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UPDATED FINAL SAFETY ANALYSIS REPORT, REVISION 17 
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.1~>:.,' 
Public Service Electric and Gas Company (PSE&G) hereby submits Revision No. 17 
to the Salem Generating Station Updated Final Safety Analysis Report(UFSAR) in 
accordance with the requirements of 10CFR50.71(e). 

Revision No. 17 to the Salem UFSAR contains identified text, table and figure changes 
required to reflect the plant configuration as of April 16, 1998, six months prior to this 
Sl;!9mittal. In addition, there are corrections of typographical errors and general 
etjHorial changes. Details regarding each change are attached to facilitate your review . 

.;·0:-,.:!, 
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The previous revision to the Salem UFSAR was issued on January 31, 1998 both to 
reflect configuration changes resulting from the Unit 2 extended outage and to satisfy 
the 24 month maximum revision limit. This revision, Revision 17, reflects configuration 
changes resulting from the Unit 1 extended outage and reestablishes Salem Unit 1 as 
the lead plant for planned updates of the Salem UFSAR. 

Shau.Id there be any questions with .regard to this submittal, please do not hesitate to 
contact us. 
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Attachments: 
-Affidavit 
- Summary of Salem UFSAR Revision 17 Changes 
- Salem UFSAR Revision No. 17 

C Document Control Desk - Original & ten copies 

.. ·:·· 

Mr. Hubert J. Miller, Administrator - Region I · 
U. S. Nuclear Regulatory Commission 
475 Allendale Road 
King of Prussia, PA 19406 

Mr. Patrick Milano, Licensing Project Manager - Salem 
U. S. Nuclear Regulatory Commission 
One White Flint North 

- 11555 Rockville Pike . 
Mail Stop 14E21 
Rockville, MD 20852 

Mr. S. Morris - Salem (X24) 
USNRC Senior Resident Inspector 

Mr. K. Tosch, Manager, IV 
Bureau of Nuclear Engineering 
PO Box415 
Trenton, NJ 08625 

OCT14 1998 

95-4933 
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BC (w/o attachments): 
CNO & President - Nuclear Business Unit (N09) 
Senior Vice President - Nuclear Engineering (N19) 
Director - QA/NT/EP (120) 
Director - Licensing I Regulation and Fuels (N21) 
General Manager - Salem Operations (SOS) 
Manager - Nuclear Review Board (N38) 
Manager - Joint Owners/Ext Aff Interface (N28) 
Licensing Operational Manager - Salem (N21) 
J. Keenan, Esq. (N21) 

(w/ attachments except Salem UFSAR Revision No. 17): 
Records Management 
Microfilm 
File Nos. 1.2.1, 2.1.3 

OCT 14: 1998 



STATE OF NEW JERSEY 

COUNTY OF SALEM 

) 
) SS 
) 

REF: LR-N980493 

L. F. Storz, being duly sworn, states that he is Senior Vice President - Nuclear 
Operations of Public Service Electric and Gas Company, that he is authorized on the 
part of said Company to sign and file with the Nuclear Regulatory Commission this 
certification; and, that in accordance with 10 CFR50.71 (e)(2), the information contained 
in the attached letter and Updated Final Safety Analysis Report accurately presents 
changes made since the previous submittal, necessary to reflect information and 
analyses submitted to the Commission or prepared pursuant to Commission 
requirement; and, contains an identification of changes made under the provisions of 10 
CFR50.59 but not previously submitted to the Commission. 

Subscribed and Sworn to 

before me this / "f',Ji;j day of 

Octobar, 1998 

,ntvJ~, ,iJ.~rd 
DELORIS D. HADDEN 

Notary Public of New Jerser 
My Commission Expiru 

03-29-2000 
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ATTACHMENT 1 

Summary of Salem UFSAR Revision 17 Changes 



•,""", Salem UFSAR Changes Approved for Incorporation in Revision 17 Page 
10/12/98 

Affected Affected Initiating or 
CNNumber Sectiom Pa2eS/Fi1mreUTables Description Ref. Document 

SSAR 94-041 15.2 15.2 .. 55 Reanalysis of Inadvertent DCPs 2EC-3617 and lEC-
15.2-56 Safety Injection at Power 3696, AR 961016246 CRCA 
15.2-57 transient - Unit 2 only 01, Fuels Eval. DS 1.8-

15.2-58 0005; CR 951208266, DEF 

15.2-59 DES-94-0042 

Fl5.2-45 
F15.2-46 
T15.2-1Sh7 

5.5 5.5-48 
5.5-55 
5.5-57 

A A-6 
A-8 

NewSARPqea: Fl5.2.14-l through-5 

SSAR 95-028 3.2 3.2-2 Clarification of the Service PR 951221127, DEF DES-
3.8 3.8-74 Water Intake Structure seismic 94-00114 

3.8-80 class 1 classification 

3.8-82 

SSAR 95-062 8.1 8.1-10 Revision of 28 volt DC Logic DCP lEE-0116 
System breaker protection 

SSAR 95-088 3.8 F3.8-37 Replacement of containment DCP lEE-0130 
F3.8-38 airlock valves 

SSAR96-068 10.2 10.2-6 Adds an additional means for DCP 2EC-3306 PKG l 
10.2-6a twbine runback as a result of a 

main feedwater pump trip on 
Unit2 

SSAR 96-076 11.4 11.4-19 Unit 2 Fuel Handling Area DCP. 2EC-3559 PKG 1, 
Tll.4-4 SH 1 Ventilation System - addition LCRS96-08B 

8.3 T8.3-6 of an automatic initiation of 

9 .. 1 9.l-3b exhaust fans on a high 

9.4 9.4-18 radiation signal from RMS 



Salem UFSAR Changes Approved for Incorporation in Revision 17 Page 2 

10/12/98 
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Affected Affected Initiating or 
CNNumber Sections . Pages/FiID!res/Tables Description Ref. Document 

SSAR 96-084 10.3 Fl0.3-lB Sh 1 Digital Feedwater Control DCP 2EC-3178 Pkg 1, lEC-
Fl0.3-lB Sh 2 System 3206 PKG 1 

10.4 Fl0.4-5A Sh 3 
15.2 15.2-37 
15.4 15.4-44 
7 7-ix 
7.2 7.2-25 

F7.2-2 
F7.2-7 
TI.2-1Sh3 
TI.2-1Sh4 
T7.2-l Sh 5 
T7.2-1Sh6 

7.3 TI.3-1Sh1 
TI.3-1Sh2 

7.7 7.7-10 
7.7-9 

New SAR Pages: Figures 7.7-7, 7.7-8, 
7.7-9 

SSAR96-087 10.2 10.2-6 Main Generator - revise low DCP 2EC-3471PKG1 
stator winding, rectifier, and 
bushing water flow logic to "2 
out of3" 

SSAR 96-092 11.4 11.4-10 Radiation Monitoring System DCP lEC-3244 PKG 1 
11.4-16 Channel 1R41 replacement 
11.4-3 (plant vent) 

11.4-4 
11.4-8 
11.4-9 
Fll.4-2 
Tll.4-1SH3 

3A 3A-8 
A .A-52 

SSAR 96-107 3.8 3.8-16 Update of UFSAR for CR 950721135 
3.8-19 structural adequacy of 
3.8-20 containment structure and 

3.8-24 liner for effects of Main Steam 

3.8-28 Line Break 

3.8-4 
3.8-5 
3.8-82 
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Salem UFSAR Changes Approved for Incorporation in Revision 17 
10/12/98 

Affected 
CNNumber Sections 

SSAR 96-112 10.3 

10.4 

SSAR 96-117 3.8 

SSAR 96-126 3.6 

9.4 

SSAR 96-153 5.5 

SSAR 96-211 15.4 

SSAR 97-002 5.1 
5.6 
7.7 

SSAR 97-006 10.3 
10.4 

SSAR 97-011 9.3 

Affected 
Pages/Fig!!res/Tables 

10.3-18 
Fl0.3-3 Sh 2 
10.4-11 
F10.4-18B Sh 2 

· Fl0.4-5B Sh 1 
Fl0.4-5B Sh 2 
Fl0.4-5B Sh 3 
Fl0.4-6B Sh 5 

3.8-77a 
3.8-82 

3.6-36a 
3.6-42 
F3.6-28 
F9.4-2B SH 3 

T5.5-l SH4 

15.4-114 

F5.1-6a sh 1 
5.6-4 
7.7-21 

10.3-5 
10.4-18 

9.3'-l 

Description 

Ethanolamine (ET A) 
Chemistry and corrosion 
sample points 

Spent Fuel Pool structure and 
liner update for latest 
structural evaluations 

Provide protection for Turbine 
Driven Aux Feed pump 
enclosure by adding blowout 
panels, removing and 
installing dampers, and adding 
temperature switches 

RHR suction pressure change 
from 450 psig to 600 psig for 
piping between valves 2RH75 
and2RH76 

Correction ofFeedwater 
regulator valve delay time for 
the steam line break accident 

Install new RVLIS wide range 
midloop indication. 

Replacement of steam traps 
with orifice/strainer assemblies. 

Denote lSAEl as both total 
closure and constant pressure 
controls. 

~age .'3 

Initiating or 
Ref. Document 

DCP 2EX-3533 

CR 951207356 CRCA 2 

DCP 2EC-3522 PKG 1 

CR 960911067 

CR 960722187 

DCP lEC-3531 

DCP lEC-3495 pkg 1, DCP 
2EC-3407 pkg 1 

DCP lEC-3651 Pkg. 1, Pkg 
2, Pkg 3. 



I . .., 
·Salem UFSAR Changes Approved for Incorporation in Revision 17 

10/12/98 

CNNumber 

SSAR 97-018 

SSAR97-026 

SSAR 97-027 

SSAR 97-030 

SSAR 97-035 

SSAR97-036 

Affected 
Sections 

10.4 
11.3 
2.2 

6.4· 

3.6 

10.3 
3.6 

2.4 
6.3 
8.3 
9.2 

7.5 

8.3 
9.5 

Affected 
Pages/Fi~res/Tables 

10.4-19 
11.3-5 
2.2-10 
T2.2-2Sh1 
T2.2-2 Sh2 
6.4-3 

3.6-35 
3.6-41 
3.6-43 
F3.6~28 

10.3-12 
3.6-44 

F2.4-3 
T6.3-13 Sh 1 
F8.3-4 
9.2-6b 
F9.2-1A Sh 2 
F9.2-3 

TI.5-1sh2 
TI.5-1sh3 
TI.5-2 ·sh 10 
TI.~-2 sh 9 

F8.3-5 Sh 1 
9.5-38 

Description 

Addition of nitrogen 
purge/blanket to the Auxiliary 
Feed Water storage tank 

Pipe break vent panel to be 
fixed closed with venting 
function provided by new vent 
penthouse. 

Pressure relief vent panels for 
the Inner and Outer 
Penetration Areas are being 
modified by DCP lEC-3475 

Revise UFSAR to refl~t 
installation of new Service 
Water Pumps. Includes 
UFSAR update information 
from SSAR's 96-202, 96-203, 
97-031, 97-040 ' & 97-041. 

Correction of data connected to 
the replacement of the Salem 
Unit 1 Series 51 Steam 
Generators with Model F . 
Steam Generators. 

DCP lEC-3385 exchanges the 
normal and backup power 
supplies for emergency 
lighting inverters 
1INV1A15Y, 1INV1B16Y and 
1INV1C12Y 

Page 4 

Initiatiiig or 
Ref. Document 

DCP 2EC-3570 pkg I 

DCP lEC-3474 

DCP lEC-3475 

DCP lEC-3409 

DCP lEE-0367 

DCP lEC-3385 pkg 2 
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\) 10/12/98 

Affected Affected Initiating or 
CNNumber Sections Pages/Fig!!res/Tables Description Ref. Document 

SSAR97-045 11.2 11.2-10 Addition of a filtration unit to DCP lEC-3622 
11.2-4 the Liquid Radwaste System 
Fll.2-lB Sh 2 
Tll.2-1 
Tll.2-3 Sh 1 

SSAR97-062 3.5 3.5-22 Information provided for steel DCP 2EC-3590 pkg 14 
3.5-5 missile barriers .. 

SSAR 97-068 5.6 5.6-3 Removes a section of the DCP lEC-3523 pkg 1 
5.6-4. UFSAR that describes the use 

7.1 7.1-11 of a Hi Tave signal from a 
7.1-13 Hagan instrument loop being 

7.2 7.2-12 replaced by an NUS instrument 

7.2-39 loop. 

7.3 7.3-29 
T7.3-5 Sh 10 
T7.3-5 Sh 12 
T7.3-5 Sh 14 
T7.3-5 Sh 2 
T7.3-5 Sh4 
T7.3-5 Sh 6 
T7.3-5 Sh 8 

7.7 7.7-6 
7.7-7 
F7.7-2 

SSAR 97-075 6.3 6.3-32 Add description of anti-sweat DCP lEE-0348 pkg 1 
insulation to be installed on 3" 
& 3/4" dia. uninsulated service 
water piping on CFCUs in 
Unit 1 Contaiment. 

SSAR 97-093 15.4 15.4-110 Revise Section 15.4.8 to reflect DCPs 1EC-1914A, 2EC-
F15.4-100 the impact of the recent license 1915A, lEC-2032 and 2EC-
F15.4-91 amendments increasing the 2032 
F15.4-98 CFCU response time from 45 

T15.4-22 to 60 seconds. 

T15.4-24 

SSAR 97-104 6.2 F6.2-34 Revise UFSAR in accordance DCP lEC-3687 
T6.2-10 Sh 5 with DCP lEC-3687 
T6.2-12 Sh 3 



Salem UFSAR Changes Approved for Incorporation in R~vision 17 
10/12/98 

Affected 
CNNumber Sections 

SSAR 97-105 7.2 

7.5 

SSAR 97-109 1.2 

Affected 
Pages/Fiirnres/Tables 

7.2-32 
F7.2-4 
7.5-4 

Fl.2-1 

Description 

Implement changes to 
pressurizer pressure circuits. 

Delete Waste Evaporator 
Building and add Service 
Water Accumulator Enclosure. 

Initiating or 
Ref. Document 

DCP lEC-3696 

Page 6 

DCP lEC-3668 pkg 7, GL 
96-06 
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CNNumber 

SSAR 97-110 

Affected Affected 
Sections Pages/Figures/Tables 

4 4-iii 

4.1 

4.2 

4-vii 
4-viii 
4-x 
4-xi 
4-xii 
4-xiii 
4-xiv 
4-xv 
4-xvi 
4-xvii 
4-xviii 
4.1-1 
4.1-2 
4.1-3 
4.1-4 
T4.l-l Sh I 
T4.l-l Sh2 
T4.l-l Sh3 
T4.l-l Sh4 
T4.l-l Sh5 
T4.l-2 Sh I 
4.2-10 
4.2-11 
4.2-12 
4.2-13 
4.2-13a 
4.2-13b 
4.2-13c 
4.2-13d 
4.2-14 
4.2-17 
4.2-2 
4.2-24 
4.2-25 
4.2-26 
4.2-27 
4.2-28 
4.2-4 
4.2-5 
4.2-7 
4.2-8 
4.2-83 
4.2-9 
F4.2-l 
F4.2-ll 
F4.2-2A 
F4.2-3 

Description 

Update of Salem UFSAR 
Chapter 4 for fuel upgrade (to 
Vantage+) and typical reload 
cycle information. 

Initiating or 
Ref. Document 

Page ·7 

LCR 94-07, CRCA 
960416212 



Salem UFSAR Changes Approved for Incorporation in Revision 17 
10/12/98 

CNNumber 
Affected Affected 
Sections Pages/Figures/Tables 

4.3 

F4.2-3A 
F4.2-5 
F4.2-7 
F4.2-9 
4.3-10 
4.3-11 
4.3-12 
4.3-13 
4.3-15 
4.3-16 
4.3-17 
4.3-18 
4.3-19 
4.3-2 
4.3-20 
4.3-21 
4.3-22 
4.3-23 
4.3-24 
4.3-25 
4.3-26 
4.3-28 
4.3-29 
4.3-3 
4.3-31 
4.3-32 
4.3-33 
4.3-34 
4.3-35 
4.3-36 
4.3-38 . 
4.3-4 
4.3-40 
4.3-41 
4.3-42 
4.3-43 
4.3-44 
4.3-45 
4.3-46 
4.3-47 
4.3-48 
4.3-49 
4.3-5 
4.3-50 
4.3-51 
4.3-54 
4.3-55 
4.3-56 

Description 
Initiating or 
Ref. Document 

Page 8 



Salem UFSAR Changes Approved for Incorporation in Revision 17 
10/12/98 

CNNumber 
Affected Affected 
Sections Pages/Figures/Tables 

4.3-57 
4.3-58 
4.3-61 
4.3-9 
F4.3-10A 
F4.3-10B 
F4.3-11A 
F4.3-11B 
F4.3-12A 
F4.3-12B 
F4.3-13 
F4.3-14 
F4.3-15 
F4.3-16 
F4.3-17 
F4.3-18 
F4.3-19 
F4.3-IA 
F4.3-IB 
F4.3-2 
F4.3-20 
F4.3-21 
F4.3-22 
F4.3-23 
F4.3-24 
F4.3-25 
F4.3-26A 
F4.3-26B 
F4.3-27A 
F4.3-27B 
F4.3-28A 
F4.3-28B 
F4.3-29A 
F4.3-29B 
F4.3-3 
F4.3-30A 
F4.3-30B 
F4.3-31A 
F4.3-31B 
F4.3-32A 
F4.3-32B 
F4.3-33A 
F4.3-33B 
F4.3-34A 
F4.3-34B 
F4.3-35A 
F4.3-35B 
F4.3-36 

Description 
Initiating or 
Ref. Document 

Page 9 



Salem UFSAR Changes Approved for Incorporation in Revision 17 
10/12/98 

Affected Affected 
CNNumber Sections Pages/Fi1rnres/Tables Description 

F4.3-37 
F4.3-38 
F4.3-39 
F4.3-40 
F4.3-41 
F4.3-42 
F4.3-43 
F4.3-44 
F4.3-4A 
F4.3-4B 
F4.3-5A 
F4.3-5B 
F4.3-6A 
F4.3-6B 
F4.3-7A 
F4.3-7B 
F4.3-8A 
F4.3-8B 
F4.3-9A 
F4.3-9B 
T4.3-l Sh 1 
T4.3-l Sh 2 
T4.3-l Sh 3 
T4.3-2 Sh 1 
T4.3-2 Sh2 
T4.3-2 Sh 3 
T4.3-3A 
T4.3-3B 

4.5 4.5-1 
4.5-2 
4.5-2A 
4.5-2B 
4.5-2C 
4.5-20 
4.5-2E 
4.5-2F 
4.5-2G 
4.5-2H 
4.5-21 
4.5-2J 
4.5-2K 
4.5-2L 
4.5-3 
4.5-3A 
4.5-3B 
4.5-3C 
4.5-30 
4.5-3E 

Initiating or 
Ref. Document 

Page 10 



Salem UFSAR Changes Approved for Incorporation in Revision 17 
10/12/98 

CNNumber 
Affected Affected 
Sections Pages/Figures/Tables 

4.5-3F 
4.5-3G 
4.5-3H 
4.5-3! 
4.5-3J 
4.5-3K 
4.5-3L 
4.5-3M 

New SAR Pages: T4.5-l, T4.5-2, F4.5-l, 
F4.5-2, F4.5-3, F4.5-4 

SSAR 97-112 8.3 T8.3-6 
9.2 F9.2-1A sh 6 

SSAR 97-115 10.4 F10.4-17A 
8.3 T8.3-5 

T8.3-6 
9.2 F9.2-11Sh6 

SSAR 97-123 5.5 5.5-3 

SSAR 97-124 7.6 7.6-5 

SSAR 97-127 6.2 F6.2-17 
F6.2-26 
F6.2-38 
F6.2-44 
T6.2-10 sh 3 
T6.2-10 sh8 
T6.2-12 sh 3 

SSAR 97-129 10.4 10.4-19 
11.3 11.3-5 
2.2 2.2-10 
6.4 6.4-3 

Description 

Revise UFSAR to reflect 
decrease in 125V DC battery 
profile and removal of high 
CFCU outlet water radiation 
console alarm. 

Increase in 28 VDC/125 VDC 
battery profiles and changes to 
demin water makeup and 
auxiliary feedwater P&IDs. 

Revise the UFSAR description 
of the RCP vibration 
monitoring system to reflect 
new equipment. 

Revise description of relief 
valve action to include auto 
and manual modes of operation .. 

Revise UFSAR to incorporate 
DCP lEC-3718 

Addition of nitrogen purge 
blanket for Aux. Feed Water 
Storage Tank. 

Initiating or 
Ref. Document 

Page 11 

DCP lEC-3668 pkg 10 

DCP lEC-3519, pkg 1 

DCP lEC-3647 

DCP lEC-3607 

DCP lEC-3718 

DCP lEC-3640 
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Affected Affected Initiating or · 
CNNumber Sections Pages/Fi1mres/Tables Description Ref. Document 

SSAR97-130 6.3 6.3-9 Revise Mode 4 Hot Leg 
Recirculation to be applicable 
to both units. 

SSAR 97-133 13.1 13.1-10 Eliminates Director- Salem 
13.1-11 Operations position. Shifts 
13.1-15 reporting relationships for 
13.1-18 Salem Operations and changes 
13.1-8a management title for Salem 

13.1-9 Chemistry. Also changes 

F13.l-8a station succession of authority. 

Fl3.1-8b 
F13.1-8e 
T13.1-1sh1 

SSAR97-136 Revision to RWST Draindown 
Analysis for Unit 1 

New SAR Pages: Table 6.3-6 

SSAR 97-138 Update of Salem 1 Cycle 1 DSl.8-0042, DSl.8-0043 
information to reflect current 
cycle. 

New SAR Pages: T4.5-l, F4.5-l, F4.5-2 

SSAR 97-139 5.2 5.2-70 Revise piping at the outlet of Minor Mod S97-174 
5.5 5.5-28 valve 1 PR 25 in accordance 

5.5-33 with Minor Modification S97-
T5.5-2 sh 1 174. 

6.2 6.2-59 
F6.2-30 
F6.2-33 
F6.2-4A 
T6.2-10 sh 1 
T6.2-12 sh 1 

6.3 6.3-20 
6.3-21 
F6.3-1A sh 2 
F6.3-1A sh 3 
F6.3-2 

9.3 F9.3-4A sh 3 
F9.3-6A sh2 

SSAR 97-142 5.2 5.2-4 Add clarification note on 
applicability and control of 
code cases to the ASME Boiler 
& Pressure Vessel Code. 



Salem UFSAR Changes Approved for Incorporation in Revision 17 
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CNNumber 

SSAR 98-001 

SSAR 98-002 

SSAR 98-005 

SSAR 98-006 

SSAR 98-007 

SSAR 98-011 

SSAR 98-013 

Affected Affected 
Sections Pages/Figures/Tables 

8.3 8.3-6 

New SAR Pages: Figure 8.3-5 Sht. 1 

9.4 

. 13.1 

9.4-45 
9.4-46 

13.1-1 

New SAR Pages: Figure 13 .1-2 

3A 3A-6 

9.4 9.4-42 

9.4 9.4-3 

New SAR Pages: 9.4-4b,9.4-4d, & 9.4-4f 

4.2 4.2-46 
4.2-51 
4.2-52 
4.2-67 
4.2-68 
4.2-69 
4.2-70 
4.2-71 
4.2-78 

NewSARPages: Tables: 4.1-1 (3&4 of 
5); 4.3-1 (2&3 of3) 
Figures: 4.2-14; 4.2-15 

Description 

Reflects the UPRATING of the 
115 V AC Vital Instrument Bus 
Inverters from lOkVa to 12kVa 

Revise Service Water Intake 
Structure minimum design 
temperature from 60F to 40F . 

Adds position for Executive 
Vice President - NBU, position 
will perform duties of 
CNO/PNBU in his absence. 

Revise statement of 
conformance for Reg. Guide 
1.16 

Provide description of outside 
air temperature basis used in 
SPA V system performance 
calculations. 

Revised descriptions for 
CREACS Single Filtration 
Train Alignment. 

Repfacement of Westinghouse 
Rod Cluster Control 
Assemblies in each Salem Unit 
with Frematome assimblies 
manufactured from different 
materials as noted in FSAR. 

-----------· .----· 

Initiating or 
Ref. Document 

Page .13 

DCP's lEC-3446 & 2EC-
3334 



Salem UFSAR Changes Approved for Incorporation in Revision 17 
10/12/98 

CNNumber 

SSAR 98-015 

SSAR 98-016 

. SSAR 98-017 

SSAR98-019 

SSAR98-020 

Affected 
Sections 

Affected 
Pages/Figures/Tables 

New SAR Pages: Table 5.2-8 

13.1 13.1-9 

9.3 9.3-9 

17.2 17.2-24 

13.5 13.5-1 
13.5-2 
13.5-2a 
13.5-2b 
13.5-2c 
13.5-2d 

Description 

Table 5.2-8 revised to reform 
valve design parameters 

Aligns both stations succession 
of authority and responsibility 
for overall operation in the 
event of an unexpected 
contingency. 

To describe accumulator purge 
to locations other than the 
:VC-1'. 

ORGANIZATIONAL NAME 
CHANGE FOR UFSAR 
UPDATE RESPONSIBILITY. 

This proposed change will 
align Hope Creek Section 
13.5.1, Administrative 
Procedures and Salem Section 
13.5, Plant Procedures (in part) 

~itiatfog or 
Ref. Document 

Page 14 

DCP 2EC-3650/01 
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Salem UFSAR Changes Approved for Incorporation in Revision 17 
10/12/98 

CNNumber 

SSAR 98-027 

Affected 
Sections 

17.2 

Affected 
Pages/Figures/Tables 

17.2-12 
17.2-13 
17.2-19 
17.2-2 
17.2-20 
17.2-21 
17.2-23 
17.2-25 
17.2-26 
17.2-28 
17.2-29 
17.2-37 
17.2-4 
17.2-40 
17.2-6 
F17.2-1 

NewSARPages: 17.2-4a, 17.2-7i 

Description 

Org change moving QA Mat'I 
& Supplier Plant Support from 
QA into the Nuclear 
Procurement & Material 
Management Organization and 
transferring the responsibility 
for review of special process 
procedures from QA and the 
General Manager to a qualified 
specialist. 

Initiating or 
Ref. Document 

Page 15 
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• Public Service 
Electric and Gas 
Company 

Louis F. Storz Public Service Electric and Gas Company P.O. Box 236, Hancocks Bridge, NJ 08038 609-339-5700 

Senior Vice President - Nuclear Operations 

OCT 14 1998 
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United States Nuclear Regulatory Commission 
Document Control Desk 
Washington, DC 20555 

Gentlemen: 

PSE&G 
CONTROL 
COPY # SES& 000~ 

UPDATED FINAL SAFETY ANALYSIS REPORT, REVISION 17 
SALEM GENERATING STATION UNITS 1AND2 
DOCKET NOS. 50-272 and 50-311 

Public Service Electric and Gas Company (PSE&G) hereby submits Revision No. 17 
to the Salem Generating Station Updated Final Safety Analysis Report (UFSAR) in 
accordance with the requirements of 10CFR50.71(e) . 

Revision No. 17 to the Salem UFSAR contains identified text, table and figure changes 
required to reflect the plant configuration as of April 16, 1998, six months prior to this 
submittal. In addition, there are corrections of typographical errors and general 
editorial changes. Details regarding each change are attached to facilitate your review. 

The previous revision to the Salem UFSAR was issued on January 31, 1998 both to 
reflect configuration changes resulting from the Unit 2 extended outage and to satisfy 
the 24 month maximum revision limit. This revision, Revision 17, reflects configuration 
changes resulting from the Unit 1 extended outage and reestablishes Salem Unit 1 as 
the lead plant for planned updates of the Salem UFSAR. 

Should there be any questions with regard to this submittal, please do not hesitate to 
contact us. 

/:J)+._ Printed on 
~ Recycled Paper 

Sincerely, 
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U.S. Nuclear Regulatory Commission 
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11555 Rockville Pike 
Mail Stop 14E21 
Rockville, MD 20852 

Mr. S. Morris - Salem (X24) 
USNRC Senior Resident Inspector 

Mr. K. Tosch, Manager, IV 
Bureau of Nuclear Engineering 
PO Box 415 
Trenton, NJ 08625 

OCT14 1998 
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STATE OF NEW JERSEY 

COUNTY OF SALEM 

) 
) SS 
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REF: LR-N980493 

L. F. Storz, being duly sworn, states that he is Senior Vice President - Nuclear 
Operations of Public Service Electric and Gas Company, that he is authorized on the 
part of said Company to sign and file with the Nuclear Regulatory Commission this 
certification; and, that in accordance with 10 CFR50.71 (e)(2}, the information contained 
in the attached letter and Updated Final Safety Analysis Report accurately presents 
changes made since the previous submittal, necessary to reflect information and 
analyses submitted to the Commission or prepared pursuant to Commission 
requirement; and, contains an identification of changes made under the provisions of 10 
CFR50.59 but not previously submitted to the Commission. 

Subscribed and Sworn to 

before me this ;.t.JY.A day of 

Octobar, 1998 

/~.·. ~ !/ .!' 
.2'\_..1£,f£Uu fl.- .A/ .-i?£1hcl1: .rJ 

DELORIS D. HADDEN 
Notary Public of New Jersey 

My Commission Expirea 
'13-29-2000 
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• Salem UFSAR Changes Approved for Incorporation in Revision 17 Page 
10/12/98 

Affected Affected Initiating or 
CNNumber Sectiom Paze!!Fi~res/Tables Description Ref. Document 

SSAR 94-041 15.2 15.2-55 Reanalysis of Inadvertent DCPs 2EC-3617 and lEC-
15.2-56 Safety Injection at Power 3696, AR 961016246 CRCA 
15.2-57 transient - Unit 2 only 01, Fuels Eval. DS 1.8-
15.2-58 0005; CR 951208266, DEF 

15.2-59 DES-94-0042 

Fl5.2-45 
Fl5.2-46 
Tl5.2-1Sh7 

5.5 5.5-48 
5.5-55 
5.5-57 

A A-6 
A-8 

NewSARPaces: Fl5.2.14-1 through-5 

SSAR 95-028 3.2 3.2-2 Clarification of the Service PR 951221127, DEF DES-
3.8 3.8-74 Water Intake Structure seismic 94-00114 

3.8-80 class 1 classification 

3.8-82 

• SSAR 95-062 8.1 8.1-10 Revision of 28 volt DC Logic DCP lEE-0116 
System breaker protection 

SSAR 95-088 3.8 F3.8-37 Replacement of containment DCP lEE-0130 
F3.8-38 airlock valves 

SSAR %-068 10.2 10.2-6 Adds an additional means for DCP 2EC-3306 PKG 1 
10.2-6a turbine runback as a result of a 

main feedwater pump trip on 
Unit2 

SSAR 96-076 11.4 11.4-19 Unit 2 Fuel Handling Area DCP 2EC-3559 PKG 1, 
Tll.4-4 SH 1 Ventilation System - addition LCRS96-08B 

8.3 TS.3-6 of an automatic initiation of 

9.1 9.1-3b exhaust fans on a high 

9.4 9.4-18 radiation signal from RMS 

• 



Salem UFSAR Changes Approved for Incorporation in Revision 17 Page 2 
10/12/98 

• Affected Affected Initiating or 
CNNumber Sections Pages/Figyres/Tables Description Ref. Document 

SSAR 96-084 10.3 Fl0.3-lB Sh 1 Digital Feedwater Control DCP 2EC-3178 Pkg l, lEC-
Fl0.3-lB Sh 2 System 3206PKG1 

10.4 F10.4-5A Sh 3 
15.2 15.2-37 
15.4 15.4-44 
7 7-ix 
7.2 7.2-25 

F7.2-2 
F7.2-7 
T7.2-l Sh 3 
T7.2-l Sh 4 
T7.2-l Sh 5 
T7.2-l Sh 6 

7.3 T7.3-l Sh 1 
T7.3-l Sh 2 

7.7 7.7-10 
7.7-9 

New SAR Pages: Figures 7.7-7, 7.7-8, 
7.7-9 

SSAR 96-087 10.2 10.2-6 Main Generator - revise low DCP 2EC-3471 PKG l 
stator winding, rectifier, and 

• bushing water flow logic to "2 
out of3" 

SSAR 96-092 11.4 11.4-10 Radiation Monitoring System DCP lEC-3244 PKG l 
11.4-16 Channel 1R4 l replacement 
11.4-3 (plant vent) 
11.4-4 
11.4-8 
11.4-9 
Fll.4-2 
Tll.4-1SH3 

3A 3A-8 
A A-52 

SSAR 96-107 3.8 3.8-16 Update of UFSAR for CR 950721135 
3.8-19 structural adequacy of 
3.8-20 containment structure and 
3.8-24 liner for effects of Main Stearn 
3.8-28 Line Break 

3.8-4 
3.8-5 
3.8-82 

• 
L ___ _ 



Salem UFSAR Changes Approved for Incorporation in Revision 17 Page 3 
10/12/98 

• Affected Affected Initiating or 
CNNumber Sections Pages/Fi~res/Tables Description Ref. Document 

SSAR 96-112 10.3 10.3-18 Ethanolamine (ET A) DCP 2EX-3533 
Fl0.3-3 Sh 2 Chemistry and corrosion 

10.4 10.4-11 sample points 
Fl0.4-18B Sh 2 
Fl0.4-5B Sh 1 
Fl0.4-5B Sh 2 
Fl0.4-5B Sh 3 
Fl0.4-6B Sh 5 

SSAR 96-117 3.8 3.8-77a Spent Fuel Pool structure and CR 951207356 CRCA 2 
3.8-82 liner update for latest 

structural evaluations 

SSAR 96-126 3.6 3.6-36a Provide protection for Turbine DCP 2EC-3522 PKG 1 
3.6-42 Driven Aux Feed pump 
F3.6-28 enclosure by adding blowout 

9.4 F9.4-2B SH 3 panels, removing and 
installing dampers, and adding 
temperature switches 

• 
SSAR 96-153 5.5 . T5.5-l SH 4 RHR suction pressure change CR 960911067 

from 450 psig to 600 psig for 
piping between valves 2RH75 
and2RH76 

SSAR 96-211 15.4 15.4-114 Correction ofFeedwater CR 960722187 
regulator valve delay time for 
the steam line break accident 

SSAR 97-002 5.1 F5.l-6a sh 1 Install new R VLIS wide range DCP lEC-3531 
5.6 5.6-4 midloop indication. 
7.7 7.7-21 

SSAR 97-006 10.3 10.3-5 Replacement of steam traps DCP lEC-3495 pkg 1, DCP 
10.4 10.4-18 with orifice/strainer assemblies. 2EC-3407 pkg 1 

SSAR 97-011 9.3 9.3-1 Denote lSAEl as both total DCP lEC-3651 Pkg. 1, Pkg 
closure and constant pressure 2, Pkg 3 
controls . 

• 



• 

• 

• 

Salem UFSAR Changes Approved for Incorporation in Revision 17 
10/12/98 

CNNumber 

SSAR 97-018 

SSAR 97-026 

SSAR 97-027 

SSAR 97-030 

SSAR 97-035 

SSAR 97-036 

Affected 
Sections 

10.4 
11.3 
2.2 

6.4 

3.6 

10.3 
3.6 

2.4 
6.3 
8.3 
9.2 

7.5 

8.3 
9.5 

Affected 
Pages/Fi~res/Tables 

10.4-19 
11.3-5 
2.2-10 
T2.2-2 Sh 1 
T2.2-2 Sh 2 
6.4-3 

3.6-35 
3.6-41 
3.6-43 
F3.6-28 

10.3-12 
3.6-44 

F2.4-3 
T6.3-13 Sh 1 
F8.3-4 
9.2-6b 
F9.2-1A Sh2 
F9.2-3 

T7.5-l sh 2 
TI.5-1 sh 3 
TI.5-2 sh 10 
TI.5-2 sh 9 

F8.3-5 Sh 1 
9.5-38 

Description 

Addition of nitrogen 
purge/blanket to the Auxiliary 
Feed Water storage tank 

Pipe break vent panel to be 
fixed closed with venting 
function provided by new vent 
penthouse. 

Pressure relief vent panels for 
the Inner and Outer 
Penetration Areas are being 
modified by IJCP lEC-3475 

Revise UFSAR to reflect 
installation of new Service 
Water Pumps. Includes 
UFSAR update information 
from SSAR's 96-202, 96-203, 
97-031, 97-040' & 97-041. 

Correction of data connected to 
the replacement of the Salem 
Unit 1 Series 51 Steam 
Generators with Model F 
Steam Generators. 

DCP lEC-3385 exchanges the 
normal and backup power 
supplies for emergency 
lighting inverters 
1INV1Al5Y, 1INV1Bl6Y and 
1INV1Cl2Y 

Page 4 

Initiating or 
Ref. Document 

DCP 2EC-3570 pkg 1 

DCP lEC-3474 

DCP lEC-3475 

DCP lEC-3409 

DCP lEE-0367 

DCP lEC-3385 pkg 2 



Salem UFSAR Changes Approved for Incorporation in Revision 17 Page 5 
10/12/98 

• Affected Affected Initiating or 
CN Number Sections Pages/Fi~res/Tables Description Ref. Document 

SSAR 97-045 11.2 11.2-10 Addition of a filtration unit to DCP lEC-3622 
11.2-4 the Liquid Radwaste System 
Fll.2-lB Sh 2 
Tll.2-1 
Tll.2-3 Sh 1 

SSAR 97-062 3.5 3.5-22 Information provided for steel DCP 2EC-3590 pkg 14 
3.5-5 missile barriers. 

SSAR 97-068 5.6 5.6-3 Removes a section of the DCP lEC-3523 pkg 1 
5.6-4 UFSAR that describes the use 

7.1 7.1-11 of a Hi Tave signal from a 
7.1-13 Hagan instrument loop being 

7.2 7.2-12 replaced by an NUS instrument 

7.2-39 loop. 

7.3 7.3-29 
T7.3-5 Sh 10 
T7.3-5 Sh 12 
TI.3-5 Sh 14 
T7.3-5 Sh 2 
T7.3-5 Sh 4 • TI.3-5 Sh 6 
T7.3-5 Sh 8 

7.7 7.7-6 
7.7-7 
F7.7-2 

SSAR 97-075 6.3 6.3-32 Add description of anti-sweat DCP lEE-0348 pkg 1 
insulation to be installed on 3" 
& 3/4" dia. uninsulated service 
water piping on CFCUs in 
Unit 1 Contaiment. 

SSAR 97-093 15.4 15.4-110 Revise Section 15.4.8 to reflect DCPs 1EC-1914A, 2EC-
Fl5.4-100 the impact of the recent license 1915A, lEC-2032 and 2EC-
Fl5.4-91 amendments increasing the 2032 
Fl5.4-98 CFCU response time from 45 

Tl5.4-22 to 60 seconds. 

Tl5.4-24 

SSAR 97-104 6.2 F6.2-34 Revise UFSAR in accordance DCP lEC-3687 
T6.2-10 Sh 5 with DCP lEC-3687 
T6.2-12 Sh 3 

• 



• 

• 

• 

Salem UFSAR Changes Approved for Incorporation in Revision 17 
10/12/98 

CNNumber 

SSAR 97-105 

SSAR 97-109 

Affected 
Sections 

7.2 

7.5 

1.2 

Affected · 
Pages/Figures/Tables 

7.2-32 
F7.2-4 
7.5-4 

Fl.2-1 

Description 

Implement changes to 
pressurizer pressure circuits. 

Delete Waste Evaporator 
Building and add Service 
Water Accumulator Enclosure . 

Initiating or 
Ref. Document 

DCP lEC-3696 

Page 6 

DCP lEC-3668 pkg 7, GL 
96-06 



• 

• 

• 

Salem UFSAR Changes Approved for Incorporation in Revision 17 
10/12/98 

CNNumber 

SSAR 97-110 

Affected Affected · 
Sections Pages/Figures/Tables 

4 

4.1 

4.2 

4-iii 
4-vii 
4-viii 
4-x 
4-xi 
4-xii 
4-xiii 
4-xiv 
4-xv 
4-xvi 
4-xvii 
4-xviii 
4.1-1 
4.1-2 
4.1-3 
4.1-4 
T4.l-l Sh 1 
T4.l-l Sh2 
T4.l-l Sh3 
T4.l-l Sh 4 
T4.l-l Sh5 
T4.l-2 Sh 1 
4.2-10 
4.2-11 
4.2-12 
4.2-13 
4.2-13a 
4.2-13b 
4.2-13c 
4.2-13d 
4.2-14 
4.2-17 
4.2-2 
4.2-24 
4.2-25 
4.2-26 
4.2-27 
4.2-28 
4.2-4 
4.2-5 
4.2-7 
4.2-8 
4.2-83 
4.2-9 
F4.2-l 
F4.2-ll 
F4.2-2A 
F4.2-3 

Description 

Update of Salem UFSAR 
Chapter 4 for fuel upgrade (to 
Vantage+) and typical reload 
cycle information. 

Initiating or 
Ref. Document 

Page 7 

LCR 94-07, CRCA 
960416212 



• 

• 
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Salem UFSAR Changes Approved for Incorporation in Revision 17 
10/12/98 

CN Number 
Affected Affected · 
Sections Pages/Figures/Tables 

4.3 

F4.2-3A 
F4.2-5 
F4.2-7 
F4.2-9 
4.3-10 
4.3-11 
4.3-12 
4.3-13 
4.3-15 
4.3-16 
4.3-17 
4.3-18 
4.3-19 
4.3-2 
4.3-20 
4.3-21 
4.3-22 
4.3-23 
4.3-24 
4.3-25 
4.3-26 
4.3-28 
4.3-29 
4.3-3 
4.3-31 
4.3-32 
4.3-33 
4.3-34 
4.3-35 
4.3-36 
4.3-38 
4.3-4 
4.3-40 
4.3-41 
4.3-42 
4.3-43 
4.3-44 
4.3-45 
4.3-46 
4.3-47 
4.3-48 
4.3-49 
4.3-5 
4.3-50 
4.3-51 
4.3-54 
4.3-55 
4.3-56 

Description 
Initiating or 
Ref. Document 

Page 8 
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• 

• 

. Salem UFSAR Changes Approved for Incorporation in Revision 17 
10/12/98 

C_NNumber 
Affected Affected . 
Sections Pages/Figures/Tables 

4.3-57 
4.3-58 
4.3-61 
4.3-9 
F4.3-10A 
F4.3-10B 
F4.3-11A 
F4.3-11B 
F4.3-12A 
F4.3-12B 
F4.3-13 
F4.3-14 
F4.3-15 
F4.3-16 
F4.3-17 
F4.3-18 
F4.3-19 
F4.3-1A 
F4.3-1B 
F4.3-2 
F4.3-20 
F4.3-21 
F4.3-22 
F4.3-23 
F4.3-24 
F4.3-25 
F4.3-26A 
F4.3-26B 
F4.3-27A 
F4.3-27B 
F4.3-28A 
F4.3-28B 
F4.3-29A 
F4.3-29B 
F4.3-3 
F4.3-30A 
F4.3-30B 
F4.3-31A 
F4.3-31B 
F4.3-32A 
F4.3-32B 
F4.3-33A 
F4.3-33B 
F4.3-34A 
F4.3-34B 
F4.3-35A 
F4.3-35B 
F4.3-36 

Description 
Initiating or 
Ref. Document 

Page 9 
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Salem UFSAR Changes Approved for Incorporation in Revision 17 
10/12/98 

CNNumber 
Affected Affected . 
Sections Pages/Figures/Tables 

4.5 

F4.3-37 
F4.3-38 
F4.3-39 
F4.3-40 
F4.3-41 
F4.3-42 
F4.3-43 
F4.3-44 
F4.3-4A 
F4.3-4B 
F4.3-5A 
F4.3-5B 
F4.3-6A 
F4.3-6B 
F4.3-7A 
F4.3-7B 
F4.3-8A 
F4.3-8B 
F4.3-9A 
F4.3-9B 
T4.3-1Sh1 
T4.3-1Sh2 
T4.3-1Sh3 
T4.3-2 Sh 1 
T4.3-2 Sh 2 
T4.3-2 Sh 3 
T4.3-3A 
T4.3-3B 
4.5-1 
4.5-2 
4.5-2A 
4.5-2B 
4.5-2C 
4.5-2D 
4.5-2E 
4.5-2F 
4.5-2G 
4.5-2H 
4.5-21 
4.5-2J 
4.5-2K 
4.5-2L 
4.5-3 
4.5-3A 
4.5-3B 
4.5-3C 
4.5-3D 
4.5-3E 

Description 
Initiating or 
Ref. Document 

Page 10 



• 

• 

• 

Salem UFSAR Changes Approved for Incorporation in Revision 17 
10/12/98 

CNNumber 

SSAR 97-112 

SSAR 97-115 

SSAR 97-123 

SSAR 97-124 

SSAR 97-127 

SSAR 97-129 

Affected Affected · 
Sections Pages/Figures/Tables 

4.5-3F 
4.5-3G 
4.5-3H 
4.5-31 
4.5-3J 
4.5-3K 
4.5-3L 
4.5-3M 

New SAR Pages: T4.5-l, T4.5-2, F4.5-l, 
F4.5-2, F4.5-3, F4.5-4 

8.3 
9.2 

10.4 
8.3 

9.2 

5.5 

7.6 

6.2 

10.4 
11.3 
2.2 
6.4 

T8.3-6 
F9.2-1A sh 6 

Fl0.4-17A 
T8.3-5 
T8.3-6 
F9.2-ll Sh 6 

5.5-3 

7.6-5 

F6.2-17 
F6.2-26 
F6.2-38 
F6.2-44 
T6.2-10 sh 3 
T6.2-10 sh 8 
T6.2-12 sh 3 

10.4-19 
11.3-5 
2.2-10 
6.4-3 

Description 

Revise UFSAR to reflect 
decrease in 125V DC battery 
profile and removal of high 
CFCU outlet water radiation 
console alarm. 

Increase in 28 VDC/125 VDC 
battery profiles and changes to 
demin water makeup and 
auxiliary feedwater P&IDs. 

Revise the UFSAR description 
of the RCP vibration 
monitoring system to reflect 
new equipment. 

Revise description of relief 
valve action to include auto 
and manual modes of operation. 

Revise UFSAR to incorporate 
DCP IEC-3718 

Addition of nitrogen purge 
blanket for Aux. Feed Water 
Storage Tank. 

Initiating or 
Ref. Document 
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• Affected Affected Initiating or 
CNNumber Sections Pages/Figyres/Tables Description Ref. Document 

SSAR 97-130 6.3 6.3-9 Revise Mode 4 Hot Leg 
Recirculation to be applicable 
to both units. 

SSAR 97-133 13.1 13.1-10 Eliminates Director- Salem 
13.1-11 Operations position. Shifts 
13.1-15 reporting relationships for 
13.1-18 Salem Operations and changes 

13.l-8a management title for Salem 

13.1-9 Chemistry. Also changes 

Fl3.l-8a station succession of authority. 

Fl3. l-8b 
Fl3.l-8e 
Tl3.l-l sh 1 

SSAR 97-136 Revision to RWST Draindown 
Analysis for Unit 1 

New SAR Pages: Table 6.3-6 

SSAR 97-138 Update of Salem 1 Cycle 1 DSl.8-0042, DSl.8-0043 
information to reflect current 

• cycle . 
New SAR Pages: T4.5-l, F4.5-l, F4.5-2 

SSAR 97-139 5.2 5.2-70 Revise piping at the outlet of Minor Mod S97-174 
5.5 5.5-28 valve 1 PR 25 in accordance 

5.5-33 with Minor Modification S97-
T5.5-2 sh 1 .174. 

6.2 6.2-59 
F6.2-30 
F6.2-33 
F6.2-4A 
T6.2-10 sh 1 
T6.2-12 sh 1 

6.3 6.3-20 
6.3-21 
F6.3-1A sh 2 
F6.3-1A sh 3 
F6.3-2 

9.3 F9.3-4A sh 3 
F9.3-6A sh 2 

SSAR 97-142 5.2 5.2-4 Add clarification note on 
applicability and control of 
code cases to the ASME Boiler 
& Pressure Vessel Code . 

• 



• 

• 

• 

. . ~. · ..... 

Salem UFSAR Changes Approved for Incorporation in Revision 17 
10/12/98 

CNNumber 

SSAR 98-001 

SSAR 98-002 

SSAR 98-005 

SSAR 98-006 

SSAR 98-007 

SSAR 98-011 

SSAR98-0l3 

Affected 
Sections 

8.3 

Affected 
Pages/Figures/Tables 

8.3-6 

New SAR Pages: Figure 8.3-5 Sht. 1 

9.4 

13.1 

9.4-45 
9.4-46 

. 13.1-1 < 

NewSARPages: Figure 13.1-2 

3A 3A-6 

9.4 9.4-42 

9.4 9.4-3 

New SAR Pages: 9.4-4b,9.4-4d, & 9.4-4f 

4.2 4.2-46 
4.2-51 
4.2-52 
4.2-67 

. 4.2-68 
4.2-69 
4.2-70 
4.2-71 
4.2-78 

NewSARPages: Tables: 4.1-1 (3&4 of 
5); 4.3-1 (2&3 of3) 
Figures: 4.2-14; 4.2-15 

Description 

Reflects the UPRATING of the 
115 V AC Vital Instrument Bus 
Inverters from lOkVa to 12kVa 

Revise Service Water Intake 
Structure minimum design 
temperature from 60F to 40F. 

Adds position for Executive 
Vice President - NBU, position 
will perform duties of 
CNO/PNBU in his absence. 

Revise statement of 
conformance for Reg. Guide 
1.16 

Provide description of outside 
air temperature basis used in 
SPA V system performance 
calculations. 

Revised descriptions for 
CREACS Single Filtration 
Train Alignment. 

Replacement of Westinghouse 
Rod Cluster Control 
Assemblies in each Salem Unit 
with Frematome assimblies 
manufactured from different 
materials as noted in FSAR. 

Initiating or 
·Ref. Document 

.· ........ ·.·-:--- ..... -.· 

Page 13 
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• 

• 

• 

Salem UFSAR Changes Approved for Incorporation in Revision 17 
10/12/98 

CNNumber 

SSAR 98-015 

SSAR 98-016 

. SSAR 98-017 

SSAR98-019 

SSAR 98-020 . 

Affected 
Sections 

Affected 
Pages/Figures/Tables 

New SAR Pages: Table 5.2-8 

13.l 13.1-9 

9.3 9.3-9 

17.2 17.2-24 

13.5 13.5-1 
13.5-2 
13.5-2a 
13.5-2b 
13.5-2c 
13.5-2d 

Description 

Table 5.2-8 revised to reform 
valve design parameters 

Aligns both stations succession 
of authority and responsibility 
for overall operation in the 
event of an un~xpected 
contingency. 

To describe accumulator purge 
to locations other than the 
VCT . 

ORGANIZATIONAL NAME 
CHANGE FOR UFSAR 
UPDATE RESPONSIBILITY. 

This proposed change will 
align Hope Creek Section 
13.5.1, Administrative· 
Procedures and Salem Section 
13.5, Plant Procedures (in part) 

Page 14 

Initiating or 
. Ref. Document 

DCP 2EC-3650/0l 
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• 

• 

Salem UFSAR Changes Approved for Incorporation in Revision 17 
10/12/98 

CNNumber 

SSAR 98-027 

Affected 
Sections 

17.2 

Affected 
Pages/Figures/Tables 

17.2-12 
17.2-13 
17.2-19 
17.2-2 
17.2-20 
17.2-21 
17.2-23 
17.2-25 
17.2-26 
17.2-28 
17.2-29 
17.2-37 
17.2-4 
17.2-40 
17.2-6 
Fl7.2-l 

New SAR Pages: l 7.2-4a, l 7.2-7i 

Description 

Org change moving QA Mat'l 
& Supplier Plant Support from 
QA into the Nuclear 
Procurement & Material 
Management Organization and 
transferring the responsibility 
for review of special process 
procedures from QA and the 
General Manager to a qualified 
specialist. 

Initiating or 
Ref. Document 

Page 15 



• REMOVE 

VOL 1 

List of Current Pages 

Fl.2-1 

2.2-9/2.2-10 

T2.2-2 
SH 1 OF 2 

F2.4-3 

3.2-1/3.2-2 

3.5-5/3.5-6 

3.5-7/3.5-8 

3.5-21d/3.5-22 

3.6-43/3.6-44 

F3.6-28 

VOLUME 2 

3.8-3/3.8-4 

• 3.8-5/3.8-6 

3.8-15/3.8-16 

3.8-19/3.8-20 

3.8-21/3.8-22 

3.8-23/3.8-24 

3.8-27/3.8-28 

3.8-73/3.8-74 

3.8-77/3.8-78 

---

3.8-79b/3.8-80 

3.8-81/3.8-82 

F3.8-37 

F3.8-38 

T3.10-1 
SH 1 OF 9 

3A-5/3A-6 

3A-7b/3A-8 

• 4-iii/4-iv 

4-vii/4-viii 

4-ix/4-x 

Salem Generating Station 
Revision 17 

INSERT INSTRUCTIONS 

INSERT 

List of Current Pages 

Fl.2-1· 

2.2-9/2.2-10 

T2.2-2 
SH 1 OF 2 

F2.4-3 

3.2-1/3.2-2 

3.5-5/3.5-6 

3.5-7/3.5-8 

3.5-21d/3.5-22 

3.6-43/3.6-44 

F3.6-28 

3.8-3/3.8-4 

3.8-5/3.8-6 

3.8-15/3.8-16 

3.8-19/3.8-20 

3.8-21/3.8-22 

3.8-23/3.8-24 

3.8-27/3.8.:..28 

3.8-73/3.8-74 

3.8-77/3.8-78 

3.8-78a/3.8-78b 

3.8-79b/3.8-80 

3.8-81/3.8-82 

F3.8-37 

F3.8-38 

T3.10-1 
SH 1 OF 9 

3A-5/3A-6 

3A-7b/3A-8 

4-iii/4-iv 

4-vii/4-viii 

4-ix/4-x 
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4-xi/4-xii 4-xi/4-xii 

4-xiii/4-xiv 4-xiii/4-xiv 

4-xv/4-xvi 4-xv 

4-xvii/4-xviii --- • 
4.1-1/4.1-2 4.1-1/4.1-2 

4.1-3/4.1-4 4.1-3/4.1-4 

T4.1-1 T4.l-1 
SH 1 OF 5 SH 1 OF 5 
SH 2 OF 5 SH 2 OF 5 
SH 3 OF 5 SH 3 OF 5 
SH 4 OF 5 SH 4 OF 5 
SH 5 OF 5 SH 5 OF 5 

T4.l-2 T4.1-2 
SH 1 OF 2 SH 1 OF 2 

4.2-1/4.2-2 4.2-1/4.2-2 

4.2-3/4.2-4 4.2-3/4.2-4 

4.2-5/4.2-6 4.2-5/4.2-6 

4.2-7/4.2-8 4.2-7/4.2-8 

4.2-9/4.2-10 4.2-9/4.2-10 

4.2-11/4.2-12 4.2-11/4.2-12 

4.2-13/4.2-13a 4.2-13/4.2-13a 

4. 2-13b/ 4 .. 2-13c 4.2-13b/4.2-13c 

4. 2-13d/ 4. 2-14 4.2-13d/4.2-14 • 4.2-17/4.2-18 4.2-17/4.2-18 

4.2-23/4.2-24 4.2-23/4.2-24 

4.2-25/4.2-26 4.2-25/4.2-26 

4.2-27/4.2-28 4.2-27/4.2-28 

4.2-45/4.2-46 4.2-45/4.2-46 

4.2-51/4.2-52 4.2-51/4.2-52 

4.2-67/4.2-68 4.2-67/4.2-68 

4.2-69/4.2-70 4.2-69/4.2-70 

4.2-71/4.2-72 4.2-71/4.2-72 

4.2-77/4.2-78 4.2-77/4.2-78 

4.2-83 4.2-83 

F4.2-14 F4.2-14 

F4.2-15 F4.2-15 

4.3-1/4.3-2 4.3-1/4.3-2 

4.3-3/4.3-4 4.3-3/4.3-4 

4.3-5/4.3-6 4.3-5/4.3-6 

4.3-9/4.3-10 4.3-9/4.3-10 • 
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4. 3-11/ 4. 3-12 4.3-11/4.3-12 

4.3-13/4.3-14 4.3-13/4.3-14 

• 4.3-15/4.3-16 4.3-15/4.3-16 

4.3-17/4.3-18 4.3-17/4.3-18 

4.3-19/4.3-20 4.3-19/4.3-20 

4.3-21/4.3-22 4.3-21/4.3-22 

4.3-23/4.3-24 4.3-23/4.3-24 

4.3-25/4.3-26 4.3-25/4.3-26 

4.3-27/4.3-28 4.3-27/4.3-28 

4.3-29/4.3-30 4.3-29/4.3-30 

4.3-31/4.3-32 4.3-31/4.3-32 

4.3-33/4.3-34 4.3-33/4.3-34 

4.3-35/4.3-36 4.3-35/4.3-36 

4.3-37/4.3-38 4.3-37/4.3-38 

4.3-39/4.3-40 4.3-39/4.3-40 

4.3-41/4.3-42 4.3-41/4.3-42 

4.3-43/4.3-44 4.3-43/4.3-44 

4.3-45/4.3-46 4.3-45/4.3-46 

••• .. 
4.3-47/4.3-48 4.3-47/4.3-48 

4.3-49/4.3-50 4.3-49/4.3-50 

4.3-51/4.3-52 4.3-51/4.3-52 

4.3-53/4.3-54 4.3-53/4.3-54 

4.3-55/4.3-56 4.3-55/4.3-56 

4.3-57/4.3-58 4.3-57/4.3-58 

4.3-61 4.3-61 

T4.3-1 T4.3-1 
SH 1 OF 3 SH 1 OF 3 
SH 2 OF 3 SH 2 OF 3 
SH 3 OF 3 SH 3 OF 3 

T4.3-2 T4.3-2 
SH 1 OF 3 SH 1 OF 2 
SH 2 OF 3 SH 2 OF 2 
SH 3 OF 3 ---

T4.3-3A T4.3-3 

T4.3-3B ---

F4.3-1A F4.3-l 

F4.3-1B ---

F4.3-8A F4.3-8 

• F4.3-8B ---

F4.3-9A F4.3-9 
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F4.3-9B ---

F4.3-10A F4.3-10 

F4.3-10B --- • F4.3-12A F4.3-12 

F4.3-12B ---

F4.3-13 F4. 3-13 

F4.3-14 F4.3-14 

F4.3-15 F4.3-15 

F4.3-16 F4.3-16 

F4.3-26A F4.3-26A 

F4.3-26B F4.3-26B 

F4.3-27A F4.3-27 

F4.3-27B ---

F4.3-28A F4.3-28 

F4.3-28B ---

F4.3-30A ·F4.3-30 

F4.3-30B ---

F4.3-31A F4.3-31 

F4.3-31B ---

F4.3-32A F4.3-32 • F4.3-32B ---

F4.3-33A F4.3-33 

F4.3-33B ---

F4.3-34A F4.3-34 

F4.3-34B ---

F4.3-35A F4.3-35 

F4.3-35B ---

4.5-1/4.5-2 4.5-1/4.5-2 

4.5-2A/4.5-2B ---

4.5-2C/4.5-2D ---
I 

4.5-2E/4.5-2F ---

4.5-2G/4.5-2H ---

4.5-2I/4.5-2J ---

4.5-2K/4.5-2L ---

4.5-3 ---

4.5-3A/4.5-3B ---

4.5-3C/4.5-3D --- • 4.5-3E/4.5-3F ---
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4.5-3G/4.5-3H ---

4.5-3I/4.5-3J ---

• 4.5-3K/4.5-3L ---

4.5-3M ---

--- T4.5-1 

--- T4.5-2 

--- F4.5-1 

--- F4.5-2 

VOLUME 3 

F5.1-6A F5.1-6A 
SH 1 OF 3 SH 1 OF 3 
SH 2 OF 3 SH 2 OF 3 
SH 3 OF 3 SH 3 OF 3 

F5.1-6B F5.1-6B 
SH 1 OF 3 SH 1 OF 3 

5.2-3/5.2-4 5.2-3/5.2-4 

5.2-69/5.2-70 5.2-69/5.2-70 

T5.2-8 T5.2-8 
SH 1 OF 2 SH 1 OF 2 

5.5-3/5.5-4 5.5-3/5.5-4 

5.5-27/5.5-28 5.5-27/5.5-28 

• 5.5-33/5.5-34 5.5-33/5.5-34 

5.5-47/5.5-48 5.5-47/5.5-48 

5.5-55/5.5-56 5.5-55/5.5-56 

5.5-57/5.5-58 5.5-57/5.5-58 

T5.5-1 T5.5-1 
SH 4 OF 4 SH 4 OF 4 

T5.5-2 T5.5-2 
SH 1 OF 2 SH 1 OF 2 

F5.5-2A F5.5-2A 
SH 1 OF 2 SH 1 OF 2 
SH 2 OF 2 SH 2 OF 2 

F5.5-2B F5.5-2B 
SH 1 OF 2 SH 1 OF 2 
SH 2 OF 2 SH 2 OF 2 

5.6-3/5.6-4 5.6-3/5.6-4 

6.2-59/6.2-59a 6.2-59/6.2-59a 

T6.2-10 T6.2-10 
SH 1 OF 12 SH 1 OF 12 
SH 3 OF 12 SH 3 OF 12 
SH 5 OF 12 SH 5 OF 12 
SH 8 OF 12 SH 8 OF 12 

• T6.2-12 T6.2-12 
SH 1 OF 3 SH 1 OF 3 
SH 3 OF 3 SH 3 OF 3 
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I 
L__ 

F6. 2-4A 

F6.2-4B 

F6.2-19 

F6.2-22 

F6.2-29 

F6.2-30 

F6.2-33 

F6.2-34 

6.3-9/6.3-10 

6.3-19/6.3-20 

6.3-21/6.3-22 

6.3-31/6.3-32 

6.3-33b/6.3-34 

6.3-35/6.3-36 

6.3-36a/6.3-36b 

6.3-36c/6.3-36d 

T6.3-6 
SH 1 OF 3 
SH 2 OF 3 
SH 3 OF 3 

T6. 3-13 
SH 1 OF 2 

F6.3-1A 
SH 1 OF 4 
SH 2 OF 4 
SH 3 OF 4 

F6. 3-lB 
SH 2 OF 4 
SH 3 OF 4 
SH 4 OF 4 

F6.3-2 

6.4-3/6.4-4 

VOLUME 4 

7-ix 

7 .1-11/7 .1-12 

7 .1-13/7 .1-14 

7. 2-25/7. 2-26 

T7.2-1 
SH 3 OF 7 
SH 4 OF 7 
SH 5 OF 7 
SH 6 OF 7 

F7.2-2 

F7.2-7 

F6.2-4A 

F6.2-4B 

F6.2-19 • F6.2-22 

F6.2-29 

F6.2-30 

F6.2-33 

F6.2-34 

6.3-9/6.3-10 

6.3-19/6.3-20 

6.3-21/6.3-22 

6.3-31/6.3-32 

6.3-33b/6.3-34 

6.3-35/6.3-36 

6.3-36a/6.3-36b 

6.3-36c/6.3-36d 

T6. 3-6 
' SH 1 OF 3 

SH 2 OF 3 
SH 3 OF 3 

T6. 3-13 
SH 1 OF 2 • F6.3-1A 
SH 1 OF 4 

'SH 2 OF 4 
SH 3 OF 4 

F6.3-1B 
SH 2 OF 4 
SH 3 OF 4 
SH 4 OF 4 

F6.3-2 

6.4-3/6.4-4 

7-ix 

7 .1-11/7 .1-12 

7 .l-13/7 .1-14 

7. 2-25/7. 2-26 

T7.2-l 
SH 3 OF 7 
SH 4 OF 7 
SH 5 OF 7 
SH 6 OF 7 

F7.2-2 • F7.2-7 

6 of 12 



7.3-29/7.3-30 7.3-29/7.3-30 

• T7. 3-1 T7.3-1 
SH 1 OF 2 SH 1 OF 2 
SH 2 OF 2 SH 2 OF 2 

T7. 3-5 T7.3-5 
SH 2 OF 15 SH 2 OF 15 
SH 4 OF 15 SH 4 OF 15 
SH 6 OF 15 SH 6 OF 15 
SH 8 OF 15 SH 8 OF 15 
SH 10 OF 15 SH 10 OF 15 
SH 12 OF 15 SH 12 OF 15 
SH 14 OF 15 SH 14 OF 15 

7.5-3/7.5-4 7 .5-3/7 .5-4 

T7.5-l T7.5-1 
SH 2 OF 4 SH 2 OF 4 
SH 3 OF 4 SH 3 OF 4 

T7.5-2 T7.5-2 
SH 9 OF 11 SH 9 OF 11 
SH 10 OF 11 SH 10 OF 11 

7. 6-5/7. 6-6 7. 6-5/7. 6-6 

7. 7-9/7. 7-10 7. 7-9/7. 7-9a 

--- 7. 7-9b/7. 7-10 

7.7-21/7.7-21a 7.7-21/7.7-21a 

T7.7-2 T7.7-2 

• SH 1 OF 2 SH 1 OF 2 
SH 2 OF 2 SH 2 OF 2 

--- F7.7-7 

--- F7.7-8 

--- F7.7-9 

-8 .1-9/8 .1-10 8.1-9/8.1-10 

8.3-5b/8.3-6 8.3-5b/8.3-6 

F8.3-3B F8.3-3B 

FB .3-4 F8.3-4 

F8.3-4A F8 .3-4A 

FB.3-5 F8.3-5 
SH 1 OF 2 SH 1 OF 2 

FB.3-6 F8.3-6 
SH 1 OF 2 SH 1 OF 2 
SH 2 OF 2 SH 2 OF 2 

FB.3-7 F8.3-7 

FB. 3-8 F8.3-8 
SH 1 OF 2 SH 1 OF 2 
SH 2 OF 2 SH 2 OF 2 

T9.1-4 T9.l-4 
SH 6 OF 6 SH 6 OF 6 • 9. 2-6a/ 9. 2-6b 9.2-6a/9.2-6b 
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F9.2-1A F9. 2-lA 
SH 1 OF 6 SH 1 OF 7 
SH 2 OF 6 SH 2 OF 7 
SH 3 OF 6 SH 3 OF 7 
SH 4 OF 6 SH 4 OF 7 • SH 5 OF 6 SH 5 OF 7 
SH 6 OF 6 SH 6 OF 7 
--- SH 7 OF 7 

F9.2-1B F9.2-1B 
SH 1 OF 6 SH 1 OF 6 
SH 5 OF 6 SH 5 OF 6 

F9.2-2B F9.2-2B 

F9.2-3 F9.2-3 

F9.2-4A F9.2-4A 
SH 1 OF 3 SH 1 OF 3 

F9.2-4B F9.2-4B 
SH 2 OF 3 SH 2 OF 3 

F9. 2-11 F9.2-ll 
SH 5 OF 7 SH 5 OF 7 
SH 6 OF 7 SH 6 OF 7 

VOLUME 5 

9.3-1/9.3-2 9.3-1/9.3-2 

9.3-9/9.3-10 9.3-9/9.3-10 

F9.3-1A F9. 3-lA 
SH 1 OF 4 SH 1 OF 4 
SH 3 OF 4 SH 3 OF 4 

F9.3-2A F9.3-2A • SH 1 OF 3 SH 1 OF 3 
SH 2 OF 3 SH 2 OF 3 

F9.3-2B F9.3-2B 
SH 1 OF 3 SH 1 OF 3 
SH 2 OF 3 SH 2 OF 3 

F9.3-3A F9 .3-3A 
SH 1 OF 4 SH 1 OF 4 
SH 2 OF 4 SH 2 OF 4 
SH 3 OF 4 SH 3 OF 4 

F9. 3-4A F9. 3-4A 
SH 3 OF 3 SH 3 OF 3 

F9. 3-4B F9. 3-4B 
SH 1 OF 3 SH 1 OF 3 
SH 3 OF 3 SH 3 OF 3 

F9.3-5A F9.3-5A 
SH 1 OF 2 SH 1 OF 2 

F9. 3-6A F9.3-6A 
SH 1 OF 3 SH 1 OF 3 
SH 2 OF 3 SH 2 OF 3 
SH 3 OF 3 SH 3 OF 3 

F9.3-6B F9.3-6B 
SH 1 OF 3 SH 1 OF 3 
SH 2 OF 3 SH 2 OF 3 

9.4-3/9.4-4 9.4-3/9.4-4 • 
9.4-4a/9.4-4b 9.4-4a/9.4-4b 
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9.4-4c/9.4-4d 9.4-4c/9.4-4d 

9.4-4e/9.4-4f 9.4-4e/9.4-4f 

• 9.4-41/9.4-42 9.4-41/9.4-42 

9.4-45/9.4-46 9.4-45/9.4-46 

F9.4-1A F9.4-1A 

F9.4-1B F9.4-1B 

F9.4-2A F9.4-2A 
SH 1 OF 3 SH 1 OF 3 
SH 2 OF 3 SH 2 OF 3 
SH 3 OF 3 SH 3 OF 3 

F9.4-3B F9.4-3B 

F9.4-4A F9.4-4A 
SH 2 OF 3 SH 2 OF 3 
SH 3 OF 3 SH 3 OF 3 

F9.4-4B F9.4-4B 
SH 2 OF 3 SH 2 OF 3 

F9.4-6A F9.4-6A 

F9.4-6B F9.4-6B 

9.5~37/9.5-38 9.5-37/9.5-38 

10.2-5/10.2-6 10.2-5/10.2-6 

10.2-6a/10.2-6b 10.2-6a/10.2-6b 

• Fl0.2-1 Fl0.2-1 
SH 1 OF 3 SH 1 OF 3 
SH 2 OF 3 SH 2 OF 3 

~ 

1. 
SH 3 OF 3 SH 3 OF 3 

F10.2-2A F10.2-2A 
SH 1 OF 3 SH 1 OF 3 
SH 2 OF 3 SH 2 OF 3 
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2.2.3.2 Hazardous Chemicals - Onsite 

Regulatory Guide 1.78, Paragraph c.2 states that hazardous chemicals such as 

those indicated in Table C-1 of the Guide, must be included in the analysis if 

they are frequently shipped within a 5 mile radius of the plant. The Guide also 

defines frequent shipments as being 50 or more trips per year for barge traffic, 

10 or more trips per year for truck traffic, and specifies in Paragraph C.l, that 

chemicals stored or situated at distances greater than 5 miles from the facility 

need not be considered. 

Following is the analysis of control room habitability during a postulated 

hazardous chemical release occurring either on the site· or within a 5 mile radius 

of the plant. As indicated in Section 2.2, the Salem site is located in a rural 

area with no major manufacturing or chemical plants located within 5 miles of the 

site. The only major transportation route within 5 miles of the plant is the 

Delaware River, with the Intracoastal Waterway passing 1 mile west of the site. 

The SGS uses a sodium hypochlorite biocide system, thus eliminating an onsite 

chlorine hazard. The control room is equipped with smoke and combustible 

detectors located in the air conditioning unit ducts. These detectors provide 

alarms in the control room in the event of smoke or combustible hazards present. 

The control room is equipped with radiation detectors which provide annunciation, 

automatically isolate the control room, and initiate emergency ventilation in the I 
pressurized mode. The· site· was reviewed to· identify potentially hazardous-· 

chemicals which may impact control room habitability during a postulated release. 

The site includes the SGS, HCGS, and deliveries to and near the site~ Hazardous 

chemicals which may impact control room habitability are identified as sulfuric 

acid, nitrogen, ammonium hydroxide, hydrazine, sodium 
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hydroxide, and helium. Fire fighting agents such as carbon dioxide and halon are 

discussed later in this section. The basis for identification was the chemical• s 

physical properties, toxicity and/or asphyxiant threshold levels, and storage 

quantities and locations. 

Table 2.2-2 presents the chemicals stored onsite or shipped by the site on the 

Delaware River which are identified in Regulatory Guide 1.78, Table C-1. Table 

6. 4-3 in Section 6. 4 provides information on the control room ventilation system, 

as required by Regulatory Guide 1.78, Paragraph C.7. As can be seen from Table 

2. 2-2, the hazardous chemicals stored onsite are sulfuric acid, nitrogen, 

ammonium hydroxide, hydrazine, sodium hydroxide, and helium. 

As previously mentioned, several chemicals are stored onsite that are considered 

hazardous. Sulfuric acid is stored in 4,000 and 2,250 gallon tanks in the SGS 

Turbine Buildings and it is stored in 16, 000 gallon tanks at the HCGS. 

Calculations indicated that the toxicity limit found in Regulatory Guide 1.78 

will not be exceeded in the control rooms during a postulated release at any of 

the sources. 

Liquid nitrogen and nitrogen stored as a compressed gas is stored at various 

locations onsite. According to the criteria contained in Regulatory Guide 1. 78, 

the largest single source should be evaluated for its impact on control room 

habitability. The sources evaluated at the SGS are the portable nitrogen tube 

trailers located in various areas throughout the-SGS yard area and the (2) 3000 

gallon tanks located behind Unit No. 1 & 2 Auxiliary Buildings. In addition to 

these sources, liquid nitrogen is also stored in 9,000 gallon tanks at the HCGS. 

Calculations indicated that the oxygen depletion is negligible in the control 

rooms during a postulated release at any of the significant sources. 

Chemicals used as fire-fighting agents were evaluated. Carbon dioxide is stored 

on the 84 foot elevation of each of the Auxiliary Buildings. It is also stored 

at the HCGS. Calculations indicated that the toxicity limit established in 

Regulatory Guide 1. 78 as well as asphyxiation levels would not be exceeded during 
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• • TABLE 2.2-2 

HAZARDOUS CHEMICALS STORED ON SITE 

Name of Sulfuric Ammonium Sodium 
Chemical Acid Nitrogen Hydroxide Hydrazine Hydroxide Helium 

Type of Onsite Onsite Onsite Onsite Onsite Onsite 
Source 

Human 1.0 N/A 3.5 3.5 N/A N/A 
Detection 
Threshold 
(mg/m3

) 

Maximum 2.0 Asphyxi- 70.0 0.04 2.0 Asphyxi-
Allowable ant ant 
2-minute 
Limit 
(mg/m3

) 

Largest 1) 4000 1) 9000 1) 3000 1) 300 1) 4000 1) 150 
Single (Unit 1) (Hope (Unit 1) lbs 
Conta,tner Creek) 
of 
Chemical 2) 2250 ( 2) 3000 2) 2250 
(gallons) (Unit 2) Salem (Unit 2) 

Maximum Approx. Instant- 450 0.53 Approx Instant-
Continuous Zero aneous zero aneous 
Release 
Rate (g/s) 

Vapor Approx. N/A 450@ 35@ Approx N/A 
Pressure zero 115°F 115°F zero 
(mmHg) 

1 of 2 
SGS-UFSAR 

Carbon 
Dioxide 

Onsite 

N/A 

Asphyxi-
ant 

1) 2 
tons 

Instant-
aneous 

N/A 

• 
Sodium 

Halon Hy12ochlorite 

Onsite Onsite 

N/A N/A 

Asphyxi- N/A 
ant 

1) 310 1) 88,000 
lbs 

Instant- Approx. 
aneous zero 

N/A Approx. 
zero 
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3.2 CLASSIFICATION OF STRUCTURES, COMPONENTS, AND SYSTEMS 

certain structures, components, and systems of a nuclear power plant are 

considered important because they perform safety functions required to avoid or 

mitigate the consequences of abnormal operational transients or accidents. This 

section discusses the classification of structures, components, and systems 

according to the importance of the safety function they perform. In addition, 

design requirements are placed upon such equipment to ensure the proper 

performance of safety actions when required. 

3.2.1 Seismic Classification 

3.2.1.1 Definition.of Seismic Design Classifications 

Structures and equipment have been divided into three classes for the purpose of 

establishing the seismic design requirements. Each structure, system, component, 

and parts thereof are classified in accordance with the following definitions. 

Class I 

Those structures and components, including instruments and controls, whose 

failure might cause or increase the severity of a loss-of-coolant accident or 

result in an uncontrolled release of excessive amounts of radioactivity. Also, 

those structures and components vital to safe shutdown and isolation of the 

reactor. 

Class II 

Those structures and components which are important to reactor operation but not 

essential to safe shutdown and isolation of the reactor, and whose, failure could 

not result in the release of substantial amounts of radioactivity • 
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Class III 

Those structures and components which are not related to reactor operation or 
containment. 

Seismic design measures for these three classifications are described in Sections 
3.7 and 5.2. 

3.2.1.2 Seismic Classification of Structures, Systems, and Components 

The classifications which follow are intended, by example, to convey the 

application of the seismic classification definitions. 

Class I 

The following list establishes a general category of Class I items: 

Structures: 

1. Containment (including penetrations and air locks, the concrete 

shield, and the interior structures) 

2. Fuel Handling Building 

3. Control Room 

4. Auxiliary Building 

5. Service Water Intake Structure 
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The cumulative probability of missile strikes on all the unprotected components 

and openings for each of the two Salem units was determined to be less than 10-6 , 

which is acceptable per the guidance provided in Regulatory Guide 1.117 and SRP 

Section 2.2.3. 

Penetrations into steel barriers are calculated using equations developed based 

on tests conducted at the Stanford Research Institute, summarized in Reference 

7. The equation for penetration can be written in the form 

where 

e 

d 

B 

D 

= 

= 

= 

= 

perforation thickness (in) 

effective projectile diameter (in) 

width of plate between rigid supports (in) 

w/d
3

, where w =missile weight in pounds 

missile striking velocity (ft/sec) "0 

s 
s 

= ultimate tensile strength of steel target (psi) 

The value of e calculated using the above equation is multiplied by 1.25 when 

designing steel barriers 

= 1.25 e 

Steel missile barriers are designed using the following allowable ductility 

ratios: 

Flexural members 

Columns with slenderness ratio 

to 20 

Columns 

Members 

where 

with slenderness ratio 

subjected to tension 

e = ultimate strain 
u 

e 
y = yield strain 

µd s 10.0 

(l/r) less than or equal µd s 1.3 

( l/r)_ greater than 20- µd s 1.0 

µd s 0.5 e,, 
eY 

3.5.2.3 Safety Assurance Against Tornado Missile Induced Damages 

Category I systems outside the Category I buildings that may be damaged by 

tornado or secondary missiles are the refueling water storage and auxiliary 

feedwater storage tanks and systems. Sufficient precautions have been taken to 

assure a safe shutdown of the reactor and to maintain it in a safe condition • 
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3.5.2.3.1 Backup Water Sources for Category I Water Storage Tanks 

In the event that the integrity of Category I storage tanks are violated due to 

tornado induced missiles, sufficient backup water sources are available to assure 

a safe shutdown of the reactor. 

Primary system makeup requirements during cooldown are normally accomplished by 

the Chemical and Volume Control System (CVCS), providing makeup water from the 

primary water storage tank. In the event that the primary water storage tank is 

the affected tank1 primary system makeup can be provided by transferring water 

to the Reactor Coolant System from the three 8500 cubic foot capacity holdup 

tanks or the spent fuel pool via the CVCS. Approximately 24, 000 gallons of water 

are required to ·maintain· the level in the Reactor Coolant System in the 

transition from full power operation to cold shutdown. Removable borated water 

(31,000 gallons) is available in the spent fuel pool above the spent fuel pool 

pump suction line. In addition, another 13,000 gallons of borated water is 

available above the spent fuel pool pump suction line in the fuel transfer pool. 

Feedwater system makeup requirements during cooldown are normally supplied from 

the Main Feedwater System, providing makeup water from the condenser. In the 

event the Main Feedwater System becomes inoperable, the Auxiliary Feedwater 

System is placed in operation and feedwater makeup is supplied from the auxiliary 

feed storage tank. This Category I tank is adequately protected from the effects 

of earthquakes, tornado·, wind loads·, and floods-. Backup· water· sources for the 

auxiliary feedwater pumps are the two demineralized water storage tanks (500,000 

gallon capacity each), the two fire protection and domestic water storage· tanks 

(350,000 gallon capacity each), and the station Service-Water System. 

Because of the chloride content of the water (approximately 6000 ppm), the 

Service Water System would be used for this purpose only as a last resort in the 

event that other water sources become unavailable. The Service Water System will 

be used for decay heat removal as necessary, only until the normal or backup 

water sources are again made available. 

Backup water supply from the demineralized water storage tanks is 

available, upon filling and venting the associated suction piping. 

readily 

The fill 

process is ac_complished using local/manual valves. Automatic vent valves are 

provided to ensure the line is properly filled. Once filled the alternate 

suction stops, AF52's are opened from the Main Control Room to place this backup 

source of water in service. The fire protection and domestic water storage tanks 

can be used as a backup water source in the event that the demineralized water 

storage tanks become unavailable. Fire protection and domestic water can be 

provided to the auxiliary feed pumps only when a spool piece has been connected 

by station personnel. The Service Water System can be used as a backup water 
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source in the event that the other water sources become unavailable. Service 

water can be provided to the auxiliary feed pumps only when a spool piece has 

been connected by station personnel. The time required to connect the spool 

piece is less than 30 minutes. Operations involving alignment of normal and 

alternate sources of water to the auxiliary feedwater pumps are covered by 

station procedure. 

The backup water sources from the eves holdup tanks, the spent fuel pool, and the 

Service Water System are located in buildings/structures designed to withstand 

tornado induced missiles. The water storage tanks are located in different areas 

of the station site (refer to the arrangement drawings in Section 5). Although 

not specifically.designed to withstand tornado induced missiles, the separated 

locations of the various tanks preclude.the possibility that all tanks would be 

rendered unavailable due to tornado induced missiles. The systems which are 

required to bring the unit to a safe shutdown are enclosed in tornado protected 

buildings/structures and capable of being powered by the standby AC power 

systems. 

Plant Shutdown Operating Procedures 

In the unlikely event that a breach of any of the primary water sources were to 

occur (refueling water storage tank, auxiliary feedwater storage tank, or primary 

water storage tank), station operating personnel would start to shut down and 

cool the reactor-below· 350°F, using norma·l plant· shutdown operating procedures. 

These procedures in.i..tiate immediate decay heat remova1 by steam dump to the 

condenser. As feedwater in the secondary plant cycle absorbs heat from the 

reactor coolant through the steam generators~ it is converted to steam, giving 

up heat to the circulating water in the condenser. Hot shutdown can be 

maintained with Auxiliary Feedwater System operation and main steam atmospheric 

relief valves. Boration can be accomplished via the charging pumps, boric acid 

tanks, and boric acid transfer pumps. In the event.the Auxiliary Feed Storage 

Tank is unavailable, transfer to one of the backup, water.. sources. (previously. 

discussed in this section) is accomplished by station procedure. No automatic 

water supply switchover is provided. The backup water sources for the Auxiliary 

Feedwater System water sources are addressed in the Technical Specifications 

(except for the service water backup source). 

The unit wouid be maintained in a hot shutdown condition until station operating 

personnel have assessed operating conditions, damage, and availability of water 

sources to attain cold shutdown. Necessary repairs would be made and alternate 

water supplies provided as necessary for the eves to maintain Reactor Coolant 

System inventory and proceed to bring the unit to a cold shutdown condition •. 
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Shutdown procedures would be accomplished in as normal a fashion as operating 

conditions permit utilizing alternate water sources as necessary. The 

methodology would be dependent upon the extent of tornado missile damage as 

determined by operating personnel in their assessment of plant conditions. 

The arrangement of the service intake structure, service water pumps and piping 

is discussed in Section 9.2. The service water pumps are located within the 

service intake structure, which is seismic Category I and designed to be tornado 

missile proof. The piping is buried below grade, thereby protected from tornado 

missiles. 

Indication is provided in the control room for all outdoor water storage tanks. 

Upon indication of loss of water from all outdoor water storage tanks such that 

they become unavailable for auxiliary feedwater supply (tornado induced failure), 

personnel would be dispatched to install the spool piece connection between the 

Service Water and Auxiliary Feedwater Systems. 

It has been determined by actual demonstration that two men can install the spool 

piece in 13 minutes. The installation requires no special tools and involves 

removing two blind flanges and bolting the spool piece in place. The spool piece 

is stored at the connection point. 

An analysis was performed to determine the time period following a loss of ac 

power_andmain and auxiliary-feedwater f-low before the core becomes uncovered. 

The pertinent assumptions used in the analysis are as follows: 

1. All ac power lost at time of incident 

2. Rods assumed to begin dropping into core 2 seconds following incident 

3. ANS standard decay heat curve assumed 

4. Pressurizer relief and safety valves operative 

5. Initial power is 1.02 times rated power 

6. Loss of all main and auxiliary feedwater following incident. 

The calculation was subdivided into the following areas: 

I 

1. Heat required to raise primary to saturation temperature 
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safety injection pump motors from the steam environment following a postulated 

rupture of this pipe, the pipe is entirely sleeved within this room. The 

sleeving design is shown on Figures 3.6-29 and 3.6-21. No significant 

modifications were required, other than moving the letdown line several inches 

to preclude sleeve interference. 

The Waste Evaporator Room, located on Elevation 100 feet, contains a portion of 

the high energy steam line to the auxiliary feedwater pump turbine which is 

described in Section 3.6.5.6. Pipe break locations, selected on the basis of the 

criteria presented in Section 3.6.4.3.2, are sleeved and restrained in order to 

prevent whip and limit the steam mass flow rates from the postulated breaks. In 

order to preclude the detrimental effects of steam flooding and jet impingement, 

a steel plate enclosure is provided around this pipe where it passes through this 

room. A new vent opening in the floor of the room within the enclosure was 

provided to vent the steam flow from the postulated breaks to the pipe alley 

below. These modifications are shown on Figures 3.6-28 and 3.6-29. 

The Pipe Alley, located on Elevation 84 feet, contains portions of both the high 

energy eves letdown lines and the steam line to the auxiliary feedwater pump 

turbine. .Pipe br.eak locations, selected on the basis of the criteria presented 

in Section 3.6.4.3.2, are restrained to prevent whip. Although the pipe alley 

does not contain any safety-related equipment, sealing (or backdraft dampers) is 

provided to.prevent steam from entering any areas not specifically designed to 

accommodate. the ·steam environment~ A wall opening to the penetration area 

provides atmospheric venting· via the penetration area vent penthouse·. 

The Piping Penetration Areas. (Elevations 78 feet and 100 feet) contain portions 

of all of the high energy systems listed in section 3. 6 .1. Pipe break locations, 

selected on the basis of the criteria presented . in Section 3. 6. 4. 3. 2 were 

restrained as 
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necessary to prevent unacceptable pipe whip and fluid impingement. In order to 

maintain the internal pressure of the penetration areas within acceptable limits 

following the postulated main steam and feedwater system ruptures, the inboard 

and outboard penetration area venting panels were increased from 100 ft
2 

to 

650 ft
2 

by raising their roofs to Elevation 141 feet. However, certain venting 

panels have obstructions and are not fully operational. Considering ali 

obstructions, the net available venting areas are: 337 ft
2 

for the inboard 

penetration area, and 391 ft
2 

for the outboard penetration area. Design 

calculations have confirmed that the present net available venting area maintains 

the internal pressure of the penetration areas within previously established 

design limits as discussed in section 3.6.5.2.2. Certain Elevation 100-foot and 

78-foot penetration area walls and floor sections were sealed in order to confine 

the environmental effects of the postulated breaks, and some localized 

impingement protection was added in order to accommodate the postulated breaks. 

3.6.5.11 Design Criteria for Encapsulation Sleeves 

In some instances, encapsulation of portions of the high energy piping systems 

was used to limit break mass flow rates and, hence1 preclude any unacceptable 

effects of.pipe rupture. In these cases, the encapsulation.sleeves are designed 

and installed in accordance with the following criteria:. 

1. The encapsulation-sleeves are-designed and supported in a manner which 

will not introduce significant strain concentrations on the 

encapsulated section of piping. 

2. The piping beyond the encapsulation sleeves is provided with 

restraints or anchors which restrict its axial displacement and motion 

within the sleeves following a postulated circumferential pipe break. 

3. The encapsulation sleeves are designed (a) to withstand the dynamic 

forces of internal pressurization resulting from the escape of high 

energy fluid at the postulated pipe break location, assuming complete 

pipe severance and axial separation to the extent permitted by the 

pipe restraints, and (b) to restrict the flow at the open ends of the 

sleeve to a level required to preclude compartment pressurization 

beyond the allowable 
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flooding to a height of 20.9 feet above grade, the dead weight will be a minimum 

of 1.6 times the buoyant force. Therefore, the highest water conditions in the 

river will present no hazard to the flotation of the containment. 

Internal structures consist of equipment supports, polar crane gantry, shielding, 

reactor cavity and canal for fuel transfer, miscellaneous concrete and steel for 

floors and stairs. 

A 3-foot thick concrete ring wall serving as a partial radiation shield- surrounds 

the Reactor Coolant System (RCS) components and supports the polar-type reactor 

containment crane. A 3 to 5-foot thick reinforced concrete floor covers the RCS 

compartments. Removable concrete plugs are-provided to permit crane access to 

the reactor coolant pumps. The four steam generators, pressurizer, and various 

pipes penetrate the floor. Stairs provide access to the areas below the floor. 

The refueling canal connects the reactor cavity with the fuel transport tube to 

the spent fuel pool. The floor and walls of the canal are concrete, with walls 

and shielding water providing the equivalent of 6 feet of concrete. The floor 

is 4.5-feet thick. The concrete walls and floor are lined with 1/4-inch thick 

stainless steel plate. The linings provide a leakproof membrane that is

resistant to abrasion and damage during fuel handling operations. 

3.8.1.2 Design Codes 

The Containment Building has been designed under the following codes: 

1. Building Code Requirements for Reinforced Concrete, ACI 381-63. 

2. AISC Manual of Steel Construction, 6th Edition or later edition, as 

applicable • 
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3. ASME Boiler and Pressure Vessel Code, Section III, Section VIII, and 

Section IX (Applicable portions) - 1968. 

3.8.1.3 Design Loads and Loading Combinations 

The following loads are considered to act upon the containment structure creating 

stresses within the component parts: 

1. Dead load 

The dead load consists of the weight of the complete structure as 

shown in the construction drawing. To provide for variations in the 

as.sumed dead load, the coefficient for dead load components is 

adjusted by ±5 percent as indicated in the various cases of loading 

combinations. 

2. Live load 

3. 

SGS-UFSAR 

Live load consists of snow or construction loads on the dome and also 

the weight of major components or equipment in the containment. A 

construction load of 50 pounds per square foo~, which is more severe 

than the snow load, is used in dome design. 

Internal Pressure 

The internal pressure transient used for the containment design and 

its variation with time is shown on the pressure-temperature transient 

curve, Figure 3.8-11. For the free volume of 2,620,000 cubic feet 

within the containment, the design pressure is 47 psig. This pressure 

transient is more severe than those calculated for various LOCAs and 

Main Steam Line Breaks (MSLB) which are presented in Section 15 • 
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4 • Thermal 

Thermal expansion stresses due to an internal temperature increase 

caused by a LOCA have been considered. This temperature and its 

variation with time is shown on the pressure-temperature transient 

curve, Figure 3.8-11. The maximum temperature at the uninsulated 

section of the liner under accident conditions is 246°F. For the 

L25 times and 1.50 times design pressure loading conditions given in 

Section 3.8.1.4.1, the corresponding liner temperature will be 285°F 

and 306°F, respectively. The pressure-temperature transient curves 

for these loading conditions are shown on Figures 3.8-12 and 3.8-13, 

respectively. The maximum operating temperature is 120°F. 

For the Main Steam Line Breaks (MSLB), Figure 15.4-100 provides the 

containment pressure and temperature transients for the limiting 

temperature case. The governing peak temperature is 351.3°F. 

5. Buoyancy 

6. 
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.Uplift due to buoyant forces created by the displacement of ground 

water by the structure has been considered. Computations are based 

on normal ground water being at grade level and flood water at 20.9 

feet above grade during a hypothetical hurricane • 

Seismic Load 

The site seismology and ground response spectra are described in 

Section 2. Seismic design criteria for structures and equipment are 

described in Sections 3.7 and 3.8.1.4.2 • 
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7. Wind Load 

A wind load of 30 pounds per square foot, equivalent to 108 mph, was 

applied to structures and found to be less critical than the 

Operational Basis Earthquake (OBE) load. 

8. Tornado 

The Reactor Containment, Fuel Handling, and Auxiliary Buildings have 

been checked to withstand a tornado loading based on a peripheral wind 

velocity of 300 miles per hour and a translational velocity of 60 mph. 

Simultaneous with wind loading, an atmospheric pressure drop of 3 psig 

for all Class I structures has been considered. 

The shape factor, c, for the dome is 0.4 and for the cylinder, 0.5. 

No gust factor is applied. 

loadings, see Section 3.3.2. 

For additional information on tornado 

9. Test Pressure 

The test pressure for the containment structure is 115 percent of the 

design pressure or 54 psig. 

10. Negative Pressure 

SGS-UFSAR 

Loading from an internal negative pressure of 3. 5 psig has been 

considered. A pressure of this ·magnitude would result from the 

combined effects of: cooling, of the containment volume 70°F below the 

temperature at which 
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3.8.1.4 Design and Analysis Procedures 

The containment structure has been analyzed to determine stresses, moments, 

shear, and deflections due to the static and dynamic loads. 

3.8.1.4.1 Static Analysis 

The containment structure has been analyzed and designed for all loading 

conditions combined with load factors as outlined in Section 3.8.1.3. 

Mathematically, the dome and cylinder are treated as thin-walled shell structures 

which result in a membrane analysis. Since the thickness of the dome and 

cylinder is small in comparison with the radius of curvature (cylinder 1/15.5, 

dome 1/20), the stress due to pressure and wind or earthquake can be calculated 

by assuming that they are uniformly distributed across the thickness. 

In general, membrane stresses are carried by the reinforcement. Some are carried 

by the steel liner, but none by the concrete unless they are compressive 

stresses. 

Manual analysis of the containment structure, based on "Theory of Plates and 

Shells," by Timoshenko and Woinowsky-Krieger (1) and "Theory of Elasticity," by 

Tirnoshenko and Goodier (2), have been performed to obtain shears, moments, and 

stresses within the structure as- the basis of our preliminary design for 

reinforcements and Liner plate. 

An independent three-dimensional axisymmetric modal analysis using the finite 

element method was made by Conrad Associates (3) to ascertain that the design of 

the containment structure was adequate • 
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The manual shell analyses calculations and the "Conrad Associates" design review 

report are submitted separately. 

The design includes the consideration of both primary and secondary stresses. 

The design limit for tension members (i.e., the capacity required for the design 

load) is based upon the yield stress of the reinforcing steel~ The load factors 

used in the design primarily provide for a safety margin on the load assumptions. 

The capacity reduction factor "0" is provided for the possibility that small 

adverse variations in material strengths, workmanship, dimensions, and control, 

while individually within required,tolerances and the limits of good practice, 

occasionally may combine to result in under capacity. For tension members, the 

factor "0" is established as 0.95. The factor "0" is 0.90 for flexure and 0.85 

for diagonal tension, bond, and anchorage. For the liner steel the factor "0" 

is 0.95 for tension, 0.90 for compression and shear. 

The detailed design has been reviewed by Conrad Associates' finite element 

computer program to verify its safety. Stress values for rebars and liner plates 

at various locations for, all loading combinations involving LOCA are given in 

Tables 3.8-1 through 3.8-10. The designation of main reinforcement pattern for 

the containment structure is shown on Figures 3.8-14 and 3.8-15. 

Seismic reinforcing consists of diagonal bars at 45° to the horizontal plane each 

way, extended, from mat. to ,the· lower portion· ofc the .. dome~.· .. They ·are designed to 

resist the lateral shear under earthquake such that the horizontal component per 

foot of diagonals will be equal to the maximum value of the shear flow. 

Although, in the. cylinder, the liner and the concrete have some capacity 

available to resist the seismic shears, no credit was taken for the capacity. 

Dowel action of the main bars was also neglected. 

The containment structure has also been evaluated for increase in design loads 

due to the postulated MSLBs. The evaluation shows that for. the design of the 

containment structures LOCA is the governing condition. 
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condition. Under other cases of critical loading combinations involving LOCA the 

maximum tensile stress in the liner plate is 27.5 ksi, with 14 percent extra 

safety margin. The maximum interaction coefficient for biaxial compression and 

shear in the liner plate under critical load combinations involving LOCA is 0. 902 

with approximately 10 percent extra safety margin. 

The listed stresses in Tables 3.8-1 through 3.8-9 have already taken account of 

the capacity reduction factors, 0. In other words, the stresses have been 

divided by the appropriate 0, 0.95 for tension-, 0.90 for flexure, and 0.85 for 

shear, etc. 

The combined biaxial compression and shear in the liner plate have been examined 

by the following interaction formula: 

where: 

ox, a 
z 

hoop and meridional stresses in liner plates 

axe' ozO = maximum allowable stress in hoop and 

meridional direction (critical buckling 

stress or the yield stress) 

T 

T 
0 

= shear stress in the liner plate 

= maximum allowable shear stress 

The resulting interaction coefficients for Operating, LOCA, and Test conditions I 
are listed in Table 3.8-10. 

The containment liner has also been evaluated for the increased containment 

temperature of 351.3°F and the concurrent pressure due to the postulated MSLBs. 

The evaluation shows that the liner in the uninsu-lated portion tends to yield 

locally at EL.120 '-0"; however, the total design forces at this local section can 
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be carried by the containment reinforcing steel alone, without using the liner 

as a strength element. The corresponding strains in the liner at this section 

are low relative to the allowable liner strain values specified in Table CC-3720-

1 of 1995 ASME B&PV Code, Section III, Division 2 (Reference 6) for maintaining 

leaktight integrity of the liner. Thus, both strength and leaktight integrity 

of the containment are assured. 

S. B. Batdorf and M. stein in their paper "Critical Combinations of Shear and 

Direct Stress for Simply Supported Rectangular Flat Plates" (NACA Technical Note 

1223, 1947), obtained the critical stress combination for the case of shear and 

simultaneous uniaxial compressive stresses as: 

(i:/i:O) 2 + a/aO = 1 

For biaxial compression, Timoshenko and Gere in their "Theory of Elastic 

Stability" defined the allowable biaxial compression in the form of: 

XO+ yo 

Modifying The Batdorf and Stein expression to include the biaxial effect we have 

used the following equation to check the interaction stability: 

(x + y) (i:/1:0)2 + = 1. 
(XO_+ yO) 

The edge condition was assumed to be simple supported which is more conservative • 
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Base Mat 

In designing the base mat, the slab is considered to be a circular plate of 

constant thickness, t. The loads are imposed upon the slab by the exterior 

cylinder wall, the central circular crane wall and, to a lesser degree, by the 

equipment. The soil reaction pressure was found in a conventional manner by 

treating the slab, which is 16-feet thick, as a rigid mat. 

The mat is then analyzed as a plate subjected to soil pressures and supported by 

a circular wall symmetrical with respect to the center of the mat. The 

supporting walls are considered as either simply supporting the mat or partially 

fixed. The exterior cylinder wall has been considered partially fixing the mat; 

the crane wall is a simple support. 

The containment base mat is analyzed as a rigid circular plate subjected to 

loadings from the axisymmetric exterior cylinder wall, crane wall, interior 

walls, and equipment acting around an equivalent circle. The soil pressure is 

found in a conventional manner without the benefit of its elastic deformation. 

Manual analysis was based on the ACI Paper, Title No. 63-63, "Analysis of 

Circular and Annular Slab for Chimney Foundation," by Kuang-Han Chu and Omar F. 

Afandi. A finite element program was used to check the rebar under five loading 

combinations. Since the mat is covered by a 2 to 5-foot thick concrete. slab, and 

also the lower 34-feet of cylinder liner is insulated, the thermal effect on the 

mat has been neglected. 

The design of the base mat reinforcement has been reviewed for five load 

combinations at three different mat sections. The maximum radial, tangential, 

vertical, and shear stresses at these sections are shown on Figures 3. 8-16 

through 3.8-20. The stresses shown in these figures are integrated over the 

thickness of the slab and transformed to forces per unit length of circumference. 

These forces are then distributed to the top and bottom reinforc.ing bars at the 

section under investigation. The resulting stresses in the bars are all under 

30 ksi. 

The maximum tangential shear under DBE for the interior structure at top of 

reactor pit is 7600k. The shear is transmitted through the pit wall at Elevation 

76 feet and then bearing against the base mat. The unit shear is 73 psi and 

bearing is 42 psi, both well within allowable values . 
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Five static load analyses consisting of dead load, buoyancy, internal pressure, 

thermal, and tornado loadings have been performed for the containment structure . 

The complete report by Conrad Associates (3) and manual design calculations are 

kept on file by Public Service Electric & Gas (PSE&G). They are summarized as 

follows. 

Dead Load Analysis 

Finite element model is used to perform the dead load analysis. Static secant 

moduli are used in representing the soil stiffness under dead load. For the 

vertical load, only horizontal restraints are imposed at side boundaries of the 

soil system. Stresses, moments, and shears at containment wall and mat are shown 

on Figures 3.8-21, 3.8-22,. and 3.8-23. 

Buoyancy Analysis 

Normal ground·water table for the site is at Elevation 96 feet. For design 

purpose it is considered to be at 6 inches above the plant grade level, Elevation 

99 feet-6 inches. Under hurricane condition the water level could be expected 

to rise to Elevation 120.4 feet; however, since the direction of the hydrostatic 

pressure is so small it does not create a critical loading combination. 

The result of the buoyancy-induced stresses in the containment vessel are very 

sma·ll and .are· ·confined to_ the lower portion of the structure. No plot is· given 

because it does not affect the design. 

Internal Pressure Analysis 

The internal pressure transients used for the containment design and its 

variation with time are shown on Figures 3.8-11 through 3.8-13. For the free 

volume of 2,620,000 cubic feet within the containment, the design pressure is 47 

psig. The maximum temperature at the uninsulated section of the liner under the 

accident condition is 246°F. For 1. 25 times and 1. 5 times design pressure 

loading conditions, the corresponding liner temperatures are 285°F and 306°F, 

respectively. Static pressure loads are used in design, since the pressure 

increase is very gradual from the transient curve. 
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Thermal Analysis 

The thermal gradients in the containment wall under operating and accident 

conditions are shown on Figure 3. 8-24. Both loadings are analyzed for the 

containment structure. 

The analytical model employed by Conrad Associates ( 3) for finite element thermal 

analysis is an axisymmetric assemblage of solids of revolution. Each segment 

across the containment wall consists of ten elements to represent the thermal 

gradient through the wall thickness. 

Orthotropic material properties are used to represent the variable shell area in 

the hoop and meridional directions. 

Due to the one-dimensional nature of the reinforcing bars, Poisson's ratio was 

set equal to zero in the plane of the equivalent steel shell. 

For accident loading, the concrete is assumed to be totally cracked in the hoop 

and meridional directions, but uncracked in the radial direction. 

For operating loading, concrete is assumed to be uncracked. 

The liner plate is modeled as a thin isotropic steel shell with an elastic 

modulus of 28,000 ksi and a Poisson's ratio of 0.3. Between the liner plate and 

the concrete containment shell a thin element, 0.01-feet thick, is introduced to 

facilitate modeling of the discontinuity in temperature occurring at the liner

to-concrete interface under accident conditions. 

A fixed boundary is introduced at the foundation mat. Thermal stresses and 

strains are not likely to develop in the thick mat which has excellent insulating 

properties • 
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Stresses under operating and accidental thermal loadings involving LOCA are shown 

on Figures 3.8-25 through 3.8-30. 

Tornado and Tornado Generated Missile Analysis 

Three tornado wind distributions were investigated in the Category I structural 

design as shown on Figure 3.8-31. In combination with the static forces produced 

by the 360 mph maximum wind, a 3 psig atmospheric pressure drop was specified for 

the containment structure. 

Evaluations of structural adequacy against tornado wind loads and tornado 

missiles are given in Sections 3.3.2 and 3.5.2, respectively. 

3.8.1.4.2 Dynamic Analysis 

The containment structure seismic analysis was performed through (a) lumped mass 

model manual analysis, using average response spectra ground input, and (b) a 

finite element modal analysis, using time history ground input. The detailed 

report from Conrad Associates (3) and the independent manual calculations are 

kept on file by PSE&G. 

The computer analysis yields a slightly higher result in accelerations, shears, 

and moments in comparison with. the manual analysis. The most conservative 

results, are: used. -in:_ design. 

The seismic analysis of the containment structure by the finite element method 

is performed by computer using a step-by-step direction integration procedure. 

Studies have been made to establish free field soil boundary condition. The 

model used in the analysis is shown on Figure 3.7-13. 

The El Centro ground motion of May 18, 1940, was recommended by Dames and Moore 

as the most appropriate motion for the site. Its 
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4. Shielding requirements 

5. Design basis accident requirements 

6. Flood conditions due to maximum probable hurricane 

7. Internal missile generation 

The stresses of concrete, reinforcing steel, and liner plate under various 

loading combinations are as described in Section 3.8.1.4. 

The containment integrity evaluation, including the containment pressure 

transients and safety margin, are presented in section 15. 

3.8.1.5.1 Fracture Prevention of Containment Pressure Boundary 

The containment pressure boundary parts, which do not rely on concrete structures 

to provide the pressure retaining capability, are constructed in accordance with 

the. material, design, fabrication, and installation requirements of the ASME 

Code, Section III, 1968 Edition. The Code requirements took into consideration 

procedures for prevention of brittle failures and fracture propagations in 

containment pressure boundaries.. These procedures include Charpy V notch tests 

of plate materials, sufficient margins in the design allowables, preheat of steel 

plates, and postweld heat treatment of penetration assemblies. 

3.8.1.6 Materials, Quality Control, and Special Construction Techniques 

3.8.1.6.1 Liner Plate 

~welded steel-liner of thicknesses varying from 1/4 inch to 1/2 inch is anchored 

to the inside face of the concrete shell with 

3.8-27 
SGS-UFSAR Revision 6 

February 15, 1987 



1/2-inch diameter studs to ensure containment leak tightness. This containment 

liner is designed to carry a portion of the membrane force from the different 

combinations of loading; however, for conservatism it is not counted on in the 

resistance to lateral shear. 

The out-of-roundness tolerance of the liner shall not exceed plus or minus 2 

inches from the true diameter of 140 feet. 

The lower 34 feet of cylinder liner is insulated, except locally around liner 

penetrations and around interferences with other commodities, to prevent buckling 

of the liner due to restricted growth under a rise in temperature. 

The membrane tension and the combined stress of biaxial compression and shear in 

the liner plate are described in Section 3.8.1.4.1. 

Our computations for the liner plate indicate that there would be no inelastic 

buckling of the plates. 

Under stress, the variation in plate thickness would cause small differential 

movements between the liner and the concrete. Also, the shrinkage cracks in the 

concrete would have the same result. Soft corks are placed around the studs 

adjoining the liner plate to.allow differential movement between the liner and 

the concrete. 

The stud anchors are designed such that their failure in shear or tension will 

not break the leak tight integrity of the liner plate. Tests will be made to 

verify this criterion. Even_ if stud failure developed, it would be random in 

nature. This would not impair the liner integrity, nor would it cause 

progressive failure. The design load per anchor is low, and if an anchor should 

fail, the load it would .have carried .would be easily _distributed to the adjacent 

anchor. 

Tensile and shear tests were conducted on the liner plate studs. Three tensile 

and three shear test assemblies approximating as 
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accidental eccentricity. For information concerning the extent to which the 

internal structure and its walls are capable of withstanding the stresses 

resulting from the accidental eccentricity, see Section 3.7. 

The following structures are removable; provisions have been made to prevent them 

from becoming missiles. 

Hatch covers at Elevation 130 feet 

They are 4-foot thick massive concrete blocks bolted down to the slab to 

withstand any uplift pressure. 

Missile shield over Reactor Vessel 

It is a concrete slab 17 feet x 17 feet x 1 foot with a 1-inch steel plate at 

bottom face to stop missiles coming from the reactor vessel head. It is secured 

to prevent it from becoming a missile. 

Lead blocks at Elevation 100 feet in fuel transfer canal area and at Elevation 89 

feet-6 inches to 95 feet-10 inches transfer chamber 

They are for radiation protection for the gap between containment exterior wall 

and interior structure. Blocks are held in place by angle frames and steel 

plates to hold them during earthquake motion. 

Hatch cover over fuel transfer chamber at Elevation 100 feet 

It is a steel enclosure filled with poured lead. It is laterally 
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restrained, subject to no jet force and could never become a missile. 

3.8.4 Other Category I Structures 

3.8.4.1 Summary Description 

The Category I structures other than the containment structures are listed in 

Section 3. 2. They are Auxiliary Building, Fuel Handling Buildings, Service Water 

Intake structure, Class I water tank foundations, and the Class I equipment 

supports. 

The orientation of the principal structures is shown on Figure 3.8-56. The 

general arrangements of Containment Buildings, Auxiliary Building, and Fuel 

Handling Buildings are shown in Section 5. 

3.8.4.2 Design Codes 

Category I structures were designed under the following codes: 

1. Building Code Requirements for Reinforced Concrete, ACI 318-63. 

2. AISC Manual of Steel Construction, 6th Edition or later edition, as 

applicable. 

3.8.4.3 Loads and Loading Combinations 

Loads and load combinations for Category I structures under SSE or tornado 

conditions are similar to those of the containment except for _LOCA pressure and 

temperature loadings. The working stress design method was used for operating 

and OBE conditions. (No load factor was used for OBE loadings.) For combination 

of containment loadings and load symbols, see Section 3.8.1.3. 

3.8-74 
. SGS-UFSAR Revision 17 

October 16, 1998 

• 

• 

• 



• 

• 

• 

The safety against sliding, overturning, and flotation for all Category I 

structures under all loading combinations are within the limits set by the 

SRP 3.8.5. 

Masonry Walls 

For the loading criteria for non-structural masonry walls see Section 3.8.4.5.1. 

3.8.4.4 Design and Analysis Procedures 

The Category I structures have been designed based on ACI 318-63 "Working Stress 

Design," for normal operating load plus QBE and "Ultimate Strength Design," for 

normal loads plus DBE or tornado. In the working stress design under QBE the 

allowable stresses are one-third above the normal applicable code working 

stresses. Wind stresses are found to be less critical than those generated for 

an QBE. Load factors of unity have been used in the ultimate design under DBE or 

tornado loading. The stress of reinforcing steel under ultimate strength design 

has been kept under 0.9 Fy. The capacity reduction factor- "0" as described in 

Section 3.8.1.4.1 for concrete stress is applicable for all category I 

structures. A coefficient "k" of 0.85 for 3500 psi concrete has been used in 

addition to "0 ... for equivalent rectangular concrete stress distribution. 

During the design phase of the reracking which was implemented in 1994, the Spent 

Fuel Pool was reanalyzed for increased fuel storage capacity. The following is 

the list of items incorporated in the analysis: 

1) The "ultimate strength" design method based on NUREG-0800, Standard 

Review Plan 3.8.4, Rev. 1, 1981 was used. 

2) The plant design spectra, given in Salem UFSAR, for DBE and QBE events 

were broadened, per provisions of Reg. Guide 1.122 and used. 

3) The response spectrum method was used to determine the self-excitation 

loading on the pool structure. 

4) The pool structure was modelled in three dimensions via a 3-D finite 

element model. 

5) The thermal gradient across the pool slab and the pool walls was 

computed using finite element method. Thus, the effect of interaction 

between the ambient, pool water, and grade temperatures is fully 

incorporated in the analysis • 
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6) The pressure on the lower portion of the wall during a seismic event 

undergoes a cyclic pulsation due to the hydrodynamic coupling between 

racks and the pool walls. This loading was quantified using Whole 

Pool Multi-Rack analysis. This loading was included in the analysis. 

7) Analyses have been performed that evaluate the spent fuel pool 

structure (reinforced concrete as well as the stainless steel liner 

and its anchors) for a boiling pool condition. The acceptance 

criteria used for these evaluations was ACI 359 (ASME code Section III 

Division 2, Reference 7). The spent fuel pool structure, including 

the liner and its anchors, was shown to meet all requirements of this 

code for a boiling pool condition. Analyses were also performed for 

the spent fuel pool liner and its anchors for a maximum normal pool 

temperature of l50°F. The liner and its anchors were shown to meet 

the acceptance criteria of ACI 359. Thermal cycling of the liner and 

its anchors was evaluated and shown to not be a concern. 

Steel members inside the Category I structures are designed in accordance with 

the AISC Manual of Steel Construction (Sixth Edition or later edition, as 

applicable) • 

Seismic design criteria are described in Section 3. 7. Tornado and tornado 

generated missile design is described in Sections 3.3.2 and 3.5.2. 

Four independent seismic analyses, similar to those for the Containment Building, 

have been performed for the 1) Auxiliary Building, 2) Fuel Handling Building, 

3) Service Water Intake Structure, and 4) Outer Penetration Building. 

Conservative results have been utilized for the building design. The time 

history computer analysis calculations are kept on file with PSE&G. 

Specifically, the information for the Auxiliary Building and the Fuel Handling 

Building has been provided in the Reference 3 report, while the information for 

the Service Water Intake Structure and Outer Penetration Building has been 

provided in the Reference 5 report. 

The loading combinations used for Category I (seismic) steel structures other 

than containment are as follows: 
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Working stress design 

1. D + L + I + H 

Allowable stresses in accordance with AISC Manual of Steel 

Construction 

2. D + L + I + H + E 

Allowable stresses are one-third above the normal allowable stresse. 

Ultimate strength design 

1. D + L +I+ H +·E' 

2. D + L + I + H + T 

The stress in the ultimate strength design has been kept under 0.9 Fy 
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3.8.4.S Materials, Quality Control, and Special Construction Techniques 

3.8.4.5.1 Masonry Walls 

There is no masonry block construction in the Containment and Fuel Handling 

Building. In the Auxiliary Building and penetration area, removable block walls 

are reinforced with steel bars and also anchored to the slab. These provisions 

are used to prevent the wall from collapsing under earthquake forces; however, 

they are not considered as major shear walls to carry the lateral forces for the 

building • 
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All of the masonry walls that have been installed within (and between) Category 

I structures and adjacent to category I tanks have been re-evaluated for seismic 

loadings and are found to be within the following two groups: 

1. Those walls whose collapse would endanger or affect in any way the 

safety of any Category I structure 

2. Those walls whose collapse would not affect the safety of any Category 

I structure 

A structural analysis has been performed on each of the walls whose collapse 

would affect any of the category I structures to determine the shear and bending 

stresses to assess their margin of safety. 

For the re-evaluation and analysis, the masonry wall field testing and 

inspection, the design for the corrective action, the structural steel 

reinforcing, and the drawings, see "Report on Re-evaluation of Masonry Walls," 

dated November 28, 1980, which was submitted to the NRC on December 10, 1980. 

Corrective actions for those masonry walls which do not meet the NRC criterion 

(1.33 times allowable ACI- shear or tensile stress for mortar when the wall is 

subjected to out of plane bending during an SSE) are detailed in a PSE&G letter 

(Liden.to Varga) dated December 8, 1982. 

3.8.5 Foundations 

3.8.5.1 Description 

All major Category I structure foundations, except the tank foundations, are 

built on top of lean concrete fill, which in turn bears on the Vincetown 

formation at approximately Elevation 30 feet. The actual elevation of top 

Vincetown was established by visual inspection and additional borings after the 

excavation was completed. The Service Water Intake Structure was constructed 

within a 
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steel sheet cofferdam. The material within the cofferdam has been removed down 

to the Vincetown formation and all the less compact materials on top of the 

formation were removed and replaced with tremie concrete to the bottom of the 

mat. The Category I water storage tank foundation is a 3-foot concrete mat 

serving as the top of a pipe trench. The trench foundation rests on compacted 

backfill brought up from the top of the lean concrete fill at Elevation 79 feet. 

The profile of the principal plant structures, cofferdams, and subsurface 

formations are shown on Figure 3.8-56. 

structures is given in Table 3.8-11. 

A summary of foundations for plant 

Seismic separation joints for building foundation mats adjacent to each other are 

provided to allow independent motion of each building under earthquake 

conditions. 

3.8.5.2 Applicable Codes, Standards, and Specifications 

All foundations were designed according to all of the applicable sections of the 

same codes, standards, and specifications as the buildings and structures which 

they suppqrt. These are listed-in Sections 3.8.1.2, 3.8.3.2, and 3.8.4.2. 

3.8.5.3 Loads and Load Combinations 

All foundations were designed according to all of the applicable loads and load 

combinations as the buildings and structures which they support. 

listed in Sections 3.8.l.3, 3.8.3.3, and 3.8.4.3. 

These are 

3. 8. 5 .• 4 Design and Analysis Procedures 

The containment base mat is analyzed as a rigid circular plate subjected to· 

loadings from the axisymmetric exterior cylinder 
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wall, crane wall, interior walls, and equipment acting around an equivalent 

circle. The soil pressure is found in a conventional manner without the benefit 

of its elastic formation. Our manual analysis was based on the ACI Paper, Title 

No. 63-63, "Analysis of Circular and Annular Slab for Chimney Foundation," by 

Kuang-Han Chu and Omar F. Afandi. A finite element program was used to check the 

rebar under five loading combinations. Since the mat is covered by 2 to 5-feet 

thick of concrete slab and also the lower 34 feet of cylinder liner is insulated, 

the thermal effect on the mat has been neglected. 

The Service Water Intake Structure and Category I water tank foundation seismic 

design has been based on the manual dynamic model analyses using the average 

response spectra as the ground motion input. 

Other Category I structure foundation mats were designed for all loading 

combinations as described in Section 3.8.4.3. 

3.8.6 References for Section 3.8 

1. Timoshenko and. Woinowsky-Kriegar, "Theory of Plates and Shells," McGraw

Hi.:11, 1959. 

2.. Timoshenko and.Goodier, "Theory of Elasticity," McGraw-Hill, 1951. 

3. "Structural Analysis of Containment Vessel - Salem Nuclear Generating 

Station," Conrad Associates, Van Nuys, California, 1970. 

4. Maugh, L. c., "Statically Indeterminate Structures," John Wiley and Sons, 

New York, New York, 1946. 

5. · VTD 320237-01, "Design Basis - Response Analysis of the Salem Nuclear 

Generating Station Structures," EQE Final Report, January, 1995. 

6. 1995 ASME Boiler & Pressure Vessel Code, Section III, Division 2, Code for 

Concrete Reactor Pressure Vessels and Containments. 

7. ACI 359-95 (ASME Boiler and Pressure Vessel Code Section III Division 2),· 

"Code for Concrete Reactor Vessels and Containments." 
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Equipment 

Control Console 

Nuclear Instrumenta
tion System Cabinet; 
Process Control 
Equipment Cabinets; 
Solid State Protection 
Actuation Cabinet 

12 KVA (Unit 1) 
10 KVA (Unit 2) Vital 
Bus UPS 

Auxiliary Control 
System Terminal and 
Relay Cabinets 

SGS-UFSAR 

• • TABLE 3.10-1 
SUMMARY OF SEISMIC QUALIFICATIO~S 

FOR SAFETY-RELATED EQUIPMENT 

Method 

Test & Dynamic 
Analysis 

Test 
Single Axis 

Triaxial 
Multifrequency 
Random Motion 
Test 

Test 
Single Axis 

1 of 9 

Results 

Simultaneous Time History Test1 

producing accelerations greater than design basis 
earthquake (DBE). Test results were acceptable. 
Accelerations at the device location were 
determined qy T-H dynamic analysis. 

Sine Beat Test with electrical funcations of the 
equipment monitored. 

Single axis Sine Sweep Resonance search test in 
front-to-back, side-to-side, and vertical axes 
followed by 30 second duration Triaxial 
Multifrequency Random Motion test. The specimen 
was subjected to 5 Operating Basis Earthquake 
(OBE) tests and one Design Basis Earthquake (DBE) 
test. 

Single axis Sine Sweep Resonance search test in 
front-to-back, side-to-side, and vertical axes 
followed by 30 second duration Triaxial 
Multifrequency Random Motion test. The equipment 
functioned satisfactorily. 
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Regulatory Guide 1.8 - PERSONNEL SELECTION AND TRAINING, 9/75 (endorses ANSI

Nl8. l-1971) 

The Salem Station will conform to the Regulatory Guide with the following 

exceptions: 

1. The Operations Manager either shall hold an SRO License, or shall have held 

an SRO license for a similar unit (PWR), per Amendments 110/89. 

2. Licensed Operator qualifications and training shall be in accordance with 

10CFR55, per Amendments 136/111. 

Qualification r.equirements for the Nuclear Review Board personnel performing the 

onsite independent review function and SORC members are described in Section 17. 2 

of the UFSAR. 

Regulatory Guide 1.9 - SELECTION, DESIGN, AND QUALIFICATION OF DIESEL GENERATOR 

SET CAPACITY FOR STANDBY POWER SUPPLIES 

The Salem Station design conforms with the intent of the Regulatory Guide as 

indicated in Section 8. 

Regulatory Guide 1.10 - MECHANICAL ( CADWELD) SPLICES IN REINFORCING BARS OF 

CATEGORY I CONCRETE STRUCTURES 

Although NRC Regulatory Guide 1.10 was withdrawn by the NRC on July 21, 1981, SGS 

commitments, as stated below, are not affected by this withdrawal. 

The Salem Station design conforms with the intent of the Regulatory Guide as 

described in Section 3.8. 

Regulatory Guide 1.11 - =I=N=S=T=R~U=M=E=N=T~~L=I=N=E=S~~~P=E=N=E=T=RA==T=I=N=G~__,P=R=I=MAR~=y"-~=RE~A=C~T-O~R 

CONTAINMENT 

The Salem Station design conforms with the intent of Regulatory Guide 1.11 and 

General Design Criterion (GDC) 55 for instrument lines. Both containment 

pressure and RVLIS isolation inside containment is provided by a sealed bellows 

arrangement. The containment pressure bellows are located immediately adjacent 

to the inside containment wall. The RVLIS bellows are located near the process 

pressure sources at the RCS hot legs, in the seal table room and in the reactor 

cavity. Outside containment isolation for containment pressure is provided by 

the diaphragm in the pressure transmitter connected to the bellows by a sealed, 

fluid filled tube. Outside containment isolation for RVLIS is provided by 

sealed, fluid filled isolators that convey RCS pressure to DP transmitters. The 

justification for these special arrangements results fr:om the importance of 

containment pressure and RVLIS indication during accident conditions. 
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Regulatory Guide 1.12 - INSTRUMENTATION FOR EARTHQUAKES 

The Salem Station design conforms with the intent of the Regulatory Guide as 

described in Section 3.7. 

Regulatory Guide 1.13 - SPENT FUEL STORAGE FACILITY DESIGN BASIS 

The Spent Fuel Cooling System design conforms with the intent of the Regulatory 

Guide as discussed in Section 9. 1. The design of the Fuel Handling System 

conforms to the recommendations of Regulatory Guide 1.13. 

Regulatory Guide 1.14 - REACTOR COOLANT PUMP FLYWHEEL INTEGRITY 

The Salem Station design conforms with the intent of the Regulatory Guide. 

Regulatory Guide 1.15 - TESTING OF REINFORCING BARS FOR CATEGORY I 

STRUCTURES 

CONCRETE 

Although NRC Regulatory Guide 1.15 was withdrawn by the NRC on July 21, 1981, SGS 

commitments, as stated below, are not affected by this withdrawal. 

The Salem Station design generally conforms with the intent of the Regulatory 

Guide as discussed in Section 3. 8. However, instead of one full diameter 

specimen from each bar size tested for each 50 tons, or fraction thereof, of 

rebar produced from each heat as required by the Regulatory Guide, two specimens 

for each 25 tons or less of heat have been taken for testing. If any of the four 

specimens failed to meet the specification, the entire heat was rejected. It is 

believed that this procedure is as conservative as that of the Regulatory Guide. 

Regulatory Guide 1.16 - REPORTING OF OPERATING INFORMATION 

Information will be reported as indicated in the Regulatory Guide, with the 

exception of the information provided in the Monthly Operating Report. The 

Monthly Operating Report information will be reported as indicated in Generic 

Letter 97-02. 
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For BATCH MODE gaseous releases the quantification of the activity 

discharged should be based on the sampling of the gas decay tank and all 

purges prior to discharge. 

GASEOUS ABNORMAL RELEASES should be treated as a BATCH mode release, 

evaluated as they occur, and reported to the NRC isotopically every 

6 months. In the event that there are no ABNORMAL RELEASES, the quantity 

of activity discharged for purposes of reporting to the NRC under the 

"uniformity" requirements should be based on the monthly vent grab sample 

for "continuous mode" releases, and on gas· decay tank samples and 

containment purge samples for "batch mode releases." An ABNORMAL RELEASE 

will be considered to have occurred whenever channel R16, channel 1R41D, or 

2R41C. is- in the alarm state. ABNORMAL RELEASE as defined in lOCFRSO. 72 for 

4-hour reporting requirement is defined as two times the Maximum 

Permissible Concentration at the site boundary, averaged over 1 hour. 

It ·currently is not feasible to implement those portions of the Regulatory Guide 

listed in Table 3A-1. 

Regulatory Guide 1.22 - PERIODIC TESTING OF PROTECTION 

FUNCTIONS 

SYSTEM ACTUATION 

The Salem Station 

Standard 279-1971. 

Protection System is designed in accordance with IEEE 

Safety actuation circuitry is provided with a capability for 

testing with the reactor at power. The protection system design complies with 

the Regulatory Guide. Under the present design, there are protection functions 

which are not tested at power. These are described in Section 7. Additionally, 

the following manual functions are not tested at power: 

1. Generation of a reactor trip by tripping the reactor coolant pump 

breakers 

2. Generation of reactor trip by tripping the turbine 
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SECTION 4 

REACTOR 

4.1 SUMMARY DESCRIPTION 

This chapter describes the following: 1) the mechanical components of the 

reactor and reactor core including the fuel rods and fuel. assemblies, reactor 

internals, and the control rod drive mechanisms, 2) the nuclear design, and 3) 

the thermal-hydraulic design. 

The reactor core is comprised of an array of fuel assemblies which are similar 

in mechanical design and fuel enrichment. The Salem Unit 1 and 2 cores may 

consist of any combination of standard (STD), vantage SH, and Vantage+ fuel 

assemblies as described in Section 4.2.1.2. The most significant difference 

between the Vantage+ fuel and'the others is the application of Zirlo™ cladding, 

guide thimble and instrument tubes in the Vantage+ fuel design. The Vantage+ 

fuel ,assembly is a modification of the NRC-approved Vantage SH fuel assembly 

design (Reference 1). A detailed description and evaluation of the Vantage+ 

features is provided in Reference 2. 

The core is cooled and moderated by light water at a pressure of.22SO. psia.in,the 

Reactor Coolant System. The moderator coolant contains boron as. a neutron 

absorber. The concentration of boron in the coolant is varied .as required to 

control relatively slow reactivity changes including the effects of fuel burnup. 

Additional boron, in the form of burnable absorber rods and/or IFBAs, may be 

employed in the core to establish the desired initial reactivity. 

Two hundred and sixty-four fuel rods are mechanically joined in a square array 

to form a fuel assembly. , The fuel rods are supported in intervals along their 

length by grid assemblies which maintain the lateral spacing between the rods 

throughout the design life of the assembly. The grid assembly.consists of an 

"egg-crate" arrangement of interlocked straps. The straps contain spring fingers 

and dimples for fuel rod support as well as coolant mixing vanes. The fuel rods 

consist of slightly enriched uranium dioxide ceramic cylindrical pellets 

contained in slightly cold worked Zircaloy-4 or ZirloTM tubing which is plugged 

and seal welded at the ends to 
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encapsulate the fuel. All fuel rods are pressurized with helium during 

fabrication to reduce stresses and strains and to increase fatigue life. In 

addition, the Zirlo™ fuel rods will be oxide coated at the lower end for 

additional protection against fretting. 

The center position in the assembly is reserved for the in-core instrumentation, 

while the remaining 24 positions in the array are equipped with guide thimbles 

joined to the grids and the top and bottom nozzles. Depending upon the position 

of the assembly in the core, the guide thimbles are used as core locations for 

rod cluster control assemblies, neutron source assemblies, and burnable absorber 

rods. The remaining guide thimbles may be fitted with plugging devices to limit 

bypass 'flow. The use of plugging devices is optional. 

The bottom nozzle is a box-like structure which serves as a bottom structural 

element of the fuel assembly and direc~s the coolant flow distribution to the 

assembly. 

The top nozzle assembly functions as- the upper structural element of the fuel 

assembly in addition to providing a partial protective housing for the rod 

cluster control assembly or other core components. 

The rod cluster control assemblies each consist of a group of individual absorber. 

rods fastened at the top end to a common hub or spider assembly.· These 

assemblies have rods containing .absorber material to control the reactivity of 

the core under operating conditions. 

The control rod drive mechanisms are of the magnetic latch type. The latches are 

controlled by three magnetic coils. They are so designed that upon a loss of 

power to the coils, the rod cluster control assembly is released and falls by 

gravity to shut down the reactor. 

The co~ponents of the reactor internals are divided into three parts consisting 

of the lower core support structure (including 
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the entire core barrel and thermal shield), the upper core support structure and 

the in-core instrumentation support structure. The reactor internals support the 

core, maintain fuel alignment, limit fuel assembly movement, maintain alignment 

between the fuel assemblies and control rod drive mechanisms, direct coolant flow 

past the fuel elements and to the pressure vessel head, provide gamma and neutron 

shielding, and provide guides for the in-core instrumentation. 

The nuclear design analyses and evaluation establish physical locations for 

control rods and burnable absorbers, and physical parameters such as fuel 

enrichments and boron concentration in the coolant such that the reactor core has 

inherent characteristics which, together with corrective actions of the Reactor 

Control, Protection and Emergency Cooling Systems provide adequate reactivity 

control even if the highest reactivity worth rod cluster control assembly is 

stuck in the fully withdrawn position. The design also provides for inherent 

stability against diametral and azimuthal power oscillations. 

The thermal-hydraulic design analyses and evaluation establish coolant flow 

parameters which assure that adequate heat transfer is assured between the fuel 

cladding and the reactor coolant. The thermal design takes into account local 

variations in fuel rod dimensions, power generation, flow distribution, and 

mixing. The mixing vanes incorporated in the fuel assembly spacer grid design 

induces additional flow mixing between the various flow channels within a fuel 

assembly as well as between adjacent assemb.lies ·-

Instrumentation is provided in and out of the core to monitor the nuclear, 

thermal-hydraulic, and mechanical performance of the reactor and to provide 

inputs to automatic control functions. 

The reactor core design together with corrective actions of the Reactor Control, 

Protection and Emergency Cooling Systems can meet the reactor performance and 

safety criteria specified in Section 4.2 • 
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To illustrate the effects of the change in fuel design, Table 4.1-1 presents 

principal nuclear, thermal-hydraulic, and mechanical design parameters for the 

Salem 17 x 17 STD, Vantage SH, and Vantage+ fuel assemblies. 

The effects of fuel densification were evaluated(l). 

The analytical techniques employed in the core design are tabulated in Table 4 .1-

2. The loading conditions considered in general for the core . internals and 

components are tabulated in Table 4.1-3. Specific or limiting loads considered 

for design purposes of the various components are listed as follows: fuel 

assemblies in Section 4. 2 .1.1. 2; reactor internals in Section 4. 2. 2. 3 and 

Table S~l-10; neutron absorber rods, burnable absorber rods,. neutron source rods, 

and thimble plug assemblies (if used) in Section 4·.2.3.1.3; control rod· drive 

mechanisms in Section 4.2.3.1.4. 

4.1.1 Reference for Section 4.1 

1. Davidson, S.L. (Ed•), et al., "Vantage SH Fuel Assembly Reference Core 

Report," WCAP-10444-P-A and Appendix A, September 198S; Addendum 2-A, March 

1986; Addendum 2-A, April 1988. 

2. 

3 .• 

Davidson, S.L., Nuhfer, D.L. (Eds.), "Vantage+ Fuel Assembly Refernece Core 

Report," WCAP-12610-P'-A, April 199S. 

He~lman, J. M.~(Ed.), "Fuel Densification 

for Reactor Application," WCAP-8218-P-"A 

(Nonproprietary), March 197S. 

4.1-4 

Experimental Resuits and Model 

(Propriet~ry) and WCAP-8219-A 
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TABLE 4.1-1 

THERMAL AND HYDRAULIC DESIGN 

Reactor Core Heat Output, MWt 

Reactor Core Heat Output, 10
6 

Btu/hr 

Heat Generated in the Fuel, % 

Nominal System Pressure, psia 

Assumed Initial System Pressure for DNB 

Transients, psia 

Minimum DNBR for Design Transients 

DNB Correlation 

Coolant Flow 

Total Thermal Design Flow Rate, 10
6 

lb/hr 

Effective Flow Rate for Heat 

Transfer, 10
6 

lb/hr 

Effective Flow Area for Heat 

Transfer, ft
2 

Average Velocity Along Fuel Rods, ft/sec 

Average Mass Velocity, 10
6 

lb/hr-ft
2 
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3411 

11, 642 

97.4 

2250 

2220 

2250· 

STD 
V-5H( 3 ) 

V-5H( 4 ) 

STD 
V-5H( 3 ) 

125.2< 5 > 

127. 2 ( 6) 

116.2< 5 > 

118.0( 6 ) 

STD 
V-5H( 3 ) 

STD 
V-5H( 3 ) 

2.21< 5 ) 

2.30( 6 ) 

(STDP(l)) 

(RTDP( 2 )) 

1.30 (STOP ( l)) 

1.36 (STDP(l)) 

1.24 (RTDP( 2 )) 

W-3 "R" Grid 

WRB-1 

51.1 

51.3 

14.2 

14.1 
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TABLE 4.1-1 (Continued) 

THERMAL AND HYDRAULIC DESIGN 

Coolant Temperature 

Nominal Inlet, °F 

Average Rise in Vessel, °F 

Average Rise in Core, °F 

Average in Core, °F 

Average in Vessel, °F 

Heat Transfer 

2 
Active Heat Transfer Surface Area, ft 

Heat Flux Hot Channel Factor, FQ 

2 
Average Heat Flux, Btu/hr-ft 

Maximum Heat Flux for Normal Operation, 
2 

Btu/hr-ft 

Average Thermal Output, kW/ft 

Maximum Thermal Output for Normal 

Operation, kW/ft 

Peak Linear Power for Determination 

of Protection Setpoints, kW/ft 

543.2<
2

•
5

> 

530.1<
2

•
5

> 

69.4( 2 ' 5 ) 

70.6<
2

•
6

> 

74.2( 2 ' 5 ) 

75_5< 2 •
5

> 

582.3( 2 ' 5 ) 

570.3<
2

•
5

> 

577.9( 2 ' 5 ) 

566.0<
2

•
5

> 

59,700 

2.40 

189,800 

455,500 

5.45 

13.1 

22.0 

Peak Fuel Center Temperature at Maximum Thermal <4700 

Output for Maximum Overpower Trip Point, °F 
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TABLE 4.1-1 (Continued) 

THERMAL AND HYDRAULIC DESIGN 

Fuel Assemblies 

Design 

Number of Fuel Assemblies 

00
2 

Rods per Assembly 

Rod Pitch, in 

Overall Dimension, in 

Weight of Fuel (as 00
2

) in Core, lbs 

Weight of Zircaloy in Core, lbs · 

Number of Grids per Assembly 

Loading Technique 

· Fuel Rods 

Number in. Core 

Outside Diameter, in 

Diametral Gap, in 

Clad Thickness, in 

Clad-Material 

Page 3 of 5 
SGS-OF SAR 

RCC Canless 

193 

264 

0.496 

8.426 x 8.426 

222,739 

All STD 

All VSH 

All V+ 

STD 8 

V5H 2 

6 

V+ 2 

6 

Type 

Type 

Type 

Type 

Type 

50913 

52541 

53142 

R (Inconel) 

R (Inconel) 

z (Zircaloy-4) 

R ( Inconel) 

z . l TM (Zir o ) 

3 Region Non-uniform 

50,952. 

0.374 

0.0065 

0.0225 

STD, VSH 

V+ 

Zircaloy-4 
. l TM Zir o 
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TABLE 4.1-1 (Continued) 

THERMAL AND HYDRAULIC DESIGN 

Fuel Pellets 

Material 

Density, % of Theoretical 

Diameter, in 

Length, in 

Rod Cluster Control Assemblies 

Neutron Absorber 

Cladding Material 

Clad Thickness, in 

Number of Clusters 

Number of Absorbers per Cluster 

Core Structure 

Core Barrel, ID / OD, in 

Thermal Shield, ID / OD, in 

Nuclear Design Parameters: 

Structure Characteristics 

Core Diameter, in (Equivalent) 

Core Average Active Fuel Height, in 

Page 4 of 5 
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U0
2 

Sintered 

95 

0.3225 

STD 
V-5H( 3 ) 

Ag-In-Cd 

0.530 

0.370 

Type 316L Ionnitride Surface 

0.0185 

53 

24 

148.0 I 152.5 

158.5 I 164.0 

132.7 

143.7 
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TABLE 4.1-1 (Continued) 

THERMAL AND HYDRAULIC DESIGN 

Reflector Thickness and Composition 

Top - Water Plus Steel, in 

Bottom - Water Plus Steel, in 

Side - Water Plus Steel, in 

H
2
0/U, Molecular Ratio, Lattice (cold) 

(1) Standard Thermal Design Procedure. 

(2) Revised Thermal Design Procedure. 

-10 

-10 

-15 

2.41 

(3) Also valid for V+ assemblies without Intermediate Flow Mixing vanes • 

(4) To offset the effects of rod bow and provide some generic margin, this 

has been conservatively increased to a DNBR Safety Limit value of 1.34 

for typical channels and 1.33 for thimble channels. 

(5) For analyses where high average core temperature is bounding. 

(6) For analyses where low average core temperature is bounding • 
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• 
Analysis 

Mechanical Design of core 
Internals 

Loads, Deflections, and 
Stress Analysis 

Fuel Rod Design 

Fuel Performance Characteristics 
(temperature, internal pressure, 
clad stress, etc.) 

Nuclear Design 

1) Cross Sections and Group 
Constants 

2) X-Y and X-Y-Z Power 
Distributions, Fuel Depletion, 
Critical Boron Concentrations, 
x-y and X-Y-Z Xenon 
Distributions, Reactivity 
Coefficients 

3) Axial Power Distributions 
Control Rod Worths, and 
Axial Xenon Distribution 

SGS-UFSAR 

• • TABLE 4.1-2 

ANALYTIC TECHNIQUES IN CORE DESIGN 

Technique 

Static and Dynamic 
Modeling 

Semi-empirical thermal 
model of fuel rod with 
consideration of fuel 
density changes, heat 
transfer, fission gas 
release, etc. 

Microscopic data 
Macroscopic constants 

for homogenized core 
regions 

Group constants for 
control rods with 
self-shielding 

2-Group Diffusion 
Theory 

1-D, 2-Group Diffusion 
Theory 

1 of 2 

Computer Code 

Blowdown code, FORCE, 
Finite element structural 
analysis code, and others 

Westinghouse fuel rod 
design model 

Modified ENDF/B library 
LEOPARD/CINDER type or 
PHOENIX-P 

HAMMER-AIM or PHOENIX-P 

TURTLE (2-D) or 
ANC(2-D or 3-D) 

PANDA or APOLLO 

Section 
Referenced 

4.2.1.3.1 
4.3.3.1 
4.4.2.2 
4.4.3.4.2 

4.3.3.2 
4.3.3.2 

4.3.3.2 

4.3.3.3 

4.3.3.3 
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4.2 MECHANICAL DESIGN 

The plant conditions for design are divided into four categories in accordance 

with their anticipated frequency of occurrence and risk to the public: Condition 

I - Normal Operation; Condition II - Incidents of Moderate Frequency; Condition 

III - Infrequent Incidents; Condition IV - Limiting Faults. 

The reactor is designed so that its components meet the following performance and 

safety criteria: 

1. The mechanical design of the reactor core components and their 

physical arrangement, together with corrective actions of the Reactor 

Control, Protection, and Emergency Cooling Systems (when applicable) 

assure that: 

a. Fuel damage* is not expected during Condition I and Condition II 

events. It is not possible, however, to preclude a very small 

number of rod failures. These are within the capability of the 

Plant Cleanup System and are consistent with the plant design 

bases. 

b. 

c. 

The reactor can be brought to a safe state following a Condition 

III event with only a small fraction of fuel rods damaged* 

although sufficient fuel damage might occur to preclude 

resumption of operation without considerable outage time. 

The reactor can be brought to a safe state and the core can be 

kept subcritical with acceptable heat transfer geometry following 

transients arising from Condition IV events. 

* Fuel damage as used here is defined as penetration of the fission product 

barrier (i.e., the fuel rod clad) . 
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2. The fuel assemblies are designed to accommodate expected conditions 

for design for handling during assembly inspection and refueling 

operations and shipping loads. • 

3. The fuel assemblies are designed to accept control rod insertions in 

order to provide the required reactivity control for power operations 

and reactivity shutdown conditions. 

4. All fuel assemblies have provisions for the insertion of in-core 

instrumentation necessary for plant operation. 

5. The reactor internals, in conjunction with the fuel assemblies, direct 

reactor coolant through the core to achieve acceptable flow 

distribution and to restrict bypass flow so that the heat 

transfer performance requirements can be met for all modes of 

operation. In addition, the internals provide core support and 

distribute coolant flow to the pressure vessel head so that the 

temperature differences between the vessel flange and head do not 

result in leakage from the flange during the Condition I and II modes 

· of operation. Required inservice inspection can be carried out as the 

internals are removable and provide access to the inside of the 

pressure vessel. 

4.2.1 Fuel 

4.2.1.1 Design Bases 

The fuel rod and fuel assembly design bases are established to satisfy the 

general performance and safety criteria presented in Section 4.2 and specific 

criteria noted below. The same design bases apply to the 1 7 x 1 7 standard (STD), 

17 x 17 Vantage SH and 17 x 17 Vantage+ fuel assemblies. 
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4.2.1.1.1 Fuel Rods 

The integrity of the fuel rods is ensured by designing to prevent excessive fuel 

temperatures, excessive internal rod gas pressures due to fission gas releases, 

and excessive cladding stresses and strains. This is achieved by designing the 

fuel rods so that the following conservative design bases are satisfied during 

Condition I and Condition II events over the fuel lifetime: 

1. Fuel Pellet Temperatures - The center temperature of the hottest 

pellet is to be below the melting temperature of the uo2 (melting 

point of 5080°F(l) unirradiated and reducing by 58°Ji' _per 10,000 

MWD/MTU). While a limited amount of center melting can be tolerated, 

the design conservatively precludes center melting. A calculated 

centerline fuel temperature of 4700°F has been selected as an 

overpower limit to assure no fuel melting. This provides sufficient 

margin for uncertainties, as described in Sections 4.4.1.2 and 

4.4.2.10.1. 

2. Internal Gas Pressure - The internal gas pressure of the lead rod in 

the reactor will be limited to a value below that which would cause 

(a) the diametral gap to increase due.to outward clad creep during 

steady-state operation, and (b) extensive departure from nucleate 

boiling (DNB) propagation to occur . 

3. Clad Stress - The effective clad stresses are less than that which 

would cause general yield of the clad. While the clad has some 

capability for accommodating plastic strain, the yield strength has 

been accepted as a conservative design basis. 

4. Clad Tensile Strain - The clad tangential strain range is less than 

one percent. The clad strain design basis addresses slow transient 

strain rate mechanisms where the clad effective stress never reaches 

the yield 
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strength due to stress relaxation. The 1 percent strain limit has 

been established based upon tensile and burst test data from 

irradiated clad. Irradiated clad properties are appropriate due to 

irradiation effects on clad ductility occurring before strain-limiting 

fuel clad interaction during a transient event can occur. 

5. Strain Fatigue - The cumulative strain fatigue cycles are less than 

the design strain fatigue life. This basis is consistent with proven 

practice. 

Radial, tangential, and axial stress components due to pressure differential and 

fuel clad contact pressure are combined into an effective stress using the 

maximum-distortion-energy theory. ·The von Mises' criterion is used to evaluate 

if the yield strength has been exceeded. The van Mises' criterion states that 

an isotropic material under multiaxial stress will begin to yield plastically 

when the effective stress (i.e., combined stress using maximum-distortion-energy 

theory) becomes equal to the material yield stress in· simple tension as 

determined by an uniaxial tensile tes.t. Since general yielding is to be 

prohibited, the volume average effective stress determined by integrating across 

the clad thickness increased by an allowance for local ·nonuniformity effects 

before it is compared.to the yield strength. The yield strength correlation is 

that appropriate for irradiated clad since the irradiated properties are attained 

at low exposure whereas the fuel/clad. interaction conditions which can lead to 

minimum margin to the design basis limit always occurs at much higher exposure. 

The detailed fuel rod design established such parameters as pellet size and 

density, clad-pellet diametral gap, gas plenum size, 

4.2-4 
SGS-UFSAR Revision 17 

October 16, 1998 

• 

• 

• 



• 

• 

• 

and helium pressure. The design also considers effects such as fuel density 

changes, fission gas release, clad creep, and other physical properties which 

vary with burnup. 

Irradiation testing and fuel operational experience has verified the adequacy of 

the fuel performance and design bases. This experience and testing are discussed 

in References 2 and 3. Fuel experience and testing results, as they become 

available, are used to improve fuel rod design and manfacturing processes and 

assure that the design bases and safety criteria are satisfied. 

T~e safety evaluation of the fuel rod internal pressure design basi.s is presented 

in Reference 4. 

4.2.1.1.2 Fuel Assembly Structure 

Structural integrity of the fuel assemblies is assured by setting limits on 

stresses and deformations due to various loads and by determining that the 

assemblies do not interfere with the functioning of other components. Three 

types .of loads are considered. 

1. Nonoperational loads such as those due to shipping and handling 

2. Normal and abnormal loads which are defined for Conditions I and II 

3. Abnormal loads which are defined for Conditions III and IV. 

These criteria are applied to the design and evaluation of the top and bottom 

nozzles, the guide thimbles, the grids, and the thimble joints. 

The design bases for evaluating the structural integrity of the fuel assemblies 

are: 
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Nonoperational 4g axial and 6g lateral loading with dimensional 

stability. 

Normal Operation (Condition I) and Incidents Moderate Frequency 

(Condition II). 

For the normal operating (Condition I) and upset conditions (Condition 

II), the fuel assembly component structural design criteria are 

classified into two material categories, namely, austenitic steels and 

Zircaloy. The stress categories and strength theory presented in the 

ASME Boiler and Pressure Vessel Code, Section III, are used as a 

general guide. The maximum shear-theory (Tresca criterion) for 

combined stresses is used to determine the stress intensities for the 

austenitic steel components. The stress intensity is defined as the 

numerically largest difference between the various principal stresses 

in a three-dimensional field. The allowable stress intensity value 

for austenitic steels, such as nickel-chromium-iron alloys, is given 

by the lowest of the following: 

a. 1/3 of the specific minimum tensile strength or 2/3 of the 

specified minimum yield strength at room temperature 

b. 1/3 of the tensile strength or 90 percent of the yield strength 

at temperature but not to exceed 2/3 of the specified minimum 

yield strength at room temperature~ 
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The stress limits for the austenitic steel components follow: 

Stress Intensity Limits 

Categories 

General Primary Membrane Stress Intensity 

Local Primary Membrane Stress Intensity 

Primary Membrane plus Bending Stress Intensity 

Total Primary plus Secondary Stress Intensity 

Sm 

1.5 Sm 

1.5 Sm 

3.0 Sm 

The Zircaloy and ZIRLOTM structural components which consist of guide thimble and 

fuel tubes are in turn subdivided into two categories because of material 

differences and functional requirements. The fuel tube design criteria are 

covered separately in Section 4.2.1.1.1. The maximum stress theory is used to 

evaluate the guide thimble design. The maximum stress theory assumes that 

yielding due to combined stresses occur where one of the principal stresses are 

equal to the simple - tensile or compressive yield stress. The Zircaloy and 

ZIRLo™ unirradiated properties are used to define the stress limits. 

Abnormal loads during Conditions III and IV - worst case represented by combined 

seismic and blowdown loads • 

1. Deflections of components cannot interfere with the reactor shutdown 

or emergency cooling of the fuel rods. 

2. The fuel assembly component stresses under faulted conditions are 

evaluated using primarily the methods outlined in Appendix F of the 

ASME Pressure Vessel Code Section 3. Since the current analytical 

methods utilize elastic analysis, the stress-allowables are defined as 

the smaller value of 2.4 Sm or 0.70 Su for primary membrane and 3.6 Sm 

or 1. 05 Su for primary membrane plus primary bending. For the 

austenitic steel fuel assembly components, the stress intensity is 

defined in 
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accordance with the rules described in the previous section for normal 
' ' ' h ' 1 d TM operating conditions. For t e Zirca oy an ZIRLO components the 

stress limits are set at two-thirds of the material yield strength, 

Sy, at reactor operating temperature. This results in Zircaloy stress 

intensity limits being the smaller of 1.6 Sy or 0.70 Su for primary 

membrane and 2. 4 Sy or 1. 05 Su for primary membrane plus bending. For 

conservative purposes, the Zircaloy and ZIRLo™ unirradiated 

properties are used to define the stress limits. The grid component 

strength criteria are based on experimental tests. The grid component 

strength criterion is based on the lower 95 percent confidence level 

on the true mean from distribution of grid crush strength data at 

temperature. 

4.2.1.2 Design Description 

Fuel assembly and fuel rod design data are given in Table 4.3-1. Two hundred 

sixty-four fuel rods, twenty-four guide thimble tubes1 and-one instrumentation 

thimble tube are arranged within a supporting structure to form a fuel assembly. 

The instrumentation thimble is located in the center position and provides a 

channel for insertion of an in-core neutron detector if the fuel assembly is 

located in an instrument core position. The guide thimbles provide channels for 

insertion of either a rod cluster control assembly, a neutron source assembly, 

a burnable absorber assembly or a plugging device (if used), depending on the 

position of the particular fuel assembly in the core. Figure 4.2-1 shows a cross 

section of a fuel assembly array, and Figure 4. 2-2 shows a standard fuel assembly 

full length view. The fuel rods are loaded into the fuel assembly structure so 

that there is clearance between the fuel rod ends and the top and bottom nozzles • 
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The Vantage SH fuel assembly design is shown in Figure 4. 2-2a. The design 

changes from the 17 x 17 STD design to the Vantage SH design include reduced 

guide thimble and instrumentation tube diameters, and replacement of the six 

intermediate (mixing vane) rconel grids with Zircaloy grids. The debris filter 

bottom nozzle (DFBN) design has been incorporated into the Vantage SH fuel 

assembly. The DFBN is similar to the standard bottom nozzle design except that 

it is thinner and has a new pattern of smaller flow holes. The DFBN helps to 

minimize passage of debris particles that could cause fretting damage to fuel rod 

cladding. 

The Vantage+ assembly skeleton is identical to that previously described for 

Vantage SH except for those modifications necessary to accommodate intended fuel 

operation to higher burnup levels. The Vantage+ assembly skeleton is made of low 

cobalt material and the spring height is slightly increased for the reduction in 

fuel assembly height. The modifications consist of the use of ZIRLo™ guide, 

thimbles as necessary, and small skeleton dimensional alterations to provide 

additional fuel assembly and rod growth space at ·the extended burnup levels. The 

Vantage+ fuel assembly is 0.200 inch shorter than the Vantage SH assembly. The 

grid centerline elevations of the Vantage+ are identical to those of the Vantage 

SH assembly, except for the top grid. The Vantage+ top grid has been moved down 

by the same 0.2_00 inch. However, since the Vantage+ fuel is intended to replace 

either the Westinghouse LOPAR or the Vantage SH, the Vantage+ exterior assembly 

envelope is equivalent in design dimensions, and the functional interface with 

the reactor internals is also equivalent to those of previous Westinghouse fuel 

designs. Also, the_Vantage+ fuel assembly is designed to be mechanically and 

hydraulically compatible with the LOPAR and Vantage SH, and the same functional 

requirements and design criteria as previously established for the Westinghouse 

Vantage SH fuel assembly remain valid for the Vantage+ fuel assembly (Reference 

18). The Vantage+ fuel assembly design parameters are provided in Table 4.1-1. 

Figure 4.2-2A compares the Vantage+ and the Vantage SH fuel assembly designs. 

Each fuel assembly is installed vertically in the reactor vessel and stands 

upright on the lower core plate, which is fitted with alignment pins to locate 

and orient the assembly. After all fuel assemblies are set in place, the upper 

support structure is installed. Alignment pins, built into the upper core plate, 

engage and locate the upper ends of the fuel assemblies. The upper core plate 

then bears downward against the fuel assembly top nozzle via the holddown springs 

to hold the fuel assemblies in place • 
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4.2.1.2.1 Fuel Rods 

The Vantage+ fuel rod represents a modification to the Vantage SH fuel rod in 

cladding of ZIRLo™ as compared to Zircaloy-4. ZIRLo™ is a zirconium alloy 

similar to Zircaloy-4, which has been specifically developed to enhance corrosion 

resistance. The Vantage SH and Vantage+ fuel rods contain enriched uranium 

dioxide fuel pellets, and Integral Fuel Burnable Absorber (IFBA) coating on some 

of the fuel pellets. Schematics of the fuel rods are shown in Figures 4.2-3 and 

4.2-3A. 

The Vantage+ fuel rod has the same wall thickness as the Vantage SH. The 

vantage+ fuel rod length is shorter to provide the required fuel rod growth room. 

To offset the reduction in plenum length the··vantage+ fuel rod has a variable 

pitch plenum spring. The variable pitch plenum spring provides the same support 

as the Vantage SH plenum spring, but with less spring turns which means less 

spring volume. The bottom end plug has an internal grip feature to facilitate 

rod loading on both designs (Vantage+ and Vantage SH) and provides appropriate 

lead-in for the removable top nozzle reconstitution feature. The Salem Vantage+ 

fuel rod also has an oxide coating at the bottom end. The extra layer of oxide 

coating provides additional rod fretting wear protection. 

The .salem .vantage SH and Vantage+ fuel uses ~ standardized fuel pellet design 

which is a refinement to the chamfered· pellet design. The standard design helps 

to improve manufacturability while maintaining or improving performance (e.g., 

improved pellet chip resistance during manufacturing and handling). 

The Vantage SH and Vantage+ IFBA coated fuel pellets are identical to the 

enriched uranium dioxide pellets except for the addition of a thin boride coating 

on the pellet cylindrical surface. Coated pellets occupy the central portion of 

the fuel column. The number and pattern of.IFBA rods within an assembly vary 

depending on specific application. The ends of the coated and uncoated pellets 

are dished to allow for greater axial expansion at the pellet centerline and void 

vorume for fission gas release. 

To avoid overstressing of the cladding or seal welds, void volume and clearances 

are provided within the rods to accommodate fission gases released from the fuel, 

differential thermal expansion between the cladding and the fuel, and fuel 

density changes during burnup. Shifting the fuel within the cladding during 

handling or shipping prior to core loading is prevented by a stainless steel 

helical spring which bears on top of the fuel. At assembly the pellets are 

stacked in the cladding to the required fuel height, the spring is then inserted 

into the top end of the fuel tube and the end plugs pressed into the ends of the 

tube and welded. All fuel rods are internally pressurized with helium during 

the welding process in 
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order to minimize compressive clad stresses and creep due to coolant operating 

pressures. Fuel rod pressurization is dependent on the planned fuel burnup as 

well as other fuel design parameters and fuel characteristics (particularly 

densification potential). 

4.2.1.2.2 Fuel Assembly Structure 

The fuel assembly structure consists of a bottom nozzle, top nozzle, guide 

thimbles, and grids, as- shown on Figures 4.2-2 and 4.2-2A. 

Bottom Nozzle 

The bottom nozzle is a box-like structure which serves as a bottom structural 

element of the fuel assembly and directs the coolant flow distribution to the 

assembly. The.- square nozzle is fabricated from Type 304 stainless steel and 

consists of a perforated plate and four angle legs with bearing plates as shown 

on Figure 4.2-2. The legs form a plenum for the inlet coolant flow to the fuel 

assembly. The plate itself acts to prevent a downward ejection of the fuel rods 

from the fuel assembly. The bottom nozzle is fastened to the fuel assembly guide 

tubes by locked screws which penetrate through the nozzle and mate with an inside 

fitting in each guide tube. 

The debris filter bottom nozzle (DFBN) design has been introduced into the Salem 

fuel assemblies to help reduce the possibility of· fuel rod damage due to-debris

induced fretting. The Vantage+ fuel assembly has a low cobalt stainless steel 

DFBN. The DFBN design incorporates a modified flow hole size and pattern, as 

described below, and a decreased nozzle height and thinner top plate to 

accommodate the high burnup fuel rods. The DFBN retains the design 

reconstitution feature which facilitates easy removal of the nozzle from the fuel 

assembly. 

The relatively large flow holes in a conventional bottom nozzle are replaced with 

a new pattern of smaller flow holes in the DFBN. The holes are sized to minimize 

passage of debris particles large enough to cause damage. The holes were also 

sized to provide sufficient 
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flow area, comparable pressure drops, and continued structural integrity of the 

nozzle. Tests to measure pressure drop and demonstrate structural integrity have 

been performed to verify that the DFBN is totally compatible with the current 

design. 

Coolant flow through the fuel assembly is directed from the plenum in the bottom 

nozzle upward through the penetrations in the plate to the channels between the 

fuel rods. The penetrations in the plate are positioned between the rows of the 

fuel rods. 

Axial loads (holddown) imposed on the fuel assembly and the weight of the fuel 

assembly are transmitted through the bottom nozzle to the lower core plate. 

Indexing and positioning of the fuel assembly is controlled by alignment holes 

in two diagonally opposite bearing plates which mate with locating pins in the 

lower core plate. Any lateral loads on the fuel assembly are transmitted to the 

lower core plate through the locating pins. 

Top Nozzle 

The top nozzle assembly functions as the upper structural element of the fuel 

assembly in addition to providing a partial protective housing for the rod 

cluster control assembly or other components. It consists of an adapter plate, 

enclosure, top plate, and pads. The integral welded assembly has holddown 

springs mounted on the assembly as shown on Figure 4.2-2. The springs and bolts 

are made of Inconel ..'.ll8 and Inconel 600, respectively, whereas other components 

are made of Type 304 stainless steel. 

Vantage+ and Vantage SH fuel assemblies use the reconstitutable top nozzle (RTN). 

The RTN design for the Vantage SH fuel assembly differs from the conventional 

design in two ways: 1) a groove is provided in each thimble thru-hole in the 

nozzle plate to facilitate attachment and removal, and; 2) the nozzle plate 

thickness is reduced to provide additional axial space for fuel rod growth. 

Additional details of this design feature, the design bases and evaluation of the 

reconstitutable top nozzle are given in Section 2.3.2 in Reference lS. 
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The square adapter plate is provided with round and obround penetrations to 

permit the flow of coolant upward through the top nozzle. Other round holes are 

provided to accept sleeves which are welded to the adapter plate and mechanically 

attached to the thimble tubes. The ligaments in the plate cover the tops of the 

fuel rods and prevent their upward ejection from the fuel assembly. The 

enclosure is a sheet metal shroud which sets the distance between the adapter 

plate and the top plate. The top plate has a large square hole in the center to 

permit access for the control rods and the control rod spiders. Holddown springs 

are mounted on the top plate and are fastened in place by bolts and· clamps 

located at two diagonally opposite corners. On the other two corners, integral 

pads are positioned which contain alignment holes for locating the upper end of 

the fuel assembly. 

Guide and Instrument Thimbles 

The guide thimbles are structural members which also provide channels for the 

neutron absorber rods, burnable poison rods, or neutron source assemblies. Each 

one is fabricated from Zircaloy-4 or ZIRLo™ tubing having two different 

diameters. The larger diameter at the top provides a relatively large annular 

area to permit rapid insertion of the control rods dur.ing a reactor trip as well 

as to accommodate the flow of coolant during normal operation. Four holes are 

provided on the thimble tube above the dashpot to reduce the rod drop time. The 

lower portion of the guide thimbles has a reduced diameter to produce a dashpot 

action near the end of the control rod travel during normal operation and to 

accommodate the outflow of water from the dashpot during a reactor trip. The 

dashpot is closed at the bottom by means of an end plug which is provided with 

a small flow port to avoid fluid stagnation in the dashpot volume during normal 

operation. The top end of the guide thimble is fastened to a tubular insert by 

three expansion swages. The insert engages into the top nozzle and is secured 

into position by the lock tube. The lower end of the guide thimble is fitted 

with an end plug which is then fastened into the bottom nozzle by a locked screw . 
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Fuel rod support grids are fastened to the guide thimble assemblies to create an 

integrated structure. Since welding of the Inconel grid and Zircaloy thimble is 

not possible, the fastening technique depicted on Figures 4.2-S and 4.2-9 is used 

for all but the top and bottom grids in a fuel assembly. 

An expanding tool is inserted into the inner diameter of the Zircaloy or Zirlo™ 

thimble tube to the elevation of the zircaloy sleeves that have been welded to 

the Zircaloy middle grid assemblies. The four-lobed tool forces the thimble and 

sleeve outward to a predetermined diameter, thus joining the two components. 

The top grid-to-thimble attachment for the Vantage SH and Vantage+ assemblies is 

h F . 4 2 h ' l . TM h'mb f s own on igure • -7. Te Zirca oy or ZIRLO t i les are astened to the top 

nozzle inserts by expanding the members as shown on Figure 4.2-7. The inserts 

then engage the top nozzle and are secured into position by the insertion of lock 

tubes. 

The bottom grid assembly is joined to the STD or Vantage SH. assembly as shown on 

Figure 4.2-11. The stainless steel insert is spotwelded to the bottom grid and 

later captured between the guide thimble end plug and the bottom nozzle by means 

of a stainless. steel thimble screw. 

The described methods of grid fastening are standard and have been used 

successfully since the introduction of Zircaloy guide thimbles in 1969. 

The central instrumentation thimble of each fuel assembly is constrained by 

seating in counterbores in each nozzle. This tube .is a constant diameter and 

guides the incore neutron detectors. This thimble is expanded at the top and mid 

grids in the same manner as the previously discussed expansion of the guide 

thimbles to the grids. 
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With the exception of an increased length above the dashpot, the Vantage+ guide 

thimbles are identical to those in the Vantage SH design. The Vantage+ and 

Vantage SH guide thimble ID provides adequate clearance for the control rods and 

sufficient diametral clearance for burnable absorber rods and source rods. 

The Vantage+ and Vantage SH instrumentation tube diameter has sufficient 

diametral clearance for the flux thimble to traverse the tube without binding. 

Grid Assemblies 

The fuel rods, as shown on Figures 4.2-2 and 4.2-2A, are supported laterally at 

intervals along their length by grid assemblies which maintain the lateral 

spacing between the ro.ds throughout the design life of the assembly~ Each fuel 

rod is afforded lateral support at six contact points within each grid by the 

combination of support 
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dimples and springs. The grid assembly consists of individual slotted straps 

interlocked and welded in an "egg-crate" arrangement to join the straps 

permanently at their points of intersection. The straps contain spring fingers, 

support dimples, and mixing vanes. 

h . d ' 1 ' ' 1 TM ' d ' d T e gri. materi.a of the Vantage+ fuel assembly is Zi.r o (mi -gri. s) and 

Inconel 718 (end-grids). The magnitude of the grid restraining force on the fuel 

rod is set high enough to minimize possible fretting, without overstressing the 

cladding at the points of contact between the grids and fuel rods. The grid 

assemblies also allow axial thermal expansion of the fuel rods without imposing 

restraint sufficient to develop buckling or distortion of the fuel rods. 

Two types of .grid·assemblies are used· in each fuel assembly. One type, with 

mixing vanes projecting from the edges of the straps into the coolant stream, is 

used in the high heat flux region of the fuel assemblies to promote mixing of the 

coolant. The other type, located at the ends the assembly, does not contain 

mixing vanes on the internal straps. The outside straps on all grids contain 

mixing vanes which, in addition to their mixing function, aid in guiding the 

grids and fuel assemblies past projecting surfaces during handling or during 

loading and unloading of the core. 

During 1989, snag-resistant grids were introduced. These grids contain outer 

grid straps which are modified to help prevent assembly hangup from grid strap 

interference during fuel assembly removal. This was accomplished by changing the 

grid strap corner geometry and the addition of guide tabs on the outer grid 

strap. 
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4.2.1.3 Design Evaluation 

4.2.1.3.1 Fuel Rods 

The fuel rods are designed to assure the design bases are satisfied for 

Condition I and II events. This assures that the fuel performed, and safety 

criteria (Section 4.2.1.1) are satisfied. 

Materials - Fuel Cladding 

The desired fuel rod cladding is a material which has a superior combination of 

neutron economy (low absorption cross section), high strength (to resist 

deformation due to differential pressures and mechanical interaction between fuel 

and clad), high corrosion resistance (to coolant, fuel, and fission products), 

and high reliability. Zircaloy-4 and ZIRLOTM have this desired combination of 

cladding properties. There is considerable pressurized water reactor (PWR) 

operating experience on the capability of Zircaloy as a cladding material (2). 

Clad hydriding has .not been a significant cause of clad perforation since current 

controls on fuel-contained moisture levels were instituted. 

Metallographic examination of irradiated commercial fuel rods have shown 

occurrences of fuel/clad chemical interaction. Reaction layers of <1 mil in 

thickness have been observed between fuel and clad at limited-points around the 

circumference. Westinghouse metallographic data indicates that this interface 

layer remains very thin even at high burnup. Thus, there is no indication of 

propagation of the layer and eventual clad penetration. 

stress corrosion cracking is another postulated phenomenon related to fuel/clad 

chemical interaction. Out-of-reactor tests have shown that in the presence of 

high clad tensile stress, relatively large concentrations of iodine, or cadmium 

in solution in liquid cesium can stress corrode zirconium alloy tubing and lead 

to eventual clad cracking. Extensive post irradiation examination has 
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3. Internal pressure as a function of fission gas release, rod geometry, and 

temperature distribution 

These effects are evaluated using an overall fuel rod design model (References 

5, 6, 17) which include appropriate modifications for time dependent fuel 

densification. With these interacting factors considered, the model determines 

the fuel rod performance characteristics for a given rod geometry, power history, 

and axial power shape. In particular, internal gas pressure, fuel and cladding 

temperatures, and cladding deflections are calculated. The fuel rod is divided 

lengthwise into several sections and radially into a number of annular zones. 

Fuel density changes, cladding stresses, strains and deformations, and fission 

gas releases are calculated separately for each segment. The effects are 

integrated to obtain the internal rod pressure. The initial rod internal 

pressure is selected to delay fuel/clad mechanical interaction and to avoid the 

potential for flattened rod formation. Clad flattening for Salem Nuclear 

Generating Station (SNGS) fuel is evaluated using the models described (7). 

The gap conductance between the pellet surface and the cladding inner diameter 

is calculated as a function of the composition, temperature, and pressure of the 

gas mixture, and the .gap size or contact pressure between clad and pellet. After 

computing the fuel temperature of each pellet annular zone, the fractional 

fission gas release is assessed using an empirical model derived from 

experimental data (5) (17). The total amount of gas released is based on the 

average fractional release within each axial and radial zone and the gas 

generation rate which, ·in turn, is a function of burnup. Finally, the gas 

released is summed over all zones and the pressure is calculated. 

The model shows good agreement in fit for a variety of published and proprietary 

data on fission gas release, fuel temperatures, and clad deflections (5) (17). 

Included in this spectrum are variations in power, time, fuel density, and 

geometry. The in-pile fuel 
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temperature measurements' comparisons used are shown in References 5 and 17 • 

Typical fuel clad inner diameter and the fuel pellet outer diameter as a function 

of exposure are presented on Figure 4.2-4. The cycle-to-cycle changes in the 

pellet outer diameter represent the effects of power changes as the fuel is moved 

into different positions as a result of refueling. The gap size at any time is 

merely the difference between clad inner diameter and pellet outer diameter. 

Total clad-pellet surface contact occurs near the end of Cycle 2. The figure 

represents hot fuel dimensions for a fuel rod operating at the power level shown 

on Figure 4.2-6. Figure 4.2-6 illustrates representative fuel rod internal gas 

pressure and linear power for the lead burnup rod vs. irradiation time. In 

addition, it outlines the typical operating range of internal gas pressures which 

is applicable to the total fuel rod population within a region. The "best 

estimate" fission gas release model was used in determining the internal gas 

pressures as a function of irradiation time. 

The clad stresses at a constant local fuel rod power are low. Compressive 

stresses are created by the pressure differential between the coolant pressure 

and the rod internal gas pressure. Because of the prepressurization with helium, 

the volume average effective stresses are always less than -10,000 psi at the 

pressurization level used in this fuel rod design. Stresses due to the 

temperature gradient are not included in this average effective stress because 

thermal stresses are, in general, negative at the clad inner diameter and 

positive at the clad outer diameter and their contribution to the clad volume 

average stress is small. Furthermore, the thermal stress decreases with time 

during steady-state operation due to stress relaxation. The stress due to 

pressure differential is highest in the minimum power rod at the beginning of 

life (BOL) (due to low internal gas pressure) and the thermal stress is highest 

in the maximum power rod (due to steep temperature gradient). 
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2. 

Both hydrided and nonhydrided Zircaloy-4 cladding were tested • 

A biaxial fatigue experiment in gas autoclave on unirradiated 

Zircaloy-4 cladding both hydrided and nonhydrided. 

3. A fatigue test program on irradiated cladding from the CVTR and 

Yankee Core V conducted at Battelle Memorial Institute. 

The results of these test programs provided information of different cladding 

conditions including the effect of irradiation, hydrogen level, and temperature. 

The Westinghouse design equations followed the concept for the fatigue design 

criterion according to Section 3 of the ASME Boiler and Pressure Vessel code; 

namely: 

1. The calculated pseudo-stress amplitude (S ) has to be multiplied by 
a 

a factor of 2 in order to obtain the allowable number of cycles 

(Nf). 

2. The allowable cycles for a given Sa is 5 percent of Nf, or a safety 

factor of 20 on cycles • 

The lesser of the two allowable number of cycles is selected. 

fatigue life fraction is then computed as: 

The cumulative 

<1 

where: nk = number of diurnal cycles of mode k . 
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The potential effects of operation with waterlogged fuel are discussed in 

Section 4.4.3.6. Waterlogging is not considered to be a concern during 

operational transients. 

4.2.1.3.2 Fuel Assembly Structure 

Stresses and Deflections 

The potential sources of high stresses in the assembly are avoided by the design. 

For example, stresses in the fuel rod due to thermal expansion and Zircaloy or 

ZIRLo™ irradiation growth are limited by the relative motion of the rod as it 

slips over the grid spring and dimple surfaces. Clearances between the fuel rod 

ends and nozzles are provided so that Zircaloy or ZIRLo™ irradiation growth will 

not result in end interferences. As another example, stresses due to holddown 

springs in opposition to the hydraulic lift force are limited by the deflection 

characteristic of the springs. Stresses in the fuel assembly caused by tripping 

of the rod cluster control assembly have little influence on fatigue because of 

the small number of events during the life of an assembly. Welded joints in the 

fuel assembly structure are considered in the structural analysis of the 

assembly. Appropriate material properties of welds are used to ensure the design 

bases · are met. Assembly components and prototype fuel assemblies made from 

production parts have been subjected to structural tests to verify that the 

design bases requirements are met. 

The fuel assembly design loads for shipping have been established at 4 g axial 

and 6 g lateral. Probes are permanently placed into the shipping cask to monitor 

and detect fuel assembly displacements that would result from loads in excess of 

the criteria. Past history and experience have indicated that loads which 

exceeded the allowable limits rarely occur. Exceeding the limits requires 

reinspection of the fuel assembly for damage. Tests on various- fuel assembly 

components such as the grid assembly, sleeves, inserts, and structure joints have 

been performed to assure that the shipping 
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design limits do not result in impairment of fuel assembly function • 

Dimensional Stability 

The Vantage SH Mechanical Test Program description and results are given in 

Reference 16 and are considered to applicable to Vantage+ as the two assemblies 

are structurally essentially identical. 

The coolant flow channels are established and maintained by the structure 

composed of grids and guide thimbles. The lateral spacing between fuel rods is 

provided and controlled by the support dimples of adjacent grid cells. Contact 

of the fuel rods on the dimples is assured by the clamping force provided by the 

grid springs. Lateral motion of the fuel rods is opposed by the spring force and 

the internal moments generated between the spring and the support dimples. Grid 

testing is discussed in Reference 10. 

No interference with control rod insertion into thimble tubes will occur during 

a postulated loss-of-coolant accident (LOCA) transient due to fuel rod swelling, 

thermal expansion, or bowing. In the early phase of the transient following the 

coolant break, the high axial loads which potentially could be generated by the 

difference in thermal expansion between fuel clad and thimbles are relieved by 

slippage of the fuel rods through the grids. The relatively low drag force 

restraint on the fuel rods will only induce minor thermal bowing not sufficient 

to close the fuel rod-to-thimble tube gap. This rod-to-grid slip mechanism 

occurs simultaneously with control rod drop • 
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Vibration and Wear 

The effect of the flow induced vibration on the VSH and Vantage+ fuel assembly 

and individual fuel rods is minimal. The cyclic stress range associated with 

deflections of such small magnitude is insignificant and has no effect on the 

structural integrity of the fuel rod. 

The conclusion that the effect of flow induced vibrations on the fuel assembly 

and fuel rod is minimal is based on test results and analysis documented in 

Reference 11. 

The reaction on the grid support due to vibration motions is also correspondingly 

small and much less than the spring preload. ·-Firm ·contact is therfore 

maintained. No significant wear of the cladding or grid supports is expected 

during the life of the fuel assembly, based on out-of-pile flow tests, 

i;>erformance of similarly designed fuel- in operating reactors (2), and design 

analyses. 

Clad fretting and fuel rod vibration have been experimentally i·nvestigated as 

shown in Reference 11. 

No significant .guide thimble tube wear due to flow-induced vibration of the 

control rods is predicted. Based on a conservative wea~ analyses, Westinghouse 

concluded that the integrity of the guide tube is maintained during normal 

operation, accident...conditions, and nonoperational·loading condition for at least 

250 weeks (> 3 cycles) of fuel assembly operation. The Nuclear Regulatory 

Commission (NRC) has concluded ( 12) that the Westinghouse analyses probably 

accounts for all the major variables in the wear process. However, the NRC 

requested additional confirmatory information supporting the absence of 

significant thimble wear (no wear hole formation) for the 17 x 17 fuel assembly 

design. Examination of 1434 guide thimble tubes in six fuel assemblies examined_ 

at Salem Unit 1 shows no wear hole formation. Four of the assemblies had control 

rods in the parked 
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position (7 1/2 inches into the guide thimble) for Cycle 1, and two assemblies 

had control rods parked for Cycles 1 and 2. The parked position of the control 

rods has the greatest potential for causing guide thimble wear due to flow 

induced vibrations. The results of this surveillance program satisfy the NRC 

request to verify the wear analysis conclusion of no wear holes. 

Evaluation of the Reactor Core for Limited Displacement RPV Inlet and outlet 

Nozzle Breaks 

The STD fuel assembly response resulting from the most limiting main coolant pipe 

break was analyzed using time history numerical techniques. Since the resulting 

vessel motion induces primarily lateral loads on the reactor core, a finite 

element-model similar to the seismic model described in Reference 10 was used to 

assess the fuel assembly deflections and impact forces. 

The reactor core finite element model which simulates the fuel assembly 

interaction during lateral excitation consists of fuel assemblies arranged in a 

planer array with inter-assembly gaps. For the Salem Station, 15 fuel assemblies 

which correspond to the maximum number of assemblies across the core diameter 

were used in the mode. The fuel assemblies and the reactor baffle support are 

represented by single beam elements as shown on Figure 4.2-25. The time history 

motion for the upper and lower core plates and the barrel at the upper core plate 

elevation are simultaneously applied to the simulated reactor core model as 

illustrated on Figure 4.2-25. The three time history motions were obtained from 

the time history analysis of the reactor vessel and internals finite element 

model • 
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The fuel assembly response, namely the displacements and grid impact forces, were 

obtained from the reactor core model using the core plate and barrel motions 

resulting from a reactor coolant pump outlet double ended break. The maximum 

fuel assembly deflection which occurred in a peripheral fuel assembly was 

approximately O. 67 inch. The fuel assembly stresses resulting from this 

deflection indicated significant safety margins compared to the allowable values. 

The grid maximum impact force for both the seismic and lateral blowdown accident 

conditions occurred at the peripheral fuel assembly locations adjacent to the 

baffle wall. The grid impact forces were appreciably lower for fuel assembly 

locations inward from the peripheral fuel. For the lateral blowdown case, only 

a small (outer) portion of the core experienced significant grid impact forces. 

The maximum grid impact force obtained from the limiting rupture break was found 

to be approximately 68 percent of the minimum grid strength (using the 9S x 9S 

value as determined by tests at reactor operating safe shutdown temperatures). 

The maximum square-root-of-the-sum-of-the-squares combination of the pipe rupture 

and safe shutdown earthquake loads for the limiting grid location was found to 

be approximately 74 percent of the minimum grid strength. 

The major components that determine the structural integrity of the fuel assembly 

are the grids. Mechanical testing and analysis of the Vantage SH Zircaloy grid 

and fuel assembly have demonstrated that the Vantage SH structural integrity 

under seismic/LOCA loads will provide margins comparable to the STD 17 x 17 fuel 

assembly design and will meet all design bases. 

Since the Vantage+ assembly is structurally similar to that of Vantage ~' the 

seismic and LOCA analysis for the Vantage SH assembly are applicable to Vantage+ 

assembly. The use of ZIRLo™ guide thimbles will not affect the seismic and LOCA 

loads. 

4.2.1.3.3 Operational Experience 

Westinghouse has had considerable experience with Zircaloy-clad fuel since its 

introduction in the Jose Cabrera plant in June 1968. This experience is 

extensively described in Reference 2. 
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Dynamic Analysis: The cyclic stresses due to dynamic loads and deflections are 

combined with the stresses imposed by loads from component weights,. hydraulic 

forces, and thermal gradients for the determination of the total stresses of the 

Reactivity Control System. 

4.2.3.1.2 Material Compatibility 

Materials are selected for compatibility in a PWR environment, for adequate 

mechanical properties at room and operating temperature, for resistance to 

adverse property changes in a radioactive environment, and for compatibility with 

interfacing components. 

4.2.3.1.3 Reactivity Control Components 

The reactivity control components are subdivided into two categories: 

1. Permanent devices used to control or monitor the core 

2. Temporary devices used to control or monitor the core. 

The permanent type components are the rod cluster control assemblies, control rod 

drive assemblies, neutron source assemblies, and thimble plug assemblies. 

Although the thimble plug assembly does not directly contribute to the reactivity 

control of the reactor, it is presented as a Reactivity Control System component 

in this document because it can be used to restrict bypass flow through those 

thimbles not occupied by absorber, source, or burnable absorber rods. 

The temporary component is the burnable absorber assembly. The design bases for I 
each of the mentioned components are in the following paragraphs • 
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Absorber Rods 

The following are considered design conditions under Subsections NG and NB of the 

ASME Boiler and Pressure Vessel Code Section III. 

1. The external pressure equal to the Reactor Coolant System operating 

pressure 

2. The wear allowance equivalent to 1,000 reactor trips 

3. Bending of the rod due to a misalignment in the guide tube 

4. Forces imposed on the rods during rod drop 

5. Loads caused by accelerations imposed · by the· control rod drive 

mechanism 

6. Radiation exposure for maximum core life 

7. Temperature effects at operating conditions 

The. absorber material temperature shall not exceed its melting temperature 

(1470°F for Ag-In-Cd absorber material)(l4). 

Burnable Absorber Rods 

The burnable absorber rod clad is designed using Subsections NG and NB of the 

ASME Boiler and Pressure Vessel Code, Section III, 1973 as a general guide for 

Conditions I and II. For abnormal · loads during Conditions III and IV, Code 

stresses are not considered limiting. Failures of the burnable absorber rods 

during these conditions must 

4.2-46 
SGS-UFSAR Revision 17 

October 16, 1998 

• 

• 

• 



• 

• 

• 

and drive rod while maintaining trip times at or below required limits. In the 

following paragraphs, each reactivity control component is described in detail • 

4.2.3.2.1 Reactivity Control Components 

Rod Cluster Control Assembly 

The rod cluster control assemblies are divided into two categories: control and 

shutdown. The control groups compensate for reactivity changes due to variations 

in operating conditions of the reactor, i.e., power and temperature variations. 

Two criteria have been employed for selection of the control groups. First, the 

total reactivity worth must be adequate to meet the nuclear requirements of the 

reactor. Second, in view of the fact that some of these rods may be partially 

inserted at power operation, the total power peaking factor should be low enough 

to ensure that the power capability is met. The control and shutdown groups 

provide adequate shutdown margin which is defined as the amount by which the core 

would be subcritical at hot shutdown if all rod cluster control assemblies are 

tripped assuming that the highest worth assembly remains fully withdrawn and 

assuming no changes in xenon or boron concentration. 

A rod cluster control assembly comprises a group of individual neutron absorber 

rods fastened at the top end to a common spider assembly, as illustrated on 

Figure 4.2-14. 

The absorber material used in the control rods is silver-indium-cadmium single 

piece absorber rod which is essentially "black" to thermal neutrons and has 

sufficient additional resonance absorption to significantly increase its worth. 

The alloy is in the form of extruded rods which are sealed in stainless steel 

tubes to prevent the rods from coming in direct contact with the coolant. In 

construction, the silver-indium-cadmium rods are inserted into cold-worked 

stainless steel tubing which is then sealed at the bottom and the top by welded 

Type 308L stainless steel end plugs as shown on Figure 4.2-15. Sufficient 

diametral and end clearance is provided to accommodate relative thermal 

expansions. The cladding surface has been ion-nitrided for hardening and 

corrosion resistance. 

The bottom plugs are made bullet-nosed to reduce the hydraulic drag during 

reactor trip and to guide smoothly into the dashpot section of the fuel assembly 

guide thimbles. The upper end plug is threaded for assembly to the spider and 

is machined with a reduced diameter shank to provide flexibility to the joint for 

any misalignment condition • 
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The spider assembly is a one-piece machined casting in the form of a central hub 

with radial vanes containing cylindrical fingers from which the absorber rods are 

suspended. Handling detents and detents for connection to the drive rod assembly 

are machined into the upper end of the hub. A coil spring inside the spider body 

absorbs the impact energy at the end of a trip insertion. A centerpost which 

holds the spring and its retainer is threaded into the hub within the skirt and 

welded to prevent loosening in service. The spider casting material is CF3M cast 

316 stainless steel. 

The absorber rods are fastened securely to the spider assembly as shown in Figure 

4.2-15 to assure trouble free service. The threaded end of the upper end plug 

is inserted into the bottom of the spider boss hole. A nut is tightened on and 

welded to the spider boss to prevent loosening. A lock pin is inserted into the 

aligned holes of the spider base and upper end plug and welded to prevent the end 

plug and rod from backing off. 

The overall length is such that when the assembly is withdrawn through its full 

travel the tips of the absorber rods remain engaged in the guide . thimbles so that 

alignment between rods and thimbles is always maintained. Since the rods are 

long and slender, they are relatively free to conform to any small misalignments 

with the guide thimble. 
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(e.g., Cl control in the coolant). The current design type reactivity controls 

have been in service for more than 10 years with no apparent degradation of 

construction materials. 

With regard to the materials of construction exhibiting satisfactory resistance 

to adverse property changes in a radioactive environment, it should be noted that 

on work on breeder reactors in current design, similar materials are being 

applied. At high fluences the austenitic materials increase in strength with a 

corresponding decreased ductility (as measured by tensile tests) but energy 

absorption (as measured by impact tests) remains quite high. Corrosion of the 

materials exposed to the coolant is quite low and proper control of Cl and o
2 

in the coolant will prevent the occurrence of stress corrosion. All of the 

austenitic stainless steel base materials used are processed and fabricated to 

preclude sensitization. 

Analysis of the rod cluster control assemblies shows that if the drive mechanism 

housing ruptures, the rod cluster control assembly will be ejected from the core 

by the pressure differential of the operating pressure and ambient pressure 

across the drive rod assembly. The ejection is also predicted on the failure of 

the drive mechanism to retain the drive rod/rod cluster control assembly 

position. It should be pointed out that a drive mechanism housing rupture will 

cause the ejection of only one rod cluster control assembly with the other 

assemblies remaining in the core • 
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Ejection of a burnable absorber or thimble plug assembly (if used) is conceivable 

based on the postulation that the holddown bar fails and that the base plate and 

burnable absorber rods are severely deformed. In the unlikely event that failure 

of the holddown bar occurs, the upward displacement of the burnable absorber 

assembly only permits the base plate to contact the upper core plate. since this 

displacement is small, the major portion of the borosilicate glass tubing remains 

positioned within the core. In the case of the thimble plug assembly, the 

thimble plugs will partially remain in the fuel assembly guide thimbles thus 

maintaining a majority of the desired flow impedance. Further displacement or 

complete ejection would necessitate the square base pl~te and burnable absorber 

rods be forced, thus plastically deformed, to fit up through a smaller diameter 

hole. It is expected that this condition- requires a substantially higher force 

or pressure drop than that of the holddown bar failure. 

Experience with- control rods, burnable absorber rods, and source rods is 

discussed in Reference 2. 

The mechanical design of the reactivity control components provides for the 

protection of the active elements to prevent the loss of control capability and 

functional failure of critical components. The components have been reviewed for 

potential failure and consequences of a functional failure of critical parts. 

The results of the review are summarized below. 

Rod Cluster Control Assembly 

1. The basic absorbing material is sealed from contact with the primary 

coolant and the fuel assembly and guidance surfaces by a high 

quality stainless steel clad. 
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2. 

Potential loss of absorber mass or reduction in reactivity control 

material due to mechanical or chemical erosion or wear is therefore 

reliably prevented. 

A breach of the cladding for any postulated reason does not result 

in serious consequences. The absorber material, silver-indium-

cadmium, is relatively inert and would still remain remote from high 

coolant velocity regions. Rapid. loss of material resulting in 

significant loss of reactivity control material would not occur. 

3. The individually clad absorber rods are doubly secured to the 

retaining spider finger by a threaded top end plug secured by a nut 

welded to the finger and a welded lock pin. 

SGS-UFSAR 

It should also be noted that in several instances of control rod 

jamming caused by foreign particles, the individual rods at the site 

of the jam have borne the full capacity of the CRDM and higher 

impact loads to dislodge the jam without failure. The guide tube 

card/guide thimble arrangement is such that large loads are required 

to buckle individual control rods. The conclusion to be drawn from 

this experience is that this joint is extremely insensitive to 

potential mechanical damage. A failure of the joint would result in 

the insertion of the individual rod into the_ core.. This_ results in 

reduced reactivity which is a fail safe condition. 

information is given in Reference 2 • 
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The spider is a one-piece machined casting and includes the radial 

vanes and fingers. Reliability is increased by not using brazed 

joints. Casting allows the rod holes to be drilled to the 

positional tolerances prior to assembly to ensure the rods will 
align with the guide cards. 

4.2-70 
Revision 17 
October 16, 1998 

• 

• 

• 



• 

• 

• 

5. The spider hub being of a one-piece machined casting is very rugged 

and of extremely low potential for damage. It is difficult to 

postulate any condition to cause failure. Should some unforeseen 

event cause fracture of the hub above the vanes, the lower portion 

with the vanes and rods attached would insert by gravity into the 

core causing reactivity decrease. The rod could then not be removed 

by the drive line, again a fail safe condition. Fracture below the 

vanes cannot be postulated since all loads, including scram impact, 

are taken above the vane elevation. 

6. The rod cluster control rods are provided a clear channel for 

insertion by the guide thimbles of the fuel assemblies. All fuel 

rod failures are protected against by providing this physical 

barrier between the fuel rod and the intended insertion channel. 

Distortion of the fuel rods by bending cannot apply sufficient force 

to damage or significantly distort the guide thimble. Fuel rod 

distortion by swelling, though precluded by design, would be 

terminated by fracture before contact with the guide thimble occurs. 

If such were not the case, it would be expected that a force 

reaction at the point of contact would cause a slight deflection of 

the guide thimble. The radius of curvature of the deflected shape 

of the guide thimbles would be sufficiently large to have a 

negligible influence on rod cluster control insertion . 

Burnable Absorber Assemblies 

The burnable absorber assemblies are static temporary reactivity control 

elements. The axial position is assured by the holddown assembly which bears 

against the upper core plate. Their lateral position is maintained by the guide 

thimbles of the fuel assemblies • 
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The individual rods are shouldered against the underside of the retainer plate 

and securely fastened at the top by a threaded nut which is then locked in place • 

The square dimension of the retainer plate is larger than the diameter of the 

flow holes through the core plate. Failure of the holddown bar or spring pack 

therefore does not result in ejection of the burnable absorber rods from the 

core. 

The only incident that could potentially result in ejection of the burnable 

absorber rods is a multiple fracture of the retainer plate. This is not 

considered credible because of the light loads borne by this component. During 

normal operation the loads borne by the plate are approximately 5 lbs per rod, 

or a total of 100 lbs. distributed at the points of attachment. Even a multiple 

fracture of the retainer plate would result in jamming of the plate segments 

against the upper core plate, again preventing ejection. Excessive reactivity 

increase due to burnable poison ejection is therefore prevented. 

The same type of stainless steel clad used on rod cluster control rods is also 

used on the burnable absorber rods. In this application there is even less 

susceptibility to mechanical damage since these are static assemblies. The guide 

thimbles of the fuel assembly afford the same protection from damage due to fuel 

rod failures as that described for the rod cluster control rods. 

The consequences of clad breach are also similarly small. The absorber material 

is borosilicate glass which is maintained in position by a central hollow tube. 

In the event of a hole developing in the clad for any postulated reason the 

expected consequence is only the loss of the helium produced by the absorption 

process into the primary coolant. The glass is chemically inert and remains 

remote from high coolant velocities; therefore significant· loss of absorber 

material resulting in reactivity increase is not expected. 
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At 70°F the inside diameter of the coil stack is 7.308/7.298 inches. The outside 

diameter of the latch housing is 7.260/7.270 inches • 

Thermal expansion of the mechanism due to operating temperature of the CRDM 

results in minimum inside diameter of the coil stack being 7.310 inches at 222°F 

and the maximum latch housing diameter being 7.302 inches at 532°F. 

Under the extreme tolerance conditions listed above, it is necessary to allow 

time for a 70°F coil housing to heat during a replacement operation. 

Four coil stack assemblies were removed from four hot CRDMs mounted on 11.035-

inch centers on a 550°F test loop, allowed to cool, and then replaced without 

incident as a test to prove the proceeding. 

Coil Fit in Coil Housing 

Control rod drive mechanism and coil housing clearances are selected so that coil 

heatup results in a close or tight fit. This is done to facilitate thermal 

transfer and coil cooling in a hot CRDM. 

4.2.3.4 Tests, Verification, and Inspections 

4.2.3.4.1 Reactivity Control Components 

Tests and inspections are performed on each reactivity control component to 

verify the mechanical characteristics. In the case of the rod cluster control 

assembly, prototype testing has been conducted, and both manufacturing 

test/inspections and functional testing at the plant site are performed . 
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During the component manufacturing phase, the following requirements apply to the 

reactivity control components to assure the proper functioning during reactor 
operation: 

1. All materials are procured to specifications to attain the desired 
standard of quality. 

2. All clad/end plug welds are checked for integrity by visual inspection 

and X-ray, and are helium leak checked. All the seal welds in the 

neutron absorber rods, burnable poison rods, and source rods are 
checked in this manner. 

3. To assure proper fitup with the· fuel assembly, the rod cluster 

control, burnable poison, and source assemblies are installed in the 

fuel assembly and checked for binding in the dry condition. 

SGS-UFSAR 

The rod cluster control assemblies (RCCA) are functionally tested 

following core loading, but prior to criticality to demonstrate 

reliable operation of the assemblies. Each assembly is operated (and 

tripped) one time at no flow/cold conditions and one time at full 

flow/hot conditions. In addition, selected assemblies, amounting to 

about 15 to 20 percent of the total assemblies are operated at no

f low/ operating temperature conditions and full flow/ambient 

conditions. Also the slowest rod and the fastest rod are tripped 10 

times at no-flow/ambient conditions and at full flow/operating 
temperature conditions. Thus each assembly is tested a 
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4.3 NUCLEAR DESIGN 

4.3.l Design Bases 

This section describes the design bases and functional requirements used in the 

nuclear design of the Fuel and Reactivity Control System and relates these design 

bases to the General Design Criteria (GDC) in 10CFR50 Appendix A. Where 

appropriate, supplemental criteria such as the Final Acceptance Criteria for 

Emergency Core Cooling Systems are addressed. Before. discussing the nuclear 

design bases, it is appropriate to briefly review the four major categories 

ascribed to conditions of plant operation. 

The full spectrum of plant conditions is divided into four categories, in 

accordance with the anticipated frequency of occurrence and risk to the public: 

1. Condition I - Normal Operation, 

2. Condition II - Incidents of Moderate Frequency, 

3. Condition III - Infrequent Faults, 

4. Condition IV - Limiting Faults . 

In general, the Condition I occurrences are accommodated with margin between any 

plant parameter and the value of that parameter which would require either 

automatic or manual protective action. Condition II incidents are accommodated 

with, at most, a shutdown of the reactor with the plant capable of returning to 

operation after corrective action. Fuel damage* is not expected during 

Condition I and Condition II events. It is not possible, however, 

* Fuel damage as used here is defined as penetration of the fission product 

barrier (i.e., the fuel rod clad) . 
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to preclude a very small number of rod failures. These are within the capability 

of the plant cleanup system and are consistent with the plant design basis • 

Condition III incidents shall not cause more than a small fraction of the fuel 

elements in the reactor to be damaged, although sufficient fuel element damage 

might occur to preclude immediate resumption of operation. The release of 

radioactive material due to Condition III incidents should not be sufficient to 

interrupt or restrict public use of these areas beyond the exclusion radius. 

Furthermore, a Condition III incident shall not, by itself, generate a 

Condition IV fault or result in a consequential loss of function of the Reactor 

Coolant System (RCS) or reactor containment barriers. 

Condition IV occurrences are- faults that are not expected to occur but are 

defined as limiting faults which must be designed against. Condition IV faults 

shall not cause a release of radioactive material that results in an undue risk 

to public health and safety. 

The core design power distribution limits related to fuel integrity are met for 

Condition I occurrences through conservative design and maintained by the action 

of the Control System. The requirements for Condition II occurrences are met by 

providing an adequate protection system which monitors reactor parameters. The 

Control and Protection Systems are described in Section 7, and the consequences 

of Condition II, III, and _IV occurrences are given in Section. 15. 

4.3.1.1 Fuel Burnup 

Basis 

The fuel rod design basis is described in Section 4.2. The nuclear design basis 

is to install sufficient reactivity in the fuel to attain the average region 

discharge burnup 
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values given in reference 28. The above, along with the design basis in 

section 4.3.1.3, Control of Power Distribution, satisfies GDC-10 • 

Discussion 

Fuel burnup is a measure of fuel depletion which represents the integrated energy 

output of the fuel (MWD/MTU) and is a convenient means for quantifying fuel 

exposure criteria. 

The core design lifetime or design discharge burnup is achieved by installing 

sufficient initial excess reactivity in each fuel region and by following a fuel 

replacement program (such as that described in Section 4.3.2) that meets all 

safety-related criteria in each cycle of operation. 

Initial excess reactivity installed in the fuel, although not a design basis, 

must be sufficient to maintain core criticality at full power operating 

conditions throughout cycle life with equilibrium xenon, samarium, and other 

fission products present. The end-of-design cycle life is defined to occur when 

the chemical shim concentration is essentially zero with control rods present to 

the degree necessary for operational requirements. In terms of chemical shim 

boron concentration this represents approximately 10 ppm with no control rod 

insertion • 

A limitation on initial installed excess reactivity is not required other than 

as is quantified in-terms of other design bases such as core negative reactivity 

feedback and shutdown margin discussed below. 

4.3.1.2 Negative Reactivity Feedbacks !Reactivity Coefficient) 

Basis 

The fuel temperature coefficient will be negative and the moderator temperature 

coefficient of reactivity will be non-positive for power operating 

conditions, thereby providing 
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negative reactivity feedback characteristics. The design basis meets GDC-11. 

Discussion • 

When compensation for a rapid increase in reactivity is considered, there are two 

major effects. These are the resonance absorption effects (Doppler) associated 

with changing fuel temperature and the spectrum effect resulting from changing 

moderator density. These basic physics characteristics are often identified by 

reactivity coefficients. The use_ of slightly enriched uranium ensures that the 

Doppler coefficient of reactivity is negative. This coefficient provides the 

most rapid reactivity compensation. The core is also designed-to have an overall 

negative moderator temperature coefficient of reactivity so that average coolant 

temperature or void content provides another, slower compensatory effect. 

Nominal power operation is permitted only in a range of overall non-positive 

moderator temperature coefficient. The non-positive moderator temperature 

coefficient can be achieved through use of fixed burnable absorber, integral fuel 

burnable absorber (IFBA) and/or controi rods by limiting the reactivity held down 

by soluable boron. 

Burnable absorber content (quantity and distribution) is not stated as a design 

basis other than as it relates-to accomplishment of a non-positive moderator 

temperature coefficient at power operating conditions discussed above. 

4.3.1.3 Control of Power Distribution 

Basis 

The nuclear design basis is that, with at least a 95 percent confidence level: 

1. The fuel will not be operated at greater than 13 kW/ft under normal 

operating conditions including an allowance 

4.3-4 
SGS-UFSAR Revision 17 

October 16, 1998 

• 

• 



• 

• 

• 

2. 

of 2 percent for calorimetric error and including densif ication 

effects • 

Under abnormal conditions including 

condition, the fuel peak power will not 

Section 4.4.1.2. 

the maximum overpressure 

cause melting as defined in 

3. The fuel will not operate with a power distribution that violates the 

departure from nucleate boiling (DNB) design basis (i.e., the DNB 

ratio (DNBR) shall not be less than the safety limit, as discussed in 

Section 4.4.1) under Condition I and II events including the maximum 

overpower condition. 

4. Fuel management will be such as to produce rod powers and burnups 

consistent with the assumptions in the-fuel rod mechanical integrity 

analysis of Section 4.2. 

The above basis meets GDC-10. 

Discussion 

Calculation of extreme power shapes which affect fuel design limits is performed 

with proven methods and verified frequently with measurements from operating 

reactors. The conditions under which limiting power shapes are assumed to occur 

are chosen conservatively with regard to any permissible operating state. 
( 

To ensure that the axial profile meets with the linear heat rate limit and the 

DNB limit, ex-core detector signals are used to provide a top to bottom flux 

difference, AI, which is input, through F(AI), into both the overpower AT and 

overtemperature AT trip points. 

Even though there is good agreement between measured peak power calculations and 

measurements, a nuclear uncertainty margin is applied to calculated peak local 

power. Such a margin is provided 
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both for the analysis of normal operating states and for anticipated transients • 

4.3.1.4 Maximum Controlled Reactivity Insertion Rate 

Basis 

The maximum reactivity insertion rate due to withdrawal of rod cluster control 

assemblies or by boron dilution is limited. This limit, expressed as a maximum 

reactivity change rate (75 pcm/sec)* is set such that peak heat generation rate 

and DNBR do not exceed the maximum allowable at overpower conditions. 

satisfies GDC-25. 

This 

The maximum reactivity worth of control rods and the maximum rates of reactivity 

insertion employing control rods are limited so as to preclude rupture of the 

coolant pressure boundary or disruption of the core internals to a degree which 

would impair core cooling capacity due to a rod withdrawal or ejection accident 

(See Section 15). 

Following any Condition IV event (rod ejection, steamline break, etc.) the 

reactor can be. brought to the shutdown condition and the core._ will .maintain 

acceptable heat transfer geomet:r:::y. . This satisfies GDC-28. 

Discussion 

Reactivity addition associated with an accidental withdrawal of a control bank 

(or banks) is limited by the maximum rod speed (or travel rate) and by the worth 

of the bank(s). For this reactor the maximum control rod speed is 45 inches per 

minute and the maximum rate of reactivity change considering two control banks 

moving is less than 75 pcm per second. 

* ~1 pcm 

SGS-UFSAR 
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5 ~p (See footnote Table 4.3-2) 
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Discussion 

The core is designed so that diametral and azimuthal oscillations due to spatial 

xenon effects are self-damping and no operator action or control action is 

required to suppress them. The stability of diametral oscillations is so great 

that this excitation is highly improbable. Convergent azimuthal oscillations can 

be excited by prohibited motion of individual control rods. Such oscillations 

are readily observable and alarmed, using the ex-core . long ion chambers. 

Indications are also continuously available from in-core thermocouples and. loop 

temperature measurements. Moveable in-core detectors can be activated to provide 

more detailed information. In all presently proposed cores these horizontal 

plane oscillations are self-damping by virtue of reactivity feedback effects 

designed into the core. 

However, axial xenon spatial power oscillations may occur late in core· life. The 

control bank and ex-core detectors are provided for control and monitoring of 

axial power distributions. Assurance that fuel design limits are not exceeded 

is provided by reactor overpower AT and overtemperature AT trip functions which 

use the measured axial power imbalance as an input. 

4.3.1.7 Anticipated Transients Without Trip 

The effects of anticipated transients with failure to trip are not considered in 

the design bases of the plant. Analysis has shown that the likelihood of such 

a hypothetical event is negligibly small. Furthermore, analysis of the 

consequences of a hypothetical failure to trip following anticipated transients 

has shown that no significant core damage would result and system peak pressures 

would be limited to acceptable values and no failure of the RCS would result ( 1) . 
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4.3.2 Description 

4.3.2.1 Nuclear Design Description 

The reactor cores consist of a specified number of fuel rods which are held in 

bundles by spacer grids and top and bottom fittings. The fuel rods are 

constructed of Zircaloy or Zirlo™ cylindrical tubes containing uo
2 

fuel pellets. 

The bundles, known as fuel assemblies, are arranged in a pattern which 

approximates a right circular cylinder. 

Each fuel assembly contains a 17 x 17 rod array composed of 264 fuel rods, 24 rod 

cluster control (RCC) thimbles and an in-core instrumentation thimble. 

Figure 4.2-1 shows a cross sectional view of a 17 x 17 fuel assembly and the 

related RCC locations. Further details of the fuel assembly are given in 

Section 4. 2. 1. 

For initial core loading, the fuel rods within a given assembly have the same 

uranium enrichment in both the radial and axial planes. Fuel assemblies of three 

different enrichments are used in the initial core loadings to establish a 

favorable radial power distribution. Two regions consisting of two lower 

enrichments are interspersed so as to form a checkerboard pattern in.the central 

portion of the core. The third region is arranged around the periphery of the 

core and contains the highest enrichment. The enrichments for the first cores 

are shown in Table 4.3-1. 

A typical reload pattern is a low leakage loading pattern. A low leakage loading 

pattern has either burned (depleted) or. fresh (feed). assemblies arranged on the 

core periphery. The reload cores are normally designed to be able to operate 

approximately eighteen months between refuelings. The current cycles' loading 

patterns for both Salem Units are shown in Section 4.5. 
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The core average enrichment is determined by the amount of fissionable material 

required to provide the desired cycle energy requirements. The physics of the 

burnout process is such that operation of the reactor depletes the amount of fuel 

available due to the absorption of neutrons by the U-235 atoms and their 

subsequent fission. The rate of U-235 depletion is directly proportional to the 

power level at which the reactor is operated. In addition, the fission process 

results in the formation of fisson products, some of which readily absorb 

neutrons. These effects, depletion and the buildup of fission products, are 

partially offset by the buildup of plutonium shown on Figure 4.3-1_ for the 17 x 

17 fuel assembly, which occurs due to the non-fission absorption of neutrons in 

U-238. Therefore, at the beginning of any cycle a reactivity reserve equal to 

the depletion of the fissionable fuel and the buildup of fission product poisons 

over the specified cycle life must be "built" into the reactor. This excess 

reactivity is controlled by boron dissolved in the primary coolant and burnable 

absorbers. 

The concentration of boric acid in the primary coolant is varied to provide 

control and to compensate for long-term reactivity requirements. The 

concentration of the soluble neutron absorber is varied to compensate for 

reactivity changes due to fuel burnup, fission product poisoning including xenon 

and samarium, burnable absorber depletion, and the cold-to-operating moderator 

temperature change. Using its normal makeup path, the Chemical and Volume 

Control System (CVCS) is capable of- inserting negative reactivity at a rate of 

approximately 30 pcm/min when the reactor coolant boron concentration is 1000 ppm 

and approximately 35 pcm/min when the reactor coolant boron concentration is 

100 ppm. The peak burnout rate for xenon is 25 pcm/min. Rapid transient 

reactivity requirements and safety shutdown requirements are met with control 

rods • 

4.3-11 
SGS-UFSAR Revision 17 

October 16, 1998 



As the boron concentration is increased, the moderator temperature coefficient 

becomes less negative. The use of a soluable absorber alone would result in a 

positive moderator coefficient at beginning-of-life (BOL). Therefore, burnable 

absorbers are used to reduce the soluble boron concentration sufficiently to 

ensure that the moderator temperature coefficient is non-positive for power 

operating conditions. During operation the absorber content in the burnable 

absorbers is depleted thus adding positive reactivity to offset some of the 

negative reactivity from fuel depletion and fission product buildup. The 

depletion rate of the burnable absorbers is not critical since chemical shim is 

always available and flexible enough to cover any possible deviations in the 

expected burnable absorber depletion rate. Figure 4.3-2 is a graph of a typical 

core depletion with burnable absorbers. 

In addition to reactivity control, the burnable absorbers, both discrete and 

internal, are strategically located to provide a favorable radial power 

distribution. 

distributions. 

Reload loading patterns utilize various burnable absorber 

These are determined on a cycle-specific basis. The current 

cycles' burnable absorber loading patterns are shown in Section 4.5. 

Tables 4.3-1 through 4.3-3 contain a summary of the reactor core design 

parameters for a typical fuel cycle, including reactivity coefficients, delayed· 

neutron fraction, and neutron lifetimes. Some of these parameters change on a 

reload basis. The current values or allowable range of values may be found in 

the appropriate Reload Safety Evaluation (RSE) or Nuclear Design Report (NDR). 

A list of applicable RSEs and NDRs, by unit and cycle, is given in Section 4.5. 

The RSE is a cycle-specific document which evaluates the fuel assembly design and 

core loading pattern configuration for plant safety. The NDR is a cycle-specific 

document which includes such information as power distributions, reactivity 

coefficients, boron and control rod worths under a variety of plant operating 

conditions. There is sufficient information in the RSE and NDR to permit an 

independent calculation of the nuclear performance characteristics of the core . 
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4.3.2.2 Power Distribution 

The accuracy of power distribution calculations has been confirmed through 

approximately one thousand flux maps during some 20 years of operation under 

conditions very similar to those expected for the plant described herein. 

Details of this confirmation are given in Reference 2 and in Section 4.3.2.2.7. 

4.3.2.2.l Definitions 

Power distributions are quantified in terms of hot channel factors. These 

factors are a measure of the peak pellet power within the reactor core and the 

total energy produced in a coolant channel and ·are expressed in terms of 

quantities related to the nuclear or thermal design, namely: 

Power density is the thermal power produced per unit volume of the core 

(kW/liter). 

Linear power density is the thermal power produced per unit length of active fuel 

(kW/ft). Since fuel assembly geometry is standardized, this is the. unit of power 

density most commonly used. For all practical purposes it differs from kW/liter 

by a constant factor which includes geometry effects and the fraction of the 

total thermal power which is generated in the fuel rod • 

Average linear power density is the total thermal power produced in the fuel rods 

divided by the total active fuel length of all rods in the core. 

Local heat flux is the heat flux at the surface of the cladding (Btu-ft-
2
-hr-

1
). 

For nominal rod parameters this differs from linear power density by a constant 

factor. 

Rod power or rod integral power is the length integrated linear power density in 

one rod (kW) • 
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Average rod power is the total thermal power produced in the fuel rods divided 

by the number of fuel rods (assuming all rods have equal length). 

The hot channel factors used in the discussion of power distributions in this 

section are defined as follows: 

FQ, Heat Flux Hot Channel Factor, is defined as the 

the surface of a fuel rod divided by the average fuel 

manufacturing tolerances on fuel pellets and rods. 

maximum local heat flux on 

rod heat flux, allowing for 

FNQ, Nuclear Heat Flux Hot Channel Factor, is defined as the maximum local fuel 

rod linear power density divided by the average fuel rod linear power density, 

assuming nominal fuel pellet and rod parameters. 

FEQ, Engineering Heat Flux Hot Channel Factor, is the allowance on heat flux 

required for manufacturing tolerances. The engineering factor allows for local 

variations in enrichment, pellet density and diameter, surface area of the fuel 

rod, and eccentricity of the gap between pellet and clad. 

Combined statistically the net effect is a factor of 1.03 to be applied to fuel 

rod surface heat flux. 

FN~H' Nuclear Enthalpy Rise Hot Channel Factor, is defined as the ratio of the 

integral of linear power along the rod with the highest integrated power to the 

.average rod power. 

Manufacturing tolerances, hot channel power distribution and surrounding channel 

power distributions are treated explicitly in the calculation of the departure 

from nucleate boiling ratio described in Section 4.4. 
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It is convenient for the purposes of discussion to define subfactors of FQ; 

however, design limits are set in terms of the total peaking factor • 

Total peaking factor or heat flux hot-channel factor 

Maximum kW/ft 

Average kW/ft 

without densification effects 

= max [ F~y x P ( z ) ) x F~ x F~ 

where: 

F~ and F~ are defined above. 

F~ 

SGS-UFSAR 

the measurement uncertainty associated with a full core flux map 

with moveable detectors. 

ratio of peak power density to average power density in the 

horizontal plane of peak local power . 
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P(Z) = ratio of the power per unit core height in the horizontal plane 

at height Z to the average value of power per unit core height. 

4.3.2.2.2 Radial Power Distribution 

The power shape in horizontal sections of the core at full- power is a function 

of the fuel and burnable absorber loading patterns and the presence or absence 

of_a single bank of control rods. Thus, at any time in the cycle a horizontal 

section of the core can be characterized as unrodded or with group D control 

rods. These two situations combined with burnup effects determine the radial 

power shapes which can exist in the core at full power. The effect on radial 

power shapes of power level, xenon, samarium, and moderator density effects are· 

considered also but these are quite small. The effect of non-uniform flow 

distribution is negligible. While radial power distributions in various planes 

of the core are often illustrated, the core radial enthalpy rise distribution as 

determined by the integral of power up each channel is of greater interest. 

Figures 4.3-3 through 4.3-7 show 
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representative low leakage radial power distributions for one eighth of the core 

for representative operating conditions. These conditions are ( 1) Hot Full Power 

(HFP) at BOL - unrodded - no xenon, (2) HFP at BOL - unrodded - equilibrium 

xenon, (3) HFP at BOL - Bank D in - equilibrium xenon, (4) HFP at Middl.e-of-Life 

(MOL) - unrodded - equilibrium xenon, and (5) HFP at EOL - unrodded - equilibrium 

xenon. 

The radial power distribution, and hence radial enthalpy rise distribution, 

changes on a cycle-specific basis. The appropriate NDR should be referenced. 

See Section 4.5 for the current cycles' predicted radial enthalpy distribution. 

Since the position of the hot channel varies from time to time a single reference 

radial design power distribution· is· selected for DNB calculations. This 

reference power distribution is chosen conservatively to concentrate power in one 

area of the core, minimizing the benefits of flow redistribution. Assembly 

powers are normalized to core average power. 

4.3.2.2.3 Assembly Power Distribution 

Since the detailed power distribution surrounding the hot channel varies based 

on within-assembly design features and time in life, a conservatively flat 

assembly power distribution is assumed in the .DNB analysis,. described in 

Section 4.4, with the rod of· maximum integrated power artfficially· raised to the 

design value of F~H· The design value of F~H is determined during the RSE. .The 

current cycles' F~H ~lue is given in Section 4.5. Care is· taken in the nuclear 

design of all fuel cycles and all operating conditions to ensure that a flatter 

assembly power distribution does not occur with limiting values to F~H· 

4.3.2.2.4 Axial Power Distribution 

The shape of the power profile in the axial or vertical direction is largely 

under the control of the operator through either the manual operation of the 

control rods or automatic motion of control rods responding to manual operation 

of the eves. Nuclear 
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effects which cause variations in the axial power shape include moderator 

density, Doppler effect on resonance absorption, spatial xenon, burnable 

. absorbers, and burnup. Automatically controlled variations in total power output 

and control rod motion are also important in determining the axial power shape 

at any time. Signals are available to the operator from the ex-core ion chambers 

which are long ion chambers outside the reactor vessel running parallel to the 

axis of the core. Separate signals are taken from the top and bottom halves of 

the chambers. The difference between top and bottom signals from each of four 

pairs of detectors is displayed on the control panel and called the flux 

difference, 4I. Calculations of core average peaking factor for many plants and 

measurements from operating plants under many operating situations are associated 

with either 4I or axial offset in such a way that an upper bound can be placed 

on the peaking factor. For these correlations axial offset is defined as: 

axial offset = 

and ~t and ~b are the top and bottom detector readings. 

Representative axial power shapes from Reference 3 for BOL, MOL, and EOL 

conditions are s~own on Figures 4.3-8 through 4.3-10. 

These figures cover a wide range of axial offset including values not permitted 

at full power. 

4.3.2.2.5 Deleted 
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4.3.2.2.6 Limiting Power Distribution 

According to the ANS classifications of plant conditions {See Section 15), 

Condition I occurrences are those which are expected frequently or regularly in 

the course of power operation, maintenance, or maneuvering of the plant. As 

such, condition I occurrences are accommodated with margin between any plant 

parameter and the value of that parameter which would require either automatic 

or manual protective action. In as much as Condition I occurrences occur 

frequently or regularly, they must be .considered from the point of view of 

affecting the consequences of fault conditions {Conditions II, III, and IV). In 

this regard, analysis of each fault condition described is generally based on a 

conservative set of initial conditions corresponding to the most adverse set of 

conditions which can occur during Condition I operation. 

The list of steady state and shutdown conditions, permissible deviations {such 

as one coolant loop out of service) and 
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operational transients is given in Section 15. Implicit in the definition of 

normal operation is proper and timely action by the reactor operator. That is, 

the operator follows recommended operating procedures for maintaining appropriate 

power distributions and takes any necessary remedial action when alerted to do 

so by the plant instrumentation. Thus, as stated above, the worst or limiting 

power distribution which can occur during normal operation is to be considered 

as the starting point for analysis of Condition II, III, and IV events. 

Improper procedural actions or errors by the operator are assumed in the design 

as occurrences of moderate frequency (Condition II). Some of the consequences 

which might result are listed in Section 15.1. Therefore, the limiting power 

shapes which result from such Condition II events are those power shapes which 

deviate from the normal operating condition at the recommended axial offset band, 

e.g., due to lack of proper action by the operator during a xenon transient 

following a change in power level brought about by control rod motion. Power 

shapes which fall in this category are used for determination of the reactor 

protection system setpoints so as to maintain margin to overpower or DNB limits. 

The means for maintaining power distributions within the required hot channel 

factor limits are described in the Core Operating Limit- Report ( COLR) • A 

complete discussion of power distribution control in Westinghouse Pressurized 

Water Reactors (PWRs) is included in Reference 5. Detailed information on the 

design constraints on local power density in a Westinghouse PWR, on the defined 

operating procedures and on the measures taken to preclude exceeding design 

limits is presented in the Westinghouse topical report on peaking factors 

(Reference 6). The following paragraphs summarize these reports and describe the 

calculations used to establish the upper bound on peaking factors. 

The calculations used to establish the upper bound on peaking factors, FQ and 

F~Hf include all of the nuclear effects which 
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influence the radial and/or axial power distributions throughout core life for 

various modes of operation including load follow, reduced power operation, and 

axial xenon transients. 

Radial power distributions are calculated for the full power condition, and fuel 

and moderator temperature feedback effects are included for the average enthalpy 

plane of the reactor. The steady state nuclear design calculations are done for 

normal flow with the same mass flow in each channel and flow redistribution 

effects neglected. The effect of flow redistribution is calculated explicitly 

where it is important in the DNB analysis of-accidents. The effect .of xenon on 

radial power distribution is small (compare Figures 4.3-3 and 4.3-4, 

respectively) but is included as part of the normal design process. Radial power 

distributions are relatively fixed and easily bounded with upper limits. 

The core average axial profile, however, can experience significant changes which 

can occur rapidly as a result of rod motion and load changes and more slowly due 

to xenon distribution. For the study of points of closest approach to axial 

power distribution limits, several thousand cases are examined. Since the 

properties of the nuclear design dictate what axial shapes can occur, boundaries 

on the limits of interest can be set in terms of the parameters which are readily 

observed_ on the plant.. Specifically, the nuclear design_ parameters which are 

sigriificant to the axial power distribution analysis are: 

1. Core power level 

2. Core height 

3. Coolant temperature and flow 

4. Coolant temperature program as a function of reactor power 
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5. Fuel cycle lifetimes 

6. Rod bank worths 

7. Rod bank overlaps 

8. Burnable absorber length and placement 

Normal operation of the plant assumes compliance with the following conditions: 

1. For Unit 1, control rods in a single bank move together with no 

individual rod insertion differing by more than 12- steps from the bank 

demand position. For Unit 2, control rods in a single bank move 

together with no individual rod insertion differing by more than 12 

steps above 85% RTP or more than 18 steps at or below 85% RTP from the 

bank demand position. 

2. Control banks are sequenced with overlapping banks. 

3. The control. bank insertion limits are not. violated.-

4 . Axial power distribution procedures, which are given in terms of flux 

difference control and control bank position, are observed. 

The axial power distribution procedures referred to above are part of the 

required operating procedures which are followed in normal operation. They 

require control of the axial offset (flux difference divided by fractional power) 

at all power levels within a permissible operating band of a target value 

corresponding to the equilibrium full power value. In the first cycle, the 

target value changes from about -10 percent to 0 percent linearly through the 

life of the cycle. Target values in a reload cycle vary based on previous cycle 

length and number of fresh assemblies. These cycle-specific target values are 

available in the appropriate NDR. Section 4.5 contains a list. This minimizes 

xenon transient effects on the axial power distribution since the procedures 

essentially keep the xenon distribution in phase with the power distribution. 

Calculations are performed for normal operation of the reactor including load 

following maneuvers. Beginning, middle, and end-of-cycle conditions are included 

in the calculations. Different histories of operation are assumed prior to 

calculating the effect of load follow transients on the axial power 
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distribution. These different histories assume base loaded operation and 

extensive load following. The calculated points have been synthesized from axial 

calculations combined with radial factors appropriate for rodded and unrodded 

planes. The calculated values have been increased by a factor of 1. 05 for 

conservatism and a factor of 1.03 for the engineering factor, F~. 

Figure 4.3-11 represents these results as an upper bound envelope on local power 

density versus elevation in the core. It should be emphasized that this envelope 

is a conservative representation of the bounding values of local power density. 

Expected values are considerably smaller and, in fact, less conservative bounding 

values may be justified with additional analysis or surveillance requirements. 

Finally, as previously discussed, this upper bound envelope is based on 

procedures of load follow which require the operator to operate within an allowed 

deviation from a target equilibrium value of axial flux difference, observing 

certain D bank insertion limits. These procedures are detailed in Technical 

Specifications and are predicated only upon ex-core surveillance supplemented by 

the normal monthly full core map requirement and by computer based alarms on 

deviation and time of deviation from the allowed flux difference band. 

Allowing for fuel densification effects, the average kW/ft for both Units 1 and 

2 is 5.44. From Figure 4.3-11, the conservative upper bound value of normalized 

local power density, including allowances for densification effects, is 2.40 

corresponding to a peak local power density of 13.3 kW/ft at 102 percent power 

for Units 1 and 2. 
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To determine Reactor Protection System setpoints, with respect to power 

distributions, three categories of events are considered, namely rod control 

equipment malfunctions, operator errors of commission, and operator errors of 

omission. 

The first category comprises uncontrolled rod withdrawal (with rods moving in the 

normal bank sequence) for full length rod banks. Also included are motions of 

the full length rod banks below their insertion limits, which could be caused, 

for example, by uncontrolled dilution or primary coolant cooldown. Power 

distributions were calculated throughout these occurrences assuming short-term 

corrective action, that is no transient xenon effects were considered to result 

from the malfunction. The event was assumed to occur from typical normal 

operating situations which did include normal xenon transients. It was further 

assumed in determining the power distributions that total power level would be 

limited by reactor trip to below 118 percent. Since the study is to determine 

protection limits with respect to power and axial offset, no credit was taken for 

trip setpoint reduction due to flux difference. Results are given on 

Figure 4.3-12 in units of kW/ft. The peak power density which can occur in such 

events, assuming reactor trip at or below 118 percent, is less than that required 

for centerline melt including uncertainties and densification effects. The 

second category, also appearing in Figure 4.3-12, assumes that the operator mis

positions the full length rod bank in violation of the insertion limits and 

creates short-term conditions not included in normal operating conditions . 

The third category assumes that the operator fails to take action to correct a 

flux difference violation. Representative results shown on Figure 4.3-13 are F 
Q 

multiplied by 102 percent power including an allowance for calorimetric error. 

The figure shows that provided the assumed error in operation does not continue 

for a period which is long compared to the xenon time constant, the maximum 
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local power does not exceed 22.0 kW/ft including the above factors. However, the 

COLR restrict 4I at 102 percent power such that the peak linear power density is 

less than 18 kW/ft. These events are considered Condition II events. 

It should be noted that a reactor overpower accident is not assumed to occur 

coincident with an independent operator error. 

Analyses of possible operating power shapes show that the appropriate hot channel 

factors FQ and F~H for peak local power density and for DNB analysis at full 

power are the values given in the COLR. The current unit and cycle's COLR is 

given in Section 4.5. Typical values are given in Table 4.3-2. 

FQ can be increased with decreasing ·power as shown in the Technical 

Specifications. Increasing F~ with decreasing power is permitted by the DNB 

protection setpoints and allows radial power shape changes with rod insertion to 

the insertion limits as described in Section 4.4.3.2. It has been determined 

that provided the above Conditions I through IV are observed, the Technical 

Specification limits are met. 

When a situation is possible in normal operation which could result in local 

power densities in excess oEthose assumed as the pre-condition for a subsequent 

hypothetical accident, but which would not itself cause fuel failure, 

administrative controls and alarms are provided for returning the core to a safe 

condition. These alarms are described in detail in Sections 7 and 16. 

4.3.2.2.7 Experimental Verification of Power Distribution Analysis 

This subject is discussed in depth in Reference 2. A summary of this report is 

given here. 

In a measurement of peak local power density, F
2

, with the moveable detector 

system described in Section 7. 6, the following uncertainties have to be 

considered: 
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1. Reproducibility of the measured signal 

2. Errors in the calculated relationship between detector current and 

local flux 

3. Errors in the calculated relationship between detector flux and peak 

rod power some distance from the measurement thimble. 

The appropriate allowance for 1 above has been quantified by repetitive 

measurements made with several inter-calibrated detectors by using the common 

thimble features of the In-core Detector System. This system allows more than 

one detector to access any thimble. Errors in category 2 above are quantified 

to the extent possible, by using the fluxes measured at one thimble location to 

predict fluxes at another location which is also measured. Local power 

distribution predictions are verified in critical experiments on arrays of rods 

with simulated guide thimbles, control rods, burnable poisons, etc. These 

critical experiments provide quantification of error of types 2 and 3 above. 

Reference 2 describes critical experiments performed at the Westinghouse Reactor 

Evaluation Center and measurements taken on two Westinghouse plants with In-core 

Detector Systems of the same type as used in the plant described herein. The 

report concludes that the.uncertainty associated with the peak nuclear heat flux 

factor, FQ, is 4.58 percent at the 95 percent confidence level with only 

5 percent of the measurements greater than the inferred value. This is the 

equivalent of a 2o limit on a normal distribution and is the uncertainty to be 

associated with a full core flux map with moveable detectors reduced with a 

reasonable set of input data incorporating the influence of burn~p on the radial 

power distribution. The uncertainty is usually rounded up to 5 percent • 
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In comparing measured power distributions (or detector currents) against the 

calculations for the same situation, it is not possible to subtract out the 

detector reproducibility. Thus a comparison between measured and predicted power 
distributions has to include some measurement error. Such a comparison is given 

on Figure 4.3-14 for one of the maps used in Reference 2. Since the first 

publication of the report, hundreds of maps have been taken on these and other 

reactors. The results confirm the adequacy of the 5 percent uncertainty 

allowance on the calculated FQ. 

A similar analysis for the uncertainty in FaH (rod integral power) measurements 

results in an allowance of 3.60 percent at the equivalent of a 2a confidence 

level. For historical reasons, an 8 percent uncertainty factor is allowed in the 

nuclear design basis; that is, the predicted rod integrals at full power must not 

exceed the design FaH less 8 percent. This 8 percent may be reduced in final 

design to. 4 percent to allow a wider range of acceptable axial power 

distributions in the DNB analysis and .still meet the design bases of 

Section 4.3.1.3. 

A measurement in the second cycle of a 121 assembly, 12 foot core is compared 

with a simplified one dimensional core average axial calculation on 

Figure 4 .• 3.-15. This. calculation does .not give explicit- representation to the 

fuel grids. 

The accumulated data on power distributions in actual operation is basically of 

three types: 

1. Much of the data is obtained in steady·state operation at constant 

power in the normal operating configuration. 

2. Data with unusual values of axial offset have been obtained in the 

past as part of the multi-point ex-core detector calibration exercise 

which is performed monthly. 
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3. Special tests have been performed in load follow and other transient 

xenon conditions which have yielded useful information on power 

distributions. 

. 
These data are presented in detail in Reference 6. Figure 4.3-16 contains a 

summary of measured values of FQ as a function of axial offset for five plants 

from that report. 

4.3.2.2.8 Testing 

A very extensive series of physics tests is performed on first cores. These 

tests are described in Section 14. Since not all limiting situations can be 

created at BOL, the main purpose of the tests is to provide a check on the 

calculational methods used in the predictions for the conditions of the test. 

Tests performed at the_ beginning of. each reload cycle are limited to verification 

of steady state power distributions. 

4.3.2.2.9 Monitoring Instrumentation 

The adequacy of instrument numbers, spatial deployment, required correlations 

between readings and peaking factors, calibration and errors are. described in. 

References 2, 5, and 6. The relevant conclusions are- summarized here in 

Section 4.3.2.2.7 • 

Provided the limitatj_ons given in Section 4.3.2.2.6 on rod insertion and flux 

difference are observed, the Ex-core Detector System provides adequate monitoring 

of power distributions. 

Further details of specific limits on the observed rod positions and flux 

difference are given in the COLR (See Section 4.5). 

Limits for alarms, reactor trip, etc. are given in the Technical Specifications. 

Descriptions of the systems provided are given in Section 7.7. -
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4.3.2.3 Reactivity Coefficients 

The kinetic characteristics of the reactor core determine the response of the 

core to changing plant conditions or to operator adjustments made during normal 

operation, as well as the core response during abnormal or accidental transients. 

These kinetic characteristics are quantified in reactivity coefficients. The 

reactivity coefficients reflect the changes in the neutron multiplication due to 

varying plant conditions such as power, moderator, or fuel temperatures, or less 

significantly due to a change in pressure or void conditions. Since reactivity 

coefficients change during the life of the core, ranges of coefficients are 

employed in transient analysis to determine the response of the plarit throughout 

life. The results of such simulations and the reactivity coefficients used are 

presented in Section 15. The analytical methods and calculational models used 

in calculating the reactivity coefficients are given in Section 4.3.3. These 

models have been confirmed through extensive. testing of more than thirty cores 

similar to the plant described herein; results of these tests are discussed in 

Section 4.3.3. Quantitative information for calculated reactivity coefficients, 

including fuel Doppler coefficient, moderator coefficients (density, temperature, 

pressure, void) and power coefficient is given in the following sections. 

4.3.2.3 .• l Fuel Temperature (Doppler) Coefficient 

The fuel temperature (Doppler) coefficient is defined as the change in reactivity 

per degree change in effective fuel temperature and is primarily a measure of the 

Doppler broadening of U-238 and Pu-240 resonance absorption peaks. Doppler 

broadening of other isotopes such as U-236, Np-237 etc. are also considered but 

their contributions to the Doppler effect is small. An increase in fuel 

temperature increases the effective resonance absorption cross sections of the 

fuel and produces a corresponding reduction in reactivity. 
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The fuel temperature coefficient is calculated by performing two-group three

dimensional calculations using ANC (Reference 31) • The fuel temperature 

coefficient is calculated by subtracting the MTC from the ITC from HZP to HFP. 

A typical Doppler temperature coefficient is shown on Figure 4. 3-17 as a function 

of the effective fuel temperature (at BOL and EOL conditions). The effective 

fuel temperature is lower than the volume averaged fuel temperature since the 

neutron flux distribution is non-uniform through the pellet and gives 

preferential weight to the surface temperature. A typical Doppler-only 

contribution to the power coefficient, defined later, is shown on Figure 4.3-18 

as a function of relative core power. The integral of the differential curve on 

Figure 4.3-18 is the Doppler contribution to the power defect and is shown on 

Figure· 4.3-19 as a function of relative power. The Doppler-only power 

coefficient and defects were calculated using three-dimensional ANC (Reference 

31). The Doppler coefficient becomes more negative as a function of life as the 

Pu-240 content increases, thus increasing the Pu-240 resonance absorption but 

less negative as the fuel temperature changes with burnup as described in 

Section 4.3.3.1. The upper and lower limits of Doppler coefficient used in 

accident analyses are given in Section 15. The Doppler-only coefficient and 

defect change slightly on a cycle-specific basis. The appropriate NDR should be 

referenced for the current. cycle's information (see Section 4.5). 

4.3.2.3~2 Moderator Coefficients 

The moderator coefficient is a measure of the change in reactivity due to a 

change in specific coolant parameters such as 9ensity, temperature, pressure, or 

void. The coefficients so obtained are moderator density, temperature, pressure, 

and void coefficients. 

Moderator Density and Temperature Coefficients 

The moderator temperature (density) coefficient is defined as the change in 

reactivity per unit change in the moderator temperature (density). Generally, 

the effect of the changes in moderator 
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density as well as the temperature are considered together. An increase in 

moderator density results in more moderation and hence an increase in reactivity • 

Therefore, the moderator density coefficient is positive. As temperature 

increases, density decreases (for a constant pressure); hence the moderator 

temperature coefficient becomes more negative. An increase in coolant 

temperature, keeping the density constant, leads to a hardened neutron spectrum 

and results in an increase in resonance absorption in U-238, Pu-240 and other 

isotopes. The hardened spectrum also causes a decrease in the fission-to-capture 

ratio in U-235 and Pu-239. Both of these effects make the moderator temperature 

coefficient more negative. Since water density changes more rapidly with 

temperature. as temperature increases, the moderator temperature (density) 

coefficient becomes more negative (positive) with increasing temperature. 

The soluble boron used in the reactor as a means of reactivity control also has 

an effect on moderator density coefficient since the soluble boron poison density 

as well as the water density is decreased when the coolant temperature rises. 

A decrease in the soluble poison concentration introduces a positive component 

in the moderator temperature coefficient. 

Thus, if the concentration of soluble poison is large enough, the net value of 

the coefficient may be positive. With the burnable absorbers present., however, 

the initial hot boron concentration is sufficiently low that the moderator 

temperature coefficient is negative at operating temperatures. The effect of 

control rods is to make the moderator coefficient more negative by reducing the 

required soluble borQtl concentration and by increasing the "leakage" of the core. 

With burnup, the moderator temperature coefficient becomes more negative 

primarily as a result of boric acid dilution but also to an extent from· the 

effects of the buildup of plutonium and fission products. 
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The moderator coefficient is calculated for the various plant conditions 

discussed above by performing two-group three-dimensional calculations, varying 

the moderator temperature (and density) by about ± 5°F about each of the mean 

temperatures. The moderator temperature coefficient is shown as a function of 

core temperature and boron concentration for the unrodded and rodded core on 

Figures 4.3-20 through 4.3-22. The temperature range covered is from cold (68°F) 

to about 600°F. The contribution due to Doppler coefficient (because of change 

in moderator temperature) has been subtracted from these results. Figure 4. 3-23 

shows the hot, full power moderator temperature coefficient plotted as a function 

of first cycle lifetime for the just critical boron concentration condition based 

on the design boron letdown condition. 

The moderator coefficients presented here are calculated on a corewise basis, 

since they are used to describe the core behavior in normal and accident 

situations when the moderator temperature changes can be considered to affect the. 

whole core. Moderator temperature coefficients change on a cycle-specific basis. 

The appropriate NDR should be referenced for the current cycle• s information (see 

Section 4.5). 

Moderator Pressure Coefficient 

The moderator pressure coefficient relates the change in moderator density, 

resulting from a reactor coolant pressure change, to the corresponding effect on 

neutron production. This coefficient is of much less significance in comparison. 

with the moderator temperature coefficient. A change of 50 psi in pressure has 

approximately the same effect on reactivity as a half-degree change in moderator 

temperature. This coefficient can be determined from the moderator temperature 

coefficient by relating change in pressure to the corresponding change in 

density. The moderator pressure coefficient is negative over a portion of the 

moderator temperature range at beginning-of-life (-0.004 pcm/psi, BOL) but is 

always positive at operating conditions and becomes more positive during life 

(+0.3 pcm/psi, EOL) • 
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Moderator Void Coefficient 

The moderator void coefficient relates the change in neutron multiplication to 

the presence of voids in the moderator. In a PWR this coefficient is not very 

significant because of the low void content in the coolant. The core void 

content is less than one-half of one percent and is due to local or statistical 

boiling. The void coefficient at BOL varies from 50 pcm/percent void at low 

temperatures to -250 pcm/percent void at EOL and at operating temperatures. The 

negative void coefficient at operating temperature becomes more negative with 

fuel.b~rnup. 

4.3.2.3.3 Power Coefficient 

The combined effect of moderator temperature and fuel temperature change as the 

core power l~vel changes is called the.total power coefficient and is expressed 

in terms of reactivity change per percent power change. A typical plot of the 

power coefficient at BOL and EOL conditions is given on Figure 4.3-24. It 

becomes more negative with burnup reflecting the combined effect of moderator and 

fuel temperature coefficients with burnup. A typical plot of the power defect 

(-integral reactivity effect) at BOL and EOL is given on Figure 4.3-25. The power 

coefficient and defect change on a cycle-specific basis. The appropriate NDR 

should be referenced for the curr~nt cycle (see Section 4.5). 

4.3.2.3.4 Comparison of Calculated and Experimental Reactivity Coefficients 

Section 4.3.3 describes the comparison of calculated and experimental reactivity 

coefficients in detail. Based on the data presented there, the accuracy of the 

current analytical model is: 

± 0.2 percent 4p for Doppler and power defect 

± 2 pcm/°F for the moderator coefficient· 

Experimental evaluation of the calculated coefficients are done during the 

physics startup tests described in Section 14. 
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4.3.2.3.5 Reactivity Coefficients Used in Transient Analysis 

Table 4. 3-2 gives the representative ranges for the reactivity coefficients used 

in transient analysis. The exact values of the coefficient used in the analysis 

depend on whether the transient of interest is examined at the BOL or EOL, 

whether most negative or the most positive (least negative) coefficients are 

appropriate, and whether spatial ri.onuniformity must be considered in the 

analysis •. conservative values of coefficients, considering various aspects of 

analysis, are used in the transient analysis. This is described in Section 15. 

The values listed in Table 4. 3-2 and illustrated on Figures 4. 3-17 through 4. 3-25 

apply to a typical reload cycle. The coefficients appropriate for use in 

subsequent cycles depend on the core' s operating history, the number and 

enrichment of fresh fuel assemblies, the loading pattern of burned and fresh 

fuel, the number. and location of any burnable absorber rods, etc. The need for 

a reevaluation of any accident in a subsequent cycle is contingent upon whether 

or not the coefficients for that cycle fall within the identified range used in 

the analysis presented in Section 15. control rod requirements for typical 

Unit 1 and Unit 2 reload cores are given in Table 4.3-3. 

4.3.2.4 Control Requirements 

To ensure the shutdown margin stated in the Technical Specifications under 

conditions where a cooldown to ambient temperature is required, concentrated 

soluble boron is added to the coolant. Typical boron concentrations for several 

core conditions are listed in Table 4.3-2. For all core conditions including 

refueling, the boron concentration is well below the solubility limit. The RCCAs 

are employed to bring the reactor to the hot 
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shutdown condition. The minimum required shutdown margin is given in the 

Technical Specifications. 

The ability to accomplish the shutdown for hot conditions is demonstrated in 

Table 4.3-3 by comparing the difference between the RCCA's reactivity available 

with an allowance for the worst stuck rod with that required for control and 

protection purposes. The shutdown margin includes an allowance of 10 percent for 

analytic uncertainties (see Section 4.3.2.4.9). The largest reactivity control 

requirement appears at the EOL when the moderator temperature coefficient reaches 

its peak negative value as reflected in the larger power defect. 

The control rods are required to provide sufficient reactivity to account for the 

power defect from full power to zero power and to provide the required shutdown 

margin. The reactivity addition resulting from power reduction consists of 

contributions from Doppler, moderator temperature, flux redistribution, and 

reduction in void content as discussed below. 

4.3.2.4.1 Doppler 

The Doppler effect arises from the broadening of U-238 and Pu-240 resonance peaks 

with an increase in effective pellet temperature. This effect is most noticeable 

over the range of zero power to full power due to the large pellet temperature 

increase with power generation. 

4.3.2.4.2 Variable Average Moderator Temperature 

When the core is shut down to the hot, zero power condition, the average 

moderator temperature changes from the equilibrium full load value determined by 

the steam generator and turbine characteristics (steam pressure, heat transfer, 

tube fouling, etc) to the equilibrium no load value, which is based on the steam 

generator shell side design pressure. The design change in 
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temperature is conservatively increased by 4°F to account for the control dead 

band and measurement errors . 

Since the moderator coefficient is negative, there is a reactivity addition with 

power reduction. The moderator coefficient becomes more negative as the fuel 

depletes because the boron concentration is reduced. This effect is the major 

contributor to the increased requirement at EOL. 

4.3.2.4.3 Redistribution 

During full power operation the coolant density decreases with core height, and 

this, together with partial insertion of control rods, results in less fuel 

depletion near the top of the core·. Under steady state conditions, the relative 

power distribution will be slightly asymmetric towards the bottom of the core. 

On the other hand, at hot zero power conditions, the coolant density is uniform 

up the core, and there is no flattening due to Doppler. The result will be a 

flux distribution which at zero power can be skewed toward the top of the core. 

The reactivity insertion due to the skewed distribution is calculated with an 

allowance for the most adverse effects of xenon distribution. 

4.3.2.4.4 Void Content 

A small void content in the core is due to nucleate boiling at full power. The 

void collapse coincident with power reduction makes a small reactivity 

contribution. 

4.3.2.4.S Rod Insertion Allowance 

At full power, the control bank is operated within a prescribed band of travel 

to compensate for small periodic changes in boron concentration, changes in 

temperature, and very small changes in the xenon concentration not compensated 

for by a change in boron 
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concentration. When the control bank reaches either limit of this band, a change 

in boron concentration is required to compensate for additional reactivity 

changes. Since the insertion limit is set by a rod travel limit, a 

conservatively high calculation of the inserted worth is made which exceeds the 

normally inserted reactivity. 

4.3.2.4.6 Burnup 

Excess reactivity is installed at the beginning of each cycle to provide 

sufficient reactivity to compensate for fuel depletion and fission products 

throughout the cycle. This reactivity is controlled by the addition of soluble 

boron to the coolant and by burnable absorbers. The soluble boron concentration 

for several core configurations, and unit boron worths are given in Table 4.3-2. 

Since the excess reactivity for burnup is controlled by soluble boron and/or 

burnable absorbers, it is not included in control rod requirements. 

4.3.2.4.7 Xenon and Samarium Poisoning 

Changes in xenon and samarium concentrations in the core occur at a sufficiently 

slow rate, even following rapid power level changes, that the resulting 

reactivity change is controlled by changing the soluble boron concentration. 

4.3.2.4.8 pH Effects 

Changes in reactivity due to a change in coolant pH, if any, are sufficiently 

small in magnitude and occur slowly enough to be controlled by the Boron System. 

Further details are available in Reference 8. 

4.3-38 
SGS-UFSAR Revision 17 

October 16, 1998 

• 

• 

• 



• 

• 

• 

4.3.2.4.9 Experimental Confirmation 

Following a normal shutdown, the total core reactivity change during cooldown 

with a stuck rod has been measured on a 121 assembly, 10-foot high core, and a 

121 assembly, 12-foot high core. In each case, the core was allowed to cool down 

until it reached criticality simulating the steamline break accident. For the 

10-foot core, the total reactivity change associated with the cooldown was 

overpredicated by about 0.3 percent Ap with respect to the measured result. This 

represents an error of about 5 percent in the total reactivity change and is 

about half the uncertainty allowance for this quantity. For the 12-foot core, 

the difference between the measured and predicted reactivity change was an even 

smaller 0.2 percent Ap. These measurements and others demonstrate the ability 

of the methods described in Section 4. 3. 3 to accurately predict the total 

shutdown reactivity of the core. 

4.3.2.5 Control 

Core reactivity is controlled by means of a chemical poison dissolved 

coolant, RCCAs, and burnable absorber rods as described below. 

4. 3. 2. 5 •. 1. Chemical Poison 

in the I 

Boron in solution as boric acid is used to control relatively slow reactivity 

changes associated with: 

1. The moderator temperature defect in going from cold shutdown at 

ambient temperature to the hot operating temperature at zero power 

2. The transient xenon and samarium poisoning, such as that following 

power changes or changes in RCC position 
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3. The excess reactivity required to compensate for the effects of 

fissile inventory depletion and buildup of long-life fission products 

4. The burnable absorber depletion 

Typical boron concentrations for various core conditions are presented in 

Table 4.3-2. 

4.3.2.5.2 Rod Cluster Control Assemblies 

Fifty-three RCCAs are employed. These are used for shutdown and for control 

purposes to offset fast reactivity changes associated with: 

1. The required shutdown . margin in the hot zero power, stuck rod 

condition 

2. The reactivity compensation as a result of an increase in power above 

hot zero power (power defect including Doppler, and moderator 

reactivity changes) 

3. Unprogrammed fluctuations in boron. concentration, coolant temperature, 

or xenon concentration (with rods not exceeding the allowable rod 

insertion limits) 

4. Reactivity ramp rates resulting from load changes 

The. allowed control bank reactivity insertion is limited at full power to 

maintain shutdown capability. As the ·power level is reduced, control rod 

reactivity requirements are also reduced and more rod insertion is allowed. The 

control bank position is monitored and the operator is notified by an alarm if 

the limit is approached. The determination of the insertion limit uses 

conservative xenon distributions and axial power shapes. In addition, the RCCA 

withdrawal pattern determined from these analyses is used in determining power 

distribution factors and in 
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determining the maximum worth of an inserted RCCA ejection accident. For further 

discussion refer to the Technical Specifications on rod insertion limits • 

Power distribution, rod ejection, and rod misalignment analyses are based on the 

arrangement of the shutdown and control groups of the RCCAs shown on 

Figures 4.3-26A and B. All shutdown RCCAs are withdrawn before withdrawal of the 

control banks is initiated. In going from zero to 100 percent power, control 

banks A, B, c, and D are withdrawn sequentially. The limits of rod positions are 

provided in the COLR (see Section 4.5). Further discussion on the basis of rod 

insertion limits are provided in the Technical Specifications. 

4.3.2.5.3 Burnable Absorbers 

The burnable absorbers provide partial control of the excess reactivity available 

during the fuel cycle. In doing so, the moderator temperature coefficient is 

prevented from being positive at normal operating conditions. They perform this 

function by reducing the requirement for soluble poison in the moderator at the 

beginning of the fuel cycle as described previously. The burnable absorber rod 

pattern in the core together with the number of rods per assembly is shown in 

Section 4.5 for each Unit's current cycle. The boron in the burnable absorbers 

is depleted with burnup but at a sufficiently slow rate so that the resulting 

critical concentration of soluble boron is such that the moderator temperature 

coefficient remains non~positive at all times for power operating conditions • 

4.3.2.5.4 Peak Xenon Startup 

Compensation for the peak xenon buildup is accomplished using the Boron Control 

System. Startup from the peak xenon condition is accomplished with a combination 

of rod motion and boron dilution • 
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The boron dilution may be made at any time, even during the shutdown period, 

provided the shutdown margin is maintained. 

4.3.2.5.5 Load Follow Control and Xenon Control 

During load follow maneuvers, power changes are accomplished using control rod 

motion and dilution or boration by the Boron System as required. Control rod 

motion is limited by the control rod insertion limits as provided in the COLR 

(see Section 4.5) and discussed previously in this section. Reactivity changes 

due to the changing xenon concentration can be controlled by rod motion and/or 

changes in soluble boron concentration. 

4.3.2.5.6 Burnup 

Control of the. excess reactivity for burnup is accomplished using soluble boron 

and/or burnup absorbers. The boron concentration must be limited during 

operating conditions to ensure the moderator temperature coefficient is hon

positive. Sufficient burnable absorber is installed at the beginning of a cycle 

to give the. desired cycle lifetime without exceeding the boron concentration 

value which would yield a positive MTC per Technical Specifications. The 

practical minimum boron concentration is 10 ppm._ 

4.3.2.6 Control Rod Patterns and Reactivity Worth 

The RCCAs are designated by function as the control groups and the shutdown 

groups. The terms "group" and "bank" are used synonymously throughout this 

report to describe a particular grouping of control assemblies. The RCCA pattern 

is displayed on Figures 4.3-26A and B which is not expected to change during the 

life of the plant. The control banks are labeled A, B, c, and D_and the shutdown 

banks are labeled SA, SB, SC, and SD. Each bank, although operated and 

controlled as a unit, is comprised of two subgroups. The axial position of the 

RCCAs may be controlled manually or automatically. The RCCAs are all dropped 

into the core following actuation of reactor trip signals. 
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Two criteria have been employed for selection of the control groups. First, the 

total reactivity worth must be adequate to meet the requirements specified in 

Table 4.3-3. Second, in view of the fact that these rods may be partially 

inserted at power operation, the total power peaking factor should be low enough 

to ensure that the power capability requirements are met. Analyses indicate that 

the first requirement can be met either by a single group or by two or more banks 

whose total worth equals at least the required amount. The axial power shape 

would be more peaked following movement of a single group of rods worth 3 to 4 

percent ~p; therefore, four banks (described as A, B, C, and D on Figures 4.3-26A 

and B) each worth approximately 1 percent ~p have been selected. 

The position of control banks for criticality under any reactor condition is 

determined by the concentration of boron in the· coolant. · On an approach to 

criticality, boron is adjusted to ensure that criticality will be achieved with 

control rods above the insertion limit set by shutdown and other considerations 

(See the Technical Specifications). 

Early in the cycle there may also be a withdrawal limit at low power to maintain 

a negative moderator temperature coefficient. Usual practice is to adjust boron 

to ensure that the rod position lies within the so-called maneuvering band, that 

is such that an escalation from zero power to full power does not require further 

adjustment of boron concentration • 

Ejected rod worths are given in Section 15.3.1.6 for several different 

conditions. Experimental confirmation of these worths can be found by reference 

to startup test reports (9). 

Allowable deviations due to misaligned control rods are discussed in the 

Technical Specifications • 
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A representative calculation for two banks of control rods withdrawn 

simultaneously (rod withdrawal accident) is given on Figure 4.3-27. 

Calculation of control rod reactivity worth versus time following reactor trip 

involves both control rod velocity and differential reactivity worth. The rod 

position versus time of travel after rod release assumed is given on Figure 

4. 3-28 for Vantage+ fuel. The drop time to the dashpot increases from 2. 2 to 2. 7 

seconds for Vantage SH and Vantage+ fuel, with the other times increasing 

proportionately. For nuclear design purposes, the reactivity worth versus rod 

position is calculated by a series of steady state calculations at various 

control rod positions assuming all rods out of the core as the initial position 

in order to minimize the initial reactivity insertion rate. Also, to be 

conservative, the rod of highest worth is-assumed stuck out of·the core and the 

flux distribution (and thus reactivity importance) is assumed to be skewed to the 

bottom of the core. The result of these calculations is shown on Figure 4.3-29. 

The shutdown groups provide additional negative reactivity to assure an adequate 

shutdown margin. Shutdown margin is defined as the amount by which the core 

would be subcritical at hot shutdown if all RCCAs are tripped, but assuming that 

the highest worth assembly remains fully withdrawn and no changes in- xenon or 

boron take place. The loss of control rod worth due to the material irradiation 

is negligible since only D bank rods may be in the core under normal operating 

conditions. 

The values given in Table 4.3-3 show that the available reactivity in withdrawn 

RCCAs provides the design basis minimum shutdown margin allowing for the highest 

worth cluster to._ be at its fully· withdrawn position. An allowance for 

uncertainty in the calculated worth of N-1 rods is made before determination of 

the shutdown margin. 
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4.3.2.7 Criticality of Fuel Assemblies 

Criticality of fuel assemblies outside of the reactor is precluded by adequate 

design of fuel transfer and fuel storage facilities and by administrative control 

procedures. This section identifies those criteria important to criticality 

safety analyses. 

New fuel is generally stored in fuel storage facilities with no water present but 

which are designed so as to prevent accidental criticality even if unborated 

water is present. 

In the analysis for the storage facilities, the fuel assemblies are assumed to 

be in their most reactive condition, namely fresh or undepleted and with no 

control rods or removable neutron absorbers present. Assemblies cannot be closer 

together than the design separation provided by the storage facility except in 

special cases such as in fuel shipping containers where analyses are carried out 

to establish the acceptability of the design. The mechanical integrity of the 

fuel assembly is assumed and no credit is taken for neutron absorption properties 

of the storage facility unless specifically included in the design. For full 

flooding with unborated water, the fuel assembly spacing of the facility provides 

essentially full nuclear isolation, and keff for the array is no greater than 

keff for the single most reactive fuel assembly. The criterion for full flooding 

is keff ~ 0.95 • 

The. fuel assembly (17 x 17 fuel rods) of standard design and 3.5 w/o enriched 

uranium oxide, without a control rod or burnable absorbers, fully flooded and 

reflected with cold clean water, has a keff of about 0 • 85. Two such fuel 

assemblies spaced 1 inch apart with parallel axes 9.5 inches apart have a keff 

of about 0. 99. Three such fuel assemblies spaced 1 inch apart with parallel axes 

would be supercritical. 

An infinite number of dry fuel assemblies of this design would have a keff 

< a.so . 
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4.3.2.8 Stability 

4.3.2.8.1 Introduction 

The stability of the PWR cores against xenon-induced spatial oscillations and the 

control of such transients are discussed extensively (References 5, 10, 11, 12). 

A summary of these reports is given in the following discussion and the design 

bases are given in Section 4.3.1.6. 

In a large . reactor core, xenon-induced oscillations can . take place with no 

corresponding change in the total power of the core. The oscillation may be 

caused by a power shift in the core which occurs rapidly by comparison with the 

xenon-iodine time· constants. Such a power shift occurs in the axial direction 

when a plant load change is made by control rod motion and results in a change 

in the moderator density and fuel temperature distributions. Such a power shift 

could occur in the diametral plane of the core as a result of abnormal control 

action. 

Due to the negative power coefficient of reactivity, PWR cores are inherently 

stable to oscillations in total power. Protection against total power 

stabilities is provided by the Control and Protection System as described in 

Chapter 7. Hence, the discussion on the core stability will be limited here to 

xenon-induced spatial oscillations. 

4. 3. 2. 8. 2.. Stability Index 

Power distributions, either in the axial direction or in the X-Y plane, can 

undergo oscillations due to perturbations introduced in the equilibrium 

distributions without changing the total core power. The overtones in the 

current.PWRs, and the stability of the core against xenon-induced oscillations 

can be. determined in terms of the eigenvalues of the first flux overtones. 

Writing, either in the axial direction or in the X-Y plane, the eigenvalue, e, 

of the first flux harmonic as 
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e = b + ic, (Reference 10) 

then b is defined as the stability index and T =2n/c as the oscillation period 

of the first harmonic. The time-dependence of the first harmonic ocj> in the power 

distribution can now be represented as 

ocj>(t) = A 
et 

e 
bt 

ae cos ct, (Reference 12) 

where A and a are constants. 

approximately by: 

The stability index can also be obtained 

where A , A 
1 

are the successive peak amplitudes of the oscillation and T is the 
n n+ 

time period between the successive peaks. 

4.3.2.8.3 Prediction of the Core Stability 

The stability of the core described herein (i.e., with 17 x 17 fuel assemblies) 

against xenon-induced spatial oscillations is expected to be equal to or better 

than that of earlier designs. The prediction is based on a comparison of the 

parameters which are significant in determining the stability of the core against 

the xenon-induced oscillations, namely (1) the overall core size is unchanged and 

spatial power distributions will be similar, ( 2) the moderator temperature 

coefficient is expected to be similar, and ( 3) the Doppler coefficient of 

reactivity is expected to be similar at full power. 

Analysis of both the axial and X-Y xenon transient tests, discussed in 

Section 4. 3. 2. 8. 5, shows that the calculational model is adequate for the 

prediction of core stability • 
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4.3.2.8.4 Stability Measurements 

Axial Measurements 

Two axial xenon transient tests conducted in a PWR with a core height of 12 feet 

and 121 fuel assemblies are reported in Reference 13, and will be briefly 

discussed here. The tests were performed at approximately 10 percent and 

50 percent of cycle life. 

Both a free-running oscillation test and a controlled test were performed during 

the first test. The second test at mid-cycle consisted of a free-running 

oscillation test only. In each of the free-running oscillation tests, a 

perturbation was introduced. to the equilibrium power distribution through an 

impulse motion of the control bank D, and the subsequent oscillation was 

monitored to measure the stability index and the oscillation period. In the 

controlled test conducted early in the cycle, the part-length rods were used to 

follow the oscillations to maintain an axial offset (AO) within the prescribed 

limits. The AO of power was obtained from the ex-core ion chamber readings 

(which had been calibrated against the in-core flux maps) as a function of time 

·for both free-running tests as shown on Figure 4.3-30. 

The total core power was maintained constant during these spatial xenon tests, 

and the stability index and the oscillation period were obtained from a least

square fit of the AO data in the form of Equation 2. The AO of power is the 

quantity that properly represents the axial stability in the sense that it 

essentially eliminates any contribution from even order harmonics including the 

fundamental mode. The conclusions of the tests are the following: 

1. The core was stable against induced axial xenon transients both at the 

core average burnups of 1550 MWD/MTU and 7700 MWD/MTU. The measured 

stability indices are -0.041 hr-l for the first test (Curve 1 of 
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2. 

Figure 4. 3-30) and -0. 014 hr-1 for the second test (Curve 2 of 

Figure 4.3-30). The corresponding oscillation periods are 32.4 hours 

and 27.2 hours, respectively. 

The reactor core becomes less stable as fuel burnup progresses and the 

axial stability index was essentially zero at 12,000 MWD/MTU. 

Measurements in the X-Y Plane 

Two X-Y xenon oscillation tests were performed at a PWR plant with a core height 

of 12 feet and 157 fuel assemblies. The first test was conducted at a core 

average burnup of 1540 MWD /MTU and the second at a core average burnup of 

12900 MWD/MTU. Both of the X-Y xenon tests show that the core was stable in the 

X-Y plane at both burnups. The second test shows that the core became more 

stable as the fuel burnup increased and all Westinghouse PWRs with 121 and 157 

assemblies are expected to be stable throughout their burnup cycles. 

In each of the two X-Y tests, a perturbation was introduced to the equilibrium 

power distribution through an impulse motion of one RCCA located along the 

diagonal axis. Following the perturbation, the uncontrolled oscillation was 

monitored using the moveable detector and thermocouple system and the ex-core 

power range detectors. The quadrant tilt difference is the quantity that 

properly represents the diametral oscillation in the X-Y plane of the reactor 

core in that the differences of the quadrant average powers over two 

symmetrically opposite quadrants essentially eliminates the contribution to the 

oscillation from the azimuthal mode. The quadrant tilt difference data were 

fitted in the form of Equation 2 through a least-square method. A stability 

index of -0. 076 hr -l with a period of 29. 6 hours was obtained from the 

thermocouple data shown on Figure 4.3-31 . 
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It was observed in the second X-Y xenon test that the PWR core with 157 fuel 

assemblies had become more stable due to an increased fuel depletion, and the 

stability index was not determined. 

4.3.2.8.5 Comparison of Calculations with Measurements 

The analysis of the axial xenon transient tests was performed in an axial slab 

geometry using a flux synthesis technique. The direct simulation of the AO data 

was carried out using the PANDA Code (Reference 14). The analysis of the X-Y 

xenon transient tests was performed in an X-Y geometry using a modified TURTLE 

code (Reference 7). Both the PANDA and TURTLE codes solve the two-group time

dependent neutron diffusion equation with time-dependent xenon and iodine 

concentrations. The fuel temperature and moderator density feedback is limited 

to a steady state model. All the X-Y calculations were performed in an average 

enthalpy plane. 

The basic nuclear cross sections used in this study were generated from a unit 

cell depletion program which was evolved from the codes LEOPARD (.Reference 15) 

and CINDER (Reference 16). The detailed experimental data during the tests 

including the reactor power level, enthalpy rise, and the impulse motion of the 

control rod assembly, as we'll as the plant follow burnup data, were closely 

.simulated in the study. 

The results of the stability calculation for the axial tests are compared with 

the experimental data in Table 4. 3-4. The calculations show conservative results 

for both of the axial tests with a margin of approximately 0.01 hr-
1 

in the 

stability index. 

An analytical simulation of the first X-Y xenon oscillation test shows a 

calculated stability index of -0.081 hr-
1

, in good agreement with the measured 
-1 

value of -0.076 hr • As indicated earlier, the second X-Y xenon test showed 

that the core had become more stable compared to the first test and no evaluation 

of the stability index was attempted. This increase in the core 
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stability in the X-Y plane due to increased fuel burnup is due mainly to the 

increased magnitude of the negative moderator temperature coefficient . 

Previous studies of the physics of xenon oscillations, including three

dimensional analysis, are reported in the series of topical reports 

(References 10, 11, 12). A more detailed description of the experimental results 

and analysis of the axial and X-Y xenon transient tests is presented in 

Reference 13 and Section 1 of Reference'l7. 

4.3.2.8.6 Stability Control and Protection 

The Ex-core Detector System is utilized to provide indications of xenon-induced 

spatial oscillations. The readings from the ex-core detectors are available to 

the operator and also form part of the protection system. 

Axial Power Distribution 

For maintenance of proper axial power distributions, the operator is instructed 

to maintain an axial offset within a prescribed operating band, based on the ex

core detector readings. Should the axial offset be permitted to move far enough 

outside this band, the protection limit will be reached and. the power will be 

automatically cut back • 

Twelve-foot PWR cores become less stable to axial xenon oscillations as fuel 

burnup progresses. However, free xenon oscillations are not allowed to occur 

except for special tests. The full length control rod banks present in all 

modern Westinghouse PWRs are sufficient to dampen and control any axial xenon 

oscillations present. Should the axial offset be inadvertently permitted to move 

far enough outside the control band due to an axial xenon oscillation, or any 

other reason, the protection limit on axial offset will be reached and the power 

will be automatically cut back • 
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Radial Power Distribution 

The core described herein is calculated to be stable against X-Y xenon induced 

oscillations at all times in life. 

The X-Y stability of large PWRs has been further verified as part of the startup 

physics test program for PWR cores with 193 fuel assemblies. The measured X-Y 

stability of the cores with 157 and 193 assemblies was in good agreement with the 

calculated stability discussed in Sections 4. 3. 2. 8. 4 and 4. 3. 2. 8. 5. In the 

unlikely event that X-Y oscillations occur, backup actions are possible and would 

be implemented, if necessary, to increase the natural stability of the core. 

This is based on the fact that several actions could be taken to make the 

moderator temperature coefficient more negative, which will increase the 

stability of the core in the X-Y plane. 

Provisions for protection against nonsymmetric perturbations in the X-Y power 

distribution that could result from equipment malfunctions are made in the 

protection system design. This includes control rod drop, rod misalignment, and 

asymmetric loss-of-coolant flow. 

A more detailed discussion of the power distribution control in the PWR cores is 

presented in Reference 5. 

4.3.2.9 Vessel Irradiation 

A brief review of the methods and analyses used in the determination of neutron 

and gamma ray flux attenuation between the core and the pressure vessel is given 

below. A more complete discussion is given in the pressure vessel irradiation 

and surveillance program. 

The materials that serve to attenuate neutrons originating in the core and gamma 

rays, from both the core and structural component consist of the core baffle, 

core barrel, the neutron pads, and 
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associated water annuli, all of which are within the region between the core and 

the pressure vessel • 

In general, few-group neutron diffusion theory codes are used to determine 

fission power density distributions within the active core, and the accuracy of 

these analyses is verified by in-core measurements on operating reactors. Region 

and rodwise power sharing information from the core calculations is then used as 

source information in two-dimensional transport calculations which compute the 

flux distributions through the reactor. 

The neutron flux distribution and spectrum in the various structural components 

varies significantly from the core to the pressure vessel. Representative values 

of the neutron flux distribution and spectrum are presented in Table 4.3-5. The 

values listed are based on time averaged equilibrium cycle reactor core 

parameters and power distributions, and thus, are suitable for long-term nvt 

projections and for correlation with radiation damage estimates. 

The irradiation surveillance program utilizes actual test samples to verify the 

accuracy of the calculated fluxes at the vessel. 

4.3.3 Analytical. Methods 

Calculations required in nuclear design consist of three distinct types, which 

are performed in sequence: 

1. Determination of effective fuel temperatures 

2. Generation of macroscopic few-group parameters 

3. Space-dependent, few-group diffusion calculations 

These calculations are carried out by computer codes which can be executed 

individually; however, at Westinghouse most of the codes required have been 

linked to form an automated design sequence 
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which minimizes design time, avoids errors in transcription of data, and 

standardizes the design methods. 

4.3.3.1 Fuel Temperature (Doppler) Calculations 

Temperatures vary radially within the fuel rod depending on the heat generation 

rate in the pellet; the conductivity of the materials in the pellet, gap, and 

clad; and the temperature of the coolant. 

The fuel temperatures for use in most nuclear design Doppler calculations are 

obtained from a simplified version of the Westinghouse fuel rod design model 

described in Section 4.2.1.3.1, which considers the effect of radial variation 

of pellet conductivity, expansion-coefficient and heat generation rate, elastic 

deflection of the clad, and a gap conductance which depends on the initial fill 

gas, the hot open gap dimension, and the fraction of the pellet over which the 

gap is closed. The fraction of the gap assumed closed represents an empirical 

adjustment used to produce good agreement with observed reactivity data at BOL. 

Further gap closure occurs with burnup and accounts for the decrease in Doppler 

defect with burnup which has been observed in operating plants. For detailed 

calculations of the Doppler coefficient, a more sophisticated temperature model 

is used which accounts for the effects of fuel swelling, fission gas release, and 

plastic clad deformation. 

Radial power distributions in the pellet as a function of burnup are obtained 

from LASER (Reference 18) calculations. 

The effective U-238 temperature for resonance absorption is obtained from the 

radial temperature distribution by applying a radially dependent weighting 

function. The weighting function was determined from REPAD (Reference 19) Monte 

Carlo calculations of resonance escape probabilities in several steady state and 

transient temperature distributions. In each case a flat pellet temperature was 

determined which produced the same resonance escape probability as the actual 

distribution. 

results. 

The weighting function was empirically determined from these 

The effective Pu-240 temperature for resonance absorption is determined by a 

convolution of the radial distribution of Pu-240 number densities from LASER 

burnup calculations and the radial weighting function. The resulting temperature 

is burnup dependent, but the difference between U-238 and Pu-240 temperatures, 

in terms of reactivity effects, is small. 
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The effective pellet temperature for pellet dimensional change is that value 

which produces the same outer pellet radius in a virgin pellet as that obtained 

from the temperature model. 

change is its average value. 

The effective clad temperature for dimensional 

The temperature calculational model has been validated by plant Doppler defect 

data as shown in Table 4.3-6 and Doppler coefficient data as shown on 

Figure 4.3-32. Stability index measurements also provide a sensitive measure of 

the Doppler coefficient near full power (see Section 4.3.2.8). It can be seen 

that Doppler defect data is typically within 0.2 percent ~p of prediction. 

4.3.3.2 Macroscopic Group Constants 

There are two lattice codes which have been used for the generation of 

macroscopic group constants needed in the spatial, few-group diffusion codes. 

One is a version of the LEOPARD and CINDER codes, which has historically been the 

source of the macroscopic group constants. The other is PHOENIX-P, which is used 

in present reload designs (Reference 30). 

Macroscopic few-group constants and analogous microscopic cross sections (needed 

for feedback and microscopic depletion calculations) were previously generated 

for fuel cells by a version of the LEOPARD (Reference 15) and CINDER (Reference 

16) codes, which are linked internally and provide burnup dependent cross 

sections. Normally a simplified approximation of the main fuel chains is used; 

however, where need~d, a complete solution for all the significant isotopes in 

the fuel chains from Th-232 to Cm-244 is available (Reference 20). Fast and 

thermal cross section library tapes contain microscopic cross sections taken for 

the most part from the ENDF/B (Reference~!) library, with a few exceptions where 

other data provide better agreement with critical experiments, isotopic 

measurements, and plant critical boron values. The effect on the unit fuel cell 

of non-lattice components in the fuel assembly is obtained by supplying an 

approprie1:te volume fraction of these materials in an extra region which is 

homogenized with the unit cell in the fast (MUFT) and thermal (SOFOCATE) flux 

calculations. In the thermal calculation, the fuel rod, clad, and moderator are 

homogenized by energy-dependent disadvantage factors derived from an analytical 

fit to integral transport theory results. 

Group constants for discrete.burnable absorber cells, guide thimbles, instrument 

thimbles, and interassembly gaps are generated in a manner analogous to the fuel 

cell calculation. Reflector group constants are taken from infinite medium 

LEOPARD calculations. Baffle group constants are. calculated from an average of 

core and radial reflector microscopic group constants for stainless steel . 
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Group constants for control rods are calculated in a linked version of the HAMMER 

(Reference 22) and AIM (Reference 23) codes to provide an improved treatment of 

self shielding in the broad resonance structure of these isotopes at epithermal 

energies than is available in LEOPARD. The Doppler broadened cross sections of 

the control rod materials are represented as smooth cross sections in the 54-

group LEOPARD fast group structure and in 30 thermal groups. The four-group 

constants in the rod cell and appropriate extra region are generated in the 

coupled space-energy transport HAMMER calculation. A corresponding AIM 

calculation of the homogenized rod cell with extra region is used to adjust the 

absorption cross sections of the rod cell to match the reaction rates in HAMMER. 

These transport-equivalent group constants are reduced to two-group constants for 

use in space-dependent diffusion calculations. In discrete X-Y calculations only 

one mesh interval per cell is used, and the rod group constants are further 

adjusted for use in this standard mesh by reaction rate matching the standard 

mesh unit assembly to a fine-mesh unit assembly calculation. 

Validation of the cross section method is based on analysis of critical 

experiments as shown in Table 4.3-7, isotopic data as shown in Table 4.3-8, plant 

critical boron (CB) values at HZP, BOL, as shown in Table. 4.3-9 and at HFP as a 

function of burnup as shown on Figures 4.3-33 through 4.3-35. Control rod worth 

measurements are shown in Table 4.3-10. 

Confirmatory critical experiments on discrete burnable absorbers are described 

in Reference 24. 

PHOENIX-P has been approved by the USNRC as a lattice code for the generation of 

macroscopic and microscopic few group cross sections for PWR analysis 

(Reference 30). PHOENIX-P is a two-dimensional, multigroup, transport-based 

lattice code capable of providing all necessary data for PWR analysis. Since it 

is a dimensional lattice code, PHOENIX-P does not rely on predetermined 

spatial/spectral interaction assumptions for the heterogeneous fuel lattice and 

can provide a more accurate multigroup flux solution than versions of 

LEOPARD/CINDER. 

The solution for the detailed spatial flux and energy distribution is divided 

into two major steps in PHOENIX-P (Reference 30). First, a two-dimensional fine 

energy group nodal solution is obtained, coupling individual subcell regions 

(pellet, clad, and moderator) as well as surrounding pins, using a method based 

on Carlvik's collision probability approach and heterogeneous response fluxes 

which preserve the heterogeneity of the pin cells and their surroundings. The 

nodal solution provides an accurate and detailed local flux distribution, which 

is then used to homogenize the pin cells spatially to fewer groups. 
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Then, a standard S4 discrete ordinates calculation solves for the angular 

distribution, based on the group-collapsed and homogenized cross-sections from 

the first step. These S4 fluxes normalize the detailed spatial and energy nodal 

fluxes, which are then used to compute reaction rates, power distributions and 

to deplete the fuel and burnable absorbers. A standard B1 calculation evaluates 

the fundamental mode critical spectrum, providing an improved fast difusion 

coefficient for the core spatial codes. 

PHOENIX-P employs a 42 energy group library derived mainly from END/B-V files. 

This library was designed to capture the integral properties of the multigroup 

data properly during group collapse and to model important resonance parameters 

properly. It contains all neutronics data necessary for modeling fuel, fission 

products, cladding and structural materials, coolant, and control and burnable 

absorber materials present in the PWRs. 

Group constants for burnable absorber cells, control rod cells, guide thimbles 

and instrumentation thimbles, or other non-fuel cells, can be obtained directly 

from PHOENIX-P without any adjustments such as those required in the cell or ID 

lattice codes. 

4.3.3.3 Spatial Few-Group Diffusion Calculations 

Historically, spatial few-group diffusion calculations consisted primarily of 

two-group X-Y calculations using an updated version of the TURTLE code and two

group axial calculations using an updated version of the PANDA code. 

Discrete X-Y calculations ( 1 mesh per cell) were carried out to determine 

critical boron concentrations and power distributions in the X-Y plane. An axial 

average in the X-Y plane was obtained by synthesis from unrodded and rodded 

planes. Axial effects in unrodded depletion calculations were accounted for by 

the axial buckling, which varies with burnup and is determined by radial 

depletion calculations which are matched in reactivity to the analogous R-Z 

depletion calculation. The moderator coefficient is evaluated by varying the 

inlet temperature in the same X-Y calculations used for power distribution and 

reactivity predictions. 

Validation of the reactivity calculations is associated with the validation of 

the group constants themselves, as discussed in Section 4.3.3.2. Validation of 

the Doppler calculations is associated with the fuel temperature validation 

discussed in Section 4.3.3.1. Validation of the moderator coefficient 

calculations is obtained by comparison with plant measurements at hot zero power 

conditions as shown in Table 4.3-11 • 
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Axial calculations are used to determine differential control rod worth curves 

(reactivity versus rod insertion) and axial power shapes during steady state and 

transient xenon conditions (flyspeck curve). Group constants are obtained from 

the three-dimensional nodal model by flux-volume weighting on an axial ~lice-wise 

basis. Radial bucklings are determined by varying parameters in the buckling 

model while forcing the one-dimensional model to reproduce the axial 

characteristics (axial offset, mid-plane power) of the three-dimensional model. 

Recent few-group spatial calculations have input PHOENIX-P supplied two-group 

.cross-sections to the Advanced Nodal Code (ANC). ANC is a two-group, two or 

three-dimensional nodal code capable of determining typical nuclear design 

analyses, such as critical boron concentrations, average assembly and pin powers, 

control rod worths, reactivity coefficients, assembly and pin burnups and axial 

power distributions. Through the use of advanced nodal techniques, ANC is able 

to. produce solutions similar to the· fine mesh, finite difference diffusion theory 

codes such as TURTLE/TORTISE. ANC has been benchmarked against TORTISE (an 

improved version of TURTLE) for normal and off-normal conditions, such as ejected 

rod, stuck rod and dropped rod (Reference 31). The qualification of the PHOENIX

P/ANC methodology against measured data is given in Reference 30. 

Validation of the spatial codes for calculating power distributions involves the 

use of in-core and ex-core detectors and is discussed in Section 4.3.2.2.7 • 

Based on comparison with measured data it is estimated that the accuracy of 

current analytical methods is: 

± 0.2 percent Ap for Doppler defect 

± 2 x l0-
5
/°F for moderator coefficient 

± 50 ppm for critical boron concentration with depletion 

± 3 percent for power distributions 

± 0.2 percent Ap for rod bank worth 

± 4 pcm/step for differential rod worth 

± 0.5 pcm/ppm for boron worth 

± 0.1 percent Ap for moderator defect 

4.3.4 References for Section 4.3 

1. "Westinghouse Anticipated Transients Without Reactor Trip Analysis," WCAP-

8330, August 1974. 

2. Langford, F. L. and Nath, R. J., Jr., "Evaluation of Nuclear·Hot Channel 

Factor uncertainties," WCAP-7308-L; April 1969 (Westinghouse Proprietary) 

and WCAP-7810 (Non-Proprietary), December 1971. 
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21. Drake, M. K. (Ed.), "Data Formats and Procedure for the ENDF Neutron Cross 

Section Library," 8NL-50274, ENDF-102, Vol. 1, 1970 • 

22. Suich, J. E. and Honeck, H. c., "The HAMMER System, Heterogeneous Analysis 

by Multigroup Methods of Exponentials and Reactors," DP-1064, January 1967. 

23. Flatt, H. P. and Baller, D. C., "AIM-5, A Multigroup, One Dimensional 

Diffusion Equation Code," NAA-SR-4694, March 1960. 

24. Barry, R. F., "Nuclear Design of Westinghouse Pressurized Water Reactors 

with Burnable Poison Rods," WCAP-7806, December 1971. 

25. Strawbridge, L. E. and Barry, R. F., "Criticality Calculations for Uniform 

Water-Moderated Lattices," Nuclear Science and Engineering 23, 58, 1965. 

26. Nodvik, R. J., "Saxton Core II Fuel Performance Evaluation," WCAP-3385-56, 

Part II, "Evaluation of Mass Spectrometric and Radiochemical Materials 

Analyses of Irradiated Saxton Plutonium Fuel," July 1970. 

27. Leamer, R. D., et al, "PU02-U02 Fueled Critical Experiments," WCAP-3726-1, 

July 1967 • 

28. Davidson, S. L., Ed., et al., "Extended Burnup Evaluation of Westinghouse 

Fuel," WCAP-10125-P-A, Appendix B, December 1985. 

29. Henderson, W. B., "Results of the Control Rod Worth Program," WCAP-9217, 

October 1977. 

30. Nguyen, T. Q. et al., "Qualification of the PHOENIX-P/ANC Nuclear Design 

System for Pressurized Water Reactor Cores," WCAP-11596-P-A, June 1988. 

31. Liu, Y. S. , et al. , "ANC: A Westinghouse Advanced Nodal Computer Code, " 

WCAP-10966-A, September 1986 • 
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TABLE 4.3-1 

REACTOR CORE DESCRIPTION 

Active Core 

Equivalent Diameter, in. 

Core Average Active Fuel Height, 

First Core (Hot), in. 

Height-to-Diameter Ratio 

Total Cross Section Area, ft
2 

H
2
o/u Molecular Ratio, Lattice (Cold) 

Reflector Thickness and Composition 

Top - Water plus Steel, in. 

Bottom - Water plus steel, in. 

Side - Water plus Steel, in. 

Fuel Assemblies

Number 

Rod Array 

Rods per Assembly 

Rod Pitch, in. 

Overall Transverse Dimensions, in. 

Fuel Weight (as uo
2

), lb 

Zircaloy Weight, lb 

Number of Grids per Assembly 

Composition of Grids 

Weight of Grids (Effective in Core), lb 

Number of Guide Thimbles per Assembly 

Composition of Guide Thimbles 

1 of 3 
SGS-UFSAR 

132.7 

143.7 

1.09 

96.06 

2.41 

-10 

-10 

-15 

193 

17 x 17 

264 

0.496 

8.426 x 8.426 

222,739 

53,142 

2-R type (top/bottom) 

6-Z type 

INC718 

Zircaloy-4 

Zirlo™ 

2324 

24 

Zircaloy-4 

Zirlo™ 

(middle) 

top/bottom 

middle (V5H) 

middle (V+) 

(V5H) 

(V+) 
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TABLE 4.3-1 (Cont.) 

REACTOR CORE DESCRIPTION 

Diameter of Guide Thimbles (upper part), in. 

Diameter of Guide Thimbles (lower part), in. 

Diameter of Instrument Guide Thimbles, in. 

Fuel Rods 

Number 

Outside Diameter, in. 

Diameter Gap, in. 

Clad Thickness, in. 

Clad Material 

Fuel Pellets 

Material 

Density 

Fuel Enrichments w/o(l) 

Region 1 

Region 2 

Region 3A 

Region 3B 

Diameter, in. 

Length, in. 

Mass of U0
2 

Per Foot of Fuel Rod, lb/ft 

Rod Cluster Control Assemblies 

Neutron Absorber 

Composition, percent 

Diameter, in. 

Density, lb/in. 

Clad Material 

0.442 ID x 0.474 OD 

0.397 ID x 0.429 OD 

0.442 ID x 0.474 OD 

50,952 

0.374 

0.0065 

0.0225 

Zircaloy-4 
ZirloTM 

U0
2 

Sintered 

95 

Typical Reload 

4.0 

4.4 

4.0 

4.4 

0.3225 

0.530 

0.364 

Ag-In-Cd 

80, 15, 5 

0.381 

0.367 

(V5H) 

(V+) 

Type 316L, Ionnitride 

Surface 

(1) Typical reload values. 

(See Section 4.5) • 

Current values are given in the appropriate NDR 
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TABLE 4.3-1 (Cont.) 

REACTOR CORE DESCRIPTION 

Clad Thickness, in. 

Number of Clusters, full length 

Number of Absorber Rods per Cluster 

Full Length Assembly Weight (dry), lb 

Burnable Absorber Rods(l) 

Material 

Outside Diameter, in. 

Inner Tube, OD, in. 

Clad Material 

Inner Tube Material 

Boron Loading (w/o B
2
o

3 
in glass rod) 

Weight of Boron - 10 per foot of rod, lb/ft 

Integral Fuel Burnable Absorber 

Material 

Content 

Excess Reactivity 

Maximum Fuel Assembly k (Cold, Clean 

Unborated Water)( 2 ) 

Maximum Core Reactivity (Cold, Zero 

Power, Beginning of Cycle)< 3
> 

0.0185 

53 

24 

149 

Borosilicate Glass 

0.381 

0.1815 

Stainless Steel 

Stainless Steel 

12.5 

0.00419 

ZrB
2 

2.350 mg B
10

/in. 

1.48 

1.200 

( 2) 
Based on 5.0 w/o with negative reactivity holddown equivalent to 32 l.SX 

IFBA pins. 

(3) 
Typical reload value. This parameter is cycle-specific and is a function 

of energy requirements and number of burnable absorbers used • 
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TABLE 4.3-2 

NUCLEAR DESIGN PARAMETERS 

Core Average Linear Power, kW/ft, including 

densification effects 

Total Heat Flux Hot Channel Factor, FQ 

including densification effects 

Nuclear Enthalpy Rise Hot Channel Factor, (l) 

Reactivity Coefficients 

5.44 

2.40 

1.65 

Doppler Coefficient See Figures 4.3-17 and 4.3-18 

(1) 

Moderator Temperature Coefficient at 

Operating Conditions, pcm/°F(2) 

Boron coefficient in Primary Coolant, 

pcm/ppm 

Rodded Moderator Density Coefficient 

at Operating Conditions, pcm/gm/cc 

Cycle-specific values based on accident analysis. 

0 to -44 

-16 to -8 

5 
~ +0.52 x 10 

The Core Operating 

Limits Report (COLR) contains the current cycle limits (See Section 4.5). 

(
2

) Note: 1 pcm = (percent mille) 10-
5 ~p where ~p is calculated from two 

statepoint values of keff by ln (k2 /k
1

) . 
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TABLE 4.3-2 (Cont'd) 

NUCLEAR DESIGN PARAMETERS 

Delayed Neutron Fraction and Lifetime 

peff BOL, (EOL) 

Control Rod Worths 

Rod Requirements 

Maximum Bank Worth, pcm 

Maximum Ejected Rod Worth 

Boron Concentrations-( 
3

) 

Refueling CB, ARI (K<0.95) 

Shutdown (K=0.99) with ARI, HZP 

Shutdown (K=0.99) with ARO, HZP 

To control at HZP, ARO, (K=l.O) 

To control at HFP, ARO, (K=l.O): 

0 MWD/MTU, No Xenon 

150 MWD/MTU, Eq Xenon 

1000 MWD/MTU, Eq Xenon 

0.0075 (0.0044) 

See Table 4.3-3 

< 2000 

See Chapter 15 

> 1820 

971 

1914 

1741 

1556 

1206 

1224 

(3) 
Typical reload values. 

NDR. See Section 4.5 . 

Current cycle values are given in the appropriate 
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• • TABLE 4.3-3 

REACTIVITY REQUIREMENTS FOR ROD CLUSTER CONTROL ASSEMBLIES 

Reactivity Effects, 
Percent Beginning-of-Life(l) 

1. Control requirements 
Fuel temperature (Doppler), %Ap 
Moderator temperature, %Ap 
Void, %Ap 
Redistribution, %Ap 
Rod Insertion Allowance, %Ap 

2. Total Control, %Ap 

3. Estimated Rod Cluster Control 
Assembly Worth (S3 Rods) 

a. All full length assemblies 
inserted, %Ap 

b. All but one (highest worth) 
assemblies inserted, %Ap 

4. Estimated Rod Cluster Control Assembly 
credit with 10 percent adjustment to 
accomodate uncertainties (3b - 10 
percent), %Ap 

S. Shutdown margin available (4-2), 
%Ap 

1.32 
0.11 
0.01 
a.so 
a.so 

2.44 

8.S9S 

6.8S 

6.17 

3.73 

End-of Life(l) 

1.30 
1.2S 
a.as 
0.8S 
a.so 

3.9S 

8.00 

6.30 

S.67 

(l) Typical reload values. See Section 4.S for current cycle-specific values. 
( 2) 

The design basis minimum shutdown is 1.6 percent. 
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4.5 RELOAD ANALYSES 

A Reload Safety Evaluation (RSE) is performed for each cycle using methodology 

described in Reference 1. Based on this methodology, those events analyzed and 

reported in the Salem UFSAR, as well as limits given in the Technical 

Specification or Core Operating Limits Report (COLR) that could potentially be 

affected by the fuel reload are addressed. These UFSAR analyses and limits 

contain assumptions which involve parameters whose values are core design 

dependent. Hence, those parameters sensitive to reload core designs are 

considered, i.e., core criticality, power distributions, shutdown margin, etc. 

In addition, changes in fuel assembly design (mechanical, nuclear, and thermal

hydraulic) that could potentially affect the events analyzed are also addressed. 

The RSE results are used as -input-- into- the 10CFR50. 59 process to determine if an 

Unresolved Safety Question (USO) exists or a Technical Specification needs to be 

modified for a specific reload cycle. 

As part of the Reload ~afety Evaluation process, the values for the parameters 

defined in the COLR are determined. The COLR contains specific parameter values 

which were previously contained in the Technical Specifications: Beginning and 

End of Cycle. Moderator Temperature Coefficients, Moderator Temperature 

Surveillance Limit, Control Rod Insertion Limits, Axial Flux Difference Range, 

Heat Flux Hot Channel Factor ( F Q ( z) ) , and Nuclear Enthalpy Rise Hot Channel 

Factor (F AH) • 

The Nuclear Design Report (NDR) is a cycle-specific document which contains the 

best estimate predictions of the reload's nuclear characteristics, feed (fresh) 

fuel assembly nuclear design information and loading pattern configuration. 

Typical nuclear characteristics consist of radial power distributions, average 

assembly burnups, boron concentrations, reactivity coefficients, boron and 

control rod worths. Typical fuel assembly design information includes feed 

region cross sectional drawing and grid axial locations, assembly enrichments, 

burnable absorber types, including core locations and within assembly placement. 

NDR data is used to support plant operation and to compare measured and predicted 

plant data. 

Table 4.5.1 contains a list, by cycle, of applicable RSEs, COLRs, and NDRs for 

Salem Unit 1. Table 4.5.2 contains the equivalent information for Unit 2. This 

list is updated for each new reload cycle. 

The current Salem Unit 1 cycle's loading pattern and burnable absorber 

configuration, from the NDR or Core Loading Plan, are given as Figures 4.5-1 and 

4. 5-2, respectively. The current Salem Unit 2 cycle's loading pattern and 

burnable absorber configuration are given as Figures 4.5-3 and 4.5-4, 

respectively . 

4.5-1 
SGS-UFSAR Revision 17 

October 16, 1998 



4.5.1 References for Section 4.5 

1. Davidson, S. L., (Ed.), et. al., "Westinghouse Reload Safety Evaluation 
Methodology," WCAP-9273-NP-A, July 1985. 
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TABLE 4.5-1 

SALEM UNIT 1 
RSE, COLR, AND NDR REFERENCE LIST 

Cycle RSE(l) COLR( 2 ) NDR( 3 ) 

1 NFVD-WW-97012-00 
WCAP-8458 

2 NFVD-WW-97008-00 NFVD-WW-97017-00/01 
WCAP-9497 

3 NFVD-WW-97014-00 
WCAP-9827 

4 NFVD-WW-97009-00 NFVD-WW-97015-00 
WCAP-10017 

5 NFVD-WW-97010-00 NFVD-WW-97016-00 
WCAP-10242 

6 NFVD-WW-97011-00 NFVD-WW-97013-00 
WCAP-10597 

7 NFU-VTDWW 86-004-01 NFU-VTDWW 86-006-003 
WCAP-11077 

8 NFU-VTDWW 87-014-00 NFU-VTDWW 87-015-00 
WCAP-11616 

9 NFU-VTDWW 89-028-01 NFU-VTDWW 89-029-00 
WCAP-12198 

10 NFU-VTDWW 91-042-01 NFU-VTDWW 91-043-00 
WCAP-12838 

11 NFU-VTDWW 92-064-00 NFU-VTDWW 92-060-00 
WCAP-13380 

12 NFU-VTDWW 93-073-01 NFU-VTDWW 93-074-00 
WCAP-13873 

13 NFU-VTDWW 97-018-00 NFS-0163 NFU-VTDWW 97-020-00 
WCAP-14997 

(1) PSE&G issued document number. Not available for Cycles 1 and 3. 
(2) Prior to Cycle 13, PFLR was issued instead of COLR. 
( 3) PSE&G issued document number and vendor document number (for cross-reference 

purposes only) • 

· SGS-UFSAR Revision 17 
October 16, 1998 



• 

• 

• 

TABLE 4.5-2 

SALEM UNIT 2 
RSE, COLR, AND NDR REFERENCE LIST 

Cycle RSE(l) COLR( 2 ) NDR(J) 

1 NFVD-WW-97005-00 
WCAP-9374 

2 NFVD-WW-97003-00 NFVD-WW-97006-00 
WCAP-10248 

3 NFVD-WW-97004-00 NFVD-WW-97007-00 
WCAP-10790 

4 NFU-VTDWW ·a6-ooa-01 NFU-VTWW86-009-00 
WCAP-11218 

5 NFU-VTDWW 88-022-02 NFU-VTDWW 88-024-00 
WCAP-11920 

6 NFU-VTDWW 90-034-00 NFU-VTDWW 90-036-00 
WCAP-12534 

7 NFU-VTDWW 92-059-00 NFU-VTDWW 92-057-00 
WCAP-13214 

8 NFU-VTDWW 93-068-00 NFU-VTDWW 93-070-00 
WCAP-13739 

9 NFU-VTDWW 94-100-00 NFU-VTDWW 94-109-00 
WCAP-14199 

10 NFU-VTDWW 96-151-01 NFUVD-WW 97001-01 
~ WCAP-14669 

(1) PSE&G issued document number. Not available for Cycle 1. 
(2) Prior to Cycle 11, PFLR was issued instead of COLR. 
( 3) PSE&G issued document number and vendor document number (for cross-reference 

purposes only) • 

SGS-UFSAR Revision 17 
October 16, 1998 
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Design Temperature 

The design temperature for each component was selected to be above the maximum 

coolant temperature in that component under all normal and anticipated transient 

load conditions. The design and operating temperatures of the respective system 

components are listed in Tables 5.2-3 through 5.2-8. 

Seismic Loads 

The seismic loading conditions were established by the operational basis 

earthquake (OBE) and design basis earthquake (DBE). The former was selected to 

be typical of the largest probable ground motion based on the site seismic 

history. The latter was selected to be the largest potential ground motion at 

the site based on seismic and geological factors and their uncertainties. 

For the OBE loading condition, the Nuclear Steam Supply System (NSSS) is designed 

to be capable of continued safe operation. Therefore, for this loading 

condition, critical structures and equipment needed for this purpose are required 

to remain operable. The seismic design for the DBE is intended to provide a 

margin in design that assures capability to shut down and maintain the nuclear 

facility in_a_safe_condition. In_this_case, it is.only necessary to ensure that 

the RCS components do not lose their capability to perform their safety function. 

This has come to be referred to as the "no-loss-of-function" criteria and the 

loading condition as the "design basis earthquake" loading condition. 

The criteria adopted for allowable stresses and stress intensities in vessels and 

piping subjected to normal loads plus seismic loads are defined in Section 3. 

Design and construction practices in accordance with these criteria assure the 

integrity of the RCS under seismic loading. The combination of seismic loads 

with operating and pipe rupture 
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loads for the design of the RCS support structures and their respective allowable 

stresses are given in Table 5.5-3. 

5.2.1.3 Compliance with lOCFRSO.SSa 

All pressure-containing components of the RCS were designed, fabricated, 

inspected, and tested in conformance with the applicable codes listed in Table 

5.2-9. 

The RCS is classified as Class I for seismic design, requiring that there will 

be no loss-of-function of such equipment in the event of the assumed DBE ground 

acceleration acting in the horizontal and vertical directions simultaneously, 

when combined with the·RCS steady-state stresses. 

5.2.1.4 Applicable Code Cases 

NOTE: 

The use of Code Cases during construction was governed by the paragraphs 

below. Use of Code Cases for inservice inspections and repair or 

replacement activities is governed by either the Inservice Inspection 

Program or the NBU Repair Program. Please refer to these programs for Code .. 

Case applicability or incorporation of new Code cases into these programs. 

New Code Cases must be reviewed for acceptability against the current 

revision of Regulatory Guides 1.84, 1.85, or 1.147; as applicable. 

Code cases applied in the RCS design are listed in Table 5.2-9. 

5.2.1.5 Design Transients 

The RCS and its components are designed to accommodate 10-percent of full power 

step changes in plant load and 5-percent of full power per minute ramp changes 

over the range from 15-percent full power up to and including but not exceeding 

100-percent of full power without reactor trip. The RCS can accept a complete 

loss-of-load from full power with reactor trip. In addition, the steam dump 

system makes it possible to accept a SO-percent loss of external load from full 

power without reactor trip. 

All components in the RCS are designed to withstand the effects of cyclic loads 

due to reactor system temperature and pressure changes. These cyclic loads are 

introduced by normal power changes, reactor trip, and startup and shutdown 

operations. The number of thermal and loading cycles used for design purposes 

and th~ir bases are given in Table 5.2-10. During unit startup and 
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A preliminary estimate of the leakage can be obtained from the rate of condensate 

flow increase during the transient; a better estimate can be made from the steady 

state condensate flow at equilibrium conditions. The device alarms on a 0.06 gpm 

condensate flow rate, which indicates that a 1 gpm or larger leak has been 

developing for about 5 minutes. 

The system can be checked during reactor shutdown. 

S.2.7.1.S Intersystem Leakage Detection 

The following provisions are available for the detection of intersystem leakage 

from the RCS: 

1. Radiation monitors are provided for the Steam Generator Blowdown 

System, each Main Steam Line (Unit 2) and condenser air removal 

effluent line which alert the operator to reactor coolant leakage into 

the Main Steam and Feedwater Systems from steam generator tube leaks. 

2. Radiation monitors are provided for the Component Cooling System to 

detect reactor coolant leakage into the system from the Residual Heat 

3. 

Removal System. 

detection • 

Surge tank level is also an indicator for leakage 

The accumulators are isolated from the RCS by two check valves. They 

are also provided with a remote manual valve. Leakage would be 

detected by level and pressure changes in the accumulators. 

4. The charging/boron injection tank line is isolated from the RCS by two 

check valves and normally closed remote manual valves. Leakage from 

the RCS would be detected by pressure changes in the line • 
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5. The Residual Heat Removal System and SIS are isolated from the RCS by 

two check valves and normally closed remote manual valves. Leakage 

would cause operation of the relief valves which discharge to the 

containment sump. 

RCS leakage can also be detected by level changes in the volume control tank, as 

well as by RCS water inventory balances, which are performed periodically. The 

indications identified above are provided, with appropriate alarms, in the 

control room. 

5.2.7.2 Indication in Control Room 

Positive indications in the contr.ol room of leakage-of coolant from· the RCS to 

the lower containment compartment are provided by equipment which permits 

continuous monitoring of the lower containment compartment air activity and 

humidity, and condensate run-off from the fan coolers. This equipment provides 

indication of normal background which is indicative of a basic level of leakage 

from primary systems and components. Any increase in the observed parameters are 

an indication of change within the lower containment compartment, and the 

equipment provided is capable of monitoring this . change. The basic design 

criterion is the detection of deviations from normal containment envir.onmental 

conditions including air particulate activity, radiogas activity, humidity, 

condensate, and in addition, in the case of gross leakage, the liquid inventory 

in the process systems and containment sump. 

5.2.8 Inservice Inspection Program 

Preservice and inservice inspection for· Class 1, 2, and 3 components are in 

accordance with the rules of 10CFR50.55(a), Paragraph (g) to the extent 

practical. Relief from the applicable ASME Section XI inspection requirements 

have been transmitted to the NRC through the Inservice Inspection Program Long 

Term Plans and Testing Programs. 
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TABLE 5.2-8 

PRESSURIZER VALVES DESIGN PARAMETERS 

PRESSURIZER SPRAY CONTROL VALVES 

Number of Valves 
Design Pressure 
Design Temperature 
Design Flow (valves full open, each) 
Fluid Temperature 
Position (after failure of actuating force) 

SAFETY VALVES 

1. VALVE PARAMETERS 

Number of Valves 
Manufacturer 
Type. 

Point 
Size 

Rated Capacity (Saturated Steam) 
Design Pressure and Temp. 
Constant Back Pressure 

Normal 
Developed 

Inlet Flange Rating 
Discharge Flange Rating 

2. INLET PIPING PARAMETERS 

Diameter 
Length 

Loop 3 
Loop 4 
Loop 5 

POWER OPERATED RELIEF VALVES 

Number of Valves 
Manufacturer 
Type 

Set Point 

SGS-UFSAR 
1 of 2 

2/Unit 
2485 psig 
650°F 
400 gpm 
545°F 
Closed 

3/Unit 
Crosby Valve and Gage co. 
Crosby HB-BP-86 6M6 
Safety Valve (Steam Internals) 

2485 psig 
6" Inlet x 6" Outlet 
Orifice Size =22.154 
(3. 644 sq. in. ) 
420,000 lb/hr each 
2485 psig and 650°F 

3-5 psig 
350 psig 
1500 #ASA 
600 #ASA 

6" Sch 160 
Unit 1 
14.553' 
12.873' 
12.309' 

2/Unit 

Unit 2 
12.054' 
12.241' 
11. 719' 

Copes-Vulcan Division 
Diaphragm Operated 
Relief Valve 
2315 psig 
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The motor is an air-cooled, Class B thermelastic epoxy-insulated, squirrel cage 

induction. motor. The rotor and stator are of standard construction and are 

cooled by air. Six resistance temperature detectors are located throughout the 

stator to sense the winding temperature. The top of the motor consists of a 

flywheel and an anti-reverse rotation device. 

The internal parts of the motor are cooled by air. Integral vanes on each end 

of the rotor draw air in through cooling slots in the motor frame. This air 

passes through the motor with particular emphasis on the stator end turns. It 

is then exhausted to the containment environment. 

Each of the RCPs is equipped for continuous monitoring of RCP shaft and frame 

vibration ievels. Shaft vibration is measured by two relative shaft probes 

mounted on top of the pump seal housing. The probes, one in line with the pump 

discharge and the other perpendicular to the pump discharge, are mounted in the 

same horizontal plane near the pump shaft. Frame vibration is measured by two 

velocity seismoprobes located 90 degrees apart in the same horizontal plane and 

mounted at the top of the motor support stand. Proximeters and converters 

convert the probe signals to linear output, which is displayed on monitor meters 

in the control room. The Salem Unit 2 monitor meters automatically indicate the 

highest_ output.from the.relative probes and seismo2robes; manual selection allows 

monitoring of individual probes. The Salem Unit l monitor bargraphs indicate the 

output from the relative probes and seismoprobes. Indicator lights on both units 

display caution and danger limits of vibration. 

All parts of the pump in contact with the reactor coolant are austenitic 

stainless steel, except for seals, bearings, and special parts. 

The pump internals, motor, and motor stand can be removed from the casing as a 

unit.without disturbing the reactor coolant piping. The flywheel is available 

for inspection by removing the flywheel cover • 
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5.5.1.3 Design Evaluation 

S.S.1.3.1 Pump Performance 

The RCPs are sized to deliver flow at rates that equal or exceed the required 

flow rates. Initial RCS tests confirm the total delivery capability, providing 

assurance of adequate forced circulation coolant flow prior to initial plant 

operation. The performance characteristics are shown on Figure 5.1-5. 

,The reactor trip system ensures that pump operation is within the assumptions 

used for loss-of-coolant flow analyses, and also assures that adequate core 

cooling is provided to permit an orderly reduction in power if flow from a RCP 

is lost during operation. 

An extensive test program has been conducted to develop the controlled leakage 

shaft seal for pressurized water reactor (PWR) applications. Long-term tests 

were conducted on less than full-scale prototype seals as well as on full-size 

seals. Operating plants continue to demonstrate the satisfactory performance of 

the controlled leakage shaft seal pump design. 

The support of the stationary member of the Number- l seal (seal ring) is such as 

to allow large deflections, both axial and tilting, while'still maintaining its 

controlled gap relative to the seal runner. Even if all the graphite were 

removed from the pump bearing, the shaft could not deflect far enough to cause 

opening of the controlled leakage gap. The "spring-rate" of the hydraulic forces 

associated with the maintenance of the gap is high enough to ensure that the ring 

follows the runner under very rapid shaft deflections. 

Testing of pumps with the Number 1 seal entirely removed, which puts full system 

pressure on the Number 2 seal, shows that relatively small leakage rates would 

be maintained for a period of time which is sufficient to secure the pump. Even 

if the Number 1 
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Design data for the RHR System components described below are listed in Table 

5. 5-1. 

Residual Heat Exchanger 

Two residual heat exchangers are installed in the system. Each exchanger is 

designed to remove one-half of the residual heat load. The installation of two 

exchangers assures that the heat removal capacity of the RHR System is only 

partially lost if one exchanger fails or becomes inoperative. Two exchangers 

also allow maintenance of one exchanger while the other unit is in operation. 

The residual heat exchangers are of the shell and U-tube type. Reactor coolant 

circulates through the tubes, while component cooling water circulates through 

the shell. The tubes are welded to the tube sheet to prevent leakage of reactor 

coolant. 

RHR Pumps 

Two identical pumps are installed in the RHR System. Each pump is sized to 

deliver sufficient reactor coolant flow through the residual heat exchangers to 

meet the plant cooldown requirements. The use of two pumps, installed in 

parallel, assures that pumping capacity is only partially lost should one pump 

become inoperative. This also allows maintenance on one pump while the other 

pump is in operation. In addition to the RHR duty, the pumps are used for 

transfer of refueling water before and after a refueling operation. 

The two RHR pumps are vertical, centrifugal units with mechanical seals to 

prevent reactor coolant leakage to the atmosphere. All pump parts in contact 

with reactor coolant are austenitic stainless steel or equivalent corrosion

resistant material . 
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RHR Valves 

The valves used in the RHR system are constructed of austenitic stainless steel 

or equivalent corrosion-resistant material. 

Manual isolation valves are provided to isolate equipment for maintenance. 

Throttle valves are provided for remote manual control of residual heat exchanger 

tube· side flow, and for remote manual control of bypass flow. 

prevent reverse flow through the RHR pumps. 

Check valves 

Isolation of the RHR System is achieved with two remotely-operated series stop 

valves in the line from the RCS to the RHR pump suction and by two check valves 

in series in each line from the RHR pump discharge to the RCS, plus a remotely

operated stop valve in each discharge line. Overpressure in the RHR System is 

relieved through a relief valve to the containment sump. 

Valves that perform a modulating function are equipped with two sets of packing 

and an intermediate leakoff connection that discharges to the Waste Disposal 

System. 

Manually-operated valves have backseats to_ facilitate __ repacking and to limit the 

steam leakage when the valves are open. Leakoff connections are provided where 

required by valve size and fluid conditions. 

RHR Piping 

RHR piping is austenitic stainless steel. Piping joints and connections are 

welded except where flanged connections are required to facilitate maintenance • 
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5 • Boration with only safety-grade systems assuming single failure. 

compliance is not required since the station can be maintained in a safe 

hot standby condition while any required manual actions are taken. 

6. Provisions for collection and containment of RHR pressure relief 

discharge. 

The RHR relief valves discharge to the containment sump. 

7. Additional tests to study mixing of the added borated water and cooldown 

under natural circulation conditions with and without a single failure 

of an atmospheric dump valve. 

8 . 

Salem Generating Station is similar to Diablo Canyon Power Station in 

design, both being Westinghouse PWRs. Due to the similarity of the two 

stations, no special tests will be conducted by the Salem Unit to 

establish boron mixing and cooldown capability under natural circulation 

since Diablo Canyon Station has committed to perform these tests. The 

results of the tests on Diablo Canyon will be applicable for Salem. 

Specific operational procedures for cooldown under natural circulation. 

Salem Generating Station will generate specific operational procedures 

that will enable the operators to bring the station from hot standby 

condition to cold shutdown status using the systems and operating 

functions given in Item 9 (Cold Shutdown Scenario) • 
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9. Seismic Category I auxiliary feedwater supply for at least 4 hours at 
hot shutdown plus cooldown to RHR cut-in based on longest time (for only 

onsite or offsite power and assuming worst single failure). 

A long-term source of auxiliary feedwater is provided by a connection to 

the Seismic Category I Service Water System. 

Cold Shutdown Scenario (Assuming Loss of All Nonseismic category I Equipment) 

The safe shutdown design basis of the Salem Units is hot standby. The station 

can be maintained in a safe hot standby condition while manual actions are 

taken to permit achievement of cold shutdown conditions following an SSE with 

loss of offsite power. Under such conditions the station is capable of 

achieving RHR initiation conditions (approximately 350°F, 375 psig) in 

approximately 36 to 48 hours, including the time required for any manual 

actions. To achieve and maintain cold shutdown, four key functions must be 

performed. These are: (1) circulation of the reactor coolant, (2) removal of 

residual heat, (3) boration and makeup, and (4) depressurization. 

Circulation of Reactor Coolant 

Circulation of the reactor coolant has two stages in a cooldown from hot 

standby to cold shutdown. The first stage is from hot standby to 350°F. 

During this stage, circulation of the reactor coolant is provided by natural 

circulation with the reactor core as the heat source and steam generators as 

the heat sink. Steam release from the steam generators is initially via the 

steam generator safety valves and occurs automatically as a result of turbine 

and reactor trip. Steam release for cooldown is via the steam generator 

power-operated relief valves which are operated manually with their 

handwheels. The steam generator power-operated relief valves are accessible 

for local operation. 
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4. The steam volume is large enough to prevent water relief through the 
safety valves following a loss-of-load with the high water level 

• initiating a reactor trip. 

• 

• 

5. The pressurizer does not empty following reactor trip and turbine 

trip. 

6. The safety injection signal is not activated during reactor trip and 

turbine trip. 

5.5.10.2 Design Description 

5.5.10.2.1 Pressurizer Surge Line 

The pressurizer surge line connects the pressurizer to one reactor coolant 

loop hot leg. The line enables continuous volume pressure adjustments between 

the RCS and the pressurizer. 

The surge line is sized 

anticipated surge to less 

pressure in the reactor 

to limit the pressure drop during the maximum 

than the difference between the maximum allowable 

vessel and the loops (at the point of highest 

pressure) and the pressure in the pressurizer at the maximum allowable 

accumulation with the code safety valves discharging • 

The surge line and the thermal sleeves at each end are designed to withstand 

the thermal stresses resulting from volume surges of relatively hotter or 

colder water which may occur during operation. 

5.5.10.2.2 Pressurizer 

The pressurizer is a vertical, cylindrical vessel with hemispherical top and 

bottom heads constructed of carbon steel, with austenitic stainless steel 

cladding on all surfaces exposed to the reactor coolant . 
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The surge line' nozzle and ~lectric heaters are installed in the bottom head. 

The heaters can be removed for maintenance or replacement. A thermal sleeve 

is provided to minimize stresses in the surge line nozzle. A screen at the 
surge line nozzle and baffles in the lower section of the pressurizer prevents 

an insurge of cold water from flowing directly to the steam/water interface 
and also assists mixing. 

The spray line nozzle and relief and safety valve connections are located in 

the top head of the vessel. Spray flow is modulated by automatically 
controlled air-operated valves. The spray valves can also be operated 

manually by a switch in the control room. 

A small, continuous spray flow is provided through a manual bypass valve 

around the power-operated spray valves to assure that the pressurizer liquid 

is .homogenous with the coolant. and. to prevent excessive cooling of the spray 

piping. 

During an outsurge from the pressurizer, the flashing of water to steam and 

the generation of steam by automatic actuation of the heaters keep the 

pressure above the minimum allowable limit. During an insurge from the RCS, 

the Spray System, which is fed fr.om two_ cold legs, condenses steam in the 

vessel to prevent the pressurizer pressure from reaching the setpoint of the 

power-operated relief valves for normal design transients. Heaters are 

energized on high water · 1evel during insurge to heat the sub-cooled surge 

water that enters the pressurizer from the reactor coolant loop. 

Power-operated relief valves (PORVs) provide the means for pressurizer venting. 

and a procedure for such an application is included within the Station 

Emergency Instructions for "natural circulation." Pressurizer vent paths have 

been evaluated and shown not to result in inadvertent opening or failure to 

close after initial opening. 

The PORVs are set to open before the pressurizer safety valves. Relief 

through the PORVs can limit the pressurizer pressure to levels below the 

pressurizer safety valve setpressure, and thereby avoid opening (or 

challenging) the pressurizer safety valves. 
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5.5.13 Safety and Relief Valves 

5.5.13.1 Design Bases 

The capacity of the pressurizer safety valves accommodates the maximum surge 

resulting from complete loss of load. By the opening of the steam generator 

safety valves when steam pressure reaches the steam side safety setting, this 

objective is met without reactor trip or any operator action. 

The RCS uses pressure control equipment in addition to the ASME Code safety 

valves. Although this pressure control equipment is not required by the ASME 

Code, it is used to assist in maintaining the RCS within the normal operating 

pressure. 

The pressurizer PORVs are designed to limit pressurizer pressure to a value 

below the high pressure reactor trip setpoint. They are designed to fail to 

the closed position on loss of air supply. The PORVs are equipped with air 

accumulators, and will remain operable for some time following loss of the 

Control Air System, as long as there is sufficient air pressure in the 

accumulators. 

The pressurizer PORVs are not required to open in order to prevent the 

overpressurization of the RCS. Failure of the PORVs to open results in higher 

reactor coolant pressures, but does not result in overpressurization of the 

system. In fact, the opening of the PORVs is a conservative assumption for 

the departure-from- nucleate-boiling limited transients by tending to keep the 

primary system pressure down. 

The pressurizer spray control valves are also utilized to control pressurizer 

pressure variations. During an insurge, the Spray System, which is fed from 

the cold legs, condenses steam in the pressurizer to prevent the pressure from 

reaching the setpoint of the PORVs . 
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5.5.13.2 Design Description 

The pressurizer safety valves are totally enclosed pop-type valves. The 

valves are spring-loaded, self-activated and with back-pressure compensation 

designed to prevent system pressure from exceeding the design pressure by 
more than 110 percent, in accordance with the 

ASME Boiler and Pressure Code, Section III. The set pressure of the valves is 
2485 psig. 

The 6-inch pipes connecting the pressurizer nozzles to their respective code 

safety valves are shaped in the form of a loop seal. Condensate, as a result 

of normal heat losses to the ambient will drain back to the pressurizer liquid 

space through the normally open safety valve drain lines. If the pressurizer 

pressure exceeds the set pressure of the safety valves, they will start 

lifting, and the water from the seal will discharge during the accumulation 

period. A temperature indicator in the safety valve discharge manifold alerts 

the operator to the passage of steam due to leakage or valves lifting. 

The pressurizer is equipped with PORVs which limit system pressure for a large 

power mismatch and thus prevent actuation of the fixed high pressure reactor 

trip. The relief valves are operated automatically or by remote manual 

control. The operation of these valves also limits the undesirable opening of 

the spring-loaded safety valves. 
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5.5.13.3 Design Evaluation 

The pressurizer safety valves prevent RCS pressure from exceeding 110 percent 

of system design pressure, in compliance with the ASME Code, Section III. 

Safety valve position is monitored by limit switches which alarm in the 

Control Room when any valve is not in the fully closed position. 

The pressurizer PORVs prevent actuation of the reactor high pressure trip for 

all design transients up to and including the design step load decreases with 

steam dump. The relief valves also limit opening of the spring-loaded safety 

valves. 

room. 

The opening of any pressurizer PORV is annunciated in the control 

The Salem PORVs, PORV block valves and associated downstream piping have been 

eval.uated for operation under water-solid conditions, and have been found to 

be adequate. The PORVs can be relied upon to prevent challenges to the 

pressurizer safety valves when the pressurizer is water-solid. Administrative 

controls (procedures) are placed upon the PORV block valves to prevent their 

closure when the pressurizer is water-solid. 

Westinghouse has completed a .. generic study (2) of PORV reliability and 

concluded that PORVs are adequately reliable so as not to require automatic 

block valve closure • Public Service Electric & Gas (PSE&G) has determined 

that the information provided in the generic report is applicable to the Salem 

Generating station. 

provided. 

Accordingly, automatic isolation of the PORVs is not 

5.5.14 Reactor Coolant System Component Supports 

5.5.14.1 Description 

Reactor vessel supports are assemblages of plates built up to seat the reactor 

vessel nozzle shoes. There are four shoe supports for each reactor vessel. 

The support assemblages are air cooled by negative pressure ducts that draw 

the air away from the space surrounding the vessel through vent holes drilled 

in the multiple plates. For support details, see Figure 5.5-3. 

The steam generator supports are shown on Figure 5. 5-4. The weight of the 

steam generator is transferred through four steel columns at its base to the 

supporting frame. The steam generator penetrates the operating floor of the 

Containment Building. The 
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elevation of the operating floor is approximately at the center of gravity of 

the steam generator. rt is supported at the floor by two sets of snubbers and 

bumper blocks which resist the horizontal forces and overturning moments 

generated from pipe rupture or earthquake motion. The supporting frame has 

its upper bay braced in . both directions. The lower bay consists of two 

parallel planar trusses which are pin-hinged at the top and bottom to allow 

for thermal displacement. The horizontal forces at the base of the steam 

generator are transferred through combined truss and frame action to the lower 

bay of the support structure. The primary loop piping provides lateral 

support for the frame in the direction normal to the. plane of the trusses. 

Lateral restraint for blowdown is provided at the top of the support structure 

by two struts connected to the reactor shield wall. The struts are in two 

bolted sections with gaps for free thermal travel and adjustment. 

The RCP supports as shown on Figure 5.5-5 also consist of an upper and lower 

section. The upper section is a welded steel assembly and is constructed to 

accommodate the bolts of the feet of the RCP. The lower section is composed 

of two parallel planar trusses, pin-hinged at the top and bottom to provide 

for thermal expansion. Lateral support in the direction normal to the plane 

of the trusses is provided by the primary loop piping. Slowdown restraint is 

provided at the_ top of the_ supporting structure by struts connected to the 

shield wall. The struts are in bolted sections with gaps for free thermal 

travel and adjustment. 

The steam generator and RCP supports are anchored to the containment base slab 

by heavy welded steel frames embedded in the concrete and tied to the base mat 

by 6 and 4 inch diameter bolts, 18. 5 feet long. Typical details for the 

embedded steel for equipment supports are shown on Figure 5.5-6. 

The pressurizer also penetrates the operating floor of the reactor 

containment. Stop lugs are embedded in the floor slab to provide the lateral 

support for the pressurizer at its mid-height. The 
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Piping and Valves 

Residual heat removal loop 

(piping and valves in 

isolated loop): 

Design pressure, psig 

Design temperature, °F 

TABLE 5.5-1 (Cont.) 

Pump Suction Pump Discharge 

450* 600 

400 400 

Residual loop isolation valves and piping: 

Design pressure, psig 2,485 

Design temperature, °F 650 

* Unit 2 piping downstream of 2RH75 & 76 are designed to 600 psig • 
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TABLE 5.5-2 

RESIDUAL HEAT REMOVAL SYSTEM FAILURE ANALYSIS 

Component 

1. Residual heat 
removal pumps 

2. Residual heat 
removal pump 

3. Residual heat 
removal pump 

4. Residual heat 
removal pump 

5. Remote operated 
valves inside 
containment in 
pump suction line 

SGS-UFSAR 

Malfunction 

Rupture of a pump 
casing 

Pump fails to 
start 

Motor operated 
valve on pump 
suction is closed 

Stop valve on 
discharge .. line_ 
closed or check 
valve sticks 
closed 

Valve fails 
to open 

1 of. 2 

Comments and Consequences . 
The casing and shell are designed 
for 600 psi and 400°F. The pump is 
protected from overpressurization by 
two normally closed valves in the 
pump suction line and by an open 
relief line, containing a relief 
valve, back to the containment sump. 
The pump is inspectable and is 
located in the Auxiliary Building 
protected against credible missiles. 
Rupture is considered unlikely but 
in any event the pump can be 
isolated. 

One operating pump furnishes half of 
the flow required to meet design 
cooldown rate. This increases the 
time necessary for plant cooldown. 

This is prevented by prestartup and 
startup and operational checks. 

Stop valves are locked open. 
Prestartup and operational checks 
confirm position of valves. 

In the improbable event that one of 
the remote operated valves on the 
suction line to the residual heat 
removal pumps is inoperable, an 
attempt will be made to open it 
manually. If this is impossible, 
the plant will be cooled to about 
280°F with steam dump from the steam 
generators, while additional 
recovery actions could be 
implemented based on plant's 
abnormal and emergency operating 
procedures, equipment availability 
and resources • 
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Temperatures in the pressurizer safety and relief valve-discharge lines are 

measured and indicated. An increase in a discharge line temperature is an 

indication of leakage through the associated valve. An alarm is actuated on high 

temperature. 

The fluid temperatures in each spray line are measured and indicated. Alarms 

from these signals are actuated by low spray water temperature. Alarm conditions 

indicate insufficient flow in the spray lines through the manual throttle valves. 

The temperature of the water in the pressurizer relief tank is indicated over a 

range of S0°F to 350°F, and an alarm, actuated by a high temperature, informs the 

operator that cooling of the tank contents is required. 

The temperature in the leakoff line from the reactor vessel-flange 0-ring seal 

leakage monitor connections is indicated. An increase in temperature above 

ambient is an indication of 0-ring seal leakage. High temperature actuates an 

alarm. 

5.6.3 Pressure 

Four pressurizer pressure transmitters provide signals for individual indicators 

in the control room, for actuation of a low pressure trip, for high pressure 

reactor trip, and for alarms. One of the four signals may be selected by the 

operator for display on a pressure recorder. Three transmitters provide 

independent low pressure signals for safety injection initiation and for safety 

injection signals to allow manual block during plant shutdown and automatic 

unblock during plant startup. In addition, these pressure transmitters provide 

inputs for pressurizer heater, spray valve, and power-operated relief valve 

(PORV) control. 
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Two narrow range differential pressure transmitters connected to the RCS sample 

line on the No. 1 hot leg and on the No. 3 hot leg are installed to monitor RCS 

level during Mid-Loop operation. A wide range differential pressure transmitter 

is connected on the No. 3 hot leg to monitor RCS level during midloop ~peration, 

reduced inventory and vacuum fill. 

Two wide-range transmitters provide pressure indication over the full operating 

range. The indicators serve as a guide to the operator during plant startup and 

shutdown and also provide the open permissive signals and automatic closure 

signals for the RHR loop isolation valves interlock circuit. 

Two local pressure indicators are provided for operator reference during 

shutdown. They are located in two separate loops and are provided with maximum 

(drag) pointers to indicate the maximum pressure attained since the last 

resetting of the pointers. 

A pressurizer relief tank (PRT) pressure transmitter provides a signal to close 

valve PCV-472 on high pressure should it be open when a safety valve lifts 

discharging steam into the PRT. 

5.6.4 Pressurizer Water Level 

Three pressurizer liquid level transmitters provide signals for use· in the 

Reactor Control and Protection System, and the Chemical and Volume Control System 

(CVCS). Each transmitter provides an independent high water level signal that 

is used to actuate an alarm and, upon two out of the three transmitter signals, 

will cause a reactor trip. The transmitters may also provide independent low 

water level signals that will activate an alarm. Each transmitter also provides 

a signal for a level indicator that is located on the main control board. 

In addition, any of the three level transmitters may be selected for display on 

a level recorder located on the main control board. 

Two of the three transmitters may be selected to provide an alarm when the liquid 

level falls to the fixed low level setpoint. The 
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3. Safety injection recirculating suction line from the containment sump 

to the suction of the RHR pumps. Redundant isolation protection is 

provided by normally closed motor operated valves inside protective 

chambers outside of containment and the closed system (RHR) outside the 

containment. 

4. Containment pressure instrument lines (see below). 

5. The main feedwater lines are provided with one stopcheck valve (BF22) 

outside containment. 

motor operators. 

On Unit 2, these valves include remote-manual 

6. RHR pump discharge to cold leg Safety Injection. Redundant isolation 

is provided by the remote manual ( SJ49) valves located outside 

containment and the RHR closed system outside containment. This is 

considered an acceptable isolation barrier per the "other defined 

basis" in ANSI N271-1976. This standard is endorsed by Regulatory 

Guide 1.141. 

7. ECCS relief line discharge to the containment sump. Redundant 

8. 

isolation is provided.by a.check valve inside containment (PR25) and 

the closed system outside the containment as defined in UFSAR Sections 

6.2.2 and 6.3 • 

Service Water system to and from the Containment Fan Coil Units. 

Redundant isolation is provided by remote manual valves outside 

containment and the closed Nuclear Class III system inside containment. 

Original system design complied with AEC General Design Criteria #53 

and the system meets the definition for a Safety Class 2 system. 

9. Component Cooling to arid from the Excess Letdown Heat Exchanger. 

Redundant isolation is provided by automatic isolation valves outside 

containment and the closed Nuclear Class III system inside containment. 

Original system design complied with AEC General Design Criteria #53 

and the system meets the definition for a Safety Class 2 system. 

10. Main Steam supply lines to the Auxiliary Feed Pump Turbine, Radiation 

Monitors and the Steam Safety Valves support struts. These essential 

system branch lines off the Main Steam penetrations only utilize a 

single isolation barrier being the closed system inside containment. 

The calculated release through these paths is already bounded by the 

accident analysis for a primary to secondary leak and a complete 

blowdown of the Steam Generator • 
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Instrument Lines 

Instrument lines which penetrate the containment are the follow~ng: 

1. The containment pressure instrument used to initiate safeguards 

consists of four instrument lines penetrating the containment. Each 

line consists of a sealed, filled measuring system whose isolation 

consists of a diaphragm-type sensor which separates the containment 

atmosphere from the seal fluid and another diaphragm in the transmitter 

which separates the seal from the atmosphere outside.the containment. 

2. The containment air sample radiation monitor normal inlet and outlet 

sample lines are each equipped with two automatic trip valves, one 

inside and one outside the containment, which close upon receipt of a 

containment isolation phase A signal. The backup inlet and outlet 

sample lines are normally closed and under administrative control with 

two remote operated isolation valves, one inside and one outside the 
containment for each line. 
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TABLE 6.2-10 

CONTAINMENT ISOLATION - MAJOR PIPING 

Status Inside Containment 
Figure Service Class ti .§. ! Valve~s2 ~ Pwr-Signal 

6.2-17 Gas Analyzer B Int. Closed Closed 1PR17 # Auto- A T 
from Pressurizer trip 
Relief Tank 

6.2-17 Primary Water B Int. Closed Closed 1WR81 # Non- N/A N/A 
Supply to Pres- return 
surizer Relief 
Tank 

6.2-17 Nitrogen supply B Int. Closed Closed 1NT26 # Non- N/A N/A 
to Pressurizer return 
Relief Tank 

6.2-18 Pressurizer B Closed Closed Closed Note 9 
Oead Weight 
Calibrator 

6.2-19 Relief Lines to D Int. Closed Closed 1PR25 # Non- N/A N/A 
Containment return 
Sump 

6.2-20 CVCS Letdown B Open Open Closed 1CV3 # Auto- B $ T 
Line 1CV4 # trip A T 

1CV5 # c T 

6.2-20 eves Charging B Open Open Closed 1eV74 # Non- N/A N/A 
Line return 

6.2-21 Reactor Coolant D Open Open Open 11-14eV99 # Non- N/A N/A 
Pump Seal llater return 
Supply 

1 of 12 
SGS-UFSAR 

PENETRATIONS 

outside Containment 
Valve~s2 ~ Pwr-Signal 

1PR18 # Auto- B T 
trip 

1WR80 # Auto- B T 
trip 

1NT25 # Auto- B T 
trip 

1SS900 Manual N/A N/A 
1SS901 Manual N/A N/A 

Closed 
System 

1CV7 # Auto- B $ T 
trip 

1CV68 # Auto- B SI 
1CV69 # trip c SI 

Closed 
System 

• 
Auto 
!sol. 
Time 
CSec2 Fluid 

~10 Gas 

~10 Liquid 

~10 Gas 

N/A Liquid 

N/A Liquid 

~10 Liquid 

~10 Liquid 

N/A Liquid 
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Cold 

Cold 

Cold 

Cold 

Cold 
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Hot 
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• • TABLE 6.2-10 (Co~tinued) 

Status Inside Containment 
Figure Service Class N. ~ ! Valve{s2 ~ Pwr-Signal 

6.2-24 Reactor Coolant B Open Open Closed 1CC190 # Auto- A p 
Pump Thermal trip 
Barri er Cooling Closed Closed Closed 1CC208 # Non- N/A N/A 
Water Discharge return 

6.2-25 Gas Analyzer B Int. Int. Closed 1WL96 # Auto- c T 
from RCDT trip 

6.2-25 N2 Supply B Open Open Closed 1WL98 # Auto- c T 
to RCDT trip 

6.2-25 Reactor Coolant B Open Open Closed 1WL98 # Auto- c T 
Drain Tank Vent trip 

6.2-26 Reactor Coolant B Int. Int. Closed 1WL12 # Auto- c T 
Drain Tank Pump trip 
Discharge B N/A N/A N/A 1WL476 Relief N/A N/A 

6.2-27 Accumulator N2 B Closed Closed Closed 1NT34 # Non- N/A N/A 
Supply return 

6.2-28 Safety Injection B Closed Closed Closed 1SJ123 # Auto- A T 
Test line trip 

6.2-29 RHR Outlets to D Open open Open 
Safety Injection 
System 

6.2-30 Safety Injection D Open Open Open 11-14SJ144 Non- N/A N/A 
Pumps Outlet to return 
Cold Legs and Closed Closed Closed 1SJ158 Rem. B N/A 
Test Line Manual 

* For Unit 2 Only 
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Outside Containment 
Valve{s2 ~ Pwr-Signal 

1CC131 # Auto- c p 
trip 

1WL97 # Auto- B T 
trip 

1WL108 # Auto- B T 
trip 

1WL99 # Auto- B T 
trip 

1WL13 # Auto- B T 
trip 

1NT32 # Auto- D T 
trip 

1SJ53 # Auto- D T 
1SJ60 # trip B T 

11SJ49 (2)Rem. A N/A 
12SJ49 Manual B 
& Closed 
System 

1SJ135 Rem. B N/A 
Manual 

• 
Auto 
I sol. 
Time 
lli£l Fluid 

~10 Liquid 

~10 Gas 

~10 Gas 

~10 Gas 

~10 Liquid 

~10 Gas 

<10 Liquid 
~10 Liquid 

Note Liquid 
14 

Note Liquid 
14 
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• • TABLE 6.2-10 (Continued) 

Status Inside Containment 
Fi sure Service Class t! §. ! Valve{s2 ~ Pwr-sianal 

6.2-34 Sample Line B Closed Closed Closed 1SS103 # Auto- A T 
from Accumulators trip 

B Closed Closed Closed 1SS653* Relief N/A N/A 

6.2-34 Sample Line B Closed Closed Closed 1SS104 # Auto- A T 
from Hot Legs trip 

6.2-34 Sample Line from B Closed Closed Closed 1SS107 # Auto- A T 
Pressurizer Liquid trip 

6.2-34 Sample Lines from c Open Closed Closed Closed 
S/G Blowdown System 

6.2-35 Containment Pres- A Open Open Open Note 7 
sure Instruments 

6.2-36 Containment Air B Open Open Closed 1VC11 # Auto- B T 
Monitor Normal trip 
Inlet 

6.2-36 Containment Air B Closed Closed Closed 1VC13 # Rem. c N/A 
Monitor Backup Manual 
Inlet 

6.2-36 Containment Air B Open Open Closed 1VC7 # Auto- B T 
Monitor Normal trip 
Outlet 

6.2-36 Containment Air B Closed Closed Closed 1VC9 # Rem. c N/A 
Monitor Backup Manual 
Outlet 

* for Unit 1 only 

5 of 12 
SGS-UFSAR 

Outside Containment 
Valve{s2 ~ Pwr-sianal 

1SS27 # Auto- B T 
trip 

1SS33 # Auto- D T 
trip 

1SS49 # Auto- B T 
trip 

11-14SS94 Auto- B T 
trip 

1VC12 # Auto- A T 
trip 

1VC14 # Rem. c N/A 
Manual 

1VC8 # Auto- A T 
trip 

1VC10 # Rem. c N/A 
Manual 

• 
Auto 
!sol. 
Time 
(Sec2 Fluid Temp. 

~10 Liquid Hot 

~10 Gas Cold 

~10 Liquid Cold 

~10 Liquid Hot 

(Filled system) 

~10 Gas 

Note Gas 
14 

~10 Gas 

Note Gas 
14 
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• • TABLE 6.2-10 (Continued) 

Status Inside Containment 
Figure Service Class ti .§. ! Valve{s2 ~ Pwr-Signal 

6.2-40 Auxiliary Feed- c Open Int. Open Closed 
through water supply Open Int. Open System 
6.2-43 Turbine Driven Open Int. Open 

Open Int. Open 

6.2-40 Auxiliary Feed- c Closed Int. Open Closed 
through water Supply Closed Int. Open System 
6.2-43 Motor Driven Closed Int. Open 

Closed Int. Open 

6.2-44 Reactor Cavity B Int. Int. Closed 1WL16 # Auto) c T 
Sump Discharge trip 
to Waste Disposal B N/A N/A N/A 1WL478 Relief N/A N/A 

6.2-45 Fire Protection B Closed Closed Closed 1FP148 # Non- N/A N/A 
Water Supply return 

6.2-45 Refueling Canal B Closed Closed 
Supply 

Closed 1WL190 # Manual N/A N/A 

6.2-45 Refueling Canal B Closed Closed 
Discharge 

Closed 1WL191 # Manual N/A N/A 

6.2-45A Post LOCA B Closed Closed Int. 11VC19 # Rem. A N/A 
Atmosphere Manual 
Sample B Closed Closed Int. 11VC20 # Rem. A N/A 

Manual 
B Closed Closed Int. 12VC20 # Rem. c N/A 

Manual 
B Closed Closed Int. 12VC19 # Rem. c N/A 

Manual 

* For Unit 2 Only 
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outside Containment 
Valve{s2 ~ Pwr-Signal 

11AF11 Rem. c N/A 
12AF11 Manual c 
13AF11 c 
14AF11 c 

11AF21 Rem. B N/A 
12AF21 Manual B 
13AF21 A 
14AF21 A 

1WL17 # Auto- B T 
trip 

1FP147 # Auto- c T 
trip 

1SF36 # Manual N/A N/A 

1SF22 # Manual N/A N/A 

11VC17 # Rem. A N/A 
Manual 

11VC18 # Rem. A N/A 
Manual 

12VC18 # Rem. c N/A 
Manual 

12VC17 # Rem. c N/A 
Manual 

• 
Auto 
I sol. 
Time 
CSec2 Fluid 

Note 
14 

Liquid 

Note Liquid 
14 

~10 Liquid 

~10 Liquid 

N/A Liquid 

N/A Liquid 

Note Gas 
14 

Note Gas 
14 

Note Gas 
14 

Note Gas 
14 
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• 
Valve Number 

1. lPRl 7 
2. 1PR18 
3. 1NT25 
4. 1NT26 
5. 1WR80 
6. 1WR81 
7. 1PR25 
8. 1CV3 
9. 1CV4 
10. 1CV5 
11. 1CV7 
12. 1CV68 
13. 1CV69 
14. 1CV74 
15. 1CV284 
16. 1CV296 
17. 1CV116 
18. 1CV215 
19. 1CV113 
20. 1CC118 
21. 1CC119 
22. 1CC187 
23. 1CC186 
24. 1CC136 
25. 1CC190 

• 26. 1CC208 
27. 1CC131 
28. 1WL96 
29. 1WL97 
30. 1WL98 
31. 1WL99 
32. 1WL108 
33. 1WL12 
34. 1WL13 
35. 1NT32 
36. 1NT34 
37. 1SJ123 
38. 1SJ53 
39. 1SJ60 

• 
SGS-UFSAR 

TABLE 6.2-12 

CONTAINMENT ISOLATION VALVES 
SUBJECT TO TYPE C LEAK RATE TESTING 

Function 

Pressurizer Relief Tank - Gas Analyzer Connection 
Pressurizer Relief Tank - Gas Analyzer Connection 
Pressurizer Relief Tank - N2 Connection 
Pressurizer Relief Tank - N2 Connection 
Pressurizer Relief Tank - Primary Water Connection 
Pressurizer Relief Tank - Primary Water Connection 
Containment Sump - ECCS Relief Line Connection 
eves - Letdown Line 
CVCS - Letdown Line 
CVCS - Letdown Line 
CVCS - Letdown Line 
CVCS - Charging Line 
eves - charging Line 
eves - charging Line 
eves - RCP seals 
eves - RCP seals 
eves - RCP seals 
Component Cooling - Excess Letdown Heat Exchanger 
Component Cooling - Excess Letdown Heat Exchanger 
Component Cooling - RCP Cooler 
Component Cooling - RCP Cooler 
Component Cooling - RCP Cooler 
Component Cooling - RCP Cooler 
Component Cooling - RCP Cooler 
Component Cooling - RCP Cooler 
Component Cooling - RCP Cooler 
Component Cooling - RCP Cooler 
RC Drain Tank - Gas Analyzer Connection 
RC Drain Tank - Gas Analyzer Connection 
RC Drain Tank - Vent Header Connection 
RC Drain Tank - Vent Header Connection 
RC Drain Tank - N2 Connection 
RC Drain Tank Pumps 
RC Drain Tank Pumps 
Accumulator N2 Supply 
Accumulator N2 Supply 
Safety Injection System Test Line 
Safety Injection System Test Line 
Safety Injection System Test Line 
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TABLE 6.2-12 (Cont.) 

Valve Number Function 

83. 
84. 
85. 
86. 
87. 
88. 
89. 
90. 
91. 
92. 
93. 
94. 
95. 
96. 
97. 
98. 
99. 
100. 
101. 
102. 
103. 
104. 
105. 
106. 
107. 
108. 
109. 
110. 
111. 
112 • 
113. 
114. 
115. 

NOTE: 

1SA262 
1SA264 
1SA265 
1SA267 
1SA268 
1SA270 
11SS181 
11SS182 
11SS188 
11SS189 
13SS181 
13SS182 
13SS184 
13SS185 
11VC17 
11VC18 
11VC19 
11VC20 
12VC17 
12VC18 
12VC19 
12VC20 
11CA360 
12CA360 
1CA1714 
1CA1715 
11CV99 
12CV99 
13CV99 
14CV99 
1WL476 
1WL478 
1SS653 

Containment Pressure Test Instrumentation 
Containment Pressure Test Instrumentation 
Containment Pressure Test Instrumentation 
Containment Pressure Test Instrumentation 
Contaimnent Pressure Test Instrumentation 
Containment Pressure Test Instrumentation 
Post LOCA RCS Sampling 
Post LOCA RCS Sampling 
Post LOCA RCS Sampling 
Post LOCA RCS Sampling 
Post LOCA RCS Sampling 
Post LOCA RCS Sampling 
Post LOCA RCS Sampling 
Post LOCA RCS Sampling 
Post LOCA Atmospheric Sampling 
Post LOCA Atmospheric Sampling 
Post LOCA Atmospheric Sampling 
Post LOCA Atmospheric Sampling 
Post LOCA Atmospheric Sampling 
Post LOCA Atmospheric Sampling 
Post LOCA Atmospheric Sampling 
Post LOCA Atmospheric Sampling 
Instrument Air Supply 
Instrument Air Supply 
Airlock Seal Test Supply 
Airlock Seal Test Supply 
RCP Seal Injection 
RCP Seal Injection 
RCP Seal Injection 
RCP Seal Injection 
Containment Penetration Piping Overpressure Relief 
Containment Penetration Piping Overpressure Relief 
Containment Penetration Piping Overpressure Relief 

Valve designations are shown for Unit No. 1 although Unit No. 2 is 
similar (e.g., 1PR17 would be 2PR17 for Unit No. 2) unless otherwise 
noted • 
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the RCS pressure is still in excess of the shutoff head of the RHR pumps at the 

onset of recirculation • 

NRC issued Information Notice 87-63 which identified the possibility of 

unintended flow paths during the recirculation modes of operation which could 

increase RHR pump maximum flow potential. With "loop around" flow considered, 

the highest RHR pump flow was calculated to occur during the cold leg 

recirculation mode of operation ·following a postulated failure of one of two 

operating RHR pumps. 

At approximately 14.0 hours after the switchover to cold leg recirculation, hot 

leg recirculation will be initiated to assure termination of boiling. To ensure 

adequate flow performance, simultaneous flow delivery to the RCS cold legs and 

RCS hot legs are required. At a minimum, one safety injection pump is required 

to be aligned and operated in a hot leg recirculation flow mode. For a LOCA 

during Mode 4, with RCS cold leg temperature <312 ° F, a SI pump may not be 

available for the hot leg recirculation. In this instance, the RHR flowpath 

through RH26 would be utilized to provide hot·leg recirculation. 

Since the injection phase of the accident. is. terminated before the RWST is 

completely emptied, all pipes are.kept filled with water before recirculation is 

initiated. Water level indication and alarms on the RWST inform the operator 

that sufficient water has been injected into the containment to allow initiation 

of recirculation with the RHR pumps and to provide ample warning to terminate the 

injection phase while the operating pumps still have adequate NPSH. Two level 

indicators are provided in the containment sump to provide backup indication that 

injection can be terminated and recirculation initiated. 

Redundancy in the external recirculation loop is provided for by the inclusion 

of duplicate charging, safety injection, and RHR pumps and residual heat 

exchangers. Inside the containment, the High Pressure Injection System is 

divided into two separate flow trains. For cold leg recirculation, the charging 

pumps deliver to all four cold legs and the safety injection pumps also deliver 

to all four cold legs by separate flow paths. For hot leg recirculation, each 

safety injection pump delivers through separate paths to two reactor coolant 

loops. 

The low head pumps take suction through separate lines from the containment sump 

and discharge through separate paths to the RCS. The sump design provides 

sufficient flow area over the trash curb ahead of the sump and adequate NPSH for 

the RHR pumps to operate in the recirculation mode . 
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The low flow velocity across the containment floor approaching the sump permits 

the bulk of the debris denser than water to settle to the floor of the 

containment rather than enter the sump. 

Perforated plates prevent entrance of other suspended matter of a size that could 

jeopardize the Recirculation System. A weir in the sump prevents floating debris 

from entering the sump. 

The sump isolation valves are located in small steel-lined controlled leakage 

compartments. This arrangement contains any isolation valve leakage and assures 

that leakage during long-term recirculation will not impair the integrity of the 

containment or recirculation system. 

The containment sump is described in Section 6.3.2.2. Special attention is paid 

to the design, materials, and fabrication of the sump, the suction piping, 

guardpipes, and isolation valves to provide assurance that the sump and piping 

will remain functional under the accident environment and continue to provide 

suction for the long-term recirculation. 

A sample connection is provided in the RHR System to remotely sample recirculated 

liquid in the sample room during post-accident operations.. . Additives can be 

supplied to the sump through the existing plant design features within 48 hours 

from switchover to cold leg recirculation mode, if measurements indicate the sump 

liquid is outside the desired pH range of 7.0 to 10.0. A minimum sump liquid pH 

of 7. 0 will minimize the potential for chloride induced stress corrosion cracking 

of stainless steel components (Reference 3). Note: Branch Technical Position 

MTEB 6.1 supports a lower limit of 7.0. 

6.3.2.2 Equipment and Component Description 

The major components of the ECCS are described below. 

Accumulators 

The accumulators are pressure vessels containing borated water and pressurized 

with nitrogen gas. During normal operation, each accumulator is isolated from 

the RCS by two check valves in series. Should the RCS pressure fall below the 

accumulator pressure, the check valves open and borated water is forced into the 

RCS. One accumulator . is attached to each of the cold legs of the RCS. 

Mechanical operation of the swing disc check valves is 
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6. Penetrant inspection in accordance with Paragraph N-627 of Section III 

of the ASME Code of all welds and all hot or cold formed parts 

7. A hydrostatic test duration of not less than 30 minutes 

8. The witnessing of hydro and penetrant tests by a qualified inspector 

9. A thorough final inspection of the unit for workmanship and the 

absence of any gouge marks or other scars that could act as stress 

concentration points 

10. A review of the radiographs and of the certified chemical and physical 

test reports for all material used in the unit. 

The residual heat exchangers are conventional vertical shell and U-tube type 

units. The tubes are seal welded to the tube sheet. The shell connections are 

flanged to facilitate shell removal for inspection and cleaning of the tube 

bundle. Each unit has a SA 515GR70 carbon steel shell, SA-213 TP-304 stainless 

steel tubes, SA-240 Type 304 stainless steel channel, SA-240 Type 304 stainless 

steel channel cover and a tube sheet of forged steel. SA-105 GR. III with 1/4-inch 

minimum TP-304 weld overlay. 

Valves {General) 

Design features employed to minimize valve leakage include the following: 

1. Other valves that are normally open, except those valves which perform 

a control function, are provided with backseats to limit stem leakage • 
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2. Normally closed globe valves are installed with recirculation fluid 

pressure under the seat to prevent stem leakage of recirculated 

(radioactive) water. 

3. Relief valves are enclosed, i.e., they are provided with a closed 

bonnet and discharge to a closed system or the containment sump. 

4. Control and motor operated valves ( 3 inches and above) exposed to 

recirculation flow have double packed stuffing boxes and stem leakoff 

connections to the Waste Processing System. 

All parts of valves used in the SIS in contact with borated water are austenitic 

stainless steel or equivalent corrosion-resistant material. The motor operators 

on the injection line isolation valves are capable of rapid operation. All 

valves required for initiation of safety injection or isolation of the system 

have remote limit position indication in the control room. 

Valving is specified for exceptional leak tightness. All valves, except those 

which perform a control function, are provided with backseats that are capable 

of limiting leakage to less than 1.0 cc per hour per inch of stem diameter, 

assuming no credit taken for valve packing. Those valves that are normally open 

are backseated. Normally closed globe valves are installed with recirculation 

flow under the seat to prevent leakage of recirculated water through the valve 

stem packing. Relief valves discharge to an enclosed system or the containment 

sump. control and motor-operated valves, 3 inches and above that are exposed to 

recirculation, are provided with double-packed stuffing boxes and stem leakoff 

connections which are piped to the Equipment Drain System. 

The check valves that isolate the ECCS from the RCS are installed near the 

reactor coolant piping to reduce the probability of an injection line rupture 

causing a LOCA. 
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Portions of the ECCS piping are protected by relief valves. The relieving 

capacity of these valves is based on a flow several times greater than the 

expected leakage rate through the check valves. 

pressurizer relief tank. 

The valves relieve to the 

The RHR System is protected by four relief valves: one on the header from the RCS 

to the pumps, two on the cold leg injection headers, and one on the hot leg 

return header. 

These valves discharge to the containment sump. 

The gas relief valves on the accumulators protect them from pressures in excess 

of the design value. 

Motor-Operated Valves 

The pressure containing parts (body, bonnet, and discs) of the motor-operated 

valves employed in the SIS are designed per criteria established by the ANSI 

B16.5 or MSS SP66 specifications. The materials of construction for these parts 

are procured per ASTM Al82, F316 or A351, GR CFBM, or CFS. All material in 

contact with the primary fluid, except the packing, is austenitic stainless steel 

or equivalent corrosion-resistant material. The pressure-containing cast 

components are radiographed in accordance with ASTM .E-94 and the acceptance 

standard as outlined in ASTM E-71. The body, bonnet, and discs are liquid 

penetrant inspected in accordance with ASME Pump and Valve Code. The liquid 

penetrant acceptable standard is outlined in the ASME Pump and Valve Code. 

When a gasket is employed, the body-to-bonnet joint is designed per ASME Code 

Section VIII and/or ANSI B16.5 with a fully trapped, controlled compression, 

spiral wound gasket with provisions for seal welding, or of the pressure seal 

design with provisions for seal welding. The body-to-bonnet bolting and nut 

materials are procured per ASTM A193 and Al94, respectively, or equivalent • 
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The entire assembled unit is hydrotested as outlined in MSS SP-61 with the 

exception that the test is maintained for a minimum period of 30 minutes. Any 

leakage is cause for rejection. The seating design is of the Darling parallel 

disc design, the Crane flexible wedge design, or the equivalent. These designs 

have the feature of releasing the mechanical holding force during the first 

increment of travel. Thus, the motor operator has to work only against the 

frictional component of the hydraulic unbalance on the disc and the packing box 

friction. The discs are guided throughout the full disc travel to prevent 

chattering and provide ease of gate movement. The seating surfaces are hard 

faced (Stellite No. 6 or equivalent) to prevent galling and reduce wear. 

The stem material is ASTM A276, Type 316, Condition B or precipitation hardened 

17-4 PH stainless procured and heat treated to Westinghouse Specifications. 

These materials are selected because of their corrosion resistance, high tensile 

properties, and their resistance to surface scoring by the packing. The valve 

stuffing box of motor-operated valves having leakoff is designed with a lantern 

ring leak-off connection with a minimum of a full set of packing below the 

lantern ring; a full set of packing is defined as a depth of packing equal to 1 

1/2 times the stem diameter. The experience with this stuffing box design and 

the selection of packing and stem materials have been very favorable in both 

conventional and nuclear power plants. 

The motor operator is extremely rugged and is noted throughout the power industry 

for its reliability. The unit incorporates a "hammer blow" feature that allows 

the motor to impact the discs away from the fore or backseat upon opening or 

closing. This "hammer blow" feature not only impacts the disc but allows the 

motor to attain its operational speed. 

Each valve is assembled, hydrostatically tested, seat-leakage tested (fore and 

back), operationally tested, cleaned and packaged per specifications-. All 

manufacturing procedures employed by the 
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2. The majority of containment sump screening consists of two-level 

horizontal screens • 

Blockage of drains and containment sump screens will not be caused by circulation 

materials following an accident. Because of the structural nature of the 

insulation, large quantities of this material would not be dislodged from pipes 

in which breaks could occur or from surrounding pipes due to jet impingement. 

Reflective, totally encapsulated, and semi-encapsulated materials are designed 

to withstand severe loadings. Only the material directly adjacent to a high 

energy pipe break would be dislodged from the pipe. Although material directly 

in the path of a jet stream may become saturated, the lagging or strapping system 

will keep it on all insulated surfaces. 

The following is a summary of insulation materials used inside containment: 

Reflective: 

Encapsulated: 

This is an all-metallic stainless steel insulation. 

material is used on the RCS. 
This I 

This is a ceramic fiber insulation "Cera-blanket" totally 

enclosed in_ a- rigid- stainless steel structure. This 

material is used on the ECCS piping' and equipment in the 

containment • 

Semi-Encapsulated: This application of "cera-blanket" insulation utilizes an 

outer heavy gage stainless steel surface with an interior 

surface of formed stainless steel foil or heavy gage 

stainless steel channels and straps (panel insulation). 

Foil-enclosed insulation is used for heat retention on 

Nuclear Class 3 piping and 
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Min "K": 

Fiberglass: 

Fiberglass 

With Blanket: 

Calcium Silicate: 

Mineral Wool: 

equipment while panel insulation is used on the steam 
generators. 

This is a high-efficiency powder-like insulation totally 

enclosed in stainless steel. Small amounts of this 

insulation are used on the RCS where physical arrangement 

does not permit the use of thicker reflective insulation. 

This is a fibrous insulation covered by stainless steel and 

a vapor barrier used to prevent sweating of cold water 

systems (Component Cooling and Service Water). 

This fibrous glass insulation is enclosed in woven fibrous 

glass fabric between two layers of fiberglass scrim sewn to 

the insulation. This material is used on the Pressurizer. 

On most areas of the Pressurizer where this material is 

used, this insulation is covered with a stainless steel 

jacket or a stainless steel mesh. 

This rigid solid insulation is used on straight portions of 

the Feedwater and Main Steam Systems. This material is 

also covered with stainless steel.. Welds in these systems 

are covered with encapsulated insulation. 

This fibrous insulation is applied to the lower 34 feet of 

the containment liner and is also covered with stainless 

steel lagging and a vapor barrier. 

Fiberglass Blanket: This fiberglass blanket material is jacketed with fiberglass 

fabric impregnated with silicone. This insulation is used 

as anti-sweat insulation on Service Water piping of 3" & 2" 

dia. at CFCUs in the Containment Building Units 1 & 2 • 
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6.3.2.6 Coolant Quantity 

The minimum storage volume for the accumulators is given in Table 6.3-2. The 

total volume of the RWST is 400,000 gallons. At the minimum volume permitted by 

the Technical Specifications (364,500 gallons) approximately 313,000 gallons for 

Unit 1 and 313,000 gallons for Unit 2 are available to the ECCS pumps. 

The RWST volume must be sufficient to support operator action time following the 

SI actuation and during the switchover alignment to cold leg recirculation. 

Following an SI actuation, all ECCS pumps (RHR, Charging/Safety Injection and 

Safety Injection) are automatically started. If the containment High-High 

setpoint is reached, the Containment Spray pumps are also automatically started 

with all pumps initially taking suction from the RWST. This time period is 

termed the injection phase of the RWST draindown. When the RWST reaches the low 

level setpoint, the operator begins to take action to switchover from the 

injection phase to the containment sump recirculation phase. During this 

switchover phase, the RHR pump suction is re-aligned to the containment sump and 

the charging/safety injection pump and safety injection pump suction are aligned 

to the RHR pump discharge. one of the two operating cs pumps is also stopped 

upon entering the switchover phase to reduce the outflow from the RWST. When the 

RWST reaches the low-low level alarm, the second CS pump is stopped. The RWST 

low-low level setpoint must also support NPSH requirements for all ECCS pumps and 

cs pumps taking suction on the RWST. Once the ECCS is aligned for containment 

recirculation, the RHR pump discharge may then be cross-tied to the containment 

spray header to provide containment recirculation spray flow after all cs pumps 

are stopped. 

In addition, the amount of water during the injection phase of a LOCA must be 

sufficient to provide adequate RHR NPSH in the containment sump. The RWST volume 

to meet this requirement is 193,000 gallons. 
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The available RWST water volume for the injection phase is the minimum volume 

between the Technical Specification requirement and the RWST low level setpoint • 

The available RWST water volume for the switchover phase is the minimum volume 

between the RWST low level setpoint and the RWST low-low level setpoint. These 

minimum volumes account for instrument accuracy in the RWST level channels which 

are used by the operators to monitor RWST inventory. The following water volumes 

are available: 

Injection Phase 

Switchover Phase 

Total 

Injection Phase 

Salem 1 

207,800 gallons 

105,200 gallons 

313,000 gallons 

Salem 2 

204,500 gallons 

108,500 gallons 

313,000 gallons 

The available RWST water volume for the injection phase provides sufficient time 

for the operators to proceed through the Emergency Operating Procedures (EOPs) 

to the point where switchover to cold leg recirculation may be required. 

Following an SI actuation with a containment high-high signal, the RHR pumps, 

charging pumps, SI pumps and CS pumps are all started automatically, taking 

suction on the RWST. The highest drain rate for the RWST occurs with all pumps 

operating for a design basis large break LOCA when the RCS is rapidly 

depressurized to containment pressure and the RHR pumps inject flow to the RCS 

cold legs. ECCS pump flow rates vary with the RWST level and the RCS/containment 

pressures. Significantly conservative assumptions are used in determining the 

RWST drain flow rates as follows: 

(1) The RCS and Containment pressure average approximately 10 psig for the 

first 5 minutes following SI actuation. This is based on the minimum 

RCS/containment pressures calculated in the LOCA PCT analysis. The LOCA 

PCT analysis for minimum RCS/containment pressures predict conservatively 

low RCS/containment pressures based on maximum pump flow delivery similar 

to those used in the RWST draindown evaluation. 

(2) After the first 5 minutes, the RCS/containment pressures are 

conservatively assumed to be 0 psig . 
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(3) The RHR pumps inject to the RCS in the same lines as the accumulators. 

Since the accumulators are at a higher pressure than the RHR pumps, the 

RHR pumps do not inject to the RCS until the accumulator pressures 

decrease. An average time period of 45 seconds for accumulator blowdown 

is assumed based on the LOCA analysis, during which time the RHR pumps do 

not drain down the RWST. 

( 4) The pump flowrates are based on the maximum expected flow with the maximum 

allowable pump curves and conservative modeling of the piping and 

component resistances. The charging pump and SI pump flows are based on 

the balancing criteria provided in the Technical Specification. 

Based on these assumptions for pump flow rates and the available RWST water 

volume during the injection phase (207,800 gallons for Unit 1and204,500 gallons 

for Unit 2), the RWST low level alarm will be reached in 12.9 minutes (Unit 1) 

and 12.5 minutes (Unit 2). This time is sufficient for the operators to proceed 

through the EOPs and begin switchover to containment recirculation. The RWST 

water volume required for RHR pump NPSH is also met. 

Switchover Phase 

Additional water storage is required in the RWST to accommodate the operator 

actions necessary to align the ECCS pump suctions from the RWST to the 

containment sump. The required operator actions for Salem 1 and 2 are provided 

in Table 6.3-6. The switchover is similar for both units with one exception. 

Salem Unit 1 requires a manual transfer while Salem Unit 2 is semi-automatic. 

This means that for Salem Unit 1, the RHR pumps are manually stopped, the RHR 

pump suctions are re-aligned to the containment sump and the RHR pumps re

started. For Salem Unit 2, the semi-automatic switchover is armed and the RHR 

pump suction is automatically switched from the RWST to the containment sump 

without stopping the RHR pumps. 

The time available for operators to complete the switchover is dependent on the 

flow rate out of the RWST and the available RWST volume. A conservative analysis 

was performed to show that sufficient water is provided in the RWST to complete 

the switchover for all RCS break sizes assuming a limiting single failure while 

maintaining long term cooling consistent with the 10CFR50.46 analysis of record. 

The available water volume is that contained between the RWST low level and the 

RWST low-low level, taking into account instrument inaccuracies. At the RWST 

low-low level, all pumps taking suction on the RWST would be stopped to protect 

the pumps. Three limiting break sizes have been specifically evaluated for the 

Salem 1 and 2 switchover. 
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Large Break LOCA - The design basis large break LOCA produces the lowest RCS 

pressure and the highest RWST draindown rate, which results in the limiting time 

for RWST drain down during switchover to containment recirculation. All pumps 

are assumed to inject to a 0 psig back pressure. To maintain long term core 

cooling, one RHR pump injecting to two RCS cold legs (with one leg spilling to 

the containment and one leg delivering flow to the core) is sufficient to 

maintain long term core cooling. 

Small Break LOCA - The RWST drain down time for a small break LOCA is longer 

since the RCS pressure remains above the RHR pump discharge pressure. This 

provides the operator with additional time to complete the switchover and align 

the charging pumps and SI pumps to cold leg recirculation. To maintain long term 

core cooling, one charging pump and one SI pump (each delivering to 4 cold legs 

with one leg spilling to the containment) is sufficient to maintain long term 

core cooling. 

Accumulator Line Small Break LOCA - Due to the break location, the drain down 

time for an accumulator line small break LOCA is similar to that of a Large Break 

LOCA. The RHR pumps inject to the RCS through the accumulator line. With a 

break in the accumulator line, the RHR pumps spill directly to the containment 

even if the RCS pressure is above the RHR pump cut off head. This increases the 

RWST outflow and therefore reduces the time available for the operator to 

complete the recirculation alignment. To maintain long term core cooling, one 

charging pump and one SI pump (each delivering to 4 cold legs with one line 

spilling to the containment) is sufficient to maintain long term core cooling. 

Each of these breaks have been evaluated with a limiting single failure to 
' determine the minimum RWST drain down times. The limiting single failure for 

Salem Unit 1 is one RHR pump failing to stop on demand. This results in the 

failed (running) RHR pump continuing to draw down the RWST. The limiting single 

failure for Salem Unit 2 is the RWST/RHR isolation valve (RH4) failing to close 

(with all buses available) during semi-automatic switchover. This results in 

draining of the RWST to the sump as the ECCS pumps continue to draw down the RWST 

during switchover. Additional assumptions used in the RWST drain down evaluation 

are as follows: 

( 1) The containment pressure is assumed to be 0 psig. This maximizes 

containment spray flow and RHR pump flow for the large break LOCA and 

accumulator line small break LOCA • 
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(2) The RCS pressure is assumed to be 0 psig for the large break LOCA. For 

the small break LOCA, the RCS pressure is assumed to be above the RHR pump 

cut in pressure. For the accumulator line small break LOCA, the RCS 

pressure is also assumed to be above the RHR cut-in pressure, but one 

injection line is spilling to the containment pressure of 0 psig. 

(3) All pumps are operating in an alignment that maximizes outflow from the 

RWST. 

(4) For Salem Unit 2, during the semi-automatic switchover, both the RWST/RHR 

isolation valve (RH4) and the containment sump isolation valve (SJ44) are 

open at the same time. This creates a direct path from the RWST to the 

containment sump. Valve RH4 has a maximum allowable stroke time of 2 

minutes and valve SJ44 has a maximum allowable stroke time of 17 seconds. 

The valves are assumed to be fully open during the stroke time to 

conservatively maximize the RWST drain flow. With the failure of one RH4 

valve to close, this drain path exists for the entire duration of the 

switchover for one of the containment sump lines. This drainage path also 

exists for the small break LOCA even though the RHR pumps are not 

injecting directly into the RCS. This results in reduced switchover times 

for Salem Unit 2 small break LOCA when compared to Salem Unit 1. Salem 

Unit 1 has an interlock between valves RH4 and SJ44 such that the 

containment sump isolation valve (SJ44) can not be open unless the 

RWST/RHR isolation valve (RH4) is closed. This interlock precludes a 

direct drainage path from the RWST to the containment sump for Salem Unit 

1. 

Unit 1 Analysis of Manual Switchover 

For Unit 1, manual switchover from the RWST to the containment sump is initiated 

at an RWST level of 15.2 feet (RWST low or low-backup alarm setpoint). Two 

significant operator actions are modeled in the RWST drain down evaluation. This 

simplified approach provides clearer training guidelines rather than modeling 

each specific operator action in the RWST to containment sump switchover. The 

first timed operator action is initiating a close on the RHR pump suction valves 

from RWST valves (RH4). As shown in Table 6.3-6, once the operator reaches this 

step, the RHR pumps have been stopped (or isolated) and one containment spray 

pump is about to be stopped (if two are running). The second significant time 

modeled is the time at which the RWST low-low level alarm is reached for the 

limiting large break LOCA. The Charging/SI and SI pumps must have their suctions 

re-aligned to the RHR pump(s) before reaching the RWST low-low level alarm . 
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The available times for operator actions to ensure that long term cooling will 

be maintained consistent with the 10CFR50.46 analysis for Unit 1 are: 

Initiate Close RH4s 

4 minutes 

Complete Switchover 

11.7 minutes 

For the limiting design basis large break LOCA, the time to complete switchover 

is sufficient for the required operator actions. 

Unit 2 - Semi-Automatic Switchover 

For Salem Unit 2, the semi-automatic switchover is armed and the RHR pump suction 

is automatically switched from the RWST to the containment sump without stopping 

the RHR pumps. Three significant operator actions are modeled in the RWST drain 

down evaluation. Again, this simplified approach provides clearer training 

guidelines rather than modeling each specific operator action in the RWST to 

containment sump switchover. The. first is closing the SJ69 valve within a 

maximum of 25.5 seconds. This is the common RWST suction line valve to the RHR 

pumps. If an RH4 valve failed to close, closure of the SJ69 would assure 

positive isolation of the RWST and stop any further draining of the RWST directly 

to the containment sump. The second significant time mod~led is the time at 

which a containment spray pump must be stopped (if two are running). The third 

time modeled is the time at ·which the RWST low-low level alarm is reached for the 

small break (accumulator line) LOCA. The Charging/SI and SI pumps must have 

their suctions re~aligned to the RHR pump(s) before reaching the RWST low-low 

level alarm during the small break LOCA. 

For the design basis LOCA, one RHR pump provides adequate cooling flow. When the 

semi-automatic switchover is armed, the suction of the RHR pumps is automatically 

switched from the RWST to the containment sump, ensuring adequate cooling flow 

is available. This makes the des.ign basis LOCA less limiting with respect to 

switchover time. Therefore, available operator action times are dictated by the 

small break LOCA. For small break LOCA (accumulator line small break LOCA is 

limiting), the time to complete switchover is sufficient for the required 

operator actions • 
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TABLE 6.3-6 

SEQUENCE OF CHANGEOVER OPERATION INJECTION TO RECIRCULATION 

The following sequence of operations is used when terminating the injection mode 

and starting the recirculation mode when low level is reached in the RWST. Note: 

Because initiating events in MODES 3 and 4 may start at lower pressures and 

temperatures, the steps/sequences below may vary slightly: 

Unit 1 

Confirm Minimum Sump Level 

1.a N/A 

2. Reset SEC, SI and Motor Control 
Centers 

2.a N/A 

3. Stop RHR Pumps 11 and 12 

Unit 2 

Confirm Minimum Sump Level 

Enable Semi-Automatic Switchover 

N/A 

Remove Lockouts for SJ69, 68 and 
67 

N/A 

3. a Close RHR Cross-tie Valves (RH19) N/A 

3.b Ensure both RHR pumps have stopped N/A 

3.c Remove Lockouts for SJ44, 69, 68, N/A 
and 67 valves 

3.d If an RHR pump fails to stop, remove 
lockout for failed pumps' RHR Cold 
Leg Isolation valve (SJ49) and close 
valve 

3.e Close RWST/RHR Isolation Valves 
(RH4) 

3. f Stop one cs pump, if two are 
operating 

3 .g N/A 

3.h N/A 

3. i N/A 

3. j N/A 

3.k N/A 

3 .1 N/A 

4. Determine Diesel Loading 

5. Ensure that at least 2 cc pumps 
are operating 

5. a Open CCW water supply to RHR 
Heat Exchanger valves (CC16) 

SGS-UFSAR 
1 of 3 

N/A 

N/A 

N/A 

Verify SJ44 Valves Open 

Start RHR pumps 21 and 22 

Close SJ69 Valve 

Reset SI, SEC and Motor Control 
Centers 

Stop one cs pump 

Close RHR Cross-tie Valves (RH19) 

Determine Diesel Loading 

Ensure that at least 2 CC pumps 
are operating 

Ensure CCW water supply to RHR 
Heat Exchanger valves (CC16) Open 
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TABLE 6.3-6 (Cont.) 
SEQUENCE OF CHANGEOVER OPERATION INJECTION TO RECIRCULATION 

6. Open Containment Sump Isolation 
Valves (SJ44) 

6. a Open RHR Cold Leg Isolation Valves 
(SJ49) 

6.b Restart RHR pumps 11 and 12 

7. Close SI Pump miniflow isolation 
valves (SJ67 and SJ68) 

7. a Open RHR pump discharge to Charging 
pumps and SI pumps isolation valves 
(SJ45) 

7.b Open cross-tie between Charging pumps 
and SI pumps suction isolation valve 
( SJ113) Open 

7. c Start Charging pumps and SI pumps 

N/A 

N/A 

N/A 

Close SI Pump minif low isolation 
valves (SJ67 and SJ68) 

Open RHR pump discharge to 
Charging pumps and SI pumps 
isolation valves (SJ45) 

Ensure cross-tie between Charging 
pumps and SI pumps suction 
isolation valve (SJ113) Open 

Start Charging pumps and SI 
pumps 

Note: Switchover for long-term core cooling flow is complete at this time. 

8. Isolate RWST from SI, C/SI and RHR 
pumps 

8.a Remove lockout for RWST/SI pump 
isolation valve SJ30 

8.b Close RWST/Charging pump isolation 
valves (SJl and SJ2) 

8.c Close RWST/Common suction valve 
(SJ69) 

8.d Close RWST/SI pump isolation valve 
(SJ30) 

8.e Place RH29 valves in "Manual" and 
close valves 

9. When the RWST low-low level is 
reached, perform the following: 

9. a Stop the operating CS pump 

9.b Close the RHR pump to RCS cold leg 
isolation valve (SJ49) 

9. c Open RHR supply to Containment Spray, 
valve (CS36) 

2 of 3 
SGS-UFSAR 

Isolate RWST from SI, C/SI and RHR 
pumps 

Remove Lockout for RWST/SI pump 
isolation valve SJ30 

Close RWST/Charging pump 
isolation valves (SJl and SJ2) 

N/A 

Close RWST/SI pump isolation valves 
(SJ30) 

Place RH29 valves in "Manual" and 
close valves 

When the RWST low-low level is 
reached, perform the following: 

Stop the operating CS pump 

Close the RHR pump to RCS cold 
leg isolation valve (SJ49) 

Open RHR supply to Containment 
Spray, valve (CS36) 
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TABLE 6.3-6 (Cont.) 

SEQUENCE OF CHANGEOVER OPERATION INJECTION TO RECIRCULATION 

Note: The Emergency Core Cooling System is now aligned for cold leg 

recirculation with recirculation containment spray as follows: 

1. RHR Pump 12 (22) is delivering from the recirculation sump directly to 

the spray header and to the suction of charging pumps through valve 

SJ45. 

2. RHR Pump 11 (21) is delivering from the recirculation sump directly to 

the cold legs via valve SJ49 and to the suction of the safety injection 

pumps via valve SJ45. 

3. Recirculation spray is established when RHR supply to Containment 

Spray, valve CS36, is open. 

The sequence of operations for change-over from the cold leg recirculation phase 

to the hot leg recirculation phase is as follows: 

Close the spray header isolation valve (12CS36). 

Close isolation valve (12SJ49). 

Stop safety injection pump number 11 . 

Close the safety injection pump cross-tie isolation valve (llSJ134). 

Open hot leg isolation valve (11SJ40). 

Start safety injection pump number 11. 

Stop safety injection pump number 12. 

Close the cold leg isolation valve (1SJ135) and close the safety injection 
pump cross-tie isolation valve (12SJ134). 

Open hot leg isolation valve (12SJ40) 

Start safety injection pump number 12. 

The safety injection pumps are now aligned for the hot leg recirculation as 

follows: 

a. RHR pump number 12 is delivering from the recirculation sump to the 

centrifugal charging pumps which are delivering to the cold legs. 

b. RHR pump number 11 is delivering from the recirculation sump to the 

suction header of the safety injection pumps and to the Reactor Coolant 

System through the cold leg injection header. 

c. Number 11 and 12 safety injection pumps are delivering to the Reactor 

Coolant System through individual hot leg injection headers . 
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• • TABLE 6.3-13 

NET POSITIVE SUCTION HEADS FOR 
POST-ACCIDENT OPERATIONAL PUMPS 

Flow and Suction Source 
Pump Elevation Condition and Elevation 

Safety 86'-3" 675 gpm RWST 
Injection runout 101'-8" 

Centrifugal 87'-5" 560 gpm RWST 
Charging runout 101-8" 

Residual Heat 46'-10" 1 pump RWST 
Removal operating 101'-8" 

4500 gpm 
runout flow 

Residual Heat 46'-10" 2 pumps RWST 
Removal operating 101'-8" 

3000 gpm/pump 
rated flow 

Containment 86'-3" 2600 gpm RWST 
Spray rated flow 101'-8" 

Component 86'-0" 4600 gpm Head Tank 
Cooling rated flow 128' 

Service Water Impeller 10,875 gpm Plant Intake 
Suction rated flow Water Level 
72'-3" 76' 
Pump Dis. 
94'-0" 

1 of 2 
SGS-UFSAR 

Minimum 
Available 
NPSH 

31.3 I 

38' 

63.3' 

53.2' 

29.9' 

40' 

34' 

• 
Maximum 

Required Water 
NPSH 

22' 

23' 

19.5' 

11' 

10' 

14' 

29' 

Temperature 

l00°F 

100°F 

100°F 

100°F 

100°F 

135°F 

90°F 
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As previously mentioned, several chemicals are stored onsite that are considered 

hazardous. Sulfuric acid is stored in 4,000 and 2,250 gallon tanks in the SGS 

Turbine Buildings and it is stored in 16,000 gallon tanks at the HCGS. 

Calculations indicated that the toxicity limit found in Regulatory Guide 1.78 

will not be exceeded in the control rooms during a postulated release at any of 

the sources. 

Liquid nitrogen and nitrogen stored as a compressed gas is stored at various 

locations onsite. According to the criteria contained in Regulatory Guide 1. 78, 

the largest single source should be evaluated for its impact on control room 

habitability. The sources evaluated at the SGS are the portable nitrogen tube 

trailers located in various areas throughout the SGS yard area and the (2) 3000 

gallon tanks located behind Unit No. 1 & 2 Auxiliary Buildings. In addition to 

these sources, liquid nitrogen is also stored in 9,000 gallon tanks at the HCGS. 

Calculations indicated that the oxygen depletion is negligible in the control 

rooms during a postulated release at any of the significant sources. 

Chemicals used as fire-fighting agents were evaluated. Carbon dioxide is stored 

on the 84 foot elevation of each of the Auxiliary Buildings. It is also stored 

at HCGS. Calculations indicated that the toxicity limit established in 

Regulatory Guide 1. 78 as well as asphyxiation levels would not be exceeded during 

postulated releases at the significant sources. The Halon storage vessels are 

relatively small and do not contain the volume of Halon required to cause 

asphyxiation in the control rooms, therefore, a postulated release will not pose 

a danger to the control rooms. 

Ammonium hydroxide is stored in a 3000 gallon vessel in the SGS Unit No. 1 

Turbine Building. Evaluations concluded that the control rooms would remain 

habitable during a postulated release at the storage tank. The shipments to the 

site are considered "frequent" and are discussed in Section 2.2.3.3 . 

6.4-3 
SGS-UFSAR Revision 17 

October 16, 1998 



Hydrazine is stored in a 300 gallon vessel also in the Unit No. 1 side of the 

SGS Turbine Building. The calculations indicated that the control room 

concentrations will not exceed toxicity limits established in 29CFR Part 

1910.1000, Subpart Z during a postulated release. 

Aqueous sodium hydroxide is stored in various quantities and vessels at both the 

SGS and HCGS. Upon a release, sodium hydroxide vapors may form locally at the 

spill, but the physical properties of this chemical preclude the formation of. a 

plume that will travel in the control room air intakes. The vapor pressure of 

aqueous sodium hydroxide is very low, especially as the concentration is 

increased. During a postulated release, mostly water will evaporate from the 

liquid pool, leaving the solid sodium hydroxide behind. The solid form of sodium 

hydroxide poses no danger to the control room due to its physical properties. 

Helium is stored in 150 lb cylinders at both the SGS and HCGS. It is much 

lighter than air and upon a postulated failure of one of the cylinders, the 

helium would disperse rapidly into the atmosphere and not form a continuing 

plume. 

Tables 6.4-3 and 6.4-4 summarize data on the Control Room Ventilation System, 

which is described in detail in Section 9.4.1. 
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Table 3.10-1 contains all the safety-related electrical equipment that requires 

seismic qualification • 

7.1.2.6 Conformance and Exceptions to IEEE Standard 323-1971 

The safety-related equipment is type tested to substantiate the adequacy of 

design. This is the preferred method as indicated in IEEE Standard 323-1971, 

"IEEE Trial-Use Standard Guide for Qualifying Class I Electric Equipment for 

Nuclear Power Generating Stations." Type tests already performed (References 4, 

8, 10) in accordance with criteria standards established at the time of the 

construction permit, may not conform to the format guidelines set forth in IEEE 

Standard 323-1971. 

7.1.2.7 Conformance to IEEE Standard 336-1971 

Installation, inspection, and testing activities for instrumentation and electric 

equipment are in accordance with IEEE Standard 336-1971, "IEEE Standard 

Installation, Inspection and Testing Requirements for Instrumentation and 

Electric Equipment During the Construction of Nuclear Power Generating Stations." 

The overall quality assurance program is described in Section 17. 

7.1.2.8 Conformance to lOCFRS0.62 

The AMSAC conforms to the requirements of lOCFRSO. 62 as discussed in Section 7. 8. 

7.1.3 control Room Design Review. 

A preliminary design review assessment of the Salem Unit 2 Control Room was 

undertaken in the spring of 1980 by Public Service Electric & Gas in conjunction 

with human factors personnel from Essex Corporation. It was concluded in the· 

preliminary review that "the design of the Salem 2 Control Room, which was 

repeatedly developed through the use of mockups and operator walk-throughs, 

evidences a high level of concern for the capabilities and limitations of the 

human operator, with some notable exceptions." The authors cautioned that the 

human engineering discrepancies and conclusions were tentative pending further 

evaluation and analysis. A detailed control room design review (DCRDR) ( 11) was 

subsequently undertaken. The DCRDR was performed for Units 1 and 
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2 in accordance with the intent of NUREG-0700 ( 12). 

divided into the following major steps: 

1. 

2. 

Operating Experience Review 

Control Room Inventory 

3. Control Room Survey 

4. System Function Review and Task Analysis 

5. Verification of Task Performance Capabilities 

The DCRDR process was 

6. Validation of Control Room Functions and Integrated 

Performance Capabilities 

Design review team members assessed the identified and prioritized human 

engineering discrepancies (HEDs) and recommended corrective actions, if 

applicable, for the resolution of each. Recommendations for HED resolution were 

developed for all significant HEDs using the resources of the DCRDR team and 

other specialists (e.g., Plant Engineering and Operating Departments). These 

recommendations took into account the impact of the correction on operating 

effectiveness, system safety, acceptability of design, and consistency with 

present Control Room characteristics. 

A list of all HEDs requiring plant changes appears in Section 3.1.1 of the DCRDR 

report (11). All HEDs identified during the review are listed in Volume 2 of the 

same report. 

A re-evaluation of human factors issues affected by the changes in the general 

arrangement of the Control Room(s) undertaken in 1996 has been conducted. The 

human factors issues affected by the changes include lighting, control room 
I 

colors, sound propagation, task analyses, relocation of communications devices 

and information systems, adequacy of storage locations and traffic flow within 

the control room. The results of this review are contained in Reference 13. 

7.1.4 References for Section 7.1 

1. Lipchak, J. B. and Stokes, R. A., "Nuclear Instrumentation System," WCAP-

7380-L (Proprietary) December 1970 and WCAP-7669 (Nonproprietary), April 

1971. 

2. "Controls and Electrical Drawings for Safety-Related Equipment," Volumes 1 

through 4, Salem Nuclear Generating Station, Units 1 and 2, Public Service 

Electric and Gas Company, July 1973. 
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3. Burnett, T. w. T., "Reactor Protection System Diversity in Westinghouse 

PWRs," WCAP-7306, April 1969 • 

4. Vogeding, E. L., "Seismic Testing of Electrical and Control ~quipment," 

WCAP-7397-L (Proprietary), January 1970 and WCAP-7817 (Nonproprietary), 

December 1971. 

5. Vogeding, E. L., "Seismic Testing of Electrical and Control Equipment (WCID 

Process Control Equipment)," WCAP-7397-L, Supplement 1 (Proprietary), 

January 1971 and WCAP-7817, Supplement 1 (Nonproprietary), December 1971. 

6. Potochnik, L. M., "Seismic Testing of Electrical and Control Equipment (Low 

Seismic Plants)," WCAP-7817 1 Supplement 2, December 1971. 

7. Vogeding, E. L., "Seismic Testing and Electric and Control Equipment 

(Westinghouse Solid State Protection System) (Low Seismic Plants)," WCAP-

7817, Supplement 3, December 1971. 

8. "Test Report - Nuclear Instrumentation System Isolation Amplifier," WCAP-

7819, Revision 1, January 1972. 

9. Deleted 

10. Locante, J., "Environmental Testing of Engineered Safety Features Related 

Equipment (NSSS - Standard Scope)," WCAP-7410-L, Volume 1 (Proprietary), 

December 1970 and WCAP-7744, Volume 1 (Nonproprietary), August 1971 • 
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11. "Public Service Electric & Gas Co.," Salem Generating Station, Units 1 and 

2, Detailed Control Room Design Review, Volumes 1 and 2, December 1983 • 

12. USNRC, NUREG-0700, "Guidelines for Control Room Design Reviews." 

13. "Public Service Electric & Gas Co.," Salem Generating Station, Units 1 and 

2, Supplemental Control Room Human Factors Design Review in Support of DCP 
lEC-3360. 
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Low-Low Steam Generator Water Level Trip 

The purpose of this trip is to prevent a loss of the reactor's heat sink in the 

case of a sustained steam/feedwater flow mismatch of insufficient magnitude to 

cause a low feedwater flow reactor trip. The trip is actuated on two-out-of-the

three low-low water level signals in any steam generator. 

7.2.2.6 Reactor Coolant Flow Measurement 

Elbow taps are used on each of the four loops in the Primary Coolant System as 

an instrument device that indicates the status of the reactor coolant flow. The 

basic function of this device is to provide information as to whether or not a 

reduction in flow rate has occurred. The correlation between flow reduction and 

elbow tap
2
read-out has been well established by the following equation: AP/AP

0 
(~/fu0 ) , where AP

0 
is the referenced pressure differential with the 

corresponding referenced flow rate fuO and AP is the pressure differential with 

the corresponding referenced flow rate fu. The full flow reference point is 

established during initial plant startup. The low flow trip point is then 

established by extrapolating along the correlation curve. The technique has been 

well established in providing core protection against low coolant flow in 

Westinghouse PWR plants. The expected absolute accuracy of the channel is within 

± 10 percent and field results have shown the repeatability of the trip point to 

be within ± 1 percent. The analysis of the loss of flow transient presented in 

Section 15 assumes instrumentation error of ± 3 percent • 
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7.2.3 System Evaluation 

7.2.3.1 Reactor Protection System and Departure from Nucleate Boiling 

The following is a description of how the Reactor Protection System prevents 

departure from nucleate boiling (DNB). 

The plant variables affecting the DNBR are: 

1. Thermal power 

2. Coolant flow 

3. Coolant temperature 

4. Coolant pressure 

5. Core power distribution 

Figure 7.2-1 illustrates the core limits for which DNBR for the hottest fuel rod 

is 1.3 and shows the overpower and overtemperature dT reactor trips locus as a 

function of Tavg and pressure. This illustration is derived from the inlet 

temperature versus power relationships. 

Reactor trips for -a. fixed high pressurizer pressure and for a fixed low 

pressurizer pressure are provided to limit the pressure range over which core 

protection depends on the overpower and overtemperature dT trips. 

Reactor trips on nuclear overpower and low reactor coolant flow are provided for 

direct, immediate protection against rapid changes in these parameters. However 

for all cases in which the calculated DNBR approaches 1.3, a reactor trip on 

overpower and/or overtemperature dT would also be actuated. 
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• 
Reactor Trip 

11. Turbine-generator trip 

12. Low-low steam generator 
water level 

13. Intermediate range 
neutron flux 

14. Source range neutron flux 

15. High flux rate trips 

SGS-UFSAR 

• TABLE 7.2-1 (Cont) 

Coincidence Circuitry and Interlocks 

Description-Protective Action 
For Interlocks) . 

2/3 low auto stop oil pressure 
(interlocked with P-9) or all 
stop valves closed 

2/3, per loop 

1/2, manual block permitted by 
P-10 

1/2, manual block permitted by 
P-6, interlocked with P-10 

2/4, no interlocks 

3 of 7 

Comments 

(Anticipatory trip of the reactor. No 
credit taken in accident analysis.) 

Manual block and automatic reset 

Manual block and automatic reset 

Positive and negative high flux rate 
trips provided 
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• 
Reactor Trip 

16. Containment pressure 
(Note 1) 

17. High containment activity 

Engineered Safeguards Systems Actuation 

18. Safety injection signal (S) 

19. Containment spray signal (P) 

20. NaOH addition 

SGS-UfSAR 

• TABLE 7.2-1 (Cont.) 

Coincidence Circuitry and Interlocks 

Coincidence of 2/3 containment 
high pressure or 1/2 manual 

Coincidence of 2/4 containment 

Hi-Hi pressure or 2/2 manual 

High activity signal, from either 
air particulate detector or 

radiogas detector, or 1/2 manual 

See Item 10 

See second part of item 16 

Containment Spray 

Actuation Signal 

4 of 7 

Comments 

Actuates all non-essential process lines 
containment isolation trip valves-
ation Phase A 

Actuates all remaining trip valves 

(except those required for operation of 

engineered safeguard systems) 

Closes containment purge supply, exhaust 

ducts and all others necessary to isolate 

containment atmosphere 

Revision 17 
October 16, 1998 

• 



• 
Reactor Trip 

Steam Lines Isolation Actuation 

21. Steam flow 

Containment pressure 

(Note 1) 

22. Manual (per steam line) 

Auxiliary Feedwater Actuation 

23. Turbine driven pump 

SGS-UFSAR 

• TABLE 7.2-1 (Cont.) 

Coincidence Circuitry and Interlocks 

High steam line flow in 2 out 
of 4 lines coincident with 
either low-low T in 2 out· of 4 
loops or low ste~~gpressure in 

2 out of 4 lines 

2/4 Hi-Hi containment pressure 

1/1 per steam line 

Coincidence of 2/3 low-low level 
in any two steam generators; 

undervoltage 1/2 twice on RCP 

busses; or manual (local and remote) 

5 of 7 

Comments 

2/3 high level in steam generator trips 
main feedwater pumps 
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• 
Reactor Trip 

24. Motor drive pumps 

Main Feedwater Isolation 

25. Close main feedwater control 
valves (fast closure) and 
feedwater bypass valves and 

feedwater inlet stop valves 

• TABLE 7.2-1 (Cont.) 

Coincidence Circuitry and Interlocks 

2/3 low level in any steam gen
erator: or trip of both main 

feedwater pumps, or safeguards 

sequence signal, or blackout 

sequence signal, or manual (local 
and remote) 

Actuated by: 
1. Safety injection (See No. 10) 

2. 2/3 Hi-Hi level in steam generator 
3. Low actioneered T and reactor 

trip 
avg 

NOTE 1: Definition of "S", "T", and "P" signals: 

Initiated by: 

"S" Safety injection signal 

"T" Safety injection signal 

6 of 7 
SGS-UFSAR 

Comments 

Safeguards automatic loading signal blocks 
manual start 

Actuates safety injection 

Actuates containment isolation Phase A 
(All non-essential process lines) 
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LEVEL 

PUBLIC SERVICE ELECTRIC AND GAS COMPANY 
SALEM NUCLEAR GENERATING STATION 

Lo.lo.l 
R.T. 

REVISION 17 
OCTOBER 16 1998 

Steam Generator Level Control 
and Protection System 

Updated FSAR FIG. 7.2-7 

-- --- - ---------------
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Each 125 V de circuit is protected by Class lE, 15 amp circuit breakers which 

will trip open if short circuits are caused by the flooding of components in the 

containment. Power to the entire circuit would be lost. All components on the 

if their loss was acceptable. 

Each 115 V ac circuit providing power to the process group racks and protection 

racks is also protected by Class lE, 15 amp circuit breakers. However, in this 

case the entire circuit will not be lost due to flooding of components in part 

of the circuits. Each individual process or protection control/indication loop 

is provided with its own fuse protected power supply. The development of faults 

from flooding of components in the loop would blow the fuses and thereby isolate 

that portion of the circuit. Other functions powered from that particular 

circuit would not be affected. 

In the analysis of 115 V ac circuits only those devices which would become 

submerged were examined as to function and need. Non-submerged components of the 

circuit will not be affected by the flooding. In the case of submerged devices 

in the 115 V ac circuit, it may be possible that total loss of control power will 

not occur, and that some control loops would provide anomalous indication or 

control. This has been examined and those devices which are required to operate 

properly do so for the required time period prior to submergence. Once submerged 

their functions are not required, and any improper operation would not be 

detrimental to the necessary safety functions following a LOCA • 

Each 230 V motor control center circuit is provided with Class lE circuit 

breakers. The control circuit power developed from a 230/115 V transformer is 

protected by fuses. Any isolation valves will have performed their function 

prior to becoming submerged. The reactor nozzle support vent fans are tripped 

during an accident. These power circuits are protected during 
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flooding conditions since voltage to the devices is removed by open motor starter 

contacts. 

Design Changes 

During the course of the review two instances were discovered which required a 

redesign to assure that the Emergency Core Cooling Systems can be operated 

effectively. They are described below: 

1. Position interlock circuits for valves 1SJ67 and 1SJ68, although not 

flooded, were found to be on 125 V de circuits which are affected by 

the flooding of other components. The position interlock circuit of 

1SJ67 was on circuit 13- of the lCCDC distribution cabinet and the 

position interlock circuit of 1SJ68 was on circuit 13 of the lAADC 

distribution cabinet. Coincident flooding of components in portions 

of the circuits could trip the circuit breakers, thereby losing the 

interlock capability for opening 11SJ45 and 12SJ45. The power circuit 

for the 1SJ67 and 1SJ68 position interlocks was changed to circuits 

which cannot be affected by flooding. 

2. The containment sump level instruments provide backup indication for 

initiating the recirculation phase of an accident and are above the 

flood level. However, two junction boxes, JN106 and JN108, used for 

the routing of the indication circuits, were located below the flood 

level. Tl+is situation could have caused anomalous indication to the 

operator and possibly affected his response to accident conditions. 

These two junction boxes were raised above the flood level. 

In summary, with incorporation of the design changes, the entire analysis 

demonstrates that flooding within the containment will not adversely affect the 

safe operation of the plant following a 
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• 
Parameter 

Reactor Coolant Temperature 

Pressurizer Pressure 

Pressurizer Level 

Steam Flow 

Steam Pressure 

SGS-UFSAR 

• TABLE 7.3-1 

PROCESS INSTRUMENTATION FOR RPS AND ESF ACTUATION 

Transmitter 
Sensors 

8 RTDs 

4 Transmitters 

3 AP Transmitters 

8 AP Transmitters 

12 Transmitters 

Read-out 

C.B. Meter 

C.B. Meter 

C.B. Meter 

C.B. Meter 

C.B. Meter 

1 of 2 

Ext. 

Ext. 

Ext. 

Ext. 

Ext. 

Prat/Safeguards 
Use 

A trips, T 
avg 

permissives 

Hi/Lo Pressure 
Trips, SIS 

R. T. 

SIS 

SIS, Steam Line 
Isolation 

• 
Taps 

1 each 

3 (Top Level) 
One Shared 

3 (Top Level) 
3 (Bottom Level) 

1 Pair Each 

1 Each 
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Parameter 

Steam Generator Level 

Reactor Coolant Flow 

Containment Pressure 

Turbine 1st Stage 
Pressure 

*C.B. is Control Board 

SGS-UFSAR 

• TABLE 7.3-1 (Cont) 

Transmitter 
Sensors 

12 AP Transmitters 

12 AP Transmitters 

4 Transmitters 
' 

2 Transmitters 

Read-out 

C.B. Meter 

C.B. Meter 

C.B. Metei:: 

c.B. Meter 

2 of 2 

Ext. 

Ext. 

Ext. 

Ext. 

Prot/Safeguards 
Use 

Low Level trip 

Low Flow Trip 

SIS (3) 
Spray (4) 
Cont. !sol. 

Set Point 
Programs and 
Turbine Power 
Permissives 

• 
Taps 

1 Pair Each 

1 High Pressure 
Shared/Loop 
1 Low Pressure 
Each 

4 

1 Each 
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• 
Component 

PT-188 
(Panel 237) 

FIT-159A 
(Local) 

FIT-1598 
(Local) 

SGS-UFSAR 

Function 

No. 11 Reactor 
Coolant 
Pump Seal 
Water Diff. 
Pressure 

No. 11 Reactor 
Coolant 
Pump Seal 
Leakof f 
Flow 

No. 11 Reactor 
Coolant 
Pump Seal 
Leakoff 
Flow 

Control Gr. 
Affiliation 

Process Gr. 
Rack 21 

Process Gr. 1 
Rack 21 

Process Gr. 1 
Rack 21 

• 
TABLE 7.3-5 (Cont) 

Accident/Safety 
Requirements 

None 

None 

None 

Analysis 

N/A 

N/A 

N/A 

CIRCUIT PROTECTION - ENTIRE 115V AC CIRCUIT PROTECTED BY CLASS 1E 15 AMP CIRCUIT BREAKER. 

• 
Results/Effects 

None 

None 

None 

INDIVIDUAL PROCESS/PROTECTION CONTROL AND INDICATION LOOPS PROVIDED WITH THEIR OWN FUSE PROTECTED POWER SUPPLY. 
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• 
Component 

FT-444 
(Panel 447-
1K) 

SGS-UFSAR 

Function 

No. 14 Reactor 
Coolant 
Loop Flow 

Control Gr. 
Affiliation 

Protection 
Channel I 
Rack 3 

• 
TABLE 7.3-5 (Cont) 

Accident/Safety 
Requirements 

Provides input to re
actor trip logic, not 
required for long term 
accident conditions 

Analysis 

Same analysis as for 
PT-414 above 

CIRCUIT PROTECTION - ENTIRE 115V AC CIRCUIT PROTECTED BY CLASS 1E 15 AMP CIRCUIT BREAKER. 

• 
Results/Effects 

None - Safety func
i s performed 

INDIVIDUAL PROCESS/PROTECTION CONTROL AND INDICATION LOOPS PROVIDED WITH THEIR OWN FUSE PROTECTED POWER SUPPLY. 
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• 
Component 

PT-9368 
(Panel 234) 

LT-9348 
(Panel 234) 

PT-121 
(Panel 241) 

E/P Conver-
ter(Panel 
241) 

F IT-158A 
(local) 

FIT-1588 
(local> 

SGS-UFSAR 

Function 

Accumulator 
Pressure 
No. 12 

Accumulator 
Level No. 12 

Excess Let-
down Pressure 

Control for 
Valve 1CV132 

No. 12 Reactor 
Coolant Pump 
Seal Leakoff 
Flow 

No. 12 Reactor 
Coolant Pump 
Seal Leakoff 
Flow 

Control Gr. 
Affiliation 

Process Gr. 2 
Rack 16 

Process Gr. 2 
Rack 16 

Process Gr. 2 
Rack 16 

Process Gr. 2 
Rack 16 

Process Gr. 2 
Rack 16 

Process Gr. 2 
Rack 16 

• TABLE 7.3-5 (Cont) 

Accident/Safety 
Requirements 

Required during injection 
phase for up to 5 
minutes following an 
accident 

RG 1.97 Category 
3 CEQ not required) 

None 

None 

None 

None 

Analysis 

Instrument will 
function for the 
required time 
period prior to 
flooding -
Panel 234 is located 
at E1.78' with the 
instrument approx. 
4 1 up from the 
bottom 

Instrument will 
function for the 
required time period 
prior to any flooding 

N/A 

N/A 

N/A 

N/A 

CIRCUIT PROTECTION - ENTIRE 115V AC CIRCUIT PROTECTED BY CLASS 1E 15 AMP CIRCUIT BREAKER. 

• 
Results/Effects 

Safety function 
will be performed 

None 

None 

None 

None 

None 

INDIVIDUAL PROCESS/PROTECTION CONTROL AND INDICATION LOOPS PROVIDED YITH THEIR OWN FUSE PROTECTED POYER SUPPLY. 
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• 
Component 

FT-445 
(Panel 447) 

SGS-UFSAR 

Function 

No. 14 Reactor 
Cool an 
Loop Flow 

Control Gr. 
Affiliation 

Protection 
Channel II 
Rack 7 

• TABLE 7.3-5 (Cont.) 

Accident/Safety 
Requirements 

Provides input to re
actor trip logic, not 
required for long term 
accident conditions 

Analysis 

Same analysis as for 
PT-415 above 

CIRCUIT PROTECTION - ENTIRE 115V AC CIRCUIT PROTECTED BY CLASS 1E 15 AMP CIRCUIT BREAKER. 

• 
Results/Effects 

None - Safety func
i s performed 

INDIVIDUAL PROCESS/PROTECTION CONTROL AND INDICATION LOOPS PROVIDED YITH THEIR OYN FUSE PROTECTED PO~ER SUPPLY. 
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• 
Com12onent 

PT-186 
(Panel 241) 

FIT-157A 
(Local) 

FIT-157B 
(Local) 

SGS-UFSAR 

Control Gr. 
Function Affiliation 

No. 13 Reactor Process Gr. 3 
Coolant Pump Rack 24 
Seal Water 
Diff. Pressure 

No. 13 Reactor Process Gr. 3 
Coolant Pump Rack 24 
Seal Leakoff 
Flow 

No. 13 Reactor Process Gr. 3 
Coolant Pump Rack 24 
Seal Leakoff 
Flow 

• TABLE 7.3-5 (Cont.) 

Accident/Safety 
Requirements 

None 

None 

None 

Analysis 

N/A 

N/A 

N/A 

CIRCUIT PROTECTION - ENTIRE 115V AC CIRCUIT PROTECTED BY CLASS 1E 15 AMP CIRCUIT BREAKER. 

• 
Results/Effects 

None 

None 

None 

INDIVIDUAL PROCESS/PROTECTION CONTROL AND INDICATION LOOPS PROVIDED WITH THEIR OWN FUSE PROTECTED POWER SUPPLY. 
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• 
Components 

FT-446 
(Panel 447-
1M) 

SGS-UFSAR 

Function 

No. 14 Reactor 
Coolant Loop 
Flow 

Control Gr. 
Affiliation 

Protection 
Channel III 
Rack 12 

• 
TABLE 7.3-5 (Cont.) 

Accident/Safety 
Requirements 

Provides input to 
reactor trip logic, not 
required for long term 
accident conditions 

Analysis 

Same analysis as 
FT-416 above 

• 
Results/Effects 

None - Safety f unc
ti on is performed 

CIRCUIT PROTECTION - ENTIRE 115V AC CIRCUIT PROTECTED BY CLASS 1E 15 AMP CIRCUIT BREAKER. 
INDIVIDUAL·PROCESS/PROTECTION CONTROL AND INDICATION LOOPS PROVIDED WITH THEIR OWN FUSE PROTECTED POWER SUPPLY. 
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• 
Component 

PT-183 
(Panel 240) 

E/P Converter 
(Panel 241) 

FIT-156A 
(local) 

FIT-1568 
(Local) 

SGS-UFSAR 

Function 

No. 14 Reactor 
Coolant 
Pump Seal 
Water Diff. 
Pressure 

Control for 
Valve INT35 

No. 14 Reactor 
Coolant 
Pump Seal 
Leakoff 
Flow 

No. 14 Reactor 
Coolant 
Pump Seal 
Leakoff 
Flow 

Control Gr. 
Affiliation 

Process Gr. 4 
Rack 27 

Process Gr. 4 
Rack 28 

Process Gr. 4 
Rack 28 

Process Gr. 4 

• 
TABLE 7.3-5 (Cont.) 

Accident/Safety 
Requirements 

None 

None 

None 

None 

Analysis 

N/A 

N/A 

N/A 

N/A 

CIRCUIT PROTECTION - ENTIRE 115V AC CIRCUIT PROTECTED BY CLASS 1E 15 AMP CIRCUIT BREAKER. 

• 
Results/Effects 

None 

None 

None 

None 

INDIVIDUAL PROCESS/PROTECTION CONTROL AND INDICATION LOOPS PROVIDED WITH THEIR OWN FUSE PROTECTED POWER SUPPLY. 
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lights on the main control console pushbutton stations and loss of control 

voltage alarms in the Auxiliary Alarm System. The spray additive tank valve, 

1CS14, also has an "off-normal" position alarm on the overhead annunciator. 

Any equipment taken out of service for maintenance or other purposes is under the 

administrative control of the plant operating personnel, which includes logging 

of unavailable equipment and covering the control station with a plastic cover. 

Bypasses of the Solid State Protection System (SSPS) outputs associated with the 

spray system are described below. 

In general, if any analog channel in the ESF Actuation System is taken out of 

service for any reason, the channel is placed in the tripped mode, and a channel 

trip status light is lit in the Control Room. In addition, an alarm will sound 

and an associated annunciator panel light will be lit. This holds true for the 

containment pressure channel associated with safety injection and steam line 

isolation functions. The channel bistable output ~elays associated with the 

containment spray function are not tripped, to reduce the possibility of 

inadvertent actuation, but are bypassed for test and maintenance purposes. An 

alarm indicating a bypassed condition is provided for each channel. 

The plant design includes one or a combination of the following indications to 

show the operator the status of plant systems and to highlight the existence of 

an incorrect configuration: 

1. Indication lights (red-open and green-closed) at the push-button 

control station for valves. 

2. A separate monitor light indication grouped with lights for other 

devices.having a similar. function such that the lights in the group are 

all on or are all off to provide for quick operator evaluation of 

systems status 
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during the injection or recirculation mode of a Loss-of-Coolant 

Accident {LOCA). 

3. Auxiliary annunciation redundant to the above indications which serves 

to alert the operator of the improper state, relative to plant 

conditions, of a critical device (pump, valve, etc.). 

By looking at equipment status indications, an operator can determine if 

components in the ESF Systems have been isolated or bypassed. 

The following alarms have been provided in the Control Room to indicate test of 

bypass for ESF Systems: 

Spray channel comparator tripped (4 alarms) 

Spray channel comparator on test (4 alarms) 

Solid state protection Train A trouble 

Solid state protection Train B trouble 

Solid state protection Train A on test 

Solid state protection Train B on test 

Reactor protection channel on test (4 alarms) 

Nuclear instrument channel on test 

Rod position indication on test 

Safeguards Equipment Control Systems on test (3 alarms) 

NIS loss of detector of compensation voltage (5 alarms) 

l (2) PRl CHANNEL UNSAFE (comparator on test) 

1 (2) PR2 CHANNEL UNSAFE (comparator on test) 

1 (2) PRl 1/2 TRIP (channel comparator tripped) 

1 (2) PR2 1/2 TRIP (channel comparator tripped) 
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• 
Parameter 

Channel 
Available 

OPERATIONAL OCCURRENCES (Cont.) 

6. Steam generator 
water level 
(wide range) 

7. Steam generator 
water level 
(narrow range) 

ACCIDENT CONDITIONS 

1. Containment 
pressure 

2. Refueling water 
storage tank 
water level 

SGS-UrSAR 

1/steam 
generator 

3/steam 
generator 

4 

2 

2 

0-100% 

0-100% 

0-115% of 
design 
pressure 
(-5 to +55 
psig) 

(-15 to +165 
psig) 

0-100% of 
( 48 ft/H O) 

2 

• 
TABLE 7.5-1 (Cont'd) 

Accuracy 

Refer to Applicable 
Loop Accuracy 
Calculation 

Ref er to Applicable 
Loop Accuracy 
Calculation 

+5.5% of full 
span 

+3% of level 
span 

2 of 4 

Indicator/ 
Recorder 

All channels 
recorded 

All channels 
indicated; the 
channels used for 
control are 
recorded 

All four are 
indicated; two 
are also recorded 

Both are 
recorded 

Both are 
indicated and 
alarmed 

Ensure maintenance of reactor 
heat sink. 

Ensure maintenance of reactor 
heat sink. 

Monitor post-LOCA containment 
conditions. 

Ensure that water is flowing 
to the safety injection system 
after a LOCA and determine 
when to shift from injection to 
recirculation mode. 
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• 
Parameter 

ACCIDENT CONDITIONS (Cont.) 

3. Steam generator 
water level 
(narrow range) 

4. Steam generator 
water level 
(wide range) 

Channels 
Available 

3/steam 
generator 

1/steam 
generator 

5. Steam line pressure 3/steam 
line 

6. Pressurizer water level 3 

7. Containment hydrogen 2 
level 

8. Containment 
area monitors 
(high range) 

SGS-UfSAR 

2 

0-100% 

0-100% 

0-1200 
psig 

Entire 
distance 
between 
taps 
(526"/H20) 

0-10% 
vol 

1-107R/hr 

• 
TABLE 7.5-1 (Cont.) 

Accuracy 

Refer to Applicable 
Loop Accuracy 
Calculation 

Refer to Applicable 
Loop Accuracy 
Calculation 

+7. 5% of full 
scale 

Indicate the 
level is some
where between 
0 and 100 of 
span 

2% of full 
scale 

3 of 4 

Indicator/ 
Recorder 

All channels 
indicated; the 
channels used 
for control are 
recorded 

All channels are 
recorded 

All channels 
are indicated 

All three 
indicated and one 
is for recording 

Both channels are 
recorded 

Both channels are 
recorded 

• 
Detect steam generator tube 
rupture; monitor steam generator 
water level following a steam 
line break. 

Detect steam generator tube 
rupture; monitor steam 
generator water level 
following a steam line 
break. 

Monitor steam line pressures 
following steam generator tube 
rupture or steam line break. 

Indicate that coolant inventory 
restored in pressurizer 
following cooldown after 
team generator tube 
rupture or steam line break. 

NUREG 0737 

NUREG 0737 
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• 
Parameter 

CONTAINMENT SYSTEM 

Containment 
pressure 

FEEDWATER AND STEAM SYSTEMS 

1. 

2. 

3. 

Auxiliary 
feedwater flow 

Steam generator 
level (narrow 
range) 

Steam generator 
level (wide 
range) 

SGS-UFSAR 

No. of 
Channels 
Available 

1/steam 
line 

3/steam 
generator 

1/steam 
generator 

0 - 115 of 
design pressure 
(-5 to +55 psig) 

0-250000 PPH 

0-100% 

0-100% 

• TABLE 7.5-2 (Cont.) 

Accuracy 

+5.5% of full 
span 

Refer to Applicable 
Loop Accuracy 
Calculation 

Refer to Applicable 
Loop Accuracy 
Calculation 

9 of 11 

Indicator/ 
Recorder 

All 4 channels 
indicated and 2 are 
also recorded. 

All channels 
indicated 

All channels indicated. 
The channels used for 
control are recorded. 

All channels recorded. 

Notes 

One channel to 
measure the flow 
to each steam 
generator 
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• 
Parameter 

FEEDWATER AND STEAM SYSTEMS 

4. 

5. 

6. 

Programmed 
steam generator 
level 
signal 

Main feedwater 
flow 

Magnitude of 
signal 
controlling 
main and bypass 
feedwater 
control valves 

SGS-UFSAR 

No. of 
Channels 
Available 

l/steam 
generator 

2/steam 
generator 

l/main 
l/bypass 

Range 

0-100% 

0 to 120% of 
maximum 
calculated 
flow 

0 to 100% of 
valve opening 

• 
TABLE 7.5-2 (Cont.) 

Accuracy 

Refer to Applicable 
Loop Accuracy 
Calculation 

±5% 

±1. 5% 

10 of 11 

Indicator/ 
Recorder 

All channels 
indicated. 

All channnels indicated. 
The channels used for 
control are recorded. 

All channels 
indicated 

Notes 

1. One channel 
for each main 
and bypass 
feedwater 
control 
valve 

2. OPEN/SHUT 
indication 
is provided 
in the 
control room 
for each 
main and 
bypass 
feedwater 
control valve. 
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7.6.3.2 System Design and Operation 

The POPS is a two-train system which uses separate and independent pressure 
transmitters to open two pressurizer relief valves if RCS pressure exceeds a 

preset value of 375 psi. This automatic action takes place provided the 
system has been armed by placing two keylocked pushbuttons in the "ON" 

position. The system is required to be armed whenever the RCS is below 312°F. 

Each relief valve is actuated by its own logic 

energized by a bistable device. The bistable is 

exceeds the setpoint. Existing pressure sensors 

output relay, which is 

energized if RCS pressure 

are used to develop the 

signal for valve actuation. These are the same sensors which provide the open 

permissive interlock function of the RHR System. 

The operation of the POPS is governed by two administratively controlled, 

keylocked pushbuttons which perform three functions. When the RCS temperature 

is less than 312°F, the system is armed by depressing the "ON" pushbutton for 

each POPS train. This action opens the motor-operated valves upstream of the 

relief valves and provides an alarm permissive to indicate that the POPS is 

armed should temperature increase above 312°F. In this mode of operation, the 

relief valve will automatically open if RCS pressure exceeds 375 psi. 

Actuation of the relief valve is alarmed in the Control Room . 

When RCS temperature is above 312°F, the "OFF" pushbutton for each POPS train 

is depressed. This action removes the opening permissive from the relief 

valve, removes the opening signal from its associated motor-operated valve, 

and provides an alarm input to indicate that the system is disarmed should RCS 

temperature fall below 312°F. 

When POPS is armed and in the AUTO mode, if either relief valve is opened by I 
POPS, it will remain open until the system pressure falls below 375 psi . 
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A testing provision in the POPS circuitry allows for test opening of the 

relief valves prior to use of the system below 312°F. The "TEST" pushbutton, 

when depressed, will operate the relief valve provided that the associated 

motor-operated valve is closed. Other portions of the POPS can be tested in a 

manner similar to other protection system functions. 

The existing power operated relief valves (PORVs) are utilized for 

overpressure protection at low temperature in Units 1 and 2. 

7.6.3.3 Design Evaluation 

The POPS is designed as a "protection grade" system in accordance with the 

applicable portions of IEEE Standard 279-1971. The use of proven devices 
provides assurance that the system is compatible with other Protection system 

equipment. The use of administrative controls to arm the POPS is considered 

acceptable due to the expected infrequent need for overpressure protection at 

low temperature. 

The POPS relief valves protect the RCS from pressure transients which could 

exceed the limits of Appendix G to lOCFRSO when one or more RCS cold leg 

temperature is at or below 312°F. Either POPS has adequate relieving capacity 

to protect the RCS from overpressurization as a result of the limiting heat 

input or mass input cases: (1) the start of an idle Reactor Coolant Pump with 
the secondary water temperature of the steam generator less than or equal to 

50°F above RCS cold leg temperature or (2) the start of an Intermediate Head 

Safety Injection pump and its injection into a water solid RCS, or the start 

of a High Head Safety Injection pump in conjunction with a running Positive 

Displacement charging pump and injection into a water solid RCS. The 

resultant limiting RCS peak pressure has been calculated to be 452 psig 

(Reference 1). A number of provisions for prevention of pressure transients 

below P-7 (when the RCS temperature is below 312°F) presently exists in the 

Technical Specifications. 

In order to cause an unwanted relief valve opening at normal operating 

pressures, an operator would have to erroneously arm the POPS system. This 

would require bypassing the administrative control of the key associated with 

the keylocked pushbutton 
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condensed by the spray reduces the pressurizer ·pressure. A small continuous 

spray is normally maintained to reduce thermal stresses and thermal shock and to 

help maintain uniform water chemistry and temperature in the pressurizer. 

Two power relief valves limit system pressure for large load reduction 

transients. 

Spring-loaded safety valves limit system pressure should a complete loss of load 

occur without direct reactor trip or turbine bypass. 

7.7.2.S Pressurizer Level Control 

The water inventory in the RCS is maintained by the eves. During normal plant 

operation, the pressurizer level is controlled by the charging-flow controller 

which controls the positive displacement charging-pump speed to produce the flow 

demanded by the pressurizer-level controller. The pressurizer water level is 

programmed as a function of coolant average temperature. The pressurizer water 

level decreases as the load is reduced from full load. This is the result of 

coolant contraction following programmed coolant temperature reduction from full 

power to low power. The programmed level is designed to match as nearly as 

possible the level changes resulting from the coolant temperature changes. To 

permit manual control of pressurizer level during startup and shutdown 

operations, the charging flow can be manually regulated from the main control 

room. 

7.7.2.6 Steam Generator Water Level Control 

The steam generator water level is controlled by a digital microprocessor 

controlled steam generator feedwater control system termed the advanced digital 

feedwater _control system (ADFCS )-· - The ADFCS provides- automatic control- of the

programmed level in the steam generators without the need for operator 

intervention over the range of power operation. This range of operation extends 

from the point at which the transition is made from feeding v~a the auxiliary· 

feedwater system to feeding via the main feedwater system on the bypass control 

valve (approximately 2-3% power) up to full power. One control system operates 

on both the main and bypass feedwater control valves without the need for manual 

action to switch operating modes or switch between valves. 

The basic control system functional design is similar to the original analog 

feedwater control system; however, a number of features have been added to 

improve the performance of the system. Functional block diagrams of the system 

are shown in Figures 7. 7-7, 7. 7-8, and 7. 7-9. A feedwater temperature-dependent 

gain has been added to the narrow-range level regulator as shown in Figures 7. 7-7 

and 7. 7-8. The response of-steam generator water level to changes in feedwater 

7.7-9 
. SGS-UFSAR Revision 17 

October 16, 1998 



flow is a function of feedwater temperature. At low feedwater temperatures and 

low power levels the level response exhibits more of the classical shrink/swell 

effect. This non-minimum-phase response is a destabilizing influence on the 

feedback control system. Therefore the control system lowers the gain at low 

feedwater temperature to preserve stability and increases the gain at high 

feedwater temperature to improve the response of the system. Derivative action 

has also been added to the level controller to provide some anticipatory action 

based on the rate of change of level. 

The flow regulator has a high-power mode and a low-power mode which is shown in 

Figure 7. 7-8. This is necessary because the feedwater flow and steam flow 

signals are not usable at low power levels. The switching between these two 

modes is done automatically within the system and is performed in a bumpless 

manner without the need for operator action. At low power levels a load index 

is used as a feedforward signal to anticipate the need for changes in feedwater 

flow in advance of an actual change in level. The wide-range steam generator 

water level measurement is used for this purpose. This signal changes with plant 

load and also leads the response of the narrow-range measurement. The high-power 

load regulator uses the standard steam-flow-feed-flow mismatch input. However, 

the loop steam flow .signal is compensated with high-pass filtered loop average 

steam flow to improve the response of the system to steam-flow-induced 

transients, such as a large load change. Initially, during a large load change, 

there is a rapid decrease in steam flow. If the compensation on steam flow were 

not present, this would cause the control system to close the feedwater control 

valve, which is opposite to the desired response. As was the case with the low

power mode load index, the feed flow and steam flow signals will automatically 

be switched in and out of the system. This mode switching is performed 

independently of which valve (main or bypass) is being used for control. 

An additional unique feature of the.control system design is the valve lift 

calculator or the "linearization circuit." The block diagram of this part of the 

system is shown in Figures 7.7-8 and 7.7-9. The output of the flow regulator is 

a demanded feedwater flow. The relationship between changes in valve position 

and changes in feedwater flow is highly nonlinear. It depends on the valve flow 

characteristic, pressure drop across the system, and system hydraulic 

characteristics. The linearization circuit calculates the amount that the 

control valve(s) must be moved to accomplish the change in flow demanded by the 

control system. The valve lift calculator operates on both the main and bypass 

control valves and is independent of the control mode. The bypass and main 

control valves are stroked open sequentially with some overlap. Either of the 

valves may be operated in manual while leaving the other valve in auto as shown 

in Figure 7.7-9. The valves are closely coupled through the algorithms in the 

valve demand portion of the system in order to minimize disturbances on the 

process (flow and level). 
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As the plant is taken from low power to high power, the bypass and main control 

valves are opened sequentially. Before the bypass valve reaches its nominal 

full-open condition, the control system begins to open the main valve from its 

full-closed position. As the plant increases in power, the feedwater flow demand 

increases and the main and bypass valves operate in a "split-range" fashion with 

both valves continuing to open as controlled by the system's valve sequencing 

logic. As flow demand is increased the main and bypass valves continue to open 

until a predetermined position on the main valve is reached at which point the 

bypass valve will begin to close as a function of flow demand. The system's 

valve sequencing logic will continue to close the bypass valve until it reaches 

the full-closed position and the main valve will open to compensate for the 

decrease in the bypass valve demand. During a power decrease, the main valve 

will begin to close until a predetermined position is reached on the main valve 

at which time the bypass valve will open while the main valve is continuing to 

close. The main valve will continue to close and the bypass valve will begin to 

close after it has reached its full-open position. The normal sequence described 

above can be altered by placing either or both of the valves in manual control. 

The feedwater control system includes signal validation for input signals to 

reduce the probability of a failed sensor causing an upset condition in the 

plant. The input channel signal validation configuration is shown in Figure 7. 7-

7. When three channels of a variable are available, the median signal select 

method is used. In this method, the middle value of the three input values is 

used as the input to the control algorithms. This will prevent high or low 

failures of a single input from affecting the control system. When two input 

channels of a variable are available, an arbitration method is used. In this 

method, the two inputs are compared, and if they agree to within a certain 

criterion, they are averaged and the result is sent to the control algorithms. 

If the two channels disagree significantly, they are compared to an estimate of 

the variable, which is calculated using. other process measurements. The primary

input that is closest to the estimate is used in the control system. 

The signal validation feature of the feedwater control· system ·allowed elimination

of the low feedwater flow reactor trip that was incorporated into the original 

design of the plant. WCAP-13502 provides justification for elimination of the 

trip (Reference 1) • 
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A summary of the signals input to the advanced digital feedwater control system 

is as follows: 

Process Variable 

Narrow-range steam generator water level 

Wide-Range steam generator water level 

Steam flow 

Feedwater flow 

Feedwater temperature 

Steam generator pressure 

Turbine first stage pressure 

Feedwater header pressure 

Valve position 

Number of 

Channels 

12, 3/loop 

4, 1/loop 

12, 3/loop 

12, 3/loop 

4, 1/loop 

4, 1/loop 

2 

3 

8, 1/valve 

Continued delivery of feedwater to the steam generators is required as a sink for 

the heat stored and generated in the reactor coolant following a reactor trip and 

turbine trip. An override signal closes the feedwater valves when the average 

coolant temperature is below a given temperature. 

Following a turbine trip, the feedwater regulating valves are closed at 

approximately a uniform rate, decreasing flow to a low percent of full flow at 

about one minute after the trip. This provides an optimum heat sink. 

Subsequently, the operator remotely controls the valves to maintain steam 

generator water level. Manual override of the Feedwater Control System is 

available at all times. 

7.7.2.7 Steam Dump Control 

The Steam Dump System is designed to relieve steam from the steam generators to 

the condenser to reduce the sensible heat in the primary system in the event of 

load reduction not exceeding 50 percent. 

The bypass system can accommodate 40 percent of full load flow, which, in 

conjunction with the 10-percent load follow capability of the Reactor Control 

System, enables the Nuclear Steam Supply System to accept a SO-percent load 

rejection from full load without reactor trip. All steam dump steam flows to the 

main condenser via the bypass lines. 

When a load rejection occurs, if the difference between the required temperature 

setpoint of the RCS and the actual average temperature exceeds a predetermined 

amount, a signal will actuate the load rejection steam dump controller. 
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7.7.2.11 Residual Heat Removal Performance Monitoring System 

The residual heat removal performance monitoring system provides an early warning 

of loss of decay heat removal capabilities. The system includes: 

1. Two independent narrow range continuous Reactor Coolant System level 

indications and wide range RCS level indication whenever the RCS is in 

a reduced inventory (mode 5 or 6). The narrow level range monitored 

is from Elevation 97' to Elevation 91.1'. The wide range level is 

monitored from elevation 97 feet to 109. 5 feet. The wide range 

midloop level is used while reactor vessel level is above the narrow 

range midloop level indication. 

2. Other monitoring capability: 

a. RHR pump discharge flow 

b. RHR pump discharge pressure 

c. RHR pump suction pressure 

d. RHR pump motor current 

The system is shown on the RCS and RHR system drawings (Figures 

5.1-6B and 5.5-2B). 

The system is designed to accurately monitor water level while the RHR system is 

operating with the RCS drained to the mid level of the RPV nozzles. This level 

allows draining of the steam generators but establishes a very narrow operating 

level over which the RHR pumps will have adequate NPSH. The Reactor Vessel Level 

Indicating System {-Figure 5.5-2B) provides a wide range level indication but is 

not accurate enough for the purposes described in NRC Generic Letter 88-17. 

The testing design criteria is the same as used for instruments that are 

connected to full reactor temperature and pressure. The channel design and 

physical location of the transmitters prevent any physical damage from a 

refueling seal failure even though the system is not specifically designed to 

function while flooded or over this range. The low side of the level transmitter 

is connected to the pressurizer and can be manually aligned to measure the static 

water level in the vessel with or without pressure in the vessel. 

The system is not required for safe shutdown, and is used only during cold 

shutdown, therefore, it is not safety related. However, it is designed, 

installed, and maintained as if it were safety related. 

7.7.2.12 Seismic Monitoring Instrumentation 

The operability of the seismic monitoring instrumentation ensures that sufficient 

capability is available to promptly determine the magnitude of a seismic event 

and evaluate the response of those features important to safety. This capability 
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is required to permit comparison of the measured response to that used in the 

design basis for the facility. Accordingly, the seismic monitoring 

instrumentation shown in Table 7. 7-3 should be maintained operable by the 

performance of the channel check, channel calibration and channel functional 

tests at the frequencies shown in Table 7.7-4. Additionally, each of the above 

seismic monitoring instruments actuated during a seismic event shall be restored 

to operable status within 24 hours and a channel calibration performed within 5 

days following the seismic event. Data should be retrieved from actuated 

·instruments and analyzed to determine the magnitude of the vibratory ground 

motion. 

7.7.2.13 Meteorological Monitoring Instrumentation 

The operability of the meteorological instrumentation ensures that sufficient 

meteorological data is available for estimating potential radiation doses to the 

public as a result of routine or accidental release of radioactive materials to 

the atmosphere. This capability is required to evaluate the need for initiating 

protective measures to protect the health and safety of the public. Accordingly, 

the meteorological monitoring instrumentation shown in Table 7.7-5 should be 

maintained operable by the performance of the channel check and channel 

calibration tests at the frequencies shown in Table 7.7-6. 

7.7.3 System Design Evaluation 

7.7.3.1 Unit Stability 

The Rod Control System is designed to limit the amplitude and the frequency of 

continuous oscillation of coolant average temperature about the Control system 

setpoint within acceptable values. Continuous oscillation can be induced by the 

introduction of a feedback control loop with an effective loop gain which is 

either too large or too small with respect to the process transient response, 

i.e., instability induced by the control system itself. Because stability is 

more difficult to maintain at low power under automatic control, no provision is 

made to provide automatic control below 15 percent of full power. 

The Control system is designed to operate as a stable system over the full range 

of automatic control throughout core life. 

7.7.3.2 Step Load Changes Without Steam Dump 

A typical power control requirement is to restore equilibrium conditions, without 

a trip, following a plus or minus 10 percent step change in load demand, over the 

15 to 100 percent power range for automatic control. The design must necessarily 

be based on conservative conditions and a greater transient capability is 

expected for actual operating conditions. A load demand greater than full power 

is prohibited by the turbine control load limit devices. 
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TABLE 7.7-2 

OVERHEAD ANNUNCIATOR GROUPINGS 

The alarm groupings are as follows: 

DISPLAY A 
ANNUNCIATOR 
TEST/TROUBLE ALARMS 
MISCELLANEOUS 
FIRE PROTECTION 

DISPLAY B 
MISCELLANEOUS WATER SYSTEMS 
VITAL DC 
VITAL INVERTERS 
MISCELLANEOUS ELECTRICAL 
SERVICE WATER 

DISPLAY C 
WASTE DISPOSAL 
LEAK DETECTION 
AUXILIARY COOLING 
CONTAINMENT 

DISPLAY D 
ECCS 
REACTOR COOLANT SYSTEM 

DISPLAY E 
CHEMICAL AND VOLUME CONTROL SYSTEM 
PRESSURIZER 
NUCLEAR INSTRUMENTATION SYSTEM 
ROD CONTROL 

DISPLAY F 
REACTOR TRIP 
SAFETY INJECTION 
TURBINE TRIP 

DISPLAY G 
MAIN STEAM 
TURBINE AND CONDENSER 
FEEDWATER 
TURBINE AUXILIARY COOLING 
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DISPLAY H 
MAIN GENERATOR 
25KV TRANSFORMERS 

DISPLAY J 
VITAL AC 
DIESEL GENERATORS 
GROUP BUSES 

DISPLAY K 
CIRCULATING WATER 
13KV SYSTEM 
SOOKV SYSTEM 

SGS-UFSAR 
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8.1.4.2.5 Separation in Control Areas and Components 

Limited Hazard Areas 

Limited hazard areas at Salem are considered to be the Relay Rooms, Elevation 

100' and Control Equipment Rooms, Elevation 122'. The required physical 

separation of cables in free air is designated as l" horizontal and 3" 

vertical for instrumentation and control cables and 6" horizontal and 12" 

vertical for low voltage power cables less than 2/0 AWG. 

Control Boards, Panels and Racks 

The control· boards, panels, and relay racks . have been designed to provide 

independence and separation necessary to fulfill the single failure 

requirement of IEEE standard 279-1971, "Criteria for Protection systems for 

Nuclear Power Generating Stations." 

Control Console 

The control console is a free standing unit that is totally enclosed including 

a dropped floor with a steel bottom plate. All cables entering the console 

pass through sealing bushings installed in the steel bottom plate on 6-inch 

centers. Up to eight cables may pass through a numbered sealing bushing; 

however, only cables of the same separation designation are permitted in a 

single bushing. Safety-related and nonsafety-related cables may be assigned 

to the same bushing in accordance with the criteria stated above. 

Once in the console, cables are assigned to a four-section cable lattice· 

arrangement with supports which have a minimum center to center distance of 

1 7/8 inches· and are 2 inches . high. Cables go through the lattice to the 

plug-in instruments. The lattice is assigned separation designations and is 

also divided horizontally into a numbered grid system. Each cable is assigned 

a separation designation, a bushing, and a· lattice position· number.·· 

Therefore, the location and path of each cable in the console is individually 

defined. Installed cables are fastened to the lattice supports. 

The plug-in cables terminate at the rear of the console-mounted equipment. 

All pushbutton stations and vertical indicators plug into identical steel 

housings which have a rear-mounted receptacle for the plug-in cable. 

The steel housings provide physical separation for adjacent pushbutton 

stations or indicators. There are no exposed terminations associated with the 

control stations and indicators • 
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Each pushbutton station has functions associated with one separation 

designation. The minimum center-to-center distance between the double 

barriered control station housings is 1 1/2 inches and is based on the use of 
low voltage controls and special teflon insulated plug-in cables. This 

minimum distance occurs at the entrance to plug-in modules containing 

terminations which are enclosed in a steel housing. From the modules, the 

cables are separated in the lattice system described above which provides for 

specific routing of the cables to the floor bushings. Redundant cables are 

"fanned out" from the modules to achieve a greater separation as soon as 

practical; however, the separation is never less than 1 1/2 inches, center to 

center. Safety-related wiring other than the plug-in cables is run in 

conduit. 

The reactor trip switches' wiring is not of plug-in cable construction. 

Reactor trip wiring is run in conduit (using two separate paths for the two 

trains) from the entrance to the console up to the switches. Wiring for 

redundant functions is separated by using the front and rear decks of the 

multi-deck switch. 

Each circuit in the 28-V de Logic System is protected by circuit breakers. 

Current overload tests have been performed on the multi-conductor plug-in 

cable based upon the calculated current which would occur if the circuit 

protection failed to interrupt a short circuit due to failures in the 

pushbutton control stations. These tests showed that a fault occurring in a 

pushbutton control station could not cause a fire in the console space. 

Within the console, color coding is used to identify the cables and connectors 

associated with each of the four safety-related and nonsafety-related 

channels. 
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The new trip setpoint of 95 .1 percent is based upon the results of detailed 

analyses of the Salem Generating Station electrical distribution system transient 

response characteristics. Those analyses indicate that, at the PSE&G bulk power 

system voltage minimum expected value and for a LOCA on one Salem unit and a 

concurrent orderly shutdown of the other unit, vital bus voltage will recover to 

a worst-case value of ~97 percent. The minimum allowable trip value and trip 

setpoint are derived using the 90-percent minimum motor terminal voltage 

requirement as a starting point and then applying appropriate allowances required 

by Regulatory Guide 1.105. 

Group bus undervoltage protection ( 68 percent of nominal) will automatically trip 

the reactor coolant and condensate pump 4-kV breakers upon sensing an 

undervoltage (i.e., loss of voltage) condition on its respective 4-kV group bus 

(lE, lF, lG, and 1H) using 1/1 logic taken once • 
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8.3.1.3 460- and 230-Volt Systems 

The 460-V Auxiliary System feeds most motors from 20 to 300 hp. The 230-V system 

feeds smaller loads and, for convenience of operation, a few motors larger than 

15 hp. The 4160-V System feeds the 460-V and 230-V systems via 4160-460-V and 

4160-240-V transformers. 

The 460-V and 230-V Vital Bus Systems are divided into three bus sections which 

correlate to their respective 4160-V vital buses. 

8.3.1.4 115-V ac Instrumentation Power 

Four 12-kVA 115-V ac vital instrument buses for Unit 1 and four 10-kVA 115-V ac 

vital instrument buses for Unit 2 (1/2 A,B,C & D) receive power from individual 

Uninterruptible Power Supplies (UPS) to form redundant channels for reactor 

control and protection instrumentation and safety-related equipment. Each vital 

instrument bus UPS's Rectifier receives normal source, vital 230-V ac power, 

converts (rectifies ac/dc) it to de power, and then converts (inverts dc/ac) it 

to ac power. In the event of a 230-V ac power loss or an UPS' s Rectifier 

malfunction, 125-V de vital station battery power will automatically supply power 

to the UPS's Inverter, via the UPS's actioneering circuit, to maintain 

uninterruptible ac output power. 

Each UPS also contains a 12-kVA Unit 1, 10-kVA Unit 2 ac Line Regulator and 

Static Switch that ~ceives alternate source, vital 230-V ac power from the same 

normal source vital 230-V ac bus. In the event of an UPS' s Inverter malfunction, 

the Static Switch senses a loss of Inverter output voltage and automatically fast 

transfers the associated vital instrument bus loads to the ac Line Regulator 115-

V ac output. When the UPS's Inverter voltage returns to normal, the Static 

Switch will automatically return the associated vital instrument bus loads to the 

Inverter output. 

Table 8.3-1 depicts channel designations for each vital instrument bus power 

feed. The 115-V ac Control Power System for Units 1 and 2 is illustrated on 

Figure 8.3-5. 
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buses. The pumps for each unit are mounted in two individual dewaterable cells 

of the intake structure with three pumps to a cell. The intake structure, shown 

on Figure 9. 2-3, is physically apart from the turbine condenser circulating water 

pump intake. The pumps are arranged to afford adequate submergence during the 

lowest credible water level elevation of 76.0 feet. The motors are protected 

from flooding by the pump room compartments which are watertight to Elevation 

126 '-0" with wave run-up protection to Elevation 128 '-0", and which contain sump 

pumps. Automatic traveling water screens are provided at each intake cell and 

combine with full-depth trash racks to filter debris from the incoming flow. A 

mobile mechanical trash rake unit is provided to maintain unobstructed 

passageways at the trash racks. Two-foot-wide fish-escape passages are located 

abreast of the traveling screens to minimize the entrapment of fish in the 

individual intake cells. The primary method to prevent organic buildup in the 

heat exchangers and piping is by injecting sodium hypochlorite into each of the 

six service water headers. Additionally or alternately, sodium hypochlorite may 

be injected at the suction of each service water pump. Each pump discharges to 

an automatic, self-cleaning strainer and check valve prior to entering the 

compartment supply header. 

The SWS intake structure is located about 200 yards from the Delaware River 

shipping channels. It is expected that shipping will not approach the intake 

since the channel is marked by buoys and lights. Due to the large distance 

between the intake and the shipping channel, vessels which may be adrift 

can be secured, anchored, or grounded before coming into the vicinity of the 

intake. In the event that small unattended barges do drift into the vicinity of 

the intake, marine dock bumpers have been installed to prevent damage to the 

structure. 

The six service water pumps for each unit are arranged in groups of three pumps 

each, and each group of pumps for one unit is installed in alternate watertight 

compartments inside the intake structure, as 
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indicated on Figures 9. 2-lA and B. Each service water pump is recessed 

approximately 50 feet from the river face of the intake. Based on the above, 

damage or blockage to two adjacent compartments of the intake can occur without 

cutting off the supply of service water to each unit. 

In the event that a river borne oil spill occurs which could affect the service 

water intake, floating oil spill booms will be installed as needed to protect the 

two end cell fish-escape passages opening to the river to prevent oil from 

entering the intake at any river water level above 81 feet. A curtain wall at 

Elevation 81 feet extending across the entire intake structure, except in the 

fish escape passages, prevents any oil from entering the intake at any river 

level above this elevation. Lowest recorded river water level is 83 feet-1 inch. 

The vertical turbine type service water pumps take suction at Elevation 71'-6" 

for Johnston Pump Co. pumps, which is below the minimum credible river water 

level of 76 feet. Based on the above, oil floating on the river surface will not 

be drawn into the pumps. Should the river water level drop below elevation 81 

feet with water borne oil present, the plant would be shut down. 

The SWS is designed for Class I (seismic) conditions except for the turbine area 

service water piping outside of the service water intake structure, which is of 

non~Class I (seismic) design. The Class I (seismic) service water piping inside 

the service water intake structure which supplies the turbine area is provided 

with two motor-operated valves, SW-20 and SW-26, in series, to isolate the non

Class I (seismic) portion of the system upon receipt of a safety irij ection signal 

or a blackout. The two motor-operated valves in series are powered from separate 

vital buses to ensure isolation of the non-Class I (seismic) portion of the SWS • 
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9.3 PROCESS AUXILIARIES 

9.3.1 Compressed Air System 

The Compressed Air System provides the station with a reliable supply of clean, 

oil free air which is directed to various locations for services as required. 

The system is illustrated on Figures 9.3-lA and B. 

9.3.1.1 Design Bases 

The system provides a reliable supply of clean, oil free, dry air at temperatures 

and pressures suitable for use as control air and for containment penetration 

cooling, as well as for miscellaneous services and maintenance. 

The Compressed Air System is designed such that any single failure will not 

result in loss of function. 

9.3.1.2 System Description 

9.3.1.2.1 General 

The Compressed Air System is supplied by three motor-driven, oil free, 

centrifugal compressors which draw air from the atmosphere. The intakes of the 

air compressors are located to avoid drawing in toxic or corrosive gases. Each 

compressor has a capacity of 4000 scfm at 110 psig discharge pressure. One 

compressor is typically running to satisfy the normal requirements of station air 

and control air for both units as well as to supply containment penetration 

cooling air for both units. A second compressor serves as standby. A third 

compressor is available when required. Each compressor is furnished with a 1000-

hp motor, intake filter-silencer, blow-off silencer and total closure controls, 

constant pressure controls for lSAEl and 1SAE2 only, intercoolers, aftercooler, 

and moisture separator. The compressors discharge into two independent service 

air headers, with an air receiver tied to each header . 
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The station air header for each unit is supplied from either of the two service 

air headers. This station air header provides operating and service requirements 

at various locations. 

The containment penetration cooling system for each unit is furnished with two 

supply lines. The normal supply is taken from the station air header and the 

backup supply from either of the two service air headers. 

9.3.1.2.2 Control Air 

The Control Air System for each unit consists of a dual header arrangement as 

shown on Figures 9.3-2A and B. This control air for each unit is supplied 

through two distinct parallel paths. ·One path is supplied from the Unit 1 

Station Air System and the other is supplied from the Unit 2 Station Air System. 

Control air for the safety-related portions is automatically backed up by an 

emergency control air compressor. Control air is fed from the station Air System 

through heatless, desiccant-type air dryers. 

The dual station service air headers are fed by three 100-percent capacity air 

compressors, any one of which can supply the total service and control air 

requirements for both units. 

In addition to the normal air supply from the service air headers, each system 

has an emergency control air compressor complete with its own dryer and 

accessories to supply the safety-related headers. The emergency control ·air for 

either system may be directed to supply air for the opposite system through a 

valved connection. Each emergency control air compressor motor is energized from 

the standby ac power supply. The Emergency Control Air System is designated 

Class I (seismic) and is located in a Class I (seismic) structure. 

Each emergency control air compressor has a capacity of 500 scfm at 110 psig and 

is driven by a 125-hp motor. Accessory equipment includes an independent 

heatless desiccant-type air dryer, intake filter, silencer, intercooler, 

aftercooler, moisture separator, inlet control valve, relief valve and automatic 

condensate trap and drain. The emergency control air compressors with teflon 

piston rings and stainless steel cylinder liners. Cooling of the emergency 

control air compressors is provided from the safety-related Chilled Water System. 

In the event that the Chilled Water System is not available, the Service water 

System (SWS) serves as a backup. 

Operational or test data that verify the functional reliability of the emergency 

control air compressors were not initially available although stress analysis 

calculations by the manufacturer indicated that the compressor could withstand 

both operational and seismic loadings simultaneously. 
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9.3.2.2.2 Operation 

Sampling System equipment is located inside the Auxiliary Building with most of 

it in the Sampling Room. 

remotely operable valves. 

All sample lines from inside the containment have 

Reactor coolant loop liquid, pressurizer liquid, pressurizer steam and steam 

generator blowdown samples originate inside the containment and flow through 

separate sample lines to the sampling room. A delay is provided by the length 

of the reactor coolant sample lines to provide sufficient elapsed time for N-16 

decay. The samples pass through the containment to the Auxiliary Building, and 

into the Sampling Room, where they are cooled (pressurizer steam samples 

condensed and cooled) in the sample heat exchangers. The sample stream pressure 

is reduced by a manual throttling valve located downstream of each sample 

pressure vessel. The sample stream is purged to the volume control tank- in the 

eves until sufficient volume has passed to permit collection of a representative 

sample. After sufficient purging, the sample pressure vessel is isolated for 

laboratory analysis of the contents or degassed, depending on the analysis 

required. 

Alternately, these liquid samples may be collected by bypassing the sample 

pressure vessels. After sufficient volume has passed to the volume control tank 

to permit collection of a representative sample, a portion of the sample flow is 

diverted to the sample sink where the sample is collected. 

Samples from the accumulators in the SIS pass through the containment, to the 

Auxiliary Building, and into the Sampling Room. The sample stream is purged until 

sufficient volume has passed to permit collection of a representative sample. 

After sufficient purging, samples are obtained at the sample sink. 

The reactor coolant samples originating from the RHRS have remote operated, 

normally closed air-operated sampling valves located 
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close to the sample sources. The sample lines from these sources are connected 

to the sample lines coming from the reactor coolant loops at a point upstream of 

the sample heat exchanger. Samples from this source can be collected either in 

the sample pressure vessel or at the sample sink as with reactor coolant loop 

samples. 

Liquid samples originating at the eves letdown line at the mixed bed 

demineralizer inlet and outlet headers are purged directly to the volume control 

tank. Samples are obtained by diverting a portion of the flow to the sample 

sink. If the pressure is low in the letdown line, the purge flow is directed to 

the Waste Disposal system (WDS). 

The sample line from the gas space of the volume control tank delivers gas 

samples to the volume control tank sample pressure vessel in the Sampling Room. 

Purge flow for these samples is discharged to the vent header in the WDS. 

The steam generator blowdown samples originate from locations inside the 

containment, flowing through lines to the sampling area in the Auxiliary 

Building. Each line is equipped with a manual valve close to the source, a 

remote air-operated valve downstream of the manual valve, an automatic 

containment boundary isolation valve located outside the containment and manual 

valves located inside the sampling area for component isolation, flow control and 

routing. These sample lines also contain a sample heat exchanger for cooling . 

A blowdown sample from each steam generator is reduced in pressure and is 

continuously monitored for radioactivity level, pH, and conductivity. 

The steam generator samples originate from locations outside the containment, 

flowing through lines to the sampling area in the Auxiliary Building. Each line 

is provided with a manual valve close to the source and manual valves located 

inside the sampling area for component isolation and flow control. These sample 

lines also contain a sample heat exchanger for condensing and cooling. 
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Each CREACS filter unit will draw in 1000 scfm of outside air mixing with 7000 

scfm recirculated air from the CRE. The total of 2000 scfm makeup air ensures 

that the CRE is pressurized to greater than 1/8 inwc differential between 

adjacent rooms. The recirculated air and outside makeup air is filter~d through 

HEPA and charcoal filters to remove airborne radionuclides and is cooled by a 

cooling coil. The CAACS operates in Mode 3 recirculating air to control room 

areas outside the CRE. The CAACS and CREACS automatically actuates upon an 

accident signal (SI or high radiation) and selects the preferred emergency 

intake. 

In the event that the automatic selection of the preferred intake is unavailable, 

the operator can manually place the CREACS into Mode 4 service with the preferred 

emergency intake selected to any unit at power or shutdown. 

Single Filtration Train Alignment 

The control area ventilation system has provisions to allow for a single CREACS 

train to be out of service for maintenance. In this alignment, a single CREACS 

filter train is capable of providing ample cooling, filtering of recirculated and 

makeup air, and pressurization of the CRE to ensure continuous occupancy of 

personnel in the control room. In this standby alignment, one CREACS train on 

one unit is isolated and the other train is aligned (using manual dampers) for 

cooling the entire CRE with the CREACS train in standby. In this alignment,

while in the standby condition, the CAACS fans on the side where CREACS is 

aligned continues tQ supply cooling to its respective Electrical Equipment 

Room/Relay Room (EER/RR) as well as the entire CRE. On the side where the CREACS 

is isolated, the CAACS supplies only it's respective EER/RR. If an accident were 

to occur, the system would automatically align as described in the Accident 

Pressurized Mode (Mode 4) except one CREACS train is now aligne~ to supply the 

entire CRE. The manual dampers (VHE1058, VHE1130, VHE1133 and VHE1141) when 

positioned ensure that a total of 2200 scfm of makeup air is provided and that 

supply air is distributed throughout the CRE. Return damper CAAl 7 on the CREACS 

unit aligned to the Single Filtration Train mode is administratively controlled 

to the open position. With both units in modes 1-4, the air intake dampers must 

remain capable of automatic actuation to the non-accident unit upon receipt of 

a Safety Injection (SI) or a High Radiation signal • 
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SYSTEM CONTROLS 

Both Units 1 and 2 control room ventilation systems are designed to initiate Mode 

4 operation automatically upon any one of the following signals: 

(1) Safety Injection signal from Unit 1 

(2) Safety Injection signal from Unit 2 

(3) High outside air activity from Unit 1 control room intake monitor 

(4) High outside air activity from Unit 2 control room intake monitor 

The automatic selection of emergency intake dampers that open during Mode 4 

operation is based on the following: 

(1) Safety Injection or control room intake high radiation signal from 

Unit 1 will open emergency intake dampers on Unit 2 (Unit 1 remain 

closed). 

(2) Safety Injection or control room intake high radiation signal from 

Unit 2 will open emergency intake dampers on Unit 1 (Unit 2 remain 

closed). 

The following monitoring devices are provided for the control room ventilation 

system: 

(1) Smoke detectors are provided to detect trace amounts of combustion 

products 

(2) Two safety related outside air activity monitors per intake monitor 

air entering the control room supply duct are beta scintillation type 

detectors with a range of 101 - 10
7 

cpm. These monitors have an 

instrument failure alarm, indication in the control room, and alarm to 

the control room. The control room alarm is also used for automatic 

initiation of Mode 4 to isolate and pressurize the CRE. 

(3) One non-safety related area monitor per unit is mounted in the control 

room. These monitors are GM type detectors with a range of 10-l - 10
4 

rnR/hr (Unit 1) and 10-l - 10
6 

rnR/hr (Unit 2). These monitors have an 

instrument failure alarm, local readout, and alarm to the control 

room. This monitor serves to provide indication only in the control 

room. 
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(4) Chilled water control valve (CH168) will be permanently in full open 

(fail-safe) position during all CAACS modes of operation • 

The dampers actuated in the CAACS and CREACS are pneumatically controlled and 

have position indicators for vital automatic dampers in the control room. The 

dampers required to operate during Mode 4 conditions are designed to fail to 

their designated position upon loss of control air or power. These dampers 

automatically actuate to the designated positions upon signals from the Solid 

State Protection System (SSPS) and the radiation monitoring system (RMS). All 

vital dampers can also be operated manually at the damper. 

The control room ventilation system has provisions to allow the operators to 

manually initiate the CAACS and CREACS to any of the operating modes from the 

control room. 

9.4.1.3 System Design Evaluation 

9 .• 4 .1. 3 .1 CREACS Single Failure Design 

The CREACS ventilation design has been evaluated for single failure 

vulnerabilities and impacts on control room habitability requirements during an 

accident • 

The CAACS and CREACS designs provide for redundant pneumatically operated 

isolation dampers (with manual backup operators) and controls for isolating the 

outside environment from the control room areas. These dampers are designed to 

fail to their designated positions for Mode 4 accident operation as described in 

9. 4. 1. 2 • In addition, each unit' s emergency intakes are provided with dual 

parallel flow paths, each with redundant pneumatically operated dampers in series 

with a manual isolation damper for maintenance. These pneumatic dampers are 

provided with redundant actuation signals and are supplied from separate control 

air headers to ensure that emergency makeup air is supplied to pressurize the CRE 

during an accident • 
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Dampers not providing isolation from the outside environment are single 

pneumatically operated dampers. Dampers relied upon during emergency conditions 

are provided with redundant actuation signals and are spring loaded to their fail 

safe positions upon a loss of control air or power (CAA14, CAA17, a~d CAA20). 

These dampers are also provided with manual backup operators and position 

indicators in the control room. 

Operation of required dampers, valves and fans during an emergency condition is 

ensured by providing redundant controls. Each unit consists of two trains of 

controls circuitry supplied from separate vital control power and control air 

sources. The control scheme is designed such that on a loss of control power or 

air, the CAACS and CREACS will fail safe to the designated position for Mode 4 

operation. Each unit• s controls are initiated from ·redundant trains of SSPS and 

control room intake radiation monitors. 

Each CREACS filtration train is provided with two 100% capacity supply fans 

supplied by the standby A/C power supply. In the event that one fan fails to 

start, a safety related flow switch located downstream of the fan discharge duct 

will start the standby ~upply fan. Control switches located in the control room 

are provided to allow the operators to select the lead and standby emergency 

. fans. In the .event maintenance is required on a filter unit, the· operators 

manually place the system in the standby alignment condition for a single CREACS 

filtration train operation. In the Maintenance mode, a single CREACS filtration 

train is capable of providing adequate cooling, removal of airborne activity, and 

pressurization · of the CRE during the course of an accident·· for long term 

occupancy. While in the Maintenance mode, CREACS return· damper CAAl 7 is 

administratively blocked open. 
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9.4.1.3.2 Shared Systems, Structures, or Components 

Since the SGS Unit 1 and 2 control rooms are common, the ventilation design and 

operating modes for CAACS and CREACS are evaluated for impacts for shared system 

design (GDC 5). The following areas of the ventilation design were evaluated: 

(1) Supply Distribution Plenum to CRE 

(2) Outside Emergency Intake Plenum 

(3) Unit 1 and 2 CREACS supplying CRE 

(4) Single Filtration Train operation (Maintenance mode) 

(5) Ventilation Control Circuitry 

(6) Control Room Intake Radiation Monitors 

Supply Distribution Plenum to CRE 

This supply distribution plenum and associated manual dampers are designed to 

Class I (seismic) criteria. This common supply plenum serves to distribute air 

to the rooms within the CRE. 

Outside Emergency Intake Plenums 

The emergency air intake plenums for each unit is cross-connected by a common 

ductwork to allow each unit's CREACS or a single unit's CREACS the ability to 

draw outside makeup air from the selected or preferred intake. The emergency air 

intake and distribution plenums are designed to Class I (seismic) criteria. The 

emergency air intake plenums for each unit are designed with dual parallel flow 

paths, each flow path consisting of a redundant series of dampers actuated by 

redundant controls. The sources of power and control air for each unit's intake 

dampers are not shared between units. 

CREACS Supplying CRE 

Normally, during an emergency condition, both units CREACS will operate 

simultaneously, each CREACS supplying cool filtered air to the CRE to maintain 

habitability requirements • 
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Single Filtration Train Operation 

In the event that one of the CREACS filtration trains is out of service for 

maintenance, the operators manually place the system in the standby alignment 

condition to a single filtration train operation (Maintenance mode). A single 

CREACS train is capable of providing adequate air to cool the CRE and ensure 

control room habitability requirements are met during an accident without 

impairing the capacity of the onsite power supply. 

Ventilation Control Circuitry 

The controls for actuating the CAACS and CREACS to the accident mode of operation 

(Mode 4) and for single filtration train alignment are shared between Unit l and 

2 control area ventilation control circuitry. This is based upon each unit's 

train of control circuitry being electrically interlocked with the opposite 

unit's controls. This interlock enables the opposite unit's CAACS and CREACS 

controls to automatically initiate to Mode 4 operation. This interlock is 

electrically isolated and separated from the other unit's control power. The 

pneumatic controls are completely separated and are not cross-connected between 

units. Each unit's actuation controls are redundant, and electrically and 

physically separated. The interlock between units is electrically isolated and 

is only interconn~cted to the same division or train on the opposite unit. The 

control power and air sources are not shared between units, and therefore, the 

capacities are not impaired. 

Control Room Intake Radiation Monitors 

The radiation monitors monitor both unit's intake and provide actuation functions 

to Unit l and 2 ventilation controls and are considered shared. These monitors 

are redundant and safety related. A monitor is located in each unit and is 

capable of monitoring normal makeup air on each unit's intake plenums. 

Therefore, each unit's intake plenum consist of redundant detectors from separate 

radiation monitors located in different units. The power sources to these 

monitors are not shared between units and the actuating functions to both unit's 

ventilation controls are separated and isolated. 

Conclusion 

The shared ductwork is designed to seismic I criteria and will maintain its 

safety function during an accident. 
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The capacity of the onsite power sources are not impaired by the sharing of the 

control area ventilation system. In the cases evaluated herein, the power 

sources for the ventilation equipment (fans) and controls (relays, solenoids, 

damper actuators) are not shared between Units l and 2. In fact, the sharing is 

based on the function of the SSC being shared between the units, in which case, 

provisions in the design ensures for adequate separation and isolation between 

units SSC and redundancy of the shared SSC, such that the safety function is not 

impaired per GDC-5 criteria. 

9.4.1.3.3 Detection of Adverse or Dangerous Environment Conditions 

The control room is provided with smoke detectors and radiation detectors located 

in the control room and in the normal intake plenums. The smoke detectors 

monitor for trace amounts of combustion and alarm to the control room. Redundant 

radiation monitors are provided that monitor the normal incoming makeup air to 

the control room areas for airborne radioactivity. A radiation monitor is also 

provided in each control room that serves to provide radiation levels in the 

area. Human detection by the control room operators is also relied upon for the 

detection of other hazardous conditions (e.g., smoke, ammonia, etc.). 

9.4.1.3.4 Capability to Exclude Contaminants 

The CAACS and CREACS is designed to cope with preventing the entry of 

contaminants by operating in the following modes: 

(1) CAACS in Normal operation (Mode 1) with.outside makeup air maintains 

a positive pressure inside the control room areas and the CRE during 

normal operation and use of minimum leakage dampers, minimum leakage 

penetrations, weather stripped doors, and absence of outside windows 

to limit infiltration of air, smoke or airborne radioactivity from 

other rooms in the control area and Auxiliary Building. The CAACS 

does not use exhaust fans and relies on the supply fan pressure to 

deliver air flow into the room .areas. With this design, minimizing 

leakage in the rooms and makeup air, the control room areas can be 

maintained at a positive pressure limiting entry of contaminants. 

(2) Full recirculation (Mode 3) of CAACS and CREACS with the outside 

environment isolated due to smoke, toxic gas, or hazardous chemical 

released outside the control room. This mode is initiated manually by 

the operator upon detection • 
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(3) CREACS pressurizing (Mode 4) the CRE and CAACS in full recirculation 

for radiological accident. This mode can be initiated automatically 

or manually. 

9.4.1.3.5 Capability for Removal of Contamination 

The CREACS filtration train consists of a High Efficiency Particulate Air (HEPA) 

and charcoal filters. The HEPA filters have a removal efficiency of 95% and the 

charcoal filters have a removal efficiency for radioiodine of 95%. The Unit 1 

and 2 CREACS filtration units will automatically be placed in service during a 

radiological accident, filtering recirculated air from the CRE and makeup air 

from outside the control room. In addition, a single CREACS filtration train, 

when operated in the Maintenance mode, is capable of providing adequate removal 

of airborne contaminants during an accident to ensure the doses in the CRE are 

within the limits of GDC 19 criteria. 

9.4.1.3.6 Removal of Contamination by Purging 

Purging of the control room areas is provided by the operators manually 

initiating the system to the Mode 2 operation. In this mode, all of the normal 

outside air intake plenum dampers go open, providing 100% outside air to be drawn 

into the control room areas. Exhaust dampers go open to allow the contaminants 

to be expelled to the outside environment. The CREACS is isolated and in standby 

in this mode. 

9.4.1.3.7 Capability of Ensuring Ambient Room Temperatures 

The control area ventilation system has adequate capacity to ensure ambient 

temperatures in the rooms are maintained within limits during normal and 

emergency conditions. A system air balance was performed and adjustments made 

for the required design values. A chiller capacity test was performed on one of 

the chillers. A system balance on the CWS was performed. Inspection on the 

CREACS coils was performed. These tests reasonably demonstrate the capability 

of the system to remove the heat loads during normal and emergency conditions to 

maintain the control room areas and the CRE within temperature limits. 

9.4.1.3.8 Capability for Single CREACS Filtration Train 

In the event that one of the unit's CREACS filtration trains require maintenance, 

the operators manually place the system in the standby alignment condition to 

operate with a single CREACS filter train (Maintenance mode). Once the CREACS 

unit is in the Maintenance mode, an automatic initiation will initiate accident 

pressurized and will pressurize the CRE and maintain control room habitability 

during the course of an accident within GDC 19 limits. 
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Each system will automatically shut down if carbon dioxide fire protection 

flooding is initiated for the space • 

If the ambient temperature in a diesel generator compartment or control Room 

exceeds 110°F or goes below 40°F, the condition is alarmed in the Unit Control 

Room. 

9.4.5.3 Design Evaluation 

The heating and ventilating of the diesel generator area is predicated on outdoor 

temperature limits of 0°F in winter and 95°F in summer. For the Salem site, 

these values satisfy more than 99 percent of the conditions experienced annually. 

There is, therefore, a conservative margin in the heating and ventilating systems 

to assure that the design temperatures for the spaces can be maintained. Heaters 

are provided in the Lube Oil System and in the Jacket Water System to assure each 

diesel generator is maintained at a temperature at which it can be started in 10 

seconds. This condition is satisfied for an outside temperature of 0°F and an 

inside ambient temperature of 40°F. 

The Ventilation Systems for the diesel generator areas are independent, 

physically separated and powered from separate sources. Each system is provided 

with its own controls • 

In the event of a fire in one space, the Ventilation System for that space is 

automatically de-energized and does not feed air to the fire. The other diesel 

generators are available with full ventilation. 

The co
2 

system contacts, that interpose the ventilation systems, are bypassed by 

the operation of switches in the Control Room if a station seismic event is 

detected • 
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9.4.5.4 Tests and Inspections 

All equipment and components of the diesel generator area Ventilation systems are 

subject to a program of tests and inspections. 

9.4.6 Switchgear and Penetration Area (SPAV) Ventilation System 

9.4.6.1 Design Basis and Criteria 

The Switchgear and Penetration Area Ventilation (SPAV) System is designed to 

maintain safe levels of temperature and cleanliness in the rooms served. Standby 

equipment is included in the system to assure the maintenance of these design 

conditions. The system is seismic Class I. The seismic design and analysis 

methodologies used to qualify all ductwork and the contained equipment are 

described is Section 3.8.4.4.1. The Ventilation System is designed to maintain 

the areas served by this system between a temperature range of 65°F-110°F except 

for the following areas: 

El. 64' Security Battery Room 115°F 

El. 64' Elevator Machinery Room 115°F 

El. 84' Main Corridor 115°F 

El. 84' Unit 1 Switchgear Room 115°F 

The design basis outdoor air temperature is 0°F (winter) and 95°F (summer). A 

10°F daily temperature variation may be used for summer operations, in accordance 

with ASHRAE methodology. These temperature values satisfy more than 99 percent 

of the conditions experienced at the site area annually. 

9.4.6.2 System Description 

9.4.6.2.l General Description 

An independent Ventilation System is provided for each unit's Switchgear Rooms 

which are located on Elevations 84 feet and 64 feet, Mechanical Penetration Area 

(El. 100'), and the Electrical Penetration Area (El. 78') of the Auxiliary 

Building. The SPAV System consists of a supply air roll filter and enclosure, 

three supply air fans, two Penetration Area exhaust fans, two return/exhaust 

fans, recirculation duct, supply and exhaust ducts, and control dampers. Most 

of the equipment is located in the penetration areas at Elevation 100 feet of 

each unit. All ventilated areas and equipment are enclosed in seismic Class I 

structures. The Switchgear ventilation System is shown on Figures 9.4-6A and B . 
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9.4.7 Service Water Intake Structure Ventilation 

9.4.7.1 Design Bases 

The Ventilation Systems are designed to limit the temperature of each compartment 

and/or Control Room to 110°F during ambient conditions of 95°F with all equipment 

operating. The unit heaters are sized to limit the temperature in the areas to 

a nominal 60°F in the winter during ambient condition of 0°F. Reliable operation 

of the service water pumps, their controls and instrumentation is assured for a 

temperature range of 40°F-110°F. 

The ventilation capacity for each service water intake structure compartment and 

Control Room is based on the calculated waste heat released. 

The exhaust fans ( 12, 000 and 32, 000 cfm capacity) and their controls and 

instrumentation are designed to Class I (seismic) criteria and can be powered 

from the Standby AC Power System. The air intake penthouse, supply and exhaust 

dampers are of non-seismic construction. The seismic design and analysis 

methodologies used to qualify all ductwork and the contained equipment are 

described in section 3.8.4.4.1. 

9.4.7.2 System Description 

9.4.7.2.1 General Description 

The service water intake structure for both units consists of four service water 

intake compartments, each with its own Control Room. Each of these compartments 

is provided with an independent, once-through Ventilation System. 

The service water intake structure Ventilation Systems are designed to start 

automatically and limit the maximum room temperature when the service water pumps 

are operating • 
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The Ventilation System for each compartment consists of an outside air intake 

penthouse, power-operated intake and exhaust dampers, and two exhaust fans 

discharging to the outdoors. 

Local unit heaters assure an adequate minimum temperature in the spaces during 

cold weather when no pumps are in operation. 

9.4.7.2.2 System Operation 

The service water intake structure Ventilating Systems operate automatically in 

response to compartment and/or Control Room temperatures. 

The Ventilation Systems operate as follows: on a small rise in temperature, the 

smaller of two exhaust fans starts and discharges to the outdoors. The supply 

air from the outdoors is modulated by room thermostats to provide the design 

compartment or Control Room temperature. On a greater rise in temperature, the 

larger fan starts, its intake damper opens and more air is induced to flow 

through the compartments. When a system is shut down, its exhaust fans stop and 

the supply and exhaust air dampers return by spring action to their closed 

positions. 

Prior to the ambient temperature in compartments or Control Rooms exceeding 110°F 

or going below 40°F, the condition is alarmed in the Control Room. 

9.4.7.3 Design Evaluation 

The heating and ventilating of the service water intake structure area is 

predicted on outdoor temperature limits of 0°F in winter and 95°F in summer. For 

the Salem site, these values satisfy more than 99 percent of the conditions 

experienced annually. This is, therefore, a conservative margin in the Heating 

and Ventilating Systems to assure that the design temperatures for the spaces can 

be maintained. 
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9.5.2.2 Telephone System 

Ten telephones are located in each Control Room. One of them is a direct line 
to the Load Dispatcher; one is a direct line to the NRC; two are for use with . 
the Centrex Instrument; two are for general purpose use; and four are for 

NETS. Direct lines are also provided in the Administration Building 

Conference Room and tie in directly to the New Jersey Bell Telephone company. 

These lines are for emergency use and insure communications between the 

Conference Room and the Telephone Company. 

9.5.2.3 Closed Circuit Television System 

A closed circuit television system provides intermittent television monitoring 

of equipment inside containment. Portable underwater television equipment is 

provided for the Fuel Handling Building and for scanning the inside of large 

vessels. 

Each Containment Building has three television cameras mounted on the 

containment liner, 120 degrees apart, at an elevation of approximately 205 

feet. Each containment camera has a zoom lens and a pan and tilt control 

unit. A switch is located in the control room for turning the lights in the_ 

containment on and off • 

Underwater equipment consists of four underwater cameras each with its own 

zoom lens, pan ancl_tilt unit and 9-inch monitor~ Two sets of portable lights 

are provided for underwater illumination. 

mounted on a movable television table. 

Monitors and camera controls are 

Video tape recorders are provided with any of the television cameras • 
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9.5.2.4 Radio Repeater System 

A system of portable transceivers and fixed repeaters is provided for the fire 
brigade. 

9.5.3 Lighting System 

The Lighting System provides necessary illumination for day-to-day plant 

operation and adequate illumination for safe shutdown and personnel safety. 

9.5.3.1 Emergency Lighting 

Power for emergency lighting within the plant is distributed by Lighting 

Distribution Panels (LDP) lELD and lELC (2ELD and 2ELC for Unit 2). Lighting 

Distribution Panels lELD (2ELD for Unit 2) contains two separate distribution 

buses. One bus within LDP lELD (2ELD) is supplied either from Lighting 

Inverter 11 (21) or from 230 V ac vital bus lA (2A) through a lighting 

transformer (located inside the inverter enclosure). A bus transfer switch in 

the output of inverter 11 (21) automatically switches from the inverter output 

to ac vital bus lA ( 2A) if . a loss of inverter output power is sensed. 

Lighting Inverter 11 ( 21) is powered by battery lA ( 2A) . The second bus 

within LPD lELD (2ELD) is supplied in a similar manner from Lighting Inverter 

12 (22), 230 V ac vital bus lB (2B), battery lB (2B), and a bus transfer 

switch. LDP lELC (2ELC) is powered from lighting inverter 13 (23) and 230 V 

ac vital bus lC (2C) with automatic switchover accomplished by a bus transfer 

switch in the same way as described above. Lighting Distribution Panels, 

lELD-A, lELD-B, and lELC for Unit 1 are normally powered by 230V AC, 3 phase 

vital buses, 1SWGR1AY, 1SWGR1BY, and 1SWGR1CY through lighting transformers 

located within the inverter enclosure. The backup power for these LPD's are 

inverters 11, 12, and 13 which are fed from 125V DC sources, lSWGRlADC, 

lSWGRlBDC, and lSWGRlCDC, respectively. Lighting Distribution Panels 2ELD-A, 

2ELD-B, and 2ELC for Unit 2 are normally powered by 230V AC, 3 phase vital 

busses 2SWGR2AY, 2SWGR2BY, and 2SWGR2CY through transformers located within 

the inverter. The backup power for these LDPs are inverters 21, 22, and 23 

which are fed from 125V DC sources 2SWGR2ADC, 2SWGR2BDC, and 2SWGR2CDC, 

respectively. A bus transfer switch in the output of the inverter will 

automatically transfer to the inverter output upon the loss of the normal 230V 

AC vital bus supply. 

Areas of the plant requiring operator access for safe shutdown are provided 

with self-contained emergency lights. These units are battery powered and 
have an 8-hour capacity. Those self contained emergency light battery 

supports that are required to meet seismic integrity are designed to withstand 

seismic forces. 
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3. Low vacuum trip 

4. Thrust bearing trip 

5. Electrical solenoid trip actuated by: 

a. Reactor trip 

b. Generator electrical trips 

c. Manual trip from Control Room 

d. Loss of electro-hydraulic system control voltage 

e. Electrical overspeed trip 

6. Manual trip lever located at the turbine 

7. Loss of primary/secondary 24 V de power 

8. High-high steam generator water level or safety injection 

The mechanical overspeed trip mechanism consists of an eccentric weight mounted 

on the end of the turbine shaft, which is balanced in position by a spring until 

the speed reaches approximately 103 percent of rated speed. centrifugal force 

then overcomes the spring force and the weight flies out striking a trigger which 

actuates the overspeed trip valve and releases the protection system fluid 

(autostop oil) to drain. The resulting decrease in autostop pressure causes the 

governor emergency trip valve to dump the hydraulic fluid to a drain, thereby 

closing the turbine stop and control valves and the reheat stop and interceptor 

valves. 

The autostop dump valve is also tripped when any one of the previously mentioned 

protective devices is actuated. 

In addition to these devices, other protective features of the Turbine and Steam 

System are: 
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1. Turbine trip following a reactor trip 

2. Automatic load runback initiated by overpower or overtemperature AT 

3. MSIV in each steam generator steam line 

4. Safety and relief valves in each steam generator steam line 

5. Safety valves mounted on the moisture separator-reheater vessels 

6. Extraction line nonreturn valves 

7. Automatic load runback initiated by generator stator water turbine 

runback (Unit 2). 

8. Automatic load runback initiated by main feedwater pump trip. 

A trip of the turbine generator, when unit load is greater than a present limit, 

initiates a reactor trip to prevent excessive reactor coolant temperature and 

pressure. 

Automatic turbine,load runback is initiated by an approach to an overpower or 

overtemperature condition. This will prevent high power operation which might 

lead to an overpower or overtemperature AT trip. 

·-
For Unit 2, an automatic turbine load runback can also be initiated by ·an input 

from the generator stator water turbine runback schemes. Generator runback is 

initiated by 2 out of 3 logic for low water pressure, 2 out of 3 logic for outlet 

water temperature, 2 out of 3 logic for low stator winding water flow, 2 out of 

3 logic for low rectifier water flow or 2 out of 3 logic for low bushing water 

flow when the No. 2 voltage regulator is in the automatic permissive for runback 

condition. Stator current is monitored during this runback. Stator current must 

be less than 79% of rated load at the 2 minute mark and less than 23% of rated 

load at the 3. 5 minute mark or a main turbine trip will be initiated. This will 

prevent damage to the Generator winding. 
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An automatic turbine load runback can also be initiated by a trip of either main 

feedwater pump when turbine power is greater than 70% • 

The extraction nonreturn valves are closed through an air pilot valve which is 

actuated by the loss of autostop oil pressure when the turbine generator is 

tripped. 

An electrical speed limiting device is incorporated in the Electro-Hydraulic 

Control System. This mechanism dumps the operating fluid from the turbine 

governor and intercept valves allowing spring pressure to close the valves. When 

turbine speed decreases, and the overspeed condition clears, the signal is 

removed and the valves reopen. This is not considered a turbine trip, but rather 

a speed limiting device to prevent an overspeed condition which would result in 

a turbine trip. 

To prevent potential damage to the turbine due to the generator motoring, an 

electrical reverse power device interlocked with the turbine trip signal is 

incorporated. This protective measure ensures that the turbine is tripped before 

the generator circuit breakers are open, and provides the 30 seconds delay 

between the turbine trip and the generator trip upon detection of motoring 

condition • 
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and supply restraint against undesired motion. Where necessary, the valve 

operator has also been restrained to limit seismically induced motions • 

10.3.4 Inspection and Testing Requirements 

The MSIVs (MS167) and automatic drain stop valves (MS7) shall be tested I 
periodically as set forth in the Technical Specifications. 

The main steam drain traps are periodically tested to ascertain their proper 

functioning and, hence, prevent_ any unnecessary water accumulations. 

Removable insulation panels have been provided at welds in the Main Steam System 

between the steam generator and the MSIVs in order to accommodate volumetric and 

surface weld examination as specified by periodic inservice inspection 

requirements. 

A functional test of the turbine governor control valves is performed 

periodically and can be made while the unit is carrying load. The purpose of 

this test is to ensure proper operation of the turbine stop valves, control 

valves, reheat stop valves, and interceptor valves. 

The controls and protective devices associated with system components, including 

steam generator safety valves, are tested as set forth in the Technical 

Specifications. 

The valves cannot be tested while the plant in operating • 
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10.3.S water Chemistry 

10.3.S.l Chemical Feed System 

The Chemical Feed System is shown on Figure 10.3-3. Chemical feed equipment is 

provided to add hydrazine and ammonium hydroxide for Unit 1, and hydrazine and 

ammonium hydroxide and/or alternate amine for Unit 2 to the discharge of each 

condensate pump. In addition, equipment is available to feed a solution of 

hydrazine and ammonium hydroxide for Unit 1, and hydrazine and ammonium hydroxide 

and/or alternate amine for Unit 2 to the inlet main and auxiliary feedwater line 

of each steam generator. 

Hydrazine is .. added to the Condensate System and the main and auxiliary feedwater 

system for control of residual oxygen. Ammonium hydroxide and/or alternate amine 

is added for corrosion and pH control and minimizes metal pickup through the 

cycle. 

The chemical solutions are prepared with demineralized water and stored in 

covered tanks. All chemicals are injected by motor-driven positive displacement 

pumps with both manual and/or automatic control. 

10.3.S.2 Secondary Water Chemistry Control Program 

The Secondary Water Chemistry Control Program is designed to limit the corrosion 

of the tubing and internals of the steam generators. The basis of the program 

is to control the levels of the critical parameters in the steam generator bulk 

water such that maximum protection to the steam generators is provided and tube 

integrity is maintained. 

Protection of the steam generator tubing is accomplished by maintaining the water 

quality of the condensate and condensate polishing effluent and adjusting the 

blowdown on each of the four steam generators. The feedwater and steam generator 

bulk water treatment consists of introducing ammonium hydroxide and/or alternate 

amine for pH control and hydrazine for oxygen scavenging. This treatment is 

recommended by industry guidelines. 
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The CPS is designed to handle a normal and a maximum continuous flow of 

22,000 gpm and 24,000 gpm, respectively, with five of the six demineralizers 

operating in parallel. 

A pH range of 8.8 - 9.4, is recommended by the EPRI Chemworks model for Salem 

Unit 2 with alternate amine chemistry (ETA). While using ammonia only for pH 

control a range of 8.8 - 9.2 is recommended by EPRI. However, sodium levels 

in the feedwater become extremely critical in this pH range since sodium may 

be converted to sodium hydroxide. Sodium hydroxide, if carried over into the 

steam generators, will increase the possibility of caustic embrittlement of 

steel and stress corrosion cracking of Inconel components of the steam 

generator. 

The operator is alerted to (partial) bypass of the CPS when valve 1(2)CN-109 

is open and either valve i1(2l)CN-108, 12(22)CN-108 or 13(23)CN-108 are not 

fully shut (valves are shown on Figures 10.4-5A and B). 

10.4.7 Condensate and Feedwater Systems 

10.4.7.1 Main Condensate and Feedwater System 

10.4.7.1.1 System Description 

The Steam Generator Feedwater and Condensate System is shown on Figures 10.4-

5A and B. Condensate is withdrawn from the condenser hotwells through a 

common suction header by three motor-driven, multi-stage, vertical centrifugal 

condensate pumps rated at 8000 gpm and 575 psi TOH. These pumps discharge 

into a common header which carries the condensate into the first five stages 

of feedwater heating. A low flow recirculation line is provided on the 

discharge of each condensate pump to maintain a minimum flow of 1800 gpm for 

pump protection. The vertical motors are located at an elevation above the 

highest recorded river water level. 

Two, one-half. capacity, high speed, barrel-type feed pumps take suction 

from a common header receiving feedwater from the discharge of the No. 5 

heater. These feed pumps discharge into a 
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common header, through the No. 6 high pressure feedwater heater and into a 

collecting header. Feedwater then flows through one line into the steam 

generator inlet header which is located outside the containment. 

Feedwater enters the containment vessel through four lines penetrating the 

containment wall, one line feeding each steam generator. Feedwater flow 

control valve, motor-operated stop check valve, and isolation valves are 

installed in each steam generator feedwater line outside the containment. Each 

feedwater control valve is positioned by its own three-element control of 

feedwater flow to maintain steam generator level during startup and low power 

operation. All feedwater piping downstream from, and including, the isolating 

motor operated stop check valve is designed to meet Class I seismic 

requirements. A low flow recirculation line is provided on the discharge of 

each steam generator feed pump to maintain a minimum flow of 2300 gpm at 

design conditions for pump protection. 

Each steam generator feed pump is designed for a capacity of 18, 600 gpm and 

total developed head of 884 psi. These design conditions were based on the 

maximum calculated turbine load plus allowance for pump wear and steam 

generator blowdown. 

Each steam generator feed pump is driven by a variable speed steam turbine 

with throttle steam supplied from the reheater outlet for normal two pump 

operation and from the Main Steam System during periods of low load. During 

startup, steam is supplied from the station heating steam system. Each ·steam 

generator feed pump turbine exhausts separately into one of the three 

condenser shells. 

The Feedwater Heating System utilizes six stages of closed feedwater heaters. 

All feedwater heaters are horizontal "U" tube, one-third size units, (three 

strings) with each heater string capable of satisfactory operation at 

150 percent of its design feedwater flow. The feedwater heaters and piping 

are arranged to 
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turbine-driven pump is taken from two of the four main steam lines upstream of 

the MSIVs. Separate isolation valves are provided for these connections. The 

motor driven pumps receive power from the 4 KV vital buses. The Auxiliary 
Feedwater System is designed as a Class lE Safety Grade System. 

The turbine-driven auxiliary feed pump, rated at 880 gpm (plus 100 gpm 

continuous recirculation flow), and 1550 psi, and the motor-driven auxiliary 

feed pumps, rated at 440 gpm and 1300 psi*, receive suction from the 220,000-

gallon auxiliary feedwater storage tank. 

Each motor-driven pump discharges to two steam generators with a normally 

isolated cross-connect line joining the motor-driven pump discharge headers. 

The turbine-driven pump feeds all four steam generators. Feedwater flow is 

controlled from the Control Room by remotely operated flow control valves in 

the supply lines to each steam generator. For Units 1 and 2, reduced capacity 

trim has been installed on all eight flow control valves (AFll and AF21) to 

limit the maximum flow under certain plant conditions. Safety grade 

indication of auxiliary feedwater flow to each steam generator is provided in 

the Control Room. 

The AFW System circuits and initiation signals receive power from unit vital 

buses. System initiation signals and circuits are designed for complete 

testing • 

The AFW pumps are capable of being started in either the manual or automatic 

mode. Manually, the pumps can be started at their local control panel or from 

the main Control Room. Manual start circuits are designed for single failure, 

and failure of the automatic initiation signals or circuits will not affect 

the capability for manual starting. 

Automatic initiation signals and circuits are designed to prevent system 

malfunction for a single failure. 

* No. 22 motor driven auxiliary feedwater pump rated at 450 gpm and 1175 psi . 
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The motor-driven auxiliary feedwater pumps are started automatically by any of 

the following conditions: loss of offsite power, loss of main feedwater 

system, safeguards sequence signal, or low-low level signal from any one steam 

generator. 

When either of these pumps are started automatically, a signal is sent to 

close Steam Generator Blowdown and Sampling Systems' isolation valves. The 

isolation signal to the Sampling System isolation valves can be bypassed by 

the use of a keylock switch located on the control room console. This bypass 

capability allows control room operators to open the Sampling System isolation 

valves when sampling is required by the EOPs in the event that a faulted steam 

generator with a low-low level condition is experienced. 

For the pumps to start in automatic mode, the REMOTE-LOCAL MANUAL switch 

located on the local panel must be in the REMOTE position. 

The motor-driven auxiliary feedwater pumps are among the loads included in the 

diesel generator's automatic loading sequence. 

The turbine-driven auxiliary feedpump is started automatically by any of the 

following conditions: low-low level in two of the four steam generators or 

undervoltage on the reactor coolant pump group buses using 1/2 twice logic. 

For the pump to start in the automatic mode, the REMOTE-LOCAL MANUAL switch 

located on the local panel must be in the REMOTE position. 

When the turbine-driven pump is started automatically, steam Generator 

Blowdown System valves and Sampling System valves are automatically closed. 

The isolation signal to the Sampling System isolation valves can be bypassed 

by the use of a keylock switch located on the control room console. This 

bypass capability allows control room operators to open the Sampling system 

isolation valves when sampling is required by the EOPs in the event that a 

faulted steam generator with a low-low level condition is experienced. 

The steam supply line up to the stop-start valve is continuously warmed by 

main steam. Traps and/or strainers/orifices are provided to· ensure that 

condensate is removed from turbine steam piping. The turbine is a single 

inlet, single stage unit of rugged design such that water impingement will not 

impair its operation. 

Each of the two motor-driven pumps is provided with a minimum flow 

recirculation system to prevent damage to the pumps from low flow. In order 

to prevent a runout of the motor-driven pumps the steam generator- level 

control valves (AF2ls) are throttled back when pump discharge pressure drops 

below 1350 psig and are closed at 
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1150 psig*. This runout protection feature can be overridden in the Control 

Room • The steam turbine driven pump is protected from operation with 

insufficient flow by a continuous recirculation flow. The required margin of 

100 gpm is built into the pump rated flow. 

All auxiliary feed pumps normally take suction from the auxiliary feed storage 

tank. The tank is adequately protected from the effects of earthquakes, 

tornado wind loads, and floods. A safety grade, automatic low pressure trip 

is provided as backup protection for each pump in the event that tornado 

missile damage to the auxiliary feedwater storage tank results in loss of 

suction pressure. To protect against spurious activation, this trip will be 

made operable only during "tornado warnings" issued by the National Weather 

Service.· The tank has sufficient capacity to allow residual heat removal for 

8 hours. Backup water sources for the auxiliary feed pumps are the two 

demineralized water storage tanks (500,000 gallons capacity each), the two· 

fire protection and domestic water storage tanks ( 350, 000 gallons capacity 

each) and the station Service Water System, which must first have a spool 

piece installed. The quality of water from these sources is lower and is 

therefore intended for use only in the event of emergency situations. See 

Section 10.4.7.2.4 for an evaluation of service water usage in the AFW System. 

The Unit 1 & Unit 2 auxiliary feedwater storage tanks are provided with a 

nitrogen purge/blanket system in order to control the dissolved oxygen 

concentration in the water. Each nitrogen purge/blanket system is provided 

with a dedicated nitrogen source. 

The AFW tank has low and low-low level alarms which alert the operator to 

align pump suction to an alternate source. An alarm is also received when AFW 

Storage Tank level is approaching the minimum required volume by the Technical 

Specifications. Plant emergency instructions caution the operator to monitor 

the AFW water supply while in use. The low level alarm sounds at a level of 

100,000 gallons and the low-low level alarm sounds at 30,000 gallons. The AFW 

tank has redundant channels of level indication. In addition, the 

demineralized water makeup 

* Setpoints for the control valves for No. 22 motor driven pump (Valves 21 

& 22AF21) are 1200 psig and 1000 psig, respectively . 
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supply valve to the AFW storage tank can be opened from the Control Room. In 

order to provide assurance that inadvertent failure (or closure) of the 
suction valve from the AFW storage tank will not result in a degraded 
condition of the AFW System, the valve was first radiographed to ensure an 

open flow path and the yoke bushing and stem were then drilled and pinned in 

the open position. The handwheel was removed with the valve stem left in 

place to provide visual indication that the valve is open. 

There is adequate redundancy in the AFW System to provide reactor cooldown 

capability when necessary. Each pump has the capacity to remove heat from the 

steam generators at a sufficient rate to prevent over-pressurization of the. 

RCS and to maintain steam generator levels to prevent thermal cycling. Once 

the normal steam generator level is re-established the AFW system can cool 

down the RCS at a rate of 50°F/hr. Feedwater flow can be stopped when the 

reactor coolant has been cooled to approximately 350°F and 400 psig at which 

time the RHR System is used to continue the cooldown process. 

The pumps, drives, valves, tanks, piping and appurtenances within the AFW 

System have been designed as Seismic Category I components. 

The AFW System piping and components are designed to the following codes and 

standards: 

Aux. Feed System Piping 

Aux. Feed Storage Tank 

Aux. Feed Pump (except No 22 Aux Feed Pump) 

No. 22 Aux. Feed Pump 

Aux. Feed System Valves 

* 

* ANSI B31.1 

ASME Section III, 

sub-section N.D. 

ASME Section III 

H y d r a u 1 i c 

Institute 

ASME Section III 

The Aux. Feed System piping is designed to ANSI B31.1; material fabrication, 

inspections, and quality control conform to ANSI B31.7, 1969 Edition. Where 

not possible to comply to ANSI B31.7, the requirements of ASME III-1973 which 

incorporated ANSI B31.7, were adhered to. Additionally, to upgrade material 

to original plant requirements, additional NDE requirements will be imposed to 

meet PSE&G piping specification S-C-MPOO-MGS-0001, addendum XVI. 

At the AFW System seismic boundary, valves AF-71 and AF-72 are not anchored 

with three orthogonal restraints. These valves are, however, anchored to the 

Seismic Category I Auxiliary Building wall. A stress review has shown that 

the anchors meet the intent of the system boundary definition given in NRC 

Generic Letter 81-14. In addition, the valves are protected from debris by a 

steel protective structure mounted to the Seismic Category I wall. This 

protective structure also provides seismic guides for additional protection of 

the seismic boundary valves. 
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2. Radioactive chemical laboratory drains 

3. Hot shower drains 

4. Decontamination area drains 

5. eves demineralizer regenerant solutions and spent resins 

6. Sampling System 

In addition, piping has been installed to direct potential fluid leakage from 

valves in the following systems to the LWS: Residual Heat Removal (RHR), Safety 

Injection (SIS), Containment Spray, eves, Sampling Systems. .This design 

minimizes the spread of highly radioactive liquid throughout the plant in the 

event of postuated accidents. 

The LWS also collects and transfers liquids from the following sources directly 

to the eves, to the waste holdup tanks, or back to the refueling water storage 

tank (depending on fluid content) for processing: 

1. Reactor coolant loops 

2. Pressurizer relief tank 

3. Reactor CQolant pump secondary seals 

4. Excess letdown (during startup) 

5. Accumulators 

6. Valve and reactor vessel flange leakoffs 

7. Refueling canal drains 
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These liquids flow to the reactor coolant drain tank and are discharged either 

directly to the eves holdup tanks or to the waste holdup tanks by the reactor 

coolant drain pumps which are operated automatically by a level controller in the 

tank. These pumps also return water from the refueling canal and cavity to the 

refueling water storage tank. There is one reactor coolant drain tank with two 

reactor coolant drain tank pumps located inside containment. 

Where possible, waste liquids drain to the waste holdup tanks by gravity flow. 

Other waste liquids drain to the Auxiliary Building sump tank and are discharged 

to the waste holdup tanks by pumps operated automatically by a level controller 

for the Auxiliary Building sump tank. 

With the exception of the shared pumps and tanks of the Laundry and Hot Shower 

Drains, the Chemical Drains, Portable Filter and the Portable Demineralizer, each 

unit has its own Liquid Waste Disposal system. The Laundry and Hot Shower Drain 

Tanks and the Chemical Drain Tank are pumped to one of the Waste Hold-up Tanks 

or the Waste Monitor Hold-up Tank of either unit. 

When a Waste Hold-up or Waste Monitor Hold-up Tank is filled, it is isolated and 

sampled while another tank is in service. If analysis confirms that the activity 

level of the tank's contents is suitable for discharge, the tank's contents may 

be pumped through a flow meter and a radiation monitor to the Service Water 

System. Tanks requiring processing before release are routed on a batch basis 

through a portable filter and portable demineralizer. The effluent of the 

portable system is returned either to the Waste Monitor Hold-up Tanks or the eves 

Monitor Tanks to be sampled, analyzed, and either reprocessed or pumped through 

a flow meter and a radiation monitor to the Service Water System. 

Although the Waste Monitor Hold-up or CVCS Monitor Tank analysis forms the basis 

for recording activity releases, the radiation monitor provides surveillance over 

the operation by closing the discharge valve if the liquid activity exceeds a 

preset value. 
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The waste evaporator is capable of producing distillate at a rate of 16.5 gpm. 

A reagent tank is provided on the evaporator inlet for the introduction of 

chemical additives to suppress foaming and regulate pH. Distillate produced by 

the evaporator is continuously pumped to the waste monitor hold-up tanks or the 

eves monitor tanks. 

The evaporator DF (defined as waste inlet concentration/distillate concentration) 
. 04 
J.S 1 X 1 • 

Piping and Valves 

Piping and valves which are in contact with liquid wastes are constructed of 

stainless steel. Piping connections are welded except where flanged connections 

are necessary to facilitate equipment maintenance. Isolation valves are provided 

to isolate each piece of equipment for maintenance, to direct the flow of waste 

through the system, and to isolate storage tanks for radioactive decay. Relief 

valves are provi.ded for tanks containing radioactive wastes if the tanks might 

be over pressurized by improper operation or component malfunction. 

Spent Resin Storage Tank 

The spent resin storage tank retains the spent resin normally discharged from the 

mixed bed, evaporator feed ion exchange, spent fuel pit, and cation 

demineralizers. A layer of water is maintained over the resin storage to prevent 

resin degradation due to heat generation from decaying fission products. The 

contents can be removed any time by flushing with nitrogen. Resin sample 

connections are supplied upstream and downstream of the spent resin storage tank 

isolation valve. The tank is all welded austenitic stainless steel • 
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Waste Monitor and Waste Monitor Holdup Tanks 

The Waste Monitor Tanks have been disabled and left in place. These tanks are 

of welded stainless steel construction. 

The Waste Monitor Hold-up Tank is also a welded stainless steel tank and it 

serves a dual purpose. Its normal function is as a third waste holdup tank to 

receive abnormally large quantities of waste discharged to the system, but it can 

also serve as a waste monitor tank. 

Portable Demineralizer 

Permanent provisions have been made to the waste liquid piping, compressed air 

piping, and the demineralized water-restricted area piping to allow for the 

installation and operation of a portable system to assist processing liquid 

radwaste from either unit. The Unit 2 liquid waste may be processed at a higher 

rate due to a difference in piping configuration. The system is installed and 

operated in the 103' elevation of the truck bay of the Auxiliary Building. The 

effluent of the portable system is returned to either the Waste Monitor Holdup 

Tanks or the eves Monitor Tanks to be sampled, analyzed, and either reprocessed 

or disposed of. Exhausted ion exchange media is transferred. to-a burial site 

approved container after which it can be processed, classified, and shipped for 

disposal. 

Portable Filter 

Permanent provisions have been made in the demineralized water and 460 vac supply 

to allow for the installation and operation of a portable filtration system to 

assist processing liquid radwaste from either unit. The system is installed and 

operated in the 100' elevation of the truck bay of the Auxiliary Building. The 

permeate from the portable system is sent to the portable demineralizers, in 

place of the unprocessed liquid radwaste. If the filtration system is bypassed 

liquid radwaste is processed only by the portable demineralizer as described 

above. 

11.2.4 Operating Procedures 

Verification is made to ensure that dilution flow sufficient to meet the 

requirements of 10eFR20 is available whenever radioactive liquid wastes are 

released to the Plant Discharge System. 

Liquid waste releases are continuously monitored for gross 

discharges to ensure that the activity limits specified 

unrestricted areas are not exceeded. The 

11.2-10 

activity during 

in 10eFR20 for 
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TABLE 11.2-1 

LIQUID WASTE SYSTEM PERFORMANCE DATA 

Evaporator Design Life 39 years 

Normal process capacity, liquids 16.5 gpm (Unit 1 only) 

Evaporator load factor 

Average 

During peak week 

Annual liquid discharge(l) 

Reactor grade water 

Nonreactor grade water 

Total 

Activity other than tritium 

Tritium 

Portable Demineralizer normal 

Process capacity 

Portable Demineralizer Load Factor 

Average 

During peak week 

Inactive 

Inactive 

766,950 gal 

1,572,500 gal 

2,339,450 gal 

0.145 curies 

690 curies 

28 gpm (Unit 1) 

38 gpm Unit 2) 

(at 28 gpm) 

6 percent 

42 percent 

Portable filter normal process capacity 25-40 gpm 

Portable filter load factor 

Average 

During Peak Week 

NOTES: 

(1) Estimate based on Table 11.2-2 • 

SGS-UFSAR 

(at 28 gpm) 

6 percent 

42 percent 
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TABLE 11. 2-3 

WASTE DISPOSAL COMPONENTS CODE REQUIREMENTS 

Component 

Chemical Drain Tank 

Reactor Coolant Drain Tank 

Sump Tank 

Waste Holdup Tank 

Waste Monitor - Holdup Tank 

Waste Monitor Tank 

Laundry and Hot Shower Tank 

Waste Evaporator 
Forced Circulation 
Concentrator 

Waste Filter 

Piping and Valves (11) 

Spent Resin Storage Tank 

Pumps and Compressors ( 7) · ( 11) 

Evaporator Bottoms Holdup 
Tank 

Reactor Coolant Drain Tank 
Pumps 

Portable Demineralizer 

Portable Filter 

SGS-UFSAR 

Code 

ASME VIII (4) (not code stamped) 

ASME III, (1) Class c 

ASME III, (1) Class c 

ASME III, (1) Class c 

ASME III, (1) Class c (9) 

ASME III, (1) Class c (10) 

ASME VIII (4) (not code stamped) 

ASME VIII ( 5) 

ASME III, (1) Class C 

ANSI B31.7 (2) Section 1 
ANSI B31. l (3) 

ASME III, (1) Class C 

ASME Draft Code for Pumps and 
Valves for Nuclear Power, 
November, 1968 

ASME VIII (5) 

NNS, Class D+ (6) 

(8) 

(8) 

1 of 2 
Revision 17 
October 16, 1998 



• 

• 

• 

desired tank and closing the outlet valve to the reuse header. Simultaneously, 

one of the other tanks can be opened to the reuse header if desired, while 

another is discharged to atmosphere. 

Before a tank is discharged to the environment, it is sampled and analyzed to 

determine and record the activity to be released, and then discharged to the 

plant vent at a controlled rate, and monitored for gross activity. 

During operation, gas samples are drawn automatically from the gas decay tanks 

and automatically analyzed to determine their hydrogen and oxygen content. There 

should be no significant oxygen content in any of the tanks, and an alarm will 

warn the operator if any sample shows 2 percent or higher by volume of oxygen. 

This allows time to take required action before the combustible limits of 

hydrogen-oxygen mixtures are reached. Another tank is placed in service while the 

operator locates and eliminates the source of oxygen. 

The system is controlled from a central panel in the Auxiliary Buildings. 

Malfunction of the system is alarmed in the Auxiliary Building, and annunciated 

in the Control Room. All system equipment is located in the Auxiliary Building. 

The Unit 1 & Unit 2 auxiliary feedwater storage tanks are provided with a. 

nitrogen purge/blanket system in order to control the dissolved oxygen 

concentration in the water. Each nitrogen purge/blanket system is provided with 

a dedicated nitrogen source. 

The GWS process flow diagram is shown on Figure 11.3-1 • 

11. 3-5 
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11.3.3 System Design 

Gas Decay Tanks 

Four welded carbon steel tanks per unit are provided to contain waste gases 

(hydrogen, nitrogen, and fission gases). Each tank conforms to ASME Boiler and 

Pressure Vessel Code Section III, Class c. Design data are as follows: 

3 
Volume, each (ft ) 

Design pressure (psig) 

Design temperature (°F) 

Operating pressure (psig) 

Operating temperature (°F) 

Type 

Waste Gas Compressors 

525 

150 

180 

0 - 92 

so - 150 

Vertical cylinder 

There are two waste gas compressors per system to provide continuous removal of 

gases discharged to the vent header. Only one unit is normally in operation. 

The second unit is provided for backup during peak load conditions, such as when 

degassing the reactor coolant or for. service when the first unit is down for 

maintenance. The compressors are water sealed, rotary, positive displacement 

units in which the water is used to displace and compress the gas being moved. 

Each compressor has a capacity of 40 cfm at 105 psig. The seal water is cooled, 

in a heat exchanger, by the component cooling water. Makeup water for the seal 

is supplied to the compressor suction from the Component Cooling System. 

Each compressor contains a mechanical seal to minimize leakage of seal water. 

The compressor discharges a mixture of waste gas and water into the separator. 

In the separator, the water is centrifuged out of the mixture and is accumulated 

in the bottom of the separator. 
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3. The Area Radiation Monitoring System monitors radiation levels in 

various locations of the plant to warn personnel of a deteriorating 

radiological condition. It is also useful in assessing the spread of 

radioactivity in a given area-. 

11.4.2.1 Radiation Monitoring System Description 

11.4.2 .1.1 Radiation Monitoring System - Unit 1 

Except for lRlB and 1R41A, B, c, D, the Unit 1 RMS consists of analog channels 

which monitor radiation levels in various plant locations and operating systems. 

Monitors lRlB and 1R41A, B, c have microproce.ssor-based electronics and a digital 

control and display module in the Control Equipment Room. The output from each 

detector is transmitted via cables to the RMS cabinets in the Control Room area 

where the radiation level is indicated on a meter and preselected channels are 

recorded on a multipoint recorder. For area monitors, the radiation level is 

also indicated locally at the detector. High radiation level alarms are 

annunciated on the Control Room overhead annunciator and further identified at 

the RMS cabinets. For area monitors, a high radiation level is also alarmed at 

the detector location, except for area monitors located in the Control Room. 

Each channel contains a completely integrated modular assembly, which includes 

the following . 

1. Level Amplifier/Discriminator - Discriminates and amplifies the 

detector output to provide a discriminated and shaped pulse output to 
* the log level amplifier. 

2. Log Level Amplifier - Accepts the shaped pulse of the level amplifier 

SGS-UFSAR 

* output, performs a log integration (converts total pulse rate to a 

logarithmic analog signal), and amplifies the resulting output for 

suitable indication and recording • 
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* Note, monitors lRlB and 1R41A/B/C have microprocessor based 

electronics that provide a direct digital conversion of detector 

output to CPM. lRlB contains two channel inputs and monitors both 

Control Room area inlet ducts as illustrated on Figure 11.4-9. 

3. Power Supplies - Individual power supplies are contained in each 

drawer for furnishing the positive and negative voltages for the 

transistor circuits, relays and alarm lights and for providing the 

high voltage for the detector. 

4. Test-Calibration Circuitry - These circuits provide a precalibrated 

pulsed and/or analog signal to perform a channel test, and a solenoid 

operated radiation check source. to verify the channel's operation. A 

light on the Control Room overhead annunciator indicates when any 

channel is in the test-calibrate mode, except lRlB. 

5. Radiation Level Meter - This meter, mounted on the assembly drawer, 

has a scale calibrated logarithmically from 10
1 

to 20
6 

counts per 

minute for process monitor channels and in mR/hr for area and filter 

monitor channels. For monitors lRlB and 1R41A/B/C/D, the displays are 

digital. Preselected signals are also recorded and displayed in the 

Control Room area. 

6. Indicating Lights - These lights indicate high radiation levels and 

circuit failures. A light on the Control Room overhead annunciator is 

actuated on a high radiation signal and a yellow light on the RMS 

recorder panel indicates which channel. The Control Room alarm CRT 

provides discriminate lRlB channel alarms. The.yellow light is not 

applicable for lRlB. 

7. Bistable Circuits - Two bistable circuits are provided, one to alarm 

on high radiation (actuation point may be set at any level over the 

range of the instruments) and one to alarm on loss of signal (circuit 

failure). 
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The Central Processing System provides the operator displays and alarms. It also 

provides for check source operation and data input for setpoints, conversion 

factors, etc., from the Control Room CRT. The same functions can be performed 

at the remote field units. The data input functions may be accomplished using 

two programmer printer consoles. These terminals are under administrative 

control to maintain proper configuration control. The safety-related radiation 

monitors do not accept data inputs from the Central Processing System. The 

safety-related monitors are controlled from the remote field units. Failure of 

the Central Processing System will not cause the loss of remote field unit 

functions. The remote monitors will continue to function normally. 

The system was designed to provide for the safe operation of the plant, to assure 

that personnel exposure does not exceed 10CFR20 limits, anci to assure that 

environmental releases do not exceed Technical Specification limits. The Unit 

2 system was designed to meet the same requirements as the Unit 1 system. The 

two Radiation Monitoring Systems perform essentially the same functions.- There 

are, however, some differences in sensitivities, detector types, and monitoring 

channels. The major difference between the two is that Unit 1 is primarily an 

analog system and Unit 2 is primarily a digital system. 

11.4.2.2 Process Radiation Monitoring System- Channel Description 

The process monitors are utilized for monitoring process systems for potential 

radiation leakage and effluent discharge paths for normal releases and those 

following potenticd accidents. The monitors typically incorporate an offline 

liquid or gas sampling system. Some of the units monitor the process stream 

directly. Typical functional block diagrams of the process monitors are shown 

on Figures 11.4-2 through 11.4-7. 

The Process Radiation Monitoring System is summarized in Tables 11. 4-1 and 11. 4-2 

and consists of the following radiation 
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monitoring channels. The prefix numbers indicate monitors associated with Unit 

1 or Unit 2. 

Control Room Area Intake Duct Monitors Cl-RlB and 2-RlB) 

The Control Room Intake Air Radiation Monitoring System is a shared system. The 

RlB monitors provide redundant functions to monitor air drawn into the Control 

Room through the Unit 1 and Unit 2 air intakes to the Control Room. The dual 

channel processors with beta scintillation detectors in each of the Unit 1 and 

Unit 2 Control Room intake ducts provide the redundant initiation signals to 

place the ventilation system into its accident-pressurized mode of operation. 

In addition, the monitoring system provides continuous indication and recording 

of the radiation levels and annunciates in the Control Room the failures of the 

radiation monitoring equipment and the development of warning and alarm level 

radiation conditions. This is a safety-related channel. 

I Containment - Air Particulate Monitors Cl-RllA, 2-RllA, 2-R41A) 

These monitors are provided to measure air particulate gamma radioactivity in the 

containment and to ensure that the release rate through the plant vent during 

purging -is maintained _below specified limits. High radiation level for the 

channel initiates closure of the containment purge supply and exhaust duct valves 

and pressure relief line valves (mode 6 only for Channel RllA). For Unit 1, 

channel R-llA takes a continuous air sample from the containment atmosphere. For 

Unit 2, channel 2-RllA takes a sample from the containment. The sample is drawn 

from the containment through a closed, sealed system· and monitored by a 

scintillation counter-moving filter paper detector assembly. The filter paper 

collects 99 percent of all particulate matter greater than 1 micron in size on 

its constantly moving surface and is viewed by a photomultiplier-scintillation 

crystal combination. 
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The sample is returned to the containment or vent, depending on which source is 

being monitored. The detector assembly is in a completely enclosed housing. The 

detector is a hermetically sealed photomultiplier tube - scintillation crystal 

(NaI) combination. The filter paper has a 25-day minimum supply at normal speed. 

Lead shielding is provided to reduce the background level to where it does not 

interfere with the detector's sensitivity. The filter paper mechanism, an 

electro-mechanical assembly which controls the filter paper movement, is provided 

as an integral part of the detector unit. 

Containment/Plant Vent Radioactive Gas Monitors Cl-Rl2A, 2-Rl2A. 1-R41C and 

2-R41Dl 

These monitors are provided to measure gaseous radioactivity in the containment, 

and to ensure that the release rate through the plant vent during purging is 

maintained below specified limits. High radiation level initiates closure of the 

containment purge supply and exhaust duct valves and pressure relief line valves. 

For Unit 2, high radiation level also closes the waste gas discharge valve. 

For Unit 1, channel 1-R12A takes a continuous air sample from the containment 

atmosphere. Channel 1-41D samples only the plant vent. For Unit 2, channel 2-

R12A takes a sample from the containment and channel 2.-R41D from the plant vent. 

All samples reach the gaseous detector after passing through the air particulate 

monitor or an air particulate sampler (1-R41D only). The sample is constantly 

mixed in the fixed, shielded volume, where it is viewed by beta scintillator 

(except 1-R12A which is a GM tube). The sample is then returned to the source 

being monitored. 

The detector assembly is in a completely enclosed housing containing a beta-gamma 

sensitive detector mounted in a constant gas volume container. Lead shielding 

is provided to reduce the background level to a point where it does not interfere 

with the detector's sensitivity • 
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Containment - Fixed Filter Iodine Monitor ll-Rl2B, 2-R12B) 

Iodine is one of the more prominent isotopes requiring special surveillance. The 

containment monitoring system has been designed so that the sample f~ows first 

through the filter paper assembly and then through a charcoal cartridge. It is 

a scintillation type detector. 

containment for channel 1-Rl2B. 

For Unit 1, the sample is drawn from the 

Channel 1-R41C smaples only the plant vent. For 

Unit 2, channel 2-R12B takes a sample from She containment. 

High radiation level initiates closure of the containment purge supply and 

exhaust duct valves and pressure line relief valves. The abnormal conditions are 

alarmed in the Control Room and Control Equipment Room. A solenoid-operated check 

source is provided to give an instant checkout of the system functional status. 

The containment radiation monitors (channels Rll, Rl2A, and R12B) have elements 

common to all three channels of the particulate/noble gas/iodine monitoring. 

assembly. These are described as follows: 

1. The flow control.. .assembly includes a pump unit and selector valves 

that provide a representative· sample (or a "clean" sample) to the 

detectors. 

2. The pump Wlit consists of: 

a. A pump to obtain the air sample 

b. A flowmeter to indicate the flow rate 

c. A flow control valve to provide flow adjustment 
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Channel No. 

1-R36 

1-R41A 

l-R41B 

1-R41C 

1-R41D 

l-R45A 

l-R45B 

SGS-UFSAR 

Type of 
Detector 

Gamma 
Scintillator 

Beta Scintillator 

Beta-Gamma Scintillator 

Beta-Gamma Scintillator 

N/A 

GM Tube 

GM Tube 

• TABLE 11.4-1 (Cont.) 

Channel 
Description 

Evaporator and Feed Heater 
Condensate 

Plant Vent Noble Gas (Low) 

Plant Vent Noble Gas (Inter.) 

Plant Vent Noble Gas (High) 

Plant Vent Noble 
Gas (composite) 

Plant Vent Shield Background 

Plant Vent Noble Gas (Inter) 

3 of 4 

Minimum Detectable 
Level 

-5 137 
10 µCi/cc Cs 

-7 133 
10 µCi/cc Xe 

-4 133 
10 µCi/cc Xe 

-1 133 
10 µCi/cc Xe 

N/A 

0.1 mr/hr to 
10,000 mr/hr 

0.1 mr/hr to 
10,000 mr/hr 

Control Function/Interlocks 

Condensate Line Valve 

Containment Ventilation Isolation 
Closes Waste Gas Discharge Valve 

Section 11.4.2.2, Item 15 

Section 11.4.2.2, Item 15 
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SECTION 13 

• CONDUCT OF OPERATIONS 

• 

• 

13.1 ORGANIZATION STRUCTURE 

Public Service Electric and Gas Company (PSE&G), a subsidiary of Public Service 

Enterprise Group, is an investor-owned public utility which provides reliable 

generation, transmission, and sale of gas and electric energy in the state of New 

Jersey. In meeting these responsibilities to its customers, PSE&G has developed 

experience and expertise in the design, construction, startup, and operation of 

both fossil and nuclear generation facilities. In continuing these commitments, 

PSE&G is dedicated to the safe, reliable, and efficient operation of Salem 

Generating Station (SGS). The organization chart shown on Figure 13.1-1 depicts 

the corporate structure of PSE&G. 

13.1.1 Management and Technical Support Organization 

Management of PSE&G's nuclear program is provided by the Chief Nuclear Officer 

and President - Nuclear Business Unit (CNO/PNBU). The. CNO/PNBU is responsible

for overseeing the direction and development of PSE&G's nuclear program and is 

the senior nuclear manager onsite. The CNO/PNBU is responsible for the 

implementation of PSE&G's nuclear program. As shown on Figure 13.1-1, the 

CNO/PNBU reports directly to the Company Chairman. The Executive Vice President 

- Nuclear Business Unit (EVP-NBU), the Senior Vice President - Nuclear Operations 

(SVP-NO), the Senior Vice President - Nuclear Engineering (SVP-NE), the Director 

Nuclear Business Support (DIR-NBS), the Director Nuclear Quality Nuclear Training 

and Emergency Preparedness (Director - Quality NT and EP) and the Nuclear Human 

Resources Manager report to the CNO & President - NBU. · 

Technical support for the nuclear stations is provided by the Nuclear Business 

Unit under the direction of the CNO/PNBU. The Nuclear Business Unit organization 

is discussed in Section 13.1.1.2. Table 13.1-1 provides a comparison between 

Nuclear Business Unit organization titles in the UFSAR and the corresponding 

position titles included in Section 6.0 of the Salem Technical Specifications • 
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13.1.1.1 Design and Operating Responsibilities 

For the Salem projects, PSE&G and Westinghouse Electric Corporation jointly 

participated in the design and construction of each unit. The SGS is operated 

by PSE&G. 

PSE&G provided an experienced and trained staff for the SGS to support hot 

functional testing, core load, and power ascension testing programs. The 

CNO/PNBU continues to provide an experienced and trained staff to support the 

continued safe, reliable, and efficient commercial operation of the SGS. 

13.1.1.2 Organizational Arrangement 

PSE&G dedicated the Nuclear Business Unit (NBU) to operate and support the 

operation of the company's nuclear generating stations. The functional 

responsibilities of the various positions within the Nuclear Business Unit 

organization are described in the following sections. 

13.1.1.2 .1 

(CNO/PNBU) 

Chief Nuclear Officer and President Nuclear Business Unit 

The CNO/PNBU is responsible for the leadership, direction, management, and 

control of the Nuclear Business Unit • The organization chart for the office of 

the CNO/PNBU is shown on Figure 13.1-2. The CNO/PNBU has direct reports to 

assist in fulfilling the responsibilities of the position. The responsibilities 

of each direct report and their respective organizations are discussed in the 

following sections. 

13.1.1.2.2 Executive Vice President - Nuclear Business Unit (EVP-NBU) 

The EVP-NBU has the primary responsibility for the leadership, direction, 

management and control of the Nuclear Business Unit in the absence of the 

CNO/PNBU. 
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The NHRMGR advises management on the interpretation and administration of labor 

agreements and assures consistent department-wide adherence to company/union 

agreements and good labor relations practices. The NHRMGR also provides 

assistance and support for succession planning, personnel development, staffing, 

performance management, compensation, and other administrative functions. 

13.1.1.2.1.7 (This Section has been deleted) 

13.1.1.2.1.8 (This Section has been deleted) 

13.1.2 Operating Organization 

The General Manager - Salem Operations (GM-SO) is responsible for all plant 

organizational activities. As the senior manager located at the station, the GM

SO provides management direction and control of plant operations. In the event 

of an unexpected contingency, the succession of authority and responsibility for 

the overall operation is in the following order: 

1. Operations Manager 

2. Operations Superintendent - Assistant Operations Manager 

3. Operations Superintendent - Staff 

4 • Manager - Plant Maintenance - Salem 
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The functional organization of the Salem Generating Station is shown on Figures 

13.1-Sa through 13.1-Se. 

13.1.2.1 Station Management 

The GM-SO reports directly to the senior Vice President - Nuclear Operations and 

is responsible for the overall management, direction, and control of station 

activities. In fulfilling these responsibilities this individual ensures the 

safe and efficient operation of SGS. These functions include, but are not 

limited to, general administration, liaison activities with regulatory and other 

agencies, approving and implementing programs and procedures, and acting on 

matters pertaining to Company policies and practices. The GM-SO may designate 

an individual or group to manage special projects. The GM-SO is responsible for 

ensuring compliance with the requirements of the Technical Specifications, 

facility operating license, and all other applicable government regulations. The 

GM-SO also ensures the station's commitment to the NBU QA Program by maintaining 

a close liaison with the Manager - Quality Assessment. 

13.1.2.2 Operations Department 

The Operations Department is responsible for safe and efficient plant operation. 

The Operations Manager reports to the General Manager - Salem Operations and is 

responsible for managing, directing, and controlling department activities. The 

Operations Manager ensures that plant operation complies with the facility 

operating license,_Technical Specifications, and all government regulations and 

company policies. Reporting to the Operations Manager are the Operations 

Superintendent - Assistant Operations Manager, Operations Superintendent - Work 

Management and Operations Superintendent - Staff. The Operations Manager ensures 

that a properly trained licensed and nonlicensed staff is available to provide 

safe and efficient 
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operation, which in turn ensures plant availability and reliability • 

Administratively, the Operations Manager is responsible for the approval of all 

operating procedures and the review of conditions adverse to quality as reported 

in the Corrective Action Program, reportable occurrences, and other 

correspondence. 

The Operations Manager is assisted by the following: 

1. The Operations Superintendent - Assistant Operations Manager who 

directs activities of the operating shift crews. One of the 

Operations Superintendents will be designated as the Operations 

Superintendent - Assistant Operations Manager.; 

2. The Operations Superintendent - Work Management who directs the 

operation of the Work Control Center and other Operations segments 

interfacing with the Nuclear Maintenance Department; 

3. The Operations Superintendent - Staff who provides technical and 

administrative support for the Operations Department. The Operations 

Superintendent - Staff reports to the Operations Manager. 

The Operations Superintendent Assistant Operations Manager, Operations 

Superintendent - Work Management or the Operations Superintendent - Staff may 

assume control of the department in the absence of the Operations Manager, 

provided they meet the qualifications • 
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Supervision of shift personnel is under the direction of an Operations 

Superintendent (OS). The OS is directly responsible for the operation of the 

unit. The OS has the authority to take any action necessary, including plant 

shutdown, to protect equipment or personnel and to act in accordance with 

approved procedures. During off-normal hours, the OS assumes responsibility for 

all plant functions in the absence of senior plant management. The OS inspects 

equipment to ensure that operations are conducted safely and efficiently in 

compliance with Technical Specifications and the operating license. The OS also 

ensures the review and approval of completed checkoff lists, logs, and other 

shift data to detect abnormal trends or potential operating problems. A Licensed 

Senior Reactor Operator (SRO) on shift approves removal of equipment from service 

and performance of safety tagging in support of the plant surveillance and 

maintenance program • 

. The OS is assisted by the Control Room Supervisor (CRS), the Work Control Center 

Supervisor (WCCS), and the Field Supervisor (FS). The CRS is responsible for the 

. operation of the. individual unit assigned and assumes the Command and Control 

function in the absence of the OS. The CRS provides direct supervision of the 

Control Room area and operators assigned to the specific unit. The eRS also 

provides primary procedural direction during normal, abnormal and emergency 

operating conditions. When assigned, the FS provides direct supervision to the 

operators assigned duty positions in the plant and other on shift operations 

personnel with duties outside the control room area. When assigned, the wees 

provides direct supervision of Operations personnel performing daily, on shift 

work control functions. 

The position of Shift Technical Advisor (STA) has been established and personnel 

are assigned to the operating shifts. Shift manning requirements for the STA are 

in accordance with the administrative section of the Tecnnical Specifications. 

The assigned individuals meet the experience, education and training requirements 

as specified in NUREG 0737 "Clarification of TMI Action Plan Requirements," 

"Commission Policy Statement on Engineering Expertise on Shift" (50 FR 43621, 

October 28, 1985, Generic Letter 86-04), and the administrative section of the 

Technical Specifications. 
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operations. Responsibilities of the Operators assigned to radwaste include the 

following: 

1. Completing checkoff lists, logs, and other shift data associated with 

radwaste operations to provide continuous surveillance of the 

equipment assigned 

2. Manipulating controls, valves, and equipment to support liquid 

radwaste processing and storing 

3. Initiating immediate actions necessary to maintain radwaste equipment 

in a safe condition during normal, abnormal, and emergency operations 

Shift electrician, instrumentation and control (I&C) technicians, chemistry 

technicians and radiation protection technicians are assigned to shift schedule 

and report to the Operations Superintendent. These personnel perform support 

functions associated with electrical, I&C, chemistry and radiation monitoring 

disciplines. During normal operation, they are available to perform 

surveillance, preventive and corrective maintenance. When periods of emergency 

or abnormal operating conditions exist, they are available as part of the plant 

emergency preparedness program for emergency response and technical assistance . 
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13.1.2.3 Maintenance Department 

The Nuclear Maintenance Organization is described in Section 13 .1.1. 2. 1.1. 

Although the Maintenance Organization will not report directly to the Plant 

Manager, the Plant Manager will maintain control over those activities necessary 

for safe operation and maintenance of the plant. 

13.1.2.4 Chemistry Department 

The Chemistry Superintendent re[ports to the General Manager - Salem Operations 

and is responsible for implementing programs to ensure plant chemistry, 

radiochemistry, and plant effluents monitoring are in accordance with the 

facility license and government regulations. 

The Chemistry Department is responsible for the development and implementation 

of the chemistry, radiochemistry, environmental and liquid effluent monitoring 

programs. They are also responsible for operation of the condensate 

demineralizers, demineralized water makeup plant, service water chlorination, 

non-radioactive liquid waste disposal system, oil-wter separator and post 

accident sampling system. 

The Chemistry Department is also responsible for the sampling and analysis of 

lant fluid systems, chemistry results reporting, calibration of chemistry 

instrumentation, evaluation of laboratory and chemisal systems operation and 

techniques, operation of deep bed demineralizers, plant water and chemical 

control systems, and maintaining the plant fluid systems and liquid effluents 

within established limits. The Chemistry Department organization is shown on 

Figure 13.1-Se. 
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13.1.2.5 Radiation Protection Department 

The Radiation Protection Superintendent reports to the General Manager - Salem 

Operations and is responsible for ensuring that the conduct of the 

radiological safety and radiological material control program is in accordance 
with the facility license, government regulations, and the NBU radiation 

protection plan. These programs require that personnel exposure to radiation 

and releases of radioactive material to the environment meet ALARA 

The requirements. 

responsibilities 

Section 12. The 

Figure 13.1-Se. 

radiation protection program, organization, and various 

of the Radiation Protection Department are described in 

Radiation Protection Department organization is shown on 

13.1.2.6 Salem Projects 

The Supervisor Salem Projects reports to the General Manager Salem 

Operations and is responsible for the management of the station administrative 

support staff and special projects as assi·gned by the General Manager. 

13.1.2.7 Nuclear Security 

The Nuclear Security Manager reports to the General Manager Salem 

Operations. Nuclear Security responsibilities and organization are addressed 

in the Salem - Hope Creek Security Plan • 
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Table 13.1-1 

Comparison of UFSAR Position Titles and Salem Technical Specifications 

Section 6.0 Organization Titles - Listed by Exception 

UFSAR Title 

Chief Nuclear Officer and President -

Nuclear Business Unit 

General Manager - Salem Operations 

Operations Superintendent 

Control Room Supervisor 

Reactor Operator and Plant Operator 

Nuclear Equipment Operator or 

Utility Operator 

Radiation Protection Superintendent 

Radiation Protection Supervisor 

Director - Quality, Nuclear Training 

and Emergency Preparedness 

Director - Quality, Nuclear Training 

and Emergency Preparedness 

Chemistry Superintendent 

SGS-UFSAR 
1 of 1 

Technical Specification Title 

Senior Corporate Nuclear Officer 

Plant Manager 

Senior Nuclear Shift Supervisor 

Nuclear Shift Supervisor 

Nuclear Control Operator 

Equipment Operator or 

Utility Operator 

Radiation Protection Manager 

Senior Supervisor 

Protection 

Radiation 

Director - Nuclear Training 

and Radiological Safety 

Senior Management Position with 

responsibility for Independent 

Nuclear Safety Assessment and 

Quality Program oversight 

Chemistry Manager 
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13.5 Plant Procedures 

13.5.1 Administrative Procedures 

Administrative procedures define processes and programs that provide for the 

control of nuclear operations, and in turn incorporate regulatory requirements 

and commitments. There are three types of administrative procedures: 

1) Nuclear Administrative Procedures (NAPs); 2) Station Administrative Procedures 

(SAPs); and 3) Department Administrative Procedures (DAPs). 

Nuclear Administrative Procedures (NAPs) are written to provide direction in the 

areas that are.common to all station departments as well as other organizations 

within the NBU. NAPs are prepared using a standard format and content, and a 

writers guide, which provides human factors and style guidance. NAPs are 

approved by the General Manager - Salem Operations. 

Station Administrative Procedures (SAPs) are written to govern station specific 

programs and processes. SAPs are approved by the General Manager - Salem , 
Operations and comply with all applicable requirements specified in the NAPs. 

Department Administrative Procedures (DAPs) provide direction for the 

administrative control of specific activities that are within a department's 

functional area of responsibility or between departments with the same functional 

responsibility-or that control administrative functions between a limited number 

of departments in the NBU. Department - specific procedures are approved by the 

individual department managers for Salem and comply with all applicable 

requirements specified in the NAPs. 

Additional topics for administrative procedures may be addressed as required, and 

material may be shifted between specific procedures as needed. 

A list of topics for NBU administrative procedures is listed below: 

• Action Request Process 

• Nuclear Procedure System 

• Nuclear Department Organization 

• Document Control Program 

• Station Operations Review Committee 

• Corrective Action Program 
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• Control of Design and Configuration Changes, Tests and Experiments 

• Work Control Process 

• Preventive Maintenance Program 

• Records Management Program 

• Technical Specification Surveillance Requirements 

• Control of Temporary Modifications 

• Training, Qualification and Certification 

• Safety Tagging 

• Monitoring the Effectiveness of Maintenance 

• Minor Modification Process 

• Material Control Program 

• Procurement of Materials and Services 

• System Cleanliness 

• Measuring & Test Equipment, Lifting & Rigging and Tool Control 

• Scaffolding Program 

• Radiological Protection Program 

• Fire Protection 

• Nuclear Mutual Limited/Boiler and Machinery Insurance Program 

• Inservice Inspection Program 

• Code Job Packages 

• Commitment Management Program 
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• Inspection/Housekeeping Program 

• Nuclear Security Program 

• Nuclear Licensing and Reporting 

• Environmental Control 

• Chemical Control Program 

• Service Water Reliability Program 

• Lubricant Program 

• Fitness for Duty Program 

• Vendor Information Program 

• Stations Aids and Labels 

• Respiratory Protection Program 

• Station Performance and Reliability 

• Refueling Management 

e Station Testing Program 

• Plant Chemistry Control 

• Operating Experience Feedback Program 

• Outage Management 

• Action Tracking Program 

• lOCFRS0.59 Reviews and Safety Evaluations 

• Repairs to Presure Relief Devices 
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• Environmental Qualification Program 

• Software and Micro-processor Based systems (Digital systems) 

• Control of On-Site Contractor Personnel 

• Inservice Testing Program 

• Fuel Integrity Program 

• Nuclear Fuel Program 

• Special Nuclear Material Control Program 

• Valve Programs 

• Independent Review Program 

• Transient Loads 

• Conduct of Infrequently Performed Tests.and Evolutions 
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13.5.2 Station Department Manuals 

Various departments within the station have manuals which contain their own 

pertinent operating guidelines and instructions. 

The Operations Department has two manuals: the Station Plant Manual and the 

Operations Directives Manual. The Station Plant Manual contains the Operations 

Department procedures. The Operations Directives Manual contains general 

information, organization and responsibility guidelines, administrative and 

operations directives. 

The Chemistry Department Manual contains Administrative Procedures, guidelines 

detailing department organization and responsibilities, training, general work 

practices, laboratory quality control, procedure generation and control 

instructions as well as Chemistry Department Procedures. 

The Radiation Protection Department Manual contains Administrative Procedures, 

guidelines detailing functions and responsibilities, general work practices, 

training instructions and requirements, as well as department procedures. 

Nuclear Maintenance administrative guidelines describe department functions and 

responsibilities. Nuclear Maintenance procedures contain instructions for the 

performance of maintenance • 

Nuclear Engineering administrative guidelines describe department functions and 

responsibilities. Nuclear Engineering procedures contain instructions for 

performing engineering functions. Reactor Engineering procedures contain 

instructions for testing various reactor parameters. 

Written Test Procedures issued for special test are not incorporated into these 

manuals due to their one-time nature. 

Other manuals used in the station include the following: the System 

Descriptions, which describe the characteristics of the various Primary, 

Secondary, and Electrical Systems; and the Emergency Plan Implementing 

Procedures • 
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13.5.3 Operating Instructions 

All operating instructions are included in the Station Plant Manual and provide 

initial conditions and precautions on the subject system and, where applicable, 

surveillance requirements. 

13.5.4 Emergency Instructions 

The Station Plant Manual includes those emergency instructions, with the 

exception of fire and medical emergency response procedures, (which are located 

in the Fire and Medical Emergency Response Manual), necessary to ensure that 

proper action is taken to handle any malfunction that may occur at either of the 

Salem units. 

I 13.5.5 Preventive Maintenance 

A Preventive Maintenance Program has been in effect since the inj_tiation of plant 

operation and is reviewed and improved continuously. Preventive maintenance 

activities are based upon Technical Specification Requirements, Nuclear 

Regulatory Commission and other regulatory requirements, equipment vendor and 
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2. Two motor-driven auxiliary feedwater pumps which are started on: 

a. Low-low level in any steam generator 

b. Trip of all main feedwater pumps 

c. Any safety injection signal 

d. Loss of offsite power 

e. Manual actuation 

3. One turbine-driven auxiliary feedwater pump which is started on: 

a. Low-low level in any two steam generators, or 

b. Undervoltage on any two reactor coolant pump buses 

c. Manual actuation 

The motor-driven auxiliary feedwater pumps are supplied by the diesels if a 

loss of offsite power occurs and the turbine-driven pump utilizes steam from 

the secondary system. Both type pumps are designed to start within one minute 

even if a loss of offsite power occurs simultaneously with loss of normal 

feedwater. The turbine exhausts the secondary steam to the atmosphere. The 

auxiliary pumps take suction from the auxiliary feedwater storage tank for 

delivery to the steam generators • 
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The analysis shows that following a loss of normal feedwater, the Auxiliary 
Feedwater System is capable of removing the stored and residual heat thus 

preventing either over-pressurization of the RCS or loss of water from the 
reactor core. 

15.2.8.2 Method of Analysis 

A detailed analysis using the BLKOUT (9) Code is performed in order to obtain 

the plant transient following a loss of normal feedwater. The simulation 

describes the plant thermal kinetics, RCS including the natural circulation, 

pressurizer, steam generators and Feedwater System. The digital program 

computes pertinent variables including the steam generator level, pressurizer 

water level, and reactor coolant average temperature. 

Major assumptions are: 

1. The initial steam generator water level (in all steam generators) at 

the time of reactor trip is at a conservatively low level, i.e., the 

lower narrow range level tap. 

2. The plant is initially operating at 102 percent of the engineered 

safeguards design rating. 

3. A conservative core residual heat generation based upon long-term 

operation at the initial power level preceding the trip. 

4. A heat transfer coefficient in the steam generator associated with 

RCS natural circulation. 

5. Only one motor-driven auxiliary feedwater pump is available one 

minute after the accident. 

6. Auxiliary feedwater is delivered to two steam generators. 
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by low pressurizer pressure. The transient is quite conservative with respect 

to cooldown, since no credit is taken for the energy stored in the system 

metal other than that of the fuel elements or the energy stored in the other 

steam generators. Since the transient occurs over a period of about 10 

minutes, the neglected stored energy is likely to have a significant effect in 

slowing the cooldown. 

15.2.13.4 Conclusions 

The analysis has shown that the criteria stated earlier in this section are 

satisfied, since a DNBR less than the design DNBR limit does not occur. 

15.2.14 Spurious Operation of The Safety Injection System at 

Power 

15.2.14.1 Accident Description 

The Spurious Operation of the Safety Injection System (SIS) at Power is caused 

by either an operator error or a false electrical actuating signal. 

When the SIS is actuated, charging pump suction is diverted from the Volume 

Control Tank to the RWST, and boric acid is pumped from the RWST to the cold 

leg of each reactor coolant loop. The safety injection pumps are also started 

automatically; but they cannot develop the head necessary to pump borated 

water into the reactor coolant loops when. ·the RCS is at normal operating 

pressure. 

The Spurious Operation of the SIS at Power is classified as a Condition II 

event, a fault of moderate frequency. The acceptance criteria for analysis of 

this event are: 

1. Fuel cladding integrity shall be maintained by ensuring that the minimum 

DNBR remains above the applicable DNBR limit. 

2. Pressure in the reactor coolant and main steam systems should be 

maintained below 110% of the design values. 

3. A Condition II must not escalate into, or cause a more serious fault 

(e.g., a Condition III or Condition IV event) without other faults 

occurring independently . 
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15.2.14.2 Method of Analysis 

The first criterion, that fuel cladding integrity be maintained, is shown to 

be satisfied by means of a safety evaluation (see Case 1 below). The 

remaining criteria, that the RCS.and main steam system pressure limits are not 

exceeded, and that the event would not lead to a more serious event, are 

demonstreted by means of an accident analysis (see Case 2 below). 

Case 1. Safety Evaluation to 

maintained. 

show that fuel cladding integrity is 

If no reactor trip signal is assumed to be generated by the SI signal, then 

borated water from the SIS would cause core reactivity and power level to 

drop, and consequently, the calculated DNB ratio to rise. The calculated DNBR 

would increase throughtout the transient, without ever approaching its safety 

analysis limit value. Therefore, the Spurious Operation of the SIS at Power 

could not lead to any fuel damage. 

Case 2. Accident Analysis to show that RCS and main steam system pressure 

limits are not exceeded, and that the event would not lead to a more 

serious event. 

During a Spurious Operation of the SIS at Power event, the addition of borated 

water from the SIS, into the RCS, can fill the pressurizer and eventually lead 

to the discharge of water through the pressurizer safety valves. Since the 

pressurizer safety valves have not been qualified for water relief, one or 

more of the valves might fail to reseat completely, and thereby create an 

unisolatable leak from the RCS. Such a situation would be an escalation of a 

Condition II event into a more serious event (a small break LOCA), a violation 

of the third acceptance criterion. 
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The Spurious Operation of the SIS at Power is analyzed using the LOFTRAN [4] 

code. LOFTRAN simulates the neutron kinetics, RCS, pressurizer, pressurizer 

relief and safety valves, pressurizer spray, feedwater system, steam 

generator, steam generator safety valves, and the effects of the SI system. 

The code computes pertinent plant variables, including temperatures, pressures 

and power level. 

The following basic assumptions were used to define and evaluate this event: 

a. Initial reactor power is at.its maximum value (+2%). Uncertainties are 

deducted from the initial RCS temperature and pressure (-S°F and -50 

psi). Assuming lower values of initial T and pressure tends to reduce 
· avg 

the time predicted to fill the pressurizer. 

b. The SI signal causes the reactor to trip. Core residual decay heat 

generation is based upon long term operation at the initial power level. 

_ c. Two centrifugal charging pumps and one positive displacement charging 

pump are in operation, with the miniflow valves open. Full SI flow 

begins immediately. 

d. 

e. 

The pressurizer sprays operate at their maximum capacity. The 

pressurizer sprays limit the RCS pressure, permitting a higher SI 

delivery rate, which fills the pressurizer sooner. 

Either the pressurizer PORV block valves are open, or they are opened by 

the operators before the pressurizer fiils with water. 

f. One of the pressurizer PORVs opens, and relieves water. The PORVs and 

downstream piping are qualified for this safety-related application 

[17,18] • 
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15.2.14.3 Results 

Fuel Cladding Integrity (evaluation) 

If the SI signal does not trip the reactor and turbine, then nuclear power 

would decrease as borated water is added to the core. Since steam flow would 

be maintained, the mismatch between nuclear power and load would cause Tavg' 

pressurizer pressure, and pressurizer water volume to decrease until the low 

pressurizer pressure reactor trip setpoint is reached. The DNB ratio would 

increase, due mainly to the decrease in power and T , and alway!:? remain 
avg 

above its safety limit value. Therefore, this event would not pose a 

challenge to fuel clad integrity. 

Pressure Limits and Escalation into a More Serious Event (accident analysis) 

An analysis [19] was performed for Salem Unit 2, using the LOFTRAN code. The 

resulting transient response plots are depicted in Figures 15.2-44, 15.2-45, 

and 15.2-46. 

the Unit 2 

response. 

A safety evaluation [20], performed for Unit 1, indicates that 

analysis results would also be representative of the Unit 1 

Nuclear power, T , pressurizer pressure, and pressurizer water volume 
avg 

decrease, and steam pressure increases, as the result of the reactor and 

turbine trips demanded by the spurious SI signal. Pressurizer pressure and 

pressurizer water volume begin to increase as water is added to the RCS by the 

SIS and the pressurizer sprays operate. Pressurizer pressure stabilizes as 

the pressurizer spraying limits the pressurizer pressure to within about 25 

psi above its initial value. The action of the pressurizer sprays, in 

limiting the pressure, allows more SI water to be added to the reactor coolant 

system, which surges into the pressurizer. It is assumed that the operators 

open the PORV block valves, if they are closed, before the pressurizer fills 

with water. After ten minutes, the pressurizer becomes water-solid, and the 

pressure rapidly increases to the PORV opening setpoint (conservatively 

assumed to be only 100 psi above the initial pressure, or 2300 psia). Only 

one of the two PORVs is assumed to open and relieve water. 
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After ten minutes, the transient equilibrates to a relatively stable 

condition, wherein T is fairly constant, the pressurizer is water-solid, 
avg 

and pressure is maintained at or near the PORV setpoint, as water is relieved 

through repeated cycling of the pressurizer PORV. The event is ultimately 

ended by the operators, who stop the SIS flow and re-establish normal letdown 

flow, as per the emergency operating procedures. 

The operators will ensure that the PORV block valves are open before the 

pressurizer is filled, ten minutes after the initiation of the event. This 

action assures the availability of the PORVs to open automatically when their 

opening setpressure is reached. 

The results of the accident analysis indicate that opening one PORV will limit 

the pressurizer pressure to a level that will not cause any of the pressurizer 

safety valves to open. As the pressurizer safety valves will not open, the 

event cannot escalate to a more serious event (e.g., a small break LOCA, due 

to the failure of a pressurizer safety valve to reseat completely). 

15.2.14.4 Conclusions 

The results of the Spurious Operation of the SIS at Power evaluation and 

analysis demonstrate that: 

( 1) Pressures in the reactor coolant and main steam systems are limited to 

less than 110% of the design values. Operating one PORV limits the 

pressurizer pressure to about the PORV opening setpressure, which is well 

below the RCS design pressure. 

(2) Fuel cladding integrity is maintained. This is based upon an evaluation 

(Case 1), which predicts that the DNBR would always remain above the DNBR 

safety analysis limit value. 

(3) A more serious fault would not result from the Spurious Operation of the 

SIS at Power event. The Case 2 analysis results show that an open 

pressurizer PORV will limit the pressurizer pressure to a level that will 

not cause any of the pressurizer safety valves to open, and thereby 

preclude the possibility that one or more of these valves would generate 

a more serious event by opening and failing to re-seat properly . 
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15.2.15 Turbine Generator Accidents 

The likelihood of a turbine generator failure in which missiles are generated 
is remote. Westinghouse turbine generator units have never experienced a 

major structural failure of a rotating part that resulted in missiles leaving 

the turbine casing. A review of the records of all Westinghouse turbine 

generator units in operation from 1938 to 1969 is presented in Reference 14. 

catastrophic failure of turbines reported in the Appendix fall into one of two 

categories: 

1. Failure by overstressing arising from accidental and excessive 

over speed 

2. Fracture because of defects in the material at speeds under the 

design overspeed 

Contributing factors in the Westinghouse record of never having had a turbine 

generator run away to destructive overspeed are redundancy in the control 

system and routine testing of the main steam valves and the mechanical 

emergency overspeed protective system while the unit is carrying load. The 

overspeed control system for the turbine generator is described in detail in 

Sections 10.2.2.3 and 10.2.2.4. 

The overspeed protective controller calls for fully closed main governing 

valves and interceptor valves at 103 percent of rated speed. In the event the 

turbine speed continues to increase past 103 percent of rated speed, the 

turbine stop and reheat stop valves, and also the main governing valves and 

interceptor valves will be tripped closed by both the mechanical overspeed 

weight and a backup electrical trip. When these valves are tripped, the 

turbine speed will continue to increase due to the finite valve closure time 

and the steam which is trapped in the turbine and piping downstream of the 

tripped valves. The turbine speed, however, will not exceed the design 

overspeed (120 percent of rated speed). 

The likelihood of a failure in the second category, resulting from material 

defects, at speeds below design overspeed, is very small. There have been no 

failures of this nature in the United States since 1956. This has been 

attributed to improvements in design, inspection and manufacturing techniques 
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stemming from the work of a special task force of forging suppliers and 

equipment manufacturers which was set up in 1955 under the auspices of the 
American Society for Testing and Materials to study turbine and generator 
rotor failures. This task force developed the high-toughness NiCrMoV material 

now used in all turbine rotors and discs. 

Reference 14 discusses the energy levels of the external missiles which would 

be generated at design overspeed in the highly unlikely event that a 

destructive failure would occur at this speed. It should be noted that for 

Unit 2, shrunk-on discs do not exist, therefore the accident analysis 

presented in Reference 14 applies to Unit 1 only. Calculations show that all 

fragments_ generated by any postulated failure of the- high pressure turbine 

rotor would be contained by the turbine blade rings and casing. Low pressure 

turbine blades which would be shed would be contained within the shell. 

Detailed results are shown for failure of the six low pressure turbine discs 

at design overspeed. Only discs 4 and 6 would generate missiles that could 

not be contained. The plant is designed to prevent these postulated missiles 

from endangering the integrity of the Containment Building, the Control Room 

area, the spent fuel pool and critical portions of the penetration areas. 

This design is presented in Section 5.6.3. 

For Unit 2, the limiting component for the ruggedized rotors are the turbine 

blades that are attached to the one-piece rotor. The heaviest turbine blade 

is the last row (47") blade that weights approximately 128 lbs. A 

conservative comp~ison of the results in Reference 14 was -made using the 

highest velocity presented ( 648 ft/sec) in the report. This resulted in 

approximately 5% of the energy calculated 

missiles identified in- the report with 
6 6 

(12.7 x 10 to 17.8 x 10 ft/lbs) were 
6 

that exited the shell expended 9.0 x 10 

for the existing rotor design. The 

significantly higher energy levels 

contained within the shell. Those 
6 

and 7.7 x 10 ft/lbs of energy to 

penetrate. Therefore, it can be concluded that the Unit 2 limiting component 

(last row of blades) with approximately 1 x 10
6 

ft/lbs of energy will be 

contained within the shell . 
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Accident 

Accidental 

Depressurization 

of the Main 

Steam System 

Spurious Operation 

of the SIS at Power 

NOTE: 

TABLE 15.2-1 (Cont) 

Event 

Inadvertent opening of one 

main steam safety or 

relief valve 

Pressurizer empties 

2300 ppm boron reaches 

RCS loops 

Charging pumps begin injecting 

borated water 

Reactor/turbine trip on SI signal 

Operators open the PORV block valves, 

if necessary 

Pressurizer becomes water-solid 

PORV opens and limits peak 

pressurizer pressure 

Manual procedures to terminate the 

event are completed 

0 

Time 

Csec) 

172 

214 

o. 
0. 

~600. 

<!:600. 

. <!:610. 

~2700. 

(1) DNBR does not decrease below its initial value • 
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Steam partial pressure 

Droplet vapor pressure 

Prandtl number 

Heat flow rate 

Reynolds number 

Schmidt number 

Droplet temperature 

Steam temperature 

Time 

Droplet external energy 

Velocity 

Droplet density 

Steam-air mixture density 

15.4.8.1.4 Containment Pressure Response Results 

The containment pressure was calculated for a spectrum of break sizes 

including the largest cold leg and hot leg breaks (reactor inlet and reactor 

outlet) and a range of pump suction breaks from 3. 0 square feet up to .the 

largest. Because of the phenomenom of reflood and post-reflood, the pump 

suction break location is the worst case. This conclusion is supported by 

studies of smaller hot leg breaks which have been shown on similar plants to 

less severe than the double-ended hot leg break. Cold leg breaks, on the 

other hand, are lower both in the blowdown peak and in the 
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reflood pressure rise. Thus, an analysis of smaller pump suction breaks is 

representative of the spectrum of break sizes. 

For these analyses it was assumed that the single failure occurred on a diesel 

generator such that one spray pump and two fan coolers failed to operate. 

Figures 15.4-86 and 15.4-87 give the containment pressure transients for 

several break sizes and locations for the design basis case. Additional 

margin cases assuming entrainment continues up to the 10-foot core level were 

analyzed with results presented on Figures 15. 4-88 and 15. 4-89. The peak 

pressures for these cases are summarized in Table 15.4-22. 

Structural heat transfer coefficients as a function of time are indicated on 

Figure 15.4-90. 

The parameters for the containment fan coolers and spray pumps are presented 

in Table 15.4-24. 

The DEPS results are shown on Figure 15.4-91. This transient results in the 

highest peak pressure of 45.4 psig. In addition, an evaluation was performed 

for revised safety injection pump flows. This evaluation yielded a net 

increase in peak pressure of 0.4 psi. Therefore, the limiting peak pressure 

for the DEPS case is 45.8 psig. The cases that are presented in Figures 15.4-

86 through 89 were not reanalyzed for these sensitivities because the DEPS is 

the most limiting case. 
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15.4.8.2.2 Method of Analysis 

The steamline break analysis performed utilized the Westinghouse containment 
model developed for the IEEE Standard 323-1971 Equipment Qualification 

Program. These models and their justification (experimental and analytical) 

are detailed in References 56 through 60. Some major points of the model are 

as follows: 

a. The saturation temperature corresponding to the partial pressure of the 

containment vapor is used in the calculation of condensing heat transfer 

to the passive heat sinks and the heat removal by containment fan 

coolers. 

b. The Westinghouse containment model utilizes the analytical approaches 

described in References 6 and 60 to calculate the condensate removal from 

the condensate film. Justification of this model is provided in 

References 6, 56, 59, and 60. (For large breaks, 100% revaporization of 

the condensate is used, and a calculated fractional revaporization due to 

convective heat flux is used for small breaks.) 

c. The small steamline break containment analyses utilized the stagnant 

Tagami correlation, and the 

blowdown Tagami correlation 

Tagami correlation. The 

large steamline break analyses utilized the 

with an exponential decay to the stagnant 

details of these models are given in 

Reference 38. Justification of the use of heat transfer coefficients has 

been provided in References 58, 59, and 61. 

A complete analysis of main steamline breaks inside containment has been 

performed using the LOFTRAN code and the Westinghouse containment computer 

code, coco[ 6 l. All blowdown calculations with the LOFTRAN code assumed the 

reactor coolant pumps were running (i.e., off site power available), because 

this increases the primary to secondary heat transfer and therefore maintains 

higher blowdown flow rates (Reference 63, Section 3 .1. 7). Although this 

assumption is inconsistent with the delay times assumed in containment fan 

cooler and spray initiations, where loss of offsite power it assumed, the 

combined effect of these assumptions provides extra conservatism in the 

calculated containment conditions • 
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Single Failure Assumptions 

·Several failures can be postulated which would impair the performance of 

various steamline break protection systems and therefore would change the net 

energy releases from a ruptured line. Four different single failures were 

considered for each break condition resulting in a limiting transient. 

were: 

These 

a. failure of a main feed regulating valve, 

b. failure of a main steam isolation valve, 

c. failure of the auxiliary feed water (AFW) runout protection equipment, 

and 

d. failure of a containment safeguards train. 

Details about each of the single failures and their major assumptions follow. 

Feed Water Flow 

There are two valves in each main feedline that serve to isolate main feed 

water flow following a steamline break. One is the main feed water regulator 

valve, which receives dual, separate train trip signals from the Plant 

Protection System on any safety injection signal and closes within 10 seconds 

(including instrument delays). The second is the feed water isolation valve 

that also receives dual, separate train trip signals from the reactor 

protection system following a safety injection signal. This valve closes 

within 32 seconds (including instrument delays). Additionally, the main feed 

water pumps receive dual, separate train trips from the protection system 

following a steamline break. Thus, the worst failure in this system is a 

failure of the main feed water regulator valve to close. This failure results 

in an additional 22 seconds during which feed water from the Condensate Feed 

System may be added to the faulted steam generator. Also, since the feed 

water isolation valve is upstream of the regulator valve, failure of the 

regulator valve results in additional feedline volume that is not isolated 

from the faulted steam generator. Thus, water in this portion of the lines 

can flash and enter the faulted steam generator. 
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The feed water regulating valves (main and bypass) and main feed water 

isolation valves, which are relied upon to terminate main feed flow to the 

steam generators, are exempt from seismic requirements (thus classified as 

Seismic Category 3) • However, each valve has safety-related performance 

requirements, and as such receives dual, independent, safety grade, trip close 

signals from the protection system following a steamline rupture event. The 

feed water regulating valves are air-operated, fail close design, whereas the 

feed water isolation valves are motor operated. Since the assumed pipe break 

occurs inside containment in a Seismic Category I pipe, the steamline rupture 

is not assumed to be initiated by a seismic event. There is no requirement to 

assume a coincident seismic event with the hypothetical pipe rupture. Thus a 

seismic classification for the main feed water regulating and isolation valves 

is not necessary to ensure closure following a steamline break inside 

containment. Also, since the feed water isolation valves are only credited in 

the event of a single failure of the regulating valves to close, additional 

failure of these valves does not need to be considered. 

Feed water flow to the faulted steam generator from the Main Feed Water System 

is calculated using the hydraulic resistances of the system piping, head/flow 

curves for the main feed water pumps, and the steam generator pressure decay 

as calculated by the LOFTRAN code. In the calculations performed to match 

these systems' variables, a variety of assumptions is made to maximize the 

calculated flows. These include: 

a. No credit is taken for extra pressure drop in the feedlines due to 

flashing of water. 

b. Feed water regulator valves in the intact loops do not change position 

prior to a trip signal. 

c. All feed water pumps are running at maximum speed. 

Calculation of feed water flashing is performed by the LOFTRAN code as 

described in Reference 27, Section 4.1.5 For the Salem units, the maximum 

volume of unisolatable feed line is 328. 2 ft 
3 

without a main feed water 

regulator valve failure, and it increases to 388.4 ft
3 

with a main feed water 

regulator valve failure . 
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Main Steam Isolation 

Since all main steam isolation valves have closing times of no more than 12 

seconds after receipt of signal (including the instrument delays), failure of 

one of these valves affects only the volume of the main steam and turbine 
steam piping which- cannot be isolated from the pipe rupture. 

Steam contained in the unisolatable portions of the steamlines and turbine 

plant was considered in the containment analyses in two ways. For the large 

double-ended ruptures (DERs), steam in the unisolatable steamlines is released 

to containment as part of the reverse flow. This is accomplished by having 

the reverse flow begin at the time of the break at the Moody critical flow 

rate for steam as established by the cross-sectional area of the steamline and 

the initial steam pressure. The flow is held constant at this rate for a 

period sufficient to purge the entire unisolated portion of the steamlines. 

Enthalpy of the flow is also held constant at the initial steam enthalpy. 

Following this period of constant flow representing purging of the steamlines, 

flow from the intact steam generators, as calculated by LOFTRAN, is added to 

the containment and continues until steamline isolation is complete. 

When considering split ruptures, steam in the steamlines is included in the 

analysis by adding the total mass in the lines to the initial mass of steam in 

the faulted steam generator. This is necessary because, unlike DERs, the 

total break area of a split is unchanged by steamline isolation; only the 

source of the blowdown effluent is changed. Thus, steam flow from the piping 

in the intact loops is indistinguishable from steam leaving the faulted steam 

generator. However, by adding the water mass in the piping to the faulted 

steam generator mass and by having dry steam blowdowns, the steamline 

inventory is included in the total blowdown. 
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Assumed Break 

Double Ended Pump Suction 

0.6 Double Ended Pump Suction 
2 

3 Ft Pump Suction 

Double Ended Cold Leg 

Double Ended Hot Leg 

* 

TABLE 15.4-22 

PEAK PRESSURE 

Blowdown Peak Pressure 

Peak Design Basis 

Cpsigl Cpsigl 

* * 39.2 45.8 

37.9 42.4 

37.3 42.4 

37.7 38.4 

39.2 39.2 

Peak Pressure 

Margin Case 

(20 ft entrainment) 

Cpsigl 

44.4". 

44.2 

44.0 

39.4 

39.2 

The Design Basis DEPS case was reanalyzed with fan cooler heat·· removal 

that was based on 2500 gpm service water at 95°F. The other cases were 

originally performed with 2500 gpm water service at 85°F and 

Westinghouse supplied cooling coils • 
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TABLE 15.4-23 

EFFECTS OF SINGLE FAILURES ON CONTAINMENT ANALYSES 

1. MAIN STEAM ISOLATION VALVES (1) 

NOTE: 

( 1) Failure of main steam line isolation valve increases the unisolatable steam line volume 
3 3 

from 542 ft to 10,083 ft • 

2. MAIN FEED LINE ISOLATION VALVE 

Maximum Unisolatable Feed Line Volume 

Maximum Unisolatable Feed Line Volume 

Closing Time of Feed Regulation Valve 

Closing Time of Feed Isolation Valve 

SGS-UFSAR 

Without MFIV Failure = 

With MFIV Failure = 

= 

1 of 1 

328.2 ft3 

388.4 ft3 

<10 sec 

<32 sec 
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TABLE 15.4-24 

SPRAY SYSTEM/FAN COOLER/INITIATION TIMES/SETPOINTS 

Spray System 

Number of Spray Trains 

Number of Spray Trains Operating in 

Minimum Safeguards Analysis 

Spray Flow Rate per Spray Train 

Fan Coolers 

Number of Fan Coolers 

Number of Fan Coolers Operating in 

Minimum Safeguards Analysis 

Initiation Times/Setpoints 

System Containment Delay after 
Set point Trip Signal 
Used (w/o offsite 

:gower available) 

Spray 17.0 psig 85 

Fan Coolers 6.0 psig 60 

1 of 1 
SGS-UFSAR 

2 

1 

2600 gpm 

5 

3 
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17.2 QUALITY ASSURANCE DURING THE OPERATIONS PHASE 

Public Service Electric and Gas Company (PSE&G) is responsible for assuring that 

the operation, maintenance, refueling, and modification of the nuclear generating 

stations are accomplished in a manner that protects public health and safety and 

that is in compliance with applicable regulatory requirements. To carry out this 

responsibility, PSE&G developed and implemented a comprehensive Quality Assurance 

(QA) Program that was applicable to the design, construction, and testing phases 

and is now applied to the operation phase. 

The Operational Quality Assurance Program is described in the Nuclear 

Administrative Procedures Manual. This manual establishes and documents the 

programs and processes that implement the QA Program. 

The QA Program provides measures to assure the control of activities affecting 

the quality function of structures, systems, and components, to an extent 

consistent with their importance to safety. The Quality Assurance Program 

encompasses fire protection of safety-related areas and other activities 

enumerated in Regulatory Guide 1.33. A planned monitoring assessment and audit 

program assures effective implementation of the Operational Quality Assurance 

Program. An assessment is a direct observation of activities and review of 

documentation to verify compliance/conformance to specified requirements and 

effectiveness of processes. The program provides coordinated and centralized 

quality assurance direction, control, and documentation as required by Nuclear 

Regulatory Commission (NRC) criteria set forth in lDCFRSD, Appendix B. The 

program provides for monitoring, assessing and auditing elements of the Fitness

For-Duty (FFD) Program as set forth in 10CFR26 and is applied to, and includes 

non Q-list (i.e. balance of plant) activities and services necessary to achieve 

safety, reliability, availability, and economy in the operation of the Salem 

Generating Station. Applicable NRC Regulatory Guides, codes, and standards, as 

well as the policy statements contained in the Nuclear Administrative Procedures 

Manual, are used by PSE&G organizations performing activities affecting safety 

to prepare appropriate implementing procedures. To assess the effectiveness of 

the PSE&G Quality 
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Assurance Program, independent auditors from outside the company audit the 

program every 2 years for compliance with · lOCFRSO, Appendix B, and other 

regulatory commitments. Reports of such audits are made directly to upper 
management. 

Quality Assurance (QA) policy statements are issued by key management 
representatives, including the Chairman and Chief Executive Officer and the 

Chief Nuclear Officer and President - Nuclear Business Unit (CNO/PNBU). These 

policy statements are mandatory throughout the Company for nuclear facilities. 

Key policy elements, as they apply to nuclear safety, include the following: 

1. Nuclear safety· is of the highest priority and shall take precedence 

over matters concerning power production. 

2. The public's health and safety is the prime consideration in the 

conduct and support of PSE&G's nuclear operations and shall not be 

compromised. All decisions which could affect the health and safety 

of the public shall be made conservatively. 

3. The Operational Quality Assurance Program is an essential part of 

the PSE&G commitment to safe and reliable nuclear power operation. 

Applicable program requirements shall be strictly adhered to in the 

performance of activities covered by the Operational Quality 

Assurance Program. 

PSE&G requires its suppliers and contractors to assume responsibility for 

establishing and implementing Quality Assurance/Quality Verification (QA/QV) 

programs, as applicable, to meet lOCFRSO, Appendix B. However, responsibility 

for the overall QA program is retained and exercised by PSE&G. Procurement 

Assessment (PA) reviews those programs and conducts appropriate monitoring and 

auditing as required to assure that the suppliers are properly 

implementing 

17.2-2 
SGS-UFSAR Revision 17 

October 16, 1998 

• 

• 

• 



• 

• 

• 

their QA/QV programs. The Operational QA Program verifies that requirements 

necessary to assure quality are properly included or referenced in procurement 

documents. In addition, these suppliers' procurement documents include 
applicable PSE&G quality assurance requirements for items and services 

provided by their suppliers. 

17.2.l Organization 

The Operational QA Program, referred to hereafter as the QA Program, assures 

that adequate administrative and management controls are established for safe 

operation of the station. 

Implementation is assured by ongoing review, monitoring, assessment and audit 

under the direction of the Director - Quality, Nuclear Training and Emergency 

Preparedness (Director - Quality, NT and EP), who reports to the Chief Nuclear 

Officer and President - Nuclear Business Unit (CNO/PNBU). 

Implementation for the non-QA areas under the control of the Director 

Quality, NT and EP is assured by the Manager - Quality Assessment. 

Company organization 
Responsibilities for 

following sections • 

is shown on Figures 13 .1-1 through 13 .1-9 and 17. 2-1. 

activities affecting quality are described in the 

17.2.1.1 Nuclear Business Unit 

The Chief Nuclear Officer and President - Nuclear Business Unit (CNO/PNBU) is 

responsible for managing and directing the nuclear activities of the company. 

Overall duties and responsibilities of the Nuclear Business Unit (NBU) are 

provided in Section 13 .1. Vice Presidents, Directors and General managers 

reporting to the CNO/PNBU are responsible for implementation of QA 

requirements by their staff. These QA requirements are contained in the 

Nuclear Administrative Procedures Manual and individual department_ documents. 

The CNO/PNBU regularly assesses the scope, status, adequacy, and compliance of 

the QA program to lOCFRSO, Appendix B, through: 

1. Frequent contacts in staff meetings, QA audit reports, audits by 

independent auditors, NRC inspection reports, department status 

reports • 
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2. An annual assessment of the QA program that is preplanned and 

documented. This assessment addresses the scope, status, and 

adequacy of the QA program. 

tracked. 

Corrective action is identified and 

17.2.1.1.1 Quality Assurance 

The Director - Quality, NT and EP is responsible for defining, formulating, 

implementing, and coordinating the QA program. The Director has been 

delegated the authority and has the independence to interpret quality 

requirements, identify quality problems and trends, and provide 

recommendations or solutions to quality problems for all areas except those 

non-QA areas under his control. The Director is responsible for approval of· 

the QA/NSR Department Manual used during the operations phase of the nuclear 

stations. The Director also is responsible for verifying compliance with 

established requirements for the QA program through document review, 

inspection, monitoring, assessments and audits for all areas except those non

QA areas under his control. QA provides a centralized coordinating function 

for QA/QV activities applied to the operations phase. 

The Director - Quality, NT and EP has the authority and responsibility to stop 

work, through the issuance of a Stop Work Order, when significant conditions 

adverse to quality require such action. 

The PSE&G policies and organization structure assure that the Director -

Quality, NT and EP has sufficient organizational freedom and independence to 

carry out his responsibilities. 

The full attention of the Director will be in support of QA activities and 

will take precedence over his non-QA activities. In the event of a conflict, 

the Director will. delegate all QA authority to the Manager Quality 

Assurance, if necessary. The Manager - Quality Assessment has the authority 

to report directly to the CNO/PNBU for these matters. 

The Procurement Assessment (PA) Manager, who reports to the Manager - Nuclear 

Procurement and Material Management (NP&MM), is responsible for the Quality 

services activities provided by the PA group. The PA activities of the 

Manager - MP&MM will take precedence over his non-PA activities. In the event 

of a conflict, he will delegate all authority in the area of PA to the PA 

Manager if necessary. 

1. The authority and responsibility to stop work, through the issuance of a 

Stop Work Order, when significant conditions adverse to quality requires 

such action. 
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2. The freedom and authority to directly access the Manager Quality 

Assurance if the need for such access exists for any issue under his 

responsibility. In the event of a conflict concerning the 
implementation of the QA program between NP&MM and PA, the reporting 

line will be direct from PA to the Manager - Quality Assessment. 

3. Review of engineering documents such as equipment specifications for I 
inclusion of QA requirements. 

4. Review and approves specifications for Q-listed materials, equipment and I 
services. 

s. Review of procurement documents for insertion of QA requirements. 

6. Conduct of Supplier surveys audits and surveillances. 

7. Evaluation of prospective and existing Supplier QA programs. 

8. Monitoring/auditing of nuclear fuel fabrication. 

9. Review of NBU fuel specifications for inclusion of QA requirements. 

10. Perform material evaluation activities on items subject to the QA 

program. 

Responsibilities of the Manager - Corrective Action, Emergency Preparedness 

and Instructional Technology (Manager - CA, EP & IT) include the following: 

1. Administration of the Corrective Action program. 

2. Management direction and control of all collection and trending of 

Corrective Action reports. 

3. Performing statistical analysis trends for management. 

The Manager's responsibilities relative to Emergency Preparedness and 

Instructional Technology are described in Section 13.1.1.2.1.4.2 . 
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Responsibilities. and authorities of the Manager - Quality Assessment include 

the following: 

1. The authority and responsibility to stop work, through the 

issuance of a Stop Work Order, when significant conditions adverse 
to quality requires such action. 

2. The freedom and authority to directly access the CNO/PNBU if the 

need for such access exists for any issue 

responsibility, including those related to the non-QA 

the control of the Director - Quality, NT and EP . 

under his 
areas under 

. 3.. The responsibility and authority for verifying compliance with 

established requirements of the QA program through document 

reviews, inspections, assessments and audits of non-QA areas under 

the control of the Director - Quality, NT and EP. This includes· 

the authority to interpret QA program requirements during conduct 

of the above activities. 

4. Development and implementation of the QA Audit and Assessment 

Program. 

s . Performing assessments of contractor activities and evaluation of 

emergent contractor programs and procedures.· 

6. ·Planning and scheduling of surveillances conducted within the 

Nuclear Business Unit. 

7. Performing selected station procedure reviews and concurrence. 

8. Preparation and maintenance of the QA/NSR Department Manual, the 

QA Program description in the UFSAR, and the Operational QA 

Program description in the Nuclear Administrative Procedures 

Manual. 

9. Review of· the Nuclear Administrative Procedures Manual for 

compliance with the Operational QA Program. 

10. Performing assessments of PSE&G Program administrative and 

implementing procedures (as necessary, these assessments may also 

include station administrative and implementing procedures) • 
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11. Conducting QA Program orientation for NBU personnel administering the 

training and certification program for QA personnel involved in 

inspection, assessments and auditing activities, maintaining the QA 

training plan, and maintaining QA training records. 

12. Review of new regulatory requirements for QA Program impact. 

13. Coordination of the commitment verification program on a selected 

basis. 

14. Performing Code related inspections, test performance, and review of 

weld procedures for inclusion of QA requirements. 

15. Performing design change package pre-implementation review and 

closure review for compliance with Inspection Hold Point (IHP') 

requirements. 

16. Performing Performance Based Inspections. 

17. Implementation of the onsite independent review. 

18. Random assessments are performed· on the cable system to ensure that 

they have been installed as specified per procedure. 

19. Quality verifications are performed on field installed cables to 

ensure that the cables are properly installed, identified and routed 

as specified per procedure. 

20. Monitoring/auditing of nuclear fuel installation. 

21. Monitor the ability of the PA group to continuously function 

independently as delineated under the responsibilities of the PA 

Manager and perform periodic audits of PA review functions. The 

following provides guidance on the conduct and content of the subject 

audits: 

SGS-UFSAR 

conduct interviews, surveys, etc. of selected personnel who are 

involved in procurement or procurement assessment activities or 

who are in a position to observe these activities 

observe selected procurement and procurement assesment 

activities 

assess selected reviews, evaluations, surveys, 

surveillances .conducted by PA personnel. 

audits, and 
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Records of NRB reviews and minutes of NRB meetings shall be maintained. 

Reports of reviews, meeting minutes and audit reports shall be prepared and 

distributed as indicated below: 

a. Minutes of each NRB meeting and a report of NRB reviews performed 

shall be prepared and forwarded to the CNO/PNBU within 30 days 

following the meeting. 

b. Audit reports shall be forwarded to the CNO/PNBU and management 

positions responsible for the areas audited within 30 days after 

completion of the audit exit meeting for those audits conducted by 

the QA Department and within 60 days after completion of the audit 

exit meeting for those audits conducted· by an independent 

consultant. 

17.2.1.1.2.4 Onsite Independent Review 

The Manager - Quality Assessment shall be responsible for onsite independent 

review. The onsite independent review shall be performed by a minimum of four 

( 4) personnel who are independent of plant management. These individuals 

shall report to the Manager - Quality Assessment. The Manager - Quality 

Assessment shall utilize the information obtained during onsite independent 

review as input to advise management on the overall quality and safety of 

operations and shall report to and advise the CNO/PNBU, through the Director -

Quality, NT and EP on the results of independent reviews. For onsite 

independent review issues involving non-QA areas under the Director's control, 

the Manager - Quality Assessment has the authority to directly report the 

results to the CNO/PNBU. 

The personnel performing onsite independent review shall function to provide: 

the review of plant design and operating experience for potential 

opportunities to improve plant safety; evaluation of plant operations and 

maintenance activities; and advice. to management on the overall quality and 

safety of plant operations. The personnel shall make recommendations for 

revised procedures, equipment modifications, or other means of improving plant 

safety to appropriate station/corporate management. 

Onsite independent review shall encompass: 

a. Review of selected plant operating characteristics, NRC issuances, 

industry advisories, and other appropriate sources of plant design 

and operating experience information which may indicate areas for 

improving plant safety • 
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b. Review of selected facility features, equipment, and systems • 

c. 

d. 

Review of selected procedures and plant activities including 

maintenance, modification, operational problems, and ~perational 

analysis. 

surveillance of selected plant operations and maintenance 

activities to provide independent verification that they are 

performed correctly and that human errors are reduced to as low as 

reasonably achievable. 

The personnel performing the onsite independent review shall have: l) at 

least -three , ( 3) years related experience of which at least two ( 2) years are 

nuclear related, and a Bachelor Degree in Engineering or a related field; or 

2) at least eight ( 8) ·years related experience, of which at least five ( 5) 

years are nuclear related. At least fifty percent ( 50%) of the personnel 

performing the onsite independent review shall have a Bachelor Degree in 

Engineering or a related field. For the discipline of Operations, a senior 

reactor- operator 1.-icense or certification may be used as an -alternative 

qualification instead of a Bachelor Degree in Engineering or a related field. 

Personnel performing the onsite independent review function· shall possess 

knowledge of nuclear power plant operation and knowledge of the discipline or 

activity in the assigned area of review. A single individuar may be qualified 

to perform reviews.._in more than one discipline. The requisite experience may 

have been gained concurrently in related disciplines. 

The Director-Quality, NT and EP will approve and document the qualifications 

of those personnel performing the onsite independent review who are qualified 

based on at least eight (8) years related experience. 

17.2.1.2 Maplewood Testing Services 

The Manager Maplewood Testing Services reports to the Director-Service Company 

(Servco) in the PSE&G Fossil Generation Business Unit. 

Maplewood Testing Services performs calibrations, analyses, and evaluations on 

systems, equipment, and materials, as requested by NBU departments, and 

maintains compliance with its quality assurance program as approved by NBU PA . 
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14. Regulatory Guide 1.137, Fuel-Oil Systems for Standby Diesel 

Generators • 

15. Regulatory Guide 1.144, Auditing of Quality Assurance Programs for I 
Nuclear Power Plants. 

16. Regulatory Guide 1.146, Qualification of Quality Assurance Program 

Audit Personnel for Nuclear Power Plants. 

17. BTP 9.5-1, Appendix A, Guidelines for Fire Protection for Nuclear 

Plants Docketed Prior to July 1, 1976. 

Commitments to Regulatory Guides, with respect to revision level, exceptions, 

etc, are contained in Section 3, Appendix 3A. 

The code QA requirements are used for the procurement of systems, components, 

and structures covered by ASME Boiler and Pressure Vessel Code B31.l and B31.7 

or evaluated to be an acceptable replacement. The standard QA program 

controls apply to Q-Listed code items following receipt at the station. In 

addition, applicable requirements of Regulatory Guide 1.38 are applied to ASME 

Code procurements where necessary to assure safe shipment. 

Substantive changes to the QA program described herein will be submitted to 

the NRC within 30 days of implementation. Nonsubstantive changes will be 

identified in the annual UFSAR updates • 
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The station General Manager has instituted and will maintain a station 

administrative procedures (SAP) manual. 

Regulatory Guide 1.33 requires that plant activities affecting quality-related 

items and services be conducted in accordance with written administrative 

controls prepared by management. The procedures and instructions by which 

plant activities are performed are prepared by the responsible organization as 
required by the Nuclear Administrative Procedures Manual, reviewed by the 

organization responsible for the activity, reviewed as required by QA and 

SORC, and approved by the department manager. Nuclear Administrative 

Procedures (NAPs) and station APs and all subsequent revisions thereto are 

reviewed by QA and SORC and are approved by the station General Manager. 

Procedures cannot be implemented unless the review/approval process is 

accomplished. The Nuclear Administrative Procedures Manual provides a means 

to accommodate on-the-spot changes to subtier implementing procedures. The 

routine practice for revising a procedure is to repeat the original review and 

approval sequence. 

Implementation of the QA program is verified by means of independent 

inspections, assessments, monitoring, and audits conducted by QA. 

QA and PA review and analyze problems affecting quality that occur during the 

operational phase. Items subject to review include: 

1. Documented nonconformances occurring at the supplier's facility 

and those identified during receiving, storage, installation, 

test, and operation, e.g., Deficiency Reports, Nonconformance 

Reports, Work Orders, Licensee Event Reports, etc. 

2. Documented corrective actions taken on conditions adverse to 

quality and actions to prevent 

conditions adverse to quality. 

recurrence on significant 

3. NRC inspection findings, notifications, bulletins, etc. 
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3. 

testing will be deferred, but -not beyond the point when the 
installation would be irreversible • 

Tests will be performed under conditions that simulate the most 

adverse design conditions, as determined by analysis. 

New drawings or revisions to existing drawings are prepared for inclusion into 

a design/configuration change by, or under the supervision of, a designer from 

information received from the responsible engineer, manufacturer's drawings, 

etc. After implementation, approved design/configuration change information 

is transferred onto permanent drawings by a· designer or drafter and peer 

reviewed and initialed as being checked by another designer, drafter or 

responsible design supervisor. New drawings or revisions to existing drawings 

receive final approval by the responsible design supervisor or authorized 

designee. 

Specifications and changes thereto for items covered by the QA program are 

prepared by Nuclear Engineering, and are reviewed by PA for QA content. 

PA review assures that the documents are prepared, reviewed, and approved in 

accordance with company procedures and that the documents contain the 

necessary QA requirements, such as inspection and test requirements, 

acceptance requirements, and the extent of documenting inspection and test 

results • 

The Station Operations Review Committee (SORC) reviews proposed changes 

affecting nuclear safety and makes recommendations concerning implementation 

of the change to the station general manager. The design change process 

provides for signoff of the design change by the appropriate department head 

for the purpose of identifying required procedure change. If the proposed 

modification involves a Technical Specification change or is considered by the 

SORC to involve an unreviewed safety question ( lOCFRSO. 59), the matter is 

submitted. to the Nuclear Review Board (NRB) for a determination of its safety 

implication before a license change request is submitted for NRC approval. 

During the preparation of design changes, Nuclear Business Support assigns a 

project manager, as necessary. The project manager leads a project team. The 

project team consists of members of various 
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organizations, both internal-and.external to Nuclear Engineering. The project 

team members are responsible for providing technical and administrative input 

to the entire design change process, which consists of design, installation, 
testing, and closeout phases. The technical and administrative input is 

guided by the requirements of those organizations which comprise the project 
team. The project manager ensures that the specific requirements of each 

organization on the project team are considered to ensure the overall quality 

of the pro.duct. 

For design _changes important to safety, the QA representative on the project 

team provides input and assures that design changes include quality assurance 

requirements such as inspection and test requirements, acceptance 

requirements, test result documentation, and project team compliance with 

company procedures during preparation, review, and approval of design changes. 

Updating of records, including drawings, blueprints, instructions technical 

manuals, and specifications resulting from design changes, is the 

responsibility of the Senior Vice President - Nuclear Engineering. Design 

change procedures provide for the- timely update of af.fected drawings following 

design change implementation to reflect as-built configuration. 

17.2.4 Procurement Document Control 

Procurement documents and changes thereto for the purchase of Q-Listed 

material, equipment, or services are reviewed and approved by PA prior to 

issuance by the Purchasing Department to the prospective supplier. PA review 

assures that spare and replacement parts are procured using controls which are 

commensurate with current QA ·program requirements. 
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The review also assures that procurement documents adequately and correctly: 

1. Identify applicable QA program requirements. 

2. Reference 
standards. 

applicable regulatory requirements, codes, and 

3. Provide right of access for source surveillance and audit by PA or I . 
its agents. 

4. Provide for required supplier documentation to be submitted to 

PSE&G or maintained by the supplier, as appropriate. 

5. Provide for PSE&G review and approval of critical procedures prior 

to fabrication, as appropriate. 

Procurement documents require suppliers and contractors of other than 

commercial-grade items to provide services or components in accordance with a 

QA program that complies with applicable parts of lOCFRSO, Appendix B. The 

requirement for notifying PSE&G of procurement requirements that have not been 

met is conveyed to the supplier through the standard warranty provision 

contained in each purchase order. In addition, where 10CFR21 is imposed, 

suppliers are required to comply with applicable reporting requirements • 

17.2.5 Instructions, Procedures, and Drawings 

Organizations engaged in. Q-Listed activities are required to perform these. 

activities in accordance with written and approved procedures, instructions, 

or drawings, as appropriate. 

Simple, routine activities that can be performed by qualified 
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personnel with normal skills do not require a detailed written procedure. 

Complex activities require detailed procedures. The designation of those 

activities requiring detailed procedures is made by cognizant department 

heads and, as a minimum, complies with applicable requirements of Regulatory 

Guide 1.33. 

Procedures include, as appropriate, scope, statement of applicability, 
references, prerequisites, precautions, limitations, and checkoff lists of 

inspection requirements, in addition to the detailed steps required to 

accomplish the activity. Instructions, procedures, and drawings also contain 

acceptance criteria where appropriate. 

The appropriate general manager or director is responsible for assuring that 

procedures are prepared, approved, and implemented in compliance with the 

Nuclear Administrative Procedures Manual. Documents affecting nuclear safety 

are reviewed by the SORC for technical content, by QA for QA requirements, and 

are approved by the responsible station department manager or his designee. 

I The Dire ct or 
specifications, 

Nuclear Business Support is responsible for issuing 

drawings, blueprints, procedures and administrative and 

technical manuals associated with structures, systems, and components covered 

by the QA Program. Approved and implemented modifications and design changes 

are incorporated in these reference . documents for the life of the station • 

Master lists of current editions or revisions of these documents are 

maintained by Nuclear Business Support and are available at the station to 

assure that only current and approved referenced documents are used. 

QA reviews and approves selected procedures that implement the QA program, 

including testing, calibration, maintenance, modification, rework, and repair. 

Changes to these documents are also reviewed and approved. In addition, QA is 

responsible for review and approval of selected specif.ications, test 

procedures, and results of testing. 
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17.2.6 Document Control 

Instructions, procedures, drawings, and changes thereto are reviewed for the 

inclusion of appropriate QA requirements, approved by appropriate levels of 

management of the PSE&G organizations producing such documents, and 

distributed on a timely basis to using locations. Measures are provided for 

the timely removal of obsolete or superseded documents from the using 

location. Supplier documents are controlled according to contractual 

agreements with suppliers. 

The following is a generic listing of key documents for the operational phase, 

showing minimum organization responsibility for review and/or approval, 

including changes thereto: 

1. Design specification - Nuclear Engineering, PA. 

2. Design modification, manufacturing, construction, and installation 

3. 

4. 

s. 

drawings 

operations. 

Nuclear Engineering, Nuclear Maintenance, station 

Procurement documents 

Business Support, PA . 

Initiating NBU organization, Nuclear 

Nuclear Administrative Procedures Manual 

responsible for implementation, QA. 

NBU organizations 

NBU second-tier manuals, including station 

procedures - Cognizant department head, QA. 

administrative 

6. Maintenance, modification, and calibration procedures for Q-Listed 

designated station work activities - Nuclear Maintenance. 

7. Operating procedures - Station operations . 
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8. 

9. 

10. 

UFSAR Nuclear - Engineering and other NBU organizations 

responsible for implementing applicable sections. In addition, QA 

reviews subsequent changes to the UFSAR sections to the extent 
necessary for assuring compliance with applicable QA program 

requirements. 

Maintenance, inspection, and 

implementing organizations. 

Post-modification test procedures 

testing instruction NBU 

Nuclear Engineering. 

11. Design Change Requests - Nuclear Engineering, QA. 

QA involvement in the work activity includes review of work procedures prior 

to approval for designation· of inspection hold points (see Section 17.2.10), 

review of completed safety-relat~d Work Orders on a sampling basis, and 

periodic QA surveillance and assessment. 

The establishment and maintenance of a document control system for all 

instructions, procedures, specifications, and drawings received from the NBU 

or prepared at the station for use in operating, maintaining, refueling, or 

modifying items and services covered by the QA program is the responsibility 

of the Director Nuclear Business Support. The Nuclear Administrative 

Procedures Manual describes the controls for specific documents. Control of 

station practices is included in the administrative procedures authorized by 

the responsible department managers. Measures are established to assure that 

administrative procedures are up to date, properly authorized, changed only 

after the required review and approvals are obtained, and distributed to 

appropriate personnel. Design change procedures provide for the timely update 

of affected drawings, following design· change implementation, to reflect as

built configuration. Computerized. databases maintained by the NBU 

organization are used to control drawings, specifications, procedures and 

instructions. 
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Controls of software affecting nuclear safety are identified in the Nuclear 

Administrative Procedures Manual. These controls are based on applicable 

guidelines provided by the NRC and include software review and approval as 

well as access controls to prevent unauthorized software changes. 

17.2.7 Control of Purchased Material, Equipment, and Services 

PA maintains an up-to-date listing of approved suppliers of material, 

equipment, and services covered by the QA program. This list identifies 

suppliers and contractors that have demonstrated the · ability to supply 

acceptable material, equipment, or services. The list includes manufacturers 

of commercial-grade items. All QA program procurements are made from approved 

suppliers. 

The responsible engineer and PA personnel select and evaluate prospective 

bidders and suppliers. The responsible engineer determines the technical 

competence of the supplier, while PA evaluates the prospective supplier's QA 

program for the capability of meeting applicable requirements of lOCFRSO, 

Appendix B, and for extending applicable program requirements to subtier 

suppliers. 

Qualified PA personnel evaluate the prospective supplier's QA capability using 

one or more techniques, including but not necessarily limited to: 

1. Evaluation of supplier's or contractor's procedures or manuals and 

changes thereto. 

2. ASME code stamp approval. 

3. Nuclear Utility Procurement Issues Council (NUPIC) or Nuclear Fuel 

Users Forum (NFUF) Audits. 

4. Satisfactory past history of providing similar items • 
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5. Survey of supplier's facility. 

The evaluations of the prospective suppliers are conducted using standard 

checklist form designed to include the 18 quality criteria of lOCFR50, 

Appendix B, as appropriate. 

Surveys of suppliers' capabilities include evaluation of management systems, 

manufacturing processes, and adherence to QA/QV procedures. The results of 

supplier evaluations are documented by the appropriate checklist form and 

filed. 

Supplier control is maintained through a planned inspection, monitoring, and 

I audit program by PA. 

PA and the responsible engineer conduct a review of the manufacturing process 

for complex manufactured items, such · as pumps, valves, heat exchangers, 

vessels, electrical panels, etc. This review establishes critical inspection 

points and establishes a notification point program for the identified 

inspection or surveillance activities. The established inspection or 

surveillance activities are implemented by qualified PA personnel or PA 

agents. Commercial grade items are dedicated in accordance with recognized 

industry standards, e.g. EPRI NP-5652. 

Monitoring of suppliers/contractors during fabrication, installation, 

modification, rework, repair, inspection, testing, and· shipment of Q-Listed 

materials, equipment, and services is conducted by qualified PA personnel or 

PA agents at the supplier's/contractor's facility or at the generating 

station. surveillances are conducted in accordance with written procedures 

and are designed to assure conformance with procurement requirements, in 

accordance with the safety significance of the item or service. 

Periodic evaluations of the supplier/contractor quality program are also 

conducted, consistent with the importance or complexity of the 
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item_ or_ service. Dependent upon the -evaluation, additional audits or 

corrections by the supplier/ contractor may be required. Supplier's 

certificates of conformance are periodically evaluated by audit, inspection, 

or test to assure that they are valid. Results of these audits, inspections, 

or tests are documented. 

Where feasible, replacement parts adhere to the original design criteria (such 

as Nuclear Steam Supply System (NSSS) components in accordance with NSSS 

documentation and other code components in accordance with AWWA, AISC, SPCC, 

and ASME B&PV Code, editions and addenda as applicable to the component or 

system). This provides the intended level of safety and does not result in 

redesign of the system. 

The requirement for appropriate supplier documentation of conformance to 

applicable code, standard, specification, or other quality requirements is 

provided by the procurement document. The supplier-provided documentation is 

reviewed either at the supplier's facility during source surveillance, or by 

Material Compliance Group during material evaluation activities. A data 

review checkoff is used to document the acceptability of the supplier-provided 

data_and to identify discrepancies. 

Evaluation of supplier equipment, material and services is conducted by 

qualified personnel to verify correct identification, appropriate 

documentation, and to verify that the item. is acceptable and can be released 

for storage, installation, or use. 

Nonconforming items identified by the Material Compliance Group are tagged or 

segregated to prevent inadvertent use. Nonconforming items are controlled as 

described in Section 17.2.15. 

17.2.8 Identification and Control of Materials, Parts, and Components 

Procurement document controls provide assurance that materials, 
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parts, and components received can be properly identified. The-identification 
is directly marked on the item or on records traceable to the item. The data 

review conducted at receiving assures that proper documentation of received 
items is available. Materials and items received without proper . 
identification are tagged or segregated until satisfactory documentation and 

identification is obtained. 

Procedures require that Q-Listed materials, parts, and components be marked or 

otherwise identified and that such identity be maintained either on the item 

or on records traceable to it throughout receipt, storage, installation, and 

use. Protection against use of incorrect or defective items also is provided. 

Material identification and traceability is maintained for rework, repairs, 

and modifications throughout operation. 

Identification and control of materials, parts and components are the 

responsibility of Nuclear Maintenance, Nuclear Engineering and Nuclear 

Business Support. Procurement document controls are the responsibility of PA. 

Receipt, storage, installation, inspection and test activities are the 

responsibility of Nuclear Business Support, QA, PA and Nuclear Maintenance. 

17.2.9 Control of Special Processes 

Special process controls provide for the use of qualified procedures, 

equipment, 

activity. 

person~el, and documentation of satisfactory completion of an 

Special processes are generally those processes where direct 

inspection is impossible or disadvantageous. 

Procedures have been established for special processes such as welding, 

brazing, soldering, concreting, protective coating, cleaning, heat treating, 

and nondestructive examination (NDE) to assure compliance with codes and 

design specifications. The Senior Vice President - Nuclear Engineering is 

responsible for preparing special process procedures such as concreting, 

protective coating and cleaning, while the 
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General Manager Nuclear Maintenance is responsible for preparing 

specifications for processes such as welding, brazing, soldering, and heat 

treating. Nuclear Engineering is responsible for preparing specifications for 

nondestructive examination (NDE). These specifications are reviewed and 

approved by the Nuclear Maintenance Code Assurance Code Specialist for 

necessary QA program requirements. QA monitoring assessments and audits 

assure that qualification of special processes, equipment, and personnel have 

been satisfactorily performed. 

Procedures for implementing the requirements of the specifications are 

prepared either by the NBU or by supplier personnel and are reviewed by a 

qualified specialist with the exception of special process procedures prepared 

by code suppliers holding a valid certificate of authorization. A qualified 

specialist is a person who has certified proficiency in the area of review 

(e.g., personnel reviewing NDE- procedures are required to have Level III 

certification in the subject NDE area, and personnel reviewing other 

procedures or reports are required to be qualified in accordance with PSE&G's 

Engineering Support Personnel Program). 

Qualification records of procedures, equipment, and personnel associated with 

special processes are retained as stated in Section 17.2.17. 

17.2.10 Inspection 

A planned inspection program is cond_ucted and documented by personnel 

appropriately qualified in accordance with Section 17. 2. 2. The inspection 

program verifies conformance to the established procedure, code, or 

standard, consistent with the item's or activity's importance to safety. 

The inspection program for maintenance and modification activities is based 

upon the following three important levels of inspection: 

1. 

SGS-UFSAR 

Worker Checks Quality cannot be achieved unless the worker 

performs the activity in 

individual best able to 

performed. Work steps 

a quality manner. The worker is the 

control the quality of work being 

that contain elements impacting plant 

equipment or systems have provisions for signoff by the worker. 

This worker signoff establishes accountability for the activity 

and is 
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2. 

acknowledgement that the activity has been performed as specified 

in the work step. 

Supervisory Inspection - Although the work supervisor may have 

overall responsibility for the conduct and performance of the work 

activity, certain conditions at the work location require 

supervisory inspection to increase confidence that work activities 

are completed as specified through familiarity of the work 

activity, work group, or past experience. Supervisory inspections 

are established in the appropriate work procedure and accomplished 

through direct observation of the work activity. 

3. Independent Inspection - Independent inspections are not intended 

to dilute or replace the responsibility of the worker check or 

supervisory inspection for quality of work. Independent 

inspections provide the maximum confidence attainable that the 

work activity has been performed in accordance with the overall 

objective. Typical guidelines for establishing independent 

inspections include conditions similar to the following: 

Work activity affecting redundant equipment or potentially 

causing cascading failure. 

Retest will not verify the applicable attribute. 

Establishing a baseline in a new process or procedure. 

It is deemed necessary to maintain confidence in the work 

process. 

This guidance is considered by the responsible QA organization in the 

establishment of inspection activities. 
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procedures_ control . the - application and removal of tags -and are- designed to 

prevent operation of valves and/or switches that could result in personnel 

hazard or equipment damage. 

Valve and equipment status boards or logs are maintained to indicate status. 

17.2.15 Nonconforming Materials, Parts, or Components 

Organizations involved in material receipt, instaliation, test, design 

modification, and other operating activities are responsible for identifying 

and documenting nonconformances. Nonconforming materials, where practical, 

are segregated to prevent installation or use until proper approvals are 

obtained. Materials, parts, or components that have failed in service are 

identified and, w~ere practical, segregated. Procedures control the 

application and removal o~ tags. 

Documentation of the nonconformance includes a description of the 

nonconformance, review by Operations Superintendent/Control Room Supervisor 

OS/CRS for Limiting Condition for Operation (LCO) applicability when 

appropriate and the disposition and inspection or retest requirements, as 

appropriate. The responsible Engineer dispositions each nonconformance 

report. Dispositions for repair or "use-as-is" are required to be reviewed 

and approved by QA prior to implementation. Rework or repair of 

nonconforming material, parts, or components is inspected or retested, or 

both, in accordance with specified test and inspection requirements 

established by the responsible engineering representative, based on applicable 

requirements. QA or PA shall verify the satisfactory completion of the 

disposition of nonconformances. 

QA and other organizations in the NBU review nonconformance reports for 

quality problems, including adverse quality trends, and initiate reports to 

higher management, 
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identifying significant quality problems with recommendations for appropriate · 

action. 

17.2.16 Corrective Action 

Organizations involved in activities covered by the QA program are required to 

implement corrective action for significant conditions adverse to quality and 

conditions adverse to quality identified within their scope of activity. Such 

conditions are documented and controlled by the issuance of an action request. 

The QA Corrective Action Group reviews responses to action requests for 

adequacy and monitors these action requests through periodic summary and 

status reports to management. 

Responses to action requests are based on the four elements of corrective 

action, which are: 

1. Identification of cause of deficiency. 

2. Action to correct deficiency and results achieved to date. 

3. Action taken or to be taken to prevent recurrence. 

4. Date when full compliance was or will be achieved. 

For significant conditions adverse to quality, such as LERs and NRC/INPO/CMAP 

findings, the QA Corrective Action Group is involved in the review of such 

conditions and provides oversight to assure timely followup and closeout. 

Items 3 and 4 are optional for conditions adverse to quality. 

Proper implementation of corrective action is verified through surveillance 

inspection assessment or audit, as appropriate. 

I The appropriate general manager or director is responsible for assuring that 
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conditions adverse to quality are promptly identified and corrected for all 

activities involving station operation, maintenance, testing, refueling, and 

modification. 

Administrative procedures that govern station activities covered by the QA 

program provide for the timely discovery and correction of nonconformances. 

This includes receipt of defective material, failure or malfunction of 

equipment, deficiencies or deviations of equipment from design performance, 

and deviations from procedures. In cases of significant conditions adverse to 

quality, the cause of the condition is determined, and measures are 

established to preclude recurrence. Such events, together with corrective 

action taken, are documented and reported as described in Section 17. 2 .15. 

Corrective action is initiated by the responsible department head. 

QA closely monitors station conditions requiring corrective action. 

Repetitive deficiencies, procedure or process violations at the station that 

are not classified as operational incidents or reportable occurrences, or 

nonconformances under the QA program are documented via the issuance of an 

action request. This request provides a formal administrative vehicle to 

alert management of conditions adverse to quality that require corrective 

action . 

17.2.17 Quality Assurance Records 

Records necessary to demonstrate that activities important to quality have 

been performed in accordance with applicable requirements are identified and 

maintained in accordance with Regulatory Guide 1.88, as noted in Section 

17.2.2. Records shall be considered valid only when authenticated by 

authorized personnel. Record types, as a minimum, comply with applicable 

technical specification requirements and include operating logs, maintenance 

and modification procedures and related inspection results and reportable 

occurrences . 
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The NBU is responsible for the permanent storage · of station records. The 

retention period for records; permanent storage location; and methods of 

control, identification, and retrieval are specified by administrative 

procedure. Individual station department heads are responsible for submitting 

applicable department records to the designated location for retention. 

17.2.18 Audits 

Audits of PSE&G and supplier organizations that implement the QA program are 

performed by QA and PA to verify compliance with the applicable portions of 

the program, through personnel interview, observation of activities in 
process, and review of applicable documents and records as required. 

Performance based· assessment should be an integral part. of the auditing 

program and should evaluate activities on the basis of their effect on the 

safe and - reliable operation of the facility. An annual audit. schedule is 

developed to identify the audits to be performed and their frequency. A 

dominant factor in audit schedule development is performance in the subject 

area. Audit schedules are revised so that weak or declining areas receive 

increased audit coverage and strong areas receive less consistent with the 

audit schedule frequency requirements of the Code of Federal Regulations and 

the UFSAR. Audits of the selected aspects of operational phase activities are 

performed with a frequency commensurate with safety significance and in a 

manner to assure that at feast biennial (2 year) audits of safety related 

activities are performed. A list of operational phase activities subject to 

the audit program is provided in Section 17.2.1.1.2.3 and in Table 17.2-1. 

Audits are conducted by audit teams comprised of a certified lead_ auditor, 

certified auditors, and technical specialists (when deemed necessary). 

Audits are conducted using preestablished written procedures and checklists. 

Areas of deficiency revealed by audits are reviewed with management and are 

corrected in a timely manner. Required corrective action is documented and 

verified. Followup action, including reaudit of deficient areas, is 

performed. 

The audit program conducted by QA includes, but is not limited to, the 

following activities covered by the QA program: 

1. Operation, maintenance, and modification. 

2. Preparation, review, approval, and control of design, 

SGS-UFSAR 

specifications, procurement and requisition documents, 

instructions, procedures, and drawings. 
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transient without SCRAM (ATWS) conditions, for pressurizer water-solid conditions 

due to inadvertent operation of the safety injection system events, and low 

temperature overpressure transients. 

Incorporation of complete independence between the relief valve and block valve 

would negate the system's ability to meet the single failure criterion for the 

events identified above. The existing design, however, does incorporate the use 

of diverse power supplies for the PORVs and their associated block valves. The 

relief valves are supplied by Class lE, 125 V de systems while the block valves 

use 230 V and 115 V vital ac. 

Pressurizer level indication instrument channels are powered from the vital 

instrument buses • 
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2.1.2 Relief and Safety Valve Testing 

Performance Testing for BWR and PWR Relief and Safety Valves 

NRC Position 

Pressurized water reactor (PWR) and boiling water reactor licensees and 

applicants shall conduct testing to qualify the Reactor Coolant System relief and 

safety valves under expected operating conditions for design basis transients and 

accidents. The licensees and applicants shall determine the expected valve 

operating conditions through the use of analyses of accidents and anticipated 

operational occurrences referenced in Regulatory Guide 1.70, Revision 2. The 

single failures applied to these analyses shall be chosen so that the dynamic 

forces on the safety and relief valves are maximized. Test pressures shall be 

the highest predicted by conventional safety analysis procedures. Reactor 

Coolant System relief and safety valve qualification shall include qualification 

of associated control circuitry piping and supports as well as the valves 

themselves. 

Response 

1. Safety and Relief Valves 

SGS-UFSAR 

Public Service Electric & Gas (PSE&G) is a participant in the Generic 

PWR Safety and Relief Valve Test Program implemented by the Electric 

Power Research Institute (EPRI) at the request of participating PWR 

utilities in response to the USNRC recommendations for safety and 

relief valve testing. 

The primary objective of the Test Program was to provide full scale 

test data confirming the functionability of primary system PORVs and 

safety valves for expected operating and accident conditions. The 

second objective of the program was to obtain sufficient piping 

thermal 

A-6 
Revision 6 
February 15, 1987 

• 

• 

• 



• 

• SGS-UFSAR 

hydraulic load data to permit confirmation of models which may be 

utilized for plant unique analysis of safety and relief valve 

discharge piping systems. Relief valve tests were completed in 

August 1981 and safety valve tests were completed in December 1981. 

The reports prepared by EPRI documenting the Test Program results are 

as follows: 

"Valve Selection/Justification Report" 

This report documents that the selected test valves represent all 

participating PWR plant safety and relief valves. Salem PORVs are 2-

inch NPS Copes Vulcan valves with 17-4PH plug and cage. Three-inch 

Copes Vulcan valves similar to the Salem valves were tested in a 

configuration similar to that of the Salem Station. Salem safety 

valves are 6M6 Crosby valves which were tested in a configuration 

similar to that at the Salem Station. 

"Test Condition Justification Report" and the "Westinghouse Plant 

Condition Justification Report" 

These reports document the basis and justification of the valve test 

conditions for all participating PWR plants. The PORV fluid 

conditions, safety valve fluid conditions and cold overpressurization 

conditions at Salem are enveloped by the test conditions. 

"Safety and Relief Valve Test Report" 

This report provides evidence demonstrating the functionability of the 

selected test valves under the selected test conditions for all 

participating PWR plants. Tests conducted on the relief valve have 

confirmed that the valve opened and closed on demand and 
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that the valve suffered no damage that -would preclude future 

operation. Requirements for the pressurizer power-operated relief 

valves are addressed in UFSAR Chapter 15.2.14, "Spurious Operation of 

the Safety Injection System at Power". 

Although the tests indicated acceptable valve performance, test valve 

disassembly showed galling of the cage and plug guiding surfaces. In 

view of this, the internals of Salem Units 1 and 2 PORVs have been 

changed to 316 stellited plugs instead of 17-4PH. The Salem valves 

with this combination of internals have shown no indication of leakage 

or galling. 

The safety valves were shown to open and close. The- functionability 

of the valves to provide overpressure protection for the Final Safety 

Analysis Report (FSAR) events was found to be. adequate (l)·. However, 

depending upon the test conditions (steam - transition - water), the 

valves were shown to flutter and/or chatter during loop seal 

discharge. The observed instability of the safety valves during loop 

seal discharge has been evaluated by Westinghouse and PSE&G and is not 

considered to be a safety concern. 

Upstream piping and valve ring adjustments have been shown to have a 

substantial effect on valve performance. Performance of the Salem 

safety valves during steam discharge conditions has been judged stable 

through the use of a valve dynamic model developed by Continuum 

Dynamics, Inc. (2). The model also predicted blowdown of less than 

10 percent which is considered acceptable. Liquid discharge 

challenges to safety valves are predicted to occur significantly less 

frequently than a LOCA and the consequences of such liquid discharge 

are much less severe; liquid discharge from the Salem safety valves 

has been shown to be an unlikely event (3). Thus, safety valve liquid 

discharge is an insignificant safety concern when compared with FSAR 

transient events. 
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2.1.8.b Increased Radiation Monitoring Range 

Increased Range of Radiation Monitors 

NRC Position 

The requirements associated with this recommendation should be considered as 

advanced implementation of certain requirements to be included in a revision to 

Regulatory Guide 1.97, "Instrumentation to Follow the Course of an Accident," 

which has already been initiated, and in other Regulatory Guides, which will 

be promulgated in the near-term. 

1. Noble gas effluent monitors shall be installed with an extended range 

designed to function during accident conditions as well as during 

normal operating conditions; multiple monitors are considered to be 

necessary to cover the ranges of interest. 

a. 

b. 

Noble gas effluent monitors with an upper range of 10
5 

µCi/cc 

(Xe-133) are considered to be practical and should be installed 

in all operating plants. 

Noble gas effluent monitoring shall be provided for the total 

range of concentration extending from a minimum of 10-
7 

µCi/cc 

(Xe-133). Multiple monitors are considered to be necessary to 

coveJ:" the ranges of interest. The range capacity of individual 

monitors shall overlap by a factor of ten. 

2. Since iodine gaseous effluent monitors for the accident condition are 

not considered to be practical at this time, capability for effluent 

monitoring of radioiodines for the accident condition shall be 

provided with sampling conducted by adsorption on charcoal or other 

media, followed by onsite laboratory analysis. 

3. 

SGS-UFSAR 

8 
In containment radiation level monitors with a maximum.range_of .10 

rad per hour shall be installed. 

are physically separated shall 

A minimum of two such monitors that 

be provided. Monitors shall be 

designed and qualified to function in an accident environment • 
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The NRC position in NUREG-0578 was subsequently modified to permit a maximum 
7 

range of 10 R per hour for gamma - only monitoring. 

The NRC position (in NUREG-0578) was subsequently modified to require noble gas 

effluent monitors with a range from as low as reasonably achievable to 10
5 

µc/cc. 

In addition, the overlap requirement was deleted. 

Response 

1. Extended range noble gas monitors have been installed to meet this 

requirement. Post-accident samplers are located in enclosures outside 

of the Auxiliary Building to reduce radiation exposures to individuals 

obtaining post-accident plant vent samples. The detection range of 

extended range monitors is as follows: 

Intermediate range monitors: 

Unit 1 1R45B, Unit 2 - 2R45B 

Unit 1 - 1R41B, Unit 2 - 2R41B 

High range monitors: 

Unit 1 1R45C, Unit 2 - 2R45C 

Unit 1 - 1R41C, Unit 2 - 2R41C 

lxl0-
3 

to 10 µCi/cc 

lxl0-
4 

to lxl0
2 

µCi/cc 

0.1 to lxl0
5 

µCi/cc 

0.1 to lx10
5 

µCi/cc 

Readings from these monitors are continuously available in the 

Control Room. 

The existing R41A noble gas monitors provide for low detection 
-7 1 

ranges (lxlO to lxlO µCi/cc) during normal plant operations. 

Channels R41B,C are assigned the Reg. Guide 1.97 extended range 

noble gas monitoring functions. 

High range monitors have also been installed to measure releases 

from the atmospheric steam relief and/or safety valves. A 

separate channel is installed for each of the four main steam 

lines of each unit. A redundant backup monitor is also provided. 

The range of these monitors is as follows: 

Unit 1 

Unit 2 

1R46, A,B,C,D,E 

2R46, A,B,C,D,E 

0.1 to 5xl0
3 

µCi/cc Xe-133 

0.1 to 5xl0
3 

µCi/cc Xe-133 

2. The Salem R45 design provides for iodine sampling by absorption on 

charcoal or silver zeolite cartridges. Plant vent iodine grab samples 

can be obtained in the extended range monitoring enclosure to prevent 

personnel from receiving excessive radiation exposure. 
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Unit! 
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DESIGN 

• Cl..ASSIFICATJON 
BOUNOARY SAFETY 

RELATED SEISMIC NUCLEAR OUAl...JTY 
ASSUR. 

1S20C NO Ill NONE NO 
JS44A YES l l YES 
15440 YES l I! YES 

154C!A YES l lll YES 
1551A YES I I! YES 
15518 YES l ll YES 
15530 NO Ill NONE NO 
1553N NO Ill lll NO 
15569 NO I! lll NO 

0 IT ~L BE lHE!STCXll TKIT 8W1DARY N.HDS SttW 00 THIS CF.AWNi 
StW..L CONTAIN TI£ PREFIX iS"h.e.%544A.ETCJLN!.ESS OT1£RVJSE NJT£0. 

_I 

[ti VATER 
RESTRJCTED MEA 

10 

~REACTOR CONTAINMENT 

r-- --- --- - -~-~!3 .. -{rMG.-M~:~-8763 SH.3 

... "" 
MSJ1262-1~ \INS.11170 

'i-1<1.., ·~ J NJ.24 LOCP!f)l LEG 
I ""11 ,,. .... lD'l'G.'20533Ht-87635H.3 
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~--2'.:~ .. ~-{ Ml.2lWETYINJ.Pl.tf 
OVG.•ZBSJ34-A-876JSK.J 

L _ - - -

1!11124 
FA-14 

______00 CCI 

~I 

NOTES: 

1<1.21lZ3 ca.oms 
SAfE1Y IHJECTICll 

295334·A·8763 
SH.3 IG-61 

I· ALL PJPitai IS JN tCCCRm:E VITH PIPE SPEC.Nl.S-C-+!PllHGS·lml. 
TIE PIPNi SO£D.LE rill c;RO.P 1'0.S AAf ~ 11JT£D CN nus DV(i. 
Ull PREFIXED VJTH is· JN n£ PlP£ SPEC. 

2· VALVES ~ l 2 ME INTm.ocmJ VITH REl'CDR 
COCUllf SlS1EH PRES9JIE ~""'5 

3- Y~Y£ !r.5 REACH ROO TO FLOOR~ 
4· ELBOW TAP FLIMETER 
S- TEtm:IMY STRAihER IS PLACED IN Ut£ tuUNG DIIT1AL STARH.F, 

CAPPED l»E JS CCH£Cf£D 10 TOf'CIWn' PflISSl.llE 
r.At{ AT THIS T1tE 

6- LOCATE YAL'r'E ~HOO SHID.00£ r.1(1 AT A LOVER a.mmcw 
THAH PIPE ~IM'.i SURED 

7· ~l PIPE LDE 1«H1ERS 9W.L BE lH£RSTCUI TO COOAJH TI£ 
PREflX "ZRlf la.a. 2RKltll\ ETCJ EXCEPT wt£RE OUERWISE hOTED. 

8· All Pl!ESSUIES SHJW CJI E ALLO'SABLE 
PRESSl.IES FCR HYtl!OSTAT!C IH.Y. KYtf!OSTATIC 
PRESSl.1£ ""1 TEtffRAll.ll! BE AS CESl~Tm 
CWFIRDDIR£tTIY£S-C 

q,A(.LYALYEAIRCF'ERATCRSlA.DJTOBE 
ttW!ST(Q) TO BE IU'IElm VlTH TI£ VALVE 
WERATJON N.K!ER-AJJ.IEX. zmrze -lt1J.. 

W.. ALL rNSTRttENTATJCH TD BE U«RSl()(I) TO 
COOAIH TIE PREFIX ?FOR IMIT 2. 

lL VAS CRJGDIUT Q.ASSim> AS IUlEAR QASS 111. 
ASSJftES PIPll£ a.ASS 5]) TO SE IOHULEM. 

REPMR i:iJll/CR~ICATilll ~fH SIW.l aK'l.Y 
SIFREQ.ASSIFlEDPIPJMiC!JiSS. 

Ref.Dwg.205332-A-8763 Sh.I - 28 
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CAPPED WE JS COl£CTEO TO Pf(SSIJE r.Al.a AT TICS TIJ£. 
2-PLAC£PT'l50CLQ5(TOYALYEND.1CSZ8 
HOCATE ED.CTms AS QJlSE AS PDSSIBU: TD COOMffNT SPRAY . 

f'\.WS & BEUM roJ. TH TO HOOMlZE RECIPnl.ATIDH PIP~ 
4--t'llUMi YOOJNG CffRATllJI A UEAR PLASTIC lfJSC WJU B£ 

COl(Cl£D TO FlCCfl IfiAJN 
IS P£RWl£NTL T PIPED TO 

l B£ tJURST!Xll TO CONTAIN 
[X([PJ lffRE DTillMSE NOTED 

5HJVM ON ECIJIPMENT ME MAXJ)tM ALLD'l'ASl.E 
oNFlJ!iijElff!JlOST~~·T~!C~TEST~IJ,l;msPIMJSES CN.T. HYOROSTAUt: !Ci ME TO BE AS OESIG64T£D ON 

a-SPEC za:: lS IOHUlEM. THIS TEST PJYDli IS Fm IDflJWIY USE 
IH.T ClJll>G REFlEL00.lmW£NT PIPitli IS l(FDiW.LT Ellt() FltHZD. 

'l. All JHSm.KNTATICll TO BE l.NIRSTIXE TO 
COlJ'AIH T1£ Pf(FIX i•ftll Im' L. 

:B.PlPitli a.~ 530 WAS ORIGDW.LT a.ASSIF£0 AS tm.EUI nASS DL 
OCPJEr.-lll28RECLASS1fIESPIPllli0JiSSS:llTDBEIOl-N.ll.E~ 
QHY IWNTEtwa. REPAIR f/Kll'CR tUIIFICAT!CN tftemRTH SM.L CCH'LY 
VlTH T1£ REaJIFIEHENTS r:f REQ.ASSIFIED PIPUli C..ASS. 

DESIGN 
Cl..ASSIFICATION 

•BOUNDARY SAFETY SEISMIC NUCLEAR DUALITY 
RELATED ASSUR. 

IS20C NO lll NONE NO 
1550A YES l Ill YES 
]5508 YES l Ill YES 
1550C YES l II YES 
15500 YES l Ill YES 
15519 YES l II YES 
15530 ND lll NONE NO 

15336 YES I II YES 

• IT SM.I. BE lf«RSTOCll TWIT BtlNJNlT IUe£RS smwN 00 THIS CRAVOO 
~l CONTAIN Tlf: PREFIX iS'li.o.15441\ElCJl.N.ESS OTtERVJSE NJTED. 
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t£AT EXOWa'R-

Ref. Dwg. 205235-A-8761 Sh. 1 - 39 

PUBLIC SERVICE ELECTRIC .AND GAS COMP.ANY 
SALEM NUCLEAR GENERATING STATION 

Containment Spray System 
Unit! 

Updated FSAR Sheet 1 of 1 
Rev1s1on 17, October 16, 1998 Fig 6.2-4A 
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ZICS44 
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~ 

"1.2lR£SltUll 
!-£AT EXCIWICR 

111.ZZ RESIW>l 
HEATEXowaR 

I 1·i=JJ£~~T~"%D~=i~Tf)£. 
2..fll.ACEPT·9Sl!IQ.OSETOY:it.YE'lll.2CS28Ct-fil 
HOCATE ED.CTllRS AS C.OSE AS POSStm.E TO CDNTADf(Nl sPRAY 

f'lDFS l saw Alli. TAJ« 10 HlNlMlZE REORCl.LATICll PlPIMG. 
4-lll!UNi 'f'ENTDli IPERATICll A Q.EM PLASTIC KlS£ VIU BE 

COffCTED TO FUXR DWN 
HU PJf£ Lii£ 1011:15 9W..L BE U!W!STim Ta CIJUAIN 

1l£ P1U1X "ZCS' ho 2CSUB3> EXCEPT i1-£JIE 0Tt£RVJSE NITED 
6 ARE HAXIU AllOVr&E 

TESTJt£Pll!PD5£S<»lY.H't'DROSTATIC: 
PMtff:TERS Mr 10 BE AS DESIGNATED Cll .. _ . 

Nill P[PH; IS JN ACCCR:wCE VITH PIPDli Sff:CJflCATICH S-C·!'mHljS·IDJ. OE SIGN 
PJPDfi 50£EXI.£ rl(I [iR(UI tfl. lSSllA l lSSi!I EXCEPT AS On£RV1SE !l>TEO. CLASSIFICATION 

S·SPEC ~ 1S IUHG.O.£AR. THIS TEST PIPD& IS FOR TEHPOOARY I.& 
CH. Y IXJlllG REflELDG. Pf:RPW(NT PirnG JS ll»WJ. Y BlOO RAllID. 

~ All Il6TiU£MTATJCJI TD EE lHERSTClll TO 
COOAm n!: PiUIX '2" FCR lKIT 2. 

1B.PIPD1i a.ASS 53D VAS IJIIWW.l.Y Q.ASSJFED AS N.C.EM CUSS Ill 
[tP 2EA-WZZ REQ.~Jm:s PIP!lli a.ASS 5lJ TO BE IOHt.Cl.EM. 
rMY IWHTEtWC[, R£PAlil tm/Cfl Kll!FICATIOO IUW£11TH SHAlL CCM'L Y 
WITH THE REllmi9£NTS CF R£0.ASSJflED PlPJJ(; a.ASS. 

•SOI.HOARY SAFETY 
RELATED 

1S20C NO 
1550A YES 
15508 YES 
1551!1C YES 
15500 YES 
15518 YES 
15530 NO 

SEISMIC NUCLEAR 

Ill NONE 
I III 
J JU 
I II 
1 m 
I II 

IJJ NONE 

OUALJTY 
ASSUl. 

YES 
YES 
YES 
YES 
YES 
YES 
NO 

• IT SHALL BE 1Nl£RSTDD T~T &ANWrt lrlMB£RS SK1VN ON THIS DAAlllJG 
StW.l COOAJN Tf£ PREFIX 'lS" Cu.154.cA. nu IH.ESS OT!£RVISC NJT£0. 

Ref. Dwg. 205335-A-8763 Sh. I - 36 

PUBLIC SERVICE ELECTRIC AND GAS COMPANY 
SALEM NUCLEAR GENERATING STATION 

CONTAINMENT SPRAY SYSTEM 
Unit 2 
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Ref. Owg. 205242-A-8761 Sh. 1 - 81 
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SALEM NUCLEAR GENERATING STATION 
Service Woter System - Nuclear Areo 

Unit I 
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Service Water System - Nuclear Area 
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Ref. Owg. 205245-A-8761 Sh. 2 - 38 
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SALEM NUCLEAR GENERATING ST A TION 
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Ref. Dwg. 205345-A-8763 Sh. 1 - 31 
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Moisture Separator Reheaters, Stm. & Orns. 
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PUBLIC SERVICE ELECTRIC AND Gf.5 COMPANY 
SALEM NUCLEAR GENERATING ST A TION 
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Pl.llroSES ON. Y. HYIKISTATIC PRESSIJ(S &Ill TDffRATtRE 
PMA.'oET!RS U'£ TO 8E ~ OESJIJIAT£0 OH FJELD WRECTM: 
S·C-A'U-WD-a5L 

o(.AL.LVALVEA!RIJ'£RAT£.llSIA..OJTDB£ 
IJa:ERSTOCD TD BE N.M!£RED WITH Tl£ VALVE 
G£1£RATlDHN.ttiER·A.O.IIX.t3ARlll·ACD. 

S. 111.i INSTRLll'(NTATl!M TO 6( lll«RSTOCO TO 
COHTA1NTl£PRUIXTFOR l.tlll L 

6. VACt.Ut PRIHNi VAO'E TD B£ Q.OSED Wl£N RESP£CTN£ CIROJLATOR 
NDT !Ualltli.AND !PEN ln£N RESP£CTJVE ClRCtlAT~ Rl.NID£.DI~ 
VALVE FU.LY DPEM AHO BYPASS Yt.!..YE RUY Q.DS£D. 
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SALEM NUCLEAR GENERATING STATION 

C1rculotmg Water System 
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NOTES 
I· CIRQ.l.ATOO YATER CllTl.El TE>f'ERATtf!E 

1£ASl..RED BT I' CODECTJOhS. 
2· ctHENSE:R WATER 

YAl)Ut BREAlERS 
TRJPWT Cf Rf 
CYC..EOPEN/tl.05£ 
CJRD.lATa!ISIN 
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2l ALL PIPE LJJ€ tO'BERS SWil BE U!W!STIXll 
TO COUA!N Tt£ PRfJJX '2'91.'b.1. 2Wl.·UQI ETC:.> 
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6" BtINl FLG. ASSEtt!L Y TO BE R91JVED l STCGEO AS PER 
PROCE£llff !Cf·L 
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SEJg.o:CQ.ASSJ,At()SAf'ETYRElATED. 

Cl. TEHPMMY StRA»ER TO BE Pl~ IN SPOC1. Pm !l.Rlt£ JN1TJN. 
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NNTl8il7 
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INTl62 

1'-001011 

1'-INTIOOS 

!NT62 

!NTJ 
1>-17 
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LPU___ 

~ 

INTJ.40 

L PIPING SOEtU.E IIS!GIATJCNS SKlliN CRY FCR SEJSKIC rHJ/tR NJQ.EAR PJPlN'.i. 
2. FDR IISlliN PRESSlllE & TElf'LRATtJEPARAt'ETERSREFER TO TI£1ISl~PRESSl.RE 

· 6 roffRATU!f: PARr.KET£RS AT THE CRIGINAL SIX.RC( !Glf:A. 

4. 111.L PJP£ Lit£ IDBfRS StW.L BE INIRSTOCO 
TOCOITAINTl£PREf'IXiWG"l1rJWGllW.etc.J 
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~ 
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----------
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INTl16 
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!Nlll!J 

S. llLL PJPJl(j IS IN ACCCIBINCE WJTH PlPllli SPECIFICATICM 61-6200. 
Tl£ PIPOO SCHEW..E Al{) CiROl.P NJS.ME AS OOTED CN THIS 
CltAVllli Al{) PR£FJX£D VlTH 1S". 

6.. fti VllLYE AIR DPERATCl!S IAJJJTO Bf 
Ul«RSTDXI TO BE Nt11BERED \itTH 11£ VIII.VE 
liU£~1JOH llRUR·l\.O.<EX. 0012 -/llJJ. 

7. ru INSTRt.IEHTATICN TO BE LJ)([RSl(Q) TO 
CONTAIN n£ PJUIX i"FOR \.Nll L 

9. PIPlloG O.ASS SJ> W~ CRIGINALL 
OCPIEA-!0'28REC:LASSJF1£SPIPI 
PHfWllNTEtwa.REPAIR llND/lJI: 
lllTHTIERElllrREH£NTSlf 

AStlQ.EMCLASSllJ. 
TO BE t<N-tltl.EM. 
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5. All VN.VE AIR CPERATCRS IA.DJ T~ SE 
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