The general arrangement of the intake structure is provided

in Figures 1.2-40 and 1.2-41, Section AA of Figure 1,2-41 is
reproduced here as Figure 410.69-1 which identifies the water-
tight areas and the walls and slabs designed to accommodate
flood loads. As described in Sections 2.4.2 and 2.4.5, the
south and west exterior walls of the intake structure are sub-
ject to a maximum wave run-up elevation of 134.4 feet due to
the probable maximum hurricane (PMH). Such waves could overtop
the roof of the western portion of the structure at elevation
128 feet. However, a rigorous analysis has been performed to
determine the depth of water in the low area (elevaticn 122.0
feet) atter wave impact and to confirm that water does not
enter the building through the air intake control dampers
(bottom elevation 128,5 feet), Therefore, flood water will not
enter into the iry area of the intake structure., On the north
side of the intake structure, the maximum water level will be
only slightly higher than the still water elevation (113.8
feet) during the PMH. According to Table 2.4,.6, the maximum
wave elevation for the north side of the intake structure is
26.3 feet MSL (elevation 115.3 feet) due to a postulated mul-
tiple dam break. Therefore, flood protection of the north
exterior wall to elevation 121.0 feet is adequate.

On the east side of the intake structure, the maximum wave
run-up elevation due to the PMH equals 122.3 feet, This ele-
vation is due to a 1% wave traveling in the direction of Fetch
"A". Fetch A, which is rotated about 15 degrees from Fetch 1
(as shown in Figures 410.69-2 and 410.69-3), is chosen to maxi-
mize the wave run-up elevation, Elevation 122.3 feet exceeds
the elevation of the bottom of the HVAC exhaust openings at
elevation 122.0 feet by 0.3 feet., Curbs will be added at the
bottom of these openings to prevent water from entering into
the butldim .

In addition the following assessments have been made to confirm
the adequacy of the structure and interior components for the
overtopping wave:

a. The exterior walls are designed to withstand the flood
loads including the dynamic wave action effects,

b. The roof hatches at both elevations 122.0 and 128.0 feet

have been sealied (caulking, gaskets, etc,) to prevent
any intrusion of water, The hatch covers are keyed into

410.69-1
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RESPONSE - cont'd

the openings to prevent any adverse slippage due to wave
induced loadings.

All Seismic Category I camponents except for the travel-
ing water screens are located within the dry areas of
the structure, )

The traveling water-screens, located in the "wet" area
between column lines B and C have electric motors which
are “ully protected against the flood water level.

A condition was postulated where suspended moisture
enters the dry areas of the structure through the air
intake control dampers. It has been assessed that all
of the Seismic Category I components subjected to this
environment will continue to function as required,

Section 3,4.1 and Table 3.4-1 have been revised for clarifica-

tion.

410.69-2
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A t 6,
Hope Creek Genmerating Station o 1984

Analysis of Overtopping of Service Water Intake Structure

) Wave Calculations

© Wave heights and periods as well as still-water levels and runup
elevations are as given in Table 2.4-10a of FSAR (Amendment 5,
April 1984).

II. Overtopping Calculations

0 Overtopping rates were calculated for west face and south face
where top of wall elevations are 128.5 and 122.0, respectively.

o Equations from Wiegel (1976) were used for the overtopping
calculations.

0 =(9 OF H?) exp (227 jog, (fon-2))
o -GS (G)* tar(F2)
Noao e

4 | 2 0
WY S
f o,

JElL 1282 ‘.—fjif?agy
100" ,,{-."723723

where € was taken as 1/2T in order to maximize the value of QW*
(see Figure 6 of Wiegel's paper)

-

[~}

o oK was taken as 0.06 in order to saximize Q (see Equatiom 4 of
Wiegel's paper).

o Conservative c:sunptionn in calculating overtopping rates were:

- It was assumed that waves attacked normal to the wall of the
structure.

- It was assumed that the train of waves was made up of all 1%
waves. ;

= It was assumed that wave height was constant along the crest.

o Calculated overtopping rate was increased to allow for wind speed
using Equation (7-11) of the 1977 edition of the U. S. Army Corps
of Engineers Shore Protection Manual.

K'= 1.0+ W (-’-’-%/5 + a./)sme

1
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= In making the wind adjustment the factor Ws was assumed to be
2.0 for onshore winds greater than 60 mph. The angle 0 was 90°.

0 Afrer adjustment for wind the overtopping rates were adjusted for
augle of attack by multiplying the overtopping rate by the sin of
the angle between the fetch vector and the wall.

III. Maximum water surface elevations were calculated by backwater
calculation starting from the north end of the roof.

o The separate overtopping rates were added and the total was assumed
to flow off the top of the structure at the north end.

© Critical depth was assumed to occur at the downstream end of the
channel and was calculated as:

27/3

where Q is the rate of flow from the west side in cfs/ft.

o The backwater calculation assumes a gradually varied steady flow.
200 DX Oy "5 '
= + Y, A

o Calculations were performed moving upstream starting with the depth
at the north end.

0 The calculations showed that fetch 3 was the critical case. The
total flow rate for fetch 3 was 0.5 cfs/ft from the west and 14.7
cfs/ft from the south end.

0 The maximum water surface elevation reached was 126.9 for the fetch
3 condition which is well below the critical 128.5 elevation at
which flow could enter the air intakes.

Iv. A separate calculation was made considering a surge generated by flow
coming over the south end of the building. The depth of flow and
velocity of flow abead of the surge resulting from the previous surge
had to be assumed. Velocity ahead of the surge was assumed to be zero,
since that condition maximizes the surge height. Depth ahead of the
surge was assumed to be 1.0' and does not have a really significant
affect on the height of the following surge. The resulting elevation
of the crest of the generated surge was 126.9 which is below the 128.5
elevation at which water can flow into the air intake.

v. A check was made to see if flow could surge into the air intakes as a
result of plunging from the roof at elevatiom 128.5.
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Loss coefficients of 0.5 at the entraice to the air intake opening
and C.5 at the bend (see attached sketch were assumed).

Velocity at the edge of the 128.5 elevation roof section was
calculated assuming critical depth there and was increased by 502
for reasons of conservancy.

The velocity approaching the entrance to the air intake chamber was
calculated using the energy equation and neglecting losses.

Losses incurred by turbulence and impact of the jet enterirg water
ponded on top of elevation 122.0 were neglected.

Headloss through the screens was neglected.

The maximum elevation achieved was calculated to be 126.3 or well

below the 128.5 elevation at which water could flow iato the
building. ¢

A separate analysis was made using a one-dimensional momentum
approach. The presence cf the louver on top of the outer wall was
neglected. A velocity of 26 feet per second was assumed to occur
over the top of the lower outer wall whose top elevation is at
124.0. This velocity was calculated assuming that the total
potential energy in a wave runup to 134.4 would be ccaverted to
kinetic energy at elevation 124 without energy loss. The
one-dimensional energy analysis, assuming a flow rate of 5.75 -~
cfs/foot indicates that the water surface within the intake could
rise to elevation 127.0 which is below the 128.5 elevation at which
water could flow into the service-water intake structure. The
assumption of a flow rate of 5.75 cfs/foot is very conservative

since that is the total overtopping rate from the west side of the
structure for the critical fetch conditions assuming the wave

strikes normal to the structure wall.

Ll B

The total pressure of the air intake fans equals
4.5 inches of water. The maximum elevations of
126.3 feet and 127.0 feet given above result in
margins of 2.2 and 1.5 feet respectively with
respect to the 128.5 feet elevation at which
water could flow into the building. Therefore,
there is sufficient margin to accommodate a rise
in water level due to fan suction pressure.



P =5 84270626

$lla/d; Covers
l 11 1 I 1 1 w5 = .

Flow along center of building

i
Control louvers

>

1285

287 ¥ =

Air Intake

Y

1222

Sketch of flow conditions at «¢ntrance :o air intakes



SEP =5 '9‘!0270(3?5
References

1. Wiegel, R. L., "Wave Overtopping Equation” Proceedings of the 1976
Coastal Engineering Conference.

2. Jackowski, R. A. (Editor) Shore Protection Manual, U. S. Army Corps of
Engineers, Coastal Engineering Research Center, 1977.



RV v .

HCGS A0 840268640

- DSER Open Item No. 140 (DSER Section 9.1.2)
3 SPENT FUEL STORAGE

Since the applicant's application for an operating license was

docketed in 1983, which is after the November 17, 1977 date

specified in the SRP, the applicant must provide the results

of an analysis which shows that a failure of the liner plate as

a result of an SSE will not cause any of the following:

(1) significant releases of radioactivity due to mechanical

damage to the fuel: (2) sigrificant loss-of-water from the pool

which could uncover the fue. and lead to release of radiocactivity

due to heat up: (3) loss of the ability to cool the fuel due to

flow blockage caused by a portion of one or more complete

section of the liner plate falling on the top of the fuel

racks; (4) damage to safety-related equipment as a result of

the pool leakage; and (5) uncontrolled release of significant
quantities on radioactive fluids to the environs; in accordance

to the Standurd Review Plan. These buildings are also designed

against flooding and tornado missiles (refer to Section 3.4.1

and 3.5.2 of this SER). We cannot conclude that the requirements

of General Design Criterion 2, "Design Bases for Protection

Against Natural Phenomena," and the guidelines of Regulatory

Guides 1.13, "Spent Fuel Storage Facility Design Basis,*

Position C.3, 1.29, "Seismic Design Classification,” Positions

C.1 and C.2, have been met. ‘
The applicant has not provided the Jesign details of the spent
fuel storage racks, the results of an analysis of impacts onto
the racks, the bundle to bundle spacing, the design maximum ‘
enrichment (weight percent of U235), a description of
calculational methods used for criticality analysis (along with
the results), a tabulation of the nominal value of Kggg of the
racks along with the various uncertainties and biases considered
in the analysis, and a tabulation of the reactivity effect of
each of the abnormal accident situations considered for cur
review., Since credit is taken for gadolinia in the fuel, the
applicant must provide a commitment that every fuel bundle will
have a specified minimum amount of gadolinia distributed over a
specified number of specific fuel pins, for the entire length
of the fuel. As an alternative, the applicant can provide the
results of the criticality analysis without taking credit for

the gadolinia.

Thus, we cannot conclude that the requirements of General Design
Criteria 61, "Fuel Storage and Handling and Radioactivity
Control,® and 62, "Prevention of Criticality in Fuel Storage

and Handling," and the guidelines of Regulatory Guide 1.13,
Positions C.1 and C.4, concerning fuel storage facility design

140-1
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We cannot conclude that the spent fuel storage facility is in
conformance with thas requirements of General Design Criteria 2,
61, and 62 as they relsate to protection of the spent fuel
egainst natural phenomena, radiation protection, and prevention
of criticality and the guidelines of Regulatory Guides 1.13,
Positions C.1, C.3, and C.4 and 1.29, Positions C.l1 and C.2,
relating to the facility's design basis and seismic
classificacion. The spent fuel storage facility does not meet
the ac~eptance criteris of SRF Section 9.1.2. We will report
resolution of this item in a supplement to this SER.

Additionally, the information provided through Amendment 3 was

not sufficient for the staff to complete the evaluation of the

compatibility and chemical stability of materials wetted by

spent fuel pool water. To complete the review, the following

information is requested: )

(1) ZIdentify and list all materials in the spent fuel storage
pool including the neutron poison material, rack leveling
feet, and rack frame. J

(2) Provide test or sperating data showing that the neutron
poison material will not degrade during the lifetime of
the spent fuel storage pool.

(3) Provide a description of any materials monitoring program
for the ponl. In particular, provide information on the
frequency of inspection and type of samples used in the

monitoring program,

(4) Provide details of the spent fuel racks to show that no
buildup of gases will occur in the cavities containing the
poison materials.

RES PONSE

The spent fuel pool liner pl'ate was not designed to seismic
Category 1 requirements because SRP 9.1.2, Revision 2

(March 1979), which first invoked the seismic Category I
requirement, was not issued until after the design and procure-
ment of the liner plate was complete and fabrication had begun
(November 1978). However, the liner plate was designed to act
as a form for the concrete in the spent fuel pool walls. To
perform this function a system of channels, wide flanges and
angle stiffeners was welded to the back surfaces of the liner
and connected to the outside formwork with form ties. Thus,
during the concrete placing operation the welds between the
stifferers and the liner were subject to the lateral pressure
effects of the wet concrete. This may be considered a 'test'
load in that after the concrete sets, the anchoring capability




and

RESPONSE (Cont'd)

of the stiffener system in holding the liner plate against seismic
loads is at least equal to the form pressure load. The estimated
test load during construction (appsoximatoly 300 1b/ft?) was lower
than the design value of 690 lb/ft¢., This construction load
induced a correspondingly lower stress in the stiffener-to-liner

we ld' .

An analysis, performed to evaluate the effect of SSE loads on
the liner, shows that the resultant stresses would be insignifi-
cant (approximately 1% of the stresses due to concrete placement)
whan added to the residual concrete load. SSE induced loads
imposed on the floor liner by the spent fuel racks would also be
insignificant, and will not cause a liner failure.

Based on the considerable design margin for form pressure load
and the acceptable performance of the wall liner plate when sub-

jected to this 'test' load, it is concluded that the liner plate .
is capable of withstanding SSE loads without any loss of functign. }
Thus, the design of the liner plate satisfies General Design '

Criteria 2, 61, and 62, Regulatory Guide 1.29, Positions C.l and
C.2, and Regulatory Guide 1.13, Positions C.l and C.4. Refer to
Section 9.1.2.5 for additional justification of the non-seismic
Category I liner design. For additional information on the
design and analysis of the liner plate, refer to Appendix 3F,

For a discussion of the liner leakage collection system, which
permits expedient liner leak detection and measurement, and
prevents uncontrolled loss of contaminated pool water, refer to
Section 9.1.2.2.2.1.

The spent fuel storage facility design meets the intent of
Regulatory Guide 1.13 Position C.3, as described in Section
9.,1.4.6 and 9.1.5.6.

230.15° 41038
The spent fuel storage rack/design detai};/%ave been provided in
the response to Questions/(281.2, 281,13,4410.39 and 419.42. Fhre

. This information wil supportsthe 3&i3mMiC

criticality reviewsand demonstratesthat the design satisfies
General Design Criteria 61 and 62, and Regulatory Guide 1.13
positions C.1 and C.4.

The materials used in the spent fuel storage racks were included
in the response to Question 281.13,

140-3
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Similar rack designs, with vented Boral poison in stainless steel
racks, have been licensed and have proven successful. HCGS's maximum
anticipated radiation exposure for the Boral is 1.0 x 1011 rads.
This radiation exposure assumes freshly discharged fuel assemblies
are stored in each cell for a 20 year period and then replaced with
freshly discharged fuel for a second 20 year period. Brooks and
Perkins Product Performance Report No. 624 documents Boral's
capabllitx to withstand exposure of 1.0 x 1011 rads gamma and

5.3 x 1012 neutrons per sq. cm. in demineralized water without
detectable outgassing attributable to Boral, decrease in neutron
attenuation, nor any discernable physical changes. This testing was
performed at the Phoenix Memorial Laboratory of the University of
Michigan using the Ford Nuclear Reactor. Ongoing tests have exposed
Boral to accumulated radiation doses up to 7 x 1011 rads. These
specimens were also found to be structurally sound and neutron
attenuation capabilities were not degraded by irradiation.

In order to continually assure the adequacy of the poison material,
test coupons are provided for a Boral surveillance proygyram. Forty-
five coupons are installed in high radiation areas of the spent

fuel pool. However, because vented stainless steel spent fuel

racks with Boral poison material are already in use in other BWR

fuel pools, such as Monticello and Browns Ferry, a Boral surveillance
program is not planned at HCGS.

PSE&G will develop a proyram to monitor the Boral surveillance
program of either Fermi, Monticello or Brown's Ferry by March,
1985. The response to Question 281.14 has been revised to reflect
this response.

The spent fuel rack poison cavities are vented to prevent any

buildup of gases. Response to Question 281.13 provides further
information on venting.

40 - 4
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3.8.4.8.3 Spent Fuel Rack Design

Acceptance Criterion Il1.4.f requires that the spent fuel racks be
designed in compliance with Appendix D of SRP"d.8.4, which
requires that construction materials should conform to

Section 111, Subsection NF of the ASME Code.

—s /NSERT C <

The spent fuel racks are constructed of ASTM A-240 and ASTM A-564
stainless steel. The A-240 and A-564 material specifications are
identical to the ASME SA-240 and SA-564 material specifications.
All rack steel is supplied with certified material test reports.

The rack materials are procured under a Q.A. Program that is
intended to comply with:

a. 10CFR50, Appendix B, "Quality Assurance Criteria for
Nuclear Power Plants and Fuel Reprocessing Plants”.

b. ANSI/ASME N45.2, "Quality Assurance Program
Requirements for Nuclear Facilities", and

¢ ANSI/ASME NQA-1, "Quality Assurance Program
Requirements for Nuclear Power Plants”.

3.8.5 FOUNDATIONS

Foundations for all Seismic Category I structures and the turbine
building and the administration facility, which are non-Seismic
Category I structures, are described in this section.

3.8.5.1 Description of the Foundations

The configuration of the foundation mats for the various
structures is shown on Figure 3.8-37.

Reinforced concrete mat foundations are provided for all
structures. Except for the station service water system (SSWS)
intake structure, the mats rest either on the Vincentown
Formation or on engineered structural backfill placed on the
Vincentown Formation. The mat and the lean concrete leveling

3.8-48b Amendment 6
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CHAPTER 9
F
Fuel Pool Cooling and Cleanup System and Torus

water Cleanup System Design Parameters

Fuel Pool Cooling and Cleanup System Heat Removal
Capacity and Makeup Requirements

Fuel Pool Cooling and Cleanup System and Torus
water Cleanup System Failure Modes and Effects
Analysis c

Tools and Servicing Equipment

Fuel Servicing Equipment

Reactor Vessel Servicing Equipment

In-Vessel Servicing Equipment

Refueling and Storage Equipmen®

Under Reactor Vessel Servicing Equipment and Tools
Overhead Heavy Load Handling System Data Summary
Reactor Building Polar Crane Data

OHLHS Loads Over Safety-Related Equipment
Reactor Building Polar Crane Design Comparison
Wwith NUREG 0554, Single Failure Proof Cranes for
Nuclear Power Plants

Hope Creek Polar Crane Special Lifting Devices and
Slings

Refueling Floor Heavy Load Height Restriction

Not Used
Spent Fuel Pool Liner Drain Lines

Decay Heat and Evaporation Rates for Loss of Spent
Fuel Pool Cociing

Spent Fuel Rack Criticality Analysis Tnput Facameters.
Crti “‘18214 ”4/}’ d k;’;w/f; Amendment 3

S ecfal A/ort-Fo;fona/ Sfcnf Fuel Rack Input farameters
Fgf Criticalty Analysis
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CHAPTER 9

FIGURES
Title ' YA

New Fuel Rack Arrangement

General Arrangement of Spent Fuel Storage Pool

A Typical Spent Fuel Rack

Spent Fuel Rack Arrangement in Fuel Pool la:O
Fuel Pool Coolipg and Torus Water Cleanup, P&ID

Fuel Pcol Filter Demineralizer, P&ID

9.1=7 Fuel Preparation Machine Shown Installed in Fuel
Pool .

9.1-8 New Fuel Inspection Stand

9.1=-9 Channel Bolt Wrench

9.1=10 Channel Handling Tool

9.1=11 Fuel Pool Sipper

9.1-12 Channel Gauging Fixture

9.1-13 Fuel Grapple

9.1-14 General Purpose Grapple

9.1=15 Fuel Inspection Fixture

9.1=16 Refueling Outage Flow Diagram

9.1=17 Plan View of Refueling Floor During Refueling

9.1-18 Simplified Section of New Fuel Handling Facilities
(Section X=X, Figure 9.1-17)

q.1-14 A Speo[a./ Spent Fuel Rack

q.0-20 SPENT FUEL RACK CRITICALTY GECUETRY

DSER OPEN ITEM , %0 9-xii Amendment 7
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1. Normal storage conditions exist when the fuel
storage racks are located in the pool and are
covered with about 25 feet of water for radiation
shielding, and with the maximum number of fuel
assemblies or bundles in their design storage
position.

2. An abnormal storage condition may rﬁiul:*gﬁgs_———-—-bumlhz
accidental dropping of ad empty fuel waeck/*Cor from

damage caused by the horizontal movement of fuel
handling equipment without first disengaging the
fuel from the hoisting equipment.

b. It is assumed that the storage array is infinite in all
directions. Since no credit is taken for leakage, the
values reported as effective neutron multiplication
factors are in reality infinite neutron multiplication
factors. The biases between the calculated results and
experimental results and the uncertainty involved in
the calculations, as well as other uncertainties, are
taken into account as part of the calculational
procedure to ensure that the specified Ko{: limits are
met. ‘

¢, The racks are designed to protect the fuel assemblies
from physical damage caused by impact from fuel
assemblies. The rack design would prevent the release
of radicactive materials in excess of 10 CFR 20 and
10 CFR 100 allowances under normal and abnormal storage
conditions.

d. The racks are constructed in accordance with the QA
requirements of 10 CFR 50, Appendix B.

e.- The spent fuel storage racks are constructed in
accordance with Seismic Category I requirements. The
applicable code for the design of racks is ASME
Section 111, Subsection NF.

£ Spent fuel storage space is provided in the fuel
storage pool to accommodate 5.3 core loads of fuel
assemblies.

pser o-m 1rEM /Y0 9.1=7 Amendment 7
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9.1.2.2.2.2 High Density Spent Fuel Storage Racks

High density spent fuel storage racks in the tuel pool store
spent fuel transferred from the reactor vesseli. These are

top-entry racks.

The spent fuel storage racks are of freestanding design and are
not attached to either the fuel pool wall or the fuel pool liner
plate. The racks are constructed of stainless steel, and the
details of rack construction will be provided prior to fuel load.

See Appenc{r'x Q8 for a descn'phvn of +he _dcs'c'jn,

analysc'a and Construchon of +he M .sfacnf

fuel s%arase racks.

DSER OPEN ITEM /¢/( 9.1-10b Amendment 2
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P
i. The maximum stress in the fully loaded rack in a
faulted condition will be provided prior to fuel load.

\0

» I The spent fuel storage racks also have the caﬁablltty
of storing control rod guide tubes, control rods, and
defective fuel containers. When the spent fuel is
stored in the spaces provided for storing the above the
K.!! does not exceed 0.95.

k. Several design features reduce the possibility of heavy
objects dropping into the fuel poocl. The main and
nuxtllar¥ hoists of the reactor building polar crane
are single-failure proof. In addition, the main hoist
is physically prevented from traveling in the truncated
segment shown on Figure 9.1-3] by mechanical stops on
the girders of the polar crane. The crane design is
discussed in Section 9.1.5. The removable guardrail
and the four-inch curb around the refueling cavities
further limit the possibility of heavy objects dropping
into the fuel pool.

) The fuel storage pool has water shielding for the
stored spent fuel. Liquid level sensors are installed
to detect a low pool water level. Makeup water is
available tc ensure that the fuel will not be uncovered
should a leak occur.

m. Since the fuel racks are made of noncombustible
material and are stored underwater, there is no
potential fire hazard. The large water volume also
protects the spent fuel storage racks from potential
pipe breaks and associated jet impingement loads.

q9.1.2. 79 LI/$ERTA
9.1.2.4 Spent Fuel Rack Inservice Inspection

M inservice inspectTon-program in effpct thrdughodt the? life
Lot Zho racks-to ensuce t tguu)q:Zut’y df_the mn,a«.mu(k

Insert B
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9.1.2.4.9 Test Coupon Description and installatton

Details of test coupon description and installation will be
provided pricr to fuel load.

9.1.2.9 SRP Rule Review

In SRP Section 9.1.2, Acceptance Criterion Il1.1 requires
conformance to ANS 57.2, Paragraph 5.1.1, which states that the
spent fuel storage facility, including its equipment and safety-
related structures, shall be designed to Seismic Category I
requirements,

The spent fuel liner plates are non-Seismic Category I and are
not considered safety-related. These liner plates are welded to
Seismic Category 1 embeds in the pool walls. Their primary °
functions are to minimize pool leakage and facilitate
decontamination of the pool walls. Since they are essentially
nonload-bearing, they will not adversely affect the structural
integrity of the fuel pool and the spent fuel storage racks, and
therefore do not have to comply with Seismic Category I
requirements. Any pool wall attachments will always be affixed
to the wall embeds.

Acceptance Criterion I1.6, ANS 57.2, Paragraph 5.4.1 states that
at least one radiation monitor with audible alarm should be
installed on the fuel handling machine.

At HCGS, permanent radiation monitors scanning the entire
refueling floor are mounted on the reactor building walls. These
monitors indicate and actuate audible alarms locally and in the
control room., In addition, portable health physics
instrumentation will be installed on the fuel handling platform
whenever the refueling machine is used over the spent fuel Yool
and the reactor core. The radiation monitoring system, including
the portable platform mounted health physics instrumentation, is
considered to be adequate for protection of personnel in the
reactor building during all phases of station operation.

DSER OPEN ITEM / & 9. 1=18
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9.1.2.3.3 CRITICALITY ANALYSIS AND RESULTS

The criticality analysis was performed using the input parametsrs
contained in Table 9.1-19, Figure 9.1-20 shows z:o roﬂsto:co
eometr n th na wamd the aere Flux boundas
The n’kw )fo/f fj}‘.}?}.‘.i@’. snalyeisd 2y andd
ar\rne criticality analysis is based on new fuel with a nominal,

glat U-235 enrichment of 3.4 w/0. No credit is taken for the
burnable poison fuel rods which may be present in the fuel

as jes, a The analysis uses Utility Associates International's
{UAI's) ciffusion theory model, CHEETAH-B/CORC-BLADE/PDQ7 as the
main working model. The analysis includes the various criticality
sa‘ety-.elated aspects of the rack design, including various
sensitivity calculations. The Monte Carlo transport model ,
AMPX/KENO =1V, is used as the verification model to verify the
reactivity of the nominal rack design.

UAI performed similar criticality analyses for Limerick and
normal, abnormal, and

q Susquehanna.s The anaylsis includes all the

- accgacnt conditions described in section 9,1.2.3.1.
Table 9.1-20 summarizes the nominal value of K effective of the
racks under normal, abnormal, and accident conditions, The

various uncertainties and biases considered in the analysis are

also included.
J—

— - — — -
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This section presents a description of the calculational models and
the basic assumptions used in this criticality analysis.

The Working Mode!

The criticality analysis for the Hope Creek BWR spent fuel racks
employs the CHEETAH-B/CORC-BLADE/PDQ-7 model as the basic
engineering tool. CHEETAH-B™7 fs UAL's BWR lattice code

based on the original LEOPARD code and uses a modified ENOF/B-I1I
cross section library. CORC-.LADE“*‘;;HQPIt!S cquiv‘lont
diffusion theery cross sections for the control blade. The
Poq-i*"h;;ogran is the well-known few-group spatial diffusion
theory code widely used by the industry. The CHEETAH-8/CORC-
BLADE/PDQ-7 model, which 1s also a part of the LEAHS (Lifetime
Evaluatfon and Analysis of Heterogeneous Systems) nuclear analysis
series of Control Data Corporation, has been extensively tested
through benchmarking calculations of measured criticals as well as
through core physics calculations for several operating power
reactors.

A zer» current boundary condition was applied to the four sides

of the unit reference storage rack cavity : to produce

an infinite array effect. The two-dimensional, 7DQ-7 calculations
were made for four neutron energy groups, two mesh intervals per
fuel pin, a flat U-235 enrichment description and a zero axial
buckling to simulate infinite fuel length.

The Verification Model

The verification calculation employs the KENO-I /AHPi*’#.;;;ol.
The basic reutron cross section data comes from the master libraries
of AMPX - 2 123 group GAM-THERMOS neutron 1ibrary prepared from
ENDF/B version 11 data. The NITAWL module of the AMPX program {s

psER opEN 1TEM , ()
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used to perform a Nordheim integral treatment of the U-238
resonances accounting ‘for the self-shielding effect. The
working Tibrary produced by the NITAWL/AMPX module retains
the 123 group energy structure and s used directly by KENO-IV.

In the KENO-IV calculation, the spent fuel rack geometry
including each fuel and water rod cell {s represented discretely.
To simulate the arrangement of a large number of storage rack
units, and for a non-leakage condition in the axial directions,
a specular reflective condition 1s applied to all six sides

of the reference case storage rack cavityw

- Basfc Assumptions

To ensure that the anaiysis follows a conservative approach and
conforms to the general guidelines of criticality safety analysis
in Reference ¥, the calculations are performed with the following

assumptions:

A flat 3.4 w/o distribution in an 8x8 bundle, with U-234 neglected
Fresh fuel, no burnable poison

Minor structural members replaced by water, {.e., spacer grids
Fresh water

Fuel 1s channeled.

;M B W N -
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REFERENCE CASE CALCULATIONS
/ Physica

The reference storage rack cavity Mu a pitch of
6.308" + 0.030". The stainless steel canister has a nominal inside

clearance of 6.080 to accommodate 8x8 fuel assembly channeled in
0.080" thick Zircaloy-4. Plates of the neutron absorter mate: fal
Boral, consisting of B‘C in an aluminum matrix core and clad with
an aluminum sheath, are fastened to the outside of the canister.
The Boral plate has a nominal total thickness of 95 miVs and a minimum

8-10 density of 0.028 g/cnz. Tabl;ﬁconuins the values of the
{nput parameters used in the analysis.

| Parameters and the

Basic Storage Rack Cavity Geomet

The rack must accommodate both channeled and unchanneled fuel.

Studies reveal that the channeled fuel in the rack is more

reactive than the unchanneled fuel. Taking the conservative approach,
the study here involves channeled fuel (except in the accident
condition where the dropped fuel is unchanneled in order to permit

the closest contact between the dropped fuel assembly and the rack).

Two small, but non-conservative changes were made to the reference

case in order to facilitate modeling. First, the boral width was set at
4.48" instead of 4.465", Second, the stainless steel fi:hdai used in
welding the outer wrapper to the inner can were deleted. An adjustment
was made using PDQ to account for these differences.

dedd” Results of the Reference Case Calculations
q.-19 9./
Using the input data from Table Fand Figure Z (except as noted
above), the Kot values of the reference case at 68°F were ral-
culated for the calculational model described in Section i
The results are:

psen opeN ITEM /&0 ’-’-‘"
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k.”. reference calculztion

95% confidence intarval

DSER OPEN ITEM )¢/

PDQ-7
0.9229

-~
.

KENO-1V

0.9306 + 0.0042

009222 - 0.9390
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aiP®  SENSITIVITY ANC TOLERANCE REACTIVITY CALCULATIONS

o) Temperature Effect’

‘Using the reference storage rack cavity geometry, the temperature
of the fuel and pool water was varied. In additfon to the nominal

68°F, 40°F and 212°F were studied and thcqnsults of the cusnun-a/

 CORC-BLADE/PDQ-7 runs are given on Tanle e ————
As shmm. reactivity decrnses continuously as tompcntun 1ncruscs
from 40°F. " ip orallE skt e

S  Void Effect

The effect of boiling (assuming equal voids inside and outs.de

of the rack) was studied by varying the voids from 0% to 20% at

a temperature of 212°F with the reference geometry. The S”E-E;LM-B/
CORC-BLADE/PDQ-7 results are shown in Mipewsmtemse TableJ¥. As
indicated, k ., decreases continuously as the void fraction
increases.

-y Pitch Sensitivity

The rack design permits the storage cavity pitch to differ from
the 6.308" nominal value by +0.030". The pitch sensitivity
calculations of this analysis show the reactivity effect of

these tolerance components as well as the reactivity pitch :
sensitivity by expanding the calculational range from -0.060" to
+.,030" at .030" intervals. The ‘r;g’s-ults. which are perOUE—
Pryummuibege tabulated ir Table & ff\%icue ‘that in the neighbor-
hood of the nominal pitch, the pitch reactivity coefficient is
about .15%ak per .030" pitch change.

osen opew 1M [ ¥C
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4» [Effect of Boron

The Boral Plates which separate two adJacent fuel assemblies
have a nominal thickress of .095" (consisting of an 73 mii core

and 11 mil aluminum sheaths) a nominal width of 4.465" and an
overall length of 11 feet 3 inches. The minimum B-10 loading

—— - —

DSER OPEN ITEM /YO

(a)

(b)

(c)

s 0.028 g/en’.

Boron Width Tolerance

’

The effect of reducirg the Boral width was examined.
The PDQ-7 calculation for the reference case con-
figuration with the Boral width reduced by 0.0625"
ylelded k_ = 0.9264]1. Hence, the reactivity increases
due to the -0.0625" tolerance on Boral width s

&k = +0.0029. _ _

Boren Density

The boron density was maintained at .028 g;/cm2 for

all calculations. This areal density is the minfinum
density allowed by manufacturing design specifications.
Boral Core Thickness Variation

The sensitivity to the Boral core thickness was de-

termined by calculations in which the thickness
varied from 61 mils to 80 mils (the aluminum sheaths were

varied within tolerance to obtain the worst case core_thickness). B
The results, tabulated in Table “

show a continuous fncrease in reactivity as the core

thickness increases. This is due to the fact that the areal

_density is held constant, so an increase in thickness reduces
volumetric density and, to a small degree, the boral effectivenes:

p——p—
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*— Dimensional and Positional Tolerances

The total ak bias for dimensional ‘and-positional tolerances are
calculated from five separate contributions:

(1)
(11)
(111)

(iv)
(v)
(1)

T.ble 9./-w 4
ard s

(11)

(i111)

(iv)

DSER OPEN ITEM /¢/()

Pitch Reduction _

Boral Width Reduction

Inter-Cavity Spacing Reduction

Off-center Loading

Boral Thickness Increase ’

Pitch Reducticn. The effect of reduzing the :anter-to-
center spacing of the rack cavities s obtaired from tiwee
e T ettt A 7 L U
B e S ] ak, = 0.0015.

Boral Width Reduction. The ak bias due t5 reducing the
Boral width by its tolerance, 0.0625" {s obtained from
SauttITS Mty and s Akz = 0.0029.

Table q.1-2¢

Inter-Cavity Spacing Reduction. Any seismic effect that
may reduce the separation distance between adjacent cavities
can be determined from the pitch sensitivity Study, e
Pompaaedrs. ' Bringing two adjacent cavities closer by
0.048" results in the canisters t"%",’i'{ﬂ; and a reactivity
increase ak, = 0.0023 (from Table Ssebebpesc®). Since
this reduction is the maximum reduction of pitch possible
in this design, this effect will not be added to item (1),
but will replace 1t.

Off-Center Loading. The free space existing between a
properly center fuel assembly and the top casting allows
an assembly to be loaded off-center in a cavity. It was
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shown that this condition causes no adverse reactivity
effect since the resulting k .. for off-centered loading
" {s less than that for properly centered assemblfes.

(v) Boral Thickness Increase. The worst case boral core thickness

’ reactivity effect calculated due ’ragu'facoturmg tolerance
2 stackup (.080") 1s obtained from 3!&.‘-? and 1s akge .0001

The above positive ak contributions are statistically combined
to give the total ak bias for mechanical and seismic uncertainties.

o = e )? + (M‘z)j‘r + (okg)? = 0.0037

oser oven 17em /Y0
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™ Grappler Drop Accident

-
\o

The accident considered is the {nadvertent drop of the

assembly grappler used in 11fting assemb)fes within the spent
fuel pool. In this accident, the grappler is dropped in such

a way that assemblies in adjacent rack cavities are displaced
such that they are resting in an off-center loading arrangement.

The reactivity effect for this off-center arrangement was dis-
cussed in Section € ( o
10!'1-,.12 iV)

%wi Assembly Orop Accident

.

(a) Single Assembly Oropped on Top of Rack. No adverse
reactivity effect is expected from dropping a fuel
assembly on top of a fully loaded storage rack during
fuel ‘handling because of the large water thickness
(14 inches) existing between the top of the assemblies
already inside the cavities and the dropped assembly resting
on top of the rack. Moreover the POQ-7 model assumes an
infinite fuel length in the axfal direction.

(b) Single Assembly Next to Rack. The dropping of an assembly
outside the rack is a possible event because of the un-
obstructed water area existing between the periphery of
the storage racks and the side walls of the pool.

A conservative analysis to evaluate this situation fis
{1lustrated in Figure ’ An assembly, presumed to be

91-20

it
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dropped during handling, lodges paralled to an assembly
in the outer cavity with no Boral slab separating the
two assemblies. The dropped assemply is unchanneled to pernit

the closest contact with the raclb%
vissntecadidopfmtbnspemin  The dimensions used are those

of the reference case. This arrangement of the dropped

fuel assembly with a 3 1/2 x 3 finite fuel ncb fs reflected
on three sides as indicated in Figure & the fourts side 1s
a zero flux boundary. The k." result fur this ca:e was
0.9126. The result for the same geometry without the
dropped fuel was 0.9064 giving an increase of réactivity of
ak = 0,0063 for the above dropped assembly configuration.
———— i miacinded danthestieizy bulati
leiasal 2 = g

Assembly Moving Between Two Storage Racks

The rack structural design does not allow sufficient room
tc fit a fuel assembly between any twc of the high density
spunt fuel racks. Therefore, the movement of assemblies
between racks is precluded.

user open trem / ¥O E
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c(‘.]L.3f3ffa!l6 New Fuel Storage in the Spent Fuel Racks

The feasibility of storage of fresh fuel in the high density spent
fuel racks was analyzed. Storage of new fuel in the mist, partly
flooded, and dry conditions are addressed below.

pser opeN 1tem /¥ 0O
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asiaicy . W 25% Mist Condition

The storage of new fuel of uniform 3.4 w/o U-235
enrichment in the high densfty spent fuel rack in a 25%
aqueous mist environment was analyzed with the KENO

mode] trebamuiauibqune—as < The resulting k_ and 95%

confidence interval are shown below:

Ko 95% Confidence Interval
25% Mist .6375#.0054 6267~ .6483

(w Ory Condition

UAI experience in the analysis of poisoned rack criticality
indicates that the fully flooded rack configuration is

the most reactive with reacitivy decreasing with a decrease
in moderator density. The 25% mist condition analysis
confirms this as shown below. For this reason a dry
condftion analysis was not performed since it too will

be less reactive than the flooded condition.

Moderator Density K 95% Cc:nﬂden'co Interval

Reference Case: 1.00 g/cn®  .9306+.0042  .9223-.9389
25% Mist Condition:0.25 g/cm® .6375+.0054  .6267-.6483

Mg Partly Flooded Condition

&

The totally flooded condition as analyzed in the reference
case s more reactive than that of the partly flooded
condition.

CLLZ.?.?.‘?
~€  sSpecfal Spent Fuel Rack Storage

'_' 4 5x6 non-horated special rack is to be installed
in tho-uﬁ“& spent fuel pool. Storage of control rods,
control rod guide tubes and defective fuel is provided for
by this special rack. This rack was analyzed for storage of
ruptured fuel as shown in Figure g Special rack fnput

parameters are summarized in Tablw q }_/q'

DSER OPEN ITEM /&0 7121
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The storage of ruptured fuel is a more reactive
evaluation than that of control rods or control rod
guide tubes. -

-

) -y
e  Storage of Ruptured Fuel fn the Fully Flooded
Specifal Rack

The storage of ruptured fuel assemblies within
defective fuel storage containers insarted into

the special Mnk was analyzed
using the CHEETAH-B/PDQ-7 diffusion theory model.
“The case was analyzed a ‘pn infinite arfray in order
to simulate storage of iﬂ-—-‘-’ruptund fuel
assemblies in the special rack. The resulting

K.f' for this case was .6589. Consfcering that this
K.ff accounts for no radfal or axfal leakage, the

reactivity for the storage of fuel in the special
rack 1s well below the design limit Kets of .95.

Storage of undamaged fuel within the specfal rack

fs less reactive than storage of damaged fuel.

This is due to the fact that in the ruptured fuel
case, the defective fuel storage container displaces
water. For this reason, the storage of undamaged
fuel was not analyzed.

DSER oreN 1TEM /SO
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4.1.2.33 .6
» §MRY AND CONCLUSION

The final result as calculated by both the working model (CHEETAH-B/CORCBLADE/
PDQ-7) and the verification model (AMPX/KENO-1V) {is summarized in this
section and compared to the NRC regulation k." limit of 0.950. The
“Reference Cau".' r ;ornd to 1}1_1, ,this report uses the nominal dimensions

given in Figure * cnd.Tabh}ﬂthout the dimensional and material

tolerances included.

@  Results of the Transport Monte Carlo (AMPX/KENO-1V) Verfication
Calculations and the Calculatioral Bias

Q.1.2.33.(
kg ff Reference Case VU unchmive 0.9306 ¢ 0.0042
Benchmark bias, Ak -0.001

' .9296 ¢ 0.0042
95% Confidence Interval k." . 0.9212 « 0.9380

The bias of the KENO-1V vs, measurement is based on criticality
experiments performed with fixed neutron poisons ”. These experi-
ments were chosen because they approach the fuel storage rack configur-
ation in that they used fixed poison plates between fuel rod clusters
The result of the benchmark calculations was that the KENO-IV results
were 0.001ak above the measured value. This demonstrates a negative

bias of 0.001ak.

b Summary of Results

k.". adjusted (KENO,-) 0.9296 ¢ 0.0042
Dimensional and Positional Tolerance, Ak
(PDQ ARy 0.0037

PDQ correction for non-conservative
assumptions in the reference case,

ok (PD) LAEEETTNE) 0.0006
Dropped Assembly, ak (PDQ SUETSewsil)) 0.0063

DSER OPEN ITEM /#(
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In order to continyally assure the adequacy of the poison material,
test coupons are provided for a Boral surveillance program,
Forty~five coupons are installed in high radiation areas of the
spent fuel pool. However, because stainless steel spent fuel
racks with Boral poison material are already in use in other BWR
fuel pools, a Boral surveillance program is not planned at HCGS.

If information from these lead plants indicates any prcblem
vith the Boral, a surveillance program can then be initiated.

DSER OPEUN ITEM /O
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Final K g 0.9402 ¢ 0.0042

95% Confidence Interval . 0.9318 - 0.9486

Design Limit, k . " R R
Wy . 0.950

The final k 4, value (0.9486) includes all the design specification
tolerances, the postulation of a dropped fuel assembly, the mode |
bias, and the 95% confidence interval from the KENO calculations,
However, the negative reactivity effect (* 0.5% ak) due to the
presence of U-234 and the parasitic structure materials (1.e.,
spacer grids) in each assembly was not included.

’
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gates, snd sny other nonrcutine heavy loads that must be carried
over the sment fuel pool.

9.‘.6

9.1-l
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TABLE 4.I-14 Page lof2

CRITICALITY REFERENCE CASE SPENT FUEL RACK INPUT PARAMETERS

FUEL DATA

Pellet 0D

Clad 0D

Clad Thickness

Clad Material

Fuel Rod Pitch

Active Fuel Length

U-235 Enrichment

Effective (Stacked) Density

WATER ROD DATA (2 per Assembly)

Water Rod 0D
Water Rod Thickness
Water Rod Material

CHANNEL DATA

Channel Inside Dimension
Channel Thickness
Channel Material

DSER OPEN ITEM , ¢/

FUEL ASSEMBLY (8x8)

-
\!

0.410%

0.483"

0.032"

Ir-2

0.640"

150."

3.4 w/o

96.5% Theoretical

0.591"
0.030"
Ir-2

5.27"
.080"
Ir-4
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q.1-11

TABLE A {continued)

BORAL PLATE DATA

Total Thickness

Width

Length

Sheath Thickness
Sheath Material
Core Thickness
Core Material
B-10 Density

CAVITY DATA

Can Inside Dimension

Can Thickness o
Outer Wrapper Inside Width Dimension
Outer Wrapper Outside width Dimension

—— —

Outer Wrapper Insfde Thickness Dimension

Quter Wrapper Materfal Thickness
Cavity Material
Rack Cavity Pitch '

oser opeN ITEM /40

fage 20F2

-
~

0.095" + .005"
- .010
4.465" + .0625"
135"+ 0.28%
0.011* + .001*
Asuminum (1100 series)
0.073*  (nominal; range:,061" to .080
Boral
0.028 g/em’

6.080" (nominal)
0.090" (nominal)
4.562" + .020"
5.36" (nominal)
0.101" (nominal)
0.024" (nominal)
Stainless Steel
6.308" + 0.030"




kcff

Temperature oF
40
68
212
212
212

DSER OPEN ITEM /‘/‘7
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me b 9.0-20

CRITICALILY . :
REFERENCE CASE - SUMMARY OF 4-GROUP PDQ-7 RESULTS

AS A FUNCTION OF TEMPERATURE AND VOIOS

fvcl of 3

REFERENCE GEOMETRY - FIGURE @ ' /- 20

% Yoids

10
20

‘eff

0.9265
0.9235
0.9028
0.8845
0.8630




TABLE »
9 o -10

page2 ofl_?

RREE I IS I TN GG N SROTY P00 7 NESUEe

VARIATION
(INCHES)

+ .030
Base

- .030

DSER OPEN ITEM / 0

kcff

~
~

AS A FUNCTION OF PITCH
Eflﬁﬁss; - Kerr
i .9220
6.308 9235
6.278 .9250
6.248 .9264

——— ———




Ta6LE [Fage 3of E 4
q.(-20

-
.

k.f, AS A FUNCTION OF BORAL CORE THICKNESS - AREAL DENSITY CONSTANT
Thickness of
Boral Core K
Inches eff :
0.061 0.9233
(base) 0.073 0.9235
0.080 0.9236

pser opEN ITEM /¥ 0




. HCGS FSAR

mee &~ 9. [-2(
NOWDRGRRER: SPECIAL NON-POISONED SPENT FUEL RACK INPUT PARAHETERS

FOR THE CRITICALITY ANALYSIS

Lo m—————mne FUEL ASSEMBLY (8x8)

~
-~

FUEL DATA

Pellet 0D 0.410"
Clad 00 0.433"
Clad Thickness 0.032"
Clad Material ir-2
Fuel Rod Pitch 0.640"
Active Fuel Length 150."
U-235 Enrichment 3.4 w/o

Effective (Stacked) Density

WATER ROD DATA (2 per Assembly)

wWater Rod 0D
Water Rod Thickness
Water Rod Material

CHANNEL DATA

Channe! Inside Dimension
Channel Thickness
Channel Material

CAVITY DATA
Can Inside Dimension —
Can Thickness

Cavity Material
Rack Cavity Pitch

DSER OPEN ITEM /%

96.5% Theoretical

0.591"
0.030"
Ir-2

5.27"
.080"
Ir-4

11.50 + .00"
- .06"

0.185 (nominal)
Stainless Steel

11.665" + .020"
- .000"
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ATl | MSPENL_Ega__sfanAc-,G RACKS
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8.1  Scope

PO L) 1 “_ff"‘.d'f.’}_deﬂ"f‘n.s_"‘he deu}n, analy:a‘a and

| 98.2 DESCRIPTION of SPENT PUEL Pool AND RACKS

— — —— - - — . — e —— ——— — . . i+ - — —— - -

Sechon Q.1.2.2 contains a descru'Ph‘on of +he srem‘f‘ fuel

.H'nra.je ‘Fa.c.(laha, .‘hcluc{a‘nJ the hn‘jl« Aeus«"'\j S/ven( Foel Sbraj(

racks , The spewt fuel racks are of F6ree sl-u«c(:‘nj Aes.sn
and ave not atfached to either the fuel /)co/ wall or the
fuel ’p#o/ [iner /o/a/e. F:jures 1.2-10 and 1.2-32 show
the S/enf fuel /oa/ m relaton fo other /9/an{' structares.
Ft'jurcs 91.3 and 4.1.4 show details of +he 5/ocnt‘ Fuel

racks,

The sFenf fuel racks are deu'jncd to withstand the
Posh‘.iakd a‘roF of a fuel bundle. Sechon 9./.5 contains

DSER OPEN ITEM /¢/(
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DESIGAL___AMALNSIS. AND . GQNsSTRUCTIOAM
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s~ e dt:(r{"nfjpn of the overhead /:eauy loa d /laud/rnj i
by .Ly-’/“”". for the reactor 6«1'/d:'nj /d/nr_ crane .m.c/ua/t_'nj_, :

L ﬁ‘.‘]ures :howc‘n.], ,/ud. fAHIJ fv'r._#\e‘_.cranc.-..._.__ o) s

PR aeE— il . [ PR —— e L e . emm————

. R APPLICABLE CODES, STANDARDS AND SPECIFICATIONS

| o - — - — - . e - — — —

All parts of. the spent fuel racks, except e 'adJ'ushnj
screws m the feet of each module and +he poison
materval , are made from ASTM AZ40, Type 304L
stainless steel. The adjustng screws are made bom
ASTM AGe4 , Type 630 stainless steel. Boral i3 the

—

Fau‘son m.a.“eh'aj,._ : , A s e ahon s e

DCSl'jV\, Lubn'cahvn and installathon of -H\e sfe.xf cuel

racks are Ferf—armed based upon Subsechon AMF
reju-r¢M¢v\+5 of Reference QA-1 for Class 3 camranc-\"'

SurPOrh.

_98.4 SEISmIC AND (mPAcCT LOADS 2

— — — - — —

T_he _Seismic “"f""'f-. for the s,e.«.f f-ucl_ racks consists__
of fleeor ,responﬁt_sfe,g‘ra for :’:ﬁ,t,_spem‘l‘ fuel Pool slab.
___ Floor r¢>pon5__¢_sP¢c.h:!~ _are olevelorcd Hom jmuncl___

— ————— . ————

e R O i T i
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Hu_‘u{_“!'.c"_.-svmf/y. Mv"{v f{ve. mju:'rCMe31fs_“,.

T 4 Y¢5F0n5_¢_._5f,¢c
TR | R_ejuld. hvy _Guides 1.60_and [.6F.~ Accelerahon_
4 me histories are. de_vc_[glo_ed_ for _too _hormzonted
_ direchons and_pne_verhead divecton_tfrom the Floor _

_____.rt.s/wvc. SfCCfI'A. ’ ,__The.s_c. _:Hvree _thme_histories_are
Pl fmlpu(c{ Simu /hmeou:/y.,___ 7/12, /uak _re;lpm:e.‘ frvm
_each direchon_are__combined /r/, square roof of the ___ _ .

e _OlUm o{ +‘€ 51u¢r¢5___l‘n_. a_c_eara'ddte wl'H‘) . Ktjuldhy b weiid
. Gurde 1.92. e P

_—— —— —-— o — —

; /Mfu_cf‘ loads due to  fuel ra*f'_lmj,arg calewl ated
a::‘nj me thods de;(n'becf/‘n Sechon 98-6. /m/oacf'

considered for local as well as overa(/

/:mds aré
effecks on the rack design.

9RA.5 LOADS AND LOAD COMBINATIONS

Loads and load combinahons are in agreement with

Table | of Reference 98-2. Thermal ¢Ffect are

rncluded 67 as:'n] decreased material propertres af the
uffll'cable v‘em,aerafure Jevel., Since the racks are
free skmc(rnj, there are no thermal sfresses,

98 -3
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" 944.6 __ DESIGA AND ANALYSIS PROCEDURES = T
_using -{jhe_,“A;NSYQ__cbgfwkr pregram. e

Each [fuel rack 15 idealited _as a 3D Himcte element
wmodelx _Fl'ju.rc 98-| _shows_a Hive canyster _porhon

of a rack. The canesters_and_ bottom 3n'd p(a.f'c are
modeled with _Flak _s.«(.cmmh_.__’_r_he ,reﬂ'mckr' bar 3
which secures the cancsters_at the -Ich - a‘«lg(,%c_
) sh'“em'ng bars _for the 5U‘J_Fla,‘c are modz ed with
beam elements. The. thon stainless stee! :Q--a.rper

con tnining the _newbon _absorber and the stamless steel

Pan(ls used 4o closc__oFf_H\_;_ alternate cavihes are

het modeled bt Hicir masses ave meluded. The fue l

asselolies are modeled as bean elements.

Ft'juve qA-2 shows a double rack medel n schemahe
form. 3D interface elemends are used +4o waesewf
the fuel-to- canister clearance as well as the

rack- fo- rrck gap. These nonlinear elemeats reproduce
forces due +o fuel r4++l¢'n3 _and possible rack-to- rack
.. interachon. _ ...3.P_3gf.s(emcm‘f‘b_w"ﬁv materal __
Propcrh‘es based on the_ imtecface Hrchon coeffrcients

are us<¢( 4o shuula{-e__j‘{\e,_c‘orner_s-.ffarh“’\j ‘ce‘(’_
. ,wlu'c'r\ m&j S“C(C., er..h’ﬂ'.._p_‘f_%..e. Pc—o(_ﬂoo,n- Twao

pser opew 1TEM /YO } 43'4
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_--_,baandmj.. values of frchon coefhcrent (0.2 and
0.8) _are_used m orz{er--_'/o_fd.euﬁ‘.f;JtAc__-mosf_cr.z_'hr_sL___

 —

____condrhons for S/l‘c/thj aud__/vr_m.dxz'mam__ftdcﬁi?ﬂé._é—_t__-.

- —

- ‘H'¢ Jtr,orf &t*- - .».._...._.____.___'._.-__‘ .

— Vtuctural c{am_lnmj_-cae fhicients of 2 'per_.c.enf_fvr 08¢E
f&cef;f,f'ﬁat /'M/?acr". S

.and 4 per cent. for SSE are used, <
i daMpl‘n.j oi'.__l'(—’__pcr__(enf_o/.__crl'ﬁtd ls_ﬂscd_fv.r *‘t j¢/o S T

_ elements some  impact dissipates substantrad amounts of .

— . Cnerqy. With 20 feet of Iuémerjencc, S/UAmj effects
are nejlrj:‘b/_c and thercfore are ne]/eehd. Flucd darping
efbechs are also "”‘j/“kd' To simulate the immersion
effects, all +he imternad water enh—a/;/ec/ within +he rack
enve/o/:c 3 added +o the horrzontal mass. The external
water behocen ac{/'aeenf‘ racks 13 medeled u,u):'y the

hydrvdynxuu'c co¢7a/m..7 e/emen)" .S'/wwn mn Fljurc ?4'2-

A Pd-ﬂMC e S'lmd7, wkl'clr\ COKSl'c{Cf'S VAVL()in amoun ts DF
fuel M a smqle _rack, 3 conducted +o determme_whoeeh
ot Hie __,Cvllowmj condetoons should be consideved m_order

4«: s et e Hhe sesmiz res(om'e .OF Hae W‘=S» PSSR

P T . 1 e--fkj_....__.-__-.. Sk e

o  rack ene-thvd Gull
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o rack hoe- thinds foll
o rack ALl : v g

o igastuniting. - <auive e em— o —— b

For e pasbonll loaded coudchions, eccewtrieiboy
of dhe Hiel on one side of fhe rack 3 cowsidered.

— . » . - e - e —-—— - — .

9A.7 STRULTURAC ACcE PTAMNCE CRUATER(A

———— w——

Allewanble shesses ave m LJrg_emo“)(' witH~ Table | _
= a( Rccfmev\ce. 16"2,“-_5"'*(95 v‘t«e‘s _Qar (oeam g(em
o Cvm-f(ub, witle m_!.ju‘\’tbew“s_!.£_.."?(ewda‘x o o el IS
= RC ‘&ftMC— QA"'. e S*’WGS_(CAIQ (9 _‘:Dr r(a,{-g g(cu.,eu/('g'
CM?L) M'K‘ m(c,s ‘(o-r _Pldc ;J,_;he“ }ype Cu.rfovf"s
Sincee stress “-\‘c(:(s ™ %«esc cor-«.fanewf‘; ave \o«“dxtl(-

Fov e (one t{v-of condrhon , locat r(flqdufw’f- de orma ho
pom‘bl-a .—u"um\j repaty 13 femcss:‘blc provicded +hat
everall chesses de net exceed valwes r'erm"h‘zd fov
level D servicve [iwits gud e res...,(-hh.zj de formation
doees ot pernut He Fuel .gOy\_"\'jumh‘vn _Kege 4o exceed
0.9% .,
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__ Q8.8 _ _MATERIALS QuUALITY CONTROL AwD SPECIAC

COMSTRULTION TETHAMIQUWES

—-— e —

Maferials _are_ described in_Sechon Q8.3 -.-Qua‘N’ e
control  procedures for _materials, fabrication and
___.desisn conto! and verfh‘co.h‘on_-comply with ANSI

_ NA45.2. Convenhonaf_ conshuchon_ methods are_
__used. '

Ay descrbed m  Sechwn 9.1.2.2.2.2 , - 4pproxima /417______

— 25 per cent of the fotad Spent fuel S/vntje (4/74('1'/7/_ ,

— will be /7row'c{ea' 6y racks mstlled prior fo e had
plant eperatron. The remainog racks will be
installed later. The l'mh‘al/y imstallec! racks are
jen‘era/// loca ted at the north end of the spent bicel
FCo/. Therefare/ the addrtonad racks can be mstalled
Jater without bel'nj fmn.s'/;arh‘d oveér exrshhj reacks
which confain spent fuel.

_98.9 _ REFERENCES

25 Wl | ASME Borler aud Pressure Vessel Cac(e, Sectron I,
Divisron |, 1980 Edt’h‘on' Summey 19812 Addexuda .
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QUESTION 330:13 (SECTION 3.8.4)

Provide sketches of the mathematical models used in the design of
.rnt fuel racks. Describe in detail, the methods of analysis by
which seisail nngl. other loads are applied -to the racks and the

pool.

RESPONSE

WWW
00880050t ORI i SN PSPPI P

3.85.4.8.3
Sechons 3944+ and 9.1.2.2.2.2 have been revised and

Appendix 98 has been added + /rvw'c/e the . rc_zuc:kd
mformahon.

DSER OPEN ITEM )40 =
220.15-1 S el
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QUESTION 281.13 (SECTION 9.1.2)

ldentify the materials, including the neutron absorbing material
(poison), used in the fabrigation of the high density spent fuel
storage racks and all other structural ccmponents wetted by the
pool water. Indicate how the poison-containing cavities are

vented.

RESPONSE

All parts of the spent fuel racks, except the adjusting screws in
the feet of each module and the poison material, are made from
ASTM A240, Type 1304L, stainless steel. The adjusting screws are

made from ASTM AS564, Type 630 stainless stee Boral is the

poison material. (w"h 1100 heat f,‘;ﬁeﬂh Heal treapment sele
.. resoved, . g

Thin (0.024 inch thick) outer canister sheets hold the Boral

tighltly against the 0.090 inch thick inner canister walls. The

outer canisters are spot welded to the inner canisters along the

bottom and both vertical sides of the outer canister. The top

edge of each outer canister is seam welded to the inner canister.
: the poison ventjnqe»-are

Showl en F{]“" q.1-3,

pser opEn 1TEM 4 O 281.13-1 Amendment S
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QUESTION 281.14 (SECTION 9.1.2)

Provide details of the materials monitoring program for the spent
fuel pool, including type of samples used and frequency of inspection,

RESPONSE

There are no plans to provide a materials monitoring program at

HCGS, as vented stainless steel spent fuel racks with Boral poison
material are already in use at other BWR spent fuel storage pools,
such as Monticello and Browns Ferry. PSEG will develop a program

to monitor the Boral surveillance program of either Fermi, Monticello
or Brown's Ferry by March 1985. However, forty-five test coupons
have been installed in high radiation areas of the spent fuel pool

in case a need for a HCGS materials monitoring program is indicated
by the Boral surveillance program.

DSER OPEN ITEM 140

281.14-1 Amendment
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QUESTION 410.38 (SECTION 9.1.2)

Insufficient information is provided for review of the
criticality %t the spent fuel pool. The design bases are
acceptable with respect to criticality. The jnformation required
for the review is promised for later. Such i{nformation should
include the following:

a. Sufficient structural detail to permit an independent
calculation of the criticality of the racks.

b. A description of the calculational methods used along with
the results of the verification of the methcds. This may be
by reference to documents previously submitted by the
organizations doing the analysis.

c. A tabulation of the nominal value of k effective of 'the
racks along with the various uncertainties and biases
considered in the analysis.

A tabulation of the reactivity effect of each of the
abnormal (accident) situations considered.

1o

RESPONSE

—inctuding that Tisted-above—wili-be-available-b H—
Septemer 1984, and will be added to Section 9.1.2 -

Secticir 9.1.2.33 hus Leenr x‘ewse/ te nichele

- et 7 D
s/ IS atibn ,‘g—‘f{.(/r"e»' a1 ®@

PSER oPEN ITEM /YO 410.38-1 Amendment 7
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ADV3ANCEeD STrucTures-
An AAR Companty

. BORAL
'NEUTRC" ' ABSORBING /SHIELDING MATERIAL

Product Performance Report

GENERAL

Boral is a thermal neutron poison material composed of boron carbide axid
the 1100 alloy aluminum. Boron carbide is a compound having a high boron
contert in a physically stable and chemically inert form. The 1100 alloy
aluminum is a light-weight metal with high tensile strength which is protected
from corrosion by a highly resistant oxide film. The two materials, boron
carbide and aluminum, are chemically compatible and ideally suited together
for long-term use in the radiation environment of a nuclear reactor or in

spent fuel containment.

Boral is an ideal neutron absorbing/sliielding material because of the following

reasons:
1. The content and placement of boron carbide provides a
very high removal cross section for thermal neutrons.

2. Boron carbide, in the form of fine particles, is homogenously

dispersed throughout the central layer of the Boral panels.
3, ° The boron carbide and aluminum materials in Boral are
totully unaffected by long-term exposure to gamma radiation.
4. The neutron absorbing central layer of Boral is protected by

permanently attached surfaces of aluminum.
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8. Boral is stable, strong, durable, and corrosion resistant.

Boral is manufactured under the control and surveillance of a computer-
aided Quality Auur;nce/Quality Control Program that conforms to the
requirements of 10CFR50 Appendix B entitled, ''Quality Assurance Criteria
for Nuclear Power Plants', For further discussion on Quality Control see

Brooks & Perkins Bulletin No. 102.

Boral has been licensed by the USNRC for use in BWR and PWR spent fuel
storage racks, shipping and storage containers and for many other shielding
uses including control blades. For spccific applications see later in this

report.

Boral panels can be used in the flat panel form or fabricated into a variety
of geometrical shapes by standard metal working methods and techniques.
The shielding capability of Boral is assured by wet chemical analysis or

neutron attenuation testing and is specified as a minimum of grams of B o

per square centimeter of surface area. Boral can be provided at any B

loading up to 0.06 gm/sq cm as required.

BORAL MATERIAL CHARACTERISTICS

Aluminum. ' Aluminum is a silvery-white, ductile metallic element
that is the inost abundant in the earth's crust. The 1100 alloy aluminum
is used extensively in cooking utensils, heat exchangers, pressure and

storage tanks, chemical equipment, reflectors and sheet metal work,

-2
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It has high,resistance to corrosion in rural, industrial and marine atriospheres.
Aluminum has atomic number of 13, atomic weight of 26.98, specific gravity

of 2.69 and valence of 3. The physical and mechanical properties of the 1100

alloy aluminum are lisied in Table 1.

Table 1 - 1100 Alloy Aluminum

Density €.098 1b/cu. in.
2.71% gm/cc
Melting Range 1190-1215 deg.F
643-657  deg.C
Thermal Conductivity 128 BTU/hr/sq f*/deg. F /ft
(77 deg.F) 0.53 cal/sec/sq cm/deg.C/cm

-6
Coef. of Thermal Expansion 13.1x 10_6/deg.l-"
(68-212 deg.F) 23.6 x 107 /deg.C

Specific Heat 0.22 BTU/lb/deg.F
(212 deg.F) 0.23 cal/gm/deg.C
6
Modulus of Elasticity 10 x 10 psi
Tensile Strength 13,000 psi annealed
(75 deg.F)
18,000 psi as rolled
Yield Strength 5,000 psi annealed
(75 deg.F)
17,000 psi as rolled
Elongation 35-45% annealed
(75 deg.F)
; 9-20% as rolled
Hardness 23 annealed
(Brinell) ’
32 as rolled
Annealing Temperature 650 deg. F
343 deg.C

e
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Chemical Composition - Aluminum (1100 Alloy)

99.00% min. - Aluminum
1.00% max. - Silicon and Iron
.05-.20% max. - Copper
.05%max. - Manganese
. 10% max. - Zinc

. 15% max. - others each

The excellent corrosion resistance of the 1100 alloy aluminum is provided

by the protective oxide film that develops on its surface from exposure to

the atmosphere or water. This film prevents the loss of metal from general
corrosion or pitting corrosion and the film remains stable between a pH range
of 4.5 to 8.5. More detailed corrosion data is provided later in this report

and in Brooks & Perkins Bulletin No. 101.

Boron Carbide, The boron carbide contained in Boral is a fine granulated

powder that conforms to ASTM C-750- 20 nuclear grade Type III. The particles

range in size between 60 and 200 mesh and the material conforms to the chemical

composition listed in Table 2.
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Table 2 - Boron Carbide Chemical Composition, Weight %

Total horon 70.0 min,

Blo isotopic content in natural boron 18.0 min.
Boric oxide 3.0 max.

Iron 2.0 max.

Total boron plus total carbon 94.0 min.

The general physical properties of the boron carbide powder are listed in

Table 3.

Table 3 - Boron Carbide Physical Properties

Chemical formula
Boron content (weight)
Carbon content (weight)
Crystal structure
Density
Melting point
Boiling point

Microscopic capture cross section

B,C
78.28%

21.72%

rombohedral

2.51 gm/ecc-0.0907 1b/cu. in.
2450°C-4442°F
3500°C-6332°F

600 barn

-5-
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Materials 'Compatibility. The materials contained in Boral are compatible

with all parts of a spent fuel storage system in either a boiling-wat. r (BWR)

or pressurized-water reactor including the fuel assemblies, the cooling system,
the cleanup system, the pool liner and the structures of the storage racks. This
compatibility is evidenced by more than seventeen years of continuour service
in both types of pool water (1) (3). None of the following materials are contained
in Boral nor do they come in contact with Boral during its manufacture and

therefore Boral can not cause these materials to come in contact with the fuel

assemblies:
a. Any material that contains halogens in amounts exceeding
50 ppm, including chlorinated cleaning compounds.
b. Lead
C. Mercury
d. Sulfur
e. Phosphorus
f. Zinc

g Copper and Copper alloys

h. Cadmium

i. Tin

je Antimeay

k. Bismuth

1. Mischmetal

m. Carbon steel, e.g., wire brushes

n. Magnesium oxide, e.g., insulation

o. Neoprene or other similar gasket materials made of
halogen-containing e.xstomers.

P Viton

q. Saran

£ Silastic Ls-53

s. ° Rubber-bonded asbestos

t. TFE (Teflon) containing more than 0.075% total chlorine
(glass-filled) and TFE films containing more than 0,05%
total chlorine,

obe
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u. Nylon containing more than 0.07% tutal chlorine.

v. * Polyethylene film (colored) with pigments over 50 ppm
fluorine, measurable amounts of mercury or halogens, or

more than 0.05% lead.
W Grinding wheels that have been used on other than stainless

steel or Inconel material.

x. Water containing more than 25 ppm halogens during any
cleaning operation.

Y. Any material that forms alloys or deposits on the fuel
assembly.

BORAL PHYSICAL CHARACTERISTICS

Boral is a clad composite of aluminum and boron carbide. The Boral panel
consists of three distinct layers. The outer protective layers are solid 1100
alloy aluminum. The central layer contains a uniform aggregate of fine boron
carbide particles tightly held within an aluminum alloy matrix. The boron
carbide particle in the central layer averages 85 micons in diameter. The
average spacial separation is 1.25 to 1.50 particle diameters. The overall
thickness of the three layers will vary depending on the Blo content in

accordance with Figure 1.

The physical characteriestics of a Boral panel will vary of course, according
to clad thickness, overall thickness and Blo content, A typical Boral panel
for spent fuel storage can be described as having 0.020 grams of Blo per sq.
cm with an ov?rall thickness of .075 2 .004 inches including a nominal clad
of .0095 inches on each side. The physical characteristics for that typical

panel is as shown in Table 4.

‘7-
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Figure 1
. Boral Thickness Versus B10 Content
.20 _
B N R s amoltes e e —E
] ; = = i i
T
+ 38 % : :
B . | |
L] t i :
v : I
S ' ieieniey :
£ oo Total Panel
e 100 —- . / :
£ s CE - e
o ' ' . Cladding (2) |
= : fo |
E-' P e SRS ST Saintnssstetnmainnl
2 YT T A A et 5 e
s .05 & B : ~ -
E 7. Imandt W /_ e p———Core A.__-*_'.____;__;_-
zo . / s Y ' sl
~ : :
-_/_‘_“‘ B e o " 73 A
0 k il A 1 2 ' 1 Raici LN M 5
0 .01 +DE .03 .04 .05 .06
B10 Content - gm/sq em
B10O Equiv. Total Thickness Includin Cladding
Content Boron Inches 2 Tol. mm i : Tol.
.005 ., 028 .075 .004 1.91 . 10
.010 .056 .075 . 004 1.91 .10
.015 .083 .075 .004 1.91 . 10
.020 v a5 .075 .004 1.91 . 10
.025 . 139 .083 .004 2. 11 . 10
.030 . 167 .096 . 005 2.41 «13
.035 . 194 . 108 . 006 2.74 + 15
. 040 222 « 1213 . 006 3,07 15
. 045 250 «333 .006 3,38 P L
.050 278 . 146 .007 3. Tk .18
.055 . 306 . 158 .007 4,01 . 18
., 060 g 38 . 172 ,009 4,37 s

This tabulation is for Boral with thin cladding for use in high density spent fuel racks.

Boral with thicker cladding is also available for other applications,
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Table 4 - Boral Panel ok
10
‘B content 0.020 gm/sq cm
Boron content «111 gm/sq em
Thickness-overall .075 A .004 inches
.190 Y 010 em
Thickness-clad .0095 inches
(nominal) .024 cm
Neutron attenuation .935
(at 0.06 eV)
Total weight +42 gm/sq cm

.86 1b/sq ft.

Dispersion Uniformity. The aluminum and boron carbide ingredients

in the central core of the Boral panel are combined in poder form. The
methods used to weigh and blend the powders as well as the design and
construction of the ingots necessary to produce acceptable Boral panels

are patented and proprietary processes of Brooks & Perkins. The
manufacturing methods used include a sintering process and hot rolling.

The final outcome of the entire manufacturing cycle is Boral panels having
boron carbide uniformly dispersed throughout the central core. The amount
of boron carbide per unit area is directly related to the panel thickness.

The minimum Blo content per unit area and the uniformity of dispersion -
within a pa.nel is verified by wet chemical analysis or neutron attenuation

testing. For details of the verification methods see Brooks & Perkins

Quality Assurance Procedures BP-11002-QAP and BP-11004-QAP.
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The acceptance standards in these procedures are controlled by statistical
data to assure the minimum requirements are achieved with 95/95 confidence
level. The maximum variation in the manufacturing processes (statistical
tolerance interval) over 2 significantly large sample size has been determined

and is utilized in the establishment of acceptance criteria.

CORROSION RESISTANCE

The useful service life of Boral will exceed 40 years when in contact with the
storage pool water of either a Loiling-water or pressurized-water reactor,.
This fact is evident through laboratory testing and is further supported by the
longest continuous, in-pool, service by Boral over any other thermal neutron
shielding material. This excellent corrosion resistance is provided by the
protective nature of the aluminum cladding that is an integral facing on the
Boral panels., The corrosion of aluminum is negligible in fuel storage pools
of either type reactor when the water quality and temperatures are maintained
within the normal operating limits as listed in Table 5. The boron content in
the Boral will not be reduced below the specified limit during the forty or more

years of exposure under those operating conditions.

In order to understand the total corrosion resistance of aluminum within the

normal ope'nt.ing conditions of the storage pools a discussion of that resistance

must consider all forms of corrosion. A detailed discussion follows for general,

galvanic, pitting, crevice, intergranular, and stress forms of corrosion.

-10-
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Table 5 - Chemistry of Pool Waters

.

Reactocr type PWR BWR
Cooling medim * D-M water D-M water
Boron content, ppm 0 to 2000 0
pH range 4.5 to 6.0 6.0to 7.5
Temp range, °F 80 to 140 80 to 125

*c 26 o 60 26 to 52
Conductivity @25°C 1 to 30 1
micro mho/cm
Chloride ions, ppm, max. 0.15 0.20
Fluoride ions, ppm, max. 0.10 ————
Total solids, ppra, max. 1.00 0.50
Heavy metals, ppm, max. cme- 0.10
Halogens, ppm, max. 0.15 cee-

* demineralized water

General Corrosion. General corrosion is a uniform attack of the metal

over the entire surfaces exposed to the corrosive media. General corrosion

is measured by weight loss or decrease in thickness and is generally expressed
in mils per year (mpy). The severity of general corrosion of aluminum depends
upon the chemjcal nature and temperature of the electrolyte and can range

from superficial etching and staining to dissolution of the metal.

= e M
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Figure 2 shows a potential - pH diagram for aluminum in high purity water

at 25°c (77°F). The potential for aluminum coupled with stainless steel and
the limits of pH for BWR and PWR pools are shown on the diagram to be well
within the passivation domain. The passivated surface of aluminum (hydrated
oxide of aluminum) affords protection against corrosion in the domain shown
because the coating is insoluble, non-porous and adherent to the surface of the
aluminum. The protective surface formed on the aluminum (gibbsite and

(5)

bayerite) 13 known to be stable up to 135°¢ (275°F) and in a pH range of

4.5 to 8.5 '),

Figure 3 is also a potential-pH diagrams for the aluminum-water system but
at 60°C (140°F) which also shows the potential for the aluminum/stainless

steel couple and the BWR and PWR limits for pH at this upper limit of temper-

ature,

The ability of aluminum to resist corrosion from the boron ions is evident
from the wide useage of aluminum in the handling of borax and in the manu-
facture of boric acid. (7) Aluminum racks with Boral plates in contact with
the 800 ppm max. boron water showed only small amount of pitting but

(1

maintained good structural integrity after seventeen years in the pool .

il e
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Figure 2

Potential Versus pH Diagram

For Alu.rginum-Water System
- At 25°C (77°F) (10)
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Figure 3
Potential Versus pH Diagram

For Aluminum-Water System
At 60°C (140°F) (5)
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Galvanic gorrooion. Galvanic corrosion is associated with the current of

a galvanic cell consisting of two dissimilar conductors in an electrolyte. The

two dissimilar conductors of most interest in this discussion are aluminum and
stainless steel while in an electrolyte similiar to the pool water from either a
BWR or PWR., There is less galvanic current flow between the aluminum-
stainless steel couple than the potential difference would indicate because of the
greater than normal resistance at the metal-liquid interface on stainless steel
which is known as polarization. (6) It is because of this polarization character-
istic that stainless steel is compatible with aluminum in all but severe marine, or
high chloride, environmental conditions. Test data for aluminum coupled with
304 stainless steel in 5.0 pH water at 100°C (ZIZOF) with flow rates ranging

from 0.5 fpm to 81 fps show weight losses of 0.1 to 0.2 mpy and rando aly spread

8
pits that were not of major consequence. (9 This performance indicates a

projected service life much greater than forty years.

Pitting Corrosion. Pitting corrosion is the forming of small sharp cavities

in a metal surface. The first step in the development of corrosion pits is a
local destruction of the protective oxide film, FPitting will not occur on commer-
cially pure aluminum when the water is kept sufficiently pure, even when the

(9)

aluminum is in electrical contact with stainless steel.

Pitting of aluminum has been observed when in contact with stainless steel

where the electrolyte can stagnate and the conductivity of ihe electroylyte

increases.

«15-
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This pitting has not been significant in spent fuel environments and it is not
likely that pitting of the aluminum would have any influence on the neutron

shielding performance of the Boral. (4)

Crevice Corrosion. Crevice corrosion is the corrosion of a metal that

is caused by the concentration of dissolved salts, metal ions, oxygen or other
gases in crevices or pockets remote from the principal fluid stream, with

a resultant build up of differential galvanic cells that ultimately cause pitting.
Testing has confirmed that after 2000 hours, under a ccntrolled environment,
the Boral and 304 stainless steel combination exhibited little or no corrosion
of the aluminum cladding of the Boral. In a separate 2000 hour test at 90°

to 180°C the maximum pit depth of corrosion of the Boral surface was reported

8
at less than five mils giving a projected life much greater than forty years. e

Intergranular Corrosion, Intergranular corrosion is corrosion occurring

preferentially at grain boundaries or closely adjacent regions without appre-
ciable attack of the grains or crystals of the metal themselves. Intergranular
corrosion does not occur with the commercially pure aluminum (alloy 1100)

and other common work hardening alloys.

Stress Corrosjon. Stress corrosion cracking is failure of the metal by

cracking under the combined action of corrosion and high stresses approaching
the yield stress cf the metal. The 1100 alloy used in Boral is not susceptable
to stress corrosion and Boral is seldom if ever subjected to high stresses when

used as a neutron shield in a spent fuel rack.

-16-
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Corrosion Monitoring System. A corrosion monitoring system is a

program whereby a series of surveillance samples are placed in the spent

fuel radiation and pool water environment and are periodically examined

for physical and chemical changes. It is important the physical configuration
of the samples be carefully selected so they are representative to the con-
struction and design of the spent fuel racks and are positioned in the pool

to be exposed to representative pool conditions and radiation environment,
The physical and chemical characteristics of the samples must be precisely
established before insertion into the pocl so precise quantative comparisons
can be made after each exposure period. The procedure for the manufacture
and testing of surveillance samples recommended by Brooks & Perkins is
contained in Procedure No, BPS-454, For further discussion on corrosion

see Brooks & Perkins Bulletin No. 101.

RADIATION RESISTANCE

Boral has the ability to shield thermal neutrons from nuclear fuel assemblies
without physical change or degradation of any sort from the accompanying
exposure to heat and gamma radiation. This ability is attributable to the fact
that Boral is a thermal neutron shisld that contains no organic nor polymeric
type binders u:hich undergo extensive crosslinking and oxidative scission type
degudatio;u from both heat and radiation exposure. Boral utilizes an all
metallic binder which is stable and unchanged under 1ong -term gamma and

neutron irradiation and heat up 540°C (lOOOoF).

1%+
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Boral, in Qddition to having the longest history of use in spent fuel storage
applications (since 1965), has been subjected to accelerate irradiation tests
which fully support the stability of Boral under these environments. Boral
test specimens have been exposed to cumulative doses of 10“ rads gamma
and 5.3 x 10 19 neutrons per sq ¢m in demineralized and borated water with-

out detectable out-gassing attributable to Boral or any decernible physical

changes,

The testing referred to was performed at the Phoenix Memorial Laboratory
of the University of Michigan using the Ford Nuclear Reactor. The purpose
of the test was to determine changes to physical and chemical properties
of Boral as a result of irradiation under conditions similiar to those en-
countered in PWR and BWR spent fuel storage pools. The data recorded
during this testing effort is available upon request and includes the following:
Total radiation exposure and residual radioactivity
Dimensions
Weight
Specific gravity
Hardness

Mechanical strength
Neutron attenuation

Solution boron content, pH, conductivity, and leachable halogens

During irradiation, gas evolution rate, total volume of gas evolved, and gas
compositioh were determined. The Boral samples were irradiated in air,

demineralized water, and 2000 ppm borated water which simulate both the

vented and sealed enclosure of Boral in both PWR and BWR speut fuel storage

environments,

-18-
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The test results show conclusively there is no out-gassing from Boral when
irradiated in dry air. The same was also true for boron carbide powder in

a dry aluminum sample container. This clearly show that Boral is unaffected
by radiation exposure making Boral a neutron absorber that can be safely exposed
while being contained in a sealed enclosure. This characteristic of Boral, no
out-gassing from irradiation, also clearly shows that the sou.ice of the evolved
gases when water was added to the sample containers with Boral has to be

from the water itself., There are two mechanism by which water will evolve
gases under these circumstances and only one of which requires a radiation
environment. The one mechanism requiring a radiation field is the hydrolysis
of the water. The disassociation of water into its hydrogen and oxygen elements
also requires the presence of free radical scavengers which could well be the
boron carbide powder, impurties within the powder, impurties in the water,

or surface irregularities on the Boral sample. Gacres evolved by hydrolysis

would be a hydrogen-oxygen gas mixture in a 2:1 ratio.

The other mechanism by which water will evolve gases is from the chemical
reactions between aluminum and water, The sample containers were made
of aluminum with an internal surface area of approximately 9.5 sq. in. The
surface area of the aluminum cladding on the Boral samples were approxi-

mately 3.5 sq. in. The gas released from the water-aluminum reaction is

hydrogen as shown in the following reaction:

w8
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++4 +

a1 im0 — Alem) AP

' g ok
+
2H +2 electrons — HZT (5)

2A146H0 —) ALO . 3.0 + 6H' + 6 electrons

The water-aluminum reactions are self-limiting because the surface of the
aluminum becomes passive by the formation of a protective and impervious
coating making further reaction impossible until that coating is removed by

mechanical or chemical means.

The volumes and types of gases collected from the Boral in demineralized
and borated water strongly indicate the gases resulted from one or both of
the two described mechanisms and did not result from cross linking or

oxidative scission of any of the Boral materials.

In summary Boral does not out-gas or change physically or chemically as
a result of exposure to gamma radiation. Water in contact with aluminum
will release hydrogen chemically until the aluminum surface is passivated
and water will disassociate through hydrolysis from gamma radiation. It
is therefore necessary to provide a means for venting the hydrogen and

oxygen gases if water is allowed to come in contact with Boral in spent fuel

storage api:licatiom.

«20-



[
[

—

Report 624

BrookKs & PErKins -

ADVANCED STrucTures
An # AR Company

NEUTRON SHIELDING PERFORMANCE

The thermal neutron shielding performance of Boral is obtained from the Blo

isotopes contained w.ithin the Loron carbide particles in its core. This
performance is directly related to the amount of boron carbide provided and
the spacial relationship between the particles of boron carbide. Figure 4
shows the actual performance of Boral as compared to an ideal (unobtainable)
layer of Blo isotopes. The shielding performance is measured as a neutron
attenuation factor and‘h plotted against the surface density of Blo isotopes
in grams per square centimeter, For further discussion on the shielding
properties of Boral see Brooks & Perkins Bulletin No. 100. The neutron

shielding performance of Boral was unaffected after exposure to 1.03 x 10" - ‘
|
|

rads gamma and 5,3 x 1019 thermal neutrons per sq cm.

Boron and Halogen Leachability. The boron leachability and the halogen

leachability was evaluated for Boral during irradiation testing conducted at
the University of Michigan. The test solutions were analized for boron and
halogen contents before and after radiation exposure when sufficient solution
was remaining after the test, The volume of solution was reduced to zero in
some cases by the radiation. The analysis of the test solutions showed no
increase in boron or halogen that cannot be accounted for by the decrease '
in test lol\;tion volume or pickup of the soluble boron on the external edges

of the Boral. The boron carbide is allowed to contain, by the ASTM Speci-

fication C750-80, up to a maximum of three percent (3,0%) soluble boron

in the form of boric oxide (5203"
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The amount of boron carbide that can come in contact with water is limited
to that which is confined to the outer edges of the Boral panel. This
wettable amount of boron carbide is of course influsnced by the geometrical
size and shape of the panel but is less than one percent (1.0%) of the total
boron carbide contained therein. In any regard, the total boron content of

the panel will remain above the specified minimum content in the event the

total soluble boron content were somehow lost through dissolution.

Residual Activity. The residual radioactivity of the Boral was measured

following the irradiation testing conducted at the University of Michigan. The
activation was limited to trace amounts of impurities contained in the boron
carbide and aluminum materials from which Boral is produced. The specific

results are available upon request,

-23
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Installations Using Boral
I. Spent Fuel Storage Racks
A. Pressurized Water Reactors
Reactor Utility Water Contact Service Date
1. Yankee Rowe Yankee Atomic Electric Co. Yes 1964
2. Maine Yankee Maine Yankee Atomic Power Co. No 1977
3. Cook 1&2 Indiana & Michigan Electric Co. No 1979
4. Sequoyah 1&2 Tenn Valley Authority No 1979
5. Zion 1&2 Commonwealth Edison Co. Yes 1980
6. Salem 1&2 Public Service Electric & Gas Co. No 1980
7. Bellefonte 1&2 Tenn Valley Authority No 1981
8. Yellowcreek 1&2 Tenn Valley Authority No Indef.
B. Boiling Water Reactors
Reactor Utility Water Contact Service Date
1. LaCrosse Dairyland Power Coop. Yes 1976
2. Pilgrim 1 Boston Edison Co. No 1978
3. Monticello Northern States Power Co. Yes 1978
4. Vermont Yankee Vermont Yankee Nuclear Power No 1978
5. Peach Bottom 24&3 Philadelphia Electric Co. No 1978
6, Fitzpatrick Power Authority of State NY No 1978
7. Cooper Nebraska Public Power District Yes 1979
8. Duane Arnold 1 Iowa Electric Light & Power Co. No 1979
9. Susquehanna 1&2 Pennsylvania Power & Light Co. No 1979
10, Perry 1842 Cleveland Electric Illuminating Co. No 1979
11. Limerick Philadelphia Electric Co. No 1980
12, Browns Ferry 1,2, &3 Tenn Valley Authority Yes 1980
13, Dresden 1,2, &3 Commonwealth Edison Co. Yes 1981
14. Hatch 1&2 Georgia Power Co. Yes 1981
15, Brunswick 1&2 Carolina Power & Light Co. Yes 1981
16. Clinton . - Illinois Power Co. Yes 1981
17. Hartsville 1&2 Tenn Valley Authority Yes Indef.
18. Phipps Bend 142 Tenn Valley Authority Yes Indef,

w24
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DSER Open Item No. 143 (DSER Section 9.1.5)

OVERHEAD HEAVY LOAD HANDLING

We cannot conclude that the overhead heavy load handling sys-
tems are in compliance with the Phase I and Phase II criteria
contained in NUREG-0612 until the applicant provides an accept-
able response to the guidelines. The overhead heavy load
handling systems do not meet the acceptance criteria of SRP
Section 9.1.5. We will report resolution of this item in a
supplement to this SER.

Guideline 1 - Safe Load Paths [NUREG-0612, Article 5.1.1(1)]

(Reference: DSER, Appendix A, Section 2.3.1)

Recommendation a. Submit drawings to show the locations of the
cranes in relation to the safe load paths.

RESPONSE

Table 9.1-10 provides the tigur‘ number of the plant eguipment
location drawing and the area on that drawing, defined by column
lines, that shows the floor location below each HCGS heavy load
handling crane or hoist. For example, the equipment location
drawing for the personnel airlock hoist (Table 9.1-10, item 2)

is Figure 1.2-28, and the floor location that envelopes the area
below the airlock hoist monorail is bounded by column lines P, R,
20R, and 23R. To show the relative elevations between the loads
and the floor below the loads, Section 9.1.5.2 has been revised
to provide the elevation of the rail(s) and of the hook in its
raised position for each non-exempt crane listed in Table 2.1 of
H2GS DSER, Appendix A, except the Reactor Water Cleanup Filter/
Demineralizer Hoist, RCIC Pump and Turbine Hoist, Turbine Building
Bridge Crane, Turbine Generator Auxiliary Crane, and the Deminer-
alizer Removal Hoist which are discussed below. The location of
a non-exempt crane in relation to its safe load path(s) can be
determined by referring to the appropriate equipment location
drawing and floor area as provided in Table 9.1-10 together with
the rail and hook elevations provided in revised Section 9.1.5.2.

The Reactor Water Cleanup F/D Hoist has been reclassified from
non-exempt to exempt status because there is no safe shutdown

or decay heat removal equipment beneath the load path. This
interpretation is based on the guidance provided in Item 2.1.1

of Enclosure 3 to the NRC letter to PSE&G of December 22, 1980
(Reference 3 of HCGS DSER, Appendix A.) The design of this heavy
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load handlino system has been changed to employ two hoists
instezd of one, a shorter monorail , new load paths, and a
removable stop on the monorail. These changes provide the
basis for the reclassification. The two new hoists, 1AH220
and 1BH220, replace hoist 10K213. The shortened monorail
extens 8 ft-10 in. beyond the south wall of the F/D cells

(or 1)} in. north of column 15R). Figure 1.2-31 has been
revised to show this. The new load paths do not extend beyond
the south wall of the F/D cells because the revised plan 1is

to stack the four shield blocks for a given cell onto the

roof of the adjacent cell at elevation 178 ft-6 in., instead
nf lowering them to the elevation 162 ft level as criginally
planied. The orientation and size of the shield blocks is
such that they cannot freely pass through the available open=-
ing from elevation 178 ft-6 in. to elevation 162 ft. Tha
available opening is a rectangle with a north-south dimension
of 6 ft=10 in. (constrained by the length of the shortened
monorail) and a east-west dimension of 7 ft=9 in. (constrainesd
by the dryer-separator pool wall on the west and a floor fram-
ing beam at elevation 178 ft6 in. on the east). The two upper
blocks must be lifted simultaneously by the two hoists. Together,
they form a rectangle with a 11 ft. north=south (compared with
8 ft-10 in. available opening) and a 10 ft=9 in, east-west
(compaced with 7 ft=-9 in. available opening) dimension. The
two lower blocks are lifted individually. Each is a rectangle
with a 4 ft-3 in., north-south (compared with 8 ft-10 in.) and
a 8 ft. 9 in., east-west (compared with 7 ft=9 in.) dimension.
The removable stop will prevent a shield block from being carzied
over the opening. The load handling procedure for the blocke
will require the operator to verify that the stop is bolted in
place before beginning the lift. The FSAR has been revised
(9.1-5.2-2.Cl 9.’..5-3.3.Cr T.bl. 9.1-100 T.bl. 901‘12' .nd
Figure 9.1-38) to describe the new design.

The RCIC Pump and Turbine Hoist has been reclassified from
nuon-exempt to exempt status because it does not handle heavy
loads during maintenance. The RCIC turbine case weight of
2.35 tons, originally given in Table 9.1-12, was the total
weight of the RCIC turbine, including baseplate and stop valve.
The maximum weight to be lifted is the casing, which weighs
785 pounds. After the upper half of the turbine case (785
pounds), the next heaviest RCIC turbine maintenance loads

are the stop valve (400 pounds) and the rotor (325 pounds).
S‘Ctloﬂl 90105.2-203 and 9.1.5.3.30.! lel.l 9.1-10 lﬂd 901-121
and Figure 9.1-34 have been revised to describe the exempt

status of this hoist.
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The Turbine Building Bridge Crane, Turbine Generator Auxi-
liacy Crane, and Demineralizer Removal Hoist have also been
reclassified from non-exempt O exempt status because. there
is no safe shutdown or decay heat removal equipment beneath
their load paths as originally stated in 9.1.5.3.3.k, 2z, and
aa respectively. Tables 9.1-10 and 9.1-12, and Figure 9.1-39
have been revised to be consistent with the FSAR text for
these hoists.

Note also that the outboard MSIV Hoist, l10H2l14, has been in-
corporated into the design of the new Main Steam Tunnel (MST)
undechung crane. The FSAR has been revised (9.1.5.2.2.¢,
9.1.5.3.3.£, Table 9.1-10, rable 9.1-12 and Figure 9.1-3 ° to
describe the new design. :

Rail elevations, but not raised hook elevations, have been
ad Jed to Section 9.1.5.2.2 for the CRD Service Hoist (9.1.5.
2.2.h), SACS Pumps Hoist (9.1.5.2.2.11), and SACS Heat Ex-
changer Hoist (9.1.5.2.2.mm) because the hook elevations are
not known. The raised hook elevations are not known because
instead of dedicated hoists for each service, the hoists will
be_transferred from other locations as required. The heok
heights are excected to be approximately two (CRD), six

(SACS Pumps), and four (SACS heat exchangers) feet below the
corresponding rail elevations.

Recommendation b, Check the loads carried by the rigging beam
hoists for servicing CRD, SACS pump, and
SACS heat exchanger to determine the exempt
or non-exempt status of these load handling
systems, and list the non-exempt systems in
Table 2.2.

RESPONSE

The loads for the CRD service hoist are identified in Section
9.1.5.2.2.h as a control rod (450 pounds), neutron monitoring
cask (<1150 pounds), and unspecified CRD maintenance equipment
(up to 2000 pounds). Control rods and the neutron monitoring
cask are not heavy loads for HCGS. A maximum weight of 2000
pounds is chosen for the unspecified CRD maintenance equipment
because that will be the capacity of the hoist that will be
used on the CRD service monorail. Because a dedicated hoist
was not purchased for this service, a hoist will be transfecrred
from another location when one is needed. None of the three
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exclusion criteria of Table 9.1-10 apply to this hoist. There-
fore, it would be classified as non-exempt if it handled a
maintenance load equal to or greater than 1200 pounds. This
hoist has been added to FSAR Tables 9.1-10 and 9.1-12, instead
of to Table 2.1 (not Table 2.2 as typed on page 22) of DSER
Appendix A, because the Table 2.1 format is NRC controlled,

and is a summary of information first provided in Table 9.1-10.

The loads for the SACS pumps hoists are identified in Sec~-
tion 9.1.5.3.3.11 as the SACS pump motors (1155 pounds). The
revised motor weight is 6160 pounds. Section 9:1.5.3.3.1
has been revised to incorporate the new weight. A dedicated
hoist was not purchased for this service because the heaviest
anticipated SACS pump maintenance load is the upper half of
the pump casing (825 pounds). Therefore, this hoist does not
routinely handle heavy loads. Instead, a hoist will be
borrowed from another location when needed. None of the three
exclusion criteria of Table 9.1-10 apply to this hoist. There-
fore, it wouid be classified as non-exempt if it lifts a heavy
load. This hoist has been added to Tables 9.1-10 and 9.1-12.

’
The load for the SACS heat exchanger hoists is identified in
9.1.5.3.3.mm as @2 SACS heat exchanger return end cover. The
return end cover weigns 18,400 pounds. Dedicated hoists were not
purchased for this service. Instead, hoists will be borrowed
from another location when needed. None »f the three exclusion
criteria of Tatle 9.1-10 apply to these heists. Therefore,
they are classified as non-exempt. These hoists have been
added tc Tables 9.1-10 and 9.1-12.

Recommendation c¢. Provide the missing information concerning
the safe load paths for the non-exempt cranes.

RESPONSE

The missing information has been added to Section 9.1.5. The
load paths for the CRD service noist, the SACS pumps hoist,
and the SACS heat exchanger hoists have been added to Figure

901"35.

Because the turbine building bridge crane and the turbine-
generator auxiliary crane have been reclassified as exempt,
(see response to pecommendation b above) their safe load
path drawings have not been added to Section 9.1.5 as re-
quested in Item B.2 on Page 9 of DSER, Appendix A. Because
the RCIC Pump and Turbine Hoist has been reclassified as
exempt, it's locad path has heen deleted from Figure 2.1-34.
Because the Reactor Water Cleanup Filter-Demineralizer Hoist
and the Demineralizer Removal Hoist have been reclassified
as exempt, their safe load path drawings (Figures 9.1-38
and 9.1-39) have been *leted.
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The load paths for the seven loads listed in Itam B.3.a of
DSER, Appendix A have been added to Figure 9.1-32. The 4-ft
by 4-ft. hatch and the 10-ft by 10-ft hatch paths were added
to Sheet 1 of Figure ¥.1-32:; the spent fuel gates path and
the flux monitor shipping crate paths were added to Sheet 2:
Sheet 6 was added for the refueling bellows guard ring path;
Sheet 7 was added for the channel handling boom crane path:
and Sheet 8 was added for the RPV head stud rack path.

The load path for the new fuel vault covers has been deleted
from Figure 9.1-32, Sheet 1, because the covers are not heavy
loads. Each of the three sections is made of 0.25 in thick
steel plate and weighs less than 900 pounds.

safe load paths for three additional polar crane heavy loads that
are listed in Table 9.1-12, but not mentioned in Item B.3.2 of
DSER, Appendix A, have heen added to Figure 9.1-32. The main
hoist load block, auxiliary hoist load block, and spent fuel

cask yoke are shown on new Sheets 9, 10, and 11, respectively.

The dryer-separator sling has been added to Table 9.1-12, and

the load path is shown on new Sheet 12. The spent fuel rack '
modules and the fuel rack lifting fixture have been added to
Table 9.1-12, and the load paths are shown on revised Sheet 4

of Figure 9.1-32. The reactor well shield plug sling and the
dryer-separator pool plug grapple have béen added to Table 9.1-12,
and the load paths are shown on new Sheet 9 of Figure 9.1-32.

The justification in Section 9.1.5.6 for the HCGS deviation
from Acceptance Criterion 2 of SRP Section 9.1.5, has been
revised to clarify the HCGS position that load paths will not
be painted on the floor. Instead, the alternative method of
using a signalman and temporary load paths as suggested in
Item C.4 on Page 11 of DSER, Appendix A, will be used.
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Guideline 2 - Load Handltni Procedures |NURBG-0612:
rticle 5.1.

(Reference: DSER, Appendix A, Section 2.3.2)

Recommendation: Provide evidence to show that the load handling
procedures have been developed.

RESPONSE

As agreed in the May 23, 1984 conference call between the appli-
cant and the NRC, the load handling procedures described in FSAR
pesign Basis Section 9.1.5.1.i will be developed before fuel
load. HCGS considers Section 9.1.5.1.1i to be a commitment tO
comply with Article 5.1.1(2) of NUREG-0612.
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Guideline 3 -~ Crane oEitatcr Training [NUR!G-OGIZ. Article

(Reference: DSER, Appendix A, Section 2.3.3)

Recommendation: Provide information on the status or plan
for crane operator training in accordance
with Chapter 2-3 of ANSI B30.2-1976.

RESPONSE

As discussed in the May 23, 1984 conference call between tne
applicant and the NRC, crane operators will be trained, quali-
fied, and conduct themselves in accordance with Chapter 2-3

of ANSI B30.2-1976, as stated in FSAR Design Basis Section
9.1.5.1.3. HCGS considers Section 9,1.5.1.3 to be a commitment
to comply with Article 5.1.1(3) of NUREG-0612.
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RESPONSE

ine 4 - Speci 1 Lifti Devi N -
Guidel ir:cc‘o fI.ln%411v ces [NUREG-0612,

(Reference: DSER, Appendix A, Section 2.3.4)

Recommendation a. Recalculate the stress design factors based

‘ on the combined maximum dynamic and static
load. These factors must be equal or greater
than those specified in ANSI N14.6-1976.

RESPONSE

The recalculated stress design factors based on the combined
maximum dynamic and static loads are provided in revised
T‘bl. 9.1‘14.

The title of Table 9.1-14 has been changed from "Hope Creek
polar Crane Special Lifting Devices and Slings" to "Hope Creek -
Special Lifting Device Factors of Safety". The fuel pool slot
plug sling (Item 7) has been deleted from the table to reflect
design evolution. The slot plugs will be lifted with conven-
tional slings instead of with a dedicated lifting device.

Two new special lifting devices (SLD), the persconnel air lock
strongback (Item 9) and the fuel rack lifting fixture (Item 10)
have been added to the table. Item 9 was added when the scope
of Table 9.1-14 was expanded to incl de all HCGS SLD instead

of just the polar crane SLD. Item 10 is supplied with the
spent fuel racks. The HCGS plan is to install partial spent
fuel storage capacity during construction and additional racks
as needed after plant operation begins. Item 10 would be used
to install these spent fuel rack modules.

Sections 9.1.5.3.2 and 9.1.5.3.3.a have been revised to be
consistent with the recalculated factors of safety provided
in revised Table 9.1-14. The reference factors of safety
are obtained from ANSI N14,6-1978, instead of N14.6-1976 as
stated in Item 4.2 on Page 25 of DSER, Appendix A, because
paragraph 5.1.1(4) of NUREG-0612 invokes the 1978 version.
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The missing safety evaluation information for the RPV stud
tensioner sling, noted in Item B on Page 14 of DSER, Appendix A,
is provided in revised Section 9.1.5.3.2.

As stazted in Section 9.1.5.3.2, a single-failure proof con=-
ventional sling is used to lift the fuel pool gates. Because
it is a conventional sling and not a special lifting device,
it does not appear in Table 92.1-14.

Recommendation b. Address the requirements of ANSI N14.6-1976
in addition to the requirements for stress
design factors.

RESPONSE

As shown in revised Table 9.1-14, the stress design factors
for all but two of the Hope Creek special lifting devices
meet or exceed the values of 3 versus yield strength and 5
versus ultimate strength required by ANSI N14.6-1978. The
design of the two Hope Creek lifting devices (dryer-separator,
sling and RPV service plat form sling) that do not meet the
safety factor criteria is the same as the design of the
corresponding Washington Nuclear Plant No. 2 and Limerick
Generating Station special lifting devices. Therefore, as
di scussed in the August 24, 1984, telephone call between the
applicant and the NRC, no additional information regarding
compliance with ANSI N14.6-1978 is provided.
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Guideline 5 - Lifting Devices (not s cially designed)
NUREG~- , Article 5.1.1(5

(Reference: DSER, Appendix A, Section 2.3.5)

Recommendation: Provide information concerning the installation
and use of the lifting devices as required.

RESPONSE

The heavy load handling system Design Bases have been revised
to provide the requested information in FSAR, Section 9.1.5.1.n.
HCGS considers Section 9.1.5.1l.n to be a commitment to comply
with the provisions of Article S.1.1(5) of NUREG-0612.

As discussed in the September 6, 1984 telecon between the
applicant and the NRC, a dynamic load will not be added to the
static load when a sling is selected for use with a hoist' that

has a maximum hoisting speed equal to or less than 30 ft./min.
’
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(Reference: DSER, Appendix A, Section 2.3.6)

Recommendation: Provide information for inspecting, testing,
and maintaining the cranes including thcse
that are not listed in FSAR, Table 9.1-10,
but may carry heavy loads over safety related
equipment.

RESPONSE
e

All cranes and hoists at HCGS that may carry heavy loads over
safety related equipment, including the CRD service hoist, SACS
pumps hoist and SACS heat exchanger hoists which were not
originally listed, are now listed in revised Table 9.1-10. The
procedure for inspecting, testing. and maintaining each of these
non-exempt cranes (those not identified by exclusion criteria

A, B, or C) will comply with Chapter 2-2 of ANSI B30.2-1976.
HCGS considers FSAR Section 9.1.5.l1.K.. together with revised
Sections 9.1.5.4.1.3 and 9.1.5.4.2.3, to be a commitment to
comply with Article 5.1.1(6) of NUREG=-0612.
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Guideline 7 - Crane Design ]NURBG-OGIZ, Article £.1.1(7)
(Reference: DSER, Appendix A, Section 2:3:7)

Recommendation: Provide information explicitly directed at com-
plying with the guidelines of ANSI B30.2-1976,
Chapter 2-1 and of CMAA-70.

RESPONSE

As agreed in the May 23, 1984 conference call between the appli-
cant and the NRC, the requested information is already provided
in Table 9.1-10. The Design St~ ndard column identifies the
standards that were applied for the design of each crane and
hoist in revised Table 9.1-10.

The HMI 100 design standard was added for Ttems 3,18,19,31 and
37, and Note 4 (use of ANSI B30.17) was added for Items 31 and
32 to correct their inadvertent omission from the cciginal sub-
mittal. The H™T 100 standard was deleted for Item 4 (reactor
water clzanup F/D hoist) because the motorized nocists were
replaced with manual hoists. The ANSI B30.2 and B30.17 design
standards were added to Item 7 because the outboard MSIV hoist
was incorporated in the expanded main steam tunnel underhung
crane design.
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Section 3.3 Interim Protection [NUREG-0612, Article 5.3]

(Reference: DSER, Appendix A, Sections 2.4.2 and 2.4.3)

Recommendation: The Interim Protection Measures 2 through 6
should be initiated to provide safe operation
of the cranes before implementation of the
guidelines of NUREG-0612, Article 5.1 is
completed.

RESPONSE

Interim Protection Measures 2 through 6 are not applicable to
HCGS because the plant is not operational. HCGS's intent 1is
that implementation of the guidelines of NUREG-0612, Article 5.1
will be completed before the plant is operational.

HCGS's detailed position with respect to Measures 2 through 6
is clarified below.

Interim Protection Measure 2 (load paths)

Safe load paths have been defined per the guidelines of Sec-
tion 5.1.1(1) of NUREG-0612, as described above in the response
to DSER, Appendix A, Section 2.3.1, and 1in the associated re-
vision of FSAR Section 9.1.5.6. Therefore, this measure will
not be required wien the plant becomes operational.

Interim Protection Measure 3 (procedures)

procedures will be developed and implemented per the guidelines
of Section 5.1.1(2) of NUREG-0612 before fuel load, as described
above in the response to DSER, Appendix A, Section 2.3.2. There-
fore, this measure will not be required when the plant becomes

cperational.

Interim Protection Measure 4 (operators)

Operators will be trained, qualified, and will conduct them-
selves per the guidelines of Section 5.1.1(3) of NUREG-0612,
as described above in the response tO DSER, Appendix A,
Section 2.3.3. Therefore, this measure will not be required
when the plant becomes operational.

Interim Protection Measure 5 (crane maintenance)

Cranes will be inspected, tested, and maintained in accordance
with the guidelines of Section 5.1.1(6) of NUREG-0612, as des-
cribed above in the response tu DSER, Appendix A, Section 2.3.6,
and in the associated revisions to FSAR Sections 9.1.5.4.1.3
and 9.1.5.4.2.3. Therefore, this measur2 will not be required
when the plant becomes operational.
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Interim Protection Measure 6 (heavy loads over core)

As described above in the response to DSER, Appendix A, Sec-
tion 2.3.2, specific load handling procedures for each load
will be developed before fuel lcad. During procedure develop-
ment, rigging or lifting device instal lation and load movement
requ'r ments will be reviewed to assure that sufficient detail
and clear, concise instructions are provided. As stated in
revised FSAR Section 9.1.5.6, the pclar crane signalman will
review the specific load handling procedure before each Iite.
This will supplement the original procedure development review
for detail, clarity, and conciseness.

As stated above in the response to DSER, Appendix A, Sec-

tion 2.3.6, cranes will be inspected in accordance with Chapter
2-2 of ANSI B30.2-1976. Chapter 2-2 requires periodic visual
inspection of the crane load bearing components. As stated
above in the response to DSER, Appendix A, Section 2.3.4, Re-
commendation b, the special lifting devices comply with ANSI
N14.6-1978 as described in Table 9.1-19. That compliance in-
cludes periodic visual inspection of the load bearing welds akd
critical areas in accordance with Paragraphs $.3:.2(2) s $5:3.6; °
and 5.3.7 of ANSI N14.6-1978. As stated above in the response
to DSER, Appendix A, Section 2.3.5, slings will be used in
accordance with the guidelines of ANSI B30.9-1971. Such use
includes periodic visual inspection of slings in accordance
with Sections 9.1-8 (steel chain), 9.2-8 (wire rope): 9.3=7
(metal mesh) 9.4-6 (fiber rope), and 9.5-6 (synthetic webbing)
to identify flaws or deficiencies that could lead to failure.

As stated above in the response to DSER, Appendix A, Sec-
tion 2.3.6, cranes will be maintained in accordance with
Chapter 2-2 of ANSI B30.2-1976. Chapter 2-2 requires repair
and replacement of defective components. As stated above

in the response to DSER, Appendix A, Section 2.3.4, Recom-
mendation b, the special lifting devices comply with ANSI
N14.6-1978 as described in Table 9.1-19. That compliance
includes repair and replacement of defective components in
accordance with Paragraphs 5.4.1 and 5.4.2 of ANSI N14.6-1978.
As stated above in the response to DSER, Appendix A, Sec-
tion 2.3.5, slings will be used in accordance with ANSI
830.9-1971. Such use includes repair and replacement of

de fective components in accordance with Section 9.1-6

(steel chain), 9.2-8(wire rope), 9.3-7 (metal mesh), 9.4-6
(fiber rope), 9.5-6 and 9.5-7 (synthetic webbing).
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As stated above in the response to DSER, Appendix A, Section
2.3.3, crane operators will be trained, qualified, and will
conduct themselves in accordance with Chapter 2-3 of ANSI
B30.2-1976. The examination required of each operator

for compliance with Chapter 2-3 will include a requirement
to demonstrate familiarity with the hand signals sgpecified
in Figure 5 of B30.2. The specific load handling procedure
for each heavy load handled over the core will require tnat
the crane operator certify his familiarity with the content
of that procedure by signing and dating the procedure before
the lift.

Therefore, Interim Protection Measure 6 will not be required
when the plant becomes operatiional.
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9.1.9

9.1.5.1

HCGS FSAR

OVERHEAD HEAVY LOAD HANDLING SYSTEMS

Design Bases

The overhead heavy load handling systems (OHLHS) are
designed to move heavy loads from one location to
another within the various plant structures.

The OHLHS are designed to safely handle all plant heavy
loads that range in weight from a maximum of 150 tons
in the reactor building and 220 tons in the turbine
building to a minimum of 1200 pounds.

The reactor building polar crane main hoist and
auxiliary hoist are designed to be single-failure proof
in conformance with NUBEG-OSSQ and NUREG-0612. ’

The OHLHS in the reactor building are designed so that
releases of radioactive material that could result from
damage to spent fuel, due to a postulated heavy load
drop, will produce doses that are within 10 CFR 100
limits.

The OHLHS in the reactor building are designed so that
damage to fuel and fuel storage racks due to a
postulated heavy load drop will not result in a fuel
configuration that causes Keg¢f toO exceed 0.95.

The OHLHS in the reactor building are designed so that
damage to the reactor vessel or spent fuel pool,
resulting from a postulated heavy load drop, will not
cause water loss that could uncover spent fuel.

The OHLHS are designed so that damage to equipment
resulting from a heavy load drop will not prevent safe
shutdown of the reactor. '

The OHLHS are designed to minimize the potential for
heavy load drops on spent fuel or safe shutdown
equipment by carrying their loads over safe load paths
to the extent practical. They are defined in written
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load handling procedures, and are shown on safe load
path drawings.

i. The reactor building polar crane and other OHLHS that
handle loads over safe shutdown equipment are operated
in compliance with written procedures that include
identification of the required equipment, inspections
and acceptance criteria required before load movement,
sequence of steps to be followed for load movement,
definition of safe load path, and any special
precautions, for each known load.

The OHLHS cranes are operated by operators who are
trained, qualified, and conduct themselves in
compliance with Chapter 2-3 of ANSI B30.2-1976.

R. The OHLHS cranes are inspected, tested, and maintained
in compliance with Chapter 2-2 of ANSI B30.2-1976.

The OHLHS crane designs include electrical interlocks
and/or mechanical stops to restrict crane travel to
those areas that are necessary.

m. The OHLHS cranes are designed to meet the applicable
criteria of CMAA-70, and Chapter 2-1 of
ANSI B30.2-1976.

_ o
n. ifting devices are designed to meet the applicable

riteria of ANSI B30.9-1971. o e

o. Special lifting devices are designed to meet the
applicable criteria of ANSI N14.6-1978.

9.1.9.2 tem scription

The cranes and lifting devices that comprise the OHLHS are
described in the following sections. Table 9.1-10 includes a
summary of the design data, seismic category, and code or
standard used for design and manufacture of each OHLHS crane. It
also includes monorails amd—iifting—beame for which no dedicated
hoists exist but which are used occasionally for equipment
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(Ref. 9.1.5.1.n) INSERT 1

Lifting devices that are not specially designed are installed
and used in accordance with the guidelines of ANSI B30.9-1971.
For all hoists that have a maximum hoisting speed equal to or
less than 30 ft./min., the load used to select the proper
sling is the static load. For hoists that have a maximum
hoisting speed greater than 30 ft./min., the load used is the
sum of the static and maximum dynamic loads. The maximum
dynamic load is determined by multiplying the maximum hoisting
speed by % of 1% of the static load.

The rating identitied on the sling is for the static load

that corresponds to the maximum total static plus dynamic
load. If a sling is restricted to use with only certain
hoists, the identification of the acceptable hoists is clearly
marked on the sling.



HCGS FSAR
9.1.5.2.1.1 Structural Components

All the structural components and machinery of the reactor
building polar crane are designed for a full capacity of

150 tons, with a minimum safety factor of 10 against ultimate
failure for the load-carrying parts, including hoist ropes, and
the machinery. The calculated stresses of all load-carrying
parts are in accordance with the requirements of Crane
Manufacturer's Association of America (CMAA) Specification 70.

Structural design of the crane complies with the following
seismic loading combinations and criteria:

a. Dead load plus live load plus operating basis
earthquake (OBE) resultant stresses are less than the
normal AISC code allowable stresses.

b. Dead load plus live load plus safe shutdown earthquake
(SSE) resultant stresses are less than 1.5 times the
normal AISC code allowable stresses, less than 0.9
yield in bending, 0.85 in axial tension or compression,
and 0.5 yield in shear.

The earthquake motion considered consists of two horizontal and
one vertical component. The total structural response is
predicted by combining the applicable maximum codirectional
responses, calculated from the three (two horizontal and one
vertical) alyses, using the square root of the sum of the
squares (saSSS) method.

The structural members of the reactor building polar crane are
designed for a fatigue loading of 100,000 to 500,000 cycles, with
each completed lift representing one cycle. The rotating
machinery is designed for a fatigue life expectancy of 2,000,000
cycles, with each rotating component cycle represented by one
revolution. Any load below 50% of the crane rated capacity does
not reduce the life expectancy of the crane.

9.1.5.2.1.2 Mechanical Components

The crane is of a double-trolley, indoor, electric overhead,
bridge crane design. The main trolley layout is shown on
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maintenance. Table 9.1-11 includes a more detailed listing of
the design pa-ameters for just the reactor building polar crane.

Cranes are included in the OHLHS if their capacity is greater
than 1200 pounds. This is the designated weight of a heavy load
for Hope Creek Generating Station (HCGS). It is defined as the
weight of one spent fuel assembly and its handling tool. For
HCGS, the 1200-pound value consists of assumed weights for a fuel
assembly (650 pounds), a fuel assembly channel (100 pounds), and
the refueling platform grapple (450 pounds).

Section 9.1.4 includes a description of those aspects of new fuel
receipt and storage, reactor refueling operations, and spent fuel
shipment that involve the reactor building polar crane.

9.1.9:3.1 Reactor Building Polar Crane

& elevation 340 Feet, .

The reactor Guilding polar crane is a bridge crane mounted on a
circular rail’>that is supported by the reactor building
superstructure. The bridge consists of two welded box girders
with full depth diaphragms. The bridge girders are held together
by structural end tie girders. Two dual-wheeled trucks that
travel on top of the runway rail support each of the two end tie
girders and drive the bridge. The crane is shown on

Figure 9.1-21,

Two electric-motor-driven trolleys, one for the main hoist and
one for the auxiliary hoist, provide the structural frame support
for the polar crane hoisting machinery. The trolleys travel on a
single set of rails secured to the tops of the two bridge
girders. The main hoist design capacity is 150 tons, and the
auxiliary hoist design capacity is 10 tons. Both hoists are
single-failure proof. The electric-motor-driven hoists raise and
lower their loads using wire rope that is dual-reeved through
upper and lower sheaves. The lower sheaves are an integral part
of the load block. Each hoist includes a hook that is attached
to the load block. The heoks are al elewtidn 130 feet when theq are

Folly voused .

The design parameters for the reactor building polar crane are
listed in Table 9.1-11.

The reactor building polar crane design includes the features
described below.
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End of travel limit switches on the auxiliary trolley, and at
both ends of the bridge, permit it to travel nearly the full
length of the bridge, as shown on Figure 9.1-31. Bumpers at each
end of the auxiliary tro’ley travel path, designed for 100%
unloaded impact, back up the auxiliary trolley limit switches.

The bridge and treolley limit switches cut the power to their
respective drive motors and set the corresponding brakes when

they trip.
9.1.5.2.1.6 Thermal Overload Protection

Thermal overload protection is provided for motors on the crane
to prevent continuation of motor-stalling torque. In addition,
thermal overload warning lights in the operator's cab indicate
bridge, trolley, or hoist motor high temperature.

9:1.5.3.3 Other OHLHS Cranes

All plant OHLHS cranes, except the reactor building polar crane,
are described below. i

shown in

The top st the vl s ot \
eleudtion 2o beet 415 inchs,

a. Personnel air lock hoist (10H217 and +he ot ook s at
eleuttion 118 feet 3.25 inches shen

e bolly Yorsed |
This 30-ton capacity monorail hoist is located abov |
elevation 102 feet in the reactor building. t is used |

to remove nine shield blocks and the drywell personnel
air lock (30 tons) during plant shutdown. The upper
shield block includes retractable wheels that permit |
this hoist to tow it forward along the monorail and |
position it to be lowered by two adjacent 15-ton hoists |
(item ii.). The 30-ton hoist 1ifts each of the eight

3 lower shield blocks, moves it a short distance, and

lowers it onto a cart. The cart carries the nine

blocks out of the reactor building. The personnel air

ock 1s moved along the monora and set down on a

predetermined spot. A portion of the primary

/ containment suppression pool is located below the load
f path of this hoist on the next lower elevation.
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Reactor recirculation pump motor hoist)(1AH201, 1BH201)
cadh howst

=
These 24-ton capacity monorail hoists aroSéscatod above
elevation 102 feet inside the drywell. lifts she o
recirculation pump motor (24 tons) out of the pump
housing for inspection and repair. To remove the
motor, the hoist raises it (in place) about 3 feet to
clear the pump. The removal cart is then moved beneath
the motor. When the cart is in place, the motor is
lowered to rest on the cart and tilted to a horizontal
position. It is tilted by simultaneously moving the
chain-operated trolley and lowering the lift point.
With the motor secured, the cart is pulled out of the
containment.

Reactor water cleanup filter-demineralizer hoists
( +6H243> 1ANL20, 1B K20 ) The hasts qre -

e qre
This210-ton capacity m_.orail hoists iés located above
elevation 178 feet in the reactor building. e Jused
for removal of the four concrete shield blocks above
each RWCS filter-demineralizer cell, and the filter ,
tube bundle. The two heaviest blocks weigh 8 tons
each. The tube bundle weighs less than 500 pounds and
therefore is not a heavy load.

HPCI pump and turbine hoists (1AH211, 1BH211)

For cach hoist dne Yop oF ¥he vail ¢ af elevation 1 CE 3210, and the
haok. s af elevalion (oGt 10% i~ when F g Cully vaised .
These 4-ton capacity monorail hoists are loc ed above
elevation 54 feet in the reactor building. ¥They are
used during maintenance of the HPCI pump and turbine.
There is no lower floor elevation.

RCIC pump and turbine hoist (10H212)

This 3-ton capacity monorail hoist is located above
elevation 54 feet in the reactor building. it is used
during maincenance of the RCIC pump and turbine. There

is no lower floor elevation. T, \‘\&\i\csf maritZnance load
Copper half of +he turbine case) weihs 135 punds . Therelove
*$ﬁg\mid'tin$ltd'handk.‘Mn*a loads
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Maia Steam Tunne| Underhung Crane

( ‘OGZI"‘ |0“2.23) @

crane
This . i—+la=ton—copaerty—holst is located abov

elevation 102 feet in the reactor building. ¥ 1t is used
to 1ift the operator off of the outboard MSIVifor
maintenance.

g. Inboard MSIV hoist (10H219)

This 2-ton capacity hoist is located above
elevation 102 feet in the reactor building.¥% It is used
to 1ift the operator off of the inboard MSIV for
maintenance.

h. CRD service sigeing—beam hoist —fortueen ;

mono vqu '
This is located above elevation 102 feet
kg&moL%C

| 4 : in the CRD maintenance area of the reactor building.T
- $°}ek“mp"’,,+lt is designed to accommodate a hoist for lifting
Mt in. control rods (450 pounds), CRD maintenance equipment
(up to 2000 pounds), and the neutron monitoring cask :
(less than 1150 pounds). ®Beavse a dedicaled CED wyvice o
u::?ﬂ’?&:rhﬁd) one will B2 Bormuwd Gow another location
w needed.

L. vacuum breaker valve removal hoist (10H207)

This 2-ton capacity circular monorail hoist is located
above elevation 54 feet in the reactor building. The
monorail is located inside the suppression pool chamber
for maintenance and removal of the vacuum breaker
valves. The valves weigh 912 pounds each and thus do
not constitute a heavy load.

j. Main steam line relief valve removal hoist (10H202)

This 1-ton capacity circular monorail hoist is located

above elevation 121 feet inside the drywell. The

monorail is actually at elevation 135 feet. It is used
to remove the main steam line relief valves as required
for maintenance. The main steam line relief valves

Ycigh 1100 pounds each and do not constitute a heavy
oad.
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Turbine building bridge crane (10H102)

This crane consists of a 220-ton capacity main hoist
and a 45-ton auxiliary hoist. It is located above
elevation 137 feet in the turbine building. It is used
to 1ift the parts of the turbine-generator. A second
crane, identical to 10H102, and originally intended for
use with the Unit 2 turbine, travels along the same
rails as 10H102. A stator lift beam, supplied with the
cranes and designed to be simultaneously supported by
the main hoist of each crane, is used to lift the
166-ton stator of the turbine-generator unit.

Feedwater heater remgval hoist (1AH103, 1BH103)

These portable 24-ton capacity, manually (chain)
operated hoists are designed to operate in tandem on
one of the nine I-beam monorails located above
elevation 120 feet in the turbine building. The beams
serve the nine condenser-mounted feedwater heaters.
The hoists are used during feedwater heater tube
removal.

Heating and ventilating equipment removal hoist
(10H104)

This 15-ton capacity monorail hoist is located above
elevation 171 feet in the turbine building. It is used
for moving heating and ventilation equipment through
the equipment removal hatch at elevation 137 feet.

Motor-generator set hoist (0AH105, OBH10S)

These 15-ton capacity monorail hoists are located above
elevation 137 feet in the turbine building. They
service and replace components of the two reactor
recirculation pump motor-generator sets.

Secondary condensate pump hoist (10H106)

This 15-ton capacity monorail hoist is located above
elevation 54 feet in the turbine building. It services

9.1-80



(Ref. 9.1.5.2.2.f) INSERT 2

Two parallel manually driven bridge beams connected by
end trucks travel on two fixed girders located in the
main steam tunnel. The top of the bridge beams is at
elevation 140 feet. A manually operated 2.5 ton capacity
trolley and hoist (10H214) is mounted on one bridge beam,
and a manually operated 3 ton capacity trolley and hoist
(10H223) is mounted on the other. The hook is at eleva-
tion 137 ft.-4 in, for 10H214, and 137 ft.-3.5 in, for
10H223 when fully raised.

(Ref., 9.1.5.2.2.9) INSERT 3

It is moved between any of the five monorail beams as
needed. The top of the rails are at elevation 119 ft,-
7.5 ir,, and the hoist hook is at elevation 117 ft,.-

. 9,5 in, when it is fully raised,
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the three secondary condensate pumps and their electric

motor drivers from one common &4 {
“monovrail

Reactor feed pump hoist (1AH107, 1BH107, 1CH107)

These 1.-ton capacity chain-operated monorail hoists
are located above elevation 137 feet in the turbine
building. They service the reactor feed pumps and
their turbine drivers.

water box removal hoist (10H109, 10H110)

These 12-ion capacity monorail hoists are located above
elevation 77 feet in the turbine building. They are
used for removal of the condenser water boxes that have
inlet and outlet nozzles. ’

Steam packing exhauster hoist (10H115)

This 10-ton capacity chain-operated monorail hoist is
located above elevation 77 feet in the turbine :
building. It is used during removal of the tube bundle
from the steam packing exhauster condenser.

Steam jet air ejector hoist (1AH117, 1BH117, 1CH117,
1DH117)

These B-ton capacity chain-operated monorail hoists are
located above elevation 77 feet in the turbine
building. They are used during removal of tube bundles
from the steam air ejector interim and aftercondenser.

Water box removal hoist (10H111, 10H112)

These 8-ton capacity chain-cperated monorail hoists are
located above elevation 77 feet in the turbine
building. They are used for removal of the condenser
water boxes that do not have inlet and outlet nozzles.
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Chiller tube removal hoist (10H118)

This S-ton capacity chain-operated monorail hoist is
located above elevation 171 feet in the turbine
building. It is used for removal of chiller tube
bundles.

Emergency air compressor hoist (10H114)

This 4-ton capacity chain-operated monorail hoist is
located above elevation 123 feet in the turbine
building. It is used to service the emergency
instrument air compressor.

Main air compressor hoist (00H113, 10H113)

These 3-ton capacity, chain-operated monorail hoists
are located above elevation 123 feet in the turbine
building. They are used during replacement of the
station air compressors and their motor drivers.

Vacuum pump water cooler heist (10H116)

This 2-ton capacity, chain-operated monorail hoist is
located above elevation 77 feet in the turbine
building. They are used for removal of tube bundles
from the mechanical vacuum pump seal water coolers.

Heating and cooling coil removal hoist (1AH119, 1BH119)

These 1.5-ton capacity monorail hoist are located above
elevation 171 feet in the turbine building. They are
used for removal of the cooling and heating coils that
are located inside the air suoply plenui.

Turbine-generator auxiliary crane (00H100)

This 10-ton capacity bridge crane serves the turbine~
generator. A set of rails is provided over the
turbine-generator above elevation 137 feet. The
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radwaste area. They lift the WER pump (3300 pounds)
and motor (3835 pounds), separately, for maintenance.

£f. Waste evaporator hoist (00H312, O00H313)

These 1-ton capacity, hand-operated monorail hoists are
located above elevation 87 feet of the service and
radwaste area. They lift the tops of the evaporators
and miscellaneous parts.

gg. Diesel generator underhung crane (1AH400, 1BH400,
1CH400, 1DHA00) The op of ¥he bridge ¢ ot clevalion 124 (T, and
4he hoist hook 2 lewdlion 1o 112 £+, when i+ s LNy vaused -
These 2-ton capacity underhung bridge cranes are
located above elevation 102 of the contr
diesel generator area. ey are us ift and move ’

miscellaneous diesel generator parts and equipment.
The four cranes share a single interchangeable hoist.

hh. Intake structure gantry crane (OO0HS00) ;
1\‘)"9.“%\ giﬁ'*‘ shown on ?\‘wcq“\.\-'s!l‘ *he clevatibn of The 10 don ook w1 (e

?3"5'6'.“‘;@3" and of ¥he 1S fon hook 15 10 £4. when Colly vassed:

o OO This gantry crane is located above elev!;ionslzs feet

» of the intake structure.{ It has a 30-ton capacity main
hoist and a 15-ton capacity auxiliary hoist. The
crane's heaviest lifts are parts of the traveling
screens (19 tons).

ii. Reactor building personnel lock shield removal hoist
(1AH218, 1BH218)

These 15-ton capacity monorail hoists are located above
elevation 102 feet in the reactor building. One is
loczted on each side of the personnel air lock hoist
(item a.). After the personnel air lock hoist tows it
into position, they work in tandem to lower the upper
shield block onto a cart that carries it out of the
building.
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;UIililty crane is moved by the turbine building bridge
crane (item k.), as required.

Demineralizer removal hoist (00H302)

This 10-ton capacity monorail hoist is located above
elevation 102 feet in the service and radwaste area.
It lifts the fuel pool filter demineralizer and liquid
radwaste filter elements out of their vessels for
maintenance and replacement. The heaviest load

(1800 pounds) is a liquid radwaste filter bundle.

Decontamination evaporator hoist (00H305)

This 7-1/2 ton capacity monorail hoist is located above
elevation 54 ‘eet of the service and radwaste area. It
is used during maintenange of the decontamination ’
solution evaporator. The hoist lifts the top .
(1.2 tons) and middle (2.9 tons) sections separately
and sets them down on predetermined spots.

Equipment decontamination room hoist (00H314)

This S-ton capacity bridge-type crane is located above
elevation 102 feet of the service and radwaste area.
It is used for lifting and moving miscellanecus

equipment.

Machine shop underhung crane (0AH301, OBH301, O0CH301,
ODH301)

These 5-ton capacity mcnorail cranes are located above
elevation 102 feet of the service and radwaste area.
They are used for lifting and moving miscellaneous’
plant equipment and parts.

waste evaporator recirculation (WER) pump hoist
(00H309, O0H310)

These 2-ton capacity, hand-operated moncorail hoists are
located above elevation 54 feet of the service and

9.1-83



HCGS FSAR
3. Solid radwaste monorail hoist (00H316)

This 1-1/2-ton hoist is located above elevation

102 feet in the auxiliary building. It transfers
filled 55-gallon radwaste drums from the two
extruder/evaporator turntables to the capper/scanner
infeed conveyor and replaces them with empty drums.

kk. Solid radwaste bridge crane (00H317)

This 7-1/2-ton double girder crane is located above
elevation 102 feet in the auxiliary building. It also
serves the radwaste drum storage area loft at elevation
126.5 feet. It moves filled 55-gallon drums within the
storage area, uniocads the outfeed conveyor, assists in
removing the shipping cask lid, and in truck loading.

11. SACS pumps sigging—besm hoist ¢future)

mono rails
Fifteen-ton capacity sigging—beams above the SACS pumps
are designed to aeggsagﬂato hoists for removal of the
pump motors. One serves pumps A and C in SACS

LY,&tmh'“‘ loop d the other serves pumps B and D in loop B.

1#0 ey’ The located above elevation 102 feet in the +
.y ot Wi or building.¥ Beaawse dediestad SACS M&Mﬁ were 1S
et O mhrd, +rey wil be torrowed from  other locations when

e '
mm. SACS heat exchanger sigging-beam hoist futurel
monowmi\s
Two parallel 2-ton capacity sigging—beams at one end of

each SACS heat exchanger are designed to accommodate
hoists torrﬁslg%‘%v:t the heat exchanger end covers.
One set of ves both SACS loop A exchangers,
: and the other set serves the loop B exchangers. The
wonova\ls beams are located above cotcvation 102 feet in the
reactor building. The fop ok each wail is ot elevakion 1276k 15 in

?::ws‘e’. dd:‘::l SALS R‘u’t exthanger hoisks wc%! net purchased, Yhey will
nn. Recombiner System ﬁot‘i"ts‘%l‘, 10?!?“ '

These 1-1/2 (00H318) and 2-1/2 (10H318) ton capacity
chain-operated monorail hoists are located above
elevation 67 feet 3 inches in the service and radwaste
area of the auxiliary building. Each hoist removes the
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valve operator from one of the control valves in the
feed lines to the offgas recombiners, carries it to the
hatch in the valve cell, and lowers it to a maintenance
cart in the the access corridor at elevation 54 feet.
Each valve operator weighs 943 pounds.

9.1.5.3 Safety Evaluation

All of the OHLHS cranes are evaluated in Table 9.1-10 with
respect to whether they carry heavy loads over safety-related
equipment located under the load path or on the next lower
clevation. Table 9.1-10 excludes from further evaluation those
OHWLHS cranes that have no safety-related equipment below their
load paths or only handle loads lighter than 1200 pounds although
their design capacity is greater.

Those OHLHS cranes not excluded in Table 9.1-10 are listed in
Table 9.1-12 along with the loads they carry, the lifting device,’
if any, for each load, and the safety-related equipment beneath
the load path. Hazard elimination criteria are applied to each
load handling situation identified in Table 9.1-12 to determine
if it can be excluded from further evaluation. All equipment
hatch load handling situations are dealt with in compliance with
the guidelines of NUREG-0612.

Application of the NUREG-0612 guidelines, the exclusion criteria
in Table 9.1-10, and the hazard elimination criteria in

Table 9.1-12 sh~w that there are no remaining OHLHS for which
heavy load dro might prevent safe shutdown or decay heat
removal, cause .nacceptable radiocactivity release, or expose
spent fuel. The safe load paths for the OHLHS load situations in
Table 9.1-12 are presented on Figures 9.1-32 through 9.1-34.

9.1.5.3.1 Reactor Buil” " ; ’olar Crane

Figure 9.1-32 shows ti! » 1’ aths for this crane. The reactor
building polar crane iu che . ».y one of the OHLHS cranes, that is
physically capable of carrying neavy loads over irradiated fuel.
Both the main and auxiliary hoists are single-failure proof.
Trolley and bridge travel limit switches, plus a set of bridge
stops on the rail and main “rolley stops near the middle of the
bridge, together ensure th. the main hoist cannot travel over
the fuel pool. Figure 9.1-31 shows the ma." hook exclusion area.
The cask loading pit is outside the exclusio. area and separate
from the spent fuel pool. The spent fuel cask, therefore, can
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not accidentally drop into the spent fuel pool. The cask is
moved directly between the hatch, the c-~sk washdown area, and the
cask loading pit on the refueling floow as shown on the load
path drawing, Figure 9.1-32.

Some safety features of the polar crane design are discussed in
Section 9.1.5.2.1. In addition, the crane is designed to Seismic
Category I criteria so that either hoist will retain its load
during and after a SSE. Manually engaged anti-derail devices on
both trolleys secure the trolleys when not i use and prevent
rolling during an earthquake. Flat plate earthquake restraints
welded onto the bottom of the girder end ties transfer the
noignic loads to the reactor ‘building wall through the crane
rail.

The single-failure proof aspects of the polar crane design
include complete redundancy for the sheaves, ropes, reeving,
reducing gears, holding brakes, and other load path components ,of
both the main and auxiliary hoists. .

Figure 9.1-30 illustrates the single-failure proof auxiliary
hoist design. The load is supported by the hook and two
shackles, one on either side of the hook. The two separate load
paths from the hook and shackles extend through the four side
plates up to two separate sheave pins. Each of the two plates on
either side of the load block is designed to support the design
load. The trunnion applies the hook load to all 4 plates. Each
shackle applies the hook load to the two side plates on its side.
The side plates transmit the load to the two sheave pins. Each
pin holds a sheave that is reeved independently. The block
housing includes two through-bars that are designed to catch the
wire ropes and/or sheaves if a sheave or sheave pin fails. Each
sheave is independently reeved to the hoist drum, where the ropes
are dead-ended to the drum.

Table 9.1-13 presents a point-by-point comparison of the reactor
building polar crane design with the criteria of NUREG-0554,
Single-Failure Proof Cranes for Nuclear Power Plants.

9.1.5.3.2 Reactor Building Polar Crane Lifting Devices

Lifting devices used by the polar crane are listed in

Table 9.1-12. The special lifting devices, as defined by
NUREG-0612, are listed in Table 9.1-14 along with the &
compliance—with-ANSINHe-6=1978—and—the design safety factogd
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A single-failure proof spent fuel shipping cask lifting device
and cask lift point design in accordance with the requirements of

NUREG-0612 will be selected for HCGS.

A single-failure proof conventional sling selected in accordance

with NUREG-0612, Section 5.1.6(1) is used to 1ift the fuel pool

gates. The fuel pool gates are the only heavy loads which must vd&hdy
be carried over the fuel pool. There are two lift points on each

fuel pool gate. They are designed with a minimum static factor

of safety of 20 with respect to material ultimate strength. This
:attsfio: the NUREG-0612, Section 5.1.6 requirement for a safety

actor of 5. v

,4wnutﬁton¢\shn&
The fuel ol sl lug sling is a single-failure proof’/speciai-
to meet the reqguirements of NUREG-0612,
Section 5.1.6. Each fuel pool slot plug has a single lifting
point designed with a minimum static factor of safety of 20 with
respect to material ulcimate strength. This satisfies the .
NUREG-0612, Section 5.1.6 requirement for a safety factor of 10.

Although the special lifting device for the dryer-separator pool
plugs is single-failure proof, the lift points are not. The
dryer-separator pool plugs each have four lift points designed
with a minimum static factor of safety of 10 with respect to
material yield strength. Although not in strict compliance with
NUREG-0612, Paragraph 5.1.6(3)(a), which requires redundant
points, each having a design safety factor with respect to
ultimate strength of five times the maximum combined concurrent
static and dynamic lcad, the design is conservative and satisfies
the intent of NUREG-0612.

The special ' lting device for the reactor well shield plugs is
single-fail..e proof in accordance with NUREG-0612,

Section 5.1.6, but tne lift points are not. Each shield plug has
foir lift points to prevent uncontrolled lowering of the load,
as. . ‘ing a single l1ift point failure. Each lift point has a
stuc¢i . 2esign safety factor of 5 with respect to yield strength.
Although not in strict compliance with NUREG-0612,

Paragraph 5.1.6(3)(a), the design is conservative and s}atistics
the intent of NUREG-0612.

The dryer-separator pool plugs and reactor well shield plugs
discussed above are not carried over the fuel pool, but are
carried over the reactor vessel. They are only carried over the
reactor vessel when both the drywell head and the RPV head are in
place. A shield plug drop will not damage fuel or cause
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The fuel rack lifting fixture will be used for several
non-routine heavy load lifts over the fuel pool. It is
used for installing the spent fuel rack modules. As
described in Section 9,1.2.2.2.2, a base capacity of 1078
spent fuel cells plus 30 multipurpose cavities will be
installed for initial plant operation., The remaining capi}
ity of 17 rack modules, providing an additional 2976 cells,
will pe installed during plant operation., The lifting
fixture design factors of safety versus yield and ultimate
strengths are provided in Table 9.1-14. These factors
meet the criteria of parayraph 5.1.6(1)(a) of NUREG-0612
for a single-failure-proof single load path special lifting
device.

The lifting eye of the fixture is connected to the crane
hook by a sling arrangement. The slings are selected to
meet the single-tailure-proof criteria of Section 5,.1.6(1)(b)
of NUREG-0612. The four legs of the fixture each have a
J-shaped plate at the bottom. .The fixture legs are lowered
through four of the empty cells of the rack module being
lifted, moved horizontally a short distance, and raised

to hook to the module base. The four J-shaped plates
contact the underside of the module base when it 1s being
_lifted. This design eliminates the need for lifting eyes
on the module, The weight of the module, together with

the shape of the lifting fixture plates, providesassurance
that the fixture is securely attached to the module during
lifting.

Thus, because there are no lift points on the modules, and
both the crane and lifting fixture are single-failure-proof,
the modules will pe installed with a single-failure-proof
handling system,

The modules will be lifted with the main hoist of the

polar crane. Limit switches and travel stops, described

in Section 9,.,1.5.2.1.5, will be removed as necessary to
permit the main hook to travel into the main hook exclusion
area shown on Figure 9,.1-31 when the modules are installed.
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unacceptable water leakage from the reactor. This conclusion is
based on the assumption that a plug drop could damage the drywell
head and seal plate, but would have a less severe impact than a
drywell or RPV head drop. In the highly unlikely event of a plug
drop, the consequences would satisfy the four evaluation criteria
of NUREG-0612, Section 5.1.

The drywell head is lifted by the RPV head strongback. It is
carried over the reactor vessel while the RPV head is in place.

A drywell head drop will not damage fuel or cause unacceptable
water leakage from the reactor. This conclusion is based on the
assumption that a drywell head drop would be less severe than a
RPV head drop. Depending on orientation, a drywell head drop
could damage the insulation support structure, rupture the RPV
vent and head spray piping, damage the seal plate, and hit the
RPV itself. But because the drywell head weighs about 2/3 as
much as the RPV head, and because some of its kinetic energy
would be absorbed by the insulation support structure and head
piping before it strikes the RPV head, which is still in place, a
drywell head drop would not causé fuel damage or unacceptable
water leakage. 1In the highly unlikely event of a drywell head
drop, the consequences would satisfy the four evaluation criteria
of NUREG-0612, Section 5.1.

The RPV head strongback lifts the RPV head. The strongback
design satisfies the guidelines of ANSI N14.6-1978, Special
Lifting Devices for Shipping Containers weighing 10,000 Pounds
(4500 kilograms) or More for Nuclear Materials, in general.
However, it does not explicitly comply as recommended by
NUREG-0612, Section 5.1.1(4). Further, the design satisfies the
minimum design safety factor of 5 with respect to the material
ultimate strength requirement of Section 5.1.1(4), but not the
single-failure proof criterion of Section 5.1.6(1)(a) for a
design safety factor of 10.

Because the strongback is not single-failure proof, an RPV head
drop onto the open reactor vessel has been analyzed. Results
show that vessel and core integrity would be maintained within
the guidelines criteria of NUREG-0612, Section 5.1. The effects
would be less severe than those due to the fuel handling accident
analyzed in Chapter 15. Damage to the vessel would not be severe
enough to cause water leakage that uncovers the fuel.

The dryer-separator sling lifts the steam dryer and the moisture
separator. The sling design satisfies the guidelines of

ANSI N14.6-1978 in general, but does not explicitly comply as
recommended by NUREG-0612, Section 5.1.1(4). The design eise

Cactors ot safety versus ged and olkmale W‘\& Ave. Pn:-.l':t.l A
Tq'g‘.Q. 9.4 Tl'szj are less 9.1-89 Lvan +he vawes of 3 wrus
wuld and S vorsus vlhmale u‘u'\ma oy Seckon S. 1.1 (W),
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satiefies—the—sefetyfactor—of S—requirement of Sectiom—S—irtéir
But not the single=failure-preef-requirement—of 5S—HotHter—foro
safety—factorof 10—

Because the sling is not single-failure proof, both a dryer drop
and a separator drop have been analyzed. Results show that
vessel and core integrity would be maintained within the
guideline criteria of NUREG-C612, Section 5.1. Damage to the
reactor vessel would not be severe enough to cause water leakage
that uncovers the fuel.

The service platform sling lifts the RPV service platform. The
/""‘\ sling design satisfies the guidelines of ANSI N14.6-1978 in
hﬁﬁf* general, but does not explicitly comply as recommended by
- N -0612, Section 5.1.1(4).,

. o;aql.-&a&%ute—p;oo&—;oqu+eo-ouz-o£_Scczinn_s.l-6#4++o+—40i—a-
safety factor of 46—

Because the service platform sling is not single-failure proof, a
service platform drop has been analyzed. Results show that
vessel and core integrity would be maintained within the
guideline criteria of NUREG-0612, Section $.1.

The fuel pool jib cranes are carried over the reactor vessel when
the ROV head is off, but only when the RPV service platform is in
place on the RPV flange. A jib crane drop could damage fuel if
it managed to cause structural failure of the service platform.

A conventional sling, selected in accordance with NUREG-0612,
Paragraph 5.1.6(1)(b)(ii), is used to lift the jib crane. The
load used to select the sling is two times the sum of the maximum
static plus dynamic load. The dynamic load is assumed to be
0.25W, where W equals the weight of the jib crane. The load used
is, therefore, 2{W+0.25W). The jib crane design has a single
1ift point with a design safety factor of 10 times the maximum
combined concurrent static and dynamic load with respect to
material ultimate strengih as required by NUREG-0612,

Paragraph 5.1.6(3)(b). The jib crane handling system, thérefore,
meets tne single-failure proof criteria of NUREG-0612,

Section 5.1.6.

No other heavy loads will be carried over the open reactor
vessel.
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The design factors of safety versus yield and ultimate
strengths are provided in Table 9.1-14., The factor versus
yield is greater than the value of 3, and the factor
versus ultimate is less than the value of 5 required by
Section 5.1.1(4) of NUREG-0612.
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+he RP head <Tronghack
The RPV head insulation and its support structure /is carried over :
the RPV when the head is on. It is lifted byfi$;£::;oe+¢ee.e—gth

Section 5.1.6(1% The support structure is lifted in two pieces.
The lift points on each piece are designed to meet the
single-failure proof criteria of NUREG-0612, Section 5.1.6(3)(a).

The other heavy loads carried over the RPV while the head is on
are the RPV stud tensioner and the RPV head stud rack. They will
not cause fuel damage or unacceptable leakage because the drop
would be less severe than a drywell or RPV head drop.

All heavy loads that need not be carried over the reactor well
are restricted from this area during refueling. Administrative
procedures help to control safe movement of all heavy loads.

In summary, a load drop into the reactor well could not affect,
safe shutdown capability since the well is only open when the
reactor is shut down. Decay heat removal capability could be
threatened only by a load large enough to damage the seal plate.
Failure of the seal plate would not allow the large, heavy loads
to fall into the drywell because their size is greater than the
space between the RPV and the drywell. The reactor well and the
drywell are lined with steel plate which will retain any concrete
which is fragmented by swinging or falling loads. It is doubtful
that other debris large enough to damage shutdown cooling piping
could fall through the labyrinth of intervening piping and
structural steel, including the massive primary containment
radial box beams. The RHR shutdown cooling subsystem described
in Section 5.4.7 includes a single suction line from reactor
reciculation loop B. Therefore, a load drop into the reactor
well could disable the shutdcwn cooling function of the RHR
system. The design basis for this event is that any debris that
managed to fall and disable RHR shutdown cooling would not have
enough residual energy when it reached the components of this
subsystem to do sufficient damage to prevent manual restoration
of the cooling function. Damage such as a severed or crimped
pipe, or complete loss of function of a suction line valve
operator is not considered credible. Shutdown cooling would be
manually restured as described in Section 5.4.7.1.5. If manual
restoration cannot be achieved, an alternate flow path as
described in Section 15.2.9 could be used. Similarly, if debris
from the load drop were able to cause leakage from exposed
reactor vessel piping, makeup water could be supplied by any of a
number of RHR and core spray injection lines until the leak could
be repaired. Therefore, the drop of a heavy load into the
reactor well would not affect decay heat removal capability.
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The flux monitor shipping crate is carried over the refueling
floor by slings selected to meet the single-failure proof
guidelines of NUREG-0612, Paragraph 5.1.6(1)(b).

Heavy loads carried over the refueling floor that employ lifting
devices or lift points that are not single-failure proof weigh up
to 107.5 tons.

These loads include the items listed below and are also
tabulated, with their weights, in Table 9.1-12.

a. RPV head

b. Drywell head

e, Reactor well plugs-curved, 4 ’
d. Reactor well plugs-straight, 2

e. Dryer separator pool plug-curved

£, Dryer separator pool plugs-straight, 3

9. RPV service platform

h. RPV stud tensioner

i. RPV head stud rack

The RPV and drywell heads each have four lift points. The
drywell head lift points meet the single-failure proof guidelines
of NUREG-0612, Section 5.1.6. The heads are handled as close to
the refueling floor as is practical. Both heads are lifted by
the RPV head strongback. As described above for loads handled
over the reactor, the head strongback is not single-failure
proof. However, the design is conservative and the potential for
a load drop is very small.
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The reactor well and dryer separator pool plugs are handled as
close to the refueling floor as is practical. As described above
for loads handled over the reactor, the four lift points of each
plug are not single-failure proof. However, the design is
conservative and the potential for a load drop is very small.

The RPV service platform has three lift points. The platform is
handled as close to the refueling floor as is practical. It is
lifted by the service platform sling. As described above for
loads handled over the reactor, the sling is not single-failure
proof. However, the design is conservative and the potential for
a load drop is very small.

- The RPV stud tensioner has four lift points. T7The tensioner is
ﬂf\ handled as close to the refueling floor as is practical. Tue
|¢£ , stud tensioner lifting device consists of four slings supplied

/ with the tcnsiggzi:: The des

The RPV head stud rack has a single lifting point. The stud rack
is handled as close to the refueling floor as is practical. The
stud rack is lifted by a sling selected to meet the single-
failure proof criteria of NUREG-0612, Secticn 5.1.6(1).

Because the polar crane main hoist is prevented from traveling
over the fuel pool, as described in Section 9.1.5.3.1, a load
drop would not damage the fuel pool, spent fuel racks, or spent
fuel. The RPV service platform, stud tensioner, and head stud
rack are light enough to be handled by the polar crane auxiliary
hoist. The loads paths are administratively controlled to keep
these loads out of the main hoist exclusion area, i.e., from over
the fuel pool.

o

In summary, a load drop on the rctucllnqriloor of any of the
loads nornall¥ carried over the floor by/nonsingle-failure proof
overhead handling system would satisfy the four evaluation
criteria of NUREG-0612, Section ..1.

Table 9.1-15 presents a failure modes and effects analysis for
the -eactor building polar crane.
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9.1.5.3.3 Other OHLHS Cranes

All plant OHLHS cranes, except the reactor building peolar crane,
are evaluated below.

2 -The equipment tag numbers are shown in
parentheses.

Each motorized hoist includes one 125%-capacity mechanical and
one 125%-capacity electrical brake that is automatically applied
on loss of power. Each bridge drive includes a 125%-capacity
brake that automatically sets upon loss of power. Each trolley
includes one 100%-capacity electrical brake that automatically
sets upon loss of power.

The cranes and hoists shown as seismically secured in

Table 9.1-10 have positive restraints that prevent crane
derailment or crane parts from falling during an earthquake.
These cranes are designed so that their parts will remain in
place under a seismic acceleration of 7g vertical and 7g
horizontal. The design also includes locking devices for use
when the cranes are parked.

a. Personnel air lock hoist (10H217)

This crane's load path is shown on Figure 9.1-33.
There is no safe shutdown equipment directly below the
load path. A portion of the primary containment
suppression 1 is 1%§gtod below the load path on the
xt lower chvaEIon! he personnel air lock is part
&£5f the primary containment pressure boundary. It is
only moved when the reactor is shut down. The air lock
1ift height above the floor is administratively limited
to less than 2 feet 6 inches. This is the calculated
maximum allowable lift height. A load drop would not
penetrate the floor if dropped from less than 2 feet
6 inches above it. Movement of the nine shield blocks
in front of the personnel air lock is administratively
limited to reactor shutdown. The calculated maximum
allowable lift height for the shield blocks is 1 foot.
when the upper seven shield blocks are moved, they are
higher than this. Administrative procedures require
that the removal cart be in position below these seven
blocks before the blocks are moved. The cart would
absorb some of the energy of a load drop. A major
portion of the remaining energy would be absorbed as
the load punched through the floor. The low velocity
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The tensioner sling design factors of safety versus yield
and ultimate strengths are provided in Table 9.1-14. The
factors calculated for the maximum combined static and
dynamic load, assuming the entire load is carried by only
two of the four wire ropes, are Jreater than the values
of 6 versus yield and 10 versus ultimate required by
paragraph 5.1.6(1)(a) of NUREG-0612 for a single-failure-
proof single load path special lifting device.
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The air lock strongback design factors of safety versus
yield and ultimate strengths are provided in Table 9,1-14,
They meet the safety factor requirement of paragraph
5.1.6(1)(a) of NUREG-0612 for a single-failure-proof
single load path special lifting device.
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impact on the suppression pool shell below would
probably deform but not punch through it. 1If the
dropped blick managed to penetrate the upper
suppression pcol shell, the residual energy would
almost certainly be dissipated by the internal hardware
(piping and catwalk) and the water itself before the
block ruptured the lower portion of the shell and
caused any water loss. Because the reactor would be
already shutdown at the time of a shield block drop,
the suppression pool would not have to be available for
decay heat removal. The residual heat removal (RHR)
system, operating in the decay heat removal mode, would
take suction from a reciculation loop, pump through a
RHR heat exchanger and back to the reactor. ‘Therefore,
a load drop that caused suppression pool water loss
would not prevent decay heat removal.

Reactor recirculation pump motor hoist (1AH201, 1BH201)
’

Figure 9.1-33 shows thfs hoist's load path. The hoist’
is only operated during reactor shutdown.

Dropping a motor during che short time it is raised and
free hanging is unlikely. The load is positively
attached to the hoist hook by the hook safety latch.

No intermediate lifting device is required. The hook
directly engages the shackle pin on the top of the
motor. The motor cannot be raised more than 5 feet
because of the space limitation. It is normally raised
no more than 3 feet.

1f the motor were dropped, it would hit the punp"and
probably 2az2gs itz conpling, seals, shaft, and
bearings. The motor mount and the pump casing and 1ts
supports would absorb most of the energy and thereby
proteét the pump suction line between the pump and its
upstream isolation valve from severe damage. The
shutdown cooling line required for decay heat removal
originates from the recirculation loop B suction line
only. A motor drop could not prevent decay heat
removal because the line branches from the
recirculation loop piping about 15 feet above and more
th:n 20 feet to the side of the potential motor imrpact
point.

9.1-95



HCGS FSAR

e. Reactor water cleanup filter-demineralizer hoist
ORI IANZ20, IBA220 ) 4 e : Ls

1s no shutdown OY Al emove Lpmen :
bendath foad foith of These hoists Br on the nsnt WBobe clovation .

s5ays—&hat—0cssy-poua:_aad—;a.&eunone.e+on—cab+oc

WW&—W. Operation
of this hoist is unlikely because the pressure precoat
type reactor water cleanup filter demineralizer vessels

are designed to operate for the life of the plant
without undergoing maintenance. In-the-unlikely event

?ax:_19!1:_nln1ALLnn_is_a_uont*4a&4oa—dueer——¥hohduct

s—part-of the containment prepurge-cleanup-system—It
oniy operates prior to occupancy of the drywelior
torus- 1t does not operateduringnormal plant

ap.:az4oa—os—due+n9—shuedovn7——*t—*o—no&—coqu*sod—tor i
safe shutdown or decay heat cemoval. )

d. HPCI pump and turbine hoists (1AH211, 1BH211)

Figure 9.1-34 shows this hoist's load path. The only
safe shutdown or decay heat removal equipment located
in the load path is associated with the HPCI system.
There is no lower floor elevation. A load drop during
plant operation that disables the HPCI system would not
prevent safe shutdown because HPCI does not function
during normal shutdown. It may not be necessary to
shutdown the plant, provided the applicable
requirements of the plant Technical Specifications are
met That iz UPCI Can be Linopecrable for 14 daye (f
other ECCS divisions are available. Otherwise, hot
shutdown must be achieved within 12 hours, or cold
shutdown within 24 hours.

e. RCIC pump and turbine hoist (10H212)
This heist does net handle heavy loads,

éguro 9.1-34 shows the safe e only safe

shut n or_decay at remoyal equi nt located in the
lbad path associated with the RCIC system. hereis
mo lower floor elevation, A load drop duripg pla
og,ratﬂon tha:ﬁltsablct the RCIC system wodld n
prevent safe Shutdowp Because RCIC does_not function
during norma' shutdown. It may not be necessary to
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the plant,-provi licable
of the plant, i?\;Fe
RCIC can ays

ons avai le. erwise, hot
achieved within 12 hours, or cold

Ez“&"5*°"“‘T°"“‘\‘)"A"¥“”ﬁ§:}'“"‘
(10H214 loH?.‘l.%)

Figure 9.1-35 shows the safe load path. The reactor
will be shut down when this hoist is used. There is no
decay heat removal equipment located in the load path.
All of the equipment below the valves is associated
with either the main steam or feedwater systems. If

an 4he-operator were dropped, it would hit one or more of

the following items before it could hit the steam
tunnel floor: its valve body; the pipe on either side
of the valve body; one of the other three main steam
pipes; one of the feedwater lines; restraint steel;
structural steel; and miscellaneous small pipe and
valves of the main steam drains system.

}eoo—th.n—+e—feeiT—ond—ehe—+ntos¥oa4nq—o;oot—vovid

deemedincredible—that
Wunch through the steam-
floor. 1f a dropped operator managed to cause

spalling after striking the floor, the concrete could
hit one or more of the pipes in this area, or the torus
itself. The pipes are associated with nuclear boiler
instrumentation, liquid radwaste, RCIC, reactor water
cleanup, core spray, fire protection, HPCI and primary
containment instrument gas. Ncne of the equipment
below the load path is required to remove reactor decay
heat. Therefore, decay heat removal ability would not

be affected by a load drop from this heoist.
9
Inboard MSIV hoist (10H2€%)

Figure 9.1-35 shows the safe load path. The reactor is
shut down when this hoist is used. There is no decay
heat removal equipment located in the load path. The
tops of the drywell radial structural steel and drywell
floor framing cross beams are located at elevation

100 feet, just below the main steam lines. All »f the
equipment above this structural steel network .s
associated with either the main steam, primary
containment instrument gas, Or breathing air systems.
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None is required for decay heat removal. If the
operator were dropped, it would hit its own valve body
or steam line, or one of the three other main steam
plgos before it could contact the structural steel
below, unless it were dropped in the removal space
between main steam lines A and D. It would hit the
steel directly if it were dropped in the removal space.
The steel would stop a dropped valve operator. It
would not fall to the lower elevation (drywell floor).
There is no decay heat removal equipment on this lower
elevation.

CRD service ¥ 9ging—beam hoist i(fwture)

Figure 9.1-35 shows the safe load path. There is no
safe shutdown or decay heat removal equipment in the
load path. The torus is below the load path on the
next lower elevation. It is doubtful whether a dropped
load could punch through the elevation 102 feet floor.
Most loads actually weigh less than the 1200-pound
heavy load limit. All loads are carried as close to
the floor as is practical.

The following piping is located above the torus on the
next lower elevation under the load path:

1. 18-inch RHR pump A discharge

2. 20-inch RHR shutdown cooling suction
3 14-inch HPCI pump discharge

4. 12-inch HPCI turbine steam supply.

Three 1-inch channel A reactor vessel level, pressure
and differential pressure instrument lines are also
located in this area. If a dropped load during plant
ration managed to penetrate the elevation 102 feet
floor, or cause concrete spalling, and disable the
shutdown cooling line, cold shutdown could still be
achieved. As discussed in Section 15.2.9 for this
situation, an alternate method to achieve and maintain
cold shutdown that involves the safety/relief valves,
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(Ref, 9.1.5.3.3.f) INSERT 8

Because of the congested piping and massive restraint
steel beneath the load path it is nearly impossible for

a dropped valve operator to reach the steam tunnel floor.
Together the congestion and energy absorbing capability
make it certain that a dropped operator will not
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that the impact could cause water loss. However, water
loss would not prevent decay heat removal.

Solid radwaste monorail (O0H316)

The hoist is remotely controlled with the aid of
closed-circuit television from the drum-handling
control panel located in the radwaste control room. If
the hoist becomes inoperable, a mechanical retrieval
device permits removal and/or repair as necessary,
while keeping operator exposure as low as reasonably
achievable.

There is no safe shutdown or decay heat removal
equipment in the load path or on the next lower floor
elevation. The drop of a drum could reqguire
implementation of isolation and decontamination
piocodutos, but could not affect safe shutdown of the'
plant. “

Solid radwaste bridge crane (00H317)

The hoist is remotely controlled with the aid of
closed-circuit television from the drum-handling
control panel located in the radwaste control room.
Independent motors control low and high speed crane
movement. Eyelets on the bridge provide attachment
points for a winch-type retrieval hoist in the event of
a loss of crane electrical power.

There is no safe shutdown or decay heat removal
equipment in the load path or on the next lower floor
elevation. The drop of a drum could require
implementation of isolation and decontamination
piocodurcs, but could not affect safe shutdown of the
plant.

SACS pumps sig@ging-beem noist s

MO No Qi
| serves the two pumps associated with

One

safety auxiliaries cooling system (SACS) loop A, and
the other serves the two pumps associated with loop B.
A pump motor, is only removed when the SACS coooling

z(cou.o poonds )
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'ttgulnﬂg 5;¢uvatid)
loop associated with/that pump is shutdown and

completely isolatedsfrom the other (redundant) loop.

This is ggg_g_%¥;!glrggxn;gng%fc l1ift. It would be _
ne Inirequently, if at all.) The sigeing—beem monovai|

restricts the load path so that a load drop could only

disable a pump or other equipment associated with the
down loop.

A dropped motor would not punch through the elevation
102 feet floor because the deformation of the motor
shroud, the intermediate pipe restraint steel, and the
floor strength would absorb the kinetic energy of the
dropped load.

mm. SACS heat exchanger siggimg—beam hoist +futurey

monovra \
Two hoists, one mounted on each rigotng—beam, work in
tandem to remove a SACS heat exchanger return end
cover. The configuration includes a separate sling and
lifting point for each hoist. Each of the two hoist,
sling, and lift point combinations is capable of
independently supporting the cover. The OHLHS is thus
single-failure proof in the sense that a single failure
would not cause uncontrolled lowering of the load.

nn. Recombiner system hoists (00H318, 10H318)
This hoist does not handle heavy loads.
9.1.5.4 n n n
9.:.0:9:4:1% Reactor Building Polar Crane

Final assembly and initial power operation of the bridge, both
trolleys, and both hoists is done on site rather than in Paceco's
shop. All crane parts subject to hoisting or seismic loads are
nondestructively examined as described in Section 9.1.5.4.1.1.
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The following steps are used to determine which items must be
repaired or replaced after construction operation:

a. A review of maintenance logs to be aware of any crane
operation difficulties and any special or unusual lifts
that were accomplished during the construction program

b. A thorough visual inspection of all load bearing
members

c. Crane is operated to clock speeds and motion smoothness

d. Maintenance gorsonnol remove safety guards and access
covers and clean the gears. Gears are then examined,
relubricated, and replaced as necessary

e. Motor-coupling-reducer is checked for proper oporatioﬁ
$. Limit switches are checked for proper operation

9. Crane electrical control system is checked for proper
sequencing and operation.

Preoperational tests of the polar crane include all of the
specific heavy load handling operations that are performed during
a normal refueling outage.

9.1.9.4.1.) Operational Tests (&)
.

In compliance with NUREG-0612, Section s.1.1é the crane is
inspected, tested, and maintained in accordance with Chapter 2-2
of ANSI B30.2-1976, Overhead and Gantry Cranes,

or—inepection—
Le-done pricr—te-erene Use
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9.1.5.4.2 Other OHLHS Cranes

Shop, preoperational, and operational tests on OHLHS cranes other
than the polar crane are discussed in this subsection.

9.1.5.4.2.1 Shop Tests

All of the OHLHS cranes listed in Table 9.1-10, except items 1
(reactor building polar crane), 11 (turbine building bridge
crane), 27 (solid radwaste monorail), 28 (solid radwaste bridge
crane), and 38 (intake structure glntry crane) are functionally
tested without load and at 150% of rated capacity. Each hoist
brake is tested to confirm ability to brake the load from rated
speed and hold it without slipping.

Shop testing of the reactor building polar crane is discussed in .
Section 9.1.5.4.1.1. ;

The turbine building crane is shop-assembled, except for the rope
and blocks, to check fit. The trolley is powered along the
bridge to check tracking. The hoist, trolley, and bridge drives
ars operated in the shop for 15 minutes.

The intake structure gantry crane is shop-tested at rated load.
Each hoist brake is tested to confirm ability to brake the load
from rated speed and hold it without slipping.

The solid radwaste monorail and solid radwaste bridge cranes are
shop-tested at 125% of rated load.

9.1.5.4.2.2 Preoperational Tests

Each of the OHLHS craries listed in Table 9.1-10 is given an
operational performance test, a rated load test, and
preoperational inspection in accordance with ANSI B30.2-1976,
Chapter 2-2.

Preoperational testing of the reactor building polar crane is
discussed further in Section 9.1.5.4.1.2.
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After preoperational performance and rated load testing, per
ANSI B30.2-1976, the turbine building bridge crane is
operationally and rated load tested in accordance with
Paragraph 115?.179(!) of OSHA. Each hoist brake is tested to
confirm abilify to brake the load from rated speed and hold it
without slipping.

9.1.5.4.2.3 Operational Tests

All the OHLHS cranes listed in Table 9.1-10 that carry heavy
loads over safety-related equipment (those not identified by
exclusion criteria A, B, or C) are inspected, tested, and
maintained in accordance with ANSI B30.2-1976.

done before crene use. =

9.1.5.5 Instrumentation

Instrumentation and controls for the reactor building polar crane
are described in Sections 9.1.5.2.1 and 9.1.5.3.1 and

Table 9.1-13. Supplemental information is presented below in
Section 9.1.5.5.1.

'9.1.5.5.1 Reactor Building Polar Crane

Bridge and trolley controls are the variable speed, reversing,
magnetic, five-step type. Cab control handles are deadman-type
with spring return. Hoist controls are A.C. static stepless-iype
in accordance with NEMA Industrial Control Standard ICS~-3-442
Class III and OSHA. Release of a hoist controller stops the
motion and sets the brakes.

The hoist control system limits lowering speed to 120% of full
load hoist speed. Each hoist-holding brake system includes and
overspeed switch that stops the motor and applies the brakes at
1208 of maximum no load hoist speed. The hois's limit hook
movement when starting from a standstill to 1/3. inch for the
main hook and 5/16 inch for the auxiliary hook in either the
hoist or lower direction.

Simultaneous motion of the bridge, trolleys, and hoists is
possible whether control is from the cab or the pendant. Cab
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control includes a maintained contact, master on-off switch. Cab
control is not possible unless the pendant is stored in its full
up position. All pendant controls are momentary contact return
to off pushbuttons. A deadman foot switch must be held down
during crane operation frcm the cab.

For both the main and auxiliary hoists, a rotary limit switch
coupled to the drum trips at the normal up and extreme low hook
position. A block-operated overhoist limit switch backs up the
normal "up” limit switch by stopping the drive and setting the
brakes. Hoist overload switches shut off hoist power and set the
brakes if the design loads (150 or 10 tons) are exceeded.

End of travel limit switches stop the main and auxiliary trolleys
and the bridge at their normal stop positions.

The bridge, trolley, and hoist motors include overtemperature
protection.

2. %.5.5:3 Other OHLHS Cranes

All cranes include a drum overspeed system to automatically set
the load brake when hoist drum speed exceeds motor synchronous
speed. A phase-loss protection system automatically stops the
hoist and sets the holding brakes when hoist power is lost.

The turbine building bridge crane (item 11 in Table 9.1-10)
control system includes redundant 125%-capacity hoist holding
brakes that are automatically applied upon loss of power. The
125% trolley and bridge brakes are also automatically applied
upon loss of power. The design includes hoist raising or
lowering overtravel limit switches. Bridge and trolley travel
limit switches cut power at the bridge or trolley travel limits.
All crane mction control switches and pushbuttons are momentary-«
contact-return~-to-off type.

The intake structure gantry crane (item 36 in Table 9.1-10)
design includes automatic application of the mechanical hoist
load brake and electrical hoist holding brake upon loss of power.
Trolley end of travel limit switches cut motor power when the
travel limits are reached.
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9.1.5.6 SRPF Rule Review

In SRP Section 9.1.5, Acceptance Criterion 2 refers to Regulatory
Guide 1.13, Position C.3, which requires that interlocks be
provided to prevent cranes from passing over stored fuel when
fuel handling is not in progress.

At HCGS, only the main hoist of the polar crane is physically
prevented from traveling over the spent fuel pool. The auxiliary
hoist has no travel restriction. Preventing its travel over the
fuel pool is not an auxiliary hoist design basis. Instead, the
alternative basis of a single-failure proof hoist described in
Section 9.1.5.3.1 is used. No loads are required to be routinely
handled over the fuel pool when fue'’ handling is not in progress.
The fuel pool gates are “he only heavy loads routinely handled
over the pool when fuel handling is in progress. A single-
failure proof handling system lifts the gates, and any other
nonroutine heavy loads that must be carried over the spent fue)

pool. .

Acceptance Criterion 2 also refers to NUREG-0612, which, in
Paragraph 5.1.1(1), states that load paths should be clearly

:ar::d on the floor in the areas where heavy loads are to be
andled.

At HCGS, load paths are not painted on the floor. They are
omitted to avoid possible operator confusion in areas such as the
refueling floor where multiple paths would cross. The paths are
defined in the specific load handling procedures and shown on
equipment layout load path drawings that are incorporated in the
procedures. Deviations from defined load paths require written
alternative procedures approved by the plant safety review
committee.

~

Acceptance Criterion 2 also refers to ANS 57.1, which in
Paragraph 6.2.1.1(a) requires that the auxiliary fuel-handling
crane be provided with an underload interlock that is actuated
upon a reduction in load while lowering, to prevent any further
downward travel.

At HCGS, the polar crane auxiliary hoist functions as the
auxiliary fuel-handling crane. It does not have an under load
interlock since it was purchased before ANS 57.1 was issued. The
fuel pool gates are the only heavy loads normally handled over
the fuel pool. A single-failure proof handling system lifts the
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gates, and any other nonroutine heavy loads that must be carried
over the spent fuel pool.

9.1.6 REFERENCES

b g&n&él?.giigit%%§£§§%¢ : : Method, NEDO=20913.
9.1-2 AISC Manual of Steel Construction

9.1-3 AGMA Gear Classification Manual

9.1-4 Aluminum Construction Manual, Aluminum Association
9.1-5 AWS D1.1, Structural w;ldinq

9.1-6 NEMA MG-1, Motor and General Standards

9.1=7 National Electric Code

9.1-8 OSHA 1910.179

9.1-9 OSHA, Vol 37, No. 202, Part 191 ON
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Because opague plastic sheets may be taped to the floor
where the potential for radioactive contamination exists,
polar crane load paths painted on the retueling floor
(elevation 201 feet) may not be visible, The alternative
method that is used at HCGS for the polar crane is to
make a person other than the crane operator (i.e., a
signalman) responsible for assuring that the load path

is tollowed, The signalman inspects the load path before
the lift to ensure that it is clear, reviews the specific
load handling procedure before the lift, and provides

direction to the crane operator to ensure that the pres-

cribed path is followed. The specific load handling pro- |
cedures clearly define the duties and responsibilities of

the operator, the signalman, and any othar members of the

load handling party. |

The appropriate polar crane load path is temporarily

marked with rope or pylons to provide a visual reference

tor the operator, If it is not possible to temporarily

mark the load path, permanent Qr temporary match marks

are usea to assist in positioning the bridge and/or :
trolley frr the lifc, The method of marking the load path e e

is detined in each specific load handli rocedure,
- - main Sam fonee
L
are

~The reactor building polar crane is the only non-exem u«hv\\u‘cm
cab-operated crane at HCGS. Other non-exempt cranes

simple hoists on monorails where the load path cannot vary.

Most Lifts are short lifts where movement is limited to

one coordinate axis in additicn to the vertical.s For these
non-exempt, non-cab-operated hoists the/Specific load

handling procedures define whether/a signalman is used

and whe:her the load path will be/marked,

i—

o Ae dureraed in Sachion 116,22 € cach of +he monovadls fov e
main sRam +unne undQvVnuMQ rane s meurtad on exd fBweke
that pavide the comaedity fx Lood mevement in both
Ceordinate  oxes in oddifupn to Lhe verticad

K54/4~8




Crane or Hoist

Floor Elev
Building fe)

THOO277 WY

Reactor building polar crane

Personnel air lock hoist

Recirculacion pumsp motor
hoist

Reactor water clean-up filter/
deminecalizer hoist

HPCI pump and turbine hoist

RCIC pump and turbine hoist

m‘ﬂ 'pm" {ms M rane.
Inboard MSIV hoist

Vacuus Dreaker valve removal

hoistc

Main steam line relief valve
removal hoaist

Turbine building bridge crane

Peedwvater heater removal hoist

B4V equipsent removal hoist

MOLOr ~generator set hoist

108200

10M217

TAH20"
1BH20)

A to
THH2 ¥
io

TAH2
18H21)

108212

YoR2d

oMt 3

108219

108202

1oR102

Reactor

Reactor

Reactor

Reactor

keactor

Reactor 102

(Drywell)

54
(Torus)

Reactor 135«6
(Drywell)

TurdAne 137

Tutoine

Turbine




TABLE 9.1-10 -

memnmufum Page | of 3
1s Loasd Over
Max Vert Is Load Over safety-nelacea(S)
umn Capacity Life Seismic Design suny-nutdm Equipment on Exclusion
w (tons) (£t in) Cat 1 Stancard(2) Equioment ? Next Lower Elev Criterion())
:
L-v.ln-m 150 main 129-0 Yes a, b Yes Yes None
| 10 aux
PeR: 20R-23R 10 16-3 Mo (3 c, 4 No Yes None
3 19R=20R 24 12-0 No 'l G4 Yes Yes None
118.9-17R
2Ue-O NO no
ReQ: 1fR-17R 10 iy ~o - oo vore D
-V 18R-21R 4 9-10 no (3 e, d : Yos NA None
W3 1 TR=18R 3 3-0 Mo () c, @ Yes A sonee C
P=Q; 17R=20R 2-1/2 -0 Genz) o' @ (4) Yes Yes None
I3 (oW )
Q=R 17R=30R 2 15-5 No (¥ a | ves Yes None
'
W-Vi1tR-22R 2 7-0 i . g Yes Mo ¢
Q=T: 17R=20R 1 32-2 No (3! c, d yon ) Yes c
£-r;12-29 220 723 no a b s~ o tle oo Mo ——
main ma.n |
4% 122-0 l ._
aux aux 1
E-ty;18-12 % 12-6 e l No N a
;1213 15 37-0 no c, d . o [ B
Bu-H;26-29 15 16=5 Ne c, @ | N N W

: Rev A
1/05/83
. Ao Available 0y,

T1
AP ERTURE : Aperture Card
CARD

8400110175 -0| :




Crane or Hoist

Buildina

TI002TNWV

Secondary condensate pump hOLsSt

Reactor feed pump hoist

Water box removal hoist

Steam packing exhauster hoist
Turbine~generator auxiliary crane

Steam jet air ejector hoist

Water box resoval hoist

Chiller tube resoval hoist
Emergency Air COmPressor hoist

Main air compressor hoist

Vacuum pump water cooler hOist

Heating and cooling coil resoval
boist

Solid radwaste monorail

Solid radwaste bridge crane

Demineralizer removal hoist

Decontamination evaporator hoist

108106
TAR107
1BH107
1CH107

108109
108110

10H115
00H100
1AH117
1BH117
ICH1YY
1DH11?

1o
108112

108118

108114

0OR11)
108113

108116

TANTYS
1BK119

O0HITS

00H317

Turbine

Turbine

Tucrbine

Turbine

Turbine

Turbine

Turbine

Turbine

Tarbine

Service and
radwastce

Service and
radwaste

Service and
radvaste

-
Service and
radwaste




9.1=10 (cont)

Page 2 of )
Is Load Over
Max Vert !'s load Over Safety~-Related
Capacity Lafe Seismic Desian fafety~-Related Equipment on Exclusion
(tons) (ft im) Cat ! Standard (2 Equioment ? Next Lower Elev Criterion
$12=13 15 12-9 No c, 4 No no a
$117-22 5 19-% NO c, d No . NO 3
117=23 12 17- 4 No () d, e no Ne “
116=17 10 14=11 No 'Y ed, e No Ne B
113=26 10 26-1/2 T T seepNo seepNO Mene. 7}
117-26 [ 13-4 No (3 4, e Mo No 8
$17-23 l 17-4 No (3) d, e N No s
117=21 5 144 e d, = No No B
1 14=16 4 7-0 ol d, e NG No »
111=14 3 | X o (3 4. e no NG »
11416 2 -9 no (¥ d, e o o »
i
113=18 1-1/2 13-0 No c. d o NO B
1.
136.9-42.6 1=1/2 ton 13-0 L) c, ® NO No ]
r-lm“.z-‘s.o 7.5 ton 19-6 No a, b NO ) ]
| 10 ton 21-8 N c, @ No o piny =)
L9-34.6
Jox330.3-33.1  1=1/2 n- o c. @ o wa .
|
} Rev A
1/05/83
. Also Available On
: Aperture Card

‘




Co
Numoe Crane or Hoist Numper Building (£t) Numoe ¢ AL

n Equipment decOntamination room OOH314 Service and 102 1.2-20 Ha

noist radwaste

32 Macnine shop undernung crane OAH30 Service and 102 1,2-20 Ha
OBH301Y radwaste 1
OCHIO01 |
ODH301 |

1 Waste evaporator recirculation OUH309 Service and 54 1.2-18 l{

pump hoist OOH110 ragwastce |

34 Waste evaporator hois:t OOH312 Service and 87 1.2=19 Hi

: COH313 racwaste .

s Diesel generator underhung crane 1AHA00 Cuntrol and 102 1.2~35 5+
1BH400 diesel gene- |
1CH400 racor
106400

36 Intake Structure Gantry crane QOHS00 Intake struc~ 122, 1.2-41 l{

ture 126
1
c w
\
37 Personnel lock shield removal 1AH218 Reactor 102 1.2-28 P
s Boist 1BH218 o |
a8 Recombiner system hoist 10H1:8 Control and 67-3 1.2~24
" ‘\o s ; 00H118 diesel gene-
3 CRD  servese |$ ; (o) ractor s 128
o SACS h.z w \'\ots+s el Reactare \o 1.2-38
(V) pxclusion eriteria: Rencor o 1.2.29
A. This crane is located in a ouildino Or structure that contains no safecy-related or safe snutdown oq:u

B. This crane's load path does not pass over any satety-relaced or safe sShutgown eJjuipeent on tae tlcor
C. Although this crane's capacity is greater than 1200 pounas, its dedicated load is lighter than izoo

(2) pesign standards: Py Tor Running Brdge, i
g

a., ANSI B30.2.0 Overnead and Gantry Cranes tipie Girder,

b. (MAA 7O Electric Overhead Traveling Cranes
c. HMI 100 Electric Wire Rope Hoists |
4. ANSI B30.16 Overnead Hoists { Underhvne 3

e. ANSI B30.1! monorail Systems and Underhunc Cranes

. - - . - - !
(3 ggismically secured (designed S0 that aii Parts remsin in place under 79 norizoncal and vertical seisaic sccel

: restraincs and locking devices), - .
i) pne design also uses ANSI B830.17 (Overnead and Gantry Cranes --“SIHOE. ..u.ut az a quuh. »

L‘;;”Z:h V""Y‘"’" ""‘M “c’“‘s velafed u.Atcmd as wqmrd for t‘““{' s
(o) This ot Will be bowewed Svom ancther locdlisn when needed .

£
.
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9.1=10 (cont) ‘\-
Is Load Over (a‘
Max Vert It Load Owver -
nan . Capacity y Life Seismic Design Safety-Related Equipment on Exclusion
L (tons) {fe in) Cat I Standard (2) EQuioment ? Next Lower Elev Criterion
| 5
}-ﬂ:u.o-n.t P 10-2 %o (3 €y ¢ «) o -~ 5
;»-OI: s 1-0 No 4, .(q) o NO B
+6~25.9
}-l:lﬁ.l-l’.’ 2 9-3 no (3 a, e ~o NA B
ki 15.8-19.9 1 9-4 Mo (3) 4 ® "o No )
innu.)-u.i 2 19-6 No (3 c, d, e Yes Yes None
~C15=9 30 65'-0" NO b, d, e Yes Yes None
main main
15 #8'-0"
aux aux c’1
R520R-22R 15 23-0 wo (31 d o Yes rone
{r—‘.‘“-"”.i 2.57108318) 18-8 NO a4 b NO <
| ! 1.5(00H318) \ (‘\
JRR-TIR LareR. ) (), | No Yes None
JSROE  Lavet. ©) e\ - (& | yes e oai
30K
I -t « A (v No yes None
!g! wR-42 S @ 9 ©
)w 9T On the next lower elevation.
S .
: |
- APE ‘TURE
B T ——_— CARD Abso Available )y,
Aperture Card ~
Rev A
1/765/82

,""'""' hm.‘\od’nm-l..'

P! mone ra il c«Paci"‘y

8409110175-0 5
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TABLE 9.1-12 Page 1 ot 4
OHLHS LOADS OVER SAFETY-RELATED EQUIPMENT
First Flevation & bl AL
Satety-Related, Satety-Related,
Sate sate Shutdowm, Sate Snhutdowm, ‘
Load or Decay Hazard or Decay Hazpra
Load Litting Path Heat Removal Elimination Heat Removal Elimanation
Beavy Load Haight Device Fig Feet __Equipment _ Criterjontt'? feet _Equipment
CranesHoist; Reactor Building Polar Crae (Item 1, Table 9.1-10)
a. Reactor well shisld 107-1V/2 Skield plug  9.71-32 201 cm a, ¢t 162 AL ELE L e, t
plugs tons sovenebaon 4
b. Drywell head 65 tons RPC head 9.1-32 200 LER AR 8, ¢, t w2 AL RAR 1 a, o, ¢t
strongback
C. Reactor wessel 97 tons RPV head 9.1-32 200 s a, e, t w2 ceaL s a, o, ¢t
head strongback
4. Woisture 13-W/% Dryer/ 9.1-32 2010 (2L a, e, t w2 LERAR L a, o, t
separator tons separator
sling
.. Steam 45 tone Dryex/ 9.1-32 201 LR AR D) a, e, t 102 Lz a, o, ¢
aryer separator
siing
£. Dryer/separator 90 tons pPocl plug 9.1-32 201 AL RLE D) a, ¢t 162 txmm a, =
pool plugs anpp\f.
9. Spant fuel 110 tons Fuel cask 9.1-32 2010 tarcm) a, 4 w2 LA L a, a
shipping cask yohe
h. Auxiliary hoist 1 ton (None 9.1-32 200 (zrem» qa 182 e a
load block required)
i Main hoist 10 tons (None 9.1-32 201 LERLR R a, d 12 LR AR L a, a
load block required)
b I8 Spent fuel pool 9 tons Single~ 9.1-32 200 () L} 162 LR AR L a
slot plugs tairlure proof
sling
k. Spent fuel A tona Single- 9.1-32 201 I a YR LI -
pool gates 3, failure proof

sl ing -
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TABLE 9.1-12 (cont} vage 2 oc/
irst Elevat
Satety-Related, Satety-Related,
Safe Sate Shutdown, sSate Snhutdownm,
Load or Decay Hazard or Decay Hazare
Load Litting Path Heat Removal Elimination Heat Removal Elirmanation
Heavy ~ad Weight Device Fig Feet __FEquipment _ Criteriont®’ ont'! Feet _Equipment crateradn
RPV service $ toas Service 9.1-32 200 (z)em e, £ we L RAR e, t
platform plattorm
’*” sling .
Head stud 1.5 tons Single- 9.1-32 200 (ERAR 2 8, 1 "2 TIIT 1 ., t
rack failure proof
sling
vessel head 5 tons mgu— ﬂ 9.1-32 200 (zicm e, £ w2 L RAR L e, t
insulation fetture proot
and Crame alings-
Flux monitor 2.5 tons Single- 9.1-32 201 e)car a 162 LR A AR 2 a
shipping failure proof
crate slings
s.2
Stud tensioner L o i RPV stud 9.1-32 201 zrcm) e £ 162 LL LR L] e, t
frame tensioner
sling
4.y
Head strongback ¥ tons (NOone 9.1-32 201 L ULE L) 8 05 2 162 tznm a, e, t
required)
Spent fuel 6 tons (None 9.1-32 201 )iy a, 4 162 L RA R L a, o
cask yoke required)
Hatch cowver 2.8 Single~- 9.1-32 201 LA 2 f 162 LR R AR L 4
8 x & tons failure proof
slings
Hatch cover 7.5 Single- 9.1-32 200 AL R L f 1w (L RAE 2 t
10* x 10° tons failure proof
slings
Refuel ing 10 Single- 9.%-32 200 AL R AR R e, £ w2 L EAE L e, t
bellows guard tons failure proof
ring sling
Lo Yo,
Jib crane 3R Lis Single~- 9.1-32 201 2 e d 162 LR AR a
failure proof
‘L sling
o,
Channel handling  wee—is (none 9.1-32 201 Carem .. /0 182 e o.,(d
boom crane roqntrﬂd) =
Dv-smmb\' 2 s (None fﬂ\ *.1-32 2ol [Larer l A KoZ :uﬁ’tﬂ_] d
. W\
sl , ‘ -4
soend Cal vack 10k Em wek | 1.-9% Co [earex. § -~ 4 W2 [epter] d
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TABLE 9.1-12 (cont} rage 4 ot/
First z;ngg%%n Second !!o!g“g
Satety-Related, Satety-Relatea,
Sate Sate Shutdown, Sate Shutaowm,
Load or Decay Hazard or Decay Hazara
Load Litving Path Heat Femoval Elimination Heat Removal Elimination
Heavy Load wmight  Device Fig_  Feet _ Equipment _ Criteriontt? Feet _Equipment __  CEAteradn.
Crane/Hoist; Person k_Hoist (Item able 9.1-10 .
a. Alr lock 39 tons ALr lock 9.%-33 1102 None b n Torus, and core O, C
strongback spray WPCL, ang
SRV discharge
piping
b. Upper shield block 21 tons Nore required 9.1-33 102 None b " Torus and core D, €
spray, HPCI,
and v das~-
charge piping
Ce. Lower shield 17 tons None required 9.1-33 102 None b " Torus and core D, ©
blocks (8) ray, HPCI and
VvV dischacge
piping
(] st t 3, Table 9.1-10
Recirculation 26 tons None required 9.1-33 102 Recircu- b, © 87  None -
pump motor ({inside lation {pottom
drywell (1AP201Y, ot dry-
1BP20 1) well)
and asso-
ciated
piping and
conduit
/ 3 tor Wate Filter/Demjn. Hoist (Item ¢, Table 9.1-10)
7 mwcs filter/s 8 tons  Conventional 9.1-38 178%6% Clase 1E__b "6z VentIIa¥ion euct ©
demineraliser P slinga. cable trays
\s;l(".t e, PO
1d blocks
and Turbine Hoist (It 5, Table 9.1-10
HPCI pump and 1.75 tons Conventional 9.1-3% 5% Pumps b, ¢ {No lower elevation) -
turbine parts slings (10p20s,
{turbine case} we217)
turbine
(108211) ¢

HPCI piping
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TABLE 9.1-12 (cont) rage 4 ot ¢
First Elevation Seco v
Satety-Related, Satety-Related,
Sate Sate Shutdown, Sate Srutdown,
Load or Decay Hazard or Decay Hazard
Load Lifting Path Heat Removal Elimination Heat Removali Elimination
Begvy Load Weight Device Fig Feet _ Equipment  Craterion''! teet _Equipment _ sqnnn-

elevat

~__RCIC piping
S ——

Wan Tonnel Undernung Crane m —
t 1-10
Velet o LA
Main steam 40— Conventional 9.1-35 102 MSIVs c 1] Torus plus core D, C
isclation valive ‘.‘% slings (HV FO2BA-D), spray, contain-
g BBl ol main steam, ment 1nstrument
Maan steam sh‘u 0.9 fons and feedwater gas, RCiC and
piping HPCI paping,
M0 Freduaite ek e 0.9 dons and nuclear
poiler & stem
Anstrumentation
st (Item 8, Table 9.1-%0
Main steam 2089-3d- Conventional 9.1-35 102 MS1IVs c 1) Main steam; c, ®
isclation valve \-‘\Ms slings (HV FO22 {bot- conlainment
operators A-D) and tom instrument gas
main steam ot and breathing
piping dry- air piping
2 well)
Crane/Hoist; Turbine Building Bridge Crane (Item 11, Table 9.1-10) 5 e i
Turbine-generator 202 tons Conventional Lager 137 RPS (rea 102 RPS conduit 1]

rotor

er shield / 6.75 tone ventiondl later 1)\ RPS conduit b
\

04 B nin : : . able 9.1-10)
I.lqut 1800 lb Conventional 9.1-39 102 None - - L RPS5 condult °
filter bOx slings

slings / tor proyec-

\ f tion system) P

\ condujt / \
, ' ;

u*g[! Crane ﬁtgg i!: Tafjle 9.1-10 :

s,

w2 RPS conduirt o
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TABLE 9.1-12 (cont) vage 5 ot &
___Z_L__ELI.—%‘-‘ st evation Second Eievation _ ..
Satety-Related, Satety-Related,
Sate sate Shutdown, Sate Shutdown,
Load or Decay Hazard or Decay Sazare
Load Lafrting Path Heat FRemoval Elimination Heat Removal Slimanation
Heavy Load weiaht Qevice | 25 Feet __Equipment Cgiterjoptt’ Feet _Equipsent CEASeEROn
ez Crane Table 9.1-10 g
Diesel gemnerator 3580 1b Conventional 9.1-36 102 Diesel b, © ”n Associated D, ©
pacts, €.9., slings generators cooling PAPANgG
cosbustion air (1AGA00~
cooling water 1DG400)
heat exchanger and assoc
tube bundle cooling
piping
Crape/Boieti Intake Structuge Gantry Crane (ftem Jé, Table 1-10
Traveling screen, 19 tona Conventional 9%.1-37 123 screens B, € v3 Strainers D, €
8.4, pump, and slings (S%01) (Fo0Y9)
misc squipmant & heaters
(VESO?) &
S5.W. pumps
(P502) .
mwwmmuww Hoist (Item 37, Table ¥.1-1¢
T-shaped shield 21 tons None regquired 9.1-33 102 Hone - b1} Torus and - D, ©
block core Spray,

HPCI, and SRV
discharge pioing

C vane JHost - e evvice Weat (1 lem 3‘1) Table 11 lo\)
______ e b o . BRECS . S e - - ]
c:: :n'«a:nm ( (ha 0 \0."\'9“\\0"‘\ T1-3% 102 None - LU | thr] e
AP sl < s
— 3
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TABLE 9.1-12 (cont)

Hazard elimination criteria:

b.

C.

Irradiated fusl.
Reactor vessel.

Crane travel tor this area’load combination is prohibited by electrical
interlocks or mechanical stops.

System redundancy and separation precludes the loss ot the capability ot
the system to perform its safety-related function tollowing this Loaa arop
ir this area.

Site-specific considerations, such as maintenance seguencing, elimipate
the need to consider this load/equipment combination.

Thae iikelinhsod of a handling system tailure tor this load 1s extremely
small; i.e., Section 5.1'.6 of NUREG-0612 is satistied, tne OHS 1is single-
failvre-proof.

Analysis demonstrates that crane failure and load drop will not prevent
safe shutdown or decay heat removal, Or cause unacceptable radiacion
release.

T™he likelihood of a handling system tailure is small. The system design
meets the intent of NUREG-0612 (not dropping the load).




HCGS FSAR

TABLE 9.1-13
REACTOR BUILDING POLAR CRANE DESIGN COMPARISON

WITH NUREG 0554, SINGLE FAILURE PROOF
CRANES FOR NUCLEAR POWER PLANTS

(

MAY 1979)

Page 1 of 5

NUREG Section

1.

- o~ - kS Eal ks [ w w w w ~ ~ ~ ~ o ~N ~ ~ ~
. - . - - - - - - - - - - - - - - - .

W e W N

d W N

-

@ N N WV e W N

INTRODUCTION

Complies

SPECIFICATION AND DESIGN CRITERIA

Construction and Operat
Maximum Critical Load
Operating Environment
Material Properties
Seismic Design

Lamellar Tearing
Structural Fatigue
Welding Procqﬁhrcs
SAFETY FEATURES

General

Auxiliary Systems
Electric Contrel System
Emergency Repairs
HOISTING

Reeving System

Drum Support

Head and Load Blocks
Hoisting Speed

Design Against Two-Bloc

x
ing Periods X
X
X
X
X
X
X
X
X
X
X
X
X
X
5
X
king X

Does
Not

Comply Notes

(1)
(2),

(4)
(5)

(6)
(7)

(8)

(9)
(10)

(1)
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TABLE 9.1-13 (cont) Page 3 of §

Does
Not

NUREG Section Complies Comply Notes

OPERATING MANUAL X
QUALITY ASSURANCE X (17)

(2)

(3)

(4)

Section 2.1 - The load lifts during construction were not
greater than those for plant operation; therefore, no
separate specifications were prepared.

Section 2.2 - The reactor building polar crane main hoist id
designed to handle a maximum critical load (MCL) of ’
130 tons. The MCL rating will be clearly marked on the main
hoist. The design rated load (DRL) of 150 tons provides an
overall increase of 15% in the crane's load handling ability
above its MCL capacity to compensate for wear and exposure.

The reactor building polar crane auxiliary hoist is designed
to handle a MCL of B.7 tons. The MCL rating will be clearly
marked on the auxiliary hoist. The design rated load (DRL)
of 10 tons provides an overall increase of 15% in the
crane's load handling ability above its MCL capacity to
compensate for wear and exposure.

Section 2.3 - All identified parameters, excepl maximum rate
of pressure increase and emergency corrosive conditions, were
specified. A maximum rate of pressure increase was not
specified because it was judged not significant to safe
design of the crane. Because it is in the reactor building,
outs.de the drywell, the crane would not be subjected to the
high accident pressure (62 psig) possible inside the drywell.
The maximum pressure increase specified for crane design is
~.25 in. wg minimum to +7 in. wg maximum. Emergency
corrosive conditions were not specified because none were
identified that would prevent safe crane operation.

Section 2.4 - The minimum specified operating temperature is
60°F. Materials for structural members essential to
structural integrity are impact-tested unless exempted by the
provisions of Paragraph AM-218 of the ASME Code,

Section VIII, Division 2. All structural members, except the
main hoist drums, are exempt under Paragraph AM-218.2, which
withdraws the impact test requirement if stress intensity is
less than 6000 psi. The main hoist drums are Charpy-tested



(10)

(11)

(12)

(13)

(14)

(15)

(16)

HCGS FSAR

TABLE 9.1-13 (cont) Page 5 of §

stainless steel auxiliary hoist wire ropes, with independent
wire rope center, are 1 inch in diameter with an ultimate
breaking strength of 77,200 pounds each.

Section 4.2 - The main hoist and auxiliary hoist drum
assemblies, each with its shafts and bearings, are designed
at factors of safety not less than 10. Safety lugs are
provided inside each trolley truck to sustain the drum
assembly hubs in the event of drum shaft failure at either
end. Upper sheave shafts and block swivel assemblies are
provided with safety retainers and block housings capable of
sustaining the load in case of shaft or swivel failure.

Drum movement in this event is mechanically limited so that
the gears and holding brakes remain engaged.

Section 4.5 - Dual upper limit switches of diverse design in
series, and an overload cutof{ switch on each hoist stop the,
hoist motor and set the brakes. Motor overtemperature
switches activate warning lights in the cab and on the

- pendant. Each limit switch allows the hoist motor to be

operated in reverse after it has opened.

Section 6.1 - An emergency breaker switch located at the

refueling floor level cuts power to the crane independently
of the crane controls.

Section 6.2 - The crane is8’does not lift spent fuel
assemblies. aseembites. o

Section 6.4 - Jogging and plugging are considered in the
crane controls des.gn. Drift point is not provided for
bridge or trolley movement.

Section 6.6 - Manual controls for hoisting and trolley
movement are not provided on the trolley. Manual controls
for the bridge are not located on the oridge.

Section 8.3 - The crane design does not include an energy
contrelling device between the load and head blocks.
Therefore, the two-block test is rot done. Instead, the
two~-block test consists of verification that the two
uptravel limit switches on each hoist function as designed.

(17) The crane is procured under a QA program that complies with

the applicable provisions of ANSI N45.2-1971. Field
installation, testing, operator qualification, and crane
operation comply with ANSI B30.2.




(5)

(6)

(7)

(8)

(9)
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TABLE 9.1-13 (cont) Page 4 of S

per ASTM A 370. The crane was not subjected to coldproof
testing because low alloy steel, such as ASTM A 514, is not
used. Cast iron is not used for any crane parts.

Section 2.5 - The SSE design vertical acceleration is less
than 1g. Therefore the bridge and trolley wheels will not
jump up off their tracks during a seismic event. The bridge
and trolley designs include horizontal seismic restraints
that would prevent the wheels from leaving the tracks.

Section 2.6 - Nondestructive examination (NDE) was done on
all welds whose failure could cause a drop of a critical
load. Section 9.1.5.4.1.1 describes the NDE in more detail.
Lamellar tearing of these welds is not expected to occur.

Section 2.7 - A structural fatigue analysis was not part of
the design requirements for the reactor building polar "
crane. The crane is classified as a low-use crane according .
to the guidelines of CMAA Specification 70. Structural
fatigueeis not considered necessary in view of the low
number ;?\&oad cycles expected.

Qﬁﬂﬁsus
Section 3.3 - Cab controls are deadman-type with spring
return. A deadman foot switch in the cab must be held down
during crine operation. Release of the switch will stop the
crane and set the brakes. Overspeed switches on the hoist
drives stop the motors and set the brakes at 120% of no load
speed. Pendant controls are momentary contact pushbuttons
that return to off when released. Pendant control includes
an emergency stop pushbutton that stops power to all
drivers.

Section 4.1 - The maximum fleet angle from drum to lead
sheave in the load block or between individual sheaves does
not exceed 3-1/2 degrees at any one point during hoisting.
Reverse bends are not used in the reeving system. Each main
hoist rope is reeved Lhrough block and upper sheave
assemblies so that its eight parts provide two parts i each
quadrant of the load block about the vertical axis of the
hook. With both ropes effective, the load is supported by
sixteen parts at an effective static factor of safety of 10.
1f one rope loses its effectiveness, the load is supported
by the eight parts of the remaining rope at a static factor

safety of " The extra improved plov steel main hoist

wire ropes, with independent wire rope center are

1-1/2 inches in diameter with an ultimate breaking strength

of 228,000 pounds each. With both auxiliary hoist ropes

effective, the load is supported by four parts at an

effective static factor of safety of 15. If one rope loses

its effectiveness, the load is supported by two parts of the
~remaining rope at a static factor of safety of 5. The
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(Rev- 1 )

HCGS

DSER Open Item No. 166 (Section 12.3)

AIRBORNE RADIOACTIVITY MONITOR POSITIONING

The applicant should clarify how he intends to use the
ventilation monitors to accurately monitor plant iodine
levels when the air being monitored by these monitors has
peer. filtered through the plant HEPA and charcoal filter

banks.
RESPONSE

FSAR Section 12.3.4.2.2 has been revised to address how HCGS
intends to accurately monitor particulates and iodine from
any compartment which has a possibility of containing
airborne radioactivity and which normally may be occupied by
personnel, taking into account dilution in the ventilation

system.

MPB4 95/17 1
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taps are located in the ducts next to the detectors so that gradb
samples can be taken.

Additional mobile samplers with monitoring detectors that are
displayed, controlled, and recorded by the CRP are provided for
use if needed.

More details about airborne radiocactive material sampling and
monitoring are included in Section 11.5.

The above described airborne radiocactive material monitoring
equipment and procedures are used to meet the applicable parts of
Regulatory Guides 1.21, 1.97, 8.2, 8.8, 8.12, and

ANSI N13.1-1969.

Acceptance Criteria II.B.17 of standard review plan 12.3 - 12.4
provides criteria for the establishment of locations for fixed
continuous area gamma radiation monitors. The specific document
referenced is ANSI/ANS-HPSSC-6.8.1-1981. The locations and
numbers of monitors used at HCGS are not in full compliance with
this standard. The location of these monitors are in the
vicinity of personnel access areas only. These locations are
based on the dose assessment and operating experiences from other
nuclear power plants. In addition, these locations were
finalized prior to the issuance of this standacrd and provide an
acceptable method of monitoring area radiation levels.

d upstream of the ﬁzﬁA.tiltcrs. MBCGS design piacos tho

venti on monitors downstream of the HEPA filter in orde .
assess the-plant's effluents. This is achieved best a is
location as:
a. It is more ef nt to have a gle monitoring point
C’ejeifi'jz___ rather than multip point
b. The instrument i ufficientl nsitive to ensure
compliance wj technical specifi on release limits.
c. T entilatiorn effluent monitors referred to~above and
e HVAC in line monitors (see P&IDs in Section

are scintillation detgctorn. These monitors are usec

12.3-43 Amendment |
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de.le.‘\'c incr s in airborn radiocactivity concentrations.
Maintena of iodine concentration within 10 MP€<hours
will be assured. by the use of several methods including
these monitors, im~piant surveys, and portable
particulate and iodin mpling peritors. Grab samples
may be obtained from the dUmicEystems or the room air
by using the portable glers. ese samples are then
analyzed in the laperatorv by mult gnel analyzer
(MCA). (See ion 12.5 for further iNE gmation about
MCA). Th ore, particulate and iodine sampiing

mon are not provided upstream of the HEPA IT3gers

12.3.5 REFERENCES
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Insert

Acceptance Criterion I1.4.b.3 requires ventilation monitors
to be placed upstream of HEPA filters. The HCGS design
places scintillation detectors in ducts that are tributary
to the release vent in order to provide warning of increased
releases within the plant. These instruments detect
increases in the gross noble gas concentrations of the
effluent. Hence, placement of the detectors relative to
HEPA and/or charcoal filters does not significantly affect
their response. Since releases of iodines and particulates
will be accompanied by much larger releases of noble gases,
the changes in ventilation monitor readings provide
indication of a change in airborne activity concentration in
one or more of the plant's areas. If an increase is
detected, its source and magnitude will be determined using
portable samplers.

Normally occupied non-radiation areas in the plant do not
have potential for significant airborne concentrations of
particulates and iodine during plant operation because:-

a. The ventilation systems are designed to prevent the
spread of airborne radioactivityv into normally occupied
areas.

b. Highy radioactive piping/components are not located in
normally occupied areas.

Certain activities, such as refueling, solid waste handling,
or turbine teardown may increase the possibility of encoun-
tering significant airborne activities in some normally
occupied areas. Continuous local airborne monitoring will
be provided during these activities, as needed.

Exposure of personnel to high concentrations of airborne
activity in radiation areas will be prevented through
in-plant surveys and these portable particulate and iodine
sampling monitors prior to personnel entrance. Continuous
monitoring will be provided as required by area conditions
and the nature of the entry. . Admini ativ ontrol will
prevent inadvertent entry of personnel into normally
unoccupied areas (Zone III and above). The provisions
discussed above ensure that personnel will not be
inadvertently exposed to significant concentrations of
airborne activity.

Therefore, continuous ventilation radioactivity monitors
capable of detecting 10 MPC-hrs of particulate and iodine
from any normally occupied compartments are not provided as
permanently installed equipment.

somn ooin 19 J ol (FY. 1)
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The location of portable monitors which will be positioned
within the station to provide supplemental inplant monitor-
ing of particulates and iodine levels will be provided by
July 1, 1985, The positioning of supplemental continuous
air monitors is part of the Radiation Protection Program and
a July 1, 1985 date is consistent with finalizing other
details of the program (i.e., instrument and equipment cali-
bration). The location, quantity, and monitor type will be

provided at that time.

RSC:srd
9/6/84
M P84 93/10 1

psep oPew |TEM b b (35\”)



HCGS FSAR 4/84

QUESTION 421.10 (SECTION 7.1 & 7.2)

The staff believes that the physical separation provided in the
design of the RPS cabinets may not satisfy the requirements of
Regulatory Guid 1.75 or the plant separation criteria and is,
therefore, unacceptable. As an example, it has been noted on
similar plants that the cabinet lighting and power circuits
(which are not treated as associated circuits) becomes associated
with Class IE circuits inside the RPS cabinets. Section 8.1.4.14
includes a brief discussion on the physical separaticn provided
within panels, instrument racks and control boards for the
instrumentation and control circuits of different divisions.
Review the design of all Class 1E cabinets for separation between
non-Class 1E and Class E circuits. Provide the staff with a
listing of the cabinets which were reviewed and describe in
detail how physical svparation is maintained within the panels,
racks and boards for those cases where a 6 inch air space cannot
be maintained. Provide a summary of the analysis and testing
performed to support this lesser separation. Include in the
discussion the separation provided for associated circuits,
internal wiring identification and the use of common
terminations.

RESPONSE

The HCGS RPS cabinets (10C609, 10C611, 10C622 and 10C623) meet
the requirements of IEEE Standard 384 as modified and endorsed by
Regulatory Guide 1.75, as stated in Section 1.8.1.75. Cabinet
lighting and receptacle power circuits are physically separated
from RPS circuits by being routed in metallic conduit or by
structural steel barriers.

Physical separation between non-Class 1E and Class 1E
instrumentation and control circuits is provided in panels,
instrument racks and control boards in accordance with IEEE
Standard 384, as modified and endorsed by Regulatory Guide 1.75
as stated in Section 1.8.1.75. The following is a listing of
Class 1E panels, instrument racks and control boards reviewed for
the separation requirements of IEEE Standard 384:

Panels

1AC200 H,/0, Analyzer A Panel

1BC200 H,/0, Analyzer B Panel

1CC200 H,/0, Analyzer Heat Trace Panel

1DC200 H,/0, Analyzer Heat Trace Panel

1AC201 SACS Control Panel A

1BC201 SACS Control Panel B

1CC201 SACS Control Panel C

1DC201 SACS Control Panel D

10C202 RACS Heat Exchanger and Pumps Control Panel

421.10-1 Amendment 5



T1AC213
1BC213
1AC215
1BC215
1AC281
1BC281
1CC281
1pC281
1AC285
1BC285
1CC285
1DC285
10C286
10C399
10C401
10C402
1AC420
1BC420
1CC420
1DC420
1AC421
1BC421
1CC421
1DC421
T1AC422
1BC422
1CC422
1DC422
1AC423
1BC423
1CC423
1DC423
1AC428
1BC428
1CC428
1DC428
1AC482
1BC482
1AC483
1BC483
1CC483
1DC483
T1AC485
1BC485
1AC486
1BC486
1AC487
1BC487
1AC488
1BC488
1AC489
1BC489

HCGS FSAR

Instrument Gas Compressor A Control Panel
Instrument Gas Compressor B Control Panel

4/84

H, Recombiner A Power
H, Recombiner B Power

Reactor
Reactor
Reactor
Reactor
Reactor
Reactor
Reactor
Reactor
Reactor
Remote
Diesel
Diesel
Diesel
Diesel
Diesel
Diesel
Diesel
Diesel
Diesel
Diesel
Diesel
Diesel
Diesel
Diesel
Diesel
Diesel
Diesel
Diesel
Diesel
Diese])
Diesel
Diesel

Electric Heater Control
Electric Heater Control

Building
Building
Building
Building
Building
Building
Building
Building
Building

Distribution Panel
Distribution Panel
Coocler Control Panel
Cooler Control Panel
Cooler Control Panel
Cooler Control Panel
Control Panel
Control Panel

FRVS Control Panel

FRVS Control Panel
Equipment Lock Ventilation

Unit
Unit
Unit
Unit
FRVS
FRVS

Shutdown Panel

Generator
Generator
Generator
Generator
Generator
Generator
Generator
Generator
Generator
Generator
Generator
Generator
Generator
Generator
Generator
Generator
Generator
Generator
Generator
Generator
Generator
Generator

Area Battery Room Panel

Area Battery Room Panel

Exciter Panel

Exciter Panel

Exciter Panel

Exciter Panel

Local Engine Control Panel
Local Engine Control Panel
Local Engine Control Panel
Local Enyine Control Panel
Remote Control Generator Panel
Remote Control Generator Panel
Remote Control Generator Panel
Remote Control Generator Panel
Remote Engine Control Panel
Remote Engine Control Panel
Remote Engine Control Panel
Remote Engine Control Panel
Load Sequencer Panel

Load Sequencer Panel

Load Sequencer Panel

Load Sequencer Panel

Panel 1AVH403

Panel 1BVH403

ONOE»PPONDI>UONEP>PONODI>ONOWD>

Diesel Area HVAC Control Panel

Diesel Area HVAC Control Panel

Diesel Area HVAC Control Panel

Diesel Area HVAC Control Panel
Control Area HVAC Control Panel
Control Area HVAC Control Panel
Diesel Area Panel Room Supply System
Diesel Area Panel Room Supply System
Water Chiller Panel

water Chiller Panel

Chiller AK403 Power Panel

Chiller BK403 Power Panel

Electric Heater Control Panel 1AVH407
Electric Heater Control Panel 1BVH407

421.10-2 Amendment 5



1AC490
1BC490
1AC49)
1BC491
1AC492
1BC492
1AC493
1AC454
T1AC4S5
1BC495
1CC495
1DC495
1AC515
1BC515
1CC515
IDC515
T1ACS16
IBC516
1CC516
IDC516
1AC581
iBC581
1CC581
1DC581
10C601
10C602
10C604
10C617
10C618
10C620
10C621
10C622
10C623
10C628
10C631
T1AC633
1BC633
10C640
10C641
10C650
10C651
1AC652
1BC652
1CC652
1DC652
1AC655
1BC655
1CC655
1DC655
1AC657
1BC657
1CC657

Water Chiller
water Chiller
Water Chiller
Water Chiller
Eiectric Heater
Electric Heater
Control Panel -
Control Panel -
Control Panel -
Control Panel -
Control Panel -
Control Panel -

W > wH>

Traveling Screen Control Panel
Traveling Screen Control Panel
Traveling Screen Control Panel
Traveling Screen Control Panel

HCGS FSAR

Control Panel
Control Panel
Power Panel
Power Panel
Control Panel
Control Panel

Auxiliary Building
Auxiliary Building
Auxiliary Building
Auxiliary Building
Auxiliary Building
Auxiliary Building

Service Water Pump Panel
Service Water Pump Panel
Service Water Pump Panel
Service Water Pump Panel
Intake Structure HVAC Control
Intake Structure HVAC Control
Intake Structure HVAC Control
Intake Structure HVAC Control

RRCS Division 1
RRCS Division 2

Class 1E Radiation Monitoring
Division 1 RHR and Core Spray
Division 2 RHR and Core Spray

Panel
Panel

HPCI Relay Vertical Board
RCIC Relay Vertical Board

Inboard Isolation Valve Relay Vertical Board
Outboard Isolation Valve Relay Vertical Board

ADS Division 2 Relay Vertical Board

ADS Division 4 Relay Vertical Board

Post LOCA H, Recombiner A Control Cabinet

Post LOCA H, Recombiner B Control Cabinet

Division 4 RHR and Core Spray Relay Vertical Board
Division 3 RHR and Core Spray Relay Vertical Board

Panel
Panel
Panel
Panel

Diesel
Diesel
Diesel
Diesel
Diesel
Diesel

4/84

Instrumentation Cabinet

Relay Vertical Board
Relay Vertical Board

Main Control Room Vertical Board
Unit Operators Console
JE Solid State Logic Cabinet Channel A
1E Solid State Logic Cabinet Channel B
1E Sclid State Logic Cabinet Channel C
1E Solid State Logic Cabinet Channel D
1E Analog Logic Cabinet Channel A
1E Analog Logic Cabinet Channel B
1E Analog Logic Cabinet Channel C
1E Analog Logic Cabinest Channel D
J'E Digital Termination Cabinet Channel A
1E Digital Termination Cabinet Channel B
1E Digital Termination Cabinet Channel C

421.10-3
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1DC657 1E Digital Termination Cabinet Channel D
1AC680 IE Electrical Auxiliary Cabinet Channel A

1BC680 IE Electrical Auxiliary Cabinet Channel B
1CC680 1E Electrical Auxiliary Cabinet Channel C
IDC680 IE Electrical Auxiliary Cabinet Channel D

Instrument Racks

10C002 Reactor Water Clean-up Rack

10C004 Reactor Vessel Level and Pressure A Rack
10C005 Reactor Vessel Level and Pressure C Rack
10C009 Jet Pump Rack A

10C014 HPCI A/HPCI Leak Detection A Rack

10C015 Main Steam C/D and Recirc A Flow Rack
10C018 RHR A and ADS Rack

10C021 RHR B and ADS Rack

10C025 Main Steam C/D and Recirc A Flc .+ Rack
10C026 Reactor Vessel Level and Pressure D Rack
10C027 Reactor Vessel Level and Pressure B Rack
10C037 RCIC D/RCIC Leak Detection D Rack

10C041 Main Steam A/B and Recirc B Flow Rack
10C042 Main Steam A/B and Recirc B Flow Rack
10C069 RHR D and ADS Rack

10C208A RCIC/Reactor Cooling

10C211 RCIC Pump

10C212 RCIC Pump

Instrument racks are separated into channels. No two redundant
piped or tubed safety-related instruments are located on the same
rack.

Where a 6-inch air space cannot be maintained between
instrumentation and control circuits of different channels (both
Class 1E to Class IE and Class 1E to non-Class 1E), barriers are
provided in accordance with IEEE Standard 384. These barriers
are metallic conduit, structural steel barriers, or non-metallic
wrap (Havey Industries Siltemp Sleeving Type S or Siltemp Woven
Tape Type WT65). The metallic conduit and structural steel
barriers are noncombustible materials. The nonmetallic wrap
(Siltemp) was successfully tested for use as an isolation barrier
(reference Wyle Laboratories Test Report Number 56669).

devices, barriers
or these cases, reéquirements of

terminal
6 inches (8.15 m) as required in .6.2_provided at it

is not less than the distance between input and oltput :
terminals.

Add Trsert A
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Minimum separa
and components

S)agqle fa.lurc wery e,
Fhe-ondy anclysis bhat—widl-be performed to support air spaces
: - ¢ IEEE-S

less than 6 inches, sinee—thereguirementis-
are—satisfied is<for the Neutron Monitoring System Panel

(10C608) and the Process Radiation Monitoring System Panels
(10C635 and 10C636). v%-s re poi € WS Scibooa, Hee (crct€; separecdc
cover (K€ M. H!I to A schwencer dated Scptenibe, '/,175'//
No associated circuits have been identified in the non-NSSS
panels, instrument racks, or control boards. Internal wiring
identification is done using color coded insulation or insulation
marked with color coded tape. For panel secticns of one channel

only,

internal wiring identification may ot be _one. Where

common terminations are used, the requirements f IEEE Standard
384 are satisfied as stated above.

Electrical equipment and wiring for the reactor protection system
(RPS), the nuclear steam supply shutoff systems (NSSSS) and the
engineered safeguards subsystems (ESS) are segregated into
separate divisions designated I and 1I, etc., such that no single
credible event is capable of disabling sufficient equipment to
prevent reactor shutdown, removal! of decay heat from the core, or
closure of the NSSSS valves in the event of a desiyn basis
accident.

No single control panel section (or local panel section or
instrument rack) includes wiring essential to the protective
function of two systems that are backups for each other
(Division I and Division I1I) except as allowed below:

1f two panels containing circuits of dil{ferent separation
divisions are less than 3 feet apart, there shall be a steel
barrier between the two panels. Panel ends closed by steel
end plates are considered to be acceptable barriers provided
that terminal boards and wireways are spaced a minimum of
one inch from the end plate.

Floor-to-panel fire proof barriers must be provided between
adjacent panels having closed ends.

Penetration of separation barriers within a subdivided panel

is permitted, provided that such penetrations are sealed or
otherwise treated so that an electrical fire could not

42).10-5 Amendment 5
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reasonably propagate from one section to the other and
destroy the protective function.

d. Where, for operational reasons, locating manual control
switches on separate panels is considered to be
prohibitively (or unduly) restrictive to normal functioning
of equipment, then the switches may be located on the same
panel provided no single event in the panel can defeat the
automatic operation of the equipment.

With the exception of panels 10C608, 10C635 and 10C636, internal
wiring of the NSSS panels and racks has color-coded insulation.
Associated circuits are treated witnin a panel or rack in the
same manner as the essential circuits. Where common terminations
are used, the requirements of IEEE Standard 384 are satisfied.

E’u"r.‘c»' rotechion asseuwg)ies l/\[n/e been
a&ﬂaﬁ betweore the Pomr ravxa/. NmMS
Paml (mcw&) awl TS Fwo  (20V ac

UFPS ()ov\)"r' —p_etoeersas (stcr}blcg n
cevised  Seckion 7.1 F. 1.
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CHAPTER 7
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coaxial cable. The amplifier is a linear current amplifier whose
voltage output is proportional to the current input and therefore
proportional to the magnitude of the neutron flux. Low level
output signals are provided that are suitable as an input to the
computer, recorders, etc. The output of each LPRM amplifier is
isolated to prevent interference of the signal by inadvertent
grounding or application of stray voltage :t the signal terminal

point.
S €¢ 3!
$eom (e Frgere 301y 5143)
Power for the LPRM is supplied&g!;two non-Class 1E )
uninterruptible power sources). pproximately half of the LPRMs

are supplied from each bus. Each LPRM amplifier has a separate
power supply in the main control room, which furnishes the
detector polarizing potential. The LPRM amplifier cards are
mounted into pages in the NMS cabinet, and each page is supplied

operating voltages from a separate low voltage power supply.

- IWSERT A —

The trip circuits for the LPRM provide signals to actuate lights
and annunciators. Table 7.6-3 lists the LPRM trips.

Each LPRM may be individually bypassed via a switch on the LPRM
amplifier card. Placing an LPRM in "bypass" sends a signal to
the assigned APRM, electronically causing it to adjust its
averaging amplifier's gain to allow for one less LPRM input. 1In
this way, each APRM can continue to produce an accurate signal
representing average core power even if some of the assigned
LPRMs fail during operation. If the number of functional
assigned LPRMs drops to 50% of the normal number, the APRM
automatically goes inoperative and a half scram (one trip logic
channel deenergized), rod block, and appropriate annunciation are
generated. Administrative controls ensure that a minimum number
of LPRMs at each level (A, B, C, and D) in the core are
maintained or the APRM is declared inoperative and manually
placed in the tripped stale.

In addition to the signals supplied to the APRMs, the LPRMs also
send flux signals to the rod block monitor (RBM). When a central
control rod is selected for movement, the output signals from the
amplifiers associated with the nearest 16 LPRM detectors are
displayed on the main control room vertical board meters and sent
to the RBM. The four LPRM detector signals from each of the four
detector assemblies are displayed on 16 separate meters. The
operator can readily obtain readings from all the LPRM detectors
by selecting the control rods in order. These signals from the

7.6-10
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Electrical protection assemblies (EPAs) identical to those used in
the reactor protection system (RPS) (described in Section 8.3.1.5.4)
are installed between the power range NMS and the two 120V AC
feeders from the UPS power sources (see Figure 7.6-11). The EPAs
ensure that the power range NMS never operates under degraded bus
voltage or frequency conditions (undervoltage, overvoltage,
underfrequency). The power range NMS panel (10C608) was analyzed
with this power suprly configuration to ensure that no single
failure of the power range NMS could inhibit the proper operation
of the reactor protection system or any other safety system required
for the safe operation of the plant. The interfaces between the
power range NMS and the RPS have adequate provisions for separation.
The RPS cabling external to the NMS panel conforms to the separation
idelines of Regulatory Guide 1.75, which the RPS must satisfye
agthin the panelJ ‘ﬂhere the cable and wiring runs to the different
RPS divisions do not conform to the Regulatory Guide 1.75 separation
criteria, fire-resistant "Sil-Temp" tape is wrapped around the
cables and wires., This eliminates the possibility of fault
propagation between the RPS divisions. In accordance with paragraph
5.6.2 of IEEE Standard 384, this tape has been demonstrated to be

acceptable.
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four LPRM strings (16 detectors) surrounding the selected rod are
used in the RBM to provide protection against local fuel
overpower conditions.

7:8:%,8.3 Average Power Range Monitor Subsystem

The APRM subsystem monitors neutron flux from approximately 1% to
above 100% power. There are six APRM channels, each receiving
core flux level signals from 21 or 22 LPRM detectors. Each APRM
channel averches the 21 or 22 separate neutron flux signals from
the LPRMs assigned to it, and generates a signal representing
core average power.

This signal is used to drive a local meter and a remote recorder
located on the main control room vertical board. It is also
applied to a trip unit to provide APRM downscale, inoperative and
upscale alarms, and upscale reactor trip signals for use in the
RPS or RMCS.

Refer to Section 7.2.1.1 for a descrintion of the APRM inputs to
the RPS, and Figure 7.6-5 for the RPS trip circuit input
arrangement. APRM trips are summarized in Table 7.6-2.

The APRM scram units are set for a reactor scram at 15% core
power in "refuel” and "startup” modes. When the mode switch is
in "run,"” the APRM trip reference signal is provided by a signal
that varies with recirculation flow. This provides a power
following reactor scram setpoint. As power increases, the
reactor scram setpoint also increases up to a fixed setpoint
above 100%. Reactor power is always bounded with a reactor
scram, yet the change in power required to generate the reactor
scram does not vary greatly with the operating power level.

Provision is made for manually bypassing one APRM channel at a
time. Calibration or maintenance can be performed without
tripping the RPS. Removal of an APRM channel from service
without bypassing it, by unplugging a card, by taking the APRM
function switch out of "operate,” or by having too few assigned
LPRM signals to the APRM, will result in an APRM "inoperative”
condition which causes a half scram, a rod block, and
annunciation

Hie same.

The APRM channels receive power from/ non-Class 1E uninterruptible
power sources. Power for each APRM trip unit is supplied from

C Hat supply Hhe LRMs (see Jechan 2.0.1.4.2).
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SINGLE-FAILURE ANALYSIS FOR THE NEUTROJ NONITORING
ANS PROCESS RADIATION HONITORING éYSTEMS

)
v

{

3 2
Some of the safety-related portlons of the neutron n4n1t0r1ng system (NMS) and
the process radiation non1tor\nq system (FRMS) for the Hope Creek Generating
Station (HCGS) are not de51gned and built to conforn to the literal separation
guidelines of Regulatory Gutde 1.75. This analys1s %stabltshes the acceptabil-
ity of these portions of the 'NMS and PRMS by demonstrating that they meet the
single-failure criteria of ItEE Standard 279 which :equaaes that the conse-
quences of any single, desiqn -basis failure event in a safety-related portion
of the systems be tolerated without the loss of any safety function.

Portions of NMS and PRMS External to the NMS and pnu§ Panels L

See Figure 7.1-1 of the.HCGS FSAR for the separat1on‘ concept of the reactor
protection system (RPS) and its relationshIp to the EMS

Under the reactor vessel, cables from the 1nd1v1dua1f local power-range monitor
(LPRM) detectors and from the individual 1ntermed1at -range monitor (IRM)
detectors are grouped to correspond with the RPS trip channel des1gnat1ons
These cable groupings are run in conduit fron the vepsel pedestal area to the
NMS and PRMS panels.’

The radiation monitors on the main-steam lwnes are p ysxcal]y separated The
cabling from the individual sensors to the panels is run in separate metallic
conduit. | |

|

{
et
Cabling from the NMS and PRHS panels to the hPS cabipets is also run in metal-
lic conduit, providing electrical isolation nd physEcal separation of the NMS
and PRMS cablwng associated with the RPS syst 3 ;
It is concluded that the safety-related port;ons of the NMS and PéMS external
to the NMS and PRMS panels adequately conforr to the separation crwterIa of
Regulatory Guide 1.75. i

i d ' ;
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Single Faflure in the NMS and PRhS Panels

i

Figures 1 and 2 depict schematlcally the physxca\ arranJenent of the equipment
in NMS and PRMS panels H11-P608, H11-P635, and H11-P636. The designs of these
panels are similar to those of NMS and PRMS panels used in several RWR plants

accepted by the NRC. | i '

The layouls of the panels and the assignments of specific RPS trip logic
circuitry provides the designs with the required tolerance to postulated single
failures. The worst-case single failure would be the léss of any combination
of trip signals within one bay of any panel. However, the loss of any bay and
its associated wiring would not prevent a scram. A valid scram signal would bé
transmitted via the other bays because of the recundancy in the panel designs
and the interconnections to the RPS (see Figure 7.1-1 of the HCGS FSAR).

The eight IRM channels and the six average power range &onitor (APRM) channels
are electrically isolated and physically separated. Within the IRM and APRM
modules, analog outputs are derived for use with control room meters, record-
ers, and the process computer. Electrical isolation at the interfaces would
prevent any single failure from influencing the trip unit output.

Physical Separation in the NMS and PRMS Panels

Adequate separation in the NMS and PRMS panels is achieved by using the bay
design depicted in Figures 1 and 2, by using relay coil-to-contact as suffi-
cient separation/isolation, and by separation between dﬁvws1ons/channels/w1r1ng.
where conformation with Regulatory Guide 1.75 separation criteria cannot be
achieved, the best-effort design is used.

Circuits that provide inputs to different div1s1ons of the RPS are physicaI!y
separated by airgaps or by the walls between the bays. 'H\thin the panels,

where the cable and wiring runs to the different RPS dlvasions do- not conform -

to the Regulatory Guide 1.75 separation criteria, fire- besistant "Sil- Temp"

tape is wrapped around the cables and wires. This e11mknates the possibility

of fault propagation between the RPS divisions. In accordanco with paragraph 5.6.2
of TEEE Standard 384, ths tape ‘has been demonstrated tL be acceptable.

l
DBJ: rm/A08311%-3 |
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Separated ducts are provided in the panel for the incon'ng circuit wires from
the sensors that belong to UPS Bus 1 or Bus 2.

|
f |
As shown in Figure 3, the isolation/separation precludes the propagation from
outside the NMS cabinets, failures that could cause the loss of any safety

function.

NMS/PRMS Interface to RPS

!
|
i .

Although the LPRM sensors are not required to meet Class 1E requirements, the
design bases of the APRMs specify that the LPRM signals used for the APRMs be
so selected, powered, and roited that the APRMs do meet applicable safety !
criteria. The LPRM signal conditioners and associated power supplies are
isolated and separated into groups.

!
s

The logic circuitry for the NMS and PRMS scram t}ip sig&als conforms to the
single-failure criteria. The contact configurations ané failure consequences
associated with IRM A (see Figure 4) and AFkM A (see Figure 5) are typical of
the other trip channels and are described in what follows.

¢  With the reactor scram mode switch in the "ghutdowg," "Refuel," or "Startup"

positions, IRM A upscale or inoperating signals (unless bypassed) or

APRM A upscale or inoperative signals (unless bypasqu) would produce a

channel trip of the output relay.

i

®  With the reactor system mode switch in the "Run" p&sition, IRM A upscale

or inoperative signals (unless bypassed) and an APﬁM A downscale signal

(unless bypassed) or APRM A upscale neutron trip or upscale thermal trip

o- inoperative signals (unless bypassed) would produce a channel trip of

the output relay |
. A trip of the channel output relay for IRM i and AJRM Aora trib of the
channel output relay for IRM E and APRM E would produce an RPS A1 channel
trip. In PRMS, the log radiation monitor A would produce an RPS Al
channel trip (see Figure 6).

0BJ: rm/A08311%-4 i |
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For NMS, one tripped (unbypassed) channel on the RPS trip system would cause 2
half scram. “f one APRM bay were to fail in an untrippéd condition, the
remaining bays would be canable of sending RPS sufficient scram signals to
produce a full scram, even if one of them were bypassed.

As shown in Figures 2 and 7, if one bay of panels H11-P635 or H11-P636 were to
fail in an untripped condition, the remaining bays would be capable of sending
sufficient RPS signals even if one of the IRM channels were bypassed. The IRM
bypass switches can bypass one IRM channel at a time.

{
Similarly for PRMS, if one bay were to fail in an untriﬁped condition, the
remaining bays would be capable of sending sufficient RPS trip signals to
produce a full scram. |

.

: {
Common Power Supply Justification

The NMS is supplied with 120~Vac, 60-Hz power from UPS busses 1 & 2. A design
change has been authorized for the installation on each bus of redundant
electrical protection assemblies (EPAs), which will monitor the incoming
voltage and frequency.

Any fault in one NMS channel couﬁd not cause an hnsafe 'ailure in another
channel sharing the same low voltage power cupply because 10-amp fuses are
installed for wire protection, and the power supplies aée designed with
over-voltage and over-current protection circuitry at their output.

The PRMS is supplied with 120-Vac, 60-Hz power from RPSfbusses A and B. EPAs
are already installed on each bus to provide voltage anq frequency protection.
Any fault in one PRMS channel could not cause an‘unsafe‘failure in another
channel sharing the same power supply because 5-amp fuses are installed for
wire protection, and the power supplies are designed wiﬁh over-voltage and
over-current protection circuitry at their output.

’

'
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Because of the fail-safe NMS/PRHS logic configu?ation. a loss of one supply
would result 1n a half scram signal to RPS. Loss of both supplies would result
in a full scram. : l

Common Associated Circuit Inter*aces

Nonessential (associated) circuits to common information equipment are current
limited and protected such that their failure cannot jeopardize an adjacent
circuit. 5 ; :

| {
Figure 8 provides an example of!an associated c{rcuit interface on LPRM card
211 At the zero-to-160-mV computer output, the card is protected with a 30-MA
fuse. The zero-to-10-V output to the rod block monitor has an additional
isolator protection for the card. ‘

- —— e

- ——— — A
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HCGS FSAR -‘#00)’//

e nse

The HPCI and RCIC room unit coolers and their support systems are
designed to withstand the consequences of a complete loss of
offsite ac power since these are powared from onsite diesel
generators. Each HPCI and RCIC room is provided with a 100%-
capacity redundant unit cooler.

. 11.K.3.25 EFFECT OF LOSS OF AC POWER ON PUMP SEALS

Position

The licensees should determine, on a plant-specific basis, by
analysis or experiment, the consequences of a loss of cooling
water to the reactor recirculation pump seal coolers. The pump
seals should be designed to withstand a complete loss of
alternating current power for at least 2 hours. Adequacy of the
seal design should be demonstrated. The results of the
evaluation and proposed mcdifications are due by July 1, 1981.
Modifications are to be implemented by January 1, 1982.

Clarification

The intent of this position is to prevent excessive loss of
reactor coolant system inventory following an anticipated
operational occurrence. LoOSS of alternating current power for
this case is construed to be loss of offsite power. 1f seal
failure is: the conseguence of loss of cooling water to the
reactor céolant pump seal coolers for 2 hours, due to loss of
offsite power, one acceptable sclution would be to supply
emergency power to the component cooling water pump.

e nse

At HCGS, cooling to the reactor recirculation pump seals is

provided by the reactor auxiliaries cooling system (RACS). RAGS

is automatically energized from the Class 1E standby diesel generators
during LOP.

PSE&G concurs with the BWROG study of this issue. BWROG submittals
to the NRC on September 21, 1981, and September 2, 1982 provided
test data showing very small seal leakage (on the order of 1 gpm)
for a loss of seal cooling for longer than two hours. These results
are applicable to the Byron-Jackson pumps used at HCGS. The normal
or emergency controls for reactor water level could easily accom-
modate this small leakage rate.

p.1.1o-82 Amendment _




