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FOREWORD 

Supplement No. 4 to the Safety Evaluation Report for Salem Nuclear Generating 

Station, Unit 2 consists of two parts: 

PART I - Review and Evaluation of Non-TMI-2 Issues. 

PART II - Review and Evaluation of TMI-2 Issues Related to Fuel Load and Low Power 

Test Program. 
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i. 0 -INTRODUCTION AND GENERAL DISCUSSION 

.: > 

Introduction 
,. /. 

i, '• 

On October 11, 1974, the Nuclear:-.Regulatory .Commi?sion (CominissiOn)"issued its 

Safety Evaluati_on Report regarding the application. by the Public Service Electric 

and Gas Company;, the Phi lade lph'i a.Electric Company, ·the .Del rnarva Power and Light· · " 
. ·. . ' 

Company,_ and the Atlantic City Electric Company (applicants) for.licenses to 

operate the Salem Nuclear Generating Station, Units 1 and 2 .(Salem Units 1 and 2). 

The Safety Eva l Liat ion Rep or~· was suppl ~mented by. Supp lem~nt Nos. 1 through 3 which 

documented the rtisolution of several outstanding issues: 
. . ' ' . ' : : · ... ~ ' ' ' . ·. . . ' ' .. ·. . 

On August 13, 1976, Facility. Operati.ng License DPR-70 was :issued for Salem Unit 1. 

The license permitted Unit 1 to operate at-100 perceritpow~r, The.unit was placed 

in commercial op_erat ion on June 30, 1977. 

. . . . . . 

. Since the time that- Salem :Un.it 1 was permftted'to oper:ate at 100 percent power, 

there have _be~n changes in the\NRC -~~quiremefrts; new lkensi_n9 guida_nce .h?s been 

put into effect~,' changes hav~ been- niade ori, :ttie.desi gri 'i:i'f the'. pl ant; addi ti C?na l 
, • • ,· • ' • •, , ' • ' • • .·. • •', "• I 

experience has been gained at$alem Unit 1 as well qs: other pressur1zed water-

reaetors•and 'the _.Three Mi lel.~l~Md:HMI~2l~d:i d~~t'.6b!urred ... ·As·· a· result, :we 

. have requested,. and the aP;piicants' have ·provided: additional' infor~ation ~eQarding 
• • '• ,,'·. , I 

the facility. · 

Following the TMH2 accfo~nt,the C~~mission ;,p~used 11 ·in ;its licensing activities 
. '· l ·. ' 

to assess the impact of TMI-2~ During this 11 pause•i, the' recommendations of several 
·, - . . - . . , I , , 

groups established to investigate the le~sons learnedf.rom TMI-2 became available. 

These groups included the Presidential Commission to Investigate TMI-2, the NRC 

Special Inquiry Group and several staff ta,sk forces~ su~h as the Les·sons Learntid 

Task Force and the Bulletirs ~nd Orders Task Force. All 'available' recommend1ttions 

were correlated and·assimilated into a 11 TMI Action Plan Prerequisites for Re,sumption 

of.Licensing. 11
-

The Commission1has approved the 'prerequisites f.or authorizing ·Sequoyah Unit 1, to 

conduct Special Test_s at power levels not ·exceeding .five ~~rcent 'of full power. 

The Commission subsequently indicated that, it would consider a s i,mil ar authorization 

for Salem Unit 2. 

This supplement addresses the requirements for fuel l Oqdj ng and Conducting low 

power testing of Salem Un_it ·2 up to. a power Jevel Cit five. percent of full p()wer, 

and (1) identifies noil:..TMI:..2 'issues a~d thefr status since the issiiance of the ·, 

... ·. . ~ 

·.···· 

. . . · .. :·~ .. 

':' 



Safety Evaluatio~ Report through Supplement No. 3, and (2) dis~usses matters 
related to the TMI-2 accident: Each ~f the following Secti~ns of the supplement 
is numbered the sanie as the corresponding sectiOns of the Safety Evaluation 
Report. Except where noted, this supp~ement is ~ri addition to.the discussion in 

. . . 

the Safety Evaluation Report and the supplements there.to. AppendJ x A is a 
continuation of the chronology of our principal actions related to the processing 
of the application. 

As stated in the Foreword, this supplement consists of two parts: 

Part I - Revie~ and Evaluation of Ncin-TMI-2 Issue~. 

Part II - Review and Evaluation of TMI-2 Issues Related to Fuel Load and Low 

Power Test Program. 

1.7 Outstanding Issues 

In Section 1. 7 of Supplement No. 3 to the Safety Evaluation Report, vie identified 

several outstanding issues which required resolution prior to a decision on 

issuance of an operating license for Salem Unit .2. The resolution or status of 

those issues is discussed iri this supplement. 

In Section 1. 8 of Supplement No. 3 to the. Safety Evaluation Report, we identified 

a number of items for which we had completed our review but required confirmatory 

information from the applicants. The conclusion or status of those items is 

discussed in this supplement. 

Since that time, additional issues have been identified which required reso\ution 

prior to a decision on issuance of an operating license for Salem Unit 2. The 

resolution or status of these additional issues is also discussed in this 

supplement. 

The remaining outstanding issues, which are listed b~low, have be~n acceptably 
resolved.for the low power test program ~s di~cus~ed in.the indicated sections of 

this supplement. 

(1) We require that the applicants complete their analysis of piping in response 

to IE Bulletin No. 79-07, "Seismic Stress Analysis of Safety Related Piping," 

(Section 3.7.1). 

(2) We require that ihe applicants reassess their ~nv~ronmental qualification 
documentation in accordance with the guidelines in NUREG-0588, ''Interim Staff 
Position on Environmental Qualification of Safety-Related Electrical 

Equipment" (Section 3.11). 

(3) We have not completed our review of the detailed evaluation provided regard­
ing a restri~tion in.the use of the Westinghouse PAD-3.3 Code (S~tton 4.2.2). 
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(4) We require that the applicants provide revised emergehcy operating ~rocedures 

relating to postulated anticipated transie~ts without scram (SectioM 7.2.2). 

(5) We require that the applicants prbvide information relating to IE Bulletin 

No. 79-27, "Loss of Non-Class lE Instrumentation and Control Power System Bus 
During Operation" (Section 7.9). · 

(6) We have not completed our review of the information submitted by the applicants 

regarding long term reliability of the diesel generators (Section a·.3.4). 

(7) We require that the applicanti commit to provide prompt respons~s to addi­

tional information requirements regarding our review of Westinghouse 

transient anslysis codes dealing with' steam line and feedline break accidents 
(Section 15.1.1). 

(8) We have not completed our re-review of the applicants·' "Q-list" 

(Section 17.1). 

1.9 Unresolved Safety Issues 

On November 23, 1977, the Atomic Safety and·Licensing Appeal: Board issued a 

decision (ALAB-444) in connection with its consideration of the application for 
' 

the River B~nd Station, Unit Nos. 1 and 2 (Docket Nos. 50~458 and 50-459) which 

established specific requirements for addressing. unresolved generic safety issues 

in connection with· our licensing proceedings. Those req~irements are applicable 

to the Salem Unit 2 application . 

. ' . ' ( 
Appendix C to Part 1 of this supple~ent p~esents info~mation for the Salem Unit 2 

application in conformance with the Appeal Board decision enunciated in ALAB-444. 

!• ·," 



3.5.2 

3.0 DESIGN CRITERIA - STRUCTURES, COMPONENTS~ 

EQUIPMENT AND SYSTEMS 

Missile Protection Criteria 

Tornado Missiles 

In Section 3.5.2 of Supplement No. 3 to the Safety Evaluation Report, we concluded 

that, subject to confirmatory information that the applitants have adequately 

demonstrated that they can provide sufficient auxiliary feedwater to achieve cold 

shutdown in the event of a tornado missile strike, Salem Unit 2 has been designe-d 

and constructed to withstand the effec~~ of tornado generated missiles. 

In a letter dated March 6, 1979, the applicants provided additional' confirmatory_ 

information regarding the ability to line up and use the service water system 

which includes the installation of a spool piece. The applicants estimate that 

the time for obtaining control room indication_ of low water and the start of spool 

piece installation .will not exceed 40 minutes. We judge this to be reas'onably 

conservative since low water indication would occur at about the same time as the 

loss of water and since the spool piece is stored at the connection point. 

The applicants have also demonstrated that two men can install the spool piece in 

13 minutes. Hence we believe that the total estimated time of about 53 minutes 

(40 minutes to start and an additional 13 minutes to complete) between the loss of 

water and the completion of spool piece connection is reasonable. However, in 

order to assure that the connection capability is maintained throughout the life­

t ime of the plant, we will require (in the form of a Technical Specification) that 

t_he applicants demonstrate the availability and accessibility of the spool piece 

on an annual basis. 

The applicants also have performed an analysis to determine the amount of time, 

following a loss of alternating current power and main and auxiliary feedwater 

flow, before the core begins to be uncovered. They estimate that the interval is 

about 70 minutes, as determined by the time it takes for the primary coolant to 

reach saturation temperature, the time for water boil-off until the core begins to 

uncover, and the time for losing the secondary heat sink (steam generators). 'We 

have reviewed the applicants' calculations and find that they a~e acceptable and 

that adequate margi~s are provided such that there is sufficient assurance that 

thk core will not be uncovered during that time interval. 

Thus we believe that the applicants have the capability of lining up the service 

water system to the auxiliary feedwater pumps in a time interval which assures 

that the core is adequately cooled in the event of loss of all normal water backup 

systems. 
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We have also reviewed the applicants' service water system in terms of vulnerability 

to tornado missiles and the ability to provide sufficient auxiliary feedwater to 

achieve cold shutdown in the event of a tornado missile strike, and find that it 
is adequately protected against the design basis tornado missiles since it is 
enclosed in tornado protected buildings and structures. 

In conclusion, we find that the applicants have adequate assurance of a supply of 

water to meet the feedwater makeup requirements in the event of loss of all normal 

water backup systems due to tornado missile damage. (Section II.K.3 of Part II to 

this supplement discusses our generic review of the loss of auxiliary feedwater 

accidents for Westinghouse-designed plants. As indicated there, any system 

modifications resulting from our review, which are appropriate to Salem Unit 2, 

would be required for Salem Unit 2 prior to authorizing full power operation.) 

3.7 Seismic Design 

In Section 3.7 of Supplement No. 3 to the Safety Evaluation Report, we stated that 

we required the applicants to provide additional information regarding the seismic 

design as it relates to (1) a comparison of the response spectra and damping 

values between those currently adopted by us and those adopted by the applicants, 

(2) a justification for the use of a ± 10 percent peak width increment for the 

floor response spectra, (3) the criteria used for the selection of lumped masses, 

and (4) the criteria used for either coupling or decoupling a subsystem to its 

supporting system. 

In letters dated January 18, 1979, January 21, 1979 and February 6, 1979, the 

applicants have provided the necessary additional information. We have reviewed 

the information provided by the applicants and the results of our review are 

discussed below. 

With respect to the difference in response spectra and related damping values 

between those currently adopted by us and those adopted by the applicants, the 

applicants have provided a key comparison of the two criteria in their letter 

dated February 6, 1979. We have reviewed the comparison and agree that the 

response spectra and damping values used in the design of Salem Unit 2 will result 

in a design as conservative as one resulting from the use of the criteria 

i denti fi ed in Regulatory Gui de l. 60, "Design Response Spectra for Seismic Designs 

of Nuclear Power Plants," and Regulatory Guide l.61, "Damping Values for Seismic 

Design of Nuclear Power Plants." Therefore, we consider this matter resolved. 

With respect to floor response spectra peak broadening for seismic Category I 

structures, our requirements are as stated in Regulatory Guide 1.22, "Development 
of.Floor Design Spectra for Seismic Design of Floor Supported Equipment or 

Components." This guide recommends that the.effects of parameter variation on 
floor response spectra for soil sites can normally be accounted for by increasing 
t~e individual peak widths by ± 15 percent, if the effects of parameter variation 
on floor response spectra are not computed. The applicants used a± 10 percent 
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\I increment instead of the ± 15 percent increment recommended by the regulatory 

guide. The applicants have indicated that the containment floor response spectra 

were broadened by ± 10 percent since the prominent spike occurs at one cycle per 

second and none of the equipment fr~quencies falls in this area. For other 

seismic Category I buildings, there is more than one sharp spike in the floor 

response spectra. However, in order to avoid undesirable resonance effects, the 

components were stiffened and frequencies shifted outside the sharp spiked areas, 

thereby eliminating the broadening considerations. In flat areas of the response 

spectra, a 10 percent shifting of frequency coordinates was applied to obtain the 

equipment response. For these flat areas, we have determined that the use of a 

10 percent shifting instead of a 15 percent shifting (a decrease of five percent) 

would not cause an appreciable change to equipment response. On this basis, we 

have concluded that the applicants' justification for use of a± 10 percent peak 

broadening increment is acceptable and, therefore, consider this matter resolved. 

The third issue relates to the criteria used for the selection of the number of 

lumped masses for the seismic system analysis. The applicants ·have stated in 

their response to our requests for additional informatiori that they have complied 

with the modeling criteria required by Section 3.7.2 of the Standard Review Plan. 

Specifically, the applicants have stated that the introduction of additional 

degrees of freedom in their models will not result in more than 10 percent 

increase in the structural response. Therefore, we h·ave determined that the 

applicants' modeling criteria are in compliance with Section 3.7.2 of the Standard 

Review Plan and, therefore, are acceptable. 

With respect to the design.control of fundamental frequencies of key subsystems, 

the applicants have stated that these frequencies were considered in relation to 

the dominant frequencies of the supporting systems and, in most design cases, the 

key subsystems were considered as· decoupled from their supporting systems. We had 

transmitted to the applicants our acceptance criteria for either coupling or 

decoupling a subsystem to its supporting system and had requested that the 

applicants state whether they comply with the criteria. Specifically, the 

applicants stated that the fundamental frequencies of key subsystems were 

considered in relation to the dominant frequencies of their supporting systems and 

the subsystems that were analyzed/tested as decoupled systems from the supporting 

system have a mass ratio (of subsystem to that of the supporting system) of less 

than one percent. On this basis we have determined that the criteria used by the 

applicants regarding this matter are in accordance with our requirements and, 

therefore, are acceptable. 

Based .upon the information provided by the applicants, as delineated above and in 

Section 3.7 of Supplement No. 3 to the Safety Evaluation Report, we reaffirm the 

conclusion previously made in Section 3.7 of ttie Safety Evaluation Report, which 

is: th.e seismic design of the systems and subsystems, dynamic analysis method and 

procedures, and seismic instrumentation criteria are acceptable. 
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3. 7. l Seismic Stress Analysis of Safety Related Piping 

Subsequent to the issuance of Supplement No. 3 to the Safety Evaluation Report, in 

the course of evaluation of certain piping designs for Some plants, discrepancies 

were observed between the ori gi na l piping analysis computer cod_e used to aM lyze 

seismic Joads and ·a currently acceptable computer code developed fcir this purpose. 

As·a result, the Office of Inspectiori and Enforcement issued IE Bulletin No. 79-07, 

"Sei~mic Stress Analysis of Safety Relat~d Piping," dated April 14, 1979, to all 

licensees and construction per~it holders to inform them of the discrepancies and 

to request certain information regarding the analysis performed for their plants. 

In a letter dated May 3, 1979, the.applicants .for Salem Unit 2 submitted their 

response to IE Bulletin No. 79-07. We have reviewed the information provided by 

the applicants and. our evaluation of infdrmation submitted is as follows: 

With respect to the primary loops (nuclear steam supply system), the applicants 

had analyzed the system in accordance with our requirements and we conclude that 

the system is acceptable. Therefore, the systems under discussion in this 

evaluation are in the balance of plant scope. 

Subsequent to the receipt of IE Bull~iin No,··79-07, the applitants reanalyzed 

43 piping subsystems which comprise the.entire Salem Unit 2 residual heat removal 

system and ~ttached branch lines. ·-These 43 anal~ses incl~ded piping of·yarious 

configurations and diameters, and constituted a representative sample of the 

seismic Category I piping at Salem Unit ,2. · The reanalysis indicated that the 

original. piping and support design of the residual heat removal system was 

sufficiently conservati~e to meet the design criteria with only min~r chan~es. 

The changes, will increase th_e available ·design margin in ttie piping systems to a 

level consistent with current standards. However, the systems could perform their 

function prior to modification, but with lower margin. The 43 piping subsystems 

already reanalyzed are expected to be typical of the Unit 2 piping and represent 

· various complex piping configurations in which the effects of all three orthogonal 

·earthquakes.will be ~elt. Therefore, these 43 piping subsyste~s provide an 

adequate sample for estimating the effect of IE Bulletin No. 79-07 ori the desigri 

of Salem Unit 2 p~ping. 

Consequently, we believe that only a minimal number of hardware changes will be 

necessary to fully bring the Salem Unit 2 piping seismic design into compliance 

with the design criteria. As required by IE Bulletin No. 79-07 and subsequent 

IE Bulletin No'. 79-14 "Seismic Analyses For As-Built Safety Related Piping 

Systems," dated July 2, 1979, as revised, the app 1 i cants have recently· performed a 

walk-through inspection of the Unit 2 piping and compared the "as built" piping 

against its piping isometric drawings. Our Office of Inspection and Enforcement 

will verify that the Unit 2 piping analyses represent the "as built" condition. 

To fully resolve the issues of IE Bulletin No. 79-07 for Salem Unit 2,.0e require 

that all affected piping systems, not just a sample, be reanalyzed and· modified as 
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3. 7.2 

necessary to meet current standards prior to commercial operation. In· setting 

conditions for the performance of this reevaluation, ~e believe that low power 

operation can commence while the reevaluation is proceeding without affecting the 

hea 1th and safety of the pub 1 i c.. Our requirements ·in this matter are· as follows: 

(1) The applicants must complete the reevaluation of all seismic Category I large 

bore piping (greater than two inches in nominal pipe diameter) and any small 

bore piping (two inches and_ less in nominal pipe d.iameter) essential to safe 

shutdown of the plant. We must approve this reevalu:ation and ascertain the 

need to complete certain required hardware changes prior to exceeding 
' ' ' . 

five percent power. This reevaluation includes not only pipin.g stresses, but 

also support loads and str~sses and a determination that pump and valve 

operability is not affected by any increased nozzle loads. 

Our justification for permitting operation during low power testing is that 

(l) the primary loops have been found acceptable, (2) the 43 piping sub­

systems which comprise the entire Unit 2 residual heat removal system have 

been reanalyzed and the results indicate_ that the original piping and support 

design of the residual heat removal system was sufficiently conservative to 

meet current 1 i cens i ng criteria with only mi nor· changes and, (3) the 1 i ke li­

hood of occurrence. of a safe shutdown ea_rthquake during this short period of 

time is small. In the unlikely event that a postulated safe shutdown earth­

quake should occur, we believe that at most only a few piping supports might . . 

be damaged, and that all systems would function. as required to achieve a 

p·lant shutdown. Should the reanalysis reqµire any significant. hardware 

changes, we would require their implementation before.approving continued 

operation. 

(2) The applicants must complete the reevaluation of all remaining small bore 

piping and receive our approval prior to exceeding five percent power. Also, 

all required hardware changes for both large and small bore ~iping systems 

must be completed by that time. 

Our justification for permitting operati~n during iow power.testing is that 

these small bore lines are not critical to shutting· the plant down. 

Additionally, the initial sample of 43 calculations indicate that the Unit 2 

small bore lines are very conservatively designed and no hardware modifications 

are anticipated. Therefore, due to the initial sample calculations reaffirming 

the conservatism of the applicants' original design, we believe that our 

schedule provides reasonable assurance for the protection of· the public's 

health and safety while the reevaluation is being completed. 

Incorrect Weights for Swing Check.Valves Manufactured By Velan Engineering 

Corporation 

Subsequent to the issuance of Supp 1 ement No .. 3 to the Safety Eva 1 uat i pn Report, 

the applicants were required by IE Bulletin.No. 79-04, ''Incorrect Weights for 
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3.9 

3. 9. l 

Swing Check Valves Manufactured by Velan Engineering Corporation,".dated March 30, 

1979, to determine if the Salem Unit 2 piping seismic analyses had assumed the 

correct weights for any Velan swing check valves used. In its response to 

IE Bulletin No. 79-04, the applicants stated that the correct weights were 

originally used in most cases, and that the piping seismic analyses had been rerun 

in those.cases where the incorrect valve weights were used. Therefore, we con­

sider this matter to be resolved. 

Mechanical Systems and Components 

Effects of Asymmetric Loss-of-Coolant Loads on Primary Coolant System 

Components.and Supports 

In Section 3.9.1 of Supplement No. 3 to the Safety Evaluation Report, we stated 

that the applicants had evaluated the primary system components and supports for 

the effects of asymmetric loss-of-coolant accident loads and had submitted the 

results of their analysis related to the reator cavity. We also stated that we 

would report the results of our review of this matter in a supplement to the 

Safety Evaluation Report. Our evaluation has now been completed and the results 

are discussed below. 

In response to our requests for additional information, the applicants had per­

formed the detailed structural analyses by postulating several primary loop break 

locations within the primary coolant system. The specific break locations of the 

total required to be postulated.by Section 3.6.2 of the Standard Review Plan, 

which are critical to the design of the reactor pressure vessel supports, are as 

follows: 

(l) Reactor vessel inlet nozzle pipe break. 

(2) Reactor vessel outlet nozzle pipe break. 

(3) Reactor coolant pump outlet nozzle pipe break. 

Pipe whip restraints are provided in the primary shield wall area to limit the 

displacement of the broken pipe such that the resulting break flow areas are less 

than those that would result from an unrestrained double ended pipe break. Pipe 

breaks at the hot and cold leg reactor vessel nozzles were postulated using a flow 

area of 76 and 190 square inches, respectively. Detailed studies have shown that 

pipe breaks at the hot or cold leg reactor vessel nozzles, even with a limited 

break area, would result in the highest reactor support loads and the highest 

vessel displacements, primarily due to the influence of reactor cavity pressuriza­

tion. For completeness a break outside the shield wall, for which there is no 

cavity pressurization, was also analyzed; specifically the pump outlet nozzle pipe 

break was considered and the analysis assumed the full double-ended flow area. 

The break opening time for all postulated breaks was assumed to be one millisecond, 

which is consistent with Standard Review Plan, Section 3.6.2, "Determination of 

Break Locations and Dynamic Effects associated with the Postulated Rupture of 
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Piping." For the postulated reactor pressure vessel nozzle breaks, time varying 

loads transmitted to the reactor vessel support system would originate from three 

pri nci pal causes. These are: 

(l) Reaction forces which would consist of blowdown jet forces and the release of 

strain energy resulting from the postulated rupture mechanism and the expul­
sion of fluid. 

(2) Transient differential (asymmetric) pressures in the annular region between 

the outside of the vessel and the inside of the shield wall (reactor cavity 

pressurization). 

(3) Transient differential (asymmetric) pressures across the core barrel within 

the reactor vessel. 

The structural analyses were performed by applying the above loads simultaneously. 

These loads would be resisted by the following two mechanisms: (l) the four 

attached primary coolant loops with the steam generator and reactor coolant pump 

primary supports and; (2) four reactor vessel support pads and shoes beneath each 

alternate reactor vessel nozzle. The thermal hydraulics computer code "MULTIFLEX," 

which has been approved by the staff, was employed for the reactor vessel support 

system analysis. 

The results of the analyses of the response due to asymmetric pressure loads and 

loss-of-coolant loop depressurization loads, when combined with the response due 

to safe shutdown earthquake and norma~ loads, have demonstrated that the structural 

integrity of the reactor pressure vessel, steam generator and reactor coolant pump 

support structures, reactor coolant loop piping, core support structures and other 

internals, as well as the functionability of control rods, would be maintained 

under these extreme loadings. 

In addition, the steam generator upper lateral supports were also analyzed for the 

effects of asymmetric pressure load responses combined with the loss-of-coolant 

load response due to postulated breaks in the primary coolant loop and a postulated 

main steam line break. The maximum response due to a pipe break was then combined 

with seismic and normal loads. 

Th~ square-root-of-the-sum-of-the-squares method, which we find acceptable as 

discussed in NUREG-0484 "Methodology for Combining Dynamic Responses," was used to 

combine all loads resulting from asymmetric pressure, loss-of-coolant accident 

loop depressurization, a safe shutdown earthquake and normal loads for primary 

coolant system component and support structures. The results of this analysis 

demonstrated that the resulting stresses for all primary component support members 

are below the stress limits defined in the ASME Boiler and Pressure Vessel Code, 

Section III, Subsection NF, Article XVII-2000 and, therefore, are acceptable. 
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3.9.5 

On the basis of our evaluation, we have concluded that the primary coolant system 

components and support structures under the effects of asymmetric pressure and 

loss-of-coolant accident loads are acceptable and that Salem Unit 2 can be safely 

operated. Therefore, we consider this matter resolved. 

Piping System Support Base Plates 

In Supplement .No. 3 to the Safety Evaluation Report, we stated that we had 

requestoo information from the applicants as to how support plate flexibility had 

been considered in calculating maximum expansion anchor bolt loads. We further 

stated that upon receipt of this information, we would evaluate it and report the 

results in a supplement to the Safety Evaluation Report. 

On March 8, 1979, our Office of Inspection and Enforce~ent issued IE Bulletin 

No. 79-02, "Pipe Support Base p·Jate Designs Using Concrete Expansion Anchor 

Bolts," dated March 2, 1979. This bulletin was issued to all plants, both 

operating and under construction, including Salem Unit 2, and is concerned with 

many aspects of the design and installation of piping system supports, including 

the above mentioned issue of support plate flexibility. 

On August 17, 1979, we met in Bethesda, Maryland, with representatives of Public 

Service Electric and Gas Company to discuss the Salem Unit 2 response to IE Bulletin 

No. 79-02. For purposes of responding to this bulletin, the Public Service Electric 

and Gas Company has joined an owners group which has contracted with Teledyne to 

perform certain generic testing of various expansion anchor bolts. During this 

meeting the applicants described how they were using the results of the generic 

Teledyne program for the specific expansion anchor bolts in use at Salem Unit 2. 

Additionally, the applicants described the status of the analyses and tests being 

performed on the expansion anchor bolts installed at Salem Unit 2. 

Approximately 10,000 expansion anchor bolts are used in Salem Unit 2 of which 

approximately 7,000 are on safety related systems. Of these safety related 

expansion anchor bolts, 1,295 are associated with 362 baseplates, nearly all of 

which are floor mounted. The remaining safety related expansion anchor bolts are 

used to connect structural steel directly to walls and ceilings. All expansion· 

anchor bolts used in Salem Unit 2 are of the wedge type, specifically, Hilti 

Quik-Bolts. 

The applicants stated that the original expansion anchor bolt design criteria 

specified a minimum factor of safety of four against pullout and assumed baseplate 

rigidity. During its reevaluation of expansion anchor bolt adequacy, the applicants 

are using acceptable analytical tools developed by Teledyne to account for baseplate 

flexibility. In addition, the applicants are using an elliptical shear-tension 

interaction curve with a minimum factor of safety of four against manufacturer's 

specified ultimate bolt capacities, which is also acceptable. Therefore, the 

issue of the applicants' methods for considering support plate flexibility, as 
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described in Supplement No. 3 to the Safety Evaluation Report, is acceptably 

resolved. 

In responding to IE Bulletin No. 79-02, the applicants are proceeding with a 

program to verify the correct installation of both the floor mounted expansion 

anchor bolts and the wall and ceiling mounted expansion anchor bolts. 

Certain installation practices used by the applicants have made the floor mounted 

expansion anchor bolts largely inaccessible for purposes of verifying correct 

installation. Therefore, for a sample of these floor mounted expansion anchor 

bolts, the applicants are performing hydraulic pull tests to demonstrate a factor 

of safety of four against pullout. The applicants anticipate approximately 150 of 

these pull tests wi 11 be necessary to demonstrate a 95/95 confidence level for 

each safety related piping system. 

For 100 percent of the wall and ceiling mounted expansion anchor bolts, the 

applicants have completed a program which verified correct embedment depth .. The 

applicants have also proposed, and are currently impl~menting, a test progr~m to 

verify the setting of the wedges for a sample of the wall and ceiling mounted 

expansion anchor bolts. We have reviewed and approved the scope and procedures 

for this testing program. The applicants have committed to complete this testing 

program before Salem Unit 2 achieves criticality and that any required hardware 

changes will be completed within 60 days thereafter. We find this commitment to 

be acceptable. We note that the initial test results are positive and we anticipate 

few hardware changes to be necessary. , 

The applicants' program for responding to IE Bulletin No. 79-02 is proceeding.in an 

accept.able manner and wi 11 be completed within a ti nie ·-fr-ame which we have approved 
' .. ' . . -

as discussed above. Our Office of Inspection ~nd Enforcem~nt will be monitoring 

the remaining portions of the applicants' program until their completion. All of 

the applicants' efforts to date demonstrate that essentially all of the existing 

e~pansion anchor bolts are adequate. 

3. 10 Seismic Qualification of Seismic Category I Instrumentation and Electrical Equipment 

In Section 3. 10 of Supplement No. 3 to the ~afety Ev.aJµatfon Report, we stated that 

the-seismic Category l mechanical, instrumentation,. and electrical equipment had 

been qualified by the applicants, and that some of this equipment was qualified by 

the applicants and that some of this equipment was qualified in accordance with the 

procedures of Institute of Electrical and Electronics Engineers Standard 344-1971, 

''Seismic Qualification of Class I Electric Equipment for Nuclear Power Generating 

Stations." We concluded that the issue of equipment·seismic qualifieation would , 

be resolved upon successful completion of a review of the qualification records 

together with a site examination of the equipment as installed. 

Subsequently, our Seismic Qualification Review Team performed a review to deter­

mine whether the original equipnierit qualifi~~tion for Salem Unit 2 performed in 
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accordance with the procedures of Institute of Electrical and Electronics Engineers 

Standard 344-1971 could meet current licensing criteria as described in Standard 
Review Plan Section 3. 10, "Seismic Qualification of Category I Instrumentation and 
~lectrical Equip~ent.'' During this review we e~aluated a representative sample of 
the Salem Unit 2.seismic Category I mechanical, instrumentation, and electrical 

equipment, with special emphasis on that equipment most critical to shutting the 
plant down following an earthquake. Prior to our Seismic Qualification Review 

Team review, the applicants demonstrated that the seismic qualit'ication of many 
items meet current licensing criteria. As a result, our review at the Salem site 

on Fetiruary 26""28·, 1979, uncovered reiatively few pieces of equipment for which it 

was· not clear th~t thi seis~ic'quaiification was completely in accordance with 

·current licensing criteria. To clear up our reservations about these few items, 

the applicants submitted additional information and clarification. ·This follow-up 

information satisfied our questions, and equipment requalification was not required. 

Therefore, we find that all seismic Category I mechanical, instrumentation, and 
electrical equipment have been qualified in a manner which exceeds the requirements 

of institute.of Electrical.·an~ Electronics ~ngineers Standard 344-1971, and we 

conclude that-the applicants' original seismic qualification program, as augmented 

by the additional information obtained.during our Seismic Qualification Review 

Team review, was sufficiently conservative to meet the requirements of the Standard 

Review Plan Section 3.10. 

We, therefore·, conclude that the Salem Unit 2 seismic Category i mechanical, 
instrumentation, and eiectrical equipment have been adequately qualified and are 

capable of performi'ng their safety function during or after a safe shutdown earth­

quake. We consider·this matter resolved. 

3. 11 Environmental Design of Engineered Safety Features Equipment 

In Supplement No. 3 of the Safety Evaluation Report, we identified a number of 

outstanding issues·regarding the environmental qualification' of safety related 

Class lE equ1pment· for which additionai information would be required. Subsequent 
! 

to the issuin~e of Supplement No. 3,_ the applicants have submitted responses to 

our concerns. Our evaluation of these matters is as follows: 

.--( l) ··With respect to- a postulated main steam line break inside containment, as 

discussed in Section 6.2 of this report, the applicants have calculated the 
environmental conditions inside containment following such a postulated 

accident. We have performed a confirmatory analysis using the applicants 

input data and determined that a temperature profile which remains at 

350 degrees Fahrenheit for one minute and above 300 degrees Fahrenheit for 
three minutes, is acceptable for equipment qualification. 

(2) With respect to the Barton Pressure and Differential Pressure Transmitters, 
in September 1978, Westinghouse had provided test results for the environ­
mental qualification of Barton Models 763 and 764 Lot 1 transmitters (Letter 
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.:·:·-· 
• • ···I -~'. • ' 

. : ~· 

. . "·; . :. :'.· : ; .... 

Report NS-TMA-1950.). Based on our revi-ew of ti1ese tests ~esults:; we con:-· 

cl uded that the instrumen~s -woµl~ ~erf-~rm: ~h~i~ :shoft~ierit(s·~tet/fun.~t.i~ns: 
. .. . . . ·, . . . ... . . .. . . ... 

However, we required . th~t addit i <foal 'test i i)g be conl:lu(:ted tq t:onfi rm the 
,capa9 i l i.ty of the t ransnii t~ers ,for ·J onger terni -~~~t~~~6 i d~~t)noniiof i ng. _. In 

. .. ' . . . . . . . . . ' . . . . . . ~ ... ... .·., . . . . . .. , 

September 19,19 I West i nghoyse prov_i ded' the'-resu,i.~s :_:~. f :-thes.e supplemental · .. ·.. . .. 
tests. · 

.'; ·:::· 
· .. :· ... · '..;· ,: ., . 

.Jn the original tests' : an -~tte~pt ~as mad~ ·t:o cje~onsirate 'i.he quallfication -
of. th~se transmitters ·b; ,~Jbjed.i ng" them. to hi~fr. radi a:ti on.' 1eveis ~qrres-. 
ponding to post loss-of-:coolarit aci::id_erit co~ditfons':and;· subsequently; . 

expos-Ing thein to the high· tem~erat~re stea~ co'nditi·6·n~- r~presentativ~ of main 
.. ' .. . . . . . . . . . . .. · ·, . 

steain line· break ac~icierits. This-combined test was perfo.rmed to cir~umvent 
' . . . .. . . '·· ' . . : . . . . 

the need for separate tests 'tor 'these accident coriditfons. : This combination 

of high radiation and temperature, while riot·causing the transmitters to 

. fail' resulted in excessi~e instru~ent error. 

The supplemental tests which foll~~ed wer~ bas.ed upon radiation levels and 

subsequent exposure to a steam environment corresponding to loss-of-coolant . . . . . ' .. . . . 

accident co~ditions and, in separate-.tests, to main steam line break accident 

conditions. -Additfonal tests were als.o condud.e<J ·to investigate the effects 

of radiation anci teinper?ture separatei'y and iii::c:om_bination~ · This was done to 

'pro~ote .an un_derstanding of the phenomena which. ~a~se(j the-~rr:ors_and t~­
provide a basis to s'upport the C()riclusion that-"the-tr~nsinitters are qualified 

to operate satisfactorily under the required _service condi,tions .. While the 

supplemental tests results support the· con~lu~ioris that the .Barton Lot 1 . · 
l . . . ·. _ ... , ' : . ·.. . . 

instruments' wi 11 fuhct ioh Jn an accident envi rorlm'ent, we do not'_.be l ie'ile that 

thes~ i n~truments provide a sufficient niarg.fn oi safety ::to ju~tify' their use . 
throughout the l ifo. of the pl ant. :• Further :i~pb)venie.nts :.to obtain a~ .. 
additio~al margin of ~afety ~re w~~raiit~d 'ciu:~:to'th~-5-af~tY. ~-ighit':fc~n~e of· 

. . ,. . ' ...... ' . 

the i nfor~at ion provided fa~ post ,a~ci dent_ iec'overy tiy :these' i nsiruments. 

' : ~ 

At Salem Unit 2, these tr~ns~itt~rs are .located in_.equipment encJosiJres which 

reduce the peak· temperature ·t~- ~hi ch they .w~u1cf'6~:e~pb_;ed .i ~-~an'._actide~t~·- . . 

The.applicant~· have submi-tted·~~~'i!\i6h ·,;_t6:·Wyle;:Lab(ji~tory··Rep~~t:No. 44~39-2 .. 
which pr~sent~ the results Qf t~-~ts .to de~o-~strat~ th~··pr6t~~t)on prbvided by 

the enclosures. These results show that the transinitters would not be expcised 

,to. ,t.emperatures above 300 degrees Fahren~eit ·during the period where the· 

externa 1 emii ronment reaches 350 degrees Fahrenheit. However.; after·. about 

30 minutes the temperature. ~ithin'the enclosu.re-.:co~e~ up to wi.thin 10 degrees 

. Fahrenheit of the. temp~r~ture of the exte~~~f ~h~i-ro~in_en_tii·:: We cbnclud~. that 
' - , . . . . . . ' ;, . ~ . . . . . . . . . 

these .enclosures will provide an additional niar;gin'·.of.protection': in the .short 

term in an accident. Howeyer, it does not alt~r ~u~ coiiclu~fon on the overall 

adequacy of the qualification of the· Barton Lot 1 transmitters. Accordingly, 

we wi 11 permit the use of the Barton Lot 1 Transmitters until the second 

refueling outage .. At th~t time, modi.tied. or replacement transmitters,_ that 

have been demons_trated to have. a grea~er· ~ole~anc~ t~, :harsh erivi rol')inents ~ .. 
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will be required. Our Office of Inspection and Enforcement will verify that 

these modifications are implemented at that time. 

(3) With regard to Rosemont transmitters, we had questioned the appl i~abil ity of 

the qualification data.for Rosemont Model 1153A transmitters as provided in 

Rosemont test report No. 3788. That report describes simulated design basis 

~vent tests in which the transmitters were subjected to a temperature rise to 

350 degrees Fahrenheit over a period of 2-1/2 minutes. However, typical rise 

times for both loss-of-coolant and main steam line break accidents are about 

10 to 20 seconds. 

In a letter dated March 6, 1979, the applicants refere.nced additional test 

data on the Rosemont transmitters provided by the Arkansas Power' and Light 

Company for the Arkansas Nuclear One - Unit 2 application (Docket No. 50-368). 

This data demonstrated the capability of the Rosemont transmitters to function 

properly when exposed to a temperature increase to 270 degrees Fahrenheit in 

12.5.seconds. 

In addition, the applicants stated that the Rosemont transmitters are located 

in equipment enclosures. Thus the environmental effects of design basis 

events would be reduced. The test results obtained at·Wyle Laboratory, as 

discussed in 'item (2) above, demonstrate that a lower temperature and a lower 

rate of temperature rise occurs within.the encl6sure in_re,pons~to· a postu­

lated design basis event. As a result, we conclude tha~ th~ protection 

provided by the equipment enclosures and the Rosemont test results· provide an 

adequate basis to demonstrate the qualification· of these transmitters. 
'·i 

Therefore, we consider this matter resolved. 

With respect to Conax seals, the equipment enclosure tests included a Rosemont 
. ' . ' ' 

transmitter in ttie enclosure to qualify the electrical' interface for this 

instrument. The qualification tests demo~strate that the Conax ~~als did not 

leak steam or moisture. Therefore, we consider this matter resolved. 

(4) With regard to solenoid valves, the applicants have submitted Automatic 

Switch Company test report No. AQS 21678/TR to demonstrate the adequacy of 

Automatic Switch Company solenoid valves for design basis eve~t~. The tests 

were conducted for a gene.de loss-of-coolant accident environment'which has a 

maximum temperature of 346 degrees Fahrenheit. The ~~mperature f~r these 

tests was increased from an initial temperature of 140 degrees Fahrenheit to 

280 degrees Fahrenheit in one minute and subsequently was raised to a v~lue 

of 346 degrees Fahrenheit which.was held for.an additio~al four ~inutes. The 

enclosure tests discussed in item (2) above demonstrate that those solenoid 

valves located in equipment enclosures will be subjected to a lower temperature., 

We conclude that the -results of the Automatic Switch Company tes,ts and the 

results of the Wyle tests on enclosures are adequate to demonstrate that the 

solenoid valves mounted in equipment enclo~ure~ are qualified: 
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. The appl~carits have submitted Wyle test report No. 44439-1 to demonstrate the 

·adequacy of-Automatic Switch Company solenoid valves which are not mounted in 

equipment enclosures. These tests were conducted using the_ same solenoid 

vaJves which had undergone tests documented in .the-referenced Automatic 

Switch Company test report. 

These tests did not speci fi
1

cally address. the operability of these valves 

under 'post accident conditions where it may be desirable to reopen valves 

which .were closed to obtain t_he desired protective action. This would require 

that the.~olenoids be energized_ at a time when the environment temperature is 

above normal. However, since these vaives were subjected _to multiple cycles 

of the simulated _design basis event and the tests dem~nstr.ated that the 

, _valves were operable at ttie end of each test cycle, we conclude that sufficient 

margin exists to assure their operability. 

The results. of these tests demonst_ra:te the adequacy of the environmental 

qualification for Automatii: Switch Company solenoid valves located in contain­

ment. Therefore, we consider thi_s matter resolved. 

(5) - Witli respect to limit switches, the applicants have submitted Acme-Cleveland 

Deve~opment Company qualifi~ation test report of NAMCO Model EA-180 limit 

switches. Duri~g the quaiification- tests, the ·temperature was initially 

increased from -140_ degrees _Fahrenheit in ten seconds with a subsequent increase 

. to 340-
1

degrees Fahrenheit which w~s held for three hours. The temperature 
• •.; ; • '. , • 1 • 

was reduced 'to l40 degrees Fahrenheit over the next· two hou_rs with a subsequent 

·inc~ease to j4o deg~ees Fah~enheit in ten seconds~whicli was held an additional 

three hours. While the peak temperature.reached during the test was slightly 

below the maximum value of 350 degrees Fahrenheit calculated for a main 
. ! ' . . . "' ' • .• 

s't'e~in lin~ break accide~t, as di~cussed in item (l) above, the three hour:. 

hold at 340 degrees Fahrenheit provides assurance that the limit switches are 

adequate for Salem Unit 2 design basis events. 

The app l frants have indicated that the electrical connect ion interface wi l_ l 

pe sealed with a potting compou~d_such as Scotchcast No. 9 resin~ This 

s~~lant was· qualified by Wyle Laboratories and the test results are reported 

in-Wyle test rep~rt No. 44107-1. _ I~ order to improve maintainability; the 

applicants intend to replace these seais with Conax ·Electric Cond_uction Seal 

Assemblies dur1ng the first refueling outage. This replacement seal has also 

been qualified as documented in Conax Report No. ITS-409. Therefore, we 

. consider this matter resolved.-

The applicants had intended to use the NAMCO· limit switch as a replacement 

-fo~ stem mounted limit switches used to provide position indication on air 

~nd ~otor operation isolation va~ves~ Replacement was required because the 

o~1gi-~al switches were found to be unqualified .. However, the applicants 

found-that·the replacement' switch could not be installed on six of the valves 

because of size limitations. 
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All six valves serve to isolate small sampling lines. The limit switches 

were a part of the valve control circuits such that a switch failure could 
result in inadvertant opening of the· valve following a reset of the automatic 
closure initiated by the protection system. Rather than replace the existing 
switches with the qualified equipment, the applicants have modified the 

control circuits for these six valves to remove the limit switch from the 
control circuit and thus prevent~ limit switch failure which could result in 
an undesired action. Since the protective action is obtained by the automatic 

closure of one valve on each side of. the containment barrier, the requirement 

of the single failure ~riterion is .. met independent of any potential failure 

of position indication. We.conclude that this provides a suitable basis for 

not using .qualified li!llit swi~ches for .these specific cases as identified by 

the app l i cants: 

(6) With. regard to instru:~ent panels and enclosures, as discussed in item (2) 

above, Wyle test ·report No. 44439-2 was submitted covering the environmental 

qualification of equipme~t located inside er.closures. We find that the test 

results' and analysis provided· in this report provide an adequate basis to 

demonstrate a re'duction.in the environmental conditions used for the justi-

. fication of ~Ualifi~ation of components located therein. We consider this 
matter resolved .. ·· 

(7) With respect to test ·procedures, the applicants have provided additional 

information cin qualification reports that describe ·tHe.test procedures and 

test r~sults for each piece of equipment listed in Table Q7.18-l of the Final 

Safety Ana·lysis Report.· On-site review of these qualification methods and 

procedures for seismic Category I mechanical components, electrical instru­

mentation and control equipment, and their supporting structures was made by 

tbe NRC Seismic Qualification Review Team on February 26-28, · 1979. · The 

applicants have provided a response to our concerns raised during the site 

visit. Based upon our review of the information provided by the appl,icants 

and our observations during the site visit, we find that adequate documenta­

tion has been provided to verify the seismic qualification of safety related 
equipment. ·we consider this matter.resolved. 

(8) With regard to Clas.s lE equipment located outside of the containment structures, 

the applicants indicated in a letter dated March 8, 1979, that these areas 
are prolifded with environmental control systems to maintain temperatures 

within a specified ~ange .. These systems have been designed with sufficient 

redundancy. in contra ls and actuated equipment to assure that the· environ-

menta l temperature limits of the equipment will not be exceeded during any 
mode of operation i.ncluding plant shutdown. All areas, except for the 
switchgear rooms, served by these systems are provided with temp·erature 
monitorfng and/or tontrol devices which activate alarms in th~ control room 
in th.e event that teinpe·rature limits are exceeded. The status of ventilation 
equipment operability is also monitored in the control room. A record of the 
temperature in these areas wi'll provide data for subsequent analysis of 
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equipment capability in. the event that temperatures _exceed .. normal limits. 

The record of temperature in these ~,reas is provided by, using.trend recording 

capabilities of the plant compute~. 

On the basis of our review, we conc;lude that the applicants' ·temperature 

control and monitor.ing system fqr Class lE e,qui.pment .areas provides reasonable 

assµrance t:hat the environment wi 11. be maintained wi.thi n the temp.erature 

range for, which the ·equipment is qualifi~d-.to op.erate. The appljcants will 

provide a temperature sensor in the switchgear rooms. Our 9ffjce of Inspection 

.and Enforcement will verify that. this sensor is i.nstalled prior .to issuance 

of an operating license. Therefore, we consider this matter.resolved. . . . ' - ' 

We have reviewed Westinghouse Topical Report WCAP~9157, "En.vironmenta l Qua l ifi cation 

of Safety Related Class lE Process Instrumentation," which contains the environmental 

,qualifi,cation .results for the main coolant loop ri:isistance. t,empel"ature detector.s. 

These temperature sensors provide data to confirm natural circulation_ cooling as 

well! as data to ensure an adequate margin of subcooling to prevent steam formation 

in the .re.actor coolant system .. We questioned the basis fC?r·t,he assessment that 

the normal and post acci..dent radiati9n exposure: would be l imi.te.d to a radiation ; 

dose for whi.ch the resistance temper~ture detectors were qua~_ifje~ .. The applica('lts 

provided a response to our concern which concluded .that the .resistance ~emperature 

detectors used for post accident monitoring are adequate if replaced after 14 years 

of.operation. We conclude that this evaluation did not include .assumptions which 

contained an adequate degree of conser_vatism .. Therefor.e,.,we will .~ondition th~ 

operating .,1 i cense to require the replacement of. resis.tan.ce temperature detectors 

used for· po!it ac;ci dent monitoring at each refueling outag~ P,endi ng .,requal ifi cation 

,of the sensors to a higher radiation dose which is based.on a.c;q('lservative assessment 

of post accident radiati,on levels pJ~s '!;he normal ·~adiation .dqse for .their service 

life. Our Office of InsP,ection and Enforcement will vedfy that such replacements 

are accomplished at each refueling. 

In.June-~f 1979, Westinghouse reported a potential safe~y.hazard ~nder 10 CFR 

Part 21. This r~port _addressed errors .caus~d in ,steam .ge~er~tor .level indication 

following high energy pipe bri;iaks insJde, containment. High am~i.e.nt ~emperat.ures 

due· to accidents can result in a decrease in the water column density for the level 

instrume11t reference leg with a consequent increase. in the indicated steam,generator 

. water. level (i.e., indicated water level exceeding actual . .level) .. As a result, we 

requested that the applicants evaluate the effects of such errors_. for. all level 

measurement systems in con:tainmen.t. This review led to-a.d!'!cisi9n to insulate the 

refere11cre legs for steam generatpr ·level ~easurements ... An as!;essment of errors was 

made in prder to establish the.low-fow steam generator level trip setpoint. This 

evaluation included normal syst~m errors in., addition tq the. errors. ~hi ch can occur 

due to, ~..,high· temperature environment. for bqth the level referE!nce leg and level 

transmit~er. The low-low steam generator level trip will ·be set at 17 percent· and 

includes;,<l- three percent margin of safety> in addi.tion to accumulated errors. We 

have review~d the applicants.'. evaluati<?~ o.f .leyel measuremi;int. errqrs, for their 

impact1 ~n, post accident,op,eration, to-,a~s!Jre t_hat ade9ua1;e wa~er l.evel will be 
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maintained in the pressurizer and steam generator. We conclude that acceptable 

means have been established to address potential errors in the level measurement 

·systems for trip ~~tp0 int~ and for operation under post accident conditions. 

We ·tiave·--r~c~~tly- published guidance to be used in environmentally qualifying 

electrical equipment (see NUREG-0588, "Interim Staff Position on Environmental 

Qualification of Safety-Related Electrical Equipment"). Recognizing that the 

equipment qualification review for the Salem Unit 2 has been a long-term effort 

spanning several years, we recently required that the applicants reassess their 

qualification documentation for equipment installed at Salem Unit 2 with the . . 
purpose rif establishing that the qualific~tion methods used and results obtained 

are in conformance with the staff guidance contained in NUREG-0588. We believe 

that this additional ·review will c6~firm our earlier conclusions regarding the 

adequacy of the qualification documentation and, therefore, that it need not be 

compl~ted pri6r to licensing Salem Unit 2 for low power operation. We will 

require that, prior to full power operation, the applicants confirm the adequacy 

of qualification for all safety-related electrical equipment that could be exposed 

to a harsh environment. 
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4.2 

4. 2. l . 

4.2.2 

Mechanical Design 
Fuel 

4.0 REACTOR 

In Section 4.2. l of Supplement No. 3 to the Safety Evaluation Report, we concluded 
that subject to (1) documentation of a comparison with criteria used for the North 

Anna Power Station, Units l and 2 fuel design (Docket Nos. 50-338 and 50-339) and 

(2) completion and issuance of our safety evaluation of Westinghouse Topical 

Report WCAP-8288, "Safety Analyses or' the 17 x 17 Fuel Assembly for Combined 

Seismic and Loss of Coolant Accident," the seismic and loss-of-coolant forces on 

the fuel assembly for Salem Unit 2 had been properly analyzed. 

A comparison between the criteria used for the North Anna fuel design and the 

Salem Unit 2 fuel design was presented in a letter from T. M. Anderson of 

Westinghouse to 0. Parr of NRC, dated January 12, 1979. We reviewed the 

information provided by the applicants and have determined that the criteria used 
in the Salem fuel design compared favorably with ·the criteria used in the North 

Anna fuel design which was previously approved by us. Our safety evaluation of 

WCAP-8288 has been issued and is presented in a letter from J. F. Stolz of NRC to 

T. M. Anderson of Westinghouse, dated February 6, 1979. In our safety evaluation 

of WCAP-8288, we concluded that the methods for analyzing the mechanical response 

of fuel assemblies to seismic and loss-of-coolant accident loads are acceptable. 

We have reviewed the documentation presented by the applicants and have confirmed 

that the grid strength margin is adequate. For the loss-of-coolant accident 

analysis; the applicants selected an inlet nozzle break inside the biological 

shield using a conservative break time of one millisecond and a realistic average 

break opening area of 55 square inches. When the loss-of-coolant accident load is 

combined with the safe shutdown earthquake load by the square-root-of-the-sum-of­

the-squares method, the resulting grid load is substantially lower than the 

experimentally measured grid strength. A safety factor of approximately 1.9 is 

demonstrated by this analysis whereas a safety factor of 1.75 has been previously 

found acceptable (e.g., for the North Anna Power Station fuel assembly). 

Therefore, we conclude that the Salem Unit 2 fuel assembly seismic and loss-of­
coolant accident analysis is acceptable. 

Fuel Design 

As stated in Section 4.2 of the Safety Evaluation Report, the fuel for Salem 
Unit 2 is the Westinghouse 17 x 17 design. This fuel design is currently 
operating in six plants, including Salem Unit l. Three such plants have completed 
the first cycle of operation, and fuel inspections have been performed. 
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Subsequent to the issuance of the Safety Evaluation Report, Westinghouse has 
substantially changed its methods of fuel performance analysis. In addition, 
after the issuance of Supplement No. 3 to the Safety Evaluation Report, an 
unexpected number of failures in two assembly components (grid straps and control 
spiders) was observed during refueling at Salem Unit l. Furthermore, guide tube 
wear has been observed at several operating pressurized water reactors. These 
analytical changes, component failures and guide tube wear, and their impact on 
Salem Unit 2 are discussed and evaluated below. 

Thermal Performance Analysis 

The new Westinghouse fuel thermal performance code (PAD 3.3) is described in 
WCAP-8720, "Improved Analytical Methods Used in Westinghouse Fuel Rod D_esign 

Calculations," October 1976. This code contains a revision of an earlier fission 
gas rel ease model and revised models for helium solubility, fuel swelling, and 

fuel densification. 

The -new Westinghouse code was approved with four restrictions as described in our 
safety evaluation of February 9, 1979 (letter from J. Stolz, NRC to T. Anderson, 

Westinghouse). Three of those restrictions deal with numerical limi~s and have 
been complied with. The fourth restriction relates to use of the PAD-3.3 code for 
the analysis of fission gas release from uranium dioxide (UD2) for power increasing 

conditions during normal operation. This restriction applies to the safety 
analysis of Salem Unit 2. However, Westinghouse has stated that this.restriction 
does not adversely affect the results of the safety analyses performed ·for Salem 
Unit 2. Although we.believe that this is essentially correct for the, planned 

operation of Salem Unit 2, Westinghou.se .has prepared and submitted ~ detailed 
evaluation of this restriction. In our previous evaluation, we agreed that the 

. - . ' 

PAD-3.3 code may be used for the _analysis of constant high power le_vel. conditions 
which conservatively bound power increasing conditions during normal operation. 

For operation at five percent of full power, the restriction for PAD-3.) is not 

significant and .th.e analysis as presently docketed is acceptable. We will 
complete our review of the Westinghouse evaluation (and the applications of the 

. ' . . 
revised model) prior to authorizing operation at full power. 

Grid Straps 

During a recent refueling at Salem Unit l, strap damage on a number of spacer 
grids was obseryed on discharged a~s~mblies. Similar damage had be~n reported 
previously (WCAP-8183, Revisions l through 8, "Operational Experience with 
Westinghouse Cases") but never to the extent observed at Salem Unit l, where 
31 fuel assemblies suffered some.damage. The damage ranged from deformed edges 
and small chips to loss of full strap width pieces, and was usually confined to 
one or two of the eight grids per assembly. An evaluation for Salem Unit l showed 
that such grid strap damage was ~ot _detrimental to the operation of ~he reactor 
(see Amendment No. 20, October 1979, to the Salem Unit l operating li~ense DPR-70, 
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Docket No. 50-272). This evaluation considered thermal-hydraulics, neutronics, 
grid-cell deformation, flow blockage from loose pieces, and control rod inter­
ference. The effects of all of these were found to be insignificant. We have 
reviewed.the evaluation performed on Salem Unit 1 and have determined that it is 
also applicable to Salem Unit 2. Therefore, we conclude that if such grid strap 
damage were to occur on Salem Unit 2, it would not be detrimental to the operation 
of the reactor. 

Westinghouse has recommended certain procedural changes that are designed to 
minimize or eliminate such damage during fuel handling. These recommendations are 
based on the following: (1) loading sequence as to the buildup of rows and corner 
positions in the core, (2) offset into the open regions for vertical movement of 
assemblies, and (3) revised load cell limits on the refueling crane to increase 
the sensitivity in detecting spacer grid interference. In a letter, dated 

August 28, 1979, the applicants have agreed t.o fo 11 ow these recommendations at 
Salem Units l and 2. The division of Operating Reactors Information Memorandum 
No. 19 issued on October 25, 1979, also requests all licensees of 17 x 17 plants 
to visually inspect their discharge fuel for grid strap damage. Should these 
inspections reveal significant strap damage, further changes to the fuel handling 
procedures will be made. On the basis that grid strap damage is not detrimental 
to reactor operations and that steps will be taken to minimize its occurrence, we 
find that this matter is satisfactorily resolved. 

Control Spiders 

Another core component failure, involving control rod spiders, was also observed 
at Salem Unit l. Eight alignment ·fingers on six spiders failed during plant 
operation. Thus, eight control rodlets became detached and were inserted into the 
core producing an observed flux tilt: This failure was traced to a manufacturing· 
procedure that introduced a contaminant that led to stress-corrosion cracking of 
the finger. This manufacturing procedure was primarily used for two lots of 
fingers, and the procedure has since been corrected to eliminate the problem. A 
complete evaluation of this problem and its safety implications is contained in 
Amendment 20 to the Salem Unit 1 operating license DPR-70. 

That evaluation agrees with the Westinghouse conclusions which are as follows: 

(a) Failures do not represent a structural inadequacy or generic design weakness. 

(b) Failures are the result of stress corrosion. cracking and were contained 
wfthin the two receiving lots of other fingers. 

(c)' Ilimination of all rod control clusters containing fingers from the suspect 
1 ots. should prevent recurrence~ 

The eli~l'uation goes on to show that even if rodlets were dropped, the safety 
effe'cts for the core would depend upon the number of dropped rodlets. A few 
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dropped rodlets (about 10) could cause a flux.tilt but the core parameters could 
be maintained within the Technical Specification limits. A larger number of 

dropped rodlets (about 50) would be needed to cancel. the excess shutdown margin or 
significantly affect peaking factors, but· such a quantity would be easily detected 

and appropriate act.ions taken. In iight of the low probability of the future 
occurrence ofdropped rodlets and the fact that the dropping of significant number 
of rodlets would be detected, this matter was adequately resolved for Salem Unit 1. 

' 

We have reviewed the evaluation performed on Salem Unit 1 and have determined that 
it is also applicable to Salem Unit 2. Therefore, we consider this acceptably 

resolved for Salem Unit 2. 

Gui'de Tube Wear 

An unexpected degradation of.guide thimble tube walls has been observed during 

post-irradiation examinati.ons of irradiated fuel assemblies taken from several_ 

operating pressurized water reactors. Subsequently, it has been determined that 

coolant flow up through the guide thimble tubes and turbulent cross flow above the 

fuel assemblies have been· respons_ible for inducing vibratory motion in the normally 

fully withdrawn ("parked") contra 1 rods. When these vibrating rods are ·in contact 

with the inner surface of the thimble wall, a fretting wear of the thimble wall 

occurs. Significant wear has been found to be confined to the relatively soft 

Zircaloy-4 thimble tubes because the control rod claddings -- stainless steel for 

Westinghouse ~eactor designs -- provide a relatively hard wear surf~te. The 

extent of the observed wear is both tfme and reactor design dependent and, in some 

non-Westinghouse reactors, has been observed to extend.completely through the 

guide thimble tube walls, thus resulting in the formation of holes. 

Guide thimble tubes function principally as the main structural members of the 

fuel assembly and as channels to guide and decelerate control rod motion. 

Significant loss of mechanical integrity due to wear or hole formation could (1) 

result in the inability of the guide.thimble tubes to withstand their anticipated 

loadings for fuel handling accidents and transients and (2) hinder stramability. 

In response to our attempt to assess the susceptibility and impact of guide 

thimble tube wear {n Westinghouse plants, Westinghouse has submitt~d· information 

on its experience and understanding of·the issue, by letters dated September 12, 

1978, December 15, 1978 and June 27, 1979. This informatin consisted of guide 
thimble tube wear measurements taken on irradiated fuel assemblies from Point 

Beach, Units 1 and 2 (Docket Nos. 50-266 and 50-301), two-loop plants using 14xl4 

fuel assemblies. Also described was a mechanistic wear model (developed from the 

Point Beach data) and the impact of the model's wear predictions on the safety 
analyses of plant designs ~uch as those utilizing 17xl7 fuel assemblies. 

Westinghouse believes that its fuel designs will experience less wear.than that 
·reported in ot~er re_actor designs because the Westinghouse designs· use thinner, 
more flexible, control rods tha~ have relatively more lateral sup~ort·in the guide 

tube assembly of the upper core str'ucture. Such construction proV'ides the housing 
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and guide path for the rod cluster control assemblies above the core and thus 
restricts control rod vibration due to lateral exit flow. Also, Westinghouse 
believes that its wear model conservatively predicts guide thimble tube wear and 
that, even with the worst anticipated wear conditions (both in the.degree of wear 
~nd the location of wear), its guide thimble tubes will be able to fulfill their 
design functions. 

We have reviewed this information and conclude that the Westinghouse analysis 

accounts for all of the major variables that control this wear process. However, 
because of the complexities and uncertainties in determining (1) contact forces, 

(2) surface-to-surface wear rates, (3) forcfng functions and (4) extrapolations of 

these variables to other fuel designs (such as the 17xl7 design used in Salem), we 

believe that it is prudent for the applicants to participate in a surveillance 

plan for the examination of guide thimble wear. 

The specifics of such a surveillance program have not yet been determined, but 

since the wear phenomenon is a time-dependent process, the details of such an 

inspection program do not need to be specified prior to the first refueling outage 

for Salem Unit 2. Furthermore, such inspections may not have to be conducted at 

Salem. For example, the applicants could join in a cooperative owners group and 

thereby submit applicable information derived from a similar type of plant using 

17x17 fuel assemblies. For acceptability, the minimum objective of such a program 

should be to demonstrate that there is no occurrence of hole formation in rodded 

guide thimble tubes. 

In their letter of February 14, 1980, the applicants agreed to provide results 

from a surveillance program as described above. Therefore, this issue is 

acceptably resolved for the first cycle of operation. This issue should be 

resolved for later cycles of operation when those surveillance results confirm the 

predictions of the analysis described above. If the surveillance results do not 

confirm the predictions of the analysis, we.will require that the applicants take 

appropriate action to account for increased wear. 

4.3 Nuclear Design 

-
Subsequent to the issuance of Supplement No. 3 to the Safety Evaluation Report, 

Westinghouse submitted a 10 CFR Part 21 notification, in a letter dated April 23, 

1979, regarding a non-conservatism in the single rod drop event. In three loop 

Westinghouse power plants, the reactor control system obtains its power signal 

from a dedicated excore detector. Recent spatial analyses ~y Westinghouse indicate 

that·for a dropped rod in the core quadrant adjacent to the dedicated excore 
detector, the power overshoot when the reactor is in the automatic mode is greater 

than the value calculated by the methods used in the Safety Analysis Report. This 

could lead to exceeding the departure from nucleate boiling limit. No credit is 
taken in the analysis for the negative flux rate trip. Westinghouse proposed an 
adjustment of the negative flux rate trip constants for all its reactors without 
turbine runback to trip the reactor on any single dropped rod. This would then 
preclude a departure from nucleate boiling problem as a result of a dropped rod. 
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The adjustment of the negative flux rate trip constants was proposed for all 
. . . . ' 

Westinghouse reactors without turbine runback, even though Westinghouse believes 

their analyses for two ~nd four loop reactors will continue to show that there is 

not a departure from nucleate boiling problem. However, the recommendattpn to 

adjust the negative rate flux. trip was made to ensure additional co·nservatism 

until Westinghouse can provide and we can review a topical report showing details 
I • ' ' 

of the analysis for all types of Westinghouse power plants. 

In order to ensure that the drop of any rod will cause a reactor trip regardless 

of rod worth and location, the app l i cant.s have submitted propo.sed' T~chni cal Speci fi­

cati ons. lowering the rate-lag circuit time consta,n·t. from two' seconds to one second, 

and lowering the nominal negative· flux rate trip value from negative five percent 

to a negative three percent. The limiting safety sy.stem setpoint remains equal to 

or greater than one second for the ti me constant, but is ~qua l to ·~r· l ~ss than 

negative 3.5 percent for the negative. flux rate trip value. These new setpoints 

result in reactor trips for negative flux rates which are. one percent_ to two 

percent per second slower than would ·have occurred with the original setpoints. 

The new. setpoints are designed to ~n~ure that a r~act~~ trip will occur for any 

dropped rod. Therefore, the potential for the automatic control sys,tem 'causing 

power overshoots as a result of a dropped rod would be el im'i nated. 

The rate-lag circuit output is a direct function of the time constant and is used 

in the high positive flux rate trip circuit (whose trip setpoint is not being 

changed). The net result in lowering the time constant from two seconds to one 

second is that some positive flux ramps which previous1y would have caused reactor 

trips will not do so now. However, these positive flux ramps (permitted by the 

new setpoints) are relatively low rates and are generally in the range of those 

produced by the automatic control system (i.e., not rod ejections). The Final 

Safety Analysis Report states that protection for rod ejection accidents is 

provided by the high flux (high and low setpoints) signal, and the high positive 

rate trip function is a "complementary" trip. Changing the rate-lag circuit time 

constant will not alter this role of the high positive flux rate trip. 

As part of its continuing analysis of single rod drops, Westinghouse has found 

several new nonconservatisms which indicate that the trip setpoint changes made 

earlier do not necessarily provide the desired protection. This was discussed at 

a meeting with Westinghouse on November 19, 1979 in Bethesda, Maryland. At the 

meeting, Westinghouse suggested an interim procedural position which would provide 

protection in single rod drops. This position, which the staff approved, was 

offered until' a long term solution to the problem can be developed, and is as 

follows: 

(1) The plant may operate in manual control from zero percent to 100 percent 

power with no changes in the current rod insertion limits. 
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(2) The plant may operate in automatic control from zero percent to 90 percent 
power with .no changes in the current rod insertion limits; above 90 percent 
power the D control rod bank would have to be withdrawn to 215 steps or 
greater. 

In a letter, dated February 26, 1980, the applicants have agreed to implement 
these restrictions on Salem Unit 2. 

The basis for our finding the interim position acceptable is that it prevents an 
overshoot abqve full r~ted thermal power in the event of a dropped rod. For power 
levels equal to or greater than 90 percent in automatic control, a dropped rod 

event will result in a withdrawal demand from the rod control system. Since 
differential rod worth of the D bank while above 215 steps is negligible, the 
reactivity required for a power overshoot is not available. For rod drops below 
90 percent power in automatic control, an analysis by We~tinghouse shows that. the 

reactor will not overshoot above rated power. In manual control, the operator 
will not react to cause a power overshoot. Thus, the departure from nucleate 

boiling design limit is not exceeded and, consequently, we find the interim 
position acceptable. 
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5.2 

5. 2. l 

5.2.l.l 

5.2.5 

5.0 REACTOR COOLANT SYSTEM 

Integrity of Reactor Coolant Pressure Boundary 

Fracture Toughness 

Compliance with Code Requirements 

In Section 5.2. l. l of Supplement No. 3 to the Safety Evaluation Report, we stated 

that the applicants would request an exemption to 10 CFR Part 50, Appendix G as it 

relates to the vessel bolting material requirements. 

In a letter dated February 12, 1979, the applicants stated that the requirements 

of Appendix G to 10 CFR Part 50 were met for Salem Unit 2, except for the specific 

requirement of Paragraph IV.A.4 of Appendix G. Paragraph IV.A.4 of Appendix G 

requires th~t a Charpy V-notch test program be conducted for the primary coolant 

pressure boundary ferritic bolting exceeding one inch in diameter to demonstrate 

that the bolting material (SA 540 823) has a minimum toughness of 25 mils lateral 

expansion and a 45 foot-pounds impact energy at the lower of either the preload 

temperature or the lowest service temperature. As a result, alternate methods for 

compliance with the specific requirement of Paragraph IV.A.4 of Appendix G were 

proposed by the applicants and an exemption was requested from the identified 

requirement. 

Subsequently, Paragraph IV.A.4 of Appendix G to 10 CFR Part 50 was revised (44 

Fed. ~ .. 55328, Sept. 28, 1979) such that this specific exemption is no longer 

necessary. We, therefore, find that Salem Unit 2 is now in full compliance with 

all of the requirements of Appendix G. We consider this matter to be resolved. 

Steam Generator Tube Integrity 

In Section 5.2.5 of Supplement No. 1 to the Safety Evaluation Report, we presented 

our evaluation of the applicants' measures for assuring steam generator tube 

integrity in Salem Unit 2. Our evaluation included the provisions for detecting 

degradation of tube wall integrity, should it occur. We concluded that those 

measures were acceptable. 

Subsequent to the issuance of Supplement No. 3 to the Safety Evaluation Report, we 

required additional measures, relating to secondary water chemistry, steam generator 

inspection ports and plugging of certain tubes, to further assure the integrity of 

the steam·generator tubes. Our evaluation of these measures is presented further 

below. 
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It should be noted.that the steam generators for Salem Unit 2 are of a design 

having carbon steel supporting plates with drilled flow holes. Steam generators 
of this design in operat~ng plants have experienced denting and cracking. 
Although an effective secondary water chemistry control program can reduce the 
rate of tube degradation, there is no assurance that a 40 year steam generator 
lifetime can be obtained. 

Although the possibiilty of tube cracking exists, we have concluded that, with the 

additional measures mentioned above and discussed further below, operati~n of the 
steam generators will not constitute an undue risk to the health and safety of the 

public for the following reasons: 

(1) Primary to secondary leakage rate limits, and associated surveillance require­

ments will be established to provide assurance that the occurrence of tube 

tracking during operation will be detected and appropriate corrective action, 

such as tube plugging, will be taken such that any individual crack present 

will not become unstable under normal operating, transient or accident 

conditions. 

(2) Augmented inservice inspection requirments and preventativ~ tube plugging 

criteria will be established to provide assurance that the great majority of 

degraded tubes will be identified and removed from service before leakage 

develops. 

Secondary Water Chemistry 

In a letter.dated July 31, 1979, we requested the applicants to implement a 

secondary water chemistry monitoring and control program that included the 
following: 

(1) Identification of a sampling schedule for the critical parameters and of 

control points for these parameters; 

(2) Identification, of the procedures used to measure the value of the critical 

parameters; 

(3} Identification of process sampling points; 

(4) Procedure for the recording and management of data; 

(5) Procedures defining corrective actions for off-control point chemistry 
conditions; and 

(6) A procedure identifying (a) the authority responsible for the interpretation 
of the data and (b) the sequence .and timing of administrative events required 

to initiate corrective action. 
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In a letter, dated December 6, 1979, the applicants stated that all volatile 
chemical treatment of secondary water systems for control of dissolved oxygen and 
corrosion of ferritic metals and copper alloys will be used. Chemical treatment 

along with operation of condensate polishing and steam generator blowdown systems 
and a maintenance program will be used to control the source of secondary 
contamination (raw water inleakage across the condenser tubes, and air inleakage 
into the system). A sampling and analyses program in conjunction with inline 
monitors will provide the means of detecting and correcting out-of-limit chemistry 

conditions. Procedures will be instituted to provide instructions for the prompt 

notification of responsible plant personnel of out-of-limit secondary system 

chemistry and the steps to be taken to correct the situation. Records will be 

kept and maintained pertaining to secondary water chemistry to be used for 

evaluating past conditions in relation to possible subsequeht operations. 

In a subsequent letter, dated March 14! 1980, the applicants stated that they will 

also monitor the steam condensate at the effluent of the condensate pump for the 

purpose of detecting condenser leakage~ When a condenser leak is confirmed, the 

leak will be repaired or plugged within 96 hours, in conformance with Branch 

Technical Position MTEB 5-3, "Monitoring of Secondary Side Water Chemistry in PWR 

Steam Generators." 

We have reviewed the applicants' submittals, as discussed above, and find the 

provisions for the secondary-water chemistry monitoring and control program to be 

acceptable. 

Inspection Ports 

• For some forms of steam ge·nerator degradation which have occurred, eddy current 

testing and tube gauging alone are not sufficient to assess and monitor tube and 

support plate degradation. In order to perform adequate assessment and monitoring 

of these areas, we require that inspection ports be installed. These ports should 

be installed just above the upper support plate and between the tubesh~et and the 

lower support plate and in line with the tube lane. 

Under the as low as is reasonably achievable concept, we are requesting that all 

possible steam generator modifications be made prior to the start o.f operations in 

·order to minimize personnel exposure. Based on experience obtained at the Surry 

Unit 1 facility (Docket No. 50-280), we have determined that these inspections 

ports can be installed in the four steam generators after start of operations at a 
personnel exposure of 10 man-rem. On this basis, we have determined that the 

level of exposure is not significant enough to justify the delay of the start-up 
of the plant to permit the installation of the inspection ports. 

However, since secondary side contamination w_ill increase as the operating time 
increases, we will require that these ports be installed prior to start-up after 
the first refueling. 

5-3 



5.2.6 

· Row 1 Steam Generator Tubes 

Experience has shown that the small bend radius of the Row 1 tubes in the steam 
generators of Westinghouse manufacture leads to early onset of :cracking. In order 
to forestall the need for early shutdowns due to leaking tubes, we require that 

I 

the Row 1 tubes in the Salem Unit·2 steam generators be plugged prior to exceeding 
five percent power since these tubes are the ones most susceptible to the develop­
ment of cracks. 

Steam Generator Head Cl addi 1ng 

Subsequent to the issuance of Supplement No. 3 to the Safety Evaluation Report, 
the applicants have provided information, by letter dated March 30, 1979, con­
cerning the discovery of meta'llurgical indications in the stainless steel cladding 
of the Salem Unit 2 steam generators. In this letter, the applicants concluded 
that, based on the metallurgical information obtained for the Unit 2 steam 
generators, surveillance of the Unit 2 steam generators was not required and that 
the most meaningful information could be derived from a continued ultrasonic 
inspection of th~ No. 14 steam generator cold leg in Unit 1. 

In a letter, dated April 23, 1979, we advised the applicants that we had evaluated 
their proposal and found it unacceptable because the crack indications of the 
Salem Unit 2 steam generator channel heads have increased in severity and extent 
during pre-operational testing. We further stated that we require that the 
applicants demonstrate the integrity of the Unit 2 channelheads by monitoring the 
cracks in Unit 2. 

' In a letter, dated July 19, 1979, the applicants stated that they will.monitor a 
selected area of the No. 21 steam generator channelhead in Unit 2 by ultrasonic 
examination. The area selected is in the lower portion of the cold leg (outlet) 
side of the No. 21 steam generator. This selection was made on the basis of a 
prominent interbead liquid penetrant indication between the outlet nozzle and the 
access manway. 

The applicants have developed an inspection pr,ogram such that a base line examina­
tion can be performed prior to startup of Salem Unit 2. In addition, the applicants 
have proposed a technical specification regarding an augmented inservice inspection 
program for the steam generator channelheads. The technical specification requires 
that the No. 21 steam generator ch'anne l head shall be ultrasonically inspected in a 
selected area during each of the first three refueling outages using the same 
ultrasonic inspection procedures and equipment used to generate the base line 
data. These inservice ultrasonic inspections shall verify that the cracks 
observed in the stainless steel cladding prior to operation have not propagated 

into the base material. 
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5.3 
5. 3. l 

We have reviewed the information submitted by the applicants related to· steam 
generator cladding cracking and have determined that the additional inspection 
required by the technical specification will serve t"o verify that the clad crack 
does not propagate into the base material and is, therefore, acceptable. 

Inservice Inspection Program 
Inservice Testing of Pumps and Valves 

In Supplement No. 3 to the Safety Evaluation Report we concluded that, subject to 
confirmatory documentation, the Salem Unit 2 inservice testing of Class 1, 2, and 
3 pumps and valves is acceptable. 

By letter dated January 4, 1979, the applicants submitted a description of their 
proposed inservice testing program for pumps and valves. The program includes 
both base line preservice testing and periodic in.service testing .. It provides for 
both functional testing_ of components in the operating state and for vis~al 
inspection for leaks and other signs _of degradati?n. 

The date of the applicants' construction permit (September 25, 1968) places this 
plant under 10 CFR 50.55a(g)(l), which permits compliance to the extent practical 
with later editions and addenda of Section XI of the American Society of Mechanical 
Engineers Boiler and Pressure Vessel Code. Since inservice testing requirements 
for pumps and valves were not included in the Code until the Summer 1973 addenda, 
well after the design of the plant was mostly complete, the applicants cannot in 
all cases meet the requirements of the 1974 Edition through the Summer 1975 
Addenda of Section XI, which they have optionally selected to meet, and have 
requested relief from certain Code requirements as discussed below. 

The applicants propose that the period for which the program is applicable be as 
follows: 

(1) From the issuance of the operating license to the start of facility commercial 
operation, the preservice and inservice testing of American Society of Mechani­
cal Engineers Code Class 1, 2, and 3 pumps and valves will be performed in 
accordance with Section XI, 1974 Edition through Summer 1975 Addenda; 

(2) Followfog ~he start of facility commercial operation, inservice testing of 
pumps and valves will then be performed in accordance with the American 
Society of Mechanical Engineers Section XI Code and applicable addenda as 
required by 10 CFR 50, Section 50.55a(g)(4). 

We have not completed our detailed review of the applicants' submittal. However, 
based on our preliminary review, we find that it is impractical within the limita­
tions of design, geometry, and accessibility for the applicants to meet certain of 
the American Society of Mechanical Engineers Code requirements. Imposition of 
those requirements would, in our view, result in hardships or unusual difficulties 
without a compensating increase in the level of quality or safety. Therefore, 
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pursuant to 10. CFR 50.55a(g)(l), the relief that the applicants have requested 
from pump and valve testing requirements of the American Society of Mechanical 
Engineers Code is granted for that portion of the initial 120 month period during 
which we complete our review. Since the applicants will comply with Section XI of 
the American Society of Mechanical Engineers Boiler and Pressure Vessel Code 
and/or the Technical Specifications, we find the Salem Unit 2 inservice testing 
program for pumps and valves to be acceptable. 
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6.2 
6. 2. l 

6.0 ENGINEERED S~FETY FEATUR~S 

Containment Systems 

Containment Functional Design 

In Supplement No. 3 to the Safety Evaluation Report, we stated that upon receipt 

of information related to subcompartment analysis, we would review the information 

and report our findings in a supplement to the Safety Evaluation Report. We also 

stated that we had not completed our review of the information provided by the 

applicants related to the main steam line break analysis. Our evaluation of these 

two matters is discussed below. 

Subcompartment Analysis 

In letters dated January 18, 1979 and March 6, 1979, the applicants provided an 

analysis of the pressure response of subcompartments inside the containment due to 

postulated high energy line breaks occurring in the reactor cavity and in the 

steam generator and pressurizer compartments. The applicants used the Westinghouse 

TMD code, with the non-augmented critical flow correlation and the compressibility 

factor "Y, 11 for the analysis. W~ have previously reviewed the TMD code as part of 
our evaluation of Topical Report WCAP-8077, "Ice Condenser Containment Pressure 

Transient Analysis Methods," and have concluded that the TMD code is an acceptable 

code for the evaluation of subcompartment transient response. Our evaluation of 

WCAP-8077 was presented in a letter to Westinghouse Electric Corporation, dated 

December 18, 1973. 

The blowdown rates from postulated primary system ruptures within containment 

subcompartments were calculated using the SATAN-V code. This code uses the 

modified Zaloudek correlation to calculate flow from the break when the fluid is 

subcooled and the Moody slip flow model is used when the bulk fluid is saturated. 

Stagnation conditions at the break are approximated by removing the momentum flux 

option from the SATAN-V code. This method is also documented in Topical Report 

WCAP-8312A, "Westinghouse Mass and Energy Release Data for Containment Design," 

which was approved by the NRC by letter, dated March 12, 1975. 

The applicants have performed nodalization sensitivity studies for analyses of the 
reactor cavity and steam generator compartments. These studies showed that the 

nodal volume averaged pressure changed insignificantly as the nodalization schemes 
were varied. We, therefore, conclude that the nodalization of the compartments is 
acceptable. 

The applicants have analyzed a spectrum of pipe breaks in the various subcompart­
ments, with the limiting break being a postulated double-ended pipe rupture in 
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each subcompartment. The design basis pipe break for the reactor cavity and steam 
generator subcompartments was a 100 square inch double-ended rupture, and for the 

pressurizer compartment was a double-ended surge line break. For all pipe breaks 
analyzed, the peak calculated differential pressure across a subcompartment wall 
(which is for a steam generator subcompartment) was 14 pounds per square inch. 

The design differential pressures across the subcompartment walls is substantially 
higher, with the minimum value being 19 pounds per square inch. 

·We have performed a confirmatory analysis of the applicants' 18 node subcompart­

ment model for the steam generator compartment in order to evaluate the applicants' 

analysis. Using the applicants' input data and the COMPARE computer program, we 

obtained similar results. Therefore, we conclude that the applicants' analysis 

was performed in a reasonably conservative manner, and that the applicants' 
analysis is acceptable. 

The applicants have also calculated the transient loads and moments acting on the 

reactor vessel, steam generators and reactor coolant pumps for use in the component 

supports design evaluations. The applicants have adequately justified the nodali­

zation of major flow restrictions within the subcompartments. Furthermore, as 

stated above, the previously approved Westinghouse TMD code was used in the analysis. 

We have reviewed the applicants' analysis and, in our judgment, an acceptable 

model has been developed for calculating asymmetric loads on components for use in 
I 

evaluating the design of the component supports. Upon resolution of our generic 

Task A-2, "Asymmetric LOCA Loads," we will further review the subcompartment 

analysis to determine whether the Salem Unit 2 design is affected by any analytical 

or design requirements resulting from the resolution of generic Task A-2. Our 

discussion regarding the design capability of the reactor vessel and steam 

generator supports is presented in Section 3.9. l of this report. 

Main Steam Line Break Analysis 

The applicants have analyzed a spectrum of main steam line break accidents to 

determine the containment pressure and temperature response. Various split breaks 

and double-ended ruptures at different power levels were postulated, assuming 

various single active failures. The Westinghouse.modified COCO computer code was 
used in the analysis. 

Mass and energy rel ease for a spectrum of steam l in~ breaks was. calculated using 
the MARVEL code described in Topical Report WCAP-8860, "Mass and Energy Release 

Following a Main Steam Line Break." This report is currently under review by us. 
On the basis of our review of this report to date, we conclude that there is 
reasonable assurance that the mass and energy release rates will not be appreciably 
altered by completion of the analytical review. 

The MARVEL code describes the primary and secondary systems of a pressurized water 
reactor including the power excursion which may occur in the core following a main 
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steam line break. The code calculates heat flow from the core and intact steam 
generators into the primary system, and heat flow from the primary system into the 
broken steam generator. The primary system heat flow produces additional steam 

which is added to the containment. It is assumed that the flow from the break 
contains no liquid entrainment so that the break flow is all steam.' This assump­
tion permits the secondary liquid to remain in the steam generator until it is 
boiled by the heat transferred from the primary system, and maximizes the energy 

release. The analysis includes additional steam from the intact steam generators 

before closure of the isolation valves and from the unisolated steam in the steam 
lines and turbine plant piping. Feedwater flow is added tb the affected steam 

generator based on the reduction in the discharge pressure calculated by the 

MARVEL code. No credit is taken for any feedwater flow reduction during the valve 

closure period. The unisolated feedwater mass is added to the steam generator 

inventory during the blowdown. On this basis, we have concluded that the mass and 

energy release data are acceptable for containment analysis of Salem Unit 2. 

The applicants have identified the worst case main steam line break accidents to 

be a 0.860 square foot split break at 102 percent of full power for peak containment 

pressure (42.8 pounds per square inch gauge) and a 0.908 square foot split break 

at 70 percent of full power for the limiting containment temperature response 

(350 degrees Fahrenheit peak calculated temperature). The peak calculated pressure 

is lower than that for the design basis loss-of-coolant accident (43.2 pounds per 

square inch gauge) and is lower than the containment design pressure (47 pounds per 

square inch gauge). 

For the above postulated pipe ruptures, the failure of an.emergency bus to be 

energized was assumed, which resulted in the loss of.one train of engineered 

safety features. For additional conservatism, feedwater addition to the affected 

steam generator was assumed to occur until the time of closure.of the outboard 
isolation valve. 

We have performed a confirmatory analysis of the 0.908 square foot main steam line 

break accident using the COMTEMPT-LT (MOD 26) computer code and the applicants' 

input data. The results of our analysis confirm the applicants' peak calculated 

temperature of 350 degrees Fahrenheit. Furthermore, the containment atmosphere 

temperature will remain above 300 degrees Fahrenheit for approximately three 

minutes. Therefore, we have determined that a temperature profile which remains 

above 300 degrees Fahrenheit for three minutes and &t 350 degrees Fahrenheit for 

at least one minute is acceptable for use in equipment qualification for the Salem 
Unit 2 plant. 

Based on our review of the applicants' main steam line break analysis and on our 
confirmatory analysis, we find the applicants' analysis to be acceptable. 
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6.2.3 

L 

Containment Isolation System 

Since the issuance of Supplement 3 to the Safety Evaluation Report, the applicants 
·provided additional information, by letters dated March 8, 1979 and October 5, 
1979, regarding the closure times and operability of the purge system and pressure­

vacuum relief system isolation valves under loss-of-coolant accident conditions. 

The purge system, consisting of two 36-inch diameter lines, is.designed to purge 

the containment atmosphere to improve personne 1 access. The pres·sure-va'cuum 

re~ief system, consisting of one ten-inch diameter line, is designed to maintain 

the containment pressure within a prescribed range. These systems will not be 

used continuously; i.e., the two 36-inch diameter lines will be valved closed 

during all plant operations except refueling and cold shutdown, and the 10-inch 

diameter valves will be aligned such that the maximum open position will correspond 

to 60 degrees open instead of the original 90 degrees open. The applicants state 

that this valve alignment will significantly reduce the required closing torque, 

with a 60 pounds per square inch pressure differential (which is higher, and 

therefore more conservative, than the calculated pressure differential during a 

postulated accident), to a value well below the allowable actuator torque. 

We have reviewed the purge system design for valve operability in the event of a 

postulated accident. On the basis of our review, we conclude that with regard to 

valve operability the design of the system is acceptab 1 e s i nee (1) the valves in 

the 36-inch diameter lines will be closed during all plant operations except for 

refueling and cold shutdown, (2) the valves in the 10-inch diameter line will be 

aligned such that the maximum open position corresponds to 60 degrees, and (3) the 

torque required to close the valves in the 10-inch diameter line, in the event of 

an accident, is well below the allowable actuator torque. 

We note that by letter, dated September 27, 1979 to all operating plants '(including 

Salem Unit 1), we have provided guidelines regarding demonstration of the long-term 

operability of containment purge valves, and requested that information be provided 

in response to these guidelines. In the event that our review of these responses 

results in any changes to our requirements, the resultant changes would be imposed 

on· Salem Unit 2 as appropriate. 

As stated in Sections 6.2.3 and 15.4 of Supplement No. 3 to the Safety Evaluation 

Report, we were concerned about the time required for accomplishing system isolation 

following a postulated loss-of-coolant accident. The purge and pressure-vacuum 
relief system isolation valves are designed to close in two seconds following 

receipt of a safety injection signal, high containment pressure signal, or high 

radiation signal. The applicants have informed us that the total isolation time 
will not exceed five seconds if initiated by a high containment pressure signal, 
or 10 seconds if initiated by a high radiation signal. 

The applicants have provided an analysis of the mass of steam released to the 
environs prior to purge system isolation following a loss-of-coolant accident (the 
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analysis assumed that the valves in the two 36-inch diameter lines were initially 
open prior to the accident), and have included this potential radiation source in 
the radiological analysis for the site.· Since the.valves in the 36~inch diameter 
lines are closed during operation arid.since the pressure-vacu~m reli~f.system 
consists of a single ten-inch diameter line, calculations of the mas~ release 
based on the two 36-inch diameter purge system lines will be more conservative. 

We have performed a confirmatory calculation of the mass release for the case 
where the high containment pressure signal (five pounds per square inch. gage) 
initiates v.alve closure. Assuining a five-second isolation time, we ... e§tfmate.a· 
steam release of about 6150 pounds. The release fci°r"t.hi-~ ·e~ent -i ~ greater than 

that calculated for the case where. only a high radiat1ori si°gnal 'initiates 'valve 
closure (assuming a 10-second isolation time) b~tause the driving pressure in the 
containment will be substantially higher for the. case of a high containment 
pressure signal. 

We have also performed an independent evaluation of the radiological consequences 
based on the above release to the environs. The results of our evaluation are 
reported in Section 15.4 of Supplement No. 3 to the Safety Evaluation Report. In 
Section 15.4 of Supplement No. 3, we state that the ~ombined loss-of-coolant 
accident do·se, including the. above purge, is calculated to be 70 rem_ thyroid and 
is within the guideline· values of 10 CFR Part 100. Our basis for finding accept­
able the operation of the pressure-vacuum relief system, as needed, during 
operating modes. requiring containment integrity, namely, ~tartup, power operation, 
hot standby or hot shutdown,' ,is that the combined loss-of-coolant acciqent dose is 
within the guideline values of 10 CFR'Part 100. 

We have reviewed the entire purge and pressure-vacuum relief sys~em against the 
guidelines of Branch Technical Position CSB 6-4, "Contaillment Purging During 
Normal .Plant Operation." We have determined that debris screens have been 
installed in conformance with these guidelines and that the system will isolate 
against containment pressure. 

The applicants have also provided information relating to the reset isolation of 
the actuation signal. for the pressure-vacuum relief system. In this regard, the· 
app 1 i cants state _the following: 

(1) The containment ventilation isolation circuitry has been modified to include 
an additiona.l safety injection input signal as part of the corrective action 
for the event identified in Salem Unit 1, Licensee Event ~eport 78-61. This 
signal is not included in the reset circuitry. Surveillance procedures will 
incorporate provisions to.test the operability of both safety injection· 
.inputs to th~ .containment ventilation isolation Circuitry. 
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6.2.5 

(2) The design will be revised to incorporate an alarm to indicate initiation of 

the containment purge and pressure-vacuum relief valve.reset circuitry with 

an automatic actuating. signa~ present. Operating procedures will be revised 

such that these valves will not be opened in an alarm condition, and will be 
: ; : . 

· · imm~·diatEilY ~l~sed if they are op~n upon receipt of an alarm. This reset 

~larm will b~ installed prior to exceeding five percent'power. 

We have reviewed these features of the reset circuitry and conclude that t~ey are 
: . h 1·· ' . • , 

acceptable since.they will prevent inadvertent reset of the containment isolation 

~· 

signal. 
. ' ~ ; 

On thidiasis of th~ ~hove. evaluations, we; conclude _t.hat the ~ontainment purge 

syste~: a~d pressure~vacuum relief system designs-satisfy the provisions of Branch 

technical Position CSB 6-4' and th~t- operation of the systems as proposed is 

"acceptable.' We consider this matter' resolved.· 

Containment Leakage Testing Program 
'_l •• •. 

In the Technical Specifications for Salem Unit 2, the applicants describe their 

proposed· lea'k 'testing p'r.~cedure for the containment airlocks, and. propose an 

. 'exempti~n from the as~~ciated requirement~ ot' Appe.ndix J to 10' CFR Part 50. Based 

'on our 'review. we find" the proposed 1 eak test 1ng procedures and the proposed 
exemption to Appendi~ j atc~ptable. The.rationale for our.finding acceptable the 

.applicants• proposed Jeak testing practices for the personnel airlocks and the 

proposed exemptio~ from the
1 'ass~ciated requirements of Appendix J to 10 CFR 50, is 

discussed b~low. 

'Appendi?< J to-·1o CFR 50 requires the-co~tainment pef'.sonnel airlocks· to be leak 
• • {; ' • ·~' • I ~ ' I : ' . . '• ' • '• • ' ~ 
tested at six-month intervals and after each opening quring such intervals 

(i II. i>. 2». · Appendi X J furthei · requ.i res that the test be cpnducted at the peak 

. ca iCul ated" contai nirierii internal pressure related to the design basis acc'i dent 

•.:· .. !) 

· , , , - I · - 'i - . i . · ~ . . :' · " . . ·(. t 

Considering that a full pressure' airlock test is to be performed· every six months, 

. 'it 'is our judgment that testing airlocks within three days after each opening or 

after the initi'a-1 op~ning in 'a seri~s of open.ings at the peak calculited containment 

internal pressure, as proposed by the applicants, will adequately demonstrate the 

conti ~u'fog integrity of the ai!rfock door seal S· such that the publ i C, heal th and 
. '' ,:r : tr ' • •, ' •" • • • , • •' < • ' " ' ! '1· " ' 

·safety will be ensured. The· effect on accident consequences ·of testing after each 

'"opE!nfr1g versus .te.sting ·within th~ee days of an openfng is. judged to be 'insign'ificant. 

Furtherni()~e, fr an a'irlock door seal is 'Cianiaged, it will be manifested during 
•.: testing'at' the, peak calculated. con't~inment intern.al pressure.· This iS an adequate 

demonstrati'on ·of co.ntinuing airlo~k integrity for the period between the six-month 
t~sts .... · ' 

We find that leak testing an airlock in the manner described above is an acceptable 

alternative to the requirements of Appendix.J. Accordingly, the proposed exemption 

from the requirements of Appendix J is acceptable. 



6.3 

6.3.3 

.. 
Emergency Core Cooling System 

Performance Evaluation 

.··· ... 

In S~ct.ion _6,:3.3 of Supplement No. 3 to t~e Safety Evaluation Report, we_ concluded 

that the emergen.cy core cooling .system performance conformed to the criteria of 10 
- ._·. 

CFR 50.46 and was acceptable. 

Subsequent to the.issuance of Supplement No. 3,· several issues were rais.ed (i.e., 
. • • • ·; ' .... ' ' • 1,l-

the capacity of the refueling water storage tank, th~ net'positive suction head 

for the emergency core cooling system pumps, the containment sump design, and 

switchover from the injection mode) all of which relate to the abil.ity to 

establish the recirculation P.hase of cooling in: the event of a loss-of-«;:oolant 
• ''. r • : • • -;:: ' 

accident. As a result we requested~. a.nd the applicants provided in several 

Our evaluation 

of these matters is presented below. 

letters, additional information- in order to resolve these issues. 
. }', 

Refueling Water Storage Tank Capacity 

At our request, the applicants.have provided analyses to demonstrate the adequacy 

of the reiuel i ng water sto~~ge t~nk capa~ity t~ s'l1pp ly wat~r to' the e~ergency core 

cooling system' pumps,· in th~ ,event o.f' a; 1~~s~of~co~lant a~cident, until. ~~mpletion 
of the swi tcho~er from 'the. ~ njec~ion: mode .. t.~\h~ 'reci rcul ati on mod~ of cooling. 

. . I . - • .:' . . . , . ~ . . . . .· ,_::~· : • . : ·. ·: . , • , . ' 

The Technical Specificatio~s for Sale~ .Unit 2 will requfre a minimum volume. of 
' . . . - - ' ••. - '' j•. • • ,. ,. : •' t ' • • - • • ~ • • : • • 

364,500 gallons of water in the reflieling water storage tank. Analyses based on 

'the Salem Unit 2 sump geometry indicate that about 217 ,000 gallbns of water are . 

needed to flood the contdinment sump t~ an elevation of .. 81 feet, 7 inches.which 
' . ·, . ,· . ~ .. . ' 

will provide adequate net.positive_ suction head to the emergency core_ cooling 
. . • - • • • r ~ , . : , - " , . - . ··' , . , 

system pumps from the sump lines (see.discussion further below). To accommodate ' . . . . . . . . - . 

this water volume for th~ s~mp ~nd consid~r1ng instrument errors, the applicants 
• ; : ·- ' .• . ~. ' . : .• . - . . . ' ! ... • . . : . . .• 

will specify a low level alarm for the .refueling water storage tank (to alert the 

operator to initiate the switchover pro~edure) at a level of 150,500 gallons . 

. When the .switchover procedure is initiated, the, applicants ~ave .calculated that ·an 
~dditicin~l 103,475 gallons of w~'ter would" be. dep.leted fro.m· the' ref~el.ing water 

. : . . ' . . ' ,. ~ . . 

storage tank to complete switchover for: ttie c.ase of all pumps operating. 
~ .. ' . 

l ' . . . 
A backup alarm will also be provided at a. water level of 119,000 gallons.· 

! : . . .. . . ,• . • 

Considering instrument error and unuseab.l e vo 1 ume in the refue 1 ing water storage 

1 
••. tank (d~e to the ~lev~tion- of th,ep~m~ su~ti~n piping inlet~), 108,300 gallons are 

available (as compared to th~ l03,4l5 gall~~s r~quired) in the~t~nk, whe~ the 
. b~ckup alar~ i

1

ev~l is reached, t~< compl~t~ the swit~ho~er w_ithout imp,airin~ the 
. ! . . . . '. .- .'-. ' ' ', .... '. 

net positive suction head to the pumps from the tank suction piping inlets. This 
•' • 1•' • I,• _' ' • , • ' ' 

amount of water has also been calculated to be sufficient to continue supp~ying 

the containment spray pumps. 

I, 
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The applicants have stated that the emergency core cooling system pump suction 
piping inlets from the refueling water storage tank are equipped with vortex 
suppression devices, which they have demonstrated to be effective in a pre-

. operational te5t. 

We have reviewed the capacity of the refueling water storage tank, including the 
low level alarm settings, the analyses that have been performed to demonstrate 
adequacy, and the vortex suppression· feature in the piping inlets. Based on our 

review, we conclude that the proposed water supply in the tank is adequate and, 
therefore, acceptable. 

Net Positive Suction Head 

At our request, the applicants have provided an analysis of the net positive 

suction head available to the emergency core cooling system pumps for a worst case 
condition. 

The worst case condition was identified to be two residual heat removal system 

pumps each running at 4800 gallons per minute while taking suction from the 

containment sump during the recirculation ~ode following a postulat~d loss-of­

coolant accident. This assumed pump capacity is conservative since discharge from 

the pumps would be limited to less than 4800 gal ions per minute by orificing which 

has been installed in the discharge lines. Other assumptions include saturation 

conditions for sump water at atmospheric pressure (14.7 pounds per square inch and 
212 degrees Fahrenheit) and that both outer and inner sump screens are 50 percent 

obstructed. Frictional head losses were calculated by using several standard. 

reference handbooks and the highest calculated loss was assumed.for each case. 

The applicants provided pump head curves from the pump manufacturer (Ingersoll-Rand 

Company) to show that their treatment of head losses is consistent with the 

manufacturer's· methodology in determining the required net positive suction head. 

The applicants also provided test results for both the No. 21 pump and the No. 22 

pump in the residual heat removal system to show that their respective flow rates 

(4600 gallons per minute and 4300 gallons per minute) are within that assumed in 

·the analysis (4800 gallons per minute). 

Using the above assumptions, the applicants have calculated the margin of excess 
net positive suction head to be 2.6 feet for a sump flooding elevation of 81 feet 

9 inches (and, hence, for th~ floodin~ elevation of 81 feet, 7 inches discussed 

above in the evaluation of refueling water storage tank capacity, the excess head 

would be 2.4 feet). 

We have reviewed the applicants' calculations and conclude that there is adequate 
net positive suction head for the emergency core cooling system pumps. 
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Containment Sump Design 

The sump screen design in the Salem Unit 2 containment sump incorporates vortex 
suppression techniques found to be effective in other pressurized water reactor 

·.designs. Because of the above consideration, there is reasonable assurance that, 
in the event of a loss-of-coolant accident, the Salem Unit 2 emergency core cooling 
system (i.e., residual heat removal system) pumps will function in the 

recirculation mode without damage due to air entrainment or vortices. 

However, we require that the applicants perform model tests to verify the adequacy 

of the Salem Unit 2 sump design. These confirmatory results, along with a descrip­

tion of any sump modifications resulting from the tests, must be submitted prior to 

startup fo 11 owing the first refueling outage. In response to our request, the 

applicants have committed to such testing and have provided their proposed test 

program. We have reviewed the applicants' proposed test program and find that 

addi'tional information is also needed for us to accept it. Specifically, we 

require the applicants to address the fa 11 owing ·areas: 

(1) a statement of the tests' objective to confirm the current design or to 

correct it, 

(2) identify the model scale, and 

(3) provide more definition of the range of test parameters and conditfons (i.e., 

the test matrix). 

We will require that the above information be provided within 90 days after 

issuance of a low power license. 

Switchover From Injection Mode to Recirculation Mode 

In Section 7.3.6 of Supplement No. 1 to the Safety Evaluation Report, we concluded 

that the manual switchover procedure provided for the Salem plant, for changeover 

from the injection mode to the recirculation mode, was acceptable. 

Subsequent to the issuance of Supplement No. 3 to the Safety Evaluation Report, we 

have reconsidered this matter and have established a requirement for Salem Unit 2 

to provide an engineered safety feature design for automatic switchover from the 

injection mode to the recirculation mode. We have also rereviewed the manual 

switchover procedure and conclude that the procedure continues to be acceptable 

for full power operation, until the automatic switchover feature is installed. 

The bases for this acceptance for the duration of the interim period are (1) a 
review of the applicants' analysis shows that there is time available for operator 
response in the manual mode and (2) the reduced likelihood of a loss-of-coolant 

accident during this time period. 
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We have informed the applicants of the above reconsideration and will require that, 
within 90 days after issuance of a low power license, the applicants submit the 
proposed conceptual design for automatic switchover, identifying each change, and 

a schedule for implementation. 
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7.2 
7'. 2. 2 

' 1 I ·~ ' 

7. 0 INSTRUMENTATION AND CONTROL. - .. '•< , .... 

Reactor Trip System 
Anticipated Transients Without Scram 

Background 

In a pressurized water reactor, the anticipated. transients which require prompt· 
action to shut down the reactor in order to avoid plant damage and possible offsite 
.effects can be classified in two groups: those that isolate the reactor from the 
heat sink, and those that do not. ·(A list of these transients is included in 
Appendix IV to Volume II of NUREG-0460, April 1978.) In general, the consequences 
of both of these types of events are an increase in reactor power or system pressure, 
or both. In Section 6.3 of·NUREG-0460, Volume I, potentially unacceptable conse-

· quences of anticipated transients without scram events.for pressurized water 
reactors of designs like Salem Unit 2 are indicated to include (1) pressure rises 
that could threaten the integrity of the reactor coolant pressure boundary,. 
(2) loss of core cooling, and (3) leakage of radioactive material from the 
facility. 

In NUREG-0460, we concluded that for plants which.fall within the envelope of the 
Westinghouse generic anticipated transient without scram analyses, the anticipated 
transient without scram acceptance criteria will'.not be violated if the actuation 
circuitry of turbine trip and· auxiliary feedwater systems which are relied upon to 
mitigate.anticipated transient without scram consequences are sufficiently reliable 
and are separate and diverse from the reactor protection system. Additionally, 
the functionability of valves required for long-term cooling following the 
postulated anticipated transient without scram events has to be demonstrated . 

. The NRC's Regulatory Requirements Review Committee has completed its review and 
concurred with our approach described in Volume 3 of NUREG-0460 insofar as it 

·applies to Salem Unit 2. We issued requests for the industry to supply generic 
analyses to confirm the anticipated transient without scram mitigation capability 
described in Volume 3 of NUREG-0460. The staff evaluation of these reports was 
issued for comment as NUREG-0460, Volume 4, in March 1980. 

We plan to:present our recommendations on anticipated transients without scram to 
the Commission in May 1980, including the recommendations for modifications con­
.tained in Volume 4 of NUREG-0460. The Commission would determine required 
modifications to resolve anticipated transient without scram concerns as well as 
th~ required schedule for implementation of such modifications. Salem Unit 2 
would, of course, be subject to the Commission decision in. this matter. 



., ... · ... 

The following discusses the bases for operation of Salem Unit 2 at power leveis 
not exceeding five percent while final resolution of anticipated trans.ients 
without scram is.before the Commission. 

In .NUREG-0460, Volume 3, we state: "The staff has maintained since 1973 (for 
example, see pages 69.and 70 of WASH-1270) and reaffirms today that the present 

-likelihood of severe consequences arising from an ATWS event is acceptably small 
and presently there is no undue risk to the public from ATWS. This conclusion is 
based on engineering judgment in view of: (a) the estimated arrival rate of 
anticipate~ .transients with potentially severe consequences in the event of scram 
failure; (b) the.favorable operating experience with curr~nt scram systems; and 
(c} th~ Hmited nuiiitier ·of ·operating reactors." 

In view of these considerations and our expectation that the necessary plant 
modifications will be implemented in one to four years following a Commission 
decision on anticipated transients without scram, we have generally concluded that 
pres~urized water plants ~an continue to operate because the risk from anticipated 
transi~nt without scram events in this time period is .acceptably small. As a 
~!'.ud~~t. course, fo..order to further reduce the risk from anticipated transient 
without scram events during the interim· period before completing the plant modi­
fications determined by the Commissfon to be necessary, we have required that the 
following steps be taken: 

(1) E~ergency procedures be developed to train operators· to recognize an antici­
·pated transient without scram event, including consideration of scram 
i.ndicators, rod position indicators, flux monitors, pressurizer level and 
pressure indicators, pressurizer relief valve and safety valve indicators, 
and any other alarms annunciated in the control room with emphasis on alarms 
. ' 
not_ processed through the electrical port ion of the reactor scram system. 

(2) Operators be trained to take actions in the event.of an. anticipated transient 
.without scram, including consideration of manually scramming the reactor by 
using the manual scram button, prompt actuation of the auxiliary feedwater 
system to assure delivery of the full capacity of this system, .and initiation 

· of turbine· trip. The operator should also be trained to initiate boration by 
actuati.on of the high pressure safety injection system to bring the plant to 
a safe shutdown condition. 

We consider these procedural requirements.an acceptable basis for interim opera-
. tion of. the Salem Unit 2 plant based on our understanding of the plant re.sponse to 
postulated anticipated transient without scram events. 

In response to our requirements on operator training and emergency procedures, the 
appl.icants submitted on March 14, 1980, emergency operating procedures for the 
postulated anticipated transient without scram events. 
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Although the proposed procedures need to be revised to be acceptable for full 

power operation, it is our judgment that the Salem Unit 2 plant may be operated at 

low power (less than or equal to five percent of full power) prior to completion 

of procedure modifications without undue risk to the health and safety of the 
public. Therefor~, we have concluded that the plant can be safely operated at low 

power prior to completion of this effort because of the expected plant response to 
relevant anticipated transient without scram events at power levels not exceeding 

five percent (see Task Action Plan A-9). 

7.9 Loss of Non-Class lE Instrumentation and Control Power System Bus During Operation 

On November 30, 1979, the Office of Inspection and Enforcement issue~ IE Bulletin 

No. 79-27, "Loss of Non-Class lE Instrumentation and Control Power ·system Bus 

During Operation," to all power reactor facilities with an operating license and 

to those nearing licensing. This bulletin outlined actions to be taken to address 

control system malfunctions and significant loss of information to the control 

room operator as a potential consequence of the loss of 120 Vac control power to 

these plant systems. Further, IE Information Notice No. 80-10, issued on March 7, 

1980, provided information relating to the Crystal River Unit 3 event of February 26,. 

1980, in which a significant loss of information to the operator resulted from a 

loss of power to a portion of the plant instrumentation system. 

At this time the applicants have not completed their review of this matter. 

However, the control and instrument systems for Westinghouse plants such as Salem 

Unit 2 utilize reactor protection measurements, with suitable is~lation.devices, 

for a large portion of the measurements used by the plant control systems. This 

arrangement provides an additional degree of redundancy in information available 

to the operator. Further, the number of control systems which would be placed in 

automatic control for plant operation up to five percent power would be signifi­

cantly reduced under this mode of operation, and therefore operation up to five 

percent power is acceptable. We will require resolution of this matter before 

operation above five percent power. 
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8.2 
8. 2. l 

8.2.2 

Offsite Power System · 
Grid Stability 

8.0 ELECTRiC POWER 

In Supplement No. 3 to the Safety Evaluation Report, we stated that insufficient 
information had been presented to substantiate whether the effects of disturbances on 

the grid are more severe during light load conditions or during the maximum projected 
seasonal peak load conditions. 

Since the issuance of Supplement No. 3 to the Safety Evaluation Report, the 
applicants have submitted information to support their contention that light load 
conditions, rather than peak load conditions, represent a more pessimistic state for 

evaluating transient stability of the electrical grid. The applicants listed three 
.major factors which result in light load conditions and which constitute a more 
severe test in terms of evaluating transient stability. These are: lower system 
inertia, higher system impedance and lower generator excitation. 

Based on our review of the applicants' results of the transient stability analysis 
for light load conditions, and on our discussions with the applicants on this subject 
as documented in our minutes of the meeting held on October 24-25, 1978, we conclude 
that there is reasonable assurance that the loss of the most critical· power source, 

load or inter-tie wil.l not affect stability of the Public Service Electric and Gas 
Company's grid or the ability to provide offsite power to the Salem station. This 

satisfies the criteria set forth in Section 8.2 of the Standard Review Plan and, 
therefore, is acceptable. 

Electrical Independence of the Offsite Power System 

We reported in Supplement No. 3 to the Safety Evaluation Report that, in the event of 

a loss of power to the offsite power transformer which feeds two emergency buses, the 
failure of a single relay in the control circuits of the in-feeder breakers con­
necting this transformer to the emergency buses will frustrate the transfer of two 
emergency buses to the other transformer. 

We also expressed concern in Supplement No. 3 to the Safety Evaluation Report about a 
failure in the automatic transferring scheme of the non-safety related group buses 
which may result in the simultaneous loss of both offsite power circuits and the 
capability to satisfy the delayed access offsite power circuit requirements. set forth 
in Criterion 17 of the General Design Criteria. We requested that the applicants 
perform an au~it of this aspect of the design and either demonstrate that the design 
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meets the requirements of Criteria 17 and 18 of the General Design Criteria, or 
modify the design accordingly. 

Furthermore, it was reported in Supplement No. 3 to the Safety Evaluation Report that 
a decision has not been reached with regar.d to whether the design of the automatic 
transfer of safety and non-safety buses from one transformer to the other conforms 
with Criterion 17 of the General Desig~ Criteria. 

Since the issuance of Supplement No. 3 to the Safety Evaluation Report, the 

.applicants have provided information which indicates that the failure of a single 
relay will only prevent the automatic transfer of -a single emergency bus (instead of 

two buses as originally reported) from one offsite power transformer to the other. 

Our review of this aspect of the design determined that there is an independent 

automatic transfer scheme associated with each of the three emergency buses. Thus., a 

single failure in one of the automatic transfer circuits _can only prevent the 

transferring of one bus from one transformer to the other. The transfer of at least 

one bus to the other transformer will assure that the minimum redundancy requir~d of 

the safety systems is maintained when the offsite power system is supplying power to 

the emergency buses. Based on our review of the design depicted in the electrical . 

diagrams, we could not find a failure which could frustrate the transfer of two 

emergency buses to the other transformer. Therefore, we conclude that this matter is 
of no further concern. 

With regard to the possibility of single failures. in the automatic transferring 

scheme of non-safety buses from the unit auxiliary transformer to the offsite power 
transformers, our review of the results of the audit performed by the applicants 

confirmed that the design of the automatic transferring scheme of non-safety buses is 

not vulnerable to single failures. The design of each pair of in-feeder breakers 

associated with each non-safety bus provides for two diverse, but not independent, 

interlocks to elim_inate the possiblity of having both breakers closed at the same 

time and, therefore, prevents the paralleling of the transformers. Although the two 

interlocks are not independent and a single failure can disable both of them, there 

are other features in the design independent of these interlocks which will assure 

that both breakers are not closed at the same time. Based on our review of the 

design depicted in the electrical diagrams, we could not postulate a failure which 

could lead to the simultaneous loss of both offsite power circuits or the loss of 
capability to satisfy the delayed access offsite power circuit requirements set forth 

in Criterion 17 of the General Design Criteria. Therefore, we consider this matter 

resolved. 

' 
In conclusion, the existing design for the offsite power system satisfies the criteria 

set forth in Section-8.2 of the Standard Review Plan which includes conformance with 
Criteria 17 and 18 of the General Design Criteria and, therefore, is acceptable. 
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8.3 Onsite Power Systems 

8.3. l Alternating Current Power Systems 

8.3.2 

(3) Diesel Gener~tor Protection Trips 

In Supplement No. 3 to the Safety Evaluation Report, we stated that the 
applicants had inadequately justified the non-conformance of the design with the 
positions set forth in Branch Technical Position ICSB (PSB) 17, ''Diesel Generator 
Protective Trip Circuit Bypasses" of Appendix 8-A of the Standard Review Plan. 
We required that the design of each protective trip in each diesel generator, 

·with the exception of engine overspeed and generator differential, be bypassed 

upon detection of an emergency situation or have at least two or more independent 
measurements of ea~h trip parameter with the trip logic requiring specific 
coincidence. 

The applicants have elected to bypass all the equipment protective trips 

associated with the engine and generator breaker of each diesel generator set 
except for the overspeed, primary and backup generator differential, four 

kilovolt bus differential and low oil pressure trips during loss of offsite 
power and accident conditions. The low oil pressure trip requires the 
coincidence actuation of two oil pressure switches to produce a trip. 

We have reviewed the design modifications and conclude that the design as 

depicted in the revised electrical diagrams satisfies the positions set forth in 
Branch Technical Position ICSB (PSB) 17 and, therefore, is acceptable. 

Direct Current Power Systems 

(3) 125 Volt Direct Current Onsite Emergency Power System, 230/115 Volt 

Alternating Current Vital System and 28 Volt Direct Current Vital System 
Interconnections 

In Supplement No. 3 to the Safety Evaluation Report, we stated that, with regard 
to the interconnections between redundant divisions· in the 125 volt direct 

current emergency power system and in the 28.volt direct current vital system, 

the applicants had not adequately demonstrated the capability of the design to 

withstand a fire event without the loss of capability to achieve cold shutdown. 
We also stated that the resolution of this issue would be pursued with the 
applicants during the fire hazards analysis review. 

In this regard as part of the fire hazards analysis review, we required the 
applicants to examine each interconnection within and between these systems and 
to either demonstrate the capability of the design to withstand a fire event 
without the loss of capability to achieve hot and cold shutdown, or modify the 
design accordingly. 
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8.3.4 

The applicants have elected to institute administrative controls that will 

preclude the two redundant and independent feeder breakers associated with each 

interconnection from being closed at the same time. Safety or non-safety loads 

associated with·each interconnection will receive power via one feeder breaker 

at :a time. ·1n our review of this matter, we have determined that having only 

one feeder breaker closed at a time will minimize the probability of a fire 
event at an interconnection from compromising the independence between ·redundant 

divisions. Thus, the capability for achieving hot and cold shutdown will be 

assured. We conclude that this issue has been satisfactorily resolved. 

In Supplement No. 3 to the Safety Evaluation Report, we stated that we required 

that design modifications be made in the 125 and 28 volt direct current systems . 

to prevent any two redundant divisions in each of these systems from being fed 

by battery chargers which receive input power from the same 230 volt alternating 

current bus, or that Technical Specifications limit the time during which these 

systems are fed by battery chargers which receive input from the same alter­

nating current bus. The applicants have selected the T~chnical Specifications 

approach in lieu of design modifications. This satisfies the stated requirement 

and, therefore, is acceptable. 

(4) Interconnection of the 125 Volt Direct Current Emergency Systems Between Units 

In Supplement No. 3 to the Safety Evaluation Report, we expressed concern about 

the interconnections of the 125 volt direct current emergency systems between 

units. We required that the applicants either demonstrate the capability of the 

interconnection design to withstand a fire event without the loss of capability 

to achieve cold shutdown in each unit, or modify it accordingly. 

The applicants have proposed to institute administrative controls that will 

assure that the two feeder breakers, associated with each interconnection and 

through which power is supplied·from either unit to· the interconnecting bus, 

will not be closed at the same time. In our review of this matter, we have 

determined that having only one feeder breaker closed at a time will minimize 

the probability of a fire event at an interconnection from compromizing the 

independence between .redundant divisions in each unit. Thus, the capability for 

achieving cold shutdown will be assured. We conclude that this issue has been 

satisfactorily resolved. 

Diesel Generator Reliability 

The reliability of the i nsta 11 ed di ese 1 generators has been demonstrated by 

performance of the preoperational testing specified in Regulatory Guide 1.108, 
"Periodic Testing of Diesel Generator Units Used as Onsite Electric Power Systems at 

Nuclear Power Plants." This includes performance of 69 consecutive start and load 

tests with zero failures, and a 24 hour full-load-carrying capability test. A 

continuing demonstration of reliability will be obtained by inclusion in the 

Technical Specifications of the periodic testing provision of Regulatory Guide 1.108. 
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8.4.7 

8.4.8 

in the design to provide an alternative capability to achieve hot and cold shutdown 

in the event a fire disables the normal capability for safe shutdown presently 

provided in the switchgear, relay, or main control rooms. Our findings and conclusions 

pertaining to these matters are included in our evaluation of ~he fire.protection 

program, which is attached as Appendix E to this supplement. 

Electrical Requirements Associated with the Seal Cooling Water for the Reactor 

Coolant Pumps 

In Supplement No. 3 to the Safety Evaluation Report, we stated that we had not been 

able to determine whether the control and motive power connections to the yalves in 

the component cooling water lines to the reactor coolant pump seals are physically 

and electrically independent of those connections to the valves in the chemical and 

volume control system lines to the reactor coolant pumpi seals. We required that the 

applicants perform an audit of the design to determine whether a single electrical 

failure could cause the loss of the two sources of cooling water to the reactor 

coolant pump seals. 

The valves in the component cooling water and chemical and volume control system 

lines ·to the reactor coolant pump seals receive motive an9 control power from three 

redundant and independent buses. The audit performed by the applicants indicates 

that the motive and control circuits of these valves have been distributed among 

these three buses in a manner that would preclude a single electrical failure from 

causing a total loss of.cooling water to any reactor
1
coolant pump. All these valves 

are normally open and capable of qeing operated manually from_ the control room. The 

valves in the supply and reiurn lines to and from the reactor coolant pu~p seals in 

the component cooling water system and chemical and volume system are used as contain­

ment isolation valves. The valves in the chemical and volume control system will be 

. automatically closed by a high containment pressure signal (referred to as Phase A 

containment isolation). - The valves in the compopent cooling water lines will 

automatically isolate the correspondent piping upon receipt of a high-high contain­

ment pressure signal (referred to as Phase B containment isolation). The Phase A and 

Phase B signals are considered independent of each other. 

We have reviewed the applicants' audit results· and verified that the design, as 

presented in the piping and instrument diagrams and electrical and logic diagrams, 

supports the applicants' findings in this regard. Based on ,our review of the design 

as depicted in the aforementioned diagrams, we could not postulate a single failure 

or spurious signal in the motive and control power supplies or in the manual and 

automatic isolation circuits associated with these valves which could result in the 

total lo.ss of cooling water· to the reactor cooling pumps. Therefore, we conclude 

that the design is acceptable, 

Environmental Qualification of Electrical Equipment 

In Supplement No. 3 to the Safety Evaluation Report, we identified.a number of open 

items on environmental qualification of safety relat~d Class lE equipment for which 
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additional information would be required. The applicants have submitted responses to 
our concerns by letters dated March 6, 8, 16, and 30, 1979, July 17, 1979, and 

August 28, 1979. The following pr'esents our evaluation of these open items. 

The applicants have calculated what the environmental conditions would be inside 
' ' 

containment following a design basis main steam line break accident. As discussed in 
Section 6.2.l of this report, we have performed a confirmatory analysis of the_ 

postulated accident using the applicants' input data. The results of this analysis 
indicate that the bounding equipment qualification temperature for equipment located 

inside containment is 350 degrees Fahrenheit at 43 pounds per square inch gauge 

mi.nimum. It was also determined that a temperature profile which remains at 350 degrees 

Fahrenheit for at least one minute and_ above 300 degrees Fahrenh.eit for three minutes, 

superimposed on the temperature profile for the loss-of-cool~nt accident, is accceptable 

for equipment qualifications for Salem Unit 2. The pressure and temperature profiles 

for the loss-of-coolant accident are given in Figures 7.5-4 and 7.5-5 respectively.of 

the Final Safety Analysis Report. Acceptable qualification for the loss-of-coolant 

accident radiation environment is 200 megarads. 

The results of our review of this information are summarized as follows: 

(1) Electrical Terminal Blocks 

The terminal blocks were irradiated to 200 megarads, assembled in their design 

ungasketed junction boxes, wired to 140 volt alternating current and direct 
current power sources (about 117 percent of design rating) and appropriate 

loads, and the assemblies were environmentally tested for the loss-of-coolant 

accident and main steam line break accident 'environments. The test profiles 

(except for the leading edge of the temperature-transient) enveloped the 

conditions of the loss-of-coolant accident and main steam line break environ­

ments including the above cited main steam line break qualification require­

ments, with margin. The fact that the leading edge of the test temperature 

transient reached the specified calculated temperature in 20 seconds instead of 

10 seconds is not considered signi.ficant in view of the overall margins included 

in the tests. These tests are documented in Conax Corporation Report No. IPS-400. 
We have reviewed the test data in this report and conclude that the environmental 

qualification of the terminal blocks for both loss-of-coolant accident and main 

steam line break conditions is acceptable. 

(2) Electrical Cables 

For cables not t~sted to the new main steam line break peak temperature, the 
applicants reported the results of a thermal analysis for cables in a tempera­
ture profile. which bounds the main steam line brea~ temperature profile. The 
results of this analysis indicated_ that the calculated peak surface temperature 
of the cable was 333 degrees Fahrenheit. This cable irradiated to a total 
dosage in excess of that encountered in a' main steam line break had previously 

been successfully tested to 340 degrees Fahrenheit for three hours. Since the 
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8.4 

8.4. 1 

To provide further assurance of the long term reliability of the diesel generators, 
the applicants have been requested to review the design with regard to the recom­
mendations of NUREG/CR 0660, "Enhancement of Onsite Emergency Diesel Generator 

· • Reliabilty, 11 and to report the conformance to or plans for implementation of these 
recommendations or justiciation for the exisiting design. In a letter dated 
February 14, 1980, the applicants provided the requested information. ;We will review 

·this·information prior to full power operation and require implementation of these 
recommendations as deemed necessary prior to the start of operation after the first 
refueling cycle, to assure long term reliability of the installed diesel generators. 

'Other Electrical Features and Requirements for Safety 

Offsite and Onsite Emergency Power Systems Interactions · 

(1) Position 1 - Second Level of Undervoltage Protection 

In Supplement No. 3 to the Safety Evaluation Report, we stated that we required 
the applicants to comply with this position by documenting their modified design 

and by committing to install the second level of unde'rvoltage protection prior 

to the first refueling outage. 

Since the issuance of Supplement No. 3 to the Safety Evaluation Report, the 
applicants have submitted revised electrical diagrams depicting how the second 
level of undervoltage protection will be implemented in the _existing design. 

Each of the three redundant and independent alternating current emergency buses 
will use an undervoltage relay in series with a timer to implement the second 

level of undervoltage protection. The output from the timer in each bus will be 
connected in para 11e1 with the output from first l eve 1 of undervo lt_age protec­
tion in that bus. The output from either of the two levels in each bus will 

energize three auxi 1 i ary re 1 ays. One auxi 1 i ary re 1 ay output from each bus wi 11 
be combined in a two-out-of-three matrix with its redundant counterparts from 

the other two buses. One of the three two-out-of-three matrices thus formed is 
assigned to each emergency bus. The output from the two-out-of-three matrices 

signifies that an undervoltage condition has occurred oh at least two buses. 

This intelligence is input to each of the three independent safeguards equipment 
controllers which will act to disconnect the offsite power sources from the 

emergency buses. 

We have reviewed the design modifications as depicted in the electr_ical diagrams 
and conclude that they satisfy this position and, therefore, are acceptable. 
Moreover, the applicants have committed to install the second level of under­
voltage protection during the first refueling outage. Our Office of Inspection 
and Enforcement will verify that the design modifications are implemented in 
accordance with our requirements. We conclude that this issue has been 
satisfactorily resolved. 
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8.4.3 

8.4.5 

Reactor Containment Electrical Penetrations 

In Supplement No. 3 to the Safety 'Evaluation Report, we stated that we required the 
applicants to either demonstrate that the penetration associated with each load is 
designed to sustain faults indefinitely without imparing the integrity of the 

penetration itself, or that the design provide for independent primary and backup 
protective relays and breakers to interrupt the fault current to the corresponding 
load within the specified time. 

The applic~nts have provided information which indicates that each containment 

electrical penetration circuit will be protected by independent primary and backup 

detecting and interrupting devices. The applicants have performed an integrity 

analysis of the electrical penetrations to verify the capability of each backup 

prot.ective device to interrupt the maximum avai'lable short circuit current prior to 

exceeding the thermal limits of the associated electrical penetration assembly. The 

results.of this analysis have demonstrated the capability of the backup protection 

devices to perform their intended function except for 12 circuits fed from 230 volt 

alternating current motor control centers. The applicants· have proposed to add a 

fuse in series with the primary device of each one of these 12 circuits to provide 

the backup protection required. Each fuse will be ~ocated in an independent 

compartment in the control center of the present primary device. 

The applicants have committed to implement these design modific~tions before com­

pletion of the first refueling outage. We do not anticipate any problems in the 
implementation of these design modifications and conclude that the design proposed 

is acceptable. Our Office of Inspection and Enforcement wi 11 verify t.hat the modi fi­

cat ions are implemented in accordance with our requi~ements. 

Based on our confirmatory review of the results of the applicants' integrity analysis 

of the electrical penetrations as depicted on fault current versus time curves, we 

conclude that the overall design of the electric penetrations as well as the proposed 

modifications satisfy our requirements and, therefore, are acceptable. These require­

ments are set forth in Criterion 50 of the General Design Criteria, as augmented by 

Institute of Electrical and Electronics Engineers Standard 317-1972, "Electrical 
I , 

Penetration Assemblies in Containment' Structures for Nuclear Power Generating 
Stations," and Regulatory Guide 1.63, "Electrical Penetration Assemblies in Containment 

Structures for Water-Cooled Nuclear Power Plants." 

Compliance with Regulatory Guide 1.75, "Physical Independence of Electrical 

Systems" (Revision l) 

In Supplement No. 3 to the Safety Evaluation Report, we· stated that we had not 
completed our review of the cable installation conformance with the recommendations 
of Regulatory Guide 1.75. The matters of minimum separation between redundant cable 
trays and flame tests performed to demonstrate the adequacy of the cable arrrangement 
were pursued during our review of the fire hazards analysis. As· a result of our review 
of these matters, the applicants have committed to make the necessary modifications 
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test temperature was higher than the calculated peak surface temperature, we 

conclude that the cable is qualified for the main steam line break environment. 

The applicants submitted Franklin Institute Research Laboratories Report 
No. F-C5115 to substantiate requalification for the loss-of-coolant accident 

environment for control and instrumentation cables manufactured by American 
Insulated Wire Corporation. Requalification was necessary because the prior 
testing had been performed on samples irradiated to only 100 megarads. The 

retesting was performed on both thermally aged and unaged samples with a total 

irradiated dose of 200 megarads. We have reviewed the test report and conclude 

that this cable is qualified for the loss-of-coolant accident environment. 

The applicants have also summarized (on Table Q7.30 of the Final Safety Analysis 

Report) the results of the environmental qualification of all vital electrical 

cable located in containment, including identification of the applicable 

documentation. On the basis of our review of this summary, and of the above 

cited additional information submitted, we conclude that the environmental 

qualification of all vital electrical cable located in containment for both 

loss-of-coolant accident and main ste9m line break conditions is acceptable. 

(3) Motor Operated Valves 

The applicants reported the results of a thermal analysis performed on 

Westinghouse supplied motor operated valves which are included in the Westing­
house requalification program. The analysis was performed using the same main 

steam line break temperature profile, model, assumptions and technique as discussed 

above for cables. The maximum surface temperature of the motor operated valves, 

limit sw.itch compartment was calculated to be 291 degrees Fahrenheit. We have 

also reviewed the environmental qualification test reports including the test 

data for these valve operators.· This information.substantiates qualification of 

this equipment to approximately 340 degrees Fahrenheit and 200 megarads. There­

fore, we conclude that these motor operated valves are qualified for both the 

loss-of-coolant ·accident and main steam line break environment. 

(4) Fan Cooler Motor 

We have reviewed the results of a thermal analysis performed on this equipment 

to demonstrate qualification for the main steam line break environment. We also 

compared these analysis results with those of the analysis performed on similar 

equipment in the Diablo Canyon Plant, Units l and 2 (Docket Nos. 50-275 and 

50-323). The results of the calculations demonstrated that the motor winding 
temperature (cooling air inlet plus winding temperature rise) will not exceed 

qualified levels for the winding hot spot temperature when the motor is subjected 
to the main steam line break environment. We conclude on the basis of this 

review, and on the basis of our prior review of test information·supporting 
qualification for the loss-of-coolant accident environment, that the.fan cooler 

motors are qualified for both the loss-of-coolant accident and main steam line 
break environment. 
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8.4.9 

On this basis of our evaluation as discussed above, we consider the matter of 

environmental qualification of electrical equipment to be resolved. 

Seismic Qualification of Electrical Equipment 

In Section 3. 10 of Supplement No. 3 to the Safety Evaluation Report, we stated that 
the adequacy of the seismic qualification program will be reviewed by the NRC seismic. 

qualification review team. Since the issuance of Supplement No. 3 to the Safety 

Evaluation Report, the seismic qualification review team has conducted an audit 
review of the equipment installation and seismic qualification documentation at the 

site. 

This section supplements Section 3.10 of this report where the overall subject of 

seismic qualification of Category I instrumentation and electrical equipment is 

discussed. This section presents the results of the audit review of the functional 

monitoring aspects of seismic qualification of electrical equipment: The records of 

the following items of electrical equipment were audited: (1) 460 and 230 volt 

ilternatin~ curr~~t ~ot6r c6~t~ol c~nters ~~d s~itthgear,· (2) five kilovoli alter­

nating current switchgear, (3) 125 volt direct current distribution cabinets and 

switchgear, (4) 28 and 125 volt batteries and chargers, (5) electrical penetrations, 

(6) vital instrument bus static inverters, and (7) diesel generator control cabinets. 

Our audit review at the site had found acceptable the qualification information with 

regard to the verification of the safety function d~ring and after seismic testing 
for the items listed above, with the exception of the 28 and 125 volt battery chargers 

and certain electrical protective relays associated with the five kilovolt switchgear 

and the diesel generator control cabinets. Subsequently, additional test information 

on these items was submitted for our review which confirmed the capability of this 

equipment to perform its safety function. Therefore, we conclude that the seismic 

qualification of the safety related electrical equipment is acceptable. 
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9.0 AUXILIARY AND EMERGENCY SYSTEMS 

9.4 Fuel Handling System 

In Section 9.4 of Supplement No. 3 to the Safety Evaluation Report, we stated that 

our review of the Salem Unit l license amendment change request to expand the spent 

fuel pool, which was still in progress, would determine the acceptability of the 
I 

proposed design changes for the Unit l and Unit 2 spent fuel pools. 
I 

Subsequent to the issuance of Supplement No. 3 to the Safety Evaluation Report, we 

completed our review of the expanded spent fu~l pool for Salem Unit l and determined 

that it is acceptable. Our evaluation of this matter is presented in Appendix D to 

this report. Based on our review of the modifications to the Unit l spent fuel pool 

and on the fact that the two fuel pools are identical, we conclude that the proposed 

modifications of the Unit 2 spent fuel pool are acceptable. 

9.7 Fire Protection System 

In Section 9.7 of Supplement No. 3 to the Safety Evaluation Report, we stated that 

the applicants had conducted a re-evaluation of their proposed fire protection system 

for Salem Nuclear Gener~ting Station, Units l and 2 ~nd that we were reviewing the 

applicants fire protection analysis in accordance with Appendix A to Branch Technical 

Position Auxiliary System Branch 9.5-1 (BTP ASB 9.5-1), "Guidelines for Fire Protection 

for Nuclear Plants." We also stated that our evaluation would be completed prior to 

a decision concerning the issuance of an operating license for Unit.2. 

We have now completed our review of the fire protection program and fire hazards 

analysis for Salem Units l and 2. As part of the review, we visited the plant site 

to examine the relationship of safety related components, systems, and structures in 

specific plant areas to both combustible materials and to associated fire detection 

and suppression systems. The overall objective of our review of the fire protection 

program was to ensure that in the event of a fire at either facility, Units 1 and 2 

would maintain the ability to safely shutdown, remain in a safe_ shutdown condition, 

and minimize the release of radioactivity to the environment. Our safety evaluation 

regarding this matter for both Units l and 2 was issued on November 20, 1979, and is 
attached as Appendix E to this report. 
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Our review included an evaluation of the automatic and manually operated water and 
gas fire suppression systems, the fire detection systems, fire barriers, fire doors 
and dampers, fire protection administrative controls, fire brigade training, and 
plant fire protection Technical Specifications. 

Our conclusion, as given in Section VII of Appendix E, is that the fire protection 
program for Salem Units l and 2 is adequate at the present time, and meets Criterion 3 
of the General Design Criteria. However, to further ensure the ability of the plant 
to withstand the damaging effects of fires that could occur, we are requiring, and 
the applicants have agreed to provide, additional fire protection system improvements. 
Until the commit~ed fire protection system improvements are operational, we consider 
the existing fire.detection and suppression systems; the existing barriers between 
fire areas, improved administrative procedures for control of combustibles and 
ignition sources, the trained onsite fire brigade, the capability to extinguish fires 
manually, and the fire protection Technical Specifications provide adequate protection 
against a fire that would threaten safe shutdown. These additional fire protection 
features will be completed for Unit 2 prior to completing its first refueling outage. 
The schedule for specific protection system improvements is presented in Table I of 
Appendix E. 
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12.0 RADIATION PROTECTION 

Subsequent to the issuance of Supplement No. ·3 to the Safety Evaluation Report, an 
evaluation of the Salem radiation protection organization, staffing and qualifica­
tions was performed by an NRC Health Physics Appraisal Team during the period of 
January 28 through February 8, 1980. As a result of this evaluation, the team made 
the following findings: 

(1) The majority of the radiation protection program for normaJ, off-normal and 
emergency situations was being implemented by contractor personnel, who 
constituted approximately 80 percent of the radiation protection staff. 

(2) Though contractor technician personnel in responsible positions had two years 
experience in radiation protection, as required by Regulatory Guide 1.8, 
"Personnel Selection and Training," none had formal training by the applicants 
(i.e. , Public Service Electric and Gas Company) or the contractor. 

·(3) Because of the transient nature of employment with contractor organizations, the 
average length of time that contractor technician and supervisory personnel were 
at Salem was six months. This resulted in the majority of the elements in the 
radiation protection program being implemented by personnel not forma.lly trained 
or retrained in radiation protection and who had limited experience and familiari­
zation with the facility, and led to a situation where essentially all of the 
technical and management expertise was vested in the Radiation Protection 
Manager (who is part of the applicants' organization). 

(4) There was no back-up for the Radiation Protection Manager to function in his 

absence. 

(5) The plant organization was set up so that the Supervisor, Chemistry and Health 
Physics (Radiation Protection Manager) reported through the Performance Engineer 
to the Station Manager, rather than directly to the Station Manager. 

In order to correct the above situation, the applicants have committed to actions to 
provide a permanent solution for staffing the radiation protection organization with 
applicant employees and to provide interim steps to assure that contractor personnel 
receive adequate training, and to assure that there is a back-up to the Radiation 
Protection Manager. 

The applicants have made long-term commitments to reorganize the radiation protection 
organization so that the staff can acquire training and experience in radiation 
protection in a shorter period of time than is required now. Currently these 
individuals rotate to assignments other than those in radiation protection, thus 
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extending the time necessary to become qualified. Elimination of rotation will allow 

applicant employees to become qualified to assume the duties now performed by 

contractor personnel. Because this reorganization may change the functions of 

technicians from chemistry, instrument and control, and radiation protection to 

solely radiation protection, the applicants must negotiate the changes with the 

technicians' union. The applicants have committed to provide to the NRC, by no later 

than July 1, 1980, the reorganization plan, including target dates. This reorganiza­

tion will be reviewed prior to issuance of a full power license. In addition, the 

applicants have committed to employ onsite an individual, with the qualifications 

specified in Regulatory Guide 1.8 for the Radiation Protection Manager, to function 

as a back-up to the Radiation Protection Manager. 

In the interim, the applicants have committed to provide all contractor radiation 

protection personnel a formal indoctrination program that will require such personnel 

to demonstrate their general radiation protection knowledge, to verify their 

accumulated working experience, and that will provide training in plant procedures 

and other site-specific information. The applicants will not allow contractor 

personnel to perform duties for which they have not been trained and quali"fied to the 

same standards applied to applicant personnel. In addition, the applicants have 

committed to include long-term contractor personnel in their annual technician 

retraining and requalification program. The applicants will stabilize the contractor 

supervisors in their positions by requiring that such individuals give 30 days notice 

prior to terminating their assignment at the Salem plant. Until an individual is 

selected as the onsite back-up to the Radiation Protection Manager, a qualified 

corporate health physicist has been assigned to maintain adequate communication with 

the Radiation Protection Manager to assure a working understanding of current station 

and personnel status so that the corporate health physicist can function as the 

Radiation Protection Manager in his extended absence. 

However, the proposed reorganization would maintain the Radiation Protection Manager 

reporting through the Performance Engineer to the Station Manager. The Draft Criteria 

for Utility Management and Technical Competence specifies that the Radiation 

Protection Manager should report directly to the Plant Manager. In addition, 

Regulatory Guide 8.8, "Information Relevant to Ensuring that Occupational Radiation 

Exposures at Nuclear Power Stations will be as Low as is Reasonably Achievable," 

states that the Radiation ~rotection Manager should have direct recourse to the Plant 

Manager in order to resolve questions related to the conduct of the radiation 

protection program. Therefore, we require that the Radiation Protection Manager 

have direct access to the Station Manager for matters of radiological health 

and safety dealing with policy determination, interpretation and implementation 

(based on the judgment of the Radiation Protection Manager). 

On the basis of our evaluation, and subject to the Radiation Protection Manager 

having direct access to the Plant Manager as discussed above, we conclude that the 

above actions will provide an acceptable radiation protection staff. 
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13.l 

13.1.1 

13.0 CONDUCT OF OPERATIONS 

Plant Organization, Staff Qualification and Training 
Training Programs 

All personnel licensed to operate Salem Unit 1 and applicants to be administered 

Salem Unit 2 examinations have received the following TMI-2 related training: 

(1) the TMI-2 accident; 

(2) the differences between Salem Unit 1 and Unit 2; 

(3) methods of hydrogen and void formation in the core; 

(4) methods of core heat removal including natural circulation fl-0w; and 

(5) training in the new vendor guidelines covering emergencies. 

Public Service Electric and Gas Company administered its own examination on TMI-2 

related subjects, plant modifications and procedure changes to all operators and 

senior operators licensed on Salem Unit 1. All personnel received 90 percent or 

greater on the initial examination or the reexamination. The test has been audited 

and the grading certified by NRC personnel. No deficiencies were noted. 

Public Service Electric and Gas Company has 19 operators who have applied for a 

license (ten senior operator applicants and nine operator applicants) to operate the 

controls of the Salem Unit 2. Of this group, eight hold senior reactor operator 

licenses and nine hold reactor operator licenses on Salem Unit l; the remaining two 

operators are applying for senior licenses on Salem Units 1 and 2. 

NRC examinations were administered to the ten senior operator and nine operator 

applicants during January and February 1980. The examinations were expanded in scope 

to cover thermodynamics, fluid flow and heat transfer. The passing grade was 80 

percent overall and no less than 70 percent in each category. All individuals, 

except one operator who terminated employment, were administered oral examinations. 

Eight applicants passed the senior operator examination and four passed the operator 

examination. All of the senior operators and reactor operators have previous operat­

ing experience on a commercial pressurized water reactor. The average operating 

experience for the senior operators is three years with a minimum of one and one half 
years of experience. The average operating experience for the reactor operators is 

two and one half years with a minimum of one year of experience. 
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13.2 

All the individuals meet the new requirements for issuance of licenses enumerated in 

the Action Plan and SECY-79-330E, "Qualificaton of Reactor Operators to Sit for a 

Cold Examination," except for administration of simulator examinations and separate 

categories for fluid flow, heat transfer and thermodynamics. The examinations were 

administered prior to the Commission's decision on implementation of SECY-79-330E, 

which requested implementation of the augmented requirements in the above areas as 

soon as possible. However, we find that the individuals involved have demonstrated 

sufficient knowledge and understanding in their examinations to conclude that they 

can operate the facility in a safe and competent manner. 

Based on the above examination results, the Salem plant has the following complement 

for operation of Units 1 and 2: 

Number 

8 

4 

22* 

15* 

Type of License 

Unit 1 and 2 Senior Operator Licenses 

Unit 1 and 2 Operator Licenses 

Unit 1 Senior Operator Licenses 

Unit 1 Operator Licenses 

Our shift manning requirements for two unit operation are discussed in Section I.A.1.3 

of Part II to this supplement. The number of licensed operators, shown above, for 

Salem Unit 2 is not sufficient to meet those requirements for operation in Mode 1, 2, 

3 or 4. Although the number is sufficient to load fuel on Unit 2, it is not 

sufficient to go critical. 

In Section 15.2.4 of this supplement, we present our evaluation of, and requirements 

for, testing in Mode 5 (cold shutdown) after fuel loading and before there is a 

sufficient number of licensed operators to go critical. 

We conclude that the Public Service Electric and Gas Company's training programs are 

designed to, and are progressing toward, producing individuals who are qualified to 

meet the upgraded requirements in SECY-79-330E.· 

Emergency Planning· 

In Section 13.2 of Supplement No. 3 to the Safety Evaluation Report, we stated that 

the applicants' Emergency Plans should be revised to provide for a General Emergency 

Class which is solely and directly associated with the Class 4 Emergency of the 

States of New Jersey and Delaware, and for which initiation of protective actions in 

at least the low population zone would be recommended by the applicants. We also 

stated that we require that the States Emergency Classes l, 2, and 3, which require 

*Two senior· operators and four operators licensed on Salem Unit 1 failed the Salem Unit 2 
examination: All the operators (including the senior operators) who 1ailed the Salem 

.unit 2 examination will not perform licensed duties at Salem Unit 1 until they have 
completed accelerated training in deficient areas and have been reexamined per the 
requirements of the Salem licensed operator requalification program. 
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various notifications and possibly not.ification for off-site assessment, fall' under 
the applicants• site or station emergency classes. 

In letters dated December 21, 1978 and January 8, 1979, the applicants provided 
revisions to thefr. Emergency Plans which conform satisfactorily to ciur requirements, 

" ', .. • . • • I • 

We find that these plans now conform fo the applicable staff positions of Regulatory 
Gui de 1. 101 ' Revision 1 ' II Emerge.ncy Planning ~or Nuc 1 ear Power Pl arts Ii . and Appendix E 
to 10 CFR Part 50,. and provide reasonable as!jurance that appr~priate measures c~n and. 
will be taken in the event of an emergency to protect the public health and safety 

. . 

and prevent damage to property. Our evaluation of the emergency plans for five 
percent .power and our requirements for full power operation ~re discussed in 
Section III. B. l of Part II to this supplement. 

)· 
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14.0 TEST .AND STARTUP PROGRAM 

In Section 14.0 of Supplement No. 3 to the Safety Evaluation Report, we concluded 
that the test program was acceptable with the following exceptions: 

(1) The applicants provided insufficient information for us to conclude that testing . 
would be conducted in accordance with Regulatory Gui de l. 41, 11 PreoperF1t i ona l 
Testing of Redundant Onsite Electric Power Systems to Verify Proper Load Group 
Assignments. 11 

(2) The applicants provided insufficient information for us to conclude that 
elimination of the turbine trip test from 100 percent power was justified. This 
test is addressed in Regulatory Guide 1.68, November 1973, 11 Preoperational and 
Initial Startup Test Programs for Water-Cooled Power Reactors. 11 

(3) The applicants provided insufficient information for us to conclude that 
preoperational testing would be conducted in accordance with Regulatory 
Guide l. 108, August 1977, 11 Periodic Testing of Diesel Generator Units Used as 
Onsite Electric Power Systems at Nuclear Power Plants. 11 

(4) The applicants provided insufficient information for us to conclude that testing 
would be conducted in accordance with Regulatory Guide 1.68.2, Revision l, July 
1978, 11 Initial Startup Test Program to Demonstrate Remote Shutdown Capability 
for Water-Cooled Nuclear Power Plants. 11 

In a letter dated. February 5, 1979 regarding these matters, the applicants provided 
the following additional information: 

· (1) With respect to Regulatory Guide 1.41, the applicants have committed to perform 
testing in accordance with this Regulatory Guide. 

(2) With respect to the turbine trip test, the applicants provided analyses of the 
turbine trip and the generator load reject events for Salem Unit 2. The analyses 
showed that the latter event would impose a more severe transient on the facility 
therefore eliminating the need for the turbine trip test. The basis for this 
conclusion is·that the generator load reject test that will be conducted will 
not resu.l t in a direct prompt reactor scram. The method used to initiate the 
opening of the generator output breakers will result in delayed reactor scram 
(approximately five to seven seconds). We have reviewed this information and 
other information provided by the applicants relating to the design of the 
turbine trip logic and generator trip logic. On the basis of our review, we 
conclude that the generator trip event would impose a more severe 
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plant transient and therefore conduct of the turbine trip test, which would 
cause a prompt reactor scram, is not necessary for this ·facility. 

(3) With respect. to Regulatory Guide 1.108, the applicants have committed to pre­
operationally test the diesel generators in accordance with this regulatory 
guide, except for positions C.2a(4) and C.2a(6). Position C.2a(4) recommends 
testing to verify the capability of the deisel generator to withstand a loss of 
the single largest load and total loss of load without exceeding design voltage 
levels and without initiating a.n overspeed trip. The applicants' prop_osed 
alternative for position C.2a(4) is to demonstrate total loss of load for·each 
diesel generator (opening of the generator output breaker) to assure t_hat design 

(4) 

.voltage levels are.no:t exceeded and to assure.that the diesel generator does not ',. ... ; . . ,, ... 

trip-on ~verspeed. ! We find this acceptable because the kilowatt loading of the 
.. diesel generator 1Prior to "!<he trip will .be iri excess of the total design · .. : . . ., 

emergency 1 oads and thus would i_mpose a niore severe test than the guide 
recommends. Position C.2a(6) recommends that testing be conducted to demon­
s.trate, live transfer of e111ergency loads from the diesel generators to offsitfi! 

.. :power so,urces .... Since the applicants' design will not permit live transfers, we 
. conc_lude,, th<!-t this.position is not applicable to Salem Unit 2. 

With res~ect to Re_gulat<;>r.Y Guide 1.68.2, .the applicants have committed to pre­
operationally test in accordance with this regulatory guide except for 
position C.4. Position C.4 rec.ommends that testing be conducted to demonstrate 
the ability to cool down the reactor from hot standby to a .cold shutdown condi- · 
tion from locations outside the main control room. The applicants have proposed 

. to develo~ a detailed procedure and to t.rial test the procedure prior to initial 
fuel 1oading. The applicants have also provided a summary of the cooldown 
procedure for our review. We have reviewed the· summary of the cool down 

_-,: .. ' - ·- . . . . 

procedure and con~l.ude ~that the .alternative proposed above J>rovides reasonable 
assurance that cooldown could be accomplished from outside the control room and 

. i ~- therefore. acceptab 1 ~·- · 
'~ . '. -

On the basis of our review as discussed above, we conclude that the initial test 
program·fqr tf:le Salem.Unit 2 is acceptable. 

In a: letter dated ._November 9; 1.979, the app 1 i cants proposed deferring some preopera­
t iona 1 .. tests. until after .~ue 1 1 oadi ng and, in two cases, unt i 1 after i ni·t i a 1 
criticality. ,.lif:le tests i.nclud~. testing of one main steam safety valve (prior to 
.initial c~itic;:~lity),, initi.al synchronization of the main .generator, and testing of 
three of six circulators in.the main.condenser for the circulating·water system 
(p:ior to exGeeding.50 percent_po~e~). 

We have reviewed the deferral-of preoperational tests proposed by the applicants in 
•, . 

their. le:tters. and find this proposal to be.acceptable provided_ th(lt_ the tests are 
conducted prior to the times indicated in the applicants' letters. The .basis for 
acceptance is that the deferra 1 will not affect the safe ope rat ion of the p 1 ant. 
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i5 .. 0 ACCIDENT ANALYSES 

15.1 General 

15.1.1 Normal Operation and Anticipated Oper~tional Transients · 

The analys'is methods for postulated tr~nsients andaccidents are normally reviewed in 

a· generic seii~e> In ·thi~· regard;· w~ have received submittals from Westinghouse f~r ·· 

the loss"."of-:coolant accident: mairi steanilirlebreak-accident, feedwater-line break 

accident; and rod ejectio~acd'dent• ·The description of the .co~p~ter·p~ogram~ ~sed 
in the analysis of these actiderits have also beeri submitted. 

The loss-of-coolant acC:ident and rod ejection accident reviews have been completed 

and the analy~is methods-were found ~cceptable. Our safety evaluation is documented 

in letters dated August 28, '1973 and, May 30~ 1.975. The steaml i ne and feedl i ne break 

reviews are presently underway. The status of the code reviews, as well' as the 

ongoing steam-line break ·and. feedline break reviews, are discussed be!ow:' 

(1) The following topical repo~ts ha~~ bee~ approved: 

(a) Wff-6 (WCAP-7980, 11 Reactor Transient Analysis Computer Program Description11 ) 
. . . . ' 

-- Approved' August 30, 1976 

(b) THINC IV (WCAP-7956, 11An Improved Program in Thermal and Hydraulic Analysis· 

·.~f Rod ·Bundle Cores 11
)""' Approved April 19, :J.,97~ 

(c) PHOENIX (WCAP-7973, 11 Calculation of Flow Coas1;down after Loss of Reactor 

Coolant Pump") - .Approved March 31, 1977 

(2) The LOFTRAN, FACTRAN, MARVEL and'BLKOUt code topical reportS.are·currently under 

review, by us. 'These anai.Ysis methods are .deseri,bed .in WCAP-7907 11 LOFTRAN. c'ode' 

, Destription·,;. wci\p..i7908 '11 FACTRAN ~·A FAtTRAN iv Code t~r Ther~al Transi~n1:s in· a·· 

uo2 Fuei 'Rod, 11 WACP-7909 iiMARVEL - A Digital Computer Code for,Transieni'Analysis 

of a Multi-Loop PWR.System, 11 and WCAP-7898 11 Long Term:Transient· Analysis Program 
' . ' - . \ 

· for Pr.es.suri zed Water Reactors (BLKOUT), 11 respectively. Our review of these 

' topical reports, has. progressed ~o the' point that ,there is 'reason;;ible assura~ce 
' that.the COl)Clusioris .based on 'th~se' analyses will not be appreciably alt~red by 

. .. . ' . .. . . . . . . . . . ', '• 

completion of the analyt iCa l rev'1 ew, and therefore that there wi 11 be no effect 

~n the decision to issue·an operating license. If the final approval of these 
' topical reports indicates that any rev1s1ons to the analyses are·required, Salem 

Unit 2 will be requ1red to implement the results of such changes. 
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15.2 
15.2.4 

(3). Main Steamline and Feedline Breaks - Westinghouse has·recently submitted topical 
reports which present its analysis methods and sensitivity studies for postu­
lated main steamline and feedline breaks. This information is contained in 
WCAP-9226, "Reactor·Core Response to Excessive Secondary Steam Releases," for 
steamline breaks and WCAP-9230, "Report on the Consequences of a Postulated Main 
Feedline Rupture," for feedline breaks. In addition, WCAP-9236, "NOTRUMP - A 
NODAL Transient Steam Generator and General Network Code," was submitted which 
discusses the NOTRUMP computer program. This code is used in the analyses of 
the postulated feedline breaks. Initially the review of these topical reports 
were scheduled for completion in late 1979. For the review of the steamline 
break topical report, we requested additional information from Westinghouse in 
September 1978, Westinghouse responded with answers to some of our questions in 
May 1979. In response to our inquiries, Westinghouse has attributed its failure 
to answer the balance of our questions to higher priority TMI-2 analyses 
requirements. 

We have previously accepted steamline and feedline break analyses described in 
plant applications {or pressurized water reactors designed by Westinghouse and 

·other reactor vendors. It has been our position that a more detailed account of 
analytical methods for steamline and feedline break is required from the vendors 
for generic review and that the outcome of this review would be applied to 
licensed reactors. Our generic review includes the performance of in-house 
audit calculations and calculations by technical assistance contractors. 

While our review of the above reports is not sufficiently advanced to provide com­
plete assurance that the Salem Unit 2 analysis methods are acceptable, it does 
provide evidence that substantial thermal margin exists under postulated steamline 
and feedline break accide~t conditions to preclude core damage leading to 
unacceptable consequences. Therefore, we conclude that the steamline and feedline 
break accident analyses for Salem Unit 2 are acceptable while our more detailed 
review continues. 

Our approval is predicated on the assumption that our generic review can proceed on a 
reasonable schedule. To assure that this occurs, we will require ·a timely response 
to our outstanding questions on the topical reports discussed above, and a commitment 
for prompt response to additional information requirements. The responses to out­
standing· questions and a commitment to provide a prompt response to additional 
information requirements should be provided prior to approval of a full power 
operating license, but it is not necessary that-the staff complete its review and 
issue an evaluation for these codes and analyses prior to approval of a full power 

\ 

operating license. 

Design Basis Accident Assumptions 
Boron Dilution Accident 

As discussed in Section 13.1.l of this supplement, the applicants currently do not 
have a sufficient number of reactor operators licensed on Salem Unit 2 to permit 
operation of Unit 2 in Mode 1, 2, 3 or 4. Therefore, until additional reactor 
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operators are licensed on Unit 2, the unit can not be operated beyond Mode 5 (cold 
shutdown). The number of licensed operators is sufficient to load fuel in the reactor 
but is not sufficient to go critical. 

The Technical Specification conditions for Mode 5 require an effective multiplication. 
factor of less than 0.99 and an· average coolant temperature equal to or less than 200 
degrees Fahrenheit. For Mode 6 (refueling), the Technical Specification require an 
effective multiplication factor equal to or less than 0.95 and an average coolant 
temperature e~ual to or less than 140 degrees Fahrenheit. The effective multiplication 
factor requirement for Mode 6 is assured by using reactor coolant having a boron 
concentration of 2000 parts per million. 

In order to perform tests on Salem Unit 2 in Mode 5 after fuel loading and before 
criticality, we require that the applicants maintain the reactor coolant system at 
the boron concentration level of Mode 6 (2000 parts per million). Although the 
control rods will not be removed, this boron concentration will insure that the 
effective multiplication factor will not exceed 0.95 with all the control rods 
removed. 

Should a boron. dilution accident start, the operator would have in excess of one hour 
to terminate deboration before the reactor becomes critical. In addition, there are 
several alarms on the borating system which would alert the operator to the condition. 
Furthermore, the source range instrumentation is .active and would provide a positive 
indication in the control ·room of any significant reduction in the coolant system 
boron concentration. We, therefore, conclude that this mode of operation provides 
adequate assurance that the reactor cannot inadvertantly be made critical. 
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17.0 QUALITY ASSURANCE 

17.1 General 

Our review of the quality assurance program description for the operations phase for 
Salem Unit 2 has verified that the criteria of Appendix B to 10 CFR Part 50 have been 
adequately addressed in Sections D.l, D.2, and D.5 of the Final Safety Analysis 
Report through Amendment 43. This determination of acceptability included a review 
of the list of safety related structures, systems, and components (Appendix C to the 
Final Safety Analysis Report) to which the quality assurance program applies. We 
have recently developed a revised procedure for conducting the Q-list review that 
involves other technical review branches within the Office of Nuclear Reactor Regula­
tion and significantly enhances the staff's confidence in the acceptability of 
Appendix C. Staff re-review of Appendix C using the revised procedure is presently 
underway and the results will be reported in a later supplement. This re-review is 
not considered to be of sufficient importance to require its completion prior to 
granting authority to load fuel and perform low power tests. 
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18.0 REVIEW BY THE ADVISORY COMMITTEE 
ON REACTOR SAFEGUARDS 

The Advisory Committee on Reactor Safeguards completed its·review of the application 
for the Salem Nuclear Generating Station, Unit 2 at its 226th meeting held on 

February 8-10, 1979. A copy of the Committee's report for Salem Unit 2, dated 
February 15, 1979 and revised on February 22, 1979, is attached as Appendix B. The 

actions we have taken or plan to take in response to these comments and 
recommendations are described in the following paragraphs: 

(1) The Committee stated that in its review of Salem Unit l and of the Hope Creek 

units at the same site, concern was expressed about the possibilities of 
accidents involving waterborne traffic on the Delaware River that might be of 

such nature as to affect the safety of the plants. The Committee further stated 
that it continues to be concerned about accidents of this nature and believes 
that the potential hazards should continue to be reviewed from time to time as 
local conditions may change and as the extent and reliability of the data base 
may be increased. 

As a result of an Atomic Safety and Licensing Appeal Board Decision, dated 

January 12, 1979, the Hope Creek construction permits (Docket Nos. 50-354 
and 50-355) have been amended to include conditions designed to ensure that we 

will be promptly alerted should circumstances arise which suggest that the risk 
from flammable gas clouds (resulting from river traffic accidents) may increase 
to unacceptable levels. Because of the close proximity of the Salem Units to 

Hope Creek Station, th~se monitoring and reporting requirements will provide 
information directly relevant to Salem Unit 2 and provide reasonable assurance 

that we will be made aware of any unfavorable developments in river 
transportation of flammable materials. 

In addition, the NRC's Office of Inspection and Enforcement reviews with 
licensees, on a three-year cycle, matters relating to changes that may have 
occurred in. the land use in the site vicinity (Inspection Procedure No. 30702B, 
July l, 1977). These include potential hazards from external sources. 

(2) The Committee recommended that the NRC staff establish criteria for the 
implementation of Regulatory Guide l. 97, "Instrumentation for Light-Water-Cooled 
Nuclear Power Plants to Assess Plant Conditions During and Following an 
Accident," as soon as practicable. The.committee believes that position C.3 of 
this guide should be implemented on Salem Unit 2 to the extent practicable. 
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As stated in Section l. l of Supplement 3 to· the Safety Evaluation Report, we 
have not yet established the criteria for implementation of the recommendations 
specified in Regulatory Guide 1.97. At such time as we determine guidance for 
implementation of this guide, it wi 11 be applied to Sal em Unit 2 to the extent 
practicable. This matter is further discussed in Section II.F.l of Part II to 

this supplement. 

(3) The Committee stated that with regard to· the generic items cited in the 
Committee's report, "Status of Generic Items Relating to Light-Water Reactors: 

·Report No. 6," dated November 15, 1977, those items considered relevant to Salem 
Unit 2 are: II-2, 3, 58, 6, 7, 9,. 10; l!A-2, 3, 4; IIB-2, IIC-1, 2, 3A, 38, 4, 
5, ~; IID-1, 2; IIE-1. These matters should be dealt with by the NRC staff and 

the.applicants, as appropriate, when solutions are found. 

Our discussion of generic matters identified by the Committee is presented i~ 
Appendix C to Supplement No. 3 to the Safety Evaluation Report. 
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21.0 FINANCIAL PROTECTION AND INDEMNITY REQUIREMENTS 

21.3 Operating License 

Supplement No. l to the Safety Evaluation Report addressed the financial protection 
and indemnity requirements for the Salem Nuclear Generating Station, Units l and 2. 

10 CFR Part 140, "Financial Protection Requirements and Inde.mnity Agreements," has 
been amended to increase the amount of primary financial protection required for 
facilities.having a rated capacity of 100 electrical megawatts or more from 

$140 million to $160 million. (44 Fed. Reg. 20632, April 6, 1979.) Thi~ amendment 
became effective May 1, 1979. 

On the basis of the above considerations and those identified in our Safety Evaluation 
Report and Suppl~ment No. l thereto, we conclud~ that·the presently applicable require­
ments of 10 CFR Pa~t 140 have been satisfied and that prior to issuance of the operating 
license for Salem Unit 2, the applicants will be required to comply with all of the 
provisions of 10 CFR Part 140 applicable to operating licenses, including those as to 
proof of financial protection in the requisite amount and as to execution of an 
appropriate indemnity· agreement with the Commission. 
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December 15, 1978 

December 18, 1978 

December 21, 1978 

December 21, 1978 

December 29, 1978 

January 4, 1979 

January 4, 1979 

January 4, 1979 

.January 8, 1979 

January 12, 1979 

January 12, 1979 

APPENDIX A 

CONTINUATION OF CHRONOLOGY OF RADIOLOGICAL REVIEW 
OF SALEM NUCLEAR GENERATING STATION, UNIT 2 

Letter to applicant requesting additional information - Auxiliary 
Systems Branch, fire protection positions .. 

Letter from applicant transmitting responses to NRC 
Questions 1.48, 5.96, 5.JlO and 14.28. 

Representatives from PSE&G and the NRC met in Bethesda, Maryland 
to discuss S&lem Unit 2 fire protection program. (Summary of 
Meeting issued January 4, 1979). 

Letter from applicant transmitting responses to NRC 
Questions 1.41, 5.108, 7.29, 12.23, 14.26 and revised portions of 
FSAR Section 12.9. 

Issuance of Supplement No. 3 to the Salem Safety Evaluation 
Report. 

Letter from applicant transmitting the Inservice Testing Program 
for pumps and valves. 

Letter from applicant transmitting responses to NRC 
Questions ·7.35, 9.59, 13.9(a), 13.9(b}, 13.9(c) and 13.9(d). 

Summary of December 21, 1978 meeting held with applicant 
concerning fire protection program. 

Letter from applicant respondi~g to NRC questions related to 
emergency action levels. 

Letter to applicant transmitting copies of Supplement No. 3 to 
the Salem Safety Evaluation Report. 

Westinghouse letter transmitting a report entitled, 11 Fuel Grid 
Impact Loads for Salem Unit No. 211 on Salem Unit 2 docket and 
requesting that it be withheld from public disclosure as 
proprietary. 
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January 18, 1979 

January 19, 1979 

January 22, 1979 

January 22, 1979 

January 29, 1979 

January 31, 1979 

February 5, 1979 

February 6, 1979 

February 12, 1979 

February 13, 1979 

February 13, 1979 

February 14, 1979 

February 15, 1979 

February 22, 1979 

February 26, 1979 

February 26, 1979 

Letter from applicant transmitting responses to NRC 
Questions 4.38, 5.96, 5.110, 13.9, and on quality assurance and 
subcompartment analysis. 

Letter to applicant requesting additional information - ·Auxiliary 
Systems Branch. 

Letter to applicant withholding proprietary material from public 
disclosure - AW._78-84 and AW-77-27 - a .report entitled "Dynamic 

Analysis.of the Reactor Coolant System for Loss of Coolant 
Accidents: Salem Nuclear Generating Station, I and II". 

Letter to applicant withholding proprietary material from public· 
disclosure - Tables 5.62 and 5.82 - CAW-78-81 and AW-76-29. 

Summary of January 24, 1979 ACRS Subcommittee Meeting. 

NRC and PSE&G representatives met at the Salem Unit No. 2 site to 
discuss fire protection program. 

Letter from applicant transmitting responses to NRC 
Question 13.9. 

Letter from applicant transmitti~g the response to NRC 
Question 5.9. 

Letter from applicant concerning a.request for exemption -
10 CFR 50, Appendix G. 

Summary of February 8, 1979 ACRS .Committee Meeting. 

.. 

Letter from applicant concerning request for deferment for 

incomplete items. 

Letter to applicant concerning Contents of the Offsite Dose 
C~lculation Manual. 

ACRS Report on Salem Nuclear Generating Station, Unit 2. ' 

Revision to ACRS letter on Salem. The ACRS forwarded a new 
page 3. 

Letter to applicant transmitting .the ACRS Report to utility. 

Letter to applicant withholding from public disclosure a report 
entitled "Fuel Grid Impact Loads for Salem Unit No. 2". 
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February 26-28, 1979 

March l, 1979 

.March 2, 1979 

March 2, 1979 

March 5, 1979 

March 6, 1979 

March 6, 1979 

March 8, 1979 

March 16, 1979 

March 19, 1979 

March 23, 1979 

March 28, 1979 

March 29, 1979 

Representatives from NRC visit the Salem Unit 2 site to discuss 

seismic qualification of safety related equipment and to perform 
site audit. 

Letter to applicant transmitting a revised page 3 to the ACRS 
Report o~ Salem Unit No. 2. 

Generic letter to applicant transmitting NUREG-0523, "Summary of 
Operating Experience with Recirculating Steam Generators." 

Letter from applicant transmitting responses to NRC requests for 

additional information on fire protection. 

Representatives from NRC and PSE&G met in Bethesda, Maryland to 

discuss Salem Unit 2 Technical Specifications. (Meeting Summary 

dated March 7, 1979) 

Letter from applicant transmitting responses to NRC requests for 

additional information regarding sufficient auxiliary feedwater 

in the event of a tornado missile strike. 

Letter from applicant transmitting a report entitled, "Evaluation 

of the Reactor Coolant System Considering Subcompartment 

Pressurization Following a LOCA for Salem Units No. l and 2." 

Letter from applicant transmitting updated responses to requests 

for additional information (Questions 5.66 and 7.32). 

Letter from applicant transmitting responses to the environmental 

qualification items listed in Section 8.48 of Supplement No. 3 to 

the Safety Evaluation Report. 

Letter from applicant transmitting Contingency Plan for Salem 

Nuclear Generating Station, Units l & 2. 

Letter from applicant transmitting responses to questions 

concerning seismic qualification. 

Letter from applicant concerning request for deferment for 

incomplete items. 

Letter from applicant transmitting additional information in the 
form of revised pages to its report "Evaluation of the Reactor 
Coofant System Considering Subcompartment Pressurization 

Following a LOCA for Salem Units l and 2." 
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March 30; 1979 

March 30, 1979 

April 11, 1979 

April 11, 1979 

April 11, 1979 

April 23, 1979 

April 23, 1979 

April 24, 1979 

April 24, 1979 

April 30, 1979 

May 1, 1979 

May 2, 1979 

May 3, 1979 

May 4, 1979 

Letter from appltcant transmitting .responses to NRC 
Questions 7.29 (seismic qualification), 7.30 (equipment 
qualification), 8.4.8(4) (qualification of fan cooler motor), 
Position 40 (fire protection) and Question 14.31. 

Letter from applicant requestion extension of construction 
completion date for Unit No. 2, Construction Permit CPPR-53. The 
completion date expires on May 1, 1979 and the_ applicant requests 

an extension to August 1, 1979. 

Letter from applicant transmitting responses to the seismic 
qualification data for electrical, instrumentation and mechanical 

components. 

Letter from applicant transmitting a revised response to NRC 
Question 13.9 part (d) related to remote shutdown capability. 

i Letter from.applicant transmitting additional information related 
to the seismic qualification of the 600 volt switchgear. 

Letter to applicant concerning channelhead cracking. 

Letter from applicant transmitting a revision to the radiation 

monitoring system. 

Letter .from applicant transmitting a report entitled "Structural 

Integrity Test of Containment." 

Letter from applicant concerning· valve weights used in seismic 

analysis. 

Letter from applicant transmitting the 1978 Annual Report for 

Salem Units 1 and 2. 

Letter to applicant requesting additional information with 
respect to extension of the construction completion date for 

Salem Unit 2. 

Letter from app 1 i ca·nt transmitting Genera 1 Electric' s supp 1 ement 
test data related to the SKV switchgear relays 12HFA51A42F, 

12IAC66B6A and 12IAV74AlA. 

App 1 i cant transmits the amended Sa·l em security p 1 an. 

Letter from applicant concerning the deferment of incomplete 

items. 
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May 9, 1979 

May 15, 1979 

May 17, 1979 

May 23, 1979 

May 23, 1979 

May 30, 1979 

June 1, 1979 

June 13, 1979 

June 14, 1979 

June 19, 1979 

June 25, 1979 

June 27, 1979 

June 28, 1979 

July 6, 1979 

Representatives from NRC and PSE&G met in Bethesda, Maryland to 
discuss the seismic qualification program. (Summary of meeting 
issued June l, 1979). 

Letter from applicant concerning rod drop analysis. 

Letter from applicant transmitting responses regarding the NPSH 
for the RHR pumps. 

Letter from applicant transmitting excerpts from Wyle 
Labor~tories Seismic Qualification Test Report Nos. 43815-1 and 
44079-1, which are applicable to Salem's 600 volt switchgear. 

Letter from applicant transmitting responses to information 

requested and a steam generator schematic diagram. 

Letter from applicant advising that construction and 
preoperational testing of Unit 2 has been substantially completed 
and that the unit is ready for initial fuel loading, testing and 
operating. 

Letter to applicant concerning instrumentation qualification 
(request for additional information). 

Letter to applicant concerning preoperational testing of Salem 
Unit 2. 

Representatives from PSE&G and NRC met in Bethesda, Maryland to 

discuss Salem Unit 2 steam generator cladding. (Summary of 

meeting issued June 26, ~979.) 

Letter from applicant transmitting $1200 for the fee for 

construction extension of Salem Unit 2. 

Letter from applicant concerning the delay in licensing of Salem , 

Unit 2. 

Representatives from PSE&G and NRC met in Bethesda, Maryland to 
discuss the lessons learned from the TMI accident and its impact 
on the issuance of an operating license for Salem Unit 2. (Summary 
of meeting issued July 10, 1979) . 

. Letter from applicant transmitting additfonal informatipn in 
support of a request for extension of Construction Permit 
No. CPPR-53. 

Letter from applicant transmitting listings of items including 
pre-operational tests. 
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July 13, 1979 

July 16, 1979 

\ 

July 17, 1979. 

July 18, 1979 

July 19, · 1979 

July 23, 1979 

July 25, 1979 

July 30, 1979 

July 31, 1979 

August 7, 1979 

August 7, 1979 

August 16, 1979 

August 17, 1979 

August 17, 1979 

Letter from applicant concerning rod drop analysis. 

Letter from applicant transmitting responses to the seismic 
qualification data for ele~trical, instrumentation and mechanical 

components. 

Letter from applicant trans.mitt i ng copies of the Con ax 
Environmental Qualification Test Report on Electrical Terminal 
Blocks. 

Letter from applicant transmitting updated listings of items 
including pre-operational tests which may not be complete until 
after initial fuel loading. This ~nformation updates the 

transmittal of July 6, 1979. 

Letter from applicant concerning the steam generator channel head 

in5pection. 

Letter to applicant c.oncerning IE Bulleting No. 79-07, "Seismic 
Stress Analysis of Safety Related Equipment". 

Representatives from PSE&G and NRC met in Bethesda, Maryland to 
disucss the ACRS Subcommittee meeting regarding the Three Mile 
Island Accident as it relates to Salem Unit 2. (Summary of 
meeting issued August 1, 1979.) 

Letter to applicant concerning a request for additional 
information for the review of the Salem Unit 2 FSAR. 

Letter to applicant concerning secondary che~istry control. 

Letter from applicant con~rni ng IE- Bull et in No. 79-07 and 
schedule for reevaluation of Salem Unit 2. 

Letter from applicant transmitting a report - Franklin Research 
· Center Envi ronmenta.l Qualification Test Report for El ectri cal 

Cables (American Insulated Wire). 

Letter from applicant c9ncerning security training and 
qualjfication plan. 

Representatives ·from NRC and PSE&G met in Bethesda, Maryland to 
discuss matters regarding IE Bulletin No. 79-02. 

Letter to applicant concerning Interim Actions Needed for Plant 
Operation Pending Final Resolution of ATWS. 
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August 22, 1979 

August 28, 1979 

August 28, 1979 

August 28, 1979 

August 31, 1979 

September 7, 1979 

September 21, 1979 

September 28, 1979 

October 4, 1979 

October 10, 1979 

October 11, 1979 

· October 12, 1979 

October 12, 1979 

October 17, 1979 

October 18, 1979 

October 19, 1979 

Letter to applicant requesting additional information -
engineered safety features. 

Letter from applicant responding to NRC Question 3.13, concerning 
fuel assembly .grid strap damage. 

Letter from applicant responding to a request for supplemental 
information - Section 8.4.8, Item 2 of Supplement 3 to.the Safety 
,Evaluation Report. 

Letter from applicant concerning proposed license condition on 
secpndary water chemistry control. 

Letter to applicant requesting additional information on the FSAR 
(Question 4.39). 

Letter to applicant requesting additional information on 
Section 3.0 of the FSAR. 

Letter to applicant requesting additional information on. 
Section 5.0 of the FSAR. 

Letter to applicant requesting additional information on the 
FSAR. 

Letter from applicant responding to additional information 
concerning RHR pumps. 

Lette~ from applicant concerning Adequacy of Station Electric 
Distribution System Voltages. 

Letter to applicant concerning environmental qualification ~f 
Class lE instrumentation and electrical equipment. 

·Letter to applicant concerning an assessment of the Salem Unit 2 
containment sump. 

Letter from·applicant transmitting responses to Short Term 
Lessons Learned and Emergency Preparedness. 

Letter to applicant concerning ATWS. 

Letter to applicant concerning environmental qualification of 
reactor coolant temperature detectors and containment pressure 
transmitters. 

Letter to· applicant requesting additional information - NPSH 
requirements for RHR pumps. 
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October 22, 1979 

October 23, 1S,l79 

October 23, 1979 

October 23, 1979 

November 6, 1979 

November 8, 1979 

November 8, 1979 

November 9, 1979 

November 19, 1979 

November 20, 1979 

November 21, 1979 

November 23, 1979 

November 26, 1979 

November 29, 1979 

December 11, 1979 

Lett~r from applicant concerning response to request for 
additional information on steam generator level measurement 
errors. 

Letter to applicant transmitting an Order extending the 
construction completion date for Salem Unit 2 to May 1, 1980. 

Letter from applicant concerning evaluation of potential 
malfunctions due to high-energy line breaks. 

Letter from applicant concerning a request for additional 
information -environmental qualification of instrumentation. 

Letter from applicant concerning emergency instructjons. 

Letter from applicant concerning responses to NRC questions 
regarding refueling water storage tank capacity. 

Letter from applicant concerning containment purge and 
pressure-vacuum relief valves. 

Letter from applicant concerning revised request for deferment on 
incomplete items. 

Letter from applicant concerning an updated emergency plan. 

Representatives from Sequoyah, Diablo Canyon, Salem & North Anna 
met with NRC representatives in Bethesda, Maryland to discuss the 
auxiliary feedwater system requirements. 

Letter to applicant concerning upgraded emergency plans. 

Letter to applicant concerning proposed Revision 2 to Regulatory 
Guide 1.97 "Instrumentation for Light-Water-Cooled Nuclear Power 
Plants to Assess. Plant and Environs Condition~ During and 
Following an Accident." 

Letter from applicant concerning Lessons Learned Short Term 
Requirements. 

Letter to applicant concerning separation of electrical equipment 
and systems at nuclear power plants. 

Representatives from PSE&G and NRC met in Bethesda, Maryland to 
discuss matte_rs regarding Lessons Learned Task Force recommen-
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December 13, 1979 

December 14, 1979 

December 21, 1979 

December 21, 1979 

December 26, 1979 

January 4, 1980 

January 4, 1980 

January 8, 1980 

January 9, 1980 

January 10-11, 1980 

January 11, 1980 

January 15, 1980 

January 31, 1980 

January 31, 1980 

dations as they relate to Salem. (Summary of.meeting issued 
December 17, 1979.) 

Representatives from Salem, North Anna, Diablo Canyon, Sequoyah, 
McGuire, Farley, Summer, San Onofre and Watts Bar met with NRC 
representatives in Bethesda, Maryland to discuss draft Revision 2 
to Regulatory Guide 1.97. (Summary ~f meeting issued January 11, 
1980.) 

Letter to applicant concerning implementation of the recommenda­
tions of NUREG-0660, "Enhancement of on·s i te Emergency Di ese 1 
Generator Re 1iabi1 i ty." 

Letter to applicant concerning environmental monitoring for 
direct radiation. 

Letter to applicant concerning emergency response plans. 

Letter to applicant concerning request for information regarding 
evacuation times. 

Letter from applicant transmitting Submittal 2 of the contingency 
pl an. 

Letter from applicant submitting its revised responses to requests 
for additional information contained in NRC letters, dated 
September 27, 1979 and November 9, 1979. 

Letter -from app 1 i cant transmitting the response to NRC 
Question 4.39, "Use of the WESAN Computer Code in the Subcom­
partment Analysis." 

Letter to applicant concerning inservice testing of pumps and 
valves. 

Site visit to Salem to discuss matters regarding Lessons Learned. 
Task Force with representatives from PSE&G and NRC. 

Letter to applicant requesting additional information on initial 
tests. 

Letter from applicant concerning containment sump design · 
drawings attached. 

Letter from applicant concerning emergency planning efforts. 

Letter from applicant transmitting responses to auxiliary 
feedwater flow questions. 
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January 31, 1980 

February 5, 1980 

February 7, 1980 

February 8, 1980 

February 11, 1980 

February 12, 1980 

February 14, 1980 

February 14, 1980 

February 19, 1980 

February 21, 1980 

February 25, 1980 

February 26, 1980 

February 26, 1980 

February 27, 1980 

Letter to applicant concerning secondary water chemistry monitoring 
program. 

Representatives from PSE&G, VEPCO, PG&E and NRC met in Bethesda, 
Maryland to discuss low power test program for Diablo Canyon, 
Salem .and North Anna. (Summary of meeting issued February 8, 
1980.) 

Trip Report on meeting held at Salem site on January 30 and 31, 
1980 to review the Salem inservic~ testing program for pumps and 
valves. 

Letter from applicant concerning special low power. test program. 

Letter to applicant regarding a position revision on testing 

requirements of the Power Systems Branch. 

Letter to applicant concerning single dropped rod events. 

Letter from applicant concerning degradation of guide thimble 

tube walls. 

Letter from applicant responding to NRC letter concerning 
emergency diesel-generator reliability. 

Letter to applicant concerning change in review procedures for 

equipment qualification documentation. 

Letter to applicant concerning ·qualification of safety-related 

electrical equipment. 

Representatives from PSE&G and NRC met in Bethesda, Maryland to 
discuss matters related to RWST capacity. (Summary of Meeting 

issued March 13, 1980.) 

Representatives from VEPCO, PSE&G, TVA, PG&E and NRC met in 

Bethesda, Maryland to discuss requirements in the design review 
of plant shielding and environmental qualification of equipment 
for spaces/systems which may be used in post accident operations 
for Di ab lo Canyon, Sal em 2, North Anna ·2 and Sequoyah. 

Letter from applicant concerning single dropped rod events. 

Representatives f.rom NRC and PSE&G met at the Sal em site to 
discuss matters regarding outstanding TMI and non-TMI related 
issues. (Summary of Meeting issued March 11, 1980.) 

A-10 
I J 



March 3, 1980 

-March 6, 198Q 

March 6, 1980 

March 10, 1980 

March 10, 1980 

March 11, 1980 

March 13, 1980 

March 13, 1980 

March 13, 1980 

March 13, 1980 

March 14, 1980 

March 17, 1980 · 

. March 17, 1980 

March 19-21, 1980 

24-25 

March 27, 1980 · 

Representatives from NRC, VEPCO and PSE&G met in Bethesda, 
Maryland to discuss requirements for fuel loading and low power 

. -

testing on North Anna 2 and Salem 2. (Summary of Meeting issued 
March 6, 1980.) 

Letter from applicant· transmitting Amendment No. 43 to the Final 
Safety Analysis Report. 

Letter from applicant.~oncerning control room design review. 

Letter to applicant concerning NRC Bulletins and Orders Task 

Force review_ regarding the TM! Unit 2 accident. 

Letter to applicant concerning an interim upgrade of emergency 
·planning regulations. 

Letter to applicant concerning a change of submittal date for 

evacuation time 'estimates. 

Letter to applicant concerning potential design deficiencies in ·. , 

bypass, override, and.reset circuits of, engineered safety 
features. 

·Letter from applicant concerning full load testing of vital 
buses. 

Letter f.rom applicant concerning ATWS procedures. 

Letter from applicant concerning RHR system, NPSH for pumps and 
RWST capacity. 

Letter from applicant concerning secondary water chemistry control 
program. 

Letter to applicant concerning baseline hydraulic data. 

· · Letter to applicant concerning low power test program - simulated 

' --·"loss of a 11 AC power test. 

-Representatives from NRC, Essex Corporation & PSE&G met at the 

Salem Site to discuss matters related to Salem Unit 2 control 
rooni. 

l:.etter to .app l i c:ant concerning stE!am generators for Sal em 
Unit 2. 

'., ·.':'°!'' 
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March 28, 1980 

March 28, 1980 

March 28, 1980 

March 28, 1980 

March 28, 1980 

March 28, 1980 

March 31, 1980 

April 1, 1980 

April 3, 1980 

April 3, 1980 

April 3, 1980 

April 3, 1980 

April 4, ·1980 
,;. ), 

April 7, 1980 

Apri 1 9, 19_80 

Apri 1 14, 1980 . 

April 15, 1980 
( 

Letter from applicant concerning additional information on 
containment purge and. pressure-vacuum relief system. 

Letter from applicant concerning steam generator level set-points 
for refueling water storage tank alarms .. 

Letter fr~~ applicant concerning a response to IE Bulletin 
No. 79-06C. 

Letter from applicant concerning TMI-2 Lessons Learned. 

Letter from applicant requesting an extension of the construction 
completion date for Salem Unit 2 to November 1, 1980.-

Letter from applicant concerning the review of NUREG-0611. 

Letter from applicant requesting special low power test program. 

Letter from applicant concerning degraded core-training. 

Letter from applicant concerning TM! Lessons Learned. 

Letter:' from applicant concerning management for. operations. 

Letter from applicant concerning changeover from injection to 
recirculation mode of ECCS cooling. 

letter from apJ>licant concerning RHR system, NPSH for pumps and 
RWS_T capacity. 

·Representatives from Public Service Electric and Gas Company, 
Virginia Electric .and Po~er Company, Tennessee Valley Authority, 
Pacific Gas and Electric and NRC.met in Bethesda, Maryland to 
discuss applicants' progress and status in the design review of 
plant shielding and environmental qualification of equipment. 

Letter from'applic~nt concerning RWST low level alarm.setpoints. 

Letter from app.l i cant concerning 1 i censed operator coverage • 

. Letter· from applicant concerning plant, Procedures for shift 
supervisors in the event of an emer,gency. 

Letter from applicant concerning corporate management technical 
support in the event of an emergency .. 
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APPENDIX B 

UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

ADVISORY COMMITTEE ON- REACTOR SAFEGUARDS 
- W~SHING"fON, D. C. 20555 

Honorable Joseph M. Hendrie 
Chairman , 
U. S. Nuclear Regulatory Commission 
Washington, D.C. 20555 

February 15,- 1979 

Subject~ REPORT ON SALEM NUCLEAR GENERATING STATION UNIT 2 

Dear Dr. Hendrie: 

During its 226th meeting, February 8-10, 1979, the Advisory Committee 
on Reactor Safeguards completed its review of the application of the Pub­
lic Service Electric and-Gas Company, et al for authorization to operate 
the Salem Nuclear Generating Station Unit 2. 'Ibis project was initially 
considered in connection with the review of Salem Unit 1 and at a Sub- -
committee meeting in Washington, D. c. on january 24, 1979. A tour of 
the facility was made by Committee members on January 25, 1979. During 
its review the Committee had the benefit of discussions with represen­
tatives. and consultants of the Public Service Electric and Gas Company, 
the Westinghouse Electric Corporation, and the Nuclear Regulatory Commis­
sion (NRc) Staff, as well· .as comments from members of the public. 'lbe Com­
mi ttee also had the benefit of ·the documents listed. 

The Committee reported on the application tor a construction permit for 
the Salem Nuclear Generating Station Units 1 and 2 in its letter of June 
21, 1968. 'Ihe Committee reported on the application for an operating li­
cense for Unit l in its letter of February 14, 1975, at which time it de­
ferred its, operating license revi.ew of Unit 2 until a time _somewhat closer 
to the expected start of operations. 

-- In January 1978, _the NRC Staf! began a re-review of Salein Unit _ 2 to con-
_ -sider changes in NRC regulations· or requirements;. changes in the design of 
the plant, and operating experience with Salem Unit 1. cne piase of this 
re-review has included current generic matters such as fire protection, in­
dustrial security, emergency planning, and A'IWS. For these matters, the NRC 
Staff is reviewing both.Units 1 and 2, and it is expected that the resolu­
tion will be substantially the same for both mits. 

The other phase of the_re-review has addressed the degree to which Salem 
Unit 2 confonns to the provisions.of Regulatory Guides and Branch Techni-

- cal Positions _that have been adopted since the operating license review 
~s made for Salem Unit 1. 'lhese items include those classified by the 
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Honorable Joseph M. Hendrie - 2 - February 15, 1979 

Regulatory Requirements Review Committee as Category 2 (backfit on a case­
by-case basis) a~d as Category 3 (backfi~ on all plants). A comparable 
review of Salem Qnit 1 (which initially was identical to Unit 2) is being 
carried out by the Division of Operating Reactors on a different time 
scale. 'Ihe NRC Staff has stated that the reviews for Units 1 and 2 are, 
or will be, coordi?ated to provide consistency between the two units. 

'lhe NRC Staff's re-review of Salem Unit 2 is essentially complete and will 
be completed before an operating license is issued. '!here are.four out­
standing issues still under review or for which complete documentation has 
not yet been r'eceived. '!here are also six items for which the NRC Staff 
requires onl,y confirmatory documentation regarding their resolution. 'Ihe 
Committee believes that all of these outstanding issues and confirmatory 
items can and should be resolved to the satisfaction of the NRC Staff. 

In its review of Salem Unit 1 and of the Hope Creek units at the same 
site, the Committee expressed its concern about the possibilities of 
accidents involving waterborne traffic on the Delaware River that might 
be of such a nature as to affect-the safety of the plants. 'Ibis ques­
tion has been addressed by the NRC Staff and the Applicant on.a probabil­
istic basis in connection with the reviews of both the Salem and Hope 
Creek plants. 'lbe Cominittee beiieves that the results of these studies 
provide a reasonable basis for assuming that the probabilities, and thus 
the risks, of such accidents are sufficiently low as not to provide an 
undue risk to the health and safety of the public.·. '!he Commit:tee, how­
ever, continues to be concerned about accidents of this nature- and be­
li~ves that the potential hazards should continue' to be reviewed from time 
to time as the local conditions may change and as the extent and reliabil-
ity of the. data base may be increased_o. · 

•'' 

'lhe Committee recommends that the NRC Staff establish- criteria for. the imple­
mentation of Regulatory Guid~ 1.97, 18 Instrumentation ·for .Light:..Water-Cooled 
Nuclear Power Plants to Assess Plant Conditions During and Following an · 
Accident," as soon as practicable. 'lhe Committee believes that Position 
c.3 of this Guide should be implemented on Salem Unit 2 to the extent'prac­
ticable. 

With regard to the generic items cited in the Commit.tee's repor~; "Status 
of Generic Items Relating to Light-Water Reactors: Report No. 6, n dated 
November 15, 1977, those items considered relevant to Salem Unit 2 are: 
II-2, 3, SB, 6, 7, 9, 10; IIA-2, 3, 4; IIB-2; IIC-1, 2, 3A, 38, 4, S, 6; 
IID-1, 2; IIE-1. 'Ihese matters should. be dealt with by the NRC Staff and 
the Applicant, as appropriate, when solutions are, found. 
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Honorable Joseph M. Hendrie - 3 - February 15, 1979 

The Advisory Committee on Reactor Safeguards believes that, if due regard 
is given to the matters mentioned above, and subject to satisfactory com­
pletion of construction and preoperational testing, there is reasonable 
assurance that the Salem Nuclear Generating Station Unit 2 can be operated 
at power levels up to 3411 Mwt withOut undue risk to the health and safety 
.of the public. · 

Mr. J. J. Ray did not participate in the Committee.' s review of this 
project. 

s1ncerely ,· . 

~tf)~ 
Chairman 
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g. Letter to E. G. Igne, ACRS Staff, from Mary Lesser, dated 
February 4, .1979. 
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UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

ADVISORY COMMITTEE ON REACTOR SAFEGUARD~ 
WASHINGTON, D. C. 20555 

February 22, 1979 

MEMORANDUM FOR: Chairman Hendrie 

FRCJ.1: R. F •. Fraley, Executive Director, ACRS 

SUBJECT: REVISION TO ACRS LETI'ER 00 SALEM NOCLEAR GENERATING 
STATION UNIT 2 DATED .FEBRUARY 15, 1979 

The attached is forwarded as a replacement for Page 3 of the 

'ACRS report on Salem Nuclear Generating Station Unit 2 dated Febru-

ary 15, 1979. 

Attactunent: 
Revised Page 3 
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Executive Director 



' 
Honorable Joseph M. Hendrie - 3 - February 15, 1979 

The Advisory Committee on Reactor Safeguards believes that, if due regard 
is given to the matters mentioned above, and subject to satisfactory com­
pletion of construction and preoperational testing, there is reasonable 
assurance that the Salem Nuclear Generating Station Unit 2 can be operated 
at power levels up to 3411 Mwt without tmdue risk to the health and safety 

. 9f the public~ 

Mr.·J. J. Ray did not participate in the Committee's review of this 
project. 

References 

Si2t~ly~U) ~ 

'~~~n Chairman 

1. Salem Nuclear Generating Station, Units 1 and 2, Final Safety Analysis 
Report, with amendments 1 through 43. 

2. Safety Evaluation Report, Supplement No. 3, by the Office of Nuclear 
Reactor Regulation, u. s. Nuclear Regulatory Commission in the matter 
of Public Service .Electric and Gas Company, et al, Salem Nuclear. 
Generating Station, Unit 2, NUREG-04921 dated December 29, 1978. 

3. Letter to o. D. Parr, u. s. Nuclear Regulatory Commission, Light Water 
Reactors Branch 3, from R. L. Mittl, Public Service Electric and Gas 
Company, concerning additional information on single failure criteria 
related to pump seal for RCP, dated January 4, 1979. 

· 4. Letter to o. D. Parr, u. s. Nuclear Regulatory Commission, Light Water 
Reactors Branch 3, from R. L. Mittl, Public Service Electric and Gas 
Company, concerning additional information on emergency action levels, 
dated January 8, 1979. · · · 

5. Letters· from members of the Public: 

a. Letter to E. G. Igne, ACRS Staff, from Phyllis Zitzer, of the Com­
mittee for Application of Nuremberg Principles to u. s. Nuclear 
Power Production, dated January 18, 1979. 

b. Letter to E. G. Igne~ JICRS Staff, from Joseph Slotnick, dated 
January 25, 1979. 

c. Letter to E. G. Igne, ACRS Staff, from Jiil Higgins, of the 
Delaware Safe Energy Coalition, dated January 25, 1979. 
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APPENDIX C 

NUCLEAR REGULATORY COMMISSION 
UNRESOLVED SAFETY ISSUES 

C-1 Unresolved Safety Issues 

The NRC staff continuously evaluates the safety requirements used in its reviews 
against new information as it becomes available. Information related to the ·safety 

of nuclear power plants comes from a variety of sources including experience from 

operating reactors, research results, NRC staff and Advisory Committee on Reactor 
Safeguards safety reviews, and vendor, architect/engineer and utility design reviews. 
Each time a new concern or safety issue is identified from one or more of these 

sources, the need for immediate action to assure safe operation is assessed. This 
assessment includes consideration of the generic ~mplications of the issue. 

In some cases, immediate action is taken to assure safety, e.g., the derating of 

boiling water reactors as a result of the channel box wear problems in 1975. In 
other cases, interim measures, such as modifications to operating procedures, may 
be sufficient to allow further study of the issue prior to making licensing deci­
sions. In most cases, however, the initial assessment indicates that immediate 
licensing actions or changes in licensing criteria are not necessary. In any 

event, further study may be deemed appropriate to make judgments as to whether 
existing NRC staff requirements should be modified to address the issue for new 

plants or if backfitting is appropriate for the long-term oper.ation of plants 
al ready under construction or irf operation. 

These issues are sometimes ca 11 ed "generic safety issues" because they are related 

to a particular class or type of nuclear facility rather than a specific plant. 

These issues pave also been referred to as "unresolved safety issues." However, as 
discussed above, such issues are considered on a generic basis only after the staff 

has made an initial determination that the safety significance of the issue does 
not prohibit continued operation or require licensing actions while the longer-term 
generic review is underway. 

C-2 ALAB-444 Requirements 

These longe~-term generic studies were the subject of a Decision by the Atomic 
Safety and Licensing Appeal Board of the Nuclear Regulatory Commission. The Decision 
was issued on November 23, 1977 (ALAB~444) in connection with the Appeal Board's 
consideration of the Gulf States Utility Company application for the River Bend 
Station, Unit Nos. 1 and 2. 
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In the view of the Appeal Board (pp. 25-29): 

· 
11 The responsibilities of a licensing board in the radiological he~lth and 
safety.sphere are not confined to the consideration and disposition of those 
issues which may have been presented to it by .a party or an "Interested State" 
with the required degree of specificity. To the contrary, irrespective of· 
what matters may or may not have been properly placed in controversy, prior to 
authorizing the issuance of a construction permit the board must.make the 
finding, inter alia, that there is "reasonable assurance" that 11 the proposed 
facility can be constructed and operated at the proposed location wHhout 
undue risk to the health and safety of the public.i1 10 CFR 50.35(a) ... Of 
necessity, this determination will entail an inquiry into whether the staff 
review satisfactorily has come to grips with any unresolved generic safety 
problems which might have an impact upon operation of the nuclear facility 
under consideration." 

11 The SER is, of course, the principal document before the licensing board 
which reflects the content and outcome of the staff's safety review. The 
board .should therefore be able to look to that document to ascertain the 
extent to which generic unreso'lved safety problems which have been previously 
identified in a TSAR item, a Task Action Plan, an ACRS report or elsewhere 
have been factored into the staff's analysis for the particular· reactor -- and 
with what result. To this end, in our view, each SER should contain a summary 
description of those generic problems under continuing study which have both 
relevance to facilities of the type under review and potentially significant 
public safety implications .i• 

_, 
"This summary description should include information of the kind now contained 
in most Task Action Plans. More specifically, there should be an indication 
of the investigative program which has been or will be undertaken with regard 
to the problem, the program's anticipated ~imespan, whether (and if so, what) 
interim measures have been devised for dealing with the problem pending the 
completion of the investigation, and what alternative courses of action might 
be available should the program not produce the envisaged result~" 

11 In short, the board (and the public as well) should be 1n ·a position to 
ascertain from the SER itself -- without the need to resort to. extrinsic 

I 

documents -- the staff's perception of the nature and extent of the relation-
ship between each significant unresolved generic saf.ety question and the 
eventual operation of the reactor ·under ,scrutiny. Once again, this assessment 
might well have a direct bearing upon the ability of the licensing board to 
make the safety findings required of it on the construction permit level even 
though the generic answer to the question remains in th~ offing. Among other 

·things, the furnished information would likely shed light on such alternatively 
important considerations as whether: (l)'the problem'tias already been resolved 
for the reactor under study; (2) there is a reasonable. basis for ·concluding · 
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that a satisfactory solution will be obtained before the reactor is put in 

operation; or (3) the problem would have no safety implications until after 
several years of reactor operation and, should it nqt be resolved by then, 
alternative means will be available to insure that continued operation (if 
permitted at all) would not pose an undue risk to the public." 

This appendix is speci~ically included to respond to the decision of the Atomic 
Safety and Licensing Appeal Board as enunciated in ALAB-444 . 

. C-3 "Unresolved Safety Issues" 

In a related matter, as a result of Congressional action on the Nuclear Regulatory 

Commission budget for Fiscal Year 1978, the Energy Reorganization Act of 1974 was 

amended (PL 95-209) on December 13, 1977·to include, among other things, a new 
Section 210 as follows: 

"UNRESOLVED SAFETY ISSUES PLAN" 

"SEC. 210. The Commission shall develop a plan providing for specification 

and analysis of unresolved safety issues relatfog to nuclear reactors and 

shall take such action as may be necessary to implement corrective measures 

with respect to such issues. Such plan shall be submitted to the Congress on 

or before January 1, 1978 and progress reports shall be included in the annual 
report of the Commission thereafter~" 

The joint Explanatory Statement of the House-Senate Conference Committee for the FY 

1978 Appropriations Bill (Bill S.1131) provided the following additional infor­

mation regarding the Committee's deliberations on this portion of the bill: 

"SECTION 3 - UNRESOLVED SAFETY ISSUES" 

"The House amendment required development of a plan to resolve generic safety 

issues. The conferees agreed to a requirement that the plan be submitted to 

the Congress.on or before January 1, 1978. The conferees also expressed the 

intent that this plan should identify and describe those safety issues, relating 

to nuclear power reactors, which a.re unresolved on the date of enactment. It 

should set: forth: (1) Commission actions taken· directly or indirectly to 

develop and implement corrective measures; (2) further actions planned concern­

ing such measures; and (3) timetables and cost estimates of such actions. The 

Commissio'n should indicate the priority it has assigned to each issue, and the 
basis on which priorities have been assigned." 

In respons~ to ~he reporting req4irements of the new Section 210, the NRC staff 
submitted to· Congress on January 1, 1978, a. report describing the NRC generic 
issues program (NU~EG-0410).1/ The NRC program was already in plate when PL 95-209 

YNUREG-0410, "NRC Pro~ram for the Resolution of Generic Issues Related to Nuclear Power 
Plants," issued on Janµary 1, 1978. 
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was enacted and is of considerably broader scope·than the "Unresolved Safety Issues 
Plan" required by Section 210. In the letter transmitting NUREG-0410 to the Congress 
on December 30, 1977, the Commission indicated that "the progress reports, which 
are required by Section 2iO to be included in future NRC annual reports, may be 
more useful to Congress if they focus on the specific Section 210 safety items." 

It is the NRC's view that the intent of Section 210 was to assure that plans were 
developed and implemented on issues with potentially significant pub'lic safety 
implications. In 1978, the NRC undertook a review of over 130 generic issues 
addressed in the NRC program to determine which issues fit this description and 
qualify as "Unresolved Safety Issues" for reporting to the Congre~s. The NRC 
review included the development of proposals by the NRC staff and review and final 

approval by the NRC Commissioners. 

This review is described in a report, NUREG-0510, entitled "Identification of 

Unresolved Safety Issues Relating to Nuclear Power Plants - A Report to Congress" 
dated January 1979. The report provides the following definition of an "Unresolved 
Safety Issue": 

"An Unresolved Safety Issue is a matter affecting a number of nuclear power 
plants that poses important questions concerning the adequacy of existing 

safety requirements for which a fi na 1 reso 1 ut ion. has not yet been deve 1 oped 
and that involves conditions not likely to be acceptable ·aver the lifetime of 
the plants it affects." 

Further the report indicates that in applying this definition, matters tha.t pose 
"important questions concerning the adequacy of existing safety requirements" were 

judged to be those for which resolution is necessary to (1) compensate for a possible 
major reduction in the degree of protection of the public health and safety, or 

(2) provide a potentially significant decrease in the ·risk to the public health and 
safety. Quite simply, an "Unresolved Safety Issue" is potentially significant from 

a public safety standpoint and its resolution is likely to result in NRC action on 

the affected plants. 

All of the issues addressed in the NRC program were systematically evaluated against 
this definition as described in NUREG-0510. As a result; 17 "Unresolved Safety 
Issues" addressed by 22 tasks in the NRC program were i.dentifi ed. The issues are 
listed below. Progress on these issues was discussed in the 1978 NRC Annual Report. 
The riumber(s) of the generic task(s) (e.g., A-1) fo the NRC program addressing each 
issue is indicated in parentheses following the title. 
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"UNRESOLVED SAFETY ISSUES" (APPLICABLE TASK NOS.) 

1. Water Hammer - (A-1) 
2. Asymmetric Blowdown Loads on the Reactor Coolant System - (A-2) 
3. Pressurized Water Reactor Steam Generator Tube Integrity - (A-3, A-4, A-5) 
4. BWR Mark I and Mark II Pressure Suppression Containments - (A-6, A-7, A-8, 

A-39) 
5. Anticipated Transients Without Scram - (A-9) 
6. BWR Nozzle Cracking - (A-10) 
7. Reactor Vessel Materials Toughness - (A~ll) 

8. Fracture Toughness of Steam Generator and Reactor Coolant Pump Supports -
(A-12) 

9. Systems Interaction in Nuclear Power Plants - (A-17) 
10. Environmental Qualification of Safety-Related Electrical Equipment - (A-24) 
11. Reactor Vessel Pressure Transient Protection - (A-26) 
12. Residual Heat Removal Requirements - (A-31) 
13. Control of Heavy Loads Near Spent Fuel - (A-36) 
14. Seismic Design Criteria - (A-40) 
15. Pipe Cracks at Boiling Water Reactors ~ (A-42) 
16. Containment Emergency Sump.Reliability - (A-43) 
17. Station Blackout - (A-44) 

In the view of the staff, the "Unresolved Safety Issues" listed above are the 
substantive ·safety issues referred to by the Appeal Board in ALAB-444 when it spoke 
of" ... those generic problems under continuing study which have ... potentially 
significant public. safety implications" (page 27). Eight of the 22 tasks identi­
fied wHh the above 17 "Unresolved Safety Issues" are not applicable to Salem 
Unit 2. Six of these tasks (A-6, A-7, A-8, A-39, A-10 and A-42) are peculiar to 
boiling water reactors and two ,of the tasks (A-4 and A-5) are peculiar to pres­
surized water reactors with Babcock & Wilcox and Combustion Engineering nuclear 
steam supply systems.~/ With regard to the other 14 tasks that are applicable to 
Salem Unit 2, the NRC staff has issued NUREG reports and other documents providing 
its proposed resolution of four of.the issues as listed below. 

~/Even though Tasks A-4 and A-5 address steam generator tube problems experienced in CE 
and B&W plants, there are many common task elements between these tasks and Task A-3 
which addresses Westinghouse steam generator tube problems. For this reason, the Task 
Action Plans for all three tasks have been combined into a single Task Action Plan. 
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Safety Evaluation Report/ 
Safety Evaluation Report ·• 

Task Number NUREG Report and Title Supplement Section 

A-12 

A-24 

A-26 

A-31 

NUREG-0577, "Potent i a 1 for Low 
Fracture Toughness and Lamellar 

Tearing on PWR Steam Gener~tor and 
Reactor Coolant Pump S1,1pports" 

NUREG-0588, "Interim Staff Position on 
Environmental Qualification of Safety­
Related Electrical Equipment" 

NUREG-0224, "Reactor Vessel Pressure 

Transient Protect ion for Pressuri ze.d 

Water Reactors" 

Branch Technical Position RSB 5-2, 
"Reactor Coolant System Overpressuri­

zation Protection" 

Regulatory Gui de 1.139, "Gui dance fQr 

Residual Heat Removal" 

Branch Technical Position RSB 5-1, 
·"Design Requirements of the Residual 
Heat Removal Systems" 

.Section 3.9.4 of 
Supplement Nos. 2 and 3 

Section 3.11 of 
Sµpplement No. 3 and 
of this supplement 

Section 5.2.3 of 

Supplement No. 3 

Section 5.7 of 

Supplement No. 3 

The remaining 10 tasks that are applicable to Salem Unit 2 are listed below. 

1. 
2. 

3. 

4. 
5. 
6. 

7. 
8. 

9. 

10. 

GENERIC TASKS ADDRESSING UNRESOLVED SAFETY ISSUES 

THAT ARE APPLICABLE TO SALEM UNIT 2 

A-1 Water Hammer 
.A-2 Asymmetric Blowdown Loads on PWR Primary Systems 

A-3 Westinghouse Steam Generator Tube Integrity 

A-9 ATWS 
A-11 Reactor Vessel Materials Toughness 
A-17 Systems Interaction in Nuclear Power Plants 
A~36 Heavy Loads Near Spert Fuel 
A-40 Seismic Design Criteria 
A-43 Containment Emergency Sump Reliability 
A-44 Station Blackout 

With the exception of Tasks A-9, A-43 and A-44, the Task Action Plans for the 
generic tasks above are included in NUREG-0649, "Task Action Plans for Unresolved 
Safety Issues Related to Nuclear Power Plants." The Task Action Plan for Task A-9 
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is currently being revised. Task Action Plans for Tasks A-43 and A-44 are 
. , currently under development. The information provided in NUREG-0649 meets most of 
I" the informational requirements of ALAB-444., Each Task Action Plan provides a 

description of the problem; the staff 1 s approaches to its resolution; a general 
discussi6n of the bases upon which continue~ plant licensing or operation can 
proceed pending completion of the task; th'e technical organizations involved in the 
task and estimates of the manpow~r required; a description of the interactions with 
other NRC offices, the Advisory Committee on Reactor Safeguards and outside 
organizations; estimates of funding required for contractor supplied technical 
assistance; prospective dates for completing.the task; and a. description of 
potential problems that could alter the. planned approach or schedule. 

1' 

We have reviewed the 10 11 Unresolved Safety Issues 11 listed above as they relate to 
Salem Unit 2. Discussion of each· of these issues including references to related 
discussions in the Safety Evaluation Report and its supplements are provided below 
in Section C-5. Based on our review of these items, we have concluded, for the 
reasons. set forth in Section C-5, that there is reasonable assurance that Salem 
Unit 2 can be operated prior to the ultimate resolution of these generic issues 
without endangering the health and safety of the public. 

C-4 New 11 Unresolved Safety Issues11 

No new issues have been identified in 1979 for reporting as. 11 Unresolved Safety 
lssues. 11 However, the NRC staff has not been able to perform an in-depth review to 
identify and evaluate new issues. NRC efforts have been concentrated on. imple­
menting new TMI-relate.d requirements on operating plants and on identifying, 
defining, and scoping additional TMI-related issues and tasks. Several broad 
program areas wh~re issues and tasks are being scoped will likely result in 
designation of new 11 Unresolved Safety lssues. 11 These program areas include the 
fol lowing: 

1. Man-machine interface and control-room design. 

2. Qualification and training of operation, maintenance, and supervisory 
personnel. 

3. Offsite.emergency response, emergency planning, and action guidelines. 

4. Siting policy, including compensatory design and operating provisions for 
plants in areas where evacuation would be difficult. 

5. Systems reliability and interactions. 

6. Consideration in licensing requirements of accidents involving degraded or 
melted fuel(· · 

... ' 
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Nonetheless, the specific TMI-related requirements for licensing Salem Unit 2 have 

been identified and are discussed in Part 2 of this supplement. Many of these are 

re 1 ated to the program areas 1 i sted above. Long-term "Unreso 1 ved Safety Issue" 

tasks that may be undertaken in the same· program areas could provide a basis for 

further improvements that may or may not be applicable to Salem Unit 2. 

The NRC staff also performed a cursory review of a number of candidate issues from 

sources other than Three Mile Island accident investigations, including a review of 

events reported as Abnormal Occurrences in 1979. Based on this cursory review, 

none were judged to be o!._s.uch s.af(:!ty importance to require reporting to the Congress 

in the 1979 Annual- -Report as "Unreso 1 ved Safety Issues." An in-depth and systemat.i c 

review of all candidate issues will be performed by the staff and the Commission in 

the first half of 1980. A special report will be provided to the Congress by 

July 1, 1980, describing the review and new issues designated as "Unresolved Safety 

Issues." Their applicability to all plants will be determined at that time. 

C-5 Discussion of Tasks as they Relate to Salem Unit 2 

A-1 Water Hammer 

Water hammer events are intense pressure pulses in fluid systems caused by any one 

of a number of mechanisms and system conditions. Since 1971 there have been over 

100 incidents involving water hammer in pressurized water reactors and boiling 

water reactors. The water hammers have involved steam generator feedrings and 

piping, decay heat removal systems, emergency core cooling systems, containment 

spray lines, service water lines, feedwater lines and ·steam lines. However, the 

systems most frequently affected by water hammer effects are the feedwater systems. 

The most serious water hammer events have occurred in the steam generator feedrings 

of pressurized water reactors. 

These latter types of water hammer events are addressed in Section 10.3 of 

Supplement No. 1 to the Safety Evaluation Report: For Salem Unit 2, feedwater 

system modifications have been made and testing of the systems will be performed as 

part of the plant startup program to demonstrate that a steam generator feedring 

water hammer will not occur. These provisions are discussed in Section 10.3 of 

Supplement No. 1 and Section 10.4 of Supplement No; 3 to the Safety Evaluation 

Report where the staff found these provisions to be acceptable. 

With regard·to· protectibn ··against other potential water hammer events currently 

provided in plants, piping design codes require consideration of impact loads. 

Approaches used at the design stage include: (1) increasing valve closure times, 

(2) piping layout to preclude water slugs in steam lin'es and vapor formation in 

water lines, (3) use of snubbers and pipe hangers; and (4) use of vents and drains. 

In addition, as described in Section 3.9.1 of the Safety Evaluation Report, we 

require that the appliC:ants conduct a preoperatianal vibration dynamic effects test 
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program for all ASME Class 1, 2 and 3 piping systems and piping restraints during 

startup and initial operation. These tests will provide adequate assurance that 
the piping and piping restraints have been designed to withstand dynamic effects 
due to valve closures, pump trips, and other operating modes associated with the 
design operational transients. 

Nonetheless, in the unlikely event that a large piping break did result from a 
severe water hammer event, core cooling is assured by the emergency core cooling 

systems described in Section 6.3 of the Safety Evaluation Report and its supple­

ments, and protection against the dynamic effects of such pipe breaks inside and 

outside of containment is provided as described in Sections 3.6.l and 3.6.2 of the 

Safety Evaluation Report and Sections 3.6.2 and 3.6.3 of Supplement No. 3 to the 
Safety Evaluation Report. 

Task A-1 may identify some potentially significant water hammer scenarios that have 

not explicitly been accounted for in the design and operation of nuclear power 

plants, including Salem Unit 2. The task has not as yet identified the need for 

requiring any additional measures beyond those already required in the short term. 

Based on the foregoing, we have concluded that Salem Unit 2 can be operated prior 

to ultimate resolution of this generic issue without undue risk to the health and 

safety of the public. 

A-2 Asymmetric Slowdown Loads on Primary Coolant Systems 

In the very unlikely event of a rupture of the primary coolant piping in light 

water reactors, large nonuniformly distributed loads would be imposed upon the 

reactor vessel, reactor vessel internals, and other components in the reactor 

coolant system. The potential for such asymmetric _loads, which result from the 

rapid depressurization of the reactor coolant system, was only recently identified 

and was not considered in the original design of some facilities. The forces 

associated with a postulated break in the reactor coolant piping near the reactor 

vessel, for example, could affect the integrity. of the reactor vessel supports and 

reactor pressure vessel internals. A significant failure of the reactor vessel 

support system, .besides) impacting the reactor internals, has a potential for 

(1) damaging systems designed to cool the core following the postulated piping 

break, (2) affecting the capability of the control rods to function properly, 

(3) damaging other reactor coolant system components, and (4) causing other 

ruptures in the initially unbroken reactor coolant system piping loops and attached 

systems. 

As indicated in Section 3 of the Task Action Plan for Task A-2 in NUREG-0649, we 
currently require that this issue be resolved prior to issuing an operating license. 
This issue has been acceptably resolved for the Salem Unit 2. Our evaluation of 
and conclusions for this matter are provided in Sections 3.9.1 and 6.2.1 of this 
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supplement. Accordingly, we have concluded that Salem Unit 2 can be operated prior 
to ultimate resolution of this generic issue without undue risk to the health and 
safety of the public. 

A-3 Westinghouse Steam Generator Tube Integrity 

The primary concern is the. capability of steam generator tubes to maintain their 
integrity during normal operation and postulated accident conditions. In addition, 
the requirements for increased steam generator tube inspections and repairs have 
resulted in significant· increases in occupational exposures to workers. Corrosion 
resulting in ~team generator tube wall thinning has been observed in several 
Westinghouse and Combustion Engineering plants for a number of years. Major changes 
in their secondary water. treatment pro.cess essentially eliminated this form of 
degradation. Another.major corrosion-related phenomenon has also been observed in 
a number of plants in recent years, resulting from a buildup of support plate 
corrosion products in the annulus between the tubes and the support plates. This 
buildup eventually causes a di ametra l reduction of the .tubes, ca 11 ed "denting, 11 and 
deformation of the tube support plates. This phenomenon has led to other problems, 
including stress corrosion cracking, leaks at the tube/support plate intersections, 
and U-bend section cracking of tubes which were highly stressed because of support 
plate deformation. 

Specific measures,.such as a secondary water chemistry control and monitoring 
program, that the applicants wi 11 employ to minimize .the onset of steam generator 
tube problems are described in Section 5.2.5 of Supplement No. 1 to the Safety 
Evaluation Report anq this supplement. In addition, Section 5.3 of Supplement 
No. 3 discusses the inservice inspection requirements for steam generator tubes. 
As described in these sections, the applicants have met all current requirements 
regarding steam generator tube integrity. The Technical ·Specifications wi 11 
include requirements for actions to be taken in the event that steam generator tube 
leakage occurs during plant operation. 

Task A-3 is expected to result in improvements in our. current requirements for 
i nservi ce inspection of steam generator tubes·. These improvements wi 11 include a 

. better statistical basis for inservice inspection ~rogram requirements and con­
sideration of the cost/benefit of increased inspection. · Pending completion of 

. Task A-3, the measures taken at Salem Unit 2 should minimize the steam generator 
tube problems encountered. Furthe~, the inservice inspection and Technical 
Specification requirements will assure that the applicants and the NRC staff are 
alerted to tube degradation should it occur. Appropriate· actions such as tube 

. plugging, increased and more frequent inspections and power derating could be taken 
if necess'ary. Since the improvements that will result.from Task A-3. will be proce­
dural, i.e., an improved inservice inspection program, they can be implemented by 
the applicants at Sal em. Unit 2 after .. operation beg:ins, .if necessary. 
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Based on the foregoing, we have·concluded that Salem Unit 2 can be operated prior 
· to ultimate resolution of this generic issue without undue risk to the health and 
safety of the public. 

A-9 Anticipated Transients Without Scram (ATWS) 

Nuclear plants have safety and control systems to limit the consequences of.tem­
porary abnormal operating conditions or 11 anticipated transients. 11 Some deviations 

·from normal operating conditions may be minor; others, occurring less frequently, 
may impose significant demands on plant equipment. In some anticipated transients, 
rapidly shutting down the nuclear reaction (initiating a 11 scram11

), and thus rapidly 
reducing the generation of heat· in the reactor core, is an important safety measure. 
If there were a potentially severe "anticipated transient11 and the reactor shutdown 
system did not 11 scram11 as desired, then an "anticipated transient without scram, 11 

or ATWS, would have occurred. 

The ATWS issue and the requirements that must be met by the applicants prior to 
operation of Salem Unit 2 are discussed in Section 7.2.2 of this supplement. T~e 

requirements set forth are for the interim period ·pending completion .of Task A-9,. 
and implementation of additional requirements if found·to be necessary. 

The applicants have submitted some proposed ATWS procedures, which are being 
revi.ewed and commented on by the staff. The proposed procedures are not fully 
acceptable for full·power operation, and require modification by the applicants. 
However, we have·concluded that the plant may.be safely operated at low power 
prior to completion of this effort, and that the applicants can prepare adequate 
ATWS procedures·, in accordance with our guidance, prior to full po~er operation. 

Accordingly, ·we have.concluded that Salem Unit 2 can be operated safely prior to 
the ultimate resolution of this generic issue without undue risk to the health and 
safety of the public. 

A-11 Reactor Vessel Materials Toughness 

Resistance to brittle fracture, a rapidly propagating catastrophic failure mode for 
a component contafoing flaws, is described quantitatively by a material property 
generally denoted as "fracture toughness. 11 Fracture toughness has different values 
and characteristics depending upon the material being considered. For steels used 
in nuclear reactor pressure vessels, three considerations are important. First, 
fracture toughness ·focreases with increasi_ng temperature. Second, fracture 
toughness decreases with increasing load rates. Third, fracture toughness 
decreases with.neutron irradiation. 

In recognition of these considerations, power reactors are operated within restric­
tions imposed by the Technical Specifications on.the pressure during heatup and 
cooldown operations. These restrictions assure that the reactor vessel will not be 
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subjected to that combination of pressure and temperature that could cause brittle 
fracture of the vessel if there were significant flaws in the vessel material. The 
effect of neutron radiation on the fracture toughness of the vessel material is 
accounted for in developing and revising these Technical Specification limitations 
over the life of the plant. 

For the service times and operating conditions typical of current operating plants, 
reactor vessel fracture toughness for most plants provides adequate margins of 
safety against vessel failure under operating, testing, maintenance, and anticipated 
transient conditions over the life of the plant. In addition, conservative 
analyses indicate that adequate safety margins are available during accident 
conditions until after many years of operation. However, results from a reactor' 
vessel surveillance program and analyses performed using currently available method_s 
indicate that the reactor vessels for up to 20 older operating pressurized water 
reactors and those for some more recent vintage plants will have marginal toughness 
after comparatively short periods of operation. The principal objective of Task A-11 
is to develop an improved engineering method and safety criteria to allow a more 

·precise assessment of the safety margins that are available during normal operation 
and tr<i"nsients in older reactor vessels with marginal fracture toughness and of the 
safety margins available during accident conditions for all plants. 

Our evaluation of the reactor vessel materials fracture toughness and reactor 
vessel integrity requirements of Appendix G to 10 CFR Part50 for Salem Unit 2 
during normal operation, testing, maintenance, and anticipated transient conditions 
is described in Section 5.2.1 of this supplement and Supplement No. 3 to the Safety 
Evaluation Report. In Section 5.2.1 of this supplement, we indicated that the 
applicants meet the fracture toughness requirements of Appendix G to 10 CFR Part 50. 

Results from analyses performed by pressurized water reactor manufacturers indicate 
that the integrity of some reactor vessels may not be maintained in the event that 
a main steam line break or a loss-of-coolant accident occurs after approximately 
20 years of operation. For most plants now undergoing licensing review, materials 
currently used for vessel fabrication will likely maintain acceptable fracture 
resistance over the· design life of the pl ant. However, some pressurized water 
reactors in the later stages ·of licensing have the potential after many years of 
operation to have marginal fracture toughness for these postulated accident 
conditions. When Task A-11 is completed and explici.t fracture evaluation criteria 
for accident conditions are defined, all vessels will be reevaluated for 
acceptability over their design lives. Since Task A-11 is projected to be 
completed many years before the Salem Unit 2 vessel could have marginal fracture 
resistance for postulated accident conditions, acceptable vessel integrity will be 
assured until the vessel is r~evaluated for long term·acceptability. 
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Based on the foregoing, we have concluded that Salem Unit 2 can be operated prior 
to ultimate resolution of this generic issue without undue risk to the health and 
safety of the public. 

A-17 Systems Interaction in Nuclear Power Plants 

The licensing requirements and procedures used in our safety review address many 
different types of systems interactions. Current licensing requirements are 
founded on the principle of defense-in-depth. Adherence to this principle results 
in requirements such as physical separation.and independence of redundant safety 
systems, and protection against events such as high energy line ruptures, missiles, 
high winds, flooding, seismic events, fires, operator errors, and sabotage. These 
design provisions suppiemented by the current review procedures of the Standard 
Review Plan (NUREG-75/087) which require interdisciplinary reviews and which 

account, to a large extent, for review of potential systems interactions, provide 
for an adequately safe situation with respect to such interactions. The quality 
assurance program which is followed during the design, construction, and opera­
tional phases for each plant is expected to·provide added assurance against the 
potential for adverse systems interactions. 

In November 1974, the Advisory Committee on Reactor Safeguards requested that the 
NRC staff give_attention to the evaluation of safety systems from a multi­
disciplinary point of view, in order to identify potentially undesirable interac­
tions between plant systems. The concern arises because the design and analysis of 
systems is frequently assigned to teams with functional engineering specialties-­
such as civil, electrical, mechanical, or nuclear. The question is whether the 
work of these functional specialists is sufficiently integrated in their design and 
analysis activities to enable them to identify adverse interactions between and 
among systems. Such adverse events might occur, for example, because designers did 
not assure that redundancy and independence of safety systems were provided under 
all conditions of operation required, which might happen if the functional teams 
were not adequately coordinated. Simply stated, the left hand may not know or 
µnder~tand what the right hand is doing in all cases where it is necessary for the 
hands to .be coordinated. 

In mid-1977, Task A-17 was initiated to confirm that present review procedures and 
safety criteria provide an acceptable level of redundancy and independence for 
systems required for safety by evaluating the potential for undesirable inter­
actions between and among systems. 

The NRC staff's current review procedures assign primary responsibility for review 
of various technical areas and safety systems to specific organizational units and 
assign.secondary responsibility to other units where there is a functional or 
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interdisciplinary relationship. Designers follow somewhat similar procedures and 
provide for interdisciplinary reviews and analyses of systems. Task·A-17 will 
provide an independent investigation of safety functions--and systems required to 
perform these functions--in order to assess the adequacy of current review proce­
dures. This investigation is being conducted by Sandia Laboratories under contract 
assistance to the NRC staff. 

The contract effort, Phase I of the task, began in May 1978 and is nearing comple­
tion. The Phase I investigation is structured to identify areas where interactions 
are possible between and among systems and have the potential of negating or 
seriously degrading the performance of safety functions. The investigation will 
then identify where NRC review procedures may not have properly accounted for these 
interactions. Preliminary results of the Phase I contracted effort indicate that, 
within the limitations of the study, there are only a few areas where the review 
procedures are weak from a systems interaction standpoint. These results are being 
finalized by the contractor and the staff is considering whether, and if so what 
changes in the Standard Review Plan are needed. Finally, a follow-on Phase II of 
the task will be scoped based on the results of Phase I and the status and scope of 
other related NRC activities. 

The NRC staff believes that its review procedures and acceptance criteria currently 
provide reasonable assurance that an acceptable level of system redundancy and 
independence is provided in plant designs. Although some changes to the review 
procedures will likely result, the preliminary results of the Phase I effort appear 
to confirm this belief. Therefore, we conclude that there is reasonable assurance 
that Salem Unit 2 can be operated prior to the ultimate resolution of this generic 
issue without undue risk to the health and safety of the public. 

A-36 Control of Heavy Loads Near Spent Fuel 

Overhead cranes are used to lift heavy objects, sometimes in the vicinity of spent 
fuel, in both pressurized and boiling water reactors. If a heavy object, such as a 
spent fuel shipping cask or shielding block, were to fall or tip onto spent fuel in 
the storage pool or in the reactor core during refueling and damage the fuel, there 
could be a release of radioactivity to the environment and a potential for radiation 
overexposures to in-plant personnel .. If the dropped object is large, and is assumed 
to drop on fuel containing a large amount of fission products with minimal decay 
time, calculated offsite doses could exceed the siting guideline values in 10 CFR 
Part 100. 

The applicants have complied with our requirements for the safe handling of.fuel 
and spent fuel casks as discussed in Appendix D to this supplement. In addition, 
the Technical Specifications will include a prohibition on the.movement of loads 
over spent fuel in the storage pool that weigh more than the equivalent weight of a 
fuel assembly. These measures provide reasonable assurance that the likelihood of 
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a load handling accident damaging enough spent fuel to cause unacceptable 
consequences is small for Salem Unit 2. 

Task A-36 may result in additional requirements applicable to Salem Unit 2 to 
further reduce the likelihood of such accidents. These additional requirements are 
expected to be procedural and therefore can be implemented at Salem Unit 2 after 
operation begins if found to be desirable. 

In the interim period, the current design, administrative and procedural measures 
are acceptable as indicated above. Accordingly, we have concluded that there is 
reasonable assurance that Salem Unit 2 can be operated prior to the ultimate 
resolution of this generic· issue without undue risk to the health and safety of 
the public. 

A-40 Seismic Design Criteria - Short-Term Program 

NRC regulations require that nuclear power plant structures, systems and components 
important to safety be designed to withstand the effects of natural phenomena such 
as earthquakes. Detailed requirements and guidance regarding the seismic design of 
nuclear plants are provided in the NRC regulations and in regulatory guides issued. 
by the NRC staff. However, there are a number of plants with construction permits 

and operating licenses issued before the NRC's current regulations and regulatory 
guidance were in place. For this reason, rereviews of the seismic design of various 
plants· are being undertaken to assure that these plants do not present an undue 
risk to the public. 

Task A-40 is, in effect, a compendium of short-term efforts to support such 
reevaluation efforts of the NRC staff, especially those related to older operating 
plants. In addition, some revisions to Standard Review Plan sections and regulatory 
guides to bring them more in line with the state-of-the-art will result. 

As discussed in Sections 3.7 and 3.8 of the Safety Evaluation Report and its 

supplements, the seismic design bases and seismic design of Salem Unit 2 have been 
reevaluated at the operating license stage and have been found acceptable. The 
results of Task A-40 will not affect these conclusions. Accordingly, we have 
concluded that Salem Unit 2 can be.operated prior to ultimate resolution of this 
generic issue without undue risk to the health and safety of the public. 

A-43 Containment Emergency Sump Reliability 

Following a postulated loss-of-coolant accident, i.e., a break in the reactor 
coolant system piping, the water flowing from the break would be collected in the 
emergency sump at the low point in the containment. This water would be recirculated 
through the reactor syste·m by the emergency core coo 1 ing pumps to maintain core 
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cooling. This water would also be circulated through the containment spray system 
to remove heat and fission products from the containment. Loss of the ability to 
draw water from the emergency sump could disable the emergency core cooling and 

containment spray systems. The consequences of the resulting inability to cool the 
reactor core or the containment atmosphere could be melting of the core and/or loss 
of containment integrity. 

One postulated means of losing the ability to draw water from the emergency sump 

could be blockage by debris. A principal source of such debris could be the thermal 
insulation on the reactor coolant system piping. In the event of a piping ·break, 

the subsequent violent release of the high pressure water in the reactor coolant 

system could rip off the insulation in the area of the break. This debris could 

then be swept into the sump, potentially causing blockage. 

Currently, regulatory positions regarding sump design are presented in Regulatory 

Guide 1.82, "Sumps for Emergency Core Cooling and Containment Spray Systems," which 

addresses debris (insulation). The regulatory guide recommends, in addition to 

providing redundant separated sumps, that two protective screens be provided. A 

low approach velocity in the vicinity of the sump is needed to allow insulation to 

settle out before reaching the sump screening; and the sump should remain functional 

assuming that one-half of the screen surface area is blocked. 

A second postulated means of losing the ability to draw water from the emergency 

sump could be abnormal conditions in the sump or at the.pump inlet such as air 

entrainment, vortices, or excessive pressure drops. These conditions could result 

in pump cavitation, reduced flow and possible damage to the pumps. 

Currently, regulatory positions regarding sump testing are contained in Regulatory 

Guide 1.79, "Preoperational Testing of Emergency Core Cooling Systems for 

Pressurized Water Reactors," which addresses the testing of the recirculation func­

tion. In-pl ant tests for Sal em Unit 1 have been performed by the applicants to 

demonstrate that circulation through the sump can be reliably accomplished. As 

indicated in Section 6.3.3 of this supplement, the applicants will also perform 

out-of-plant scale model tests of the Salem Unit 2 containment sump design. We 

will review the model test results to assure that circulation through the sump 

can be reliably accomplished. 

Task A-43 is principally concerned with the adequacy of emergency sump performance 
for plants licensed to operate before current design and testing requirements were 

imposed. The results of Task A-43 are not expected to alter ·our conclusions for 
the Salem Unit 2 sump. 
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Accordingly, we have concluded that Salem Unit 2 can be operated prior to ultimate 

resolution of this generic issue without undue risk to the health and safety of 

the public. 

A-44 Station Blackout 

Electrical power for safety systems at nuclear power plants must be supplied by at 
least two redundant and independent divisions. The systems used to remove decay 

heat to cool the reactor core following a reactor shutdown are included among the 

safety systems that must meet these requirements. Each electrical division for 

safety systems includes an offsite alternating current (ac) power connection, a 

standby emergency diesel generator ac power supply, and direct current (de) sources. 

Task A-44 involves a study of whether or not nuclear power plants should be 

designed to accommodate a complete loss of all ac power, i.e., a loss of both the 

offsite and the emergency diesel generator ac power supplies. A loss of all 

ac power for an extended period of time in pressurized water reactors accompanied 

by loss of the auxiliary feedwater pumps (usually one of two redundant pumps is a 

steam turbine driven pump that is not dependent on ac power for actuation or 

operation) could result in an inability to cool the reactor core, with potentially 

serious consequences. This particular accident sequence was a significant 

contributor to the overall risk associated with the pressurized water reactor 

analyzed in the Reactor Safety Study (WASH-1400). The steam turbine driven 

auxiliary feedwater pump for the pressurized water reactor analyzed in WASH-1400 

had no ac power dependencies. If the auxiliary feedwater pumps are dependent on ac 

power to functjon, then a loss of all ac power could of itself result in an inability 

to cool the reactor core and, accordingly, this event sequence would be expected to 

be more important to the overall risk posed by the facility.· 

A loss of all ac power was not a design basis event for Salem Unit 2. Nonetheless, 

the combination of design, operation, and testing requirements that have been 

imposed on the applicants will assure that this unit will have substantial resistance 

to a loss of all ac power and that even if a loss of all ac power should occur, 

there is .reasonable assurance that the core will be cooled. These are discussed 

below. 

A loss of offsite ac power involves a loss of both the preferred and backup sources 

of offsite power. Our review and basis for acceptance of the design, inspection, 

and testing provisions for the offsite power system are described in Section 8.2 of 

the Safety Evaluation Report and its supplements. In addition, the applicants 
conducted a grid stability analysis. Our review of this analysis is described in 

Section 8.2 of this supplement and in Supplement No. 3 to the Safety Evaluation 
Report. 
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If offsite ac power is lost, three independent and redundant onsite diesel 
generators and their associated distribution systems will deliver emergency power 

. to safety- related equipment. Our review of the design, testing, surveillance, and 
maintenance provisions for Salem Unit 2 onsite emergency diesels is des~ribed in 
Section 8.3 of the Safety Evaluation Report, Supplement No. 3 and this supplement. 
Our requirements include preoperational testing to assure the reliability of the 
installed diesel generators in accordance with the provisions of Regulatory 
Guide 1.108, "Periodic Testing of Diesel Generator Units Used as Onsite Electric 
Power Systems at Nuclear Power Plants." In addition, as discussed in Section 8.3.4 
of this supplement, the applicants have been requested to implement a program for 
enhancement of diesel generator reliability to better assure the long-term 
reliability of the diesel generators. 

Even if both offsite and onsite ac power are lost, cooling water can still be 
provided to the steam generators by the auxiliary feedwater system by employing a 
steam turbine driven pump that does not rely on ac power for operation. Our review 
of the auxiliar.y feedwater system design and opera~ion is described in Section 10.4 
of the Safety Evaluation Report. Our review of the operation of the steam turbine 
driven auxiliary feedwater pump, without reliance on ac ·power, is presented in 
NUREG-0611, "Generic Eva.l uation of Feedwater Transients and Small Break Loss of 
Coolant Accidents in Westinghouse - Designed Operating Plan~s.'' Additional actions 
by the NRC staff and the ~pplicants to improve the reliability of the auxiliary 
feedwater systems for Salem Unit 2 are described in Part II of this supplement in 
Section II.K.3. 

In addition, we are requiring the applicants to perform analyses of accidents and 
transients and to develop operating guidelines, operating procedures, and conduct 
operator training based on these analyses as described in Part II of this supple­
ment in Section I.C.l. These requirements will include consideration of loss of 
all ac power. With regard to testing, the applicants have included a simulated 
loss of all ac power in its low power test program as described in Section I.G. 

Based on the foregoing, we have concluded that there is reasonable assurance that 
Salem Unit 2 can be operated prior to the ultimate resolution of this generic issue 
without undue risk to the health and safety of the public. 
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1.0 INTRODUCTION 

By letter dated November 18, 1977, as revised on February 14, 
1978, and as supplemented on December 13, 1977, May 17, 
July 31, August 22, October 13 and 31, November 20 and 
December 22, .1978, and January 4, 1979, Public Service 
Electric & Gas Company, et al. (PSE&G) requesteq an amendment 
to f aci 1i ty Operating License No~ DPR-70 for the Sal em Nuc 1 ear 
.Generating Station, Unit No. l. The request was made to 
obtain authorization to provide additional storage capacity in 
the Salem Unit No. l Spent Fuel Pool (SFP). By letter dated 
April 12, 1.978, the licensee submitted Amendment No. 42 to the · 
Appl icatfon for Licenses for the construction and operation of 
the Salem Nuclear Generating S,tation, Units_ No. l and 2, 
~onsisting of changes to the Final Safety Analysis Report 
including a revised description of the spent fuel storage 
fad lit i es for both uni_ ts to reflect the proposed design 
changes .of the Unit No. l license amendment application. The 
proposed modifications-would increase the capacity of each SFP 
from the present design capacity of 264 fuel assemblies to a 
~apacity of ,1170 fuel" assemblies. ' 

. The increased' SFP capacity would be achieved by installing new 
racks with a decreased spacing between fuel storage cavities. 
The present rack design has a nominal center-to-center spacing 
between. fuel storage cavities of 21 inches. The proposed new 
spent fuel racks would be modular st~inless·steel structures 
with individual storage cavities to provide a nominal center-to­
center spacing of 10.5 inches. Each stainless steel wall 
of the indi·vidual cavities would c·ontain sheets of. Baral 
(Boron Carbide in an aluminum matrix) to provide for. neutron 
absorption. The SFPs are located in separate fuel handling 
buildings adjacent to the respective reactor containment 
buildings. The genera 1 arran.gement and details of. the proposed 
new spent fuel storage racks are sh9wn in Figure·s:l.2-1 through 

· 1.2-4 of the licensee 1 s revised submittal of February 14, 
1978. ' 

The. expanded storage capacity of the Unit No. l SFP would 
allow Unit No. l tO operate until about 1996, or until about ' 
1993 while still maintaining the capability for a full core 
discharge • 

. The major safety considerations associated with the pro_posed 
expansion of the SFP storage capacity for Salem Unit l are 
addressed below. A separate environmental impact·appraisal 
has been pre_pared for this _pro_posed action. · ·· · · 
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2.0 DISCUSSION ANO EVALUATION 
2. l Criticality Considerations 

The proposed spent fuel storage racks will be an assemblage of 
open-ended double-walled stainless steel boxes with storage 
,space for one fuel assembly in the cavity of each box. These 
boxes will be about 14 feet long and will have a square cross 
section with an inner dimension of 8.97 inches. The nominal 
distance between the centers of the stored fuel assemblies, 
i.e., the lattice pitch, will be 10.5 inches .. The effective 

. side dimension of the sq4are fuel assembly, which.was used in 
the criticality calculations, is 8.432 inches. This results 
in an overall fuel region volume fraction of 0.645 in ·the 
nominal storage lattice cell. Baral (boron carbide and aluminum) 
plates are to be press-fitted and s~al-welded.in the cavities 
between the doub·le stainless steel walls. In its May 17, 1978 
submittal, PSE&G·states that stringent in-process inspection 
and process controls.are imposed during manufacturing of the 
Baral plates to ~ssure that they have a density of at .least 
0.020 gram of the boron-ten (B-10) isotope per square.·-centimeter 
of plate. In this full array of storage boxes, there will be 
two Bciral plates between adjacent fuel assemblies. This makes 
the minimum areal 1density of boron between fuel · a,ssembl i es 
2.41 x'l021 ·B-10 atoms per square centimeter. ..· · 

As, stated in PSE&G' s 'February 14, 1978 submittal , tl:le fuel 
criticality calculations using the proposed, new spent fuel 
~atks are b~sed oh unirradiated fuel assemblies with no burnable 
pois6n and a fuel loading of 44.T grams of uraniu~-235 (U-235) 
isotope per axfal centimeter· of fue1.: assembly. · 

. ., 

The Exxon Nuclear Company (Exxon) performed the criticality 
analyses for PSE&G. Exxon's :initial calculational method was 
the· KENO-III Monte Carlo program with 18 energy group. cross 
sections, which.were obtained from the CCElL, BTR-I and GAMTEC-II 
programs. These programs were used to determine the effects 
on the effective multiplication factor (Keff)* in the SFP of 
mechanical 'tolerances, fuel an~ boron loading tolerances, 
temperature, and fuel density. Exxon then used the KENO-IV 
Monte Carlo program, with 123 energy group cross sections, 

Keff, effective multiplicatio~ factor, is th~ ratio of neutrons from 
fissions in .. ~acn generation to the total number lost by absorption and 
leakage in the'preceding generations. To achieve criticality in finite 
system, Keff must equal 1.0. 
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·which were obtained from the NITAWL and XSDRN pro·grams, to 
calculate the Keffs for the nominal spent fuel storage lattice 
and for a postulated worst case, wherein the worst case geometry 
was assumed along with a l00°C temperature for the water 
between the fuel assemblies, while the water in the fuel 
assemblies was assumed to be 20°C. Exxon's calculated value 
for this worst case Keff is 0.923. . I 

Exxon checked the ·accuracy of this KENO-IV method by calculating, 
two types of experiments, which were done at the Oak Ridge 
National .Laboratory by E. B .. Johnson and G. E. Whitesides. 
One type was an arrangement of stainless steel clad, uranium 
dioxide fuel pins in UI1borated water. The other type was an 
arrangement of uranium metal fuel pins in unborated water on 
both sides of a central Boral plate which had a density of 
3.8 x 1021 atoms of B-10 per square centimeter. The maximum 
difference between the calculated and experimental values of 
Keff was found to be Q.013~k (qr about 1.3 percent) . 

. These storage ·racks are designed to prohibit the 1 nsertion of 
·a fuel assembly anywhere except in prescribed locations. In 
its May 17, 1978 response to our ~equest for additional inferma­
tion, PSE&G stated that it is not possible to place a fuel 
assembly either between storage rack modules or between the 
outer periphery of the storage racks and the spent fuel pool 
walls. · 

~n response,to our request for additional information, PSE&G 
stated in its May 17, 1978 submittal that neutron transmission 
tests will be performed on the.completed rack modules to 
verify the presence of all the Baral plates in the racks prior 
to placing any fuel in the racks. 

The above results compare favorably with the results of calcula-
tions made with other methods for similar fuel pool storage . 

-lattices which also assumed new, unirradiated fuel with no 
· burnable poison or control rods in unborated water. These 
calculations yield the maximum neutron multiplication factor 
that could be obtained throughout the. life of the fuel assemblies. 
This includes the effect of the plutonium which is generated 
during the fuel cycle. 

The NRC acceptance criterion for the criticality aspects of 
·fuel storage in high density fuel storage racks is that Keff 
shall not exceed 0.95, including all uncertainties, under all 
coliditiOns throughout the life of the racks. This acceptance 
criterion is based on the overall uncertainties associated 
with the ca 1cu·l at iona 1 methods, and it is our judgment that 
this provides sufficient margin to preclude criticality in 
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fuel pools. A technical specification which limits Keff in 
spent fuel poo1s to 0.95 will be provided 'to ass~re this 
criterion is adhered ,to. · . . · . . . 

Since the maximum Keff that ·could be experienced in spent fuel 
pools .can not practicably be_ measured (considering at any one 
time only a limited number of fuel assembliest mostly irradiated 
ones, will be in the pool), it is prudent to use a calculated 
Keff. To preclude any unreviewed increase, or increased 
uncertairi,ty, in the calculat~d value .which could raise the 
actual Keff without it being detected, a limit on the maximum 
fuel loading is al.so required. Accordingly, we find that the 
proposed high density storage' racks will meet'the'NRC criterion 
when the fuel loading in the assemblies d~scribed in these 
submjttals is 1.imited to 44.7 grams or less of u.:.235.per axial 
centimeter of .stored fuel. assembly. This. restri.ction will be 
imposed by aTechnical Specificati.on cha~ge. 

2. 1. 1 Conclusion 

We find. that wh~h any number of the Sa 1 em p 1 ant f ue 1 . as semb 1 i es , 
which PSE&G states ,wi 11 have. no mor,e than 44. 7 gr,ains of U-235 
per (ixial centimeter of fuel assembly,.are loaded into the 
proposed racks, t~e Keff in.the fuel pool will be less than 
the 0. _95 1 i mi t. , We a 1 so find that in. order to p rec,l ude the 
possibility of the Keff in the fuel pool exceeding 0.95 witho,ut 
being detected, it is pruden~ to prohibit the use of these 
high density storage, r.acks far fuel assemblies th~t· contain 
more. than 44. 7 grams of U-235 per axia·1 centimeter of fuel 
assembly .. On the basis of the information submi.tted, and the 
Ke ff ?hd fue 1 loadi f19 limits stated .ab9ve, we conclude' that 
there is ·reasonable assurance that. the· use of ttie proposed 
racks will not result in a criticality. · 

2. 2 Spent . .Fuel. Cooling 

.. The licensee considered the additiona.1' he~t load that' would 
result from the additional fuel assemblies that will be stored 
in. th• SFP'~nd caltulated the eff~ct of this heat load on the 
SFP.cooling.system. A description of the various assumptions 
considered in this review·and the~maximum heat loa~s expected 
are discussed below. 

' ' . ' . . 
The' licensed core power for Salem Unit No. 1 is 3338 thermal 
megawatts (MWt). PSE&G plans ta refuel annually. This 

· wj 11 .require the rep 1 acemerit of about 65. of the 193 fuel 
assem~l i es every year.· · In its February 14, 1978 submittal, 
PSE&G -~ssumed a 150-hour decay time after 1095 effective full 
po\t#er,.days (EFPO) of reactor _operation :to .calculate the maximum 
in-pool heat generation rates per fuel assembly. Using the 
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method given on pages 9.2.5-8 through 14 of the NRC Standard 
Review Plan with the above assumptions, PSE&G calculated a 
decay heat load of 55.4 kw for an average power fuel assembly. 
Using this same method, PSE&G calculate~ that the maximum SFP 
heat load during the 18th annual 5efueling, i.e., the one that 
fills the pool, will be 18.6 x 10 Btu/hr (5.45 MWt). 

The SFP cooling system consists of two pumps and one heat 
exchanger. Each pump is designed to pump 2300 gpm 
(l.'15 x 106 pounds per hour). The heat exchanger is designed 
to 'transfer 11.9 x 106 Btu/hr (3.35 MWt) from 120°F fuel pool 
wa:ter to 95°F component cooling water, which is flowing through 
the heat exchanger at a. rate of 1.49 x io6·pounds per hour. . 

Should a full core offload be required, PSE&G states that the 
core would be cooled in the reactor vessel with the residual 
heat removal system until the SFP cooling system could keep 
the outlet water temperature from exceeding 150°F. At 1S0°F, 
the SFP cooling system will transfer· 26.38 x 106 Btu/hr 
(7.36 MWt). For a full core offload after 15 annual refuelings, 
PSE&G calculated that 570 hours (about 22 days) of decay time 
would be required before the SFP cooling system, with only one 
pump.operating, would keep the outlet water temperature below 
150°F. 

2.2.1 £valuation 

PSE&G's calculated fuel pool outlet water temperatures are 
consistent with the stated cooling water flow rates and the 
design of the heat exchanger. We calculate.that with one pump 

'running at its design capacity and the 150 hour decay heat 
load in the pool at the 18th refueling (i.e., 18.6 x 106 Btu/hr) 
the maximum spent fuel pool outlet water temperature will be 
about l34°F, which is consistent with the licensee 1 s calculations. 

As .stated in Section 9 of the FSAR, up to 100 gpm of makeup 
water for the SFP is .available from the refueling water storage 
tank, which is designed to seismic Class I criteria. We find 
that PSE&G 1 s calculated peak heat loads for the SFP with 
modified racks are conservative and acceptable. We also find 
that the maximum incremental heat loads that wilJ. be added by 
increasing the number of spent fuel assemblies in the SFP from 
264 ·to 1170 will be 4.5 x 106 Btu/hr. This is the difference 
in peak heat load for a full core offload that essentially 
fi 11 the present and the modified poo 1. The tota 1 peak heat 
load resulting from -a full core offload will be 42. 1 x 106 Btu/hr 
for the modified design as compared to 37.6 x 106 .Btu/hrs for 
the existing rack design. For the full core offload that 
fills the pool (i.e., 15 pri~r annual refuelings), we calculate 
that the maximum_ required cooling time in-the reac:tor vessel 
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that will be needed to keep the spent fuel pool water temperature 
below 150°F with only one spent fuel pool cooling pump running 

, will be about :the same as the 570 hours calculated· by PSE&G. 
Therefore, the maximum delay in removing a full core from the 
reactor vessel would be about 22 days . 

. Assuming an SFP water temperature of 150°F, the minimum possible 
time to achieve bulk pool boiling after any credible additional 
failure in the SFP cooling system would be about six hours. 
After bulk boiling commenced, the maximum evaporation rate 
would be about 56 gpm. · We find that six hours w,ould be sufficient 
time for PSE&G to establish a 56 gpm makeup rate. We al.so 

·find tha~ under bulk boiling conditions the surface temperature 
of the fuel will not exceed 350°F. This is an acceptable 
temperature from the standpoint of fuel element integrity and 
surface corrosion. 

2.2. 1 Conclusion 

We flnd that the present cooling capacities in the spent fuel 
pool of the Salem Unit No. 1 will be sufficient without modifica­
tion to handle the incremental heat load that will be added by 
the proposed modifications. We also find that this incremental 
heat load will not alter the safety considerations of spent 
fuel pool cooling from that which we previously reviewed and 
found_to be acceptable. 

2.3 Installation of Racks and Fuel Handling 

PSE&G 1 s present plans are to modify the spent fuel storage 
racks at both Salem Nuclear Generating Station Units 1 and.2 
prior to offloading spent fuel into either pool. If these 
plans are realized, at the time of the modification, the pools 
will not be contaminated with radioactivity and the racks can 
be changed without having water in the pools. 

Since there would be no fuel assemblies in the fuel pool 
during the modification, it would not be possible to have an 
accident involving radioactivity. In the event that the 
modifications are not performed until after the first refueling 
outage for ejther Unit 1 or 2, PSE&G will be required to 
provide the staff with its intended procedures and safety 
precqutions that w111 be used to ensure that an accident 
involving irradiated fuel does not occur. 

/ 

After the new racks are installed in the pool, the fuel handling 
procedures that will be implemented in and around the pool 
will be the same as those procedures that were in effect prior 
to the modifications. These were previously reviewed and 
found acceptable by the NRC. 

D-7 



The spent fuel handling equipment has a separate spent fuel 
cask loading pool adjacent to the spent fuel pool, connected 
by a canal. Mechanical stops on the crane prevent passage of 
a spent fuel cask over or near the spent fuel pool. 

Even if the modification were to be performed with water in 
the spent fuel pool, and should the cask drop or tip while in 
the handling building, any resultant water loss from the cask 
loading pit would neither create a safety hazard nor affect 
other safety-related equipment. Since two gates separate the 
cask loading pit from the spent fuel pool, water leakage from 
the spent fuel pool in the event of a cask drop directly over 
the loading pit will be prevented. 

· The NRC staff has under way a generic review of load handling 
operations in the vicinity of spent fuel pools to determine 
the likelihood of a heavy load impacting fuel in the pool and, 
if. necessary, the radio 1 ogi ca 1 consequences of such an event. 
At present Salem l is prohibited by its technical specifications 
from the movement of loads with weight in excess of 2500 pounds 
over spent fue1 assemblies in the SFP.* This restriction is 
to limit the maximum weight, i.e., a fuel assembly, that can 
be carried over the stored fuel assemblies until our generic 
review is completed. There are two other lighter loads, 
however, identified by the licensee, that are handled over 
stored fuel assemblies. These loads are the Fuel Assembly 
Handling Fixture and Burnable Poison Rod Assembly Tool. 
Although lighter than a single fuel assembly, these two loads 
could develop greater kinetic energy should they be dropped 
because of greater potential drop heights. This larger 
kinetic energy could theoretically cause more damage to stored 
fuel assemblies than that calculated assuming a single dropped 
fuel assembly. The licensee has therefore examined the use of 
these loads and has provided the information presented in 
Table 2.3-1. 

As indicated, the maximum potential kinetic energy of an 
unloaded Fuel Assembly Handling Fixture is approximately twice 
that of a fixture when carrying a fuel assembly. And the 
maximum potential energy contained in the Burnable Poison Rod 
Assembly Tool ·is approximately four (4) times that of a 
dropped fuel assembly and handling fixture: 

Based on the breaking strength of the wire rope reeving system, 
the design factor when handling an unloaded fixture or tool is 
160:1 and 86:1, respectively. Further, the licensee points out 

*Salem Unit 1 Technical Specifi.cations, Section 3.9.7. 
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that whereas the fuel handling crane is limite9 to handling 
loads not exceeding 2500 pounds it is rated and tested, per 
OSHA (ANSI B 30.2) requirement, for·10,ooo pounds (5 tons). 
In addition, as jndicated in Table 2.3-1, the design factors 
for the attachment points for the fixture and tool (in an 
unloaded condition) are 28:1 and 17:1, respectively. 

Based on the above, we believe that the likelihood of a drop 
of the unloaded fixture or tool due to either a structural 
failure of the crane or reeving components is -very remote 
because of the existing large design margins. In addition to 
the design factors. indicated above, to preclude a load drop 
due to it becoming disengaged from the crane hook; or failure 
of the hook itself, the licensee has indicated that it will 
provide a back up means of supporting the. fixture or tool, 
as illustrated in Figure 2.3-1 (as provided in the licensee's 
December 22, 1978 submittal), in addition to the hook-thr-oat 
latch type safety hook. This backup cable sling will have a 
safety factor comparable to the crane, i.e., 5:1. Therefore, 
if the tool or fixture should be improperly engaged or other­
wise become disengaged from the crane hook, there is reasonable 
assurance that, ft would be supported by the wire rope backup 
cable and is, therefore, acceptable. 

The fuel handling crane is rated for 5 tons and tested in 
accordance with OSHA (ANSI 8 30.2) requirements. The ratio of 
the weight of the unloaded fixture and tool to the cranes rated 
load capacity is 1:31and1:15, respectively. These margins, in 
our view, are suffici.ent to preclude their dropping due to a 
structural crane failure. 

2.3. 1 Conclusion 

The consequences of fuel handling accidents in the spent fuel 
pool area are not changed from those presented in the Safety 
Evaluation Report dated October 1974. This design basis 
a.ccidant.is independent of the number of fuel assemblies in 
the pool and is defined for fuel with the least decay after 
shutdown for refueling. The acciqent is assumed to occur at a 
time after shutdown ldentified in the Technical Specifications 
as the earliest time fuel handling operations may begin. The 
Technical Specifications which prohibit loads greater than 
2500 pounds allow flexibility in the movements of fuel and 
other relatively light loads, while providing reasonable 
assurance that the consequences of the design basis accident 
will not be exceeded. 
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Table 2.3-1 

'1aximum Drop Height of Em.pty Tool over storage 
racks,· ft. 

~eight of Empty Tool, lbs. 
~aximum Kinetic Energy at Impact, ft. lbs. 

~aximum Drop Height of Loaded Tool over storage 
racks, ft. 

1aximum Weight of Loaded Tool, lbs. 
~aximum Kinetic Energy at Impact ft. lbs. 

Unloaded Tool,.Wire Rope Design Factor (based 
on breaking str.ength) - Reeving system 

Loaded Tool, Wire Rope Design Factor (based 
on breaking strength) - Reeving systein 

Design Factor of remaining portions of fuel 
handling crane with respect to its load 
rating of 5 tons. 

Design Factor of Tool Inducing the .Connection Point 
(loaded condition) 

Design Factor of Tool Including the Connection Point 
(unloaded condition} · 

Burnable Poison 
Fuel Assembly Rod Assemb.ly 

Handling Fixture ---~T_o_o~l~~-

·15 15 .. 
350 650 
5250 . 9750 

l l/4 l l/4 
1965 2265 
2456 283J: 

350/56000 650/56000 

.l 965/56000 2265/56000 

S:l S:l 

5: l 5: l 

28:1 17: 1 

Note·1: Fuel Handling crane is load tested per Chapter 2-2 of ANSI 830.2 

) 
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2.4 Structural and Mechanical Design 

The current fuel storage racks in the Salem Unit l spent fuel 
pool provides for a storage capacity of 264 fuel assemblies. 
The proposed modification consists of replacing the existing 
racks which will provide a storage ~apacity of 1170 fuel 
assemblies with a nominal center-to-center spacing between 

·fuel assemblies of 10-1/2 inches. The storage cells are 
. constructed of type 304 stainless steel·, aluminum-clad Baral 

material, with the remaining portions of the rack structures 
constructed of type 304 stainless steel. 

The design·uses a stiffened module base which directly supports 
the fuel assemblies and ·an upper_ box structure which contains 
the spent fuel storage cells. These.structures are assembled 
by welding. The rack bases are supported off the·spent fuel 
pool floor by seven (7) support legs on each module. The 
upper box structure consists of a top grid assembly, mid-height 
peripheral members and plate diaphragms (stiffened, where 
neces·s~ry,. to prevent shear/comp·ression bu<;kl i ngL and are 
welded to the module base. Each cell is a square cross section 
formed from an inner shroud of stainless steel, a center sheet 
of aluminum clad Baral~ and an outer shroud of stainless 
steel. A flared guide and tram;ition section is provided at 
the top of each storage cell. 

2.4.1 Evaluation· 
Structural and Mechanical 

The supporting arrangements for the modules, including their 
restraints, the design,. the fabrication, the installation 
procedures, the structural design and analyses procedures for 
all loadings, including seismic and impact loadings, the load 
combi n~t ions, the structura 1 acceptance, criteria, the i nsta 11 at ion, 
and the applicable industry codes were all reviewed in accordance 
with the applicable portions of the NRC OT Position for Review 
and Acceptance of Spent Fuel Pool Storage and Handling Applications, 
April 1978. 

The fuel pool is located in the Fuel Handling Building. A 
response spectrum dynamic seismic analysis of the fu~l rack 
.structures was performed using horizontal and vertical response 
spectra as seismic input which conform to those in the Salem FSAR 
and approved in the staff's· SER for Salem Units l an.d. 2 .. The 
seismic response spectra for the spent fuel storage pool floor 
were generated from the horizontal and the vertical time-history 
acce 1 erat ions ca lcu 1 ated at the 1 eve l of .the poo 1 f1 oor in the: 
seismic analysis of the fuel handling building. Th~ seismic 
~odal responses of the racks and the three spatial earthquake 
components of rack response were combined in accordance with 
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Standard Review Plan Section 3.7.2 and Regulatory Guide 1.92, 
·Rev. l, entitled, "Combining Modal Responses and Spatial 

Components in Seismic Response Analyses." 

The damping values utilized in the seismic analysis of the 
rack modules were consistent,with those approved in the Salem 
FSAR and approved in the staff's SER for Salem Units 1 and 2. 
No credit was taken for additional damping due to the racks 
being submerged in water. The amount of mass added to a rack 
to account for submergence in the pool was taken to be the 
mass of the water enclosed in the spent fuel pool storage 
rack. 

Time-history analyses were performed to account for the effects 
of the clearance gap between a storage cell and the fuel , 
assembly contained therein. The analysis was performed using 
an artificially generated time-history whose response spectrum 
enveloped the floor level response spectrum for the floor of · 
the Salem fuel storage pools. (The method was the same as 
that approved previously for Arkansas Nuclear One in the 
December 17, 1976 NRC Safety Evaluation Report for its spent 
fuel rack modification.) The results of the analysis were 
that the maximum combined support reactions calculated were 
1. 18 times the maximum combine~ reactions calculated by the 
simplified linear elastic timeQhistory analysis with no gap 
between the storage cell walls and the fuel assembly. Therefore, 
the seismic loads developed by_ the linear elastic analysis of. 
the complete rack structure were increased by a factor of· 
1.18. A maximum impact load on the fueJ cell associated,with 
the l. 18 impact factor was shown to be much less than the load 
capability of the fuel cell can walls. No adverse effects on 
the· rack structures or fuel assemblies resulted from these 
considerations. Time-history analyses were also performed to 
account for the effect of rack modules potentially sliding on 
the pool floor and impacting the pool walls at the lower wall 
restraints. A row of four modules along the length of the 
pool was modeled. · 

Each module was modeled as a simplified two degree of freedom 
system with gap elements included at all thermal expansion 
gaps and friction elements provided to account for the .racks 
sliding on the pool floor. The time-history used was the same 
as that developed for the storage cell/fuel assembly analysis. 
The friction factors between the module feet and the stainless 
steel floor were taken from General Electric Report No. 60 GL20, 
11 Investigation1 of the Sliding Behavior of a Number. of Alloys 
Under Ory- and Water-Lubricated Conditions, ... by R.E. Le·e, Jr., 
January 30, 1960, which was published by General' Electric. 
Subsequent evaluation indicated that the values used are 
consistent with the values .contained in a report entitled, 
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11 Friction Coefficients of Water-Lubricated St~inless Steels 
for a Spent Fuel Rack Facility, 11 by Professor Ernest Robinowicz 
of the Massachusetts Institute of Technology. This analysis 
yielded a conserv'ative reaction force at the pool wall which 
was used in the design of the wall restraints since it is 

·improbable that the racks would slide at all. In addition, 
the rack.module base was analyzed using this impact force 
directly superimposed on the other seismic and dead weight 
loads yielding no adverse effects. 

The rack material properties for structural components used in 
the analysis of the fuel racks were taken from Appendix I of 
Section III of the ASME Boiler and Pressure Vessel Code. The 
material properties consistent with a temperature of 150°F 
were used for all load cases at normal operating temperatures 
and the material properties consistent with a temperature of 
240°F were used for the load cases at maximum temperature. 

Results of the seismic analysis show that the racks are capable 
of withstanding the loads associated with all the design 
loading conditions without exceeding allowable stresses. 

The racks were also designed to withstand the local as well as 
gross effects of the impact of a fuel assembly dropped from a 
height of. 15 inches such that no significant deformation of 
the rack module configuration will occur for the postulated 
dropped fuel assembly. The local effects were determined 
through a test on 2-foot 1 ong sections of a Bar.al poi son spent 
fuel cell together.with the flared lead in section to determine 
the load-deflection characteristi.cs of the cells. Two cases 
were considered, one where the assembly falls vertically 
directly on one cell but rotated 45° such that the corners of 
the assembly hit the side of the cell, and the other where the 
assembly falls vertically at the center of a group of four 
cells. The first case results in maximum force and deflection 
on an individual cell while the setand case results in a 
maximum force being applied to the rack structure. In both 
cases crushing of the ce 11 was· shown ta be 1 imited to the 
upper 7 inches of the lead-in section, above the rack module 
upper grid structure and above stored fuel assemblies. The 
effects of a dropped assembly accident inside a storage cell 
was also evaluated. The impact energy was absorbed by the 
1/4-inch base plate and a small amount of bending distortion 
of the base assembly beam members. In addition, the effects 
of a dropped assembly accident, in which the assembly rotates 
as it drops, were evaluated. In this case, the assembly 
impacts a row of storage cells and comes to rest on tap of the 
rack modules. The results indicate that this case results in 
lower loads than the simple vertical drop case. 
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.The fu~l pool structure consists of concrete walls and floor 
1 i ned with type _304 stain 1 ess stee 1 1 i ner p 1 ate. The increase 
in. floor loading due to the proposed spent fuel storage racks 
is well under 1% of the total mass lumped at the level in the 
fuel. handling building analytical model. The walls have been 
investigated for the seismic effect of the heavier racks and 
stored fuel. The new high density racks have no appreciable 
effect on the structural stability and seismic response of the 
fuel handling building. The pool structure meets all allowable 
limits imposed on the design in the FSAR considering any new 
loadings. 

Material Considerations 

In August 1978, the staff was made aware of a problem at the 
Monticello facility that had been identified.with regard to spent 
fuel storage racks similar in design to those proposed for use at 
Salem Unit No. 1. Th!! problem involved the in-leakage of water 
into the' stain 1 ess stee 1 cans, such that hydrogen gas was 
generated due to oxidation of the exposed aluminum material.· 
This gas caused a pressure buildup and resultant swelling of 
the stainless steel cans such that the removal of a fuel assembly~· 
if located at an :affected storage location, could. not be removed. 
A discussion of how this potential problem ha~ been considered 
at Salem is provided below. 

The Salem high density spent fuel storage cell utilized Baral 
material sealed between an inner and outer stainless steel 
shroud. This cell will be supplied to Exxon Nuclear Company 
by Brooks ~nd Perkins, Incorporated .. The stainless steel 
shroud.(or cladding) is type 304. The boral consists of an 
1100 series aluminum and boron carbide matrix core sandwiched 
between two layers of 1100 series a 1 umi num cladding. The 
stainless steel shrouds are seal-welded together at both ends 
such that the annulus between the shrouds is leaktight. In 
the event that there are leaks allowing water to enter the 
annulus, there will be corrosion of the aluminum with hydrogen 
gas as an off product. Once the pressure buildup within the 
composite exceeds 1.8 to 3 psi, the inner shroud will bulge 
inward and wi 11 contact the fue 1 bundle. In an effort to 
avoid the consequences of water leakage into the ce 11 arinul us, 
the licensee will impose strict welding procedures, welding 
operations and.qualifications of welders in accordance with 
the requirements of the ASME Code, Section IX, and nondestruc­
tive examination requirements, in accordance with ASME. Section X. 
In addition, leaktightness tests will be conducted using 
helium mass spectrometer tests to ensure 100% leaktightenss 
with a 95% confidence level. 
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2.4.2 

The response of a poison spent fuel storage cell to internal 
pressurization caused by corrosion has been'evaluated by Exxon 
Nuclear Co. in a series of ·tests which demonstrated that if a 
leak exists in a fuel storage cell after installation ·in the· 
water filled ·pool and before fuel is inserted, the worst 
consequence would be the inability to insert the fuel into 
~hat cell. Secondly, if a leak develops in a fuel storage 
cell during the operating lifetime of the st·orage pool and 
fueJ is already in place, the most severe results would be 
that the fuel could not be withdrawn with the normal fuel 
withdrawal force limit of the fuel handling machine. In ·this 
event, semi-remote tooling will be used to provide vent holes 
in the top of the storage cell annulus to relieve the pressure ,. 
on .. the fuel assembly. and permit routine removal. 

Based upon our review to date of·· the corrosion potent i a 1 in 
· spent fuel pool environments and previous operating experience, 

we have concluded tha~ at the pool temperature and the quality 
of the demineralized water (with dissolved boric acid) there 
is reasonable assurance that no significant corrosion.of the 
stainless steel in the racks, the fuel cladding'or.the pool 
1 i ner wi 11 o·ccur over the 1 i fetime of the p 1 ant, thereby 
'significantly impacting the structural .integrity of the racks. 
Since the possibility of long-term stor'age of· spent' fuel exists, 
the effects of the' pool environment on the racks, fuel cladding 
and pool liner are under continued investigation. · 

Evaluation Summary 

The analyses, the ·design; the fabrication and the· installat·ion 
of the proposed fuel rack storage system are in accordance 
with accepted criteria. The analysis of the structural loads 
imposed by dynamic, static, seismic and thermal loadings, and 
the acceptance criteria for the appropriate loadfng'.conditions, 
are in accordance with the appropriate portions 'of the NRC 
OT Position for Review and Acceptance of Spen't Fuel Pool 
Storage and Handling Applications, April 19~8. r . 1 

. 

The mechanical properties for the materials utilized in the 
rack design were those consistent with the pool maximum operating 
temperature of 150°F. The quality assurance procedures for 
the materials, the fabrication, the installation and the 
examination of the new rack structures are in acceptable 
general conformance with the acc~pted requirements of ASME 
Code, Section III, Subsection NF, Articles NF-2000, NF-4000 
and NF-5000. · 
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2.4.3 

The effects of the additional loads an the existing pool 
stru~ture due to high density storage racks .have been examined. 
The pool structural integrity.is assured by conformance with 
the a~iginal FSAR a~ceptance criteria. In turn, thi• provides 
adequate assurance that the pool. will remain leaktight. 

There is no evidence at this time to indicate.that.corrosion 
of the fuel assemblies, the stainless steel rack structure·s or 

. the fuel pool liner will occur at the temperatures and quality 
of the demineralized water {with dissolved boric acid) to be 
maintained in this pool. The welding techniques and procedures 
and the nondestructive examination techniques provide a. high 
level of ,confidence that the annuli ~ontaining the Baral in 
the installed cans will be leaktight. Although no leakage is 
likely to occur, tests were conducted which demonstrated that 
if isolated cases o.f leakage should occur in service, any 
swelling of the cans would not represent a safety hazard. 

, Upon.exposure Qf the Baral plates {84C/Al matrix) to the spent 
fuel poo.l water, ga 1 vani c coup 1 i ng between. the a 1 umi num~Bora 1 

'liner, aluminum.binder and the stainless s:teel shroud could 
occur. Deterioration of the Baral would be limi~ed to edge 
attack by general corrosion and pitting corrosion of the 

.aluminum liner and binder in the general area of the leak 
,path. The B4C1 neutron adsorption particles are inert to the 
poo'l water and would becam~ embedded in corrosion pro~ucts. 
preventing loss of the B4C particles. Thus, this small amount 
of deterioration wr.nld have no effect on neutron.shielding, 
attenuation properties or criticality safe'ty. The hydrogen 
produced by corrosion of the aluminum will be released by 
ventfog to minimize bulging.·. · ' 

To aid in verifying the above conclusions, the licensee has 
~ammitted to conduct a long-term fuel storage surveillance 
program ta verify that the spent fuel storage cel 1

1 

retains the 
material stability and mechanical integr_ity over the life of 
the spent fuel storage racks under actual spent fliel pool 
service conditions. · Sample flat 'plate sandwiCh coupons and 
short fuel storage cell.sections will.be placed in an empty 
fue~ stotage cell and periodi~ally examined visually and by 
weigh~ analysis. 

Conclusion 

Based ~n· the evaluation presented-above, we find that the new 
proposed Salem spent fuel storage racks and the design and 
analysesperformed for the racks, support.frames and pool are 
in conformance with established criteria, codes and standards. 
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2.5 Occupational Radiation Exposure 

If the modificatfon is accomplished before the first refueling, 
there should be no octupational exposure associated with the 
removal, disassembly and disposal of the low density racks and 
the ·installation of the high density racks, because both spent 
fue 1 poo 1 s wou 1 d be dry and without spent f ue 1 or water conta i.n'7 
ing radioactivity . 

. If the modification. is.not accomplished until after the first 
refueling, there would be some occupational exposure to radiation. 
Experience at similar facilities where re-racking has occurred 
has demonst~ated that such exposures can be· kept to acceptably 
low levels. Prior experience indicates this should be from 
about 2 to 5 man-rems. This would represent a small fraction 
of: the total man-rem burden from occupational exposure at the 
Salem Station. Based on our review, we conclude the exposures 
from this operation should be as low as reasonably achievable 
(ALARA). . . . ' 

We have estimated the increment in onsite occµpational dose . 
re_sulting from the proposed increase iri stored fuel assemblies 
at both uni.ts on the basis, of inforinat1on supplied by the . 
1 icensee, and by using relevant assumptions .for occupancy 
times and far dose rates in the ·spent fuel area from radionuclide 
concentrations in the SFP water. The spent fuel assemblies · 
themselves contribute a negligible amount to dose· rates in the 
pool area b.ecause of the depth of water shielding the fuel. 
The occupational radiation exposure resul ti n,g from the proposed 
action represents a negligible burden •. Ba~ed. on pres~nt and 
proj~cted operations in the sp~n~ fuel pool area, we estimate 
that the proposed modification should add less than one percent 
ta the total annual occupational radiation exposure burden at 
both units. The small increase in radiation exposure should 
not· affect the licensee's ab.ility to maintain individual 
occupational doses to as low as is· reasonably achievable and 
within the limits of 10 CFR Part 40. Thus, we conclude that 
storing additional fuel in the two pools will not result in 
any significant increase in doses received by occupational 
workers. · 

2.6 Radioactive Waste Treatment 

The station cont.ai ns waste treatment systems designed to 
collect and process the gaseous, liquid and solid wastes that 
might contain radioactive 'material. The waste .treatment 
systems were evaluated' in the Salem l and 2 Safety Evaluation 
(SER) dated October 1974 'for the station. There will be no 
change in the waste treatment systems or in the conclusions of 
the evaluation of these systems in Section 11.0 of the SER 
because of the proposed modificati~n. 
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3.0 SUMMARY 

Our.evaluation supports the concl,usion that the proposed 
modifications to the Salem Unit 1 SFP are acceptable because: 

(1) The increase in occupational radiation exposure to individuals 
due to the storage of additional fuel in the SFP would be 
negligible. 

(2) The installation and use of the new fuel racks does not 
alter the po~enti al ·consequences of the design basis. 
accident for the SFP, i.e., the rupture of a· single fuel 
assembly and the subsequent release of th~ assembly's · 
radioactive inventory within the gap .. 

( 3) The like 1 i hood of an accident .i nvo l vi ng heavy 1 oads in 
the vi ci ni ty of the spent fuel pools is sufficiently .' 
small that no additional restrictions on load movement 

·are n·ecessary w·hiie our generic review of the issues is 
underway. · 1 

( 4) · The phys teal design of the new storage racks wi 11 preclude 
criticality for any credible moderating condition with 
th~ limits ~o be stated in the technicaJ specifications. 

(5), The SFP has adequate coaling wi.th existing systems. 
• ' I ' . 

(6) "The structural design and the materials of constructio'n· 
are adequ·ate to assure safe storage of fuel in the pool 
environment for the duration of plant lifetime and to 
withstand the seismic loading of the design earthquakes. 

'' r 

..:i r_ 
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4.0 CONCLUSION 

We have concluded, based on.the considerations discussed 
above, that: (1) there is reasonable assurance that the 
health and safety of the public will not be endangered by 
operation in the proposed manner, and (2) such activities will 
be conducted in compliance with the Commission's .regulations 
and that the proposed action to permit installation and use of 
high density spent f ue 1 "storage ·racks in the · spent fue 1 poo 1 
at the Salem Nuclear Generating Station, Unit 1 will not be 
inimical to the common defense and security or to the health . 
and safety of the public. 

Date: January. 15, 1979 

., 

I 
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I. · INTRODUCT!O~I 

APPENDIX E 

SALEM NUCLEAR GENERATING STATION 
. : UN IT NOS • . i AND 2 

Fire Protection Safety Evaluation Report 

We ~ave reviewed .the Salem Nuclear Generating Station Unit Numbers 
' . 

a:nd 2 fire protection program and fire hazards analysis submitted by the . 

licensee. The submittal,, including their answers to six NRC requests 

for_additional_JnfQl'.'lllation,. was in response to our request to evaluate 

his fire protection program against the guidelines of Appendix A ~o 

BTP APCSB 9.5-1, "Guidelines for Fire Protection for Nuclear Power 

Plants." As part of the review, we visited the plant site to examine 

the relationship of safety related components, systems, and structures 

in specific plant areas to both comb~stible.materials and to associated 

fire detection and suppression systems. The overall objective of our 

review of the Salem Nuclear Generating P.lant fire protection program 

was to e~s~~e that in the event of a fire at either facility, Units 1 

and 2 would maintain the ability to safely shutdown, remain in a safe 

shutdown condition, and minimize the release of radioactivity to the 

environment. 

Our review included an evaluation of the automatic and manually operated 

water and gas fire suppression systems, the fire detection systems, fire 
" 

barriers, fire doors and dampers, fire protection administrative controls, 
. 
fire brig~de training, and plant fire protection Technical Specifications. 
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Since Unit 1 and 2 are of the same design, exceot where noted, the comments 

made in this report apply to both uni ts. 

Our conclusion, given in Section VII is that the Fire Protection Program 

at the Salem Nuclear Generating Station Unit Nos. 1 and 2 is adequate at 

the present time, and meets General Design Criterion 3. However, to 

further ensure the ability of the plant to withstand the damaging effects · I 

·of·:firesthat could occur, we are requiring, and the licensee has agreed 

to· provide, additional fire protection system improvements. Until the 

corrinit.ted fire protec-tion-syste:m improvements are. operational' we con-

. sider the existing fire detection and suppression systems; the existing 

barriers between fire areas; improved administrative procedures for 

control of combustibles and ignition sources; the t~ained onsite fire 
'. 

brigade; the capability to extinguish fires manually; and the fire pro-

tection technical specifications provide adequate protection against a 

fire that would threaten safe shutdown. These additional .fire protection 

features wil 1 be completed for Unit Number 1 prior to .the end of its 

secon9 refueling outage. For Unit Number 2, the program will be imple-

mented prior to the first refueling outage. Tli'e schedule for specific 

protection system improvements is presented in Table «I. at the end · 

of this report. 

This report summarizes the results of our evaluation of the Fire Protec­

tion Program at the Salem Nuclear Generating Station. 
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II. FIRE PROTECTION SYSTEMS DESCRIPTION° 

A. Water Supply Systems 

The water supply system is cormion to both units and consists of two 

full capacity 2500 gpm diesel engine driven fire pumps, and a separate 

motor driven pressure maintenance (jockey) pump whose capacity is 

30 gpm at 110 psig. Each pump has its own driver with independent 

power supplies and controls. Separate pump.discharge headers connect 

to the yard fire main loop at points approximately 5 feet apart and are 

underground. Post indicator valves are· provided to isolate the pump 

discharge headers in the main yard loop. They are also provided to 

isolate sections of the fire loop for maintenance and repair. 

The ~wo fire pumps;, their associated fuel oil day tanks,. the jockey 

pump and the station fresh water pumps are located in the fire pump 

ho.use. The fresh water pumps are separated from the fire pumps by a 

three hour barrier. The fire pump room is protected by a wet pipe 

sprinkler system with heat actuated sprinkler heads. Floor drains 

. are provided which would limit the spread of oil in the event of a 

leaking oil tank. The fire pumps are mounted on 12~inch high concrete 

foundations. Separate alarms monjtoring pump running, prime mover 

availability, or failure to start are provided for the pumps in the 

plant control room. The fire pumps are installed in accordance to the 
I 

applicable sections of NFPA·20. We have evaluated the above design 

and criteria and found that it is an acceptable a 1 ternati v_e to 

locating the equipment in separate rooms. 
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The water supply source is from t~o 350,000-gallon fresh water tanks 

of which 300,000 gallons in each .1s reserved for fire protection. 

Make-up to the tanks is supplied from on-site production wells. ··The 

fire pumps can take suction from either or both tanks •. The fire . . 

suppression system requiring the greatest water demand is the deluge 

system for the main transfonners. This wate~ demand is 1400 gpm at 

70 psig plus 1000 gpm for the hose streams. This is within the 

design capacity of 2500.gpm for the system. 

We have reviewed the design criteria and bases for the water supply 

·systems and conclude that the:se systems meet the: guidelines of Appendix 

A to Branch Technical Position 9.5-1 and are, therefore, acceptable. 

B. Automatic Sprinkler and Manual Water Systems 

The automatic sp,rinkler system and manual hose station hose standpipe 
., 

system are fed oy the main yard loop with multiple connections to 

interior fire protection systems header, e.g., the auxiliary building, 

turbine building, service building and reactor building. Each sprinkler 

system and manual hose station has an independent co.nnection to the 

fire protection header fed from two.directions, therefore, a single 

failure ca11L1ot impair both the primary and backup fire protection system. 

Valves in the fire protection system which are not electrically super­

v'ised, w'ith indication in the control room, will .be locked and super­

vised in their nonnal operating.position and checked periodically. 
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The automatic sprinkler system.s, i.e., wet sprinkler system, pre­

action sprinkler systems,. deluge and water spray systems, are 

designed to the requirements of NFPA Standard No. 13, 11 Standard for 

Installation of Sprinkler Systems9 11 and NFPA Standard No. 15, 11Stan­

dard for Water Spray Fixed System. 11 

Manual hose stations are located throughout the plant to ensure that 

an effective hose stream can be directed to any safety related area 

in the pl ant. These systems are consistent with the requirement~; of 

NFPA Standard Mo. 14, "Standpipe and Hose System for Sizing, Spacing, 

and Pipe Support Requirements." 

Are~~ that have been equipped or will be equipped* with automatic 

water suppression systems are: 

(A) Water-Ope.!!"ated Deluge Systems 

Deluge systems actuated by water-pilot line automatic sprinkler 

heads are provided for ~he following equipmentareas: 

(1) Nos, 11 and 12 Turbine Oil Storage Tanks 

(2) No. 1 Seal Oil Unit 

(3) No. 1 Turbine Oil Reservoir 

(4) No. 1 Turbine Oi 1 Makeup Tank 

(5) Nos. llA and 118 Feedwater Pump Turbine Oil Coolers 

(6) No. l Turbine Oil Conditioner 

(7) ·No. 1 Feedwater Pump_Lube Oil Tank 

*To be installed in accordance with Table 1. 
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(8) No~•. 1 ' 2 and 3 Station Air Compressors 

(9) Nos. 21 and 22 Turbine Oil Storage Tanks 

t 10) Nos.·2 Seal Oil Unit 

( 11) No. 2 Turbine Oil Reservoir 

(12) Nos. 21A and, ZlB Feedwater Pump Turbine .Qil Coolers 

(13) No. 2 Feedwater Pump Lube Oil Tank 

(14} No. 2 Turbine Oil Conditioner 

(B} Electrically-Operated Deluge Systems 

Re-cycling deluge.systems actuated by continuous strip overheat 

detectors are provided for the following equipment areas: 

(1) No. 1 Control Room Emergency Air-Conditioning Unit Charcoal 

Filter 

(2) No. 14 Auxiliary Building Standby Venti-lation Unit Charcoal 

Filter 

(3) No. 1 Containment Pressure Relief Unit Charcoal Filter 

(4). No. 12 Fuel Handling Area Ventilation Unit Charcoal Filter 

(5) Nos. 11 and 12 Iodine Removal· Units Ch~_rcoal Filt~rs 

(5} ~~o. 2 Control Room Emergency Air Conditioning Unit Charcoal 

Filter 

(7) No. 24 Auxiliary Building Standby,Air-Conditioning Unit 

Charcoal· Filter 

(8} No. 2 Containment Pressure Relief Unit Charcoal Filters 

(9} No~ 22 Fuel Handling Area Ve~tilation.·Unit Charcoal Filter 

(10) Nos .. 21 and 22 Iodine Removal Units .Charcoal Filters 
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(C) Air Ooerated Deluge Syste~s 

Deluge systems actuated by air-pilot automatic sprinkler heads 
. . 

are provided for the following equipment .areas: 

(l) No. 1 Main Transfonner, Phases A, B, and C 

(2) Nos. 11, 12, 13 and 14 React~r Coolant Pumps 

(3) Nos. 11 and 12 Station Power Transformers 

( 4} No. 1 High and Low Pressure T~ rbi ne Bearing Hou~i n~s­

( 5} No. 1 Auxiliary Transforiner. 

(6) Heating Boiler Fuel Oil Pump.and Heater 

(7} No. 2 Main Transformer, Phas.es A, B, and C 

.(8) Nos. 21, 22, 23 and 24 Reactor Coolant Pumps 

(9) Nos. 21 and 22 Station Power .Transfonn~rs 

(10) No. 2 High and Low Pressure Turbine. Bearing Housings 

(11) No. 2 Auxiliary Transformer. 

(0) : Wet-Pioe Sorinkler Systems 

wet-pipe sprinkler systems, consi_s.ting of piping systems which 

are filled with water, which will spray from_ heat ·actuated 

sprinkler heads, are provided for-.the. following areas: 

(1) Service Building - Elev. 88 ft., 100. ft., 113 ft., and 127 

ft., and the cable vaults carrying cables be~deen the 

Auxiliary Building and the Turbine Building. 

(2) Fire Pump House - Elev. 100 ft. 

(3): Heating Boiler House - Elev. 100 ft. 

(4} No.· 1 Turbine Perimeter - Elev .. 88 ft., 100-ft., and 120 ft. 
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(5) No. 2 Turbine Perimeter - Elev. 88 ft., 100 ft., and 120 ft. 

(6) Auxiliary Building Drumming ·and Baling Storage Area - Elev. 

100 ft. 

(7) Auxiliary Building Resin Storage Areas - Elev. 122 ft. 

(8) Auxiliary Feed Pump/Remote Shutdown Panel - Elev. 84 ft.* 

(9) Charging Pump - Elev. 84 ft.* 

We have reviewed the design criteria anq bases for the water suppres­

sion systems and conclude that these systems with the additional 

sprinkler systems to be installed meet the guidelines of Appendix A 

to Branch Technical- Position ASS 9~5-1 and are in accordance with the 

applicable portions of the National Fire Protection Association (NFPA) 

Codr~, and are, therefore, acceptable. 

C. Gas Suppression Systems 

Total flooding.low pressure co2 and/or Halon systems are orovidPn 

for the following areas: 

(A) Automatically-Actuated Carbon Dioxide Flooding systems 

Automatically-actuated flooding systems are provided for the · 

following areas: 

(1) Nos. lA, 18, and lC Diesel-Generator Rooms. and _D.G Control Rooms­

El ev. l 00 ft. and Day Tank Areas - Elev. 122 ft. 

*To be installed in accordance with schedule in.Table I. 
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(2) Nos. 11 and 12 Diesel Fuel Oil ~torage Tanks 

(3) No. 1. Exciter Enclosure Elev. 140 ft. 

(4) Di~sel Fuel Oil Transfer Pum.p Rooms (Unit No. 1) - Elev .. 

84 ft. 

(s)· Nos. 2A, 28~ and 2C Oiesel~Generator Rooms and Control 

Rooms ~ Elev. 100 ft. and Day Tank Areas - Elev. 122 ft. 

' ( 6) Nos. 21 and 22 Di ese 1 Fue·l Oi 1 Storage Tanks 

(7) Diesel Fuel Ofl Transfer Pump Rooms (Unit No. 2) - Elev. 

84 ft. 
(8) No. ·2 Exciter Enclosure - Elev. 140 ft .. 

Automaticalll'. Actuated Halon Flooding sistems . 

( 1 ) No. 1 Relay Room - Elev. 100 ft .• * 
(2) No. 2 Relay Room - Elev. 100 ft.* 

. . 

(c) Manu.alll Actuated Carbon Dioxide 'Flooding sistems 
;". ·Manua lly•actua ted flooding sys terns 'are provided for the . 

following a~eas: 

(1 ) No. l 460V Switchgear Room:.;.:Elev. 84 ft. 

(2} No. ·1 4160V Swi. tchgear Room •.;; ·Elev~- 64 ft. 

(3} No. 1 Electrical Penetr~tian Are~·- Elev.· 78 ft. 

(4) No_. Z 460V Switchgear Room - Elev. 84.ft. 

',' (5) No. 2 4160V Switchgear Room-· Elev .. 64 ft. 

(6) No. 2 El ectri ca 1 Penetration Area - Elev. 78 ft. 

~- . 

*To be in~t~ll~d in acco~dance w1th sc~edu~e given in Table L 
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These systems are designed to flood the protected areas with carbon 

dioxide in concentrations up to 50 per cent. Carbon dioxide fire 

protection for all areas, except the Exci~er Enclosures, is supplied 

from a 10-ton Cardox refrigerated storage tank (one per unit) located 

on Elev. 84 ft. of each Auxiliary Building outside the Diesel ·Fuel 

Oil Pump Rooms and is discharged to the protected areas either auto­

matically or manually as indicated above. The carbon dioxide fire 

protection for the Generator Exciter Enclosure for each unit is supplied 

from a 750-lb. refrigerated storage tank located on Elev. 120 ft. in 

each Turbine Area. Each tank contains a sufficient supply of carbon 

dioxide for two full discharges into the largest protected area. 

'There ~re three diesel generator sets per unit and each set is fl coded . . 

by independent co2 actuation. The co2 system for each Diesel-Generator 

Room and its associated Control Room and day tank area are actuated 

together. The co2 system for the two Diesel Fuel Oil Pump Rooms for 

each unit are also actuated together. All .other areas are independently 

actuated. 

The co2 suppression system is designed~in accordance with NFPA 

Standards Numbers 12 and 12A. We have reviewed the design.criteria 

and basis for these fire suppression systems.· We conclude that 
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these systems satisfy the provisions of Appendix A to Branch Tech­

nical Positibn 9.5-1 and are, therefore, acceptable. 

D. Fuam Suporession System 

A manually actuated foam system with a capacity of 300 gallons is 

located in a Foam Tank House south of the Turbine Area, for the pro­

tection of No. l Fuel Oil Storage Tank. The system has been designed 

and installed in accordance with NFPA Standard No. 11 to cover the 

liquid surface in 30 minutes. The foam solution is double strength, 

3% protein foam concentrate~ 

~le have reviewed the design criteria and bases for the foam suppres­

sion system and we conclude that the system satisfies the .provisions 

of Appendix A to Branch Techni~al Position.9.5-1 and is, therefore, . . . . . . 

acceptab 1 e. J · 

E •. Fire Detection Systems· 

·~-

The fire detection system consists of th~ detectors~ associated elec­

trical circuitry, electrical power supplies,. and the fire annunciation 

panel. The types of detectors used at the Salem Nuclear Generating 

Station are ionization (products of combustion), .and thennal (heat . 

sensors). The system is continuously supervised with a NFPA 720 

. Class B supervised system. 
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Fire detection systems will give audible and visual alarm and annun­

ciation in the control room. Local audible and/o.r visual alanns are 

also provided. 

The licensee has agreed to install additional smoke detectors in the 

following areas: 

(a} Peripheral rooms of the control room complex - Elev. 122 ft. 

(b} Spent and new fuel storage area 

(c) Piping penetration area - Elev. 78 ft. 

(d) Control Area Air Conditioning Syst~m Equipment 

(e) Corridor Area - Elev. 100 feet 

(f) Res i.n Storage 

(g) Auxiliary Building Ventilation Equipment 

(h) Boric Acid Pumps 

(t} Safety Injection Pumps 

(j) Component Cooling Pumps 

(k) Auxiliary Feedwater Pumps 

(1) Charging. Pumps 

(m) Containment Spray Pumps 

(o) Storage Tank Recirculation Pumps 

(p) Residual Heat ·Removal Pumps 

(q) Emergency Air Compressor \ -

(r) Chilled Water System Chillers 

_:, •, 
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(~) Mechanic~l Pen~traiion Area 

(t) Piping Penetration Area (Elev. 78 ft.) 

(u) Inner Piping Penetratiori Area 

(v} Outer Piping Penetration Area 

(w) General Contai~ment (one detector in each recirculating fan) 

(x) Reactor Coolant Pumps 

(y) Service Water Pumps 

' We have reviewed the'fire detection systems to ensure,that fire 
. ' : 

detectors are located to provide detection and alarm of fires that could 

occur. We ha_ve also reviewed the fi're detect'ion systems design criteria 

and bases to ensure tfla t it conforms to the appHcab 1 e sections of NFPA 

No. 7~0. We conclude that the design and the installation o'f ··the fire 

detection systems with the additional detectors to be installed, 

meet the guidelinE:S of Appendix A to Branch Technical Position ASB 

9.5:-1 ·and· the applicable portions of NFPA No. 720, and are, therefore, 

acceptable. 

III. OTHER ITEMS RELATING TO THE STATION FIRE PROTECTION PROGRAM 

A. Fire Barriers 

All floors, walls, and ceilings enclosing separate fire areas are 

rated at a mirli.mum of 3-hour fire rati-ng with exception of the pene­

trations discussed in Secti.ons UI, B and C. The main control room 

area contains peripheral rooms which are located. within the main control 

room 3-hour fire barrier. These peripheral rooms are provided with 

detectors and alarms and minimum one-hour fire rated ceilir1gs and 

fire doors. 
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The licensee has provided acceptable documentation to substantiate 

the fire rating of the 3-hour barriers. 

s. Fire Doors and Dampers 

He have also reviewed the placement of the fire doors to ensure that 

fire doors of proper fire rating have been provided. The fire 
I . 

rating of the doors as a minimum will be 1~112 hour rating based 

1on .the fire loading 9f the particular .fire ar~as. , 

·-
Venti 1 a ti on penetrations through barriers are protected in some areas 

I ' 

by standard fire door/dampers. The licensee wi11 provid~ one of the 

following for the rest of the unprotected ventilation penetrations: 

1. UL 1 i.s ted fire rated door type dampers a.~ each pene: tra ti on. 

2. Coat the ventilation ducts with a flame retardant material to 

a minil)'lum fire rating of 1-1/2 hours based on the fire loading of 

the area. Iri addition the licensee will provide' rated fire 

dampers on all supply and exhaust openings in the··ducts. 

The 1 i.censee has provided the necessary information_ ~o. demonstrate 

to our satisfaction that fire door/dampers and their method of insta1-
.;' 

lation can provide a fire rating equivalent to the fire barrier or · 

tfle fire loading of the fire area. The fire door/dampers are and 
' ' . ' ~·. \ ' 

will be installed in accordance with NFPA 90-A. 
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C. Penetration Fire Stoos 

Penetrations, including electrical penetration seals, through rated 

barrjers are sealed to provide fir~ resistance equivalent.to the 

barrier itself. The licensee has provided the necessary information 

to demonstrate that the penetration seals used in the penetrations 

for cable trays, conduits, and piping arid their method of installation 

can provide a fire rating ~quivalent to the fire barrier. 

We conclude that the fire barriers, barrier penetrations, fire doors. 

and dampers 'with the additional doors and dampers to be installed 

meet th~ guidelines of Appendix A to Technical Position'ASB 9.5-1 

and are, therefore, acceptable. 

D. Corrmun·ication Systems 

Fixed emergency corran9nication using voice-powe~ed head sets is available 

at spec;:Hic locations throughout the station. There is also a public 
' 

address system on each unit which is powered by an inverter normally 

fed from the 230 volt alternating current vital bus C and backed up 

by the 125 volt direct current emergency bus .C. To satisfy the guide­

lines of Appendix A to aTP ASB 9.5-1,·the licensee has committed, at 

our ~equest, to provide ,an additional coiimiunicaticin 'system consisting of 

portable radio units. To preclude a single electrical failure from 

causing the loss of al 1 communication ·systems, the licensee has dccu-
1 

mented that the fixed repeater and other accessories associated with 

the portable radio corranunication system of each unit will be powered 

frcm a different 125 volt direct current emergency bus as that of the 

public address system for that unit. 
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·The licensee has committed to perform a preoperational test to 

demonstrate that the frequencies used will not affect the actuation 

of protective relays. We conclude that ~he addition of this new 

co~unication system satisfies our guidelines set forth in Appendix 

A to Branch Technical Position APCSB 9.5-1 and therefore is acceptable. 

E. Reactor Coolant Pressure Boundary Integrity 

We expressed a concern to the licensee that spurious valve operation 

caused by fire may affect theintegrity of the reactor coolant pressure 

boundary. We required that the licensee examine each interface at 

the reactor coolant pressure boundary and either demonstrate the 

capability of the design to withstand spurious valve operation caused by 

. fi.re 1w.ithout the loss of reactor coolant pressure boundary integrity, 

or modify the design to assure integrity.· 

The e~aminati on performed by the licensee revea 1 ed. that .. the pressurizer 

relief lines having the electrically and pneumatic operated valves 

and which are connected, to the pressurizer relief tank, were the only 

interfaces which were not isolated from the high pressure reactor 

coo 1 ant system by two normally° closed· valves. Each of the two 

pressurizer relief lines .in Unit l has a normally clos_ed pneumatic 

operated relief valve in series with a normally open motor-operated 
. ' ' 

valve. Each pressurizer relief line in Unit 2 has one more pneumatic 

operated valve per line than Unit l. This additional valve is normally 

closed and connected in parallel with the other air operatea valve. 
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Th.e spurious opening of.a single pr.eumatic operated relief valve 

caus~d by a fire could lead to cqmpromising the reactor coolant 

boundary integrity if the va 1 ve .is not c_l osed before., the. design 

pressure limits of the pressurizer relief tank are exceeded. Each 

pressurizer.relief line can. be isolated by either closing the 

pneumatic or motor opera_ted valve from the main control room or 

from the corresponding power distribution and motor control centers. 

The licensee contends that there is sufficient time available to 

diagnos• t~e situati6n and isolate the r~li~f line while ~he pressurizer 

is relieving to the pressurizer relief tank.· 

Our. review c:tetennined that the existingprovisiOns and future modi­

. ficati.o.ns for fire protection in the relay room. and other areas of 

the station where the electrical .circuits and .cables associated. 

with the pressurizer relief valves .are locate~, are consistent with 

· minimizing. the probabi,i'ity of a fire cau~i.rig the opening ~f the 

pres~~~i~er relief l•nes, and, therefore; we fonc~ude that the design 

in th.is regard is acceptable. Furthennore, the consequences resulting 

·from .the _spudous openi.ng of a reli~f valve caused bi a T'ire or other 

reasons compounded with' thf.l failure of the valve to close ~ithin the 

·· specified t1me, have been analyzed by the NRC staff. It has been 

·. determined that the consequences resu·l ting from th1 s event are 

satisfa2torily mitigated by the engine.ered safety feature systems . 

. ··.··.·· 
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IV. FIRE PROTECTION FOR SPECIFIC AREAS 

A. Relay and Switchgear Rooms 

. Relay an_d switchgear rooms -containing redundant electrical divisions 

are provided for each unit. These rooms are separated from each 

other and the balance of the plant by a minimum of 1-1/2 hour rated 

.fir~ barriers. __ _The_ relay __ and switchgear rooms for Unit 1 are. 

separated from their counterparts in Unit 2 by two 1-1/2 hour rated 

fire barriers and a corrmon corridor. There are a minimum of two 

access doors to each of the rooms and the doors are -located at 

opposite ends of the'rooms. 

Cµrrently a m~nuall.Y: actuated total flooding co2 ,system. is installed 

in the switchgear rooms and manual hose stations are provided for 

the relay rooms. The- licensee· has agreed, at our request, to provide 

an automatic Hal on system for the r_el ay rooms. 

When the Halon system is actuated, the ventilation s:vstem isolates 
r' 

the rooms and smoke venting can be -initiated by man;ua11y actuating 

the exhaust fan. In addition, smoke detectors are installed that 

alarm in the control room. The back-up fire suppression system is 

·the hose stattons· loca.ted 1n the irrmediate vicini.ty~of the access 

doors and portable extinguishers. 

All power, control, and instrumentation-cable have passed the IEEE 

. No. 383 Flame Test. Al 1 cable trays within these rooms ryave a 

minimum separation distance of 18 inches vertical and )2 inches 
. . 

. . . - . ·. 

florizontal,.as well as a fire resistant barrier of asbestos woven 
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cloth on the bottom of each tray. The licensee has perfonned 

tests to show that the cables used wili not propagate a fire from 

tray to tray with a vertical separation distance of 12 inches. In 

addition, the higher voltage trays are installed above the lower 

voltage trays. 

The licensee has corrmitted,-at our request, to establish an emergency, 

shutdown procedure and necessary modifications to assure the capability 
• to achieve safe shutdown i~ the event of an exposure fire in these 

rooms which might disable redundant cable divisions of ,system necessary 

for safe shutdown. The applicant will provide an alternative shutdown 

method for our review. This alternate shutdown method will include where 

neces$ary the rerouting of instrumentation cable to the hot shutdown 

panel. The procedures and modifications for hot and cold shutdown will 

be implemented by the second refueling for Unit 1 and the first refueling 

for Unit 2. 

We have,reviewed the licensee's fire hazards analysis and fire 

protection provided for the relay an~ switchgear rooms and consider 

that appropriate fire protection has been provided and after the 

modifications and procedures are implemented will confonn to the 

provisions of Appendix A to BTP ASB 9.5-1 and are, therefore, accept­

able. 
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B. Safety Related Pumo Areas 

t . 

In the safety related pump areas, such as the auxiliary feed pump 

area . and the charging pump, the pumps are located in close proximity 

to each other. Access to the pumps i ~ usually an operi corridor. We 

were concerned.that a common exposure fire could jeopardize the safety 

function of two or more -of the pumps. At our request, the 1 icensee has 

conmitted to install automatic.water sprinkler systems in these areas. 

In addition, a-0ne hour rated fire barrier or, alternativly, a one-half hour 

barrier and a sprinkler system will be provided, where· necessary, to 

separate redundant cable trains serv~ing these pumps. Both trains of the. 

auxiliary feedwater system will be protected in this manner. 

·we ha.ve reviewed the.licensee's fire hazards.analy_sis for this area 

and.·conclude that appropriate fire protection has been· provided and 

. after modifications" are implemented will meet the guidelines o.f 

Appendix A of BTP 9.5-1 a~d is, therefore, acceptable. 

C. Diesel Fuel Oil Storage Rooms 

The diesel fuel oil storage area; located on elevation 84, contains 

two 7-day diesel oil storag·e tank rooms, two ,transfer pump rooms, 

and the plant's co2 system 10 ton storage tank. The fire suppression 

system· for this area is an automatic· co2 to ta 1 flooding system. 

We were concerned that a diesel oil fire irt the tank rooms or the 

diesel oil transfei pump rooms-could jeopardize th• entire plant's 

co
2 

suppression system, if manual fire suppression systems had to 

be used. The licensee~· at our request, has co11111itted to instal 1, 

in addition to the· co2 system, One of the following systems in the 

diesel storage tank·area:· · 
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1. An auto~atic open head deluge or open head spray nozzle system 
. . 

2. An autor..atic closed head _sprinkler system 

3. An au:.Or..atic AFFF system, the foam being deUvered by a sprinkler 

or spray system. 

We have reviewed the licensee's Fire Hazards Analysis for this area 

and conclude that appropriate fire protectian will be provided and 

after the modifications are implemented will meet the guidelines 
• 

of Appendix A of BTP ASS 9.5-1 and is, therefore, acceptable. 

D, Other Plant Areas 

!n order to provide a defense-in-depth design so that a fire will 

not prevent the performance of necessary safe plant shutdown functions, 

the licensee has committed to perform a fire interaction analysis on 

all redundant mechani.cal and· electrical systems and components 

necessary for safe cold shutdown which are· separated only by distance 

·and are within 20 feet of each other. The analysis will postulate 

a fire in installed or transient combustibles and failure of, the 

primary fi.ra st.1ppression system. 

Where additional protection and/or separation is required to.assure 

a safe shutdown condition, the applicant has committed to: 

(ll relocate one or both divisions to achieve a minimum of 20-ft. 

separati.on between divisions, or 

(,21 pro'lic!e a 011e-hour fire rated barrier such as l 11 inch ceramic 

fiber separating one safety related train from. the other or 

fro~ a common exposure fire and area automatic sprinkler systems 
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will be provided to affora protection against exposure fire at 

the interactions, or 

(3) p~ovide an alternate shutdown method that is independent of 

the interaction area. 

The li.censee~s Fire Hazards Analysis addresses other plant areas 

not specifically discussed in this report. The licensee has 

comnitted to install additional detectors, portable extinguishers, 

hose stations, and some additional emergency lighting as identified 

in the licensee's installation schedule. We find these areas with 

the comitr.'lent made by the licensee to be in accordance with the 

guidelines of Appendix A of BTP ASS 9.5-1, and the applicable sec­

tions of the National Fire Protection Association·Cdde ~nd are, 

therefore, acceptable. 

V. ADMINISTRATIVE CONTROLS 

The administrative controls for fire protection consists of the fire 

protection organization, the fire brigade training, the controls over.;, 

combustibles .and ignition sources, the prefire plans and procedures for 

fighting fires and quality assurance. 
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In response to Appendix A to Branch Technical Position ASS 9.5-1, the 

licensee de~cribed his proposed procedures .and controls. The licensee 

has agreed to revise his administrative controls and training procedures 

t~ follow supplemental staff guideliries contained in "Nuclear Plant 

Fire Protection Functional Responsibilities, Administrative Controls and 

Quality Assurance,'' dated 6/14/77, and implement them by December 31, 1979. 

The.administrative procedures for the control of combustibles and ignition 

sources is complete for Unit 1 and will be implemented prior to fuel 

loading for Unit 2. The present fire brigade consists of a trained 

three-man brigade. The applicant has committed to have a plant fire 

brigade ?f at least five members that will be organized to provide 

irrmediate response to fires that may occur at the site. The full brigade 

will be fully trained and on site by December 31, 1979. The plant fire 

brigade will also be equipped with stored closed circuit oxygen-type 

breathing apparatus, portable communications equipment, portable lanterns, 

and othe~ necessary fire fighting ~quipment. Spare oxygen cylinders and 

rech~rge ~apability are provided to satisfy the guidelines of Appendix A 

to Branch Technical Position ASB 9.5-1. 

The fire fighting brigade participates in periodic drills. Liaison 

oetween t~e.plant fire brigade and the local fire departments has been 

established. The local fir~ departments have Peen on plant tours and 

have alsQ ,been involved in training sessions with the plant fire ~rigade. 
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We conclude tha·t the fire brigade equipment and training conform to the, 

recommendations of the National Fire Protect~on Association, Appendix A 

to Branch Technical Position ASS 9.5-1 and supplemental staff guidelines 

and are, therefore, acceptable. 

VI. TECHNICAL SPECIFICATIONS 

We have reviewed the plant Technical Specifications issued for Salem 

Nuclear Generating Station Unit Nos. 1 and 2 and find that they are con­

sistent with our Standa_rd Te-chni cal Specifications for fire protection .• 

Following the implementation of the modifications of fire protection 

systems and administrative controls resulting from this review, the 

Technical Specifications will be modffied accordingly to incorporate 

the limiting conditions for operation and surveillance requirements to 

reflect these modifications. 

VII. CONCLUSION 

The fire protection system for Sa 1 em Nu.cl ear Generating Station Unit 
I 

Nos. 1 and 2 was evaluated and found to meet General Design Criterion 

3· "Fire Protection 11 at the time the o~iginal Safety Evaluation Report 

was issued in October, 1974. 

As a result of investigations conducted by the staff on the fire protec­

tion systems, fire protection criteria .were developed and further 

requirements were imposed to improve the capability of. the fire protec­

tion system to prevent unncceptable damage that may result from a fire. 

At our request, the licensee conducted a re-evaluation_ of 'their fire 

protection system for Salein Units 1 and 2. ·The 1 icensee ·submitted in 
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September, 197i, a Fire Hazards Analysis for both units and subsequently 

in response to our positions, six revisions to the Analysis. He also 

has compared his system, in detail, with the guidelines of Appendix A to 

Branch Technical Position ASS 9.5-1, 11Guidelines for Fire Protection for 

Nuclear Plants." 

During the course of our review we have reviewed the licensee's submittals 

and his responses to our requests for additional information. In addition, 

we have made two· site visits to evaluate the fire hazards that exist in 

the Salem Nuclear Generating Station and the design ft:atures and protec­

tion. systems provided to minimize these hazards. 

The licensee has completed some modifications ·or proposed to make addi­

tional modifications to improve the fire resistance capability for fire 

doors, dalTlpers, fire barriers and barrier penetration sea 1 s. 

The licensee has also proposed to install additional sprinkler systems 

for areas such as the auxiliary feed pump area, charging pump area, and 

various other areas, as well as an automatic Halon system in the r~lay 

rooms. To ensure that fires can be detected rapidly and the plant opera­

tors informed promptly, additional detectors will be installed in various 

areas of the plant. 

In addition, the licensee has committed to establish emergency shutdown 
. . 

procedures to bring the plant to safe cold shutdown condition in the 
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event of a damaging fire in the relay rooms, the switchgear rooms and 

other safety-related areas. 

The licensee is corrmitted to making all improvements by the second 

refueling for Unit l and the first. refueling for Unit 2. thus meeting 

his license condition. We hav~ reviewed the licensee's schedule and 

find it acceptable and have included it in Table I. 

We find that. the Fire Protection Program for the Salem Nuclear Generating 

Station with the improvements already made by.the licensee, is adequate 

at the present time.and, with the scheduled modifications, will meet the 

guidelines contained in Appendix A to Branch Technical Position ASS 9.5-1 

and meets the General Design Criterion 3 and is, therefore, acceptable. 

Until the corrr.iitted fire protection system improvements are operational, 

we cons1der the existing fire detection and suppression systems; the 

existing barriers betHeen fire areas; improved administrative procedures 

for control of combustibles and ignition sources; the trained onsite 

fire brigade; the capability to extinguish fires manua11,Y.; and the fire 

protection technical specifi ca!ions prov.ide adequate protection against 

a fire that would threaten safe shutdown. 

Our overall conclusion is that a fire occurring in any area of either 

Salem_Nuclear Generating Station will not prevent that plant from being 

brought to a controlled safe cold shutdown, and further, that such a fire 

would not cause the release of significant amounts of radiation. 
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TABLE I 

MODIFICATION IMPLEMENTATION SCHEDULE 

Action 
Item 
No. Planned Action Item Descriotion 

Status 

Unit Unit 2 

l. Make organizational revisions to assign the station superin- Completed Completed 
tendent responsible for all a~pects of firefighting and fire 
protection. 

2. List the Fire Protection Program as "QA Applicable." Completed Completed 

3. Perform detailed review of applicable procedures for ade- Completed Completed 
quacy in addressing the requirements of Appendix A to 
Branch Te~hnical Position 9.5-1 and revise as necessary. 

4. Replace the. wood planks on the new fuel storage pit with Completed Completed 
wood which has been treated with a flame retardant. 

5. Prepare an· engineering procedure for performing additional Completed Completed 
fire hazards analysis to reflect future $tation modifi-
c.1~·ions. 

6. Approximately six (6) fire area boundary doors which are Completed Completed 
not 'currently locked or alarmed will be locked, provided 

7. 

8. 

9. 

with a time delay alarm to indicate in the Control Room 
when the doc~ has been left open, or routinely inspected 
by a roving watch. This action will take into a~count 
station security plans currently being studied for the 
Salem Station. 

Remo.ve the backuQ hydrogen storage stations from Elev. 
122 feet at the we_ tend of the Auxiliary Building, or 
enclose the present station in a 3-hour fire rated 
concrete ·enclosure with forced ventilation to the 
outdoors: . 

Add a wet pipe sprinkler system for the Dimethylamine 
storage tanks located in the steam generator blowdown 
sample rooms, Eiev. 100 feet in the Auxiliary Building. 

a. Ionization type fire detectors will be added as indi­
cated in Section iI-E of this reoort to orovide 
general area p~tection of safety related equipment. 
These detecto:s will alarm and annunciate in the 
Control 'Rcr.!'1 ?.n'1 alarm locallv. 
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No. · Planned Action Item Description 

9. b. Installation of additional autor.iatfc 
smoke detectors which alann and annunciate 
in the·control 1 room, in the following 
areas: · 

(1) Peri.pheral rooms withi!'I the control 
room complex in which the operator 
does not have visual ·surveillance from 
the main console. 

(2). Piping penetration area elevation 78 
feet. 

(3) New and spent fuel pool area. 

Status 

Unit Unit'2 

Completed Completed 

Completed i.omol eted 

·completed Fuel Loadina 
' 

1 o. Auxiliary Building floe~ penetrations for piping, cable, ' conioleted Completed 
and ventilation ducting that have not been sealed will be 

11. 

12. 

13 

14. 

15. 

16. 

sealed with silicone foam to provide. a fire stop with 
a fire rating greater than the. area ffre area load as 
reported by the fire hazards analysis. 

The lower electrical penetration area supply and return 
air ventilation dampers will be controlled to shut upon 
a co2 dis,charge into the lower electrical ~e.netration. 
area. . 

Add fire rated ventilation dampers, \'lhich will shut by 
both fusible-link and C0 2 discharge, in. the exhaust · 
air duct from each dieseT fuel oil storage tank room 
and each fuel oil transfer pump room. 

Approximately ·ten (10) additional emergency lights 
will be installed, as required, to provide for safe 
evacuation from all. areas of the s~ation. 

Insta 11 a hose house at each yard hydrant. Hose 
house will meet the requirements of NFPA Standard 
No. 24 except the equipment stored in each house 
will be that which is necessary and appropriate 
for the intended application. 

One {1) fire hydrant, presently specified on the 
Fire Protection System drawing, Figure D.1-1, that 
has not been installed, will b.e installed. 

Add a second 4-inch diameter water supply header with 
appropriate isolation valves from the common Auxiliary 
Building Header to each Reactor Containment upstream of 
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No. Planned Actidn Item.Dascriotion 

16. the Containment penetration isolatio~ valve as Sh9Wn 
(cont'd) schematically fn Figure 3.5-2. · 

17. 

18. 

19. 

Add appropriate 6-inch valves in the Auxiliary 
Building conrn_on fire water ~upply·header. 

· The hose ~tandpi pe root i so 1 ati on valves and· th_e 
yard main-post indicator valves will be provided 
with locking devices. 

Add one hose station in the mechanical penetration 
area of each unit near the entrance to the Fuel 
Handling Building. Provide with 150 ft. lengths 
of 1-1/2 inch fire hose and·adjustable fog pattern 
electrical safe type nozzles.' 

Extend the existing fire water stanc!pip.e in the 
Auxiliary Building corridor to reach Elevation 
122 feet:. Add a hose station at E:ievation 122 
feet with.150 feet o,f 1-l/2 incn fire hose and an 
adjustab'le fog pattern electrical safe type nozzle. 

Status 

U~i~ 1 Unit 2 

Completed ComQJ_eted 

Comp 1 et~d Completed 

Completed CQ.ITl....Q. 1 et e d 

20. Add a fire hydrant i.n the yard near the Service Completed Comple~ed 
Water Pump House. 

21. Two (2) ci'edicated· air breathing unf:tS (Bio-pacs) · Completed Comf:1_1etec 
with two (2) spai:-e cyllnders 'wil 1 be stored at . 
the Reactor Containment entrance for each unit.on 
Elevation 100 feet in the Mechanical Penetration 
Area. ihis will be accomplished cy relocating 
four (4) -of the twenty (20) units :iresent1y avail-
able at th~ station. · · · · 

22. In addition to existing co2 type extinguishers, two .1/80 1/80 
., portable water extinguishers will ~e placed. in the 
' vicinity_ of the Control Room, Computer Rooins and .the· 

Watch Engineer's Office. · · · · · 

' "' j • ~ :_ ' ' E-29. 
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No. Planned Action Item Descriotion 

23. 

24. 

25. 

26. 

Instrumentation will be provided in the exhaust air 
ducts from the Battery Rooms to indicate loss of 
ventilation flow with annunciation in the Control 
Room. 

Add dikes around each emergency air compressor and 
each chil,.ed water system chiller to contain the 
spread of lube oil leakage. 

Provide manually operated isolation dampers in the 
supply air and return air ventilation ducts serving 
the Drurrming and Saling Area to permit area isola­
tion from the remainder of the Auxiliary Building 
ventilation systems. 

' -

Implementation of staff supplemental 
guidance contained in "Nuclear Plant -
Fire Protection Functional Responsi­
bilities, Administrative Controls, and 
Quality Ass1.4raru;:e," dated June 14, 1977 
for: . . 
a. Administrative.Procedures, Fire 

, Brigade Size, and Testing Program -

b .' Storage of Comb us ti b 1 e Ma teri a 1 
near Safety Related Conduit/Cable 
or Equipment. , 

Campi eted. 

Completed 

Status 

Unit Unit '2 

Completed Completed 

. Completed Compl_eti;_d 

.completed Completed 

Completed 

:om~l eter 

27. Installation of a portable radicl system' 
incorporating repeaters as necessary 

Second refueling First refueling 

for the fire brigade and operations 
personnel. Preoperational testing will 
be performed to demonstrate that the 
frequencies used wil1 not affect the . 
actuation.of protective relays. Fixed 
repeaters installed to permit use of the 
portable radios will be protected from 
exposure _fire damage. 
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Unit l Unit 2 

28. a. Verification that all fire doors used Completed 
to.protect openings in walls con; 

Completed 

taining safety-reiated equipment 
·and/or conduit/cable have a fire rating 
of at least 1-1/2 hours and that the 
rating f s corrmensurate with the fire 
hazards analysis for the area assuming 
an exposure fire. · 

b. Installation of fire doors as a result l_/80 
of 28a above. 

12/19 

29. a. Install in all 3 hour fire barrier 
venti~atio~ penetrations one of the 
followirrg designs: ' ' 

(l) Rated fire door/damper.s in all 
ventilation penetrations 

(2) 1-1/2 hour fire retardant 
coatings on the duct work plus 
fire damoers at all louvers. 
The NRC will review the design 
prior to installation. In ·addi­
tion the following areas will be 
modified to conform to this 
position: 
1. Control Reem 
2. Relay Roor:i 
3. Switchgear Rooms 
4. Diesel Fuel Oil Storage 

Area-Inlet and Exhausts 
5. Fuel Oil Transfer Pump 

Room Inlet and Exhausts 
6. Radwaste Area (Drumming· and 

Bailing Area) 

30. Installation o·f fixed 8-hour capacity 
self-contained emergency lighting of 
the flourescent or sealed beam tYpe. 
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refueling .. 
10/80 

Same as 
Same as 

First refUeling 

abo'le 
above 

10/80 
Fuel loading 

Fue 1 1 oadi ng 
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10/80 

Completed Comoleted 
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Action 
Item No. P1anned Action Item' Description Unit 1 

' ! 

31. Insta11ation of an outside hydrah~ 
for back-up fire suppression for 
the service water pump house with 

Comp~ eted · 

a hose hocse over the hydrant and 
1-1/2 inch hose preconnected to' the 
hydrant outlet. Also, provisions for 
a second hose of sufficient length to 
enable the second hose stream from the · 
hydrant in the event that the second hose 
must be routed different1y and when more 
than one hose stream is needed to fight 

. the fire. 

32. Insta11ation of automatic, zonei, 
pre-action, dry pipe sprinklers. in 
the following areas: 

33. 

·34, 

35. 

a. Charging Pump Ar~a 
b. ·Auxilia.y Feed Pump Area 

!nst'a11ation of an automatic Halon. total 
1·rooaing system in the re 1 ay roams~ . 

Installation of additional hose stations 
near the battery rooms so.that the rooms 
can be reached with a maximum of 100.feet 
of hose. In addition .the hoses will be 
equipped with the aopropriate nozzles to 
combat electrical fires. 

·. The tota 1 rerouting of the hydrogen 1 i nes -
to the volume control tank away from 
safety ·related equipment, cables, and 
conduit. 
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Second refueling 
Second refueling · 

Sec.and refueling 
- . ·' 

Completed· 

Completed 

Unit 2· 

Completed 

First refueling 
First refueling 

First refueling 

Completed 

Completed 
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Planned Action Item Description Unit 1 

Installation of one of the following fire 10/80 
suppression systems as back-up to the 
automatic total flooding co2 system for 
the diesel oil storage tank rooms: . 

a. An automatic open head deluge or open 
head spray nozzle system. 

b. An automatic closed head sprinkler. 
'' 

c. An automatic AFFF system, the foam 
being delivered by a sprinkler or 
spray system. 

Implementation, modification and installa-

Unit 2 

First refueling 

tion of an alternative shutdown capability Implementation by: 
so that hot shutdown capability can be 
maintained and cold shutdown can be accom- Second refueling First refueling 
plished wi ... -1in 72 hours,, independent of the 
re 1 ay, switchgear an~ contro 1 rooms. This 
will incl'uae the rerouting of cables where· 
practicable, installation of automatic · 
sprinklers and half-hour fire barri.ers 
between redundant trains and equipment 
located within 20 feet of each other and 
written procedures. 
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Environmental Consideration 

We have determined that the amendment does not authorize a change in 
effluent types or.total amounts nor an increase in power level and will 
not result in any significant environmental impact. Having made this 
determination, we have further concluded that the amendment involves 
an action which is insignificant from the standpoint of environmental 
impact and, pursuant to 10 CFR §51.5(d)(4), that an environmental impact 

. statement or negative declaration and environmental impact appraisal 
need not be prepared in connection with the issuance of· thi.s· amendment. 

Conclusions 

We have found that the Fire Protection Program· for the Sal em Nuclear 
Generating Statio.n with the improvements already made by the licensee, 
is adequate at the present time and, with scheduled modifications, will 
meet the guidelines contained in Appendix A to Branch Technical Positipn 
ASB 9.5-1 and meets the General Design Criterion 3 and is,therefore· 
a:cceptabl e. 

We have concluded, based on the considerations discussed above, that: 
(1) because the amendment does not involve a significant increase in 
the probability or consequences of accidents previously considered and 

· does not involve a significant hazards consideration, (2) there is 
reasonable assurance that the health and safety of the public will 
not be endangered by operation in the proposed manner, and (3) such 
activities will be conducted in compliance with the Commission's regu­
lations and the issuance of this amendment will not be inimical to the 
common defense and security or to ihe health and safety of the publi~. 

Date: _November 20, 1979 
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ERRATA FOR APPENDIX E 

l. Page E-20, Section IV.B, Fourth and Fifth Sentences in First Paragraph 

Replace these two sentences with the following sentence: 

11 In lieu of the two options proposed by the staff (i.e., a 

one-hour rated fire barrier or a one-half hour barrier and 

a sprinkler system), we have .accepted an equivalent system 

· that consists. of a water sprinkler system with redundant valves 

operated by separate actuators which, in turn, are actuated by 

redundant fire detectors. 11 

2. page E-21, Section IV~D(2) 

Replace "provide a one-hour barrier 11 with 11 provide a 0.5 hour barrier. 11 
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PART II 

INTRODUCTION 

The TMI-2 related requirements for near-term-operating license (NTOL)- · 
applications were initially identified in the January 5, 1980 memorandum from 
the Executive Director for Operations to the ,commissioners, "TMI Action Plan 
Prerequisites for Resumption of Licensing." On February 6, 1980, a revision 
of this list of requirements based on the latest draft of the Task Action 
Plans as of February 6, 1980 was prepared and discussed with the Commission. 
These requirements were listed in two categories; those required prior to 
fuel load and low power testing operation up to five percent power (designated 
as FL) and those required prior to operation above five percent power 
(designated as FP). 

This supplement addresses only those TMI-2 related requirements in the 
February 6, 1980 list of NTOL requirements as required prior to fuel load, 
identified therein as FL. 

These requirements were developed from all available sources such as the 
recommendations of the Bulletins and Orders Task Force, the Presidential 
Commission to Investigate TMI-2, and the NRC Special Inquiry Group, and those 
which resulted from the Lessons Learned Task Force Short Term Recommendations 
(NUREG-0578);, and the Lessons Learned Task Force Final Report (NUREG-0585). 

Those requirements in the February 6, 1980 list which resulted from the 
Lessons Learned Task Force Short Term Recommendations (NUREG-0578), and those 
resulting from the Advisory Committee on Reactor Safeguards (ACRS) review of 
that document and the additional requirements of the Director, Office of Nuclear 
Reactor Regulation, were previously approved by the Commission •. On September 27, 
1979, a letter was issued transmitting these requirements to all pending operat­
ing license applicants. On November 9, 1979, a letter clarifying these 
requirements was issued to all pending operating license applicants to assist 
in their understanding of our requirements. 

The response of the Public Service Electric and Gas Company to our letters 
has been the subject of staff review since October 1979. Meetings were held with 
the applicants in Bethesda on November 20 and December 11, 1979, and February 26, 
1980. Site visits were made on January 10 and 11, and February 27, 1980 to 
check hardware installation, review proposed support centers, and to review 
specific administrative procedures relatin~ to operating personnel and accident 
response. 



In addition, for all the remaining items in the February 6, 1980 listing of 
requirements, the staff and the applicants have had ongoing reviews and meetings 
concerning these requirements and the applicant~' responses to these additional 
items. Further site visits were held, for example, the March 5-7, 1980 visit 
by a'team headed by an Offi~e·of Inspection and Enforcement leader and composed 
of the NRR licensing project manager, the Office of Inspection and Enforcement 
site representative, and technical members from NRR. They evaluated. the onsite 
and offsite support centers and their staffing and the installed communications 
SY$tem between the plant and NRC Incident Response Center. This evaluation 
included the review of licensee management organization and managerial capa­

bilities. 

Each applicable FL requirement in the February 6, 1980 listing is discussed 
below and follows the numbering sequence utilized therein~ The Table of 
Contents,of Part II.of this supplement consists of that action plan listing. 
Those requirements arising from the previously approved NUREG-0578 are 
identified by appropriate reference. The discussion of these items includes 
sections· titled Position and Clarification which are repeated from the 
generic letters to operating license applicants as discussed above. 
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I OPERATIONAL SAFETY 

I.A.l Operating Personnel and.Staffing 

I.A.l.l Shift Technical Advisor (2.2.l.b - NUREG-0578) 

POSITION 

Ea~h licensee shall. provide an on-shift technical advisor to the shift 
supervisor. The shift technical advisor (STA) may serve more than one 
unit at a multi-unit site if qualified to perform the advisor function 
for the.various units. 

The shift technical advisor shall have a bachelor's degree or equivalent 
in a scientific or engineering discipline and have· received specific 
training in the response and analysis of the plant for transients and 
accidents. The shift technical advisor·shall also· receive training 
in plant design and layout, including the capabilities of instrumenta­
tion and controls in t,he control room. The licensee shall assign 
normal duties to the Shift Technical Advisors. that pertain to the 
engineering aspects of assuring safe operation of the plant, including 
the review and evaluation of operating experience. 

CLARIFICATION 

l. Due to the similarity in the requirements for dedication to safety, 
training.and onsite location and the desire that the accident assess­
ment function be performed by someone whose normal duties involve 
review of operating experiences, our preferred position is that 
the same people perform the accident and operating experience assess­
ment functions. The performance of these two functions may be 
split if it can be demonstrated the persons assigned the accident 
assessment role are aware, on a current basis, of the work being 
done by those reviewing operating experience. 

2. To provide assurance that the STA will be dedicated to concern for 
the safety of the plant, our position has been that STAs must have 
a clear.measure of independence from duties associated with the 
commercial operation of the plant~ This would minimize possible 
distractions from safety judgments by the demands of commercial 
operations. we· have determined that, while desirable, independence 
from the operations staff of the plant is not necessary to provide 
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th~s assurance. It is necessary, however, to clearly emphasize 
the dedication to safety associated with the STA position both 
in the STA job description and in the personnel filling this 
position. It is not acceptable to assign a person, who is 
normally the immediate s.upervisor of the shift supervisor, to 
STA duties as defined herein. 

3. It is our position that the STA should be available within 10 
minutes of being summoned and therefore should be onsite. The 
onsite STA may be in a duty status for periods of time longer 
than one shift, and therefore asleep at some times, if the ten 
minute availability is assured. It is preferable to locate those 
doing the operating experience assessment onsite. The desired 
exposure to the operating plant and contact with the STA {if 
these functions are to be split) may be able to be accomplished 
by a group, normally stationed offsite, with frequent onsite 
presence. We do not intend, at this ·time, to specify or advocate 

a minimum time onsite. 
. .. 

4. The implementation schedule for the STA requirements is to have 
the STA on duty by January 1, 1980, and to have STAs, who have 
all completed training requirements, on duty by January 1, 1981. 
While minimum training requirements have not been specified for 
January l, 1980, the STAs on duty by that time should enhance 
the accident and op'erat i ng experience assessment function at the 

plant. 

DISCUSSION AND CONCLUSIONS 

Public Service Electric and Gas Company {PSE&G) has committed to provide 
an on-shift technical advisor {STA). PSE&G will meet this commitment by 
increasing shift staffing to include a graduate engineer possessing 

. I 

specialized training. During 1980, interim STAs will serve on shift. 
These interim STAs will have received training in plant systems including 
mechanical and control systems, thermal hydraulics, core design, technical 
specifications, and transient and accident analysis. 

During the same period of 1980, designated permanent STAs will be under­
going an approximately 35 week training ~rogram. Training will be provided 
in reactor theory and thermodynamics, reactor operations, hea 1th physics 
and chemistry, reactor systems, accident analysis, reactor simulator, and 
metallurgy. Fully trained, permanent STAs will be in place January 1, 

1981. 
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The STA acts as an advisor to the Senior Shift Supervisor during nuclear 
plant transients. During normal operations, the STA is responsible for 
engineering evaluation of day-to-day plant operation from a safety point 
of view. This evaluation includes plant operating history~ plant cdndhions 
required for maintenance and testing, adequacy of company policies on 
maintenance, testing and quality assurance, and implementatidn of adminis­
trative and operating procedures. The STA integrates industry-wide 
experience and "lessons learned" into procedure and training programs. 
The STA initiates and carries out investigation of reportable occurrences, 
equipment failures, design problems and operator errors and disseminates 
to the staff the information developed. He develops and recommends new 
standards for procedures and instructions. 

Organizationally, the STA. reports to the station Reactor Engineer; however, 
on a routine shift basis he is under the functional supervision of the 
Senior Shift Supervisor, as are all other persons on, shift. Appropriate 
shift turnover procedures have'be~n developed to assure transferral of 
information between STAs. 

All STAs wiJl complete requalification on an annual basis. 

Based on our review of the material submitted, we have concluded that 
qualified STAs wil~ serve on shift who will. perform both an accident 
assessment role and an operating experience assessment function and, 
therefore, PSE&G has met this requirement. 

I.A.1.2 Shift Supervisor Duties (2.2.1.a .- NUREG-0578). 

POSITION 

1. The highest level of corporate management of each licensee shall 
issue and periodically reissue a management directive that 
emphasizes the primary management responsibility of the shift 
supervisor for safe operation nf the plant ~nder all ~onditions 
on his shift and that clearly establishes his command duties. 

2. Plant procedures shall be reviewed to assure that the duties, 
responsibilities, and authority of the shift supervisor and 
control room operators· are properly defined to effect the estab­
lishment of a definite line of command and clear delineation of 
the command decision authority of the shift supervisor in the 
control room relative to other plant management personnel. 
Particular emphasis shall be placed on the following: 
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a. The;responsibility and authority of the shift supervisor 
shall be to maintain the broadest perspective of operational 
conditions affecting the safety of the plant as a matter of 
highest priority at all times when on duty in the control 
room. The principle shall be reinforced that the shift super­
visor should not become totally involved in any single 
operation jn times of emergen~y when multiple operations are 
required in the control ~oom. 

b. The shift supervisor, until properly relieved, shall remain 
. in the control room at all times during accident situations 
to direct the activities of control room operators. Persons 
authorized to relieve the shift supervisor shall be specified. 

c. If the shift supervisor is temporarily absent_from the control 
room during routine operations, a lead control room operator 
shall be designated to assume the control room command function. 
These temporary duties, responsibilities, and authority shall 
be clearly specified. 

3. Training programs for shift supervi~ors shall emphasize and 
reinforce the responsibility for safe operation and the management 
function t~e shift supervisor is to provide for assuring safety. 

4. The administrative duties of the shift supervisor shall be 
rev.iewed by the senior officer of each utility responsible for 

. plant operations. Administrative functions that detract from 
or ar~ subordin.ate to the management responsibility for assur-. . . ' . 

ing the safe operation of.the plant shall be delegated to other 
operations personnel not on duty in the ·control room. 

DISCUSSION AND CONCLUSIONS 

Public Service Electric and Gas Company (PSE&G) has issued a management 
_directive which emphasizes the assignment of primary management respon­
. sibility to the Senior Shift Supervisor. The directive is signed by the 
General Manager Electric Production. It is planned that the directive 
will be reissued on an annual basis. 

Administrative Procedure No. 5, "Operating Practices," is being revised 
to further clarify the responsibilities of the Senior Shift Supervisor 
and Shift Supervisor. This procedure will delineate.the command decision 
authority of the Senior Shift Supervisor in the control room relative to 
other plant maf'1agement or onshiftopera:tions per~onnel. Both the above 
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referenced management directive and AP No. 5 require the Senior Shift 

Supervisor and Shift Supervisor to maintain, as a matter of highest ( 

priority, the broadest perspective of operational conditions affecting 

the safety of the facility. A supervisor who is compelled to "jump in" . ' ' ' 

tci prevent a misoperation or mitigate an unusual' occurrence must quickly 

back away to survey all operating parameters so that he never loses sight 

of the e~tire operation. 

A senior rea~t~r ope~ator- (SRO) will tie in the control room -area whenever 

Saiem Unit 2 is operati'ng in Mode 1, 2, ~·or 4.· The Senior Shift Super­

visor or Shift Supervisor, ·both. of whom possess a SRO license, are. 

normally in charge. If under unique or emergency situations, senior 

licensed Operatin9 _Department station management.personnel determine it 

necessary' to give orders directly to .. control operators, they must immedi-
. I 

ately inform the Senior Shift 'supervisor and all control room personnel 

that·they have assumed responsibility for the unit. When responsibility 

is returned to the Senior Shift Supervisor, all shift personnel are again 

informed. The times of both actions are noted in the Senior Shift 

Supervisor's L6g~ 

Senior. Shift"supervisors attend a two part training program to develop 

supervi so~y leadership skills.' Th~ fir.st seg~ent of the program consists 

of two weeks of training in such subjects as in'terpersonal skills, 

corrective, disdpline, leadership styles and mo~ivation. Approximately 

' ~>ne year later' the Senior Shift Supervisors return for the advanced 

~ou~se which consists of (1) Communication. and Listening; (2) Interpersonal 

Coinmuni cation and Conflict Resolution;. ( 3) Management and Leadership 

Styles; (4) Understanding and Motivating the .work Force; and (5) Coaching 

and Counseling. 

Administrative. functions that de,tract from 6r are subordinate to the. 
. . . .. ; . . . , . I ' ' . . 

management responsibility for assuring safe operation of the plant are 

delegated to other ~perations p~rsonnel not on duty in the control room 
' . • ) ! 

or to other station personnel. 

. , . I . ~ ~, . . 

PSE&G has met the requirements of Section 2.2.1.a of NUREG-0578. 

Procedures· have been revised to establish the authority of the Senior 
• •I ' '•,' • , • ' '•\ • 

Shift ·supervisor and Shift Supervisor and delineate a clear line of 

'succes~·ion. Administra.ti.ve duties have been reviewed and, where not 

safety related, reassign'ed to other personnel. A train.ing program 
., " ' ' .. •.' 

emphasizing the Senior Shift. Supervisor'·s nian,agement func.tion has been 

established. 

I.A.1.3 Shift Manning 

POSITION, 

Assure 't'h:at the necessary number and ava'ilability of personnel to man 

the operations shifts have been designated by the licensee. Adminis-
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. trative procedures shou.ld be written to govern the movement of key 
individuals about the plant to assure that qualified individuals are 
readily available in the event of an abnormal or emergency situation. 
This should consider the recommendations on overtime in NUREG-0578. 
Provisions should be made for an aide to the shift supervisor to 
assure that, over the .long term, the shift supervisor is free of 
routine administrative duties.· 

DISCUSSION AND CONCLUSION 

The Public Service Electric and Gas Company's shift crew composition 
for the operation of Salem Units l and 2 will include at least two 
senior licensed operators, four licensed operators, four unlicensed 

operators and one health physics technician. 

This requirement will provide the following coverage. Each unit will 
be supervised by a shift supervisor who is a licensed SRO on that unit, 
or both units may be supervised by a single individual if he is a licensed 
SRO on both units. The second senior operator licensed for each unit 
must be stationed in the control room area at all times when the unit 
is in operating Mode 1, 2, 3 or 4; this also could be a single individual 
for both units if he is licensed on both units. In addition, a reactor 
operator licensed for each unit must be at the controls of that unit 
at all times when fuel is in the reactor. Also, a relief reactor operator 
licensed for each unit must be available on-shift. 

In addition, during fuel loading operations an additional licensed 
senior operator, who will only be responsible for supervising core alter­

ations, will be present to direct those operations. 

The staff's requirements for overtime restrictions include the 

foll owing: 

1. An individual should not be permitted to work more than 12 hours 
straight (not including shift turnover time). 

2. There should be at least a 12-hour break between all work· periods 
(shift turnover time is included in this 12-hour break). 

3. An individual should not work more than 72 hours in any 7-day 

period. 

4. An individual should not work more than 14 consecutive days 
without having two consecutive days off. 
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Based on the.foregoing, we have concluded that'the necessary number 

and availability of personnel to man the operating ~hifts wil 1 be 

r~qufred of the Public Servi~e Electric and Gas· Company and the limi­

tations on overtime will b~ req~ired prior to fuel loading. 

I .A. 3. 1 Re vi seci Scope and Criteria for Li cerisi n·g Exami nat i oris 

Refer to Part I, Section 13.1.1, "Training Progra!llS" of this report, for 

a discussion of this item. 
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I.B. 1 Management for Operations 

I~B.l. 1 Organization and Management Criteria 

POSITION 

Corporate management of the utility-owner of a nuclear power plant 
shall be sufficiently involved in the operational phase activites, 
including plant modifications, to assure a continual understanding 
of plant conditions and safety considerations. Corporate management 
shall establish safety standards for the operation and maintenance 
of the nuclear power plant. To these ends, each utility-owner shall 
establish an organization, parts of which shall be located onsite, 
to: perform independent review and audits of plant activities; pro­
vide technical support to the plant staff for maintenance, modifica­
tions, operational problems, and operational analysis, and aid in 
the establishment of programmatic requirements for plant activities. 

The licensee shall establish an integrated organizational arrangement 
to provide for the overall management of nuclear power plant opera­
tions. This organization shall provide for clear management control 
and effective lines of authority and communication between the organiza-

• 
tional units involved in the management, technical support, and 
operation of the nuclear unit. 

The key characteristics of a typical organization arrangement are: 

1. Integration of all necessary functional responsibilities under a 
single responsible head. 

2. The assignment of responsibility for the safe operation of the 
nuclear power plant(s) to an upper level executive position. 

DISCUSSION AND CONCLUSIONS 

On March 5 through 7, 1980, a joint NRC team representing the Office 
of Nuclear Reactor Regulation and the Office of Inspection and 
Enforcement performed a management review of the Public Service Electric 
and Gas Company organization for the purpose of reviewing the management 
organization in regards to its capability to operate the Salem Unit 2 
Nuclear Generating Station. Salem Unit 1 has been licensed for operation 
since August 1976. 
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During the team review, we found that the top corporate official 
dealing with nuclear power is the Senior Vice President - Energy 
Supply and Engineering, who is the senior corporate officer in charge 
of production, engineering, construction and fuel supply. This 
individual holds Bachelor of Science and Master of Science degrees 
in Engineering, an Advanced Management Degree and is a graduate of 
the Oak Ridge School of Reactor Technology. He has had l 1/2 years 
of practical experience working at the National Reactor Testing Station 
in Idaho and a total of more than 24 years of experience with the 
Public Service Electric and Gas Company, of which more than 20 years 

has been in work related to the nuclear field. 

Corporate management control of nuclear operations is exercised by 
the Senior Vice President - Energy Supply and Engineering through the 
Vice President - Production and the .General Manager - Production, to 
the Manager of the Salem Nuclear Generating Station. Each of these 
individuals holds an engineering degree and has had at least 20 years 
power plant experience. The Station Manager has held an SRO license. 
Engineering and Construction support of nuclear operations is provided 
by the Vice President - Engineering and Construction who heads a 
department of about 550 engineers and technicians with a combined 
total of more than 3000 man-years of nuclear related experience. 

We found that the Public Service Electric and Gas Company management 
under the Senior Vice President - Energy Supply and Engineering is 
simultaneously responsible for both fossil and nuclear operations. All 
of the Company's operating plants, including Salem, report directly 
to the General Manager - Production. This organizational arrangement 
could tend to dilute the attention given by corporate management to 
nuclear operations. However, our discussions with corporate officials 
revealed that heavy emphasis is placed on the nuclear operations by 
corporate management, with the day-to-day contact with the fossil plants 
handled largely as routine operations by the staffs of the Production 
Department and the Engineering and Construction Department. 

We found that corporate level meetings are held on a virtual daily basis 
to assure that corporate management is aware of the status of and any 
problems that have developed at the Salem Nuclear Generating Station and 
other power plants. While there is not a documented procedure covering 
these meetings and formal meeting minutes are not maintained, we conclude 
that these daily management meetings accomplish the functions of senior 
management oversight desired by the staff. 
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We thus conclude that corporate management of Public Service Electric 
and Gas Company is sufficiently involved in the construction and will 
be sufficiently involved in the operation of Sal em Unit 2 to assure a 
continual understanding of plant conditions and safety considerations. 

We also reviewed the function and operation of the current Technical 
Specification offsite safety review committee, designated by Public 
Service Electri.c and Gas Company as the Nuclear Review Board •. Under 
the Chairmanship of the General Manager - Production, the Nuclear 
Review Board is composed of management personnel from the Production 
Department, the Fuel Supply Department, and the Engineering and 

Construc~ion Department. The· Nuclear Review Board members have ample 
experience to assure a thorough understanding of nuclear plant matters. 
While the Technical Specifications require a meeting of the Nuclear 
Review Board on a quarterly basis during the initial year of reactor 
operation and at six-month intervals thereafter, in practice the Nuclear 
Review Board meets much more frequently. Minutes of the Nuclear Review 
Board reveal 19 meetings during 1977, 9 meetings during 1978, and 14. 
meetings during 1979. We conclude that the Nuclear Review Board is 
functioning adequately to provide independent review and audit of nuclear 
operations. 

The review team inquired into the provisions that have been made by Public 
Service Electric and Gas Company for accident mitigation and recovery. We 
learned that there are no formal procedures now in place for accident 
mitigation and recovery. Some procedures are now in draft form and are 
being coordinated both within the Company and to interface with the offsite 
emergency preparedness plans of the states. The Senior Vice President, -
Energy Supply and Engineering has been designated as the Recovery Manager 
for the Company. Current plans for accident mitigation and recovery are 
to provide offsite support by sending a few key people to staff the near­
site Emergency Operations Center, while keeping the bulk of the technical 
support in the Newark office where they have the data files, equipment 
and facilities to provide in-depth technical support to the plant as 
required. During our meetings on this subject, the Company representatives 
committed to having the accident mitigation and recovery procedures for 
both onsite and offsite efforts, including formalization of the offsite 
technical support personnel training program, completed by August 1980. 
Interim procedures will be in place prior to fuel loading which delineate 
the responsibility and authority of corporate office personnel in providing 
technical support. We find this commitment to be acceptable. The Office 
of Inspection and Enforcement will verify that these efforts are completed. 

The review team also discussed the subject of training for the Public 
Information Manager who would assist in the offsite accident mitigation 
and recovery effort. The draft criteria prepared by the staff tentatively 
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call for a minimum of six months of training in nuclear plant systems 
and radiation technology for this individual. The Company spokesman 
pointed out that this seems to be far too much specialized nuclear 
training to be required for this individual, particularly since they 
intend to have technical backup for the Public Information Manager 
in the event of an accident. After some discussion, the Company 
representatives committed to provide two months of specialized nuclear 
and radiation training (to be completed by August 1980) to the designate1 
Public Information Manager and to assure that a technically knowledgeabl£ 
individual would be available as back-up to the Public Information 
Manager. We find this commitment to be acceptable. The Office of 
Inspection and Enforcement will verify that this training program 
is completed. 

The Salem plant staff organization is as shown in Figure 6.2.2 of the 
Salem Unit 1 Technical Specifications except that the Senior Training 
Supervisor and his staff have been transferred to a new offsite training 
center. He reports to the Manager of Methods, Department of Electric 
Production. The onsite training coordination function has been assigned 
to the Assistant to the Manager. We find this change acceptable. 

I.B. 1.2 Safety Engineering Group and Onsite Evaluation Capability 

POSITION 

Utility management shall establish a group, independent of the plant 
staff, but assigned onsite, to perform independent-reviews of plant 
operational activities. 

The main functions of this group will be to evaluate the technical 
adequacy of all procedures and changes important to safe operation of 
the facility, and an evaluation and assessment of the plants' operat­
ing experience and performance. 

DISCUSSION AND CONCLUSION 

The applicants had proposed to incorporate this independent review 
function within the existing Station Operating Review Committee (SORC) 
which has similar review responsibilities assigned by the Salem Unit 1 

Technical Specifications. To improve the effectiveness of SORC in 
performing these reviews, the applicants were planning on having in 
place, by fuel loading of Salem Unit 2, four full time dedicated 
engineers to supplement the Committee. 

Our criteria in this area are still under development. Pending final 
approval of criteria for size and functional capabilities of this group, 
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and potential for redefinition of existing review groups, we requested 
th.at during the conduct of the initial startup phase, throughout low 
power testing, there should be at least five such personnel on site, but 
reporting to management offsite. 

In response· to this request, the applicants have committed to establish 
a Safety Review (Engineering) Group, independent of the station staff, 
but assigned on-site, to perform independent reviews of station opera­
tional activities. The group will be functioning by initial fuel load 
and will be composed of five persons; one supervisor and four additional 
persons with collective expertise in the areas of nuclear engineering, 
heat transfer, mechanical engineering, and instrumentation and controls. 
The supervisor of the group will report off-site. 

On the basis of the above commitment, we conclude that the applicants 
meet this position. The Office of Inspection and Enforcement will verify 
the presence of these five people prior to fuel load. 

I.B.1.4 Licensee Onsite Operating Experience Evaluation Capability 

The applicants presently do not have in place formal procedures which 
describe a system for assessing and di ssemi nat i ng operating experiences 
to operators and other personnel involved with plant operation, both 
in-plant and at the company's engineering offices. Nor are formal 
procedures available to ensure that operating experiences are factored 
into the training program. 

Although operating experiences from the Salem plant and some other 
facilities are routinely routed to operators and training personnel, the 
practice is informal and there is little evaluation, followup or 
discussion of the experiences. 

The applicants are in the process of formalizing the procedures for 
accomplishing this task in conjunction with the Safety Engineering 
Group (see Sect1on I.B.1.2) and Shift Technical Advisors (see Section 
I.A.l.l) and have committed to having formal procedures in place at 
the time of fuel loading. We find this commitment to be acceptable. 
The Office of Inspection and Enforcement will verify that the procedures 
are in place prior to fuel load. 

I.B.2.2 Resident NRG Inspector 

POSITION 

l. The Office of Inspection and Enforcement (IE) will implement 
the approved resident inspector program by recruiting, training, 
and assigning the resident inspectors to provide a minimum of 
two resident inspectors at each site where there are one or two 
reactors. 
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2. IE wi 11 pl ace a senior resident inspector at near-term operafi ng 
plants by June 1980. 

DISCUSSION AND CONCLUSION 

Mr. Leif J. Norrholm is currently the NRC senior resident inspector 
at the Salem site. He has been at the site since July 1978, and has 
detailed knowledge of the plant design and the pertinent operating and 
emergency procedures. He has participated in the review and inspection 
of plant design, construction, safety features and pre-operational 
testing for Salem Unit 2 as well as for the operation of Salem Unit l. 
An additional resident inspector, Mr. William M. Hill, was assigned to 
the site in January 1980. 

Placement of NRC resident inspectors at this facility'has been 
accomplished. 
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I.C Procedures 

I.e. l Short-Term Effort - Analysis and Procedure Modification 
(2. 1.9 - NUREG-0578) 

POSITION 

Analyses, procedures, and training addressing the following are 
required: 

l. Small break loss-of-coolant accidents; 
2. Inadequate core cooling; and 
3. Transients and accidents. 

Some analysis requirements for small breaks have already been specified 
by the Bulletins and Orders Task Force. These should be completed. In 
addition, pretest calculations of some of the Loss of Fluid Test (LOFT) 
small break tests (scheduled to start in September 1979) shall be per­
formed as means to verify the analyses performed in support of the 
small break emergency procedures and in support of an eventual long 
term verification of compliance with Appendix K to 10 CFR Part 50. 

In the analysis of inadequate core cooling, the following conditions 
shall be analyzed using realistic (best-estiinahi)-inethods: 

l. Low reactor coolant system inventory (two examples will be 
required - loss-of-coolant accident (LOCA) with forced flow, 
LOCA without forced flow). 

2. Loss of natural circulation (due to loss of heat sink). 

These calculations shall include the period of time during which 
inadequate core cooling is approached as well as the period of time 
during which inadequate core cooling exists. The calculations shall be 
carried out in real time far.enough that all important phenomena and 
instrument indications are included. Each case should then be repeated 
taking credit for correct operator action. These additional cases will 
provide the basis for developing appropriate emergency procedures. 
These calculations should also provide the analytical basis for the 
design of any additional instrumentation needed to provide operators 
with an unambiguous indication of vessel water level and core cooling 
adequacy (see Section 2.1.3.b of NUREG-0578). 
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Ttie analyses of transients and accidents shall include the design 
basis events specified in Section 15 of each Final Safety Analysis 
Report (FSAR). The analyses shall inciude a single active failure 

) 

for each system called upon to function for a particular event. 
Consequential failures shall also be considered. Failures of the 
operators to perform required control manipulations shall be given 
consideration for permutations of the analyses. Operator actions 
that could cause the complete loss of function of a safety system 
shall also be considered. At present, these analyses need not 
address_passive fail.ures or multiple system failures in the short 
term. In the recent analysis of small break LOCAs, complete loss of 
auxiliary feedwater was considered. The complete loss of auxiliary 
feedwater may be.added to the failures being considered in the 
analysis of transients and accidents if it is concluded that more is 
needed in operator training beyond the short-term actions· to upgrade 
auxiliary feedwater system reliability. Similarly, in the long term, 
multiple failures and passive failures may be considered depending 
in part on staff review of the results of the short-term analyses. 

The transient and accident analyses shall include event tree analyses, 
. which are supplemented by computer calculations for those cases in 

which the system response to operator actions is unclear or these 
calculations could be used to provide important quantitative informa­
tion not available from an event tree. ; For example, ·failure to 
initiate high-pressure injection could lead to core uricovery'for some 

. ' 
transients, and a computer calculation could provide information on 
the amount of time avai]able for corrective action. Reactor simulators 
may provide some information in defining the event trees and would be 
!iseful in studying the information available to the operators. The 
transient and accident analyses are to be performed for the purpose of 
identifying appropriate and inappropriate operator actions relating to 
important 'safety considerations such as natura 1 Circulation ,1 prevention 
of core uncovery, and prevention of more serious a·ccidents. 

The information derived from the preceding analyses shall be included 
in the plant emergency procedures and operator training. It 'is expected 
that analyses performed by the nuclear steam supply system (NSSS) 
vendors will be put in the form of emergency _procedure guidelines and . 
that the changes in the procedures will be implemented by each 

· licensee or applicant. 

i 
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In addition to the analyses performed by the reactor vendors, analyses 
of selected transients should be p_erformed by the NRG Office of 
Research, using the best available computer codes, to provide the 
basis for comparisons with the analytical methods being used by the 
reactor vendors. These comparisons' together with comparisons to 
data, including_LOFT small break test data, will constitute the 
short-term verification effort to assure the adequacy of the analytical 
methods being used to generate emergency procedures. 

DISCUSSION AND CONCLUSIONS 

This item requires analysis, procedure guidelines, emergency procedures, 
and operator training related to small break loss-of-coolant accidents, 
inadequate core cooling, and transients and non-LOCA accidents • 

. Westinghouse submitted analyses for small break accidents in Topical 
Report WCAP-9600, "Report on Small Break Accidents for Westinghouse NSSS 
System", June 1979. Emergency procedure guidelines were then developed 
from thes~ analyses by the Westinghouse Plant Owners Group. These 
guidelines were reviewed and approved by the staff in November 1979. 
.The staff review of these analyses and guidelines was performed by the 
Bulletins and Orders Task Force as is documented in ~heir report on 
Westinghouse reactors, "Generic Evaluation of Feedwater Transients and 
Small Break Loss-of-Coolant Accidents in Westinghouse-Designed Operating 
Plants," NUREG-0611, January 1980 (Appendix IX, Section 2.2). We have 
reviewed the design features. of the Salem Unit 2 plant and we conclude 
that the review and approval of the small break LOCA analyses and guide-· 
lines applies; in ~otal to the Salem Unit 2 plant. 

The Salem Unit 2 small break LOCA emergency procedure is currently being 
reviewed by NRR and I&E as part of _the Action Pl an Item ) • C. We require 

. that any problem areas.identified by NRR and I&E be resolved to the staff's 
, satisfaction prior to low power testing. This is not a requirement for 

zero power operation. 

Westinghouse submitted analyses of inadequate core cooling on October 30, 
1979, "Analysis of Inadequate Core Cooling and Emergency Core Cooling 
Gu~delines to Restore Core Cooling." The staff review of these analyses 
and, gui_del ines has not been completed. Instructions on steps to be taken 
to restore adequate cor~ cooling, if it.should be lost, will be included 
in the Salem Unit 2 emergency procedures. When the Salem Un~t 2 emergency 
procedures have been revised to include consideration of inadequate core 
cooling, the changes will be reviewed by the staff. We require that the 
inadequate core cooling guidelines and procedures be developed and 
implemented to the staff's satisfaction prior to low power testing. This 
is not a requirement for zero power operation. 
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The third part of this item relates to analysis, procedure guidelines, 
emergency procedures, and operator training for transieits and 
accidents. The applicants have co111T1itted to providing all of the 
required items but have stated that it may not be possible to meet the 
schedule required for operating re·a, :ors, that is, analyses. and 
guideline development due by March 31, 1980 and emergency procedures 
and operator training by June. 30, 1980. We are continuing to discourage 
any delays in the established schedule. 'However, completion of this 
work is not required for the low power test program~ 

Shift Relief and Turnover Procedures (2.2.l.c - NUREG-0578) 

POSITION 

The licensee shall review and revise as necessary the plant procedure 
for shift and relief turnover to assure the following: 

l. A checklist shall be provided for the oncoming and offgoing 
' -

control room operators and the oncoming shift sup~rvisor to 
• ' t ... 

complete and sign. The foll owing items, as a m:i ni mum, shall 
be included in the checklist; 

a. Assurance that critical plant parameters are within 
allowable limits (parameters and allowable limits shall 
be listed on the checklist). 

b. Assurance of the availability and prop~~ alignmerit of all 
I ' 

systems essential to the prevention a~d. mitigation of 
operational transients and accidents· by __ a .·check of the 
control console. What to check and criteria for acceptable 

. , ~· .. · . l ·• 

status sha)l be included on the checklist. 

c. Identification systems and components that are in a 
degraded mode of operation permitted by the Technical 
Specifications. For such systems and components, the 
length of time in the degraded mode sha~l be compared 
with the Technical Specifications action statement (this 
shall be recorded as a separate entry on the·checklist). 

2. Checklists or logs sha 11 be p'rovi ded for completion by the offgoi ng 
and ongoing auxiliary operators and technicians. Such checklists 
or logs shall include any equipment under maintenance or test that 
by itself could degrade a system crJtical to the prevention and 
mitigation of operational transients and accidents or initiate an 
ope~at i ona l transient (what' to chec'k and crit~ri a for acceptable 

~ .. . . 

status sha 11 be incl ud.ed on the checklist); and . 
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3. A system shall· be established.to evaluate the effectiveness of the 

shift and relj~f turnover procedtires (for example, periodic independent 

·\,~~ification of system alignments). 

DISCUSSION AND CONCLUSIONS 

Shift relief turnover requirements are described in AP-5 "Operating 

Practices,'; Operating Memo 20, and in the Operations Department Manual 

(ODM). ·These requirements provide assurance that the on-coming shift 

will possess adequate ·knowledge of critical plant status information 

and system availability. Operations 'Logs and Checklists have been . 

devel.oped. The ODM describes the logs and checklists used by Shift 

Supervisors, Control Operators, Equipment Operators and Utility Operators 

~nd the· requirements for signature by both the on-coming and off-going 

shifts. 

Completed logs and checklists are reviewed as soon as possible, usually. 

the next work day, by t.he Operating Engineers or, when required, the 

Senior Ope.rating Staff Supervisor. 

We have reviewed PSE&G's implementation of this requirement as well as 

the logs and checklists to be filled out by the off-going and on-coming 

shifts. ·'we conclude that· an adequate exchange of information will take 

place during shift turnover and that the system used receives management 

evaluation. PSE&G has met this requirement. 

Shift Personnel Responsibilities (2.2.i.a - NUREG-0578) 

This iterri i's included with Section I .A.1.2 of Part II to this report. 

I .C.4 Control .Room Access (2.2.2~a - NUREG-0578) 
···,·,·.: 

• f " -

The lfrensee· shall make prov1s10ns fo; limiting access to the control 

room to those individuals responsible for the direct operation of the 

nuclear power plant (e.g., operations supervisor, shift supervisor, 

and control room operators), to technical advisors who may be requested 

or requi~ed to support the ~peradon,' and the predesignated NRC 

personnel. Provisions shall include the following: 

1. Develop and implement an administrative procedure that establishes 

the 'authority and responsibility of the person in charge of the ... , . 

control room to limit access; and 
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2. Develop and implement procedures that establish a clear line of 
authority and responsibility in the control room in the event of 
an emergency. The line of succession for the person in charge of 
the control room shall be established and limited to persons 
possessing a current senior reactor operaior's license. The plan 
shall clearly define the lines of communication and authority for 
plant management personnel not in direct command.of operations, 
including those who report to stations outside of the control room. 

DISCUSSION AND CONCLUSIONS 

Salem Nuclear Generating Station Administrative Procedure No. 5 {AP-5), 
"Operating Practices," presently addresses control room access. AP-5 
is being revised to include specific individual authority and responsi­
bility related to controlling person.nel access during normal and accident 

conditions. 

During normal operating conditions, individuals are permitted entry into 
the control room only when specific duties require such entry. The 
Senior Shift Supervisor and Shift Supervisor are authorized to refuse 
entry or to direct personnel to leave the control room if their presence 
interferes with operations ·Or may compromise pl ant safety. 

·During emergency conditions, access to the control room will be limited 
to those individuals responsible for the direct operation of the facility, 
to technical advisors required to support operation, to NRC Resident 
Inspectors, and to personnel specifically requested ·by the Senior Shift 
Supervisor or ShiH Supervisor. During emergency conditions, control 
room access· will be limited to no more than 15 authorized personnel in 
the control room at any time. If requested, the security force will 
assist in enforcement.of the control room access restr1ction. 

On-coming operating shift personnel reporting to the station during an 
emergency condition will report to the Onsite Operations Support Center, 
notify the Senior Shift Supervisor or Shift Supervisor of their presence, 
and await further instructions. 

During routine or emergency conditions, the expected chain of command 
will be through the Senior Shift Supervisor to the Shift Supervisor to 
the licensed Control Operators. 

During certain unique situations, senior licensed Operating Department 
station management personnel (for example, Chief Engineer - SRO or 
Operating Engineer - SRO) may determine it necessary to give orders 
directly to the Control Operators. If this occurs, all personnel in the 
control room will be notified that they have assumed command and 
responsibility for the unit and this information is logged. 
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Individuals .who do not.po~sess a valid SRO license,. including members 
of station management, may not relieve,the Senior Shift Supervisor or 
Shfft Supervisor, nor may they direct the licensed activities of licensed 
operators. · 

Lines of communication and authority for plant management personnel not 
in direct command of operations, including those who report to stations 
outside of the control room, are described in the ·revised Emergency Plan 
Mahual. and are acceptable •. 

We have reviewed the.applicable administrative procedure, the planned 
revision to the procedure and the revised Emergency Plan Manual. We 
conclude that PSE&G has met this requirement. 

I.C.5 Licensee Dissemination of Operating Experiences 

See Section l .B. 1 •. 4 of Part II to this report. 

I.C.7 NSSS Vendor Review of'Low Power Test Procedures 

An of th~ applicants' startup test procedures, from core load through 
power a~cension,,are being reviewed by the vendor, Westinghouse. This 
review,. as wel.l as vendor .review of test results, will continue and 
win include the special test program. These reviews are documented 
in the applicable procedures. 

In addition, the NSSS .vendor will provide shift coverage during active 
testing periods for the. low power physics tests and the special test 
program. 
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I.G Training During Low Power Testing 

Introduction 

In a letter dated December 3, 1979 to Joseph Hendrie (NRG), 
s. David Freeman, Chairman of the Board of TVA, proposed "pursuing 
certain. limited activities in the case of those power plants where 
construction has been completed during the Commission's payse ••• " 
One of the activities proposed was a series of natural circulation 
tests to be performed at Unit l of the Sequoyah Nuclear plant at 
power levels up to five percent of normal full power. By letter to 
Olan Parr (NRG} dated February 8, 1980, Mr. R. L. Mittl of Public 
Service Electric and Gas Company (PSE&G) proposed performing similar 
tests on Sa.lem Unit 2. .The proposed test program was further described 
in a letter, dated March 31, 1980. 

.The proposed low power test program for Salem Unit 2 was reviewed by 
the staff using the following five criteria: 

l.. The tests should provide meaningful technical information beyond 
that obtained in the normal startup test program. 

2. The tests should provide supplemental operator training. 

3. The tests should not pose an undue risk to the public. 

4. The risk of damage to the nuclear p·lant during the test program 
should be low. 

5. The radiation levels that will exist after the low power test 
program is completed (including that from crud deposits) must not 
preclude implementation of requirements stemming from the NRR 
Lessons Learned Task Force, ·Kemeny Commission, Rogovin Commission 
or task Action Plan. 

The iow power test program proposed by PSE&G consists of nine tests, 
seven of -which involve natural circulation in the reactor coolant 
system at low power conditions, but at normal, or nearly normal, 
operating pressures· and temperatures. 'The·test program is nearly 
identical to the program proposed to be performed on Sequoyah Unit 
and reviewed by the NRG staff. The only significant difference between 
the two proposed programs is that th_e simulated loss of all onsite 
and offsite'power (test 6 below), will be performed using heat from 
the_ react.or coolant system pumps to simulate decay heat; the test to 
be performed on Sequoyah Unit l will use fission ·heat to simulate decay 
heat. 
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The specific tests proposed are: 

1. Natural circulation test; 

2. Natural circulation with simulated loss of offsite ac 

power; 

3. Natural circulation with loss of pressurizer heaters; 

4. Effect of secondary side isolation on natural circulation; 

5. Natural circulation at reduced pressure; 

6. Cooldown capability of the charging and letdown system; 

7. Simulated loss of all onsite and offsite ac power; 

8. Establishment of natural circulation from stagnant 

conditions; and 

9.. . Forced circulation cooldown (part A) and boron mixing 

and cooldown (part B). 

The tests will not necessarily be performed in this order. In general 
the test program will progress from relatively simple tests to those 
that are more complex. Members of the NRC staff will .observe the per­

formance of selected tests. 

STAFF EVALUATION 

The staff is in the process of evaluating the low power test program 
proposed by PSE&G. The criteria listed above are being used as the 
basis of the evaluation •. The status of the staff's. review is described 

· bel~w for each of the criteria. 

A. CRITERION l 

.. -.:..·.:--·-: 

Criterion states that the tests should provide meaningful 
technical information beyond that obtained during the normal test 
program. By meaningful we mean information that adds to the under­
standing of the capabilities of a plant to remove heat from the 
reactor either by natural convection circulat,ion of reactor coolant 
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or by other heat transfer mechanisms considered in the analyses 
of small loss-of-coolant accidents. Although natural circulation 
tests have been performed on many reactors, they have not been 
done under degraded plant conditions, such as loss of electrical 
power or isolation of the secondary side of a steam generator. 

The staff has reviewed each of the tests proposed by PSE&G relative 
to Criterion l. We have concluded that the test program will pro­
vide meaningful technical information. 

The earlier tests in the series are only expected to confirm that 
natural circulation can be obtained, and to develop the techniques 
needed to simulate decay heat using fission heat. As the program 
proceeds to the more complex tests, meaningful information is 
expected to be obtained. This is especially true for the test in 
which loss of all alternating current electric power, both onsite 
and offsite, is simulated. This test is expected to demonstrate 
a design capability that has never previously bee~ experimentally 
confirmed in a commercial nuclear power plant. Similar tests are 
planned to be performed on Sequoyah Unit l and North Anna Unit 2. 
Other tests that are expected to provide signjficant technical 
information are those that demonstrate that natural circulation 
can be established from stagnant conditions and that determine 
the degree of boron mixing that can be obtained under natural 
circulation conditions. 

It should be noted that all of the natural circulation tests 
proposed by PSE&G will be single.phase, liquid tests. That is, 
the tests will be initiated and conducted with the reactor coolant 
subcooled. Thus, the tests will not be representative of the two­
phase conditions that might exist following an accident. PSE&G 
oppcis'es two-phase testing because they believe that the potential 
risk of ·da~age to the plant outweighs the benefits to be gained. 
Despite the lack of two-phase tests in the proposed test program, 
the staff concludes that the test program will provide meaningful 
information and is expected to confirm the ability of the plant 
to perform as designed in areas that have not been previously 
demonstrated in commercial, light-water nuclear power plants. 

B. CRITER1dN 2 

Crite'r'ion ·2 states that the tests should provide supplemental 
operator training. In regard to' the training objectives of the 
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test program, PSE&G plans to conduct a sufficient number of 
repetitions of tests 1 through 6 so that each licensed operator 
will participate in at least ore test and observe two others. 
Tests 7 through 9 will run several times so that each operating 
crew wi 11 have an opportunity to gain "hands-on" experience 
for each of these tests. Some of the training that will 
be obtained d·uring low power testing could also be provided 
by simulator training. However, simulator training is generally 
limited to operations that take place in the control room. The 
performance of the test program will aid in the check-out of 

procedures for those operations conducted outside the control 
room, and provide training in those operations. Therefore, the 

staff concludes that the proposed test program will provide 
valuable training not otherwise available for the Salem operating 

crews. 

As noted above, all of the natural circulation tests proposed to 
.be performed on Salem Unit 2 will be single phase liquid tests. 

Unless the licensed·operators are given additional training, 
they could be misled into believing that the single-phase natural 
circulation conditions they experience in performing the test 
program would be representative of the two-phase conditions 

they may encounter following an accident. 

PSE&G recognizes that the special natural circulation tests 
proposed may not be· representative of the two-phase flow conditions 
that might exist fo 11 owing an accident. They have stated that they 

\ 
will ensure that plant operators involved in the ~pecial t~sts 
recognize the differences in p 1 ant response between subcool ed and 

two-phase reactor coolant flow conditions by. conducting formal 
briefings with each licensed shift crew prior to. commencement of 

the special test •. By letter, dated March 28; 1980, we have provided 
all applicants and licensees, including PSE&G, our training 

requirements for two-phase flow conditions. 

C. CRITERION 3 

Criterion 3 requires that the tests should not· pose an undue risk 
to the public. PSE&G has not submitted, for staff review, the 
safety analyses that demonstrate that Criterion 3 wi 11 be satisfied. 
PSE&G intends to submit these analyses at least four weeks prior 
to the scheduled start of the 1 ow power test .program. Si nee 

the proposed test program will be performed at power levels 
of five percent or 1 ess, the decay heat in the .event of a reactor 
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trip or an accident will be about comparable to heat losses 
at normal reactor coolant system operating temperature. Therefore, 
we do not anticipate that the safety analysis to be prepared 
by PSE&G will uncover any significant safety problems. However, 
review of these safety analyses by the staff along with the 
supporting safety evaluation report, will be required prior to 
beginning the test program. 

We will require that PSE&G prepare, and submit for staff review, 
any special procedures required for the low power test program. 
These special procedures should clearly define any special 
technical specifications needed to perform each test, including 
any changes to the safety system setpoints. The staff review of 
the special test procedures will concentrate on the overall 
approach proposed by PSE&G, not the details of valve lineup and 
the designation of instruments to be used to record data. 

In addition to individual procedures for each low power test, the 
staff will require that some type of lead or master document 
be prepared by PSE&G. This document·should outline the entire 
test program~ ~efining the sequence in which the individual tests 
will be performed. For each i ndi vi dual test, the master document 
should specify which conditions should be established or maintained, 
and what orders or instructions apply during the period.the test 
is being performed, including the applicable emergency procedures 
if-limits are exceeded. At the conclusion of each individual test, 
the master document should specify that normal technica·l specifications 
and licensed plant conditions, including safety system settings, apply. 
The master document should also specify that·the normal plant 
administrative procedures will be followed when tests are being 
conducted so there will.be no.doubt that the licensed senior operator 
has the authority and responsibility to direct the licensed operators 
in accordance with 10 CFR 55.4(e). 

Also, PSE&G should thoroughly review the special test procedures 
and test exemptions relative to the·normal operating procedures 
and technical specifications fo assure that there are no ambiguities 
that w111 rise during testing. 

D. CRITERION 4 

Criterion 4 states that the risk of damage to the nuclear power 
plant during the test program should be low. In this regard, 
PSE&G has not proposed any tests that .it feels represent more 
than a minimal·risk to Salem Unit 2. The staff concurs 
in this matter. This is the major reason it has not proposed 
any.natural circulation tests involving two-phase conditions. 
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E. CRITERION 5 

Criterion 5 states that the radiation levels that will exist 
after the low power test program is completed (including that 
from crud deposits) must not preclude implementation of require­
ments stemming from the TMI-2 accident. PSE&G has stated that 
they will evaluate the radiation levels that will exist at the 
completion of the. low power test program. This evaluation will 
be performed prior to the i nit i ati on of the program. Th.e objective 
of the evaluation js to. assure that the radiation levels created 
by the low power testing will not prevent implementation of any 
requirements for physical alterations dictated by the Lessons 
Learned Task Force, Kemeny Commission, Rogovin Commission, or Task 

Action Plan as presently understood. 

ADDITIONAL TESTS 

The staff has requested that PSE&G also obtain some baseline data 
regarding differential pressure across the elbow pressure taps in 
each reactor coolant loop for various pump combinations. PSE&G 

has agreed to perform such tests. 

These tests will be conducted with the core installed, but all 
control rod assemblies inserted. The reactor coolant system 
will be at about normal operating temperature and pressure. The 
tests will be performed with one pump, two pumps, and three pumps 
operating. The differential pressure data will be obtained in 
all ·four loops; that is, the loops with flow in the-normal direction 
and the loops having flow in the reverse direction. Pump data such 

as motor current will also be recorded. 

The purpose of the tests is to provide baseline data for an 
undamaged core. In the event that there is an accident sometime 
in the future involving core damage, similar data could be obtained 
and compared to the baseline data to infer the extent of the core 

damage. 
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II SITING AND DESIGN 

II .B.4 Degraded Core Training· 

POSITION 

The staff requires' that the applicants develop a program to ensure 
that all operating personnel are training in the use of installed 
plant systems to control or mitigate an accident in which the core 
is severely damaged. The training program shall include the follow­
ing topics. 

A. ·1ncore Instrumentation 

1. Use of fixed or movable incore detectors to determine 
extent of core damage and geometry changes. 

· ·2. Use of thermocouples in determining peak temperatures; 
methods for extended range readings; methods for direct 
readings at terminal junctions. 

B. Excore Nuclear Instrumentation (NIS) 

· 1. Use of NIS for determination of void formation; void 
·location basis for NIS response as a function of core 
temperatures and density changes. 

c.· 'Vital Instrumentation 

1. Instrumentation response in·an accident environment; 
failure sequence (time to failure, method of failure); 
indication reliability (actual vs indicated level). 

· ·2. Alternative methods for measuring fldws, pressures, 
levels, and temperatures. 

a. Determination of pressurizer level if all level 
transmitters fail. 

b. Determination of letdown flow with a clogged filter 
(1 ow fl ow). 
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c. Determination of other reactor coolant system para­
met~rs if the primary method of measurement has failed. 

D. Primary Chemistry 

1. Expected chemistry results with severe core damage; 
consequences of transferring small quantities of liquid 
outside containment; importance of using leak tight 

systems. 

2. Expected isotopic breakdown for core damage; for clad 

damage. 

3. Corrosion effects of extended immersion in primary water; 

time to failure. 

E. Radiation Monitoring 

1. Response of process and area monitors to severe damages; 
behavior of detectors when saturated; method for detecting 
radiation readings by direct measurement at detector output 
(overanged detector); expected accuracy of detectors at 
different locations; use of detectors to determine extent 

of core damage. 

2. Methods of determining dose rate inside containment from 
measurements taken o-utside containment. 

F. Gas Generation 

1. Methods of H generation during an accident; other sources 
of gas (Xe, Ke); techniques for venting or disposal of 

non-condensibles. 

2. H flarnnability and explosive limit; sources of'_O in 
containment or reactor coolant system. 

DISCUSSION AND CONCLUSIONS 

We recently transmitted to the applicants our requirements regarding 
training to control or mitigate an accident in which the.core is 
severely damaged. The applicants have committed to such -a.program. 
Therefore, we consider this matter resolved for the low-power testing 

program. 
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Relief and Safety Valve Test (2.1.2 - NUREG-0578) 

POSITION 

Pressurized water reactor 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. 

CLARIFICATION 

l. Expected operating conditions can be determined through the use 
of analysis of accidents and anticipated operational occurrences 
referenced in Regulatory Guide l.7o.· 

2. This testing is intended to demonstrate valve operability under 
various flow conditions, that is, the abjlity oJ the valve to 
open and shut under the various 'flow conditions should be 

· · demonstrated. 

3. ·.Not all -valves on all plants are required ·to be tested. The 
valve testing may be con~ucted on a prototypical basis. 

'4. The effect of piping on valve operability should be included in 
the. t~st conditions. Not every piping configuration is required 
to be tested, but the configurations that are tested should pro­
duce the appropriate feedback effects as seen by the relief or 
safety valve. 

5. Test data should include data that would permit an evaluation 
·of discharge piping and supports if those components are not 
·tested directly. . l 

6. A description of the test program and the schedule for testing· 
'should be submitted by January l, 1980. 

7. Testing shall be complete by July l, 1981. 

DISCUSSION AND CONCLUSIONS 

WeYequire that the Public Service Electric and Gas Company carry out 
a te·st'in'g program to qualify the relief and safety valves under 

·expected·operating conditions for design basis trartsients and accidents 
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as provided in NUREG-0578, Section 2.1.2, and as clarified in NRG 
letter to operating license applicants dated November 9, 1979. 
Accordingly, the low power operating license will be conditioned. 

The Public Service Electric and Gas Company has stated that they 
are actively pursuing a joint effort with other members of the 
utility industry which will develop requirements for a generic test 
facility and program for RCS relief and safety valve prototypical 
testing. This involves subscription·to and participation in a program 
developed and managed by the Electric Power Research Institute (EPRI). 
The initial result of that joint industry effort (i.e., the EPRI 
"Program Plan for the Performance Verification of PWR Safety/Relief 
Valves and Systems"') was presented to and discussed wi.th representatives 
of the NRG staff at a meeting with EPRI personnel on December 17, 1979. 

The staff will perform a detailed review of the generic program 
proposed by EPRI. On the basis of our preliminary discussions to date 
with EPRI regarding the feasibility of meeting the clarified valve 
testing requirements of NUREG-0578 (including discussions at the 
December 17 meeting), and on the basis- of PSE&G's assurance that the 
proposed EPRI program will be applicable to the Salem Unit 2 design and 
consistent with the NRG position in this regard, we believ~ that there 
is adequate assurance at this point that the NUREG-0578 requirement 
regarding performance verification of RCS relief and safety valves 
will be met satisfactorily for Salem Unit 2. We conclude ·tha1;, pending 
satisfactory results from the ongoing test program, this requirement 
places n'o restr.ictions on Salem Unit 2 operation through full power. 

In establishing these test requirements as part of NUREG~0578, the 
staff concluded that the extended time for completion of the qualification 
testing was appropriate since this testing is considered to be confirmatory 
in nature. 

Relief and Safety Valve Position (2.1.3.a - NUREG-0578) 

POSITION · 

Reactor system relief and safety valves shall be provided with ·a 
positive indication in the control room derived from a reliable 
valve position detection device or a reliable indication of flow 

.in the discharge pipe. __ ,, ·· 
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CLARIFICATION 

1. The basic requirement is to provide the operator with unambiguous 
~ndication of.valve position (open or closed) so that appropriate 
operator actions can.be taken. 

2. , The valve position should be indicated in the control .room. An 
alarm should be provided in conjunction with this indication. 

3. The valve position indication may be·safety grade. If the position 
ind.ication is not safety grade, a reliable single channel .direct 
indication powered from a vital instrument .bus may be provided if 
backup methods of determining valve position are available and are 
discussed in the emergency procedures as.an aid to operator 
diagnosis and action. 

4. The valve position indication should be seismically qualified 
consistent with the component or system to which it is attached. 
if the seismic qualification requirements cannot be met f~asibly 
by January 1, 1980, a justification should be provided for less 
than seismic qualification and a schedule should be supmitted for 
.upgrade to the.required seismic· qualification. 

5. The position indication should be qualified for i.ts appropriate 
environment (any transient or accident which would cause the relief 

'or safety valve .to lift). If the environmental qualification pro­
gram for this position indication will not be completed by 
January 1, 1980, a proposed schedule for completion of the environ­
·ment qualification program should be provided. 

DISCUSSION AND CONCLUSIONS 

Two power-operated relief valves (PORV) and three safety valves, 
connected to the top of the pressurizer are provided in the Salem Unit 2 
design to protect against overpressurization. Positive indication of 
PORV position is obtained by a direct, stem-mounted indicator which 
mechanically activates limit switches at the full-open· and full~closed 
valve stem positions (single channel for each PORV) •. · 

These switches are seismically and environmentally qualified and provide 
an alarm in the control room if a PORV is not fully closed. The switches 
are powered from a vital bus. 
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PSE&G has installed .limit switches in the bonnet of each safety valve 
to alann in the control room if ·the safety. valve is not fully.closed. 
The switches are seismically and environmentally qualified and are powered· 
from a vital bus. An improved switch capable of indicating open, closed, 
and an intermediate position will be installed by June l, 1980. 

The described design incorporates .only a single channel of positive 
positiOn 'indication for each PORV and safety valve. In accordance with 
the NRC position and clarification, therefore, PSE&G has described backup 
methods of determining valve positions. These .include temperature se'n'sors 
downst;eam of eacn vai~e, pressurizer relief tank temperature/pressure/ 
level indicators and pressurizer high pressure sensors. These sensors 
provide indication alarms in the main control room and are reflected in 

·the plant operating procedur~~. 

On the basis of PSE&G's submittals to NRC describing these new systems, 
discussions with PSE&G' s engineering and operating staff representatives, 
and an inspection tour of the Salem Unit 2 facility, the PSE&G approach 
to providing positive pressurizer relief and safety valve position 
.~ndication, by use of limit switches on the PORVs and safety valves, is 
acceptable. 

r ..... 
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II.~.1.2 Auxiliary Feedwater Initiation and Indication 

Auxiliary Feedwater Initiation (2~1.7.a - NUREG-0578) 

POSITION 

Consistent with satisfying the requirements of General Design Criterion 
20 of Appendix A to 10 CFR Part 50 with r~spect to the timely initiation 

. ' 

of the auxiliary feedwater system, the following requirements shall be 
implemented in the short term: 

l~ The design shall provide for the automatic initiation of the 
auxiliary feedwater system. 

2. The automatic initiation signals and circuits shall .be designed 
so that a single failure will not result in the loss of auxiliary 
feedwater system function. 

3 •.. Testability of the_ initiating signals and circuits shall be a 
.feature of the design. 

4. The initiating signals and circuits shall be powered from the 
emergency buses. 

5. Manual capability to initiate the auxiliary feedwater system from 
the control room shall be retained and .shall be implemented so that 
a single failure in the manual circuits will not result in the . 
loss of system.function. 

6. The a-c motor driven pumps and valves in the a1;1xiliary feedwater 
system shall be included in the automatic actuation (simultaneous 
and/or sequential) of the loads onto' the emergency buses. 

' . 

7. The automatic initiating signals and circuits shall be designed 
' . . 

so that their failure will not result in the loss of manual capa-
. ' 

bility to initiate the auxiliary feedwater system from the 
' ' . 

control room. 

In the long term, the aut.omatic initiation signals ar:id circuits shall 
be upgraded in accordance with safety ·gr.ade requirements. 
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CLARIFICATION 

Control Grade (Short-Term) 

l. Provide automatic/manual.initiation of AFWS. 

· 2. Testability of_ the initiating signals and circuits is required. 

3. I~itiating signals and circuits shall be powered from the 
emergency buses. 

4. 

5. 

6. 

Necessary pumps and valves shall be included in the automatic 
sequence of the loads to the emergency buses. Verify that the 
addition of these loads·does not compromise the emergency diesel 
generating capacity. 

Failure in the automatic circuits shall not result in the loss 
of manual capability to initiate the AFWS from the control room. 

Other Considerations 

a. For those designs where instrument air is needed for 
operation, the electric.power supply requirement should 
be capable of being manually connected to emergency 
power sources. 

DISCUSSION AND CONCLUSIONS 

'.! The auxiliary feedwater (AFW) system for Salem Unit 2 was designed as a 
safety-related s~stem,·aside and apart from any TMI-related requirements 
imposed subsequently by NRC. Consistent with that design intent, and 
as described in the applicants' submittals to NRC and in discussions with 
the applicants in connection with this NUREG-0578 position, the AFW 
initiating circuitry for Salem Unit 2 incorporates both automatic 
and manual system start capability, including manual .initiation of the 
system from the main control room. Manual initiation capability is· 
provided independent of automatic initiation, and the design of the 
automatic initiation circuitry is such that a single-failure cannot 
result in ~otal loss of the'AFW system function. Further, the Salem 
Unit 2 design incorporates on-line testability, and the system is 
powered from reliable emergency buses .as specified in NUREG-0578 
(including automatic actuation of a-c motor driven pumps and valve 

loads onto the emergency buses). 
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The Salem Unit 2 AFW initiation circuitry design meets NUREG-0578 
short-term requirements. 

Auxiliary Feedwater Indication (2.1.7.b - NUREG-0578) 

POSITION 

Consistent with satisfying the requirements set forth in General Design 
Criterion 13 to provide the capability in the control room to ascertain 
the actual performance of the AFWS when it is called to perform its 
intended function, the following requirements shall be implemented: 

1. Safety grade indication of auxiliary feedwater flow to each steam 
generator shall be provided in the control room. 

2. The auxiliary feedwater flow instrument channels: shall be powered 
from the emergency buses consistent with satisfying the emergency 
power diversity requirements of the· auxiliary feedwater system set 
forth in Auxiliary Systems Branch Technical Position 10-1 of the 
Standard Review Plan, Section 10.4.9. 

CLARIFICATION 

A. Control Grade (Short-Term) 

1 •. Auxiliary feedwater fl ow i ndi ca ti on ,to each steam generator shall 
satisfy the single failure criterion. 

2. Testability of the auxiliary feedwater flow indication channels 
shall be a feature of the design. 

3. Auxiliary feedwater flpw instrument channels shall be powered 
from the vital instrument buses. 

B. . Safety Grade (Long-Term) 

1. Auxiliary feedwater flow indication to each steam generator 
sha 11 satisfy safety grade requirements. 

C. Other 

1. For the short-term, the flow indication channels should by 
themselves, satisfy the single failure criterion for each steam 
generator •. As a fall-back position, one auxiliary feedwater flow 
channel may be backed up by a steam generator level channel. 

2. Each auxiliary feedwater channel should provide an indication 
of feed flow with an accuracy on the order of +10 percent. 
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DISCUSSION AND CONCLUSIONS 

Auxiliary feedwater (AFW} flow indication for Salem Unit 2 is provided by a 
single flow.indicating element (channel) in the individual AFW feed lines to 
each of,the four steam generators. These flow channels are powered from the 
vital buses (battery-backed). 

The applicants have noted that the direct flow indication arrangement 
provided is backed by safety grade steam. gene~ator water level indication. 
Taken together then, the combined (direct and indirect) AFW flow 
indication capability does satisfy the single failure criterion. 
Further, the direct flow indication channels provide indication with 
an accuracy of approximately ±_two· percent; and testability of all channels 
is a feature of design. 

The direct AFW flow indication arrangements provided for the Salem Unit 2 
satisfy the "control grade" requirements specified in the NUREG-0578 
position and clarifications and, therefore, are acceptable. 

11.E.4.l Containment Penetrations (2.1.5.a NUREG-0578} 

POSITION 

Plants using external recombiners or purge systems for post-accident' 
combustible gas control of the containment atmosphere should provide 
containment isolation systems for external recombiner or purge systems 
that are dedicated to that service only, that satisfy the redundancy 
and single failure requirements of General Design Criteria 54 and 
56 of Appendix A to 10 CFR Part 50, and that are 'sized to satisfy the 
flow requirements of the recombiner or purge system. 

CLARIFICATION 

1. This requirement is only applicable to those plants whose· 
licensing basis includes requirements for external recombiners 
or purge systems for post-accident combustible gas control of 
the containment atmosphere •. 

2. An acceptable alternative to the dedicated penetration is a 
combined design that is single-failure proof for containment 
isolation purposes and single-failure proof for operation of the 
recombiner or purge system. 

3. The dedicated penetration or the combined single-failure proof 
alternative should be sized such that the flow requirements for 
the use of the recombiner or purge system are satisfied. 
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4. Components necessitated by this requirement should be safety 
grade. · 

5. A description of required design changes and a schedule for 
accomplishing these changes should be provided by January 1, 1980. 
Design changes should be completed by January 1, 1981. 

DISCUSSION AND CONCLUSIONS 

Salem·Unit 2 does not use external recombiners or purge systems for 
post-accident combustible gas control. The Salem Unit 2 design has a 
manually actuated ESF recombiner system inside containment which is 
redundant and fully qualified. 

' 

This requirement is not applicable to S~lem Unit 2. 

II.E.-5 



II .F. l Additional Accident Monitoring Instrumentation (2.1.8.b - NUREG-0578) 

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. 

l. 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 con­
sidered to be necessary to cover the ranges of interest. 

a. Noble gas effluent monitors with an upper range capacity of 
105m Ci/cc (Xe-133) are considered to be practical and should 
be installed in all operating plants. 

b. Noble gas effluent monitoring shall be· provided for the 
total range of concentration extending from normal condition 
(ALARA) 'concentrations to a maximum of l0 5m Ci/cc (Xe-133). 
Multiple moni.tors are considered to be necessary to cover 
the ranges of interest. The range capacity of individual 
monitors should overlap by a factor of 10. 

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 char-· 

I 

coal or other media, followed by onsite laboratory analysis. 

3. In-containment radiation level monitors with a maximum range of 
108 rad/hr shall be installed. A minimum of two such monitors 
that are physically separated.shall be provided. Monitors shall 
be desfgned and qualified to function in an accident environment. 

CLARIFICATION 

The January 1, 1980 requirements were specifically added by the 
Commission and were not included in NUREG-0578~ The purpose of the 
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interim January 1, 1980 requirements is to assure that licensees have 
methods of quantifying radioactivity releases should the existing 
effluent instrumentation go off-scale. 

1. Radiological Noble Gas Effluent Monitors 

A. January 1, 1980 Requirements 

Until final implementation in January 1, 1981, all operating 
reactors must provide, by January 1, 1980, an interim method 

·for quantifying high-level releases which meets the requirements 

of Table 2.1.8.b.l. This method is to serve only as a provisional 
fix with the more detailed, exact methods to follow. Methods are 
to be developed to quantify release rates of up to 10,000 Ci/sec 
for noble gases from all potential release points (e.g., auxiliary 
building, radwaste building, fuel handling building, reactor build­
ing, waste gas decay tank releases, main condenser air ejector, 
BWR main.condenser vacuum pump exhaust, PWR steam safety valves and 
atmosphere steam dump valves and BWR turbine buildings) and any 
other areas that communicate directly with systems which may con­
tain primary coolant or containment gases (e.g., letdown and 
emergency core cooling systems and external recombiners). 
Measurements/analysis capabilities of the effluents at the final 
release point (e.g., stack) should be such that measurements of 
individual sources which contribute to a common release point may 
not be necessary. For assessing radioiodine and particulate 
releases, special procedures must be developed for the removal 
and analysis of the radioiodine/particulate sampling media (i.e., 
charcoal canister/filter paper). Existing sampling locations are 
expected to be adequate; however, special procedures for retrieval 
and analysis of the sampling media under accident conditions (e.g., 
high air and surface contamination and direct radiation levels} 
are needed. 

It is intended that the monitoring capabilities called for in the 
interim can be accomplished with existing instrumentation or 
readily available instrumentation. For noble gases, modifications 
to existing monitoring systems, such ai the use of portable high­
range survey instruments, set in shielded collimators so that they 
"see" small sections of sampling lines, is an acceptable method for 
meeting the intent of this requirement. Conversion of the measured 
dose rate (mr/hr} into concentration (µCi/cc) can be performed 
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TABLE 2.1.8.b.l 

INTERIM PROCEDURES FOR QUANTIFYING 

HIGH-LEVEL ACCIDENTAL RADIOACTIVITY RELEASES 

Licensees are to implement procedures for estimating noble gas and 
·radioiodjne release rates if the existing effluent instrumentation 
goes off-scale. 

Examples of major elements of a highly radioactive effluent release 
special procedures (noble gas). 

Preselected location to measure radiation from the exhaust air, e.g., 
exhaust duct or sample line. 

··Provide shielding to minimize background interference. 

:u~e of an installed monitor (preferable) or dedi~ated portable 
monitor (acceptable) to measure the radiation. 

- ··· Predetermined calculational method to convert the radiation level to 
radioactive effluent release rate. 
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using standard volume source calculations. A method must be 
developed with sufficient accuracy to quantify the iodine releases 
in the presence of high background radiation from noble gases 
collected on charcoal filters. Seismically qualified equipment and 
equipment meeting IEEE 279 is not required. 

The licensee shall provide the following information on his methods to 

quantify gaseous releases of radioactivity from the plant during an 
accident. 

l. Noble Gas Effluents 

a. System/method description, including: 

i. Instrumentation to be used including range or sensitivity, 
energy dependence, and calibration frequency and technique. 

ii. Monitoring/sampling locations, including methods to assure 

representative measurements and background radiation 
correction. 

iii. A description of method to be employed to facilitate access 
to radiation readings. For January l, 1980, control room 
readout is preferred; however, if impractical, in situ 
readings by an individual with verbal communication with 

the control room is acceptable based on iv., below. 

iv. Capability to obtain radiation readings at least every 

15 minutes during an accident. 

v. Source of power to be used. If normal ac power is used, 
an alternate backup power supply should be provided. If 
de power is used, the source should be capable of providing 

continuous readout for 7 consecutive days. 

b. Procedures for conducting all aspects of the measurement/analysis, 

including: 

i. Procedures for minimizing occupational exposures. 

ii. Calculational methods for converting instrument readings 
to release rates based on exhaust a1r flow and taking into 
consideration radionuclide spectrum distribution as a function 

of time after shutdown. 
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iii. Procedures for dissemination of information. 

iv. Procedures for calibration. 

2. Radioiodine-and Particulate Effluents 

A. For January 1, 1980 the licensee should provide the following: 

1. System/method description, including: 

a. Instrumentation to be used for analysis of the sampling 
media with discussion on methods used to correct for 
potentially interfering background levels of radioactivity. 

b. Monitoring/sampling location. 

c. Method to be used for retrieval and handling of sampling 
media to minimize occupational exposure. 

d. Method to be used for data analysis of individual radio­
,nuclides in the presence of high levels of radioactive 
noble gases. 

e. If normal ac power is.used for sampling collection and 
analysis equipment, an alternate backup power supply should 
be provided. If de power is used, the source should be 
capable of providing continuous readout for 7 consecutive 
days. 

2. Procedures for conducting all aspects of the measurement analysis, 
including: 

a. Minimizing occupational exposure. 

b. Calculational methods for determining release rates. 

c. Procedures for dissemination of information. 

d. Calibration frequency and technique. 
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DISCUSSION AND CONCLUSIONS 

Monitors for radioactive effluents currently installed at Salem Unit 2 
are designed to detect and measure releases associated with normal 
reactor operations and anticipated operational occurrences. Such 
monitors are required to operate in radioactivity concentrations 
approaching the minimum concentration detectable with "state-of-the­
art" sample collection and detection methods. These monitors comply 
with the criteria of Regulatory Guide 1.21 with respect to releases 
from normal operations and anticipated operational occurrences. 

Radioactive gaseous effluent monitors designed to operate under 
conditions of normal operation and anticipated operational occurrences 
do not have sufficient dynamic range to function under release condi­
tions associated with certain types of accident. General Design 
Criterion 64 of Appendix A to 10 CFR Part 50 requires that effluent 
discharge paths be monitored for radioactivity that may be.released 
from postulated accidents. 

The potential gaseous effluent release points at Salem Unit 2, 
consist of the process vent, ventilation stacks A and B, and the main 
steam safety valve discharge pipes. 

As an interim measure for the determination.of high level noble gas 
releases, Salem Unit 2, will use. gamma radiation area monitors 
located near the various effluent discharge pipes, vents, or stacks 
to measure the gamma radiation produced during passage of noble gases 
during accidents. The applicants have provided procedures relating the 
observed monitor readings, calculated noble gas concentrations in the 
discharge path for a given monitor reading and the observed air volume 
flow rate to provide an estimate of gross radioactivi~y release rates. 
The applicants' procedures have been reviewed and were found to be 
acceptable. 

Interim procedures for monitoring high level radioiodine and radio­
active particulates in gaseous effluents have been provided to the 
staff. The applicants' procedures have been reviewed and were found 
to be acceptable. 

The equipment and procedures described by the applicant meet our 
position in NUREG-0578 and are, therefore, acceptable. 
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II.F.2 Inadequate Core Cooling Instruments (2.1.3.b - NUREG-0578) 

SUBCOOLING METER 

POSITION 

Licensees shall develop procedures to be used by the operator to 
recognize inadequate core cooling with currently available instru­
mentation. The licensee shall provide a·description of the existing 
instrumentation for the operators to use to recognize these conditions. 
A detailed description of the analyses needed to form the basis for 
operator training and ·procedure development shall be provided pursuant 
to another short-term requirement, "Analysis of Off-Normal Conditions, 
Including Natural Circulation" (See Section 2.1.9 of NUREG-0578). 

In addition, each PWR shall install a primary coolant saturation meter 
to' provide on-line indication of coolant saturation condition. Operator 
instruction as to use of this meter shall include consideration that is 
not to be used exclusive of other related plant parameters. 

CLARIFICATION 

1. The analysis and procedures addressed in paragraph one above will 
be reviewed and should be submitted to the NRC "Bulletins and 
Orders Task Force" for review. 

2. The purpose of the subcooling meter is to provide a continuous 
i'ndication of margin to saturated conditions. This is an important 
diagnostic tool for the reactor operators. 

3~ Redundant safety grade temperature input from each hot leg (or use 
of multiple core exit T/C's) are required. 

4. Redundant safety grade system pressure measures should be provided. 

5. Continuous display of the primary coolant saturation conditions 
should be provided. 

6. Each PWR should have: (A) Safety grade calculational devices and 
display (minimum of two meters) or (B) a highly reliable single 
channel environmentally qualified, and testable system plus a 

·backup procedure for use of steam tables. If the plant computer 
is to be used, its availability must be documented. 
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7. In the long tenn, the instrumentation qualifications must be 
required to be upgraded·to meet the requirements of Regulatory 

1 • • Guide 1.97 (Instrumentation for Light Water Cooled Nuclear Plants 
to Assess Plant Conditions During and Following an Accident) .which. 
is under development. 

i ,· 

8. In all cases appropriate steps (electrical, isolation, etc~.) must 
be taken to assure that the addition of the subcooling meter does 
not adversely impact the reactor protection or engineered safety 
features systems. 

9. The attachment (shown below) provides a definition of information 
required on the subcooling meter. 

INFORMATION REQUIRED ON THE SUBCOOLING METER 

Di spi ay 

Information .Displayed (T-Tsat, Tsat, Press, etc.) 
Display Type (Analog,. Digital, CRTj 
Continuous or on· Demand 
Single or Redundant Display 
L'ocation of Display 
Alarms (include setpoints) 
Overall uncertainty (°F, PSI) 
Range of Display 
Qualifications (seismic, envfronrnental IEEE 323); 

Calculator 

Type (process computer, dedicated dig.ital or analog calc.) · . 1 

If process computer is used specify availability (% of time) 
Single or redundant calcula~ors 
Selection Logic (highest T .•• lowest press.). 
Qual i fi cations (seismic, environmental, IEEE 323) 
Calculational Technique (Steam Tables, Functional Fit, 

ranges) 

Temperature (RTD's or·T/C's) 
Temperature .(number of sensors.and locations). ~· 

Range of temperature se~sors 
Uncertainty* of temperature sensors (° F at 1) . 
Qualifications (seismic, environmental IEEE 323). 

, ... ,. ___ _ 

*Uncertainties must address conditions of forced flow and natural circulation 
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Backup Capability 

Availaoility of Temp & Press 
Availability of Steam Tables, etc. 
Training of operators 
Procedures 

ADDITIONAL INSTRUMENTATION 

POSITION 

Licensees shall provide a description of any additional instrumentation 
or contra ls (primary or backup) proposed for the p.l ant to supplement 
those devices cited in the preceding section giving an unambiguous, 
easy-to-interpret indication of inadequate core cooling. A description 
of the functional design requirements for the system shall also be 
included. A description of the procedu~es to be used with the proposed 
equipment, the analysis used in developing these procedures, and a 
schedule:for installing the equipment shall be provided. 

CLARIFICATION 

l. Design of new instrumentation should provide an unambiguous 
indication of inadequate core cooling. This may require new 
measurements to or a synthesis of existing measurements which 
meet safety-grade criteria. 

2. The evaluation is to-include reactor water level ·indication. 

3. A commitment to pro vi de the necessary analysis and to· study 
.advantages of various instruments to monitor water level core 
cooling is required in the response to the Septemoer 13, 1979 
letter. 

4. The indication of inadequate core cooling must be unambiguous, 
in that, it should have the following properties: 

a •. _it must indicate the existence of inadequate core cooling 
caused by various phenomena (i~e.' high void fraction 
pumped flow as well as stagnant boil off). 

b.. it must not erroneously indicate inadequate cote cooling 
because of the presence of an unrelated phenomenon. 
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5. The indication must give advanced warning of the approach of 
inadequate core cooling. 

6. The indication must cover the full range from normal operation 
to complete core uncovering. For example, if water level is 
chosen as the unambiguous indication, then the range of the 
instrument (or instruments) must cover the full range from 
normal water level to the bottom of the core. 

DISCUSSION AND CONCLUSIONS 

This item requires: the addition of a subcooling meter; procedures 
and training related to the use of existing instrumentation to detect 
inadequate core cooling and new instrumentation and procedures to 
.provide an unambiguous indication of inadequate core cooling. 

PSE&G has installed a subcooling meter and provided a description of 
the system in a letter,. dated January 2, 1980. The system consists 
of sixty-five (65) temperature inputs from the core exit thermocouples 
plus two pressure inputs from a reactor coolant loop. The margin 
of subcooling is calculated by the plant process computer and is 
continuously displayed on a trend recorder near the computer output 
printers, ·at the rear of the control room. The following information 
can be easily called up from the plant process computer displayed 
on a CRT on the main console; highest thermocouple temperature, system 
pressure, saturation temperature, margin to sat~ration (in PSI and °F) 
and the location of the hottest thermocouple. 

We find that the system of monitoring reactor coolant system subcooling 
meets all of the above requirements. 

Procedures and training. related to the use of existing instr:umentation 
to detect inadequate core cooling are discussed in Section I~C.l. 

In terms of new instrumentation to provide an unambiguous indication 
of inadequate· core cooling, PSE&G has proposed to install ·a system of 
reactor ves~el pressure drop measurement to be used in combination with 
the existinfr core exit thermocouples and the subcooling met~r. PSE&G 
has proposed to measure differential pressure between the top of the 
reactor vessel and the bottom of the _reactor vessel on two narrow range 
and two wide range instruments. The system is intended to function as 
follows: with the reactor coolant pumps off, the pressure drop between 
the top and the bottom of the vessel,would indicate the collapsed 
liquid level (the equivalent liquid level without voids in the two­
phase region) in the vessel. This would be read on the narrow range 
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instrument in terms of feet of liquid. With the reattor coolant pumps 
running, the pressure ~rop from ihe top to the bottom of the vessel 
would provide an approximate indication of the void fraction in the 
vessel. This would be read on the wide range instrument as percent of 
full flow ~p with the vessel filled with water. 

The relationship between vessel differential pressure and core cool in~ 
fovo l ves complex phenomena~ especially with one or more reactor cool ant 
pumps operating. The adequacy of the system to indicate core cooling 
has not been demonstrated for conditions including: level swell, two­
phased pumped flow; flow blockage; and system dynamics (including 
blowdown). PSE&G has met our requirement to provide a commitment to 
install instrumentation to detect inadequate core.cooling and our 
requirement to provide a system design before fuel loading. The staff 
will continue to review the Salem Unit 2 design and wil.l complete its 
review in sufficient time to allow for installation of an acceptable 
system.by January 1981. The analyses and procedures related to the 
use of' the new instrumentation must also be submitted and approved 
by NRC prior to January l, 1981 which is the implementation date for 
the installation ~f the new instrumentation. We conclude that this 
requirement pl aces n.o restrictions on Sal em Una 2 ope rat i o.n through 
full power. 

- ' 1. 
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II.G Emergency Power For Pressurizer Equipment (2.1 •. 1 - NUREG-0578) 

POSITION 

Consistent· with satisfying th~ requirements of General Design Criteria 
10, 14, 15, 17 and 30 of Appendix A to 10 CFR Part 50 for the event of 
loss of offsite power, the following positions shall be implemented: 

l. Motive and control components of the power-operated relief valves 
{PORVs) shall be capable of being supplied from either the off­
site power source or the emergency power source when the offsite 
power is not available. 

2. Motive and control components associated with the PORV block valves 
shall be capable of being supplied from either the offsite power 
source or the emergency power source when the offsite power is not 
available. 

3. Motive and control power connections to the emergency buses for the 
PORVs and their associated block valves shall be through devices 
that have been qualified in accordance with safety-grade require­
ments. 

4. The pressurizer level indication instrument channels shall be 
powered from the vital instrument buses. The buses shall have the 
capability of being supplied from either the offsite power source 
or the emergency_power source when offsite power is not available. 

CLARIFICATION 

l. While the prevalent consideration from TM! Lessons Learned is being 
able to close the PORV/block valves, the design should retain, to 
the extent practicable, the capability to open these valves. 

2.· The motive and control power for the block valve should be supplied 
from an emergency power bus different from that which supplies the 
PORV. 

3. Any changeover of the PORV and block valve motive and control power 
from the normal offsite power to the emergency onsite power is to 
be accomplished manually· in the control room. 
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4. For those designs where instrument air is needed for operation, 
the electrical power supply requirement should be capable of 
being manually connected to ·the emergency power sources. 

DISCUSSION AND CONCLUSION 

We have reviewed the applicants' submittal of the emergency power supply 

design and discussed the design details with_ them. · 

We find the current Salem Unit 2 emergency power supply design for 
pressurizer level and relief and block valves to be in conformance with 
all requirements and clartfications of Lessons Learned Item 2.1.l and 

is, therefore, acceptable. 
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II .K. l IE Bulletins on Measures to Mitigate Small Break LOCAs and Loss of 
Feedwater Accidents 

By letters dated April 14 and April 18, 1979, we transmitted IE 
Bulletin Nos. 79-06A and 79-06A (Revision l) respectively, to Public 
Servke.Electric and Gas Company (PSE&G or the licensee). These 
Bulletins specified actions to be taken by the licensee to avoid 
occurrence of an event similar to that which occurred on March 28, 1979 
at Three Mile Island, Unit 2 (TMl-2). By letters dated April 25, and 
June l, 1979, PSE&G provided its response to these Bulletins for the 
Salem Nuclear Generating Station, Units l and 2. PSE&G supplemented 
these responses by letters dated July 13, and August 14, 1979, providing 
clarification and elaboration of certain of the Bulletin Action Items 
in response to our expressed concerns. 

Our evaluation of the responses, as supplemented, is given below. 

In Bulletin Action Item No. l, licensees were requested to review the 
description of circumstances described in Enclosure l of IE Bulletin No. 
·79-05 (issued to all licensees with Babcock & Wilcox (B&W)-designed plants 
for action, and to all other licensees for information) and the preliminary 
chronology of the TMI-2 accident included in Enclosure l to IE Bulletin No. , 
79-05A (same distribution as IE Bulletin No. 79-05). 

(a) This review should be directed toward understanding: (-1) the 
extreme seriousness and consequences of ttie simultaneous block­
ing of both auxiliary feedwater.trains at the Three Mile Island 
Unit 2 plant and other actions.taken during the early phases of 
the accident; (2) the apparent operational errors which led to 
the eventual core damage; (3) that the potential exists, under 
certain accident or transient conditions, to have a water level 
in the pressurizer simultaneously with the reactor vessel not 
fu 11 of water; and ( 4) the necessity to systemat fca lly analyze 
plant conditions and parameters and take appropriate corrective 
action. 

(b) .Operational personnel should be instructed to: (l) not override 
automatic action of engineered safety features unless continued 
operation of engineered safety features will result in unsafe 
plant conditions (see Section 7a.); and (2) not make operational 
decisions based solely on a single plant parameter indication 

.when one or more confirmatory indications are av~ilable. 
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(c). All licensed operators and plant management and supervisors 
·with operational responsibilities were to participate in this 
review and such participation was to be documented in plant 
records. 

On April 20, 1979, an NRC briefing team provided a detailed review of 
the circumstance~ described in Enclosure 1 of IE Bulletin No. 79-05 and the 

· preliminary chronology of the TMI-2 accident (included in' Enclosure 1 of 
·of IE Bulletin No. 79-05A) to licensed station personnel and plant 
management. The briefing team consisted of an Office .of Inspection and 
Enforcement (IE) Section Leader, an Ope~ator Licensing Branch (NRR/OLB) 
representative, and the facility Principal/Resident Inspector. Attendance 
was documented, with any missing personnel being briefed at a later date 
by the NRC Principal/Resident Inspector. The NRC-briefing also provided 
a detailed revi~w of Action Item Nos. l.a and l.b of IE Bulletin No. 
79-06A. · In its response, PSE&G stated that an overall pack'age of TMI­
related training will include additional review of the sequence of events 
at TMI-2 and additional procedural requirements regarding the termination 
of engineered safety features. As part of PSE&G's existing operator 
qualification program, documentation is maintained of lecture attendance 
and procedure review. 

We consider these actions to be acceptable responses to Action Item No. 1. 

'Action Item No. 2 of the Bulletin requested licensees to review actions 
required by operating procedures for coping with transients and 
accidents, with part.icular attention to (a) recognition of the 
possibility for forming voids large enough to compromise 'core cooling 
capability, (b) action required to prevent the formation "of such voids, 
and (c) action required to enhance core cooling in the everit ·such voids 
are formed~· 'Emphasis in (a) was placed Qn natural circu·lation 
capabi 1 ity .· 

It its ·response to this Bulletin Action Item, PSE&G referenced the work 
of the Westinghouse Operating Plants Owners Group (PSE&G.is·a participating 
member of this Owners Group). In conjunction with Westinghouse, the 
Owners Group has developed generic'guidelines for emergency operating 
procedures regarding small-break loss-of-coolant accidents (LOCAs). In 
its November 5, December 6, and December 27, 1979 letters.to the, Owners 
Group, the staff approved these guidelines for implementation by licensees 
with Westinghouse-designed reactors. The Owners Group· and Westinghouse 
have also developed·generic guidelines for emergency procedures regarding 

· natural circulation. These generic guidelines were submitted as part of 
the Owners Group response to the requirements of NUREG-0578'regarding 
inadequate core cooling. 
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PSE&G committed to incorporate the generic guidelines developed by 
the Owners Group into its plant procedures and operator training 
program. In order to satisfy NUREG-0578 requirements (Item 2. 1.9) 
this effort should be completed prior to operation above five percent 
power. Our evaluation of Item 2.1.9 is contained in Section I.C.l 
of Part II to this supplement. Procedures based on these generic guide­
lines represent an acceptable method of complying with Bulletin Action 
Item No. 2. 

PSE&G has also installed a computer program which provides the operator 
additional information relative to recognizing the possible formation of 
voids in the primary coolant system. This program computes the margin to 
saturation conditions based on the hottest in-core thermocouple reading 
and .the reactor coolant system pressure. This program indicates the 
degrees of subcooling. An alarm is generated if 50 °F of subcooling does 
not exist whenever reactor power is less than 0.25 percent. .An alarm 
is al so -generated if the difference between actua 1 and saturation pressure 
is le~s than 200 psi. 

Based on our review, we find that PSE&G has provided an acceptable response 
to Bulletin Action Item No. 2. 

Bulletin Action Item No. 3 requested that lic.ensees with facilities that 
used prassurizer water level coincident with pressurizer pressure for 
automatic initiation of safety injection into the reactor coolant system, 
tri_p the low pressurizer level setpoint bistables such that, when the 
pressuri,z.er pressure reached the low setpoint, safety injection would be 
initiated regardless of the pressurizer level. The pressurizer level 
bistables. could be returned to their normal operating, positions during 
the pressurizer pressure channel functional surveillance tests. 

In. response to this item, PSE&G·modified the safety injection initiation 
logic .fo~ Salem Unit 2. This design change moves the. level input require­
ment and changes the pressure coincidence to a two-out-of-three logic for 
initiation of safety injection. 

Existing procedures direct the operators to manually initiate ar1y 
protection functions, if the automatic initiation fails. Although 
this ensures manual initiation of safety injection on low pressurizer 
pres~µre, additional training was given to operating personnel in 
light· of-the TMI-2 accident which addressed the re.vised logic. This 
traipi~g ~ffort was completed in August 1979. 
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Based on our review of this information, we find PSE&G's response to 
Bulletin Action Item No. 3 acceptable. 

Bulletin Action Item No. 4 requested that licensees review the containment 
isol~tion initiation design and procedures, and implement all changes 
necessary to permit containment isolation, whether manual or automatic, 
of all lines whose isolation would not degrade needed safety features 
or cooling capability, upon automatic initiation of safety injection. 

The Salem Unit 2 design provides for automatic initiation of containment 
isolation upon safety injection actuation, as called for in the bulletin. 
This aspect of PSE&G's response is therefore acceptable. 

Containment isolation consists of a Phase A and a Phase B isolation. 
Phase A involves closure of automatic valves in all nonessential process 
lines; Phase B isolates all remaining process lines, except for safety 
injection, containment spray, and auxiliary feedwater. 

The reactor coolant pump seal water discharge line is isolated upon a 
Phase A·signal. The seal water supply line is not provided with 
isolation valves. The component cooling water supply and return lines 
for the reactor coolant pumps are isolated by a Phase B signal. The 
-reactor coolant pumps do not trip automatically on either isolation signal. 
Therefore, the -pumps must be manually tripped following a Phase B isolation, 
since component cooling to the motor coolers and thermal·barriers is lost. 

We find that PSE&G has adequ~tely addressed the concerns ~xpressed in 
Bulletin Action Item No. 4. 

In Bulletin Action Item No. ·5, licensees with facilities at which the 
auxiliary feedwater system is not automatically initiated· were requested 
to prepare and implement immediately procedures which required the 
stationing of an individual (with no other assigned concurrent duties and 
in direct·and continuous communication with the control .room) to promptly 
initiate adequate auxiliary feedwater to the steam generator(s) for those 
transients or accidents the consequences of which co~ld be limited by 
such action. 

The auxiliary feedwater system is automatically initiated at Salem Unit 2, 
with no operator action required in order to ensure adequate flow. 
Therefore, Bulletin Action Item No. 5 does not apply·to this plant. 

Bulletin Action Item No. 6 requested that licensees prepare and 
implement iminediately procedures which: 
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(a) Identified those plant indications (such as valve discharge 
piping temperature, valve position indication, or valve dis­
charge relief tank temperature or pressure indication) which 
plant operators could utilize to determine that the pressurizer 
power operated relief valve(s) are open, and 

(b) Directed the plant operators to manually close the power­
operated relief block .valve(s) when reactor coolant system 
pressure was reduced to below the setpoint for normal automatic 
closure of the power-operated relief valve(s) and the valve(s) 
remain in the stuck open position. 

Current Sal em Unit 2 procedures assure that operating personnel 
are aware of plant indications available to detect an open pressurizer 
PORV. These procedures include instructions to Jsolate the PORV if it 
is stuck open. In its response to this item, PSE&G also identified the 
information that is available to the operator whi.ch provides indication 
of an open PORV. Salem Unit l uses the PORVs for. low temperature 
overpressure protection. Salem Unit 2 has additional. valves f~r low­
temperature overpressure protection located downstream.of the motor­

,operated block valve. These are connected in parallel with the PORVs. 
PSE&G has revised the Emergency Instruction for failure of a PORV or 
safety valve on the pressurizer to include these valv.es (PR 47 and 48) 
as possible sources of leakage. Due to the syst~m arrangement, the 
existing steps in the procedure are sufficient to isolate a leaking 
valve. 

Based on our review, we find PSE&G's response to .Bulletin Action Item 
No. 6 acceptable. 

I·n Bulletin Action Item No. 7, licensees were requested to review 
the action directed by the operati_ng procedures and training instruc­
tions to ensure that: 

(a) Operators do not override automatic actions of engineered safety 
features, unless continued operation of engineered safety 
features would result in unsafe plant conditions. For example, 
if continued operation of engineered safety features would 
threaten reactor vessel integrity, the high pressure injection 
(HPI) should be secured (as noted in b(2) below). 

(b) Operating procedures currently, or are revised to, specify 
that, if the HPI system had been automatically actuated because of a 
low pressure condition, it must remain in op,eration until 
either: 
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{l) Both low pressure injection {LPI) pumps are in operation 
and flowing for 20 minutes or longer; at a rate which 
would assure stable plant behavior; or 

(2) The HPI system has been in operation for 20 minutes, 
and all hot and cold le~ temperatures are at least 50 
degrees Fahrenheit below the saturation temperature 
for the existing RCS pressure. If 50 degrees subcool­
ing cannot be maintained after HPI cutoff, the HPI shall 
be reactivated. The degree of subcooling beyond 50 
degrees and the length of time HPI has been in operation 
shall be limited by the pressure/temperature considera­
tions for the vessel integrity. 

{c) Operating procedures currently, or are revised to, specify 
that, in the event of HPI initiation with reactor coolant 
pumps {RCP) operating, at least one RCP shall remai~ operating 
for two-loop plants and at least two RCPs shall remain operat­
ing for 3 or 4 loop plants, as long as the pump{s) is providing 
forced flow. 

{d) Operators are provided additional information and instructions 
to not rely upon pressurizer level indication alone, but to also 
examine pressurizer pressure and other plant parameter indica­
tions in evaluating plant conditions, e.g., water inventory 
in the reactor primary system. 

In its July 13, 1979 supplemental response to Bulletin Action Item 
No. 7.a, PSE&G stated that a complete review of the Salem station 
procedures indicated that the only engineered safety feature which 
is overridden is safety injection. PSE&G referenced the work of 
the Westinghouse Operating Plants Owners Group concerning resolution 
with the NRC staff of the conditions under which safety injection may 
be overridden and terminated. The PSE&G response included a commitment 
to incorporate the resolution of this issue between the Owners Group and 
the staff into the station procedures for both Units l and 2. This 
issue has now been resolved {see our evaluation of Item 7.b below}. 

PSE&G also stated that it had discovered that it was possible to 
inadvertently override the RMS interlock on the Containment Ventilation 
System by improper operation of the reset functions. To-.prevent 
occurrence of this situation, additional instructions were. issued to 
the operators and were included in the procedures and the operator 
training program. Because of the discovery of this problem, PSE&G 
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undertook an investigation to verify that there were no similar 
situations. The results of that review verified that safety functions 
are not overridden and are allowed to go to completion, as considered 
in the plant design bases. 

We find that PSE&G has addressed the concerns expressed in Bulletin 
Action Item 7.a in an acceptable manner. 

In response to Bulletin Acti~n.Item No. 7.b, as in the'preceding item, 
PSE&G committed to the resolution of the issue regarding termination 

·of safety injection between the Owners Group and the staff. In our 
November 5, December 6, and December 27, 1979 letters to the 
Owners Group, we approved the Westinghouse generic guidelines for 
emergency procedures regarding sma 11 break LOCAs for incorporation 
by licensees into their plant procedures. These approved guidelines 
include the following criteria (taken from the enclosure to our 
December 27, 1979 letter) for termination of safety injection: 

( l) The reactor cool ant system pressure is greater than 2000 pounds 
per square inch gauge ·and increasing, and 

(2) The pressurizer water level is greater than the programmed no-load 
water level , and 

(3)" The reactor coolant indicated subcooling is greater than (insert 
plant-specific value, which 1~ the sum of the ertors for the 
temperature measurement system used and the pressure measurement 
system translated into temperature using the saturation tables), and 

(4) 'The water level in at least one steam. generator is stable and 
increasing, as verified by auxiliary feedwater flow to that unit. 
Auxiliary feedwater flow to the unaffected· steam generator should 
be greater than (a value in· gallons per minute sufficient to remove 
decay heat after 20 minutes following reactor trip) until the 

·.··indicated.level is returned to· within the narrow range level 
instrument. 

Details of our evaluation of this issue are included in the report 
(NUREG-0611) of our.generic review of Westinghouse-designed operating 
plants. 

Th~·Qffice of Inspection and Enforcement has verified that the approved 
Westinghouse generic safety injection termination criteria have 
been··properly incorporated in the Salem pl_ant procedures. Based on 
our·reView, we find that PSE&G's actions with regard to Bulletin 
Action Item No. 7.b are acceptable. 
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Another issue on which the Westinghouse Owners Group worked, in con­

junction with Westinghouse, to achieve resolution with the staff was the 

matter of reactor coolant pump operation following a small break LOCA 

(Bulletin Action
1
Iteril No. 7.c). On July 26, 1979, IE Bulletin No. 

79-06C superseded Action Item No. 7.cof IE Bulletin No. 79-06A. IE 

Bulletin No. 79-06C required that, as· a· short-term action, licensees 

were to trip all reactor coolant pumps after an initiation of safety . 

injection cau~~d by low reactor cool ant system pressure. I.n its 

August 29~ 1979_ response to IE Bulletin No. 79-06C, PSE&G stated its 
1 

· conformance with this requirement~ This action was to rema.i n in effect 

until th~ results of analyses ~pecified in IE. Bulletin No. 79-06C had 
.. 

_been.used to develop new guidelines for operator action • 

. We have completed our rev_iew of the reactor coolant pump trip issue with 

the Owners Group. The generic guidelines for emergency procedures 

regarding sma 11 break LOCAs, which we approved in our Novembe_r. 5 and 

December 6, 1979 letters to.the Owners Group, contain the approved pump 

trip criteria for Westinghouse-designed operating pl ants• Basically, 

they are as follows: 

(1) Stop all reactor coolant pumps after high pressure safety injection 

pump operation has been verified, and when the wide range reactor 

pressure is at (plant-specific pressure derived from secondary 

system relief capacity, primary-t.o-secondary system pressure 

difference, and instrument inaccuracies). 

Appropriate cautions have been included in the guidelines regarding 

is-olation of component cooling water to the reactor coolant pumps and 

maintaining seal injection flow to pr,eclude pump damage due tq inadequate 

cooling. The details of our review of the pump trip issue·.ar:e reported 

in NUREG-0623. 

The·Office·of Inspection and Enforcement has confirmed that.PSE&G has 

-incorporated the pump trip.criteria as ~pecified in the approved_ 

Westinghouse generic guidelines into the Saiem plant procedures. 

Therefore, we find PSE&G's response to Bulletin Action Item No. 7.c _ · 

acceptable. 

Bulletin Action .Item No. 8 required that licensees review alignment 

. requirements and controls for all safety-related valves necessary for 

proper operation of engineered safety features. PSE&G completed the 

require·d review and incorporated all necessary changes int·o.tbe 

procedures for Salem Unitsl ·and 2. The status of key saf_ety system 

valves at Salem Unit .1 was .verified by visual examination.shortly 

after the TMI-2 accident. · ',','• ·.· 
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Based on our review, we find PSE&G's response to Bulletin Action Item 
No. 8 acceptable. 

' 
In Bulletin Action Item No. 9, licensees were requested to review their 
procedures to assure that radioactivity will not be inadvertently 
released from containment. ·Particular emphasis was placed on resetting 
of engineered safety features.(ESFs) and the effect of this action on 
valves controlling the rele'ase of radioactivity. 

In its response, PSE&G identified all systems which are· de_signed to 
transfer potentially radioactive fluids from containment. For each of 
these systems, PSE&G addressed high radiation interlocks, containment 
isolation (Phase A and Phase B), and operability assurances, as requested. 
Two instances were identified, the Reactor Coolant Drain Tank.pump dis-
charge line and the Pressurizer Relief Tank gas analyzer line, which 

'/ 

could result in th~ inadvertent transfer of .radioactive material from the 
·containment. PSE&G stated that design changes to revise the control 
circuitry to prevent the occurrence of an open pathway in these two 
instances would be implemented before Salem Unit· l startup for Cycle 2. 
This change was also implemented on Salem Unit 2. 

Based on our review of PSE&G's response, we find that PSE&G has adequately 
addressed the concerns expressed in.Bulletin-Action Item No. 9. 

In addition to the above, the staff's implementation of Item 2.1.4 of 
NUREG"-0578 provides further assurance that the inadvertent release of 
radioactivity from containment upon resetting of ESFs will be precluded. 
Our·review of NUREG-0578 Item 2.1.4 implementation will be reported in a 
supplement to the Safety_ Evaluation Report. 

Bulletin Action Item No. 10 required ·that licensees review and 
modify, as necessary, maintenance and test procedures for safety-related 

I 

systems to ensure that they require that: (a) redundant systems 
are operable before a system is taken out of service, (b) systems 
are operable when returned to service, and (c) operators are made 
aware of the status of these systems. 

PSE&G·has reviewed station procedures and revised them, where necessary, 
to detail requirements for verifying the operability of redundant 
equipment prior to removing safety-related equipment from service and 
verHying the operability of equipment when it is returned to se_rvice. 
Both systems level considerations and individual safety-system equipment 
are addressed. 

II .K-9 



PSE&G stated that the Shift Supervisor/Senior Shift Supervisor is 
responsible for approving all requests for removal of equipment for 
service. The control operator prepares the necessary administrative 
tags which are used to identify equipment removed from service. The 
equipment operator places these tags on the equipment taken out of service. 
The control operator also indicates control room equipment out-of-service 
by the use of tags and other identification methods. 

Based on our review, we find that PSE&G has adequately addressed all of 
the concerns expressed in Bulletin Action Item No. 10. 

Bulletin Action Item No •. 11 requested licensees to review their prompt 
reporting p'rocedures for NRC notification to assure that the NRC is 
notified within one hour of the time the reactor is ~ot in a controlled 
or expected condition of operation. Further, at that time,.an open, 
continuous communication channel shall be established and maintained 
with the NRC. 

In response to this item, PSE&G revised and.issued Station Supervisory 
Letter SL-9; "Notification of Federal and State Agencies," t~ require 
notifi~ation of the NRC withi~ one hour of the plant being in an un­
controlled or unexpected condition. Telephone lines to establish the 
required open line of corrununication between the Salem plant and IE 
Region I via Bethesda, Maryland have been installed and are now functional. 
Additional telephone lines to provide communications from the Salem plant 
to the NRC for radiation protection/chemistry matters hav·e also been 
installed. · The Station E·mergency Plan has been revised to •include 
the location and use of these lines. Based bn ou~ review, we find 
PSE&G's actions to be an acceptable response to Bulletin Action It'em 
No. ll. 

Iri Bulletin Action Item No. 12, licensees were ·requested to review 
' operating modes and procedures to deal with significant amounts of 

hydrogen gas that may be'generated during a transient o~ other accident, 
that would either remain inside the primary system or be released 
to the containment. 

In its response to this item, PSE&G stated that it had reviewed the 
modes for controlling hydrogen in the reactor coolant system; The 
options considered by PSE&G for removal of hydrogen from the reactor 

'i .' > 
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coolant system included (1) stripping hydrogen from the reactor 

coolant to the pressurizer vapor space and venting to the pressurizer 

relief tank, (2) removing hydrogen from the reactor coolant system via 

the letdown Ji ne and stripping it in the volume control tank and vent­

ing through the waste gas system, and (3) in the event of a L.OCA, 

hydrog~n would vent with steam.'into containment. 

\ PSE&G also described modes and procedures for removal of a noncondensible 

gas bubble from the primary coolant system while maintaining core cooling. 

In addition, PSE&G participated in the Westinghouse Operating Plant Owners 

Group efforts to develop generic guidelines fpr e~ergency operational 

procedures regarding inadequate core cooling in response to the requirements 

of item.2.1.9 of NUREG-0578. Treatment .of noncondensible gas in the reactor 

· coolant system is being considered in the development o.f these guidelines. 

Our evaluation of1 Item 2.1.9 is contained in Section I.C. l of Part II to 

this supplement. 

During subsequent discussions with PSE&G, we w.ere .informed that each of the 

options for dealing with hydrogen .described above woµld be incorporated 

in the Salem Unit l plant procedures •. where needed, to address various 

plant conditions •. This implementation was to ~ave been completed by 

January l , 198,0 •. Our Office .of Inspection and Enforcement, will verify 

that this cormnitment has also been fulfilled for·Salem Unit 2. 

Based on our review, we find tha.t PSE&G's actions in response to the 

concerns expressed in Bull et in Action Item No. 12 are acceptable. 

Bulletin Action Item No. 13 requested licensees to propose changes to the 

plant Technical Specifications, as required~ which had to be modified 

as, a result of implementing Action Items l through 12 •. 

In its June l, 1979 letter, PSE&G identified the design changes and 

changes to the Salem Unit l Technical.Specifications that were required, 

up to that time; to implement Bulletin Action Items l through ,12. 

According to PSE&G, the onJy r:equired Jechnical Specification change 

reflected deletion of the coincident Pressurizer Low Level and Low 

Pressure Signals for initiating safety injection. As discussed in our 

evaluation of Bulletin Action Item No. 3, the revised design consists 

of a t_wo-out-of-three coincidence of Presuri zer _Low Pressure Signals. 

The Salem Unit 2 .Technical Specifications will reflect this design 

change. 

Based on our review, we find that PSE&G has made an adequate response 

to Bulletin Action Item No. 13. 
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IE Bulletin· No. 79-06C was issued on July 26, 1979 to all licensees 

with.Westinghouse-designed operating plants. This-bulletin, which 

' -·is applicable to all operating PWRs, revised ·one of.the positions 

in IE Bulletin No. 79~06A and.introduced supplemental requirements. 

Ttie most 'sali_ent feature of this bulletin is that it reversed the 

recjtiirenient in the previousTMI-2 related bulletir:is regardirig·the 

. o~eraticin·of·the reactor cobiant pumps during~ small-break lOCA. 

This bulletin 'requires that the reactor coolant pumps be tripped 

. upon 'a·smali-break LOCA, whereas the previous bulletins required 

. that some. tjf the reactor cool a~t pumps be kept r~nni ng. 

IE' Bulletin. No. 79-06C contained five short-term actions and one long-term 

action t'o be implemented by ·lfcensees. In its August 29, 1979 letter, 
. , . I ., . . ·. ·. ·' . . 

· i. F~ w~ Schneider to Boyce H. Grier, PSE&G, provided responses to IE 

Bulletin No. 79-06C for Salem Unit l. By letter dated March'28, 1980, 

P~E&G provided it~ response to IE Bulletin No. 79-06C for Salem Unit 2. 

In this response, PSE&G informed us tha't the Aygust 29, 1979 response 

also applie's to Salem Unit 2. O.ur evalui!don of PSE&G'sresponses is . . . ' . ' ' 

suRll]arized below. 
i 

Shor~;.Term Act~ons: 

- Item No. l required (a) that all operating reactor cooiant pumps be 

tripped upon, reactor· trip arid initiation of high pressure injection caused 

by low reactor coolant. system pressure, and {b)' that two licensed operators 
' . . . 

··be in the control room at alltinies (three in the case of;au-al- control 
. . . 

rooms) to accomplish the above action and any required supplemental actions. 
·:_:1_ 

In response to Item No. l.a, PSE&G revised the Station Emerge'ncy Procedures 

· iO implement the_ required actions. We find PSE&G's respoils-e th Item 

,·No. l~a acceptable. · .,· ·>. 
•:'. ·' 

·In respon'se to Item No. l.b PSE&G i'ssued a ·station operating'riiemo 

conforming to the bulletin requirement. 

Item Nos. -2·.and 3 required that liCensees· perform analyses of a 
range of snia 11 break LOCAs and a r~nge of ti me lapses between reactor 

trip and pump trip (Item No. 2), ~nd that guidelines for operator action 

for both LOCA and non-LOC~ transients be developed (Item No. 3) based 

on the reactor_ coolant pump trip requirements originating from the 

analyses required by Item No. 2. 
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In .its response to these items, PSE&G referenced the .work:. of the 
Westinghouse_ Owners .Group (PSE&G is a participating 111ember:), •. ,.The Owners 
Group submitt,ed the Westinghouse report WCAP-9584, "Analysis of Delayed 
·Reactor Coolant Pump Trip During Small Loss-of-Coolant Ac~ident, for 
Westinghouse Nuclear Steam, Supply. Systems. II as a generic: ·1".~Sponse to 
Item Nos. 2 and 3. Since the-generic guidelines for-.emergency 
operating procedures originally submitted in the small b~eak hQCA analysis 
report, WCAP-9600, "Report on Small Break Accidents for WestJnghouse 
NSSS System", were considered consistent with the pump trip gµi<1ance, 
additional guidelines were not proposed. By letters ,dated. November 5, 
December 6, and December 27, 1979, D. F. Ross, Jr., :to Cordell,.Reed, we 

I 
approved the generic guidelines for emergency operati11g,procedures . . . . . 
regarding small break LpCAs for all operating .Westil)ghous~~designed plants. 
Our evaluation .of the Westinghouse analyses pertaining ~o .reactor ·coolant 
pump trip is contained in NUREG-0623.- The· effor:t.of·the,WesUnghouse 
Owners Group repr~sents an acceptable method of meeting the requirements 
of Item Nos. 2 and 3. 

Item No~ 4 required that emergency procedures, ~ased on the guidelines 
developed under Item No. 3 above, be developed by l~censees.arid that all 
licensed reactor·oper~tors and senior reactor pperators be retrained as 
r.equired •. Th~ small break LOCA procedures (Item 2.1.9.a ·of N~REG-0578) .. ' - . . ·. . . ' ' .. -. . . 
are required _to be implemented prior to operation above five percent 
p~wer. Our· evalu~tion of PSE.&G 1-s :i_mplementation of· Item 2.1.9.a cit 
.NU~E.G-0578 is contained in Section -I.C.l of Part II to.this supplement. 

1 • ,, • ' ) • • • ' ' . ' 
.·.::: 

Item.No~ 5 ·was r~lated to inadequate.core cooling (as speci~ied in 
Jtem 2 .• 1.9.b of NUREG.:.0578). Jhis .item require~ that lice_nsees per­
.for:!fl·analyses of inadeq_uate·core cooling~ devel_op guidelines ,for 
emergency procedures base_d on these a11alyses; and .implement. procedures 
based on the above-mentioned guidelines~ In response to this, item, 

' ' ' . I 

. P:SE&G referenced ttie work of the Westinghouse Owners Gr.oup. By 1 etter 
dated October 30, 1979, .th~ Owners Group submitted a.document, 
"Westinghouse Inadequate Core Cooling Analysis Performed to M~et the 
Requiremen:ts Set Forth in NUREG-0.578", which address~d this jtem. Our 
evaluation of Item 2.1.9.b of NUREG-0578 (inadequate core cooi'ing) is 

' ' 
.con.tained in Section I.C. l of Part II to this supplement. 

·· .. \ 

"'. 
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Long-Term Action: 

Item No. l pertained to the design of circuitry which would provide 
for automatic tripping of the operating reactor coolant pump~ under all 
circumstances in which such action was considered necessary. In its 
response to this item, PSE&G stated that it did not believe that the 
automatic tripping of the reactor coolant pumps should be a required 
function. Our.evaluation of this item is contained in NUREG-0623 
along with corresponding recommendations. Implementation of the 
NUREG-0623 recommendations as licensing requirements will be carried 
out by the staff with an appropriate implementation schedule upon 
approval by the Director of the Office of Nuclear Reactor Regulation 
within the scope of Item II.K~3 of the NRC's TMi-2 Action Plan 
(NUREG-0660). 

Generic Review Matters - Small Break LOCAs and Loss of Feedwater 
Accidents 

As part of its generic review of small break LOCAs and feedwater transients 
in Westinghouse-designed operating plants, the NRC's Bulletins and Orders 

_Task Force (B&OTF) performed a review of the Salem Unit l auxiliary 
feedwater system. The B&OTF generic review is described in NUREG-0611, 
"Generic Evaluation of Feedwater Transients and Small Break Loss of Cool -
ant Accidents in Westinghouse-Designed Operating Plants". 

By letter dated September 21, 1979, the NRC staff transmitted the licensing 
requirements for the Salem Unit l auxiliary feedwater system resulting 
from the above-mentioned review to PSE&G. PSE&G provided its response 
to these requirements· in its November l, 1979 letter. Our review of 
PSE&G's response is currently in progress. 

Since the Salem Unit 2 auxiliary feedwater system is essentially identical 
to that at Salem Unit l, this evaluation is also applicable to Salem 
Unit 2. Completion of the auxiliary feedwater system reliability 
analysis and appropriate system modifications is classified as a requirement 
for full power operation for near term operating license applications 
in Appendix A of the NRC TMI-2 Action Plan (NUREG-0660) and is not 
necessary for low power testing. Hence, we will report the results 
of the implementation of the B&OTF auxiliary feedwater system requirements 
in another supplement to this Safety Evaluation Report prior to full 
power operation of Salem Unit 2. 

Our review of small break .LOCAs for Salem Unit 2 is discussed in Section 
I.C.l of Part II to this report. 
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The remainder of the recommendations identified in NUREG-0611 will be 
implemented with an appropriate implementation schedule in the NRC 
TMI-2 Action Plan. 
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III EMERGENCY PREPARATIONS AND RADIATION PROTECTION 

III.A.1.2 _ Improve Licensee Facilities for Responding to Emergencies 

III.A. l.2(a) Technical Support Center (2.2.2.b - NUREG-0578) 

- - POSITION 

Each operating nuclear power p.lant shall maintain an onsite technical 
support center (TSC) separate from and in close proximity to the con­
trol room that has the capability to display and transmit plant status 
to those individuals who are knowledgeable of and responsible for 
engineering and management support of reactor operations in the event 
of an accident. The center shall be habitable to the same degree as 
the control room for postulated accident conditions. The licensee 
shall revise his emergency plans as necessary to incorporate the role 
and location of the technical support center. Records that pertain to 
the as-built conditions and layout of structures, systems and components 
shall be readily available to personnel in the TSC. 

CLARIFICATION 

l. By January l, 1980, the licensee shall meet the items that follow. 

a. _ Establish a TSC and provide a complete description~ _ 

b. Provide plans and procedures for engineering/management 
support and staffing of the TSC. 

c. Install dedicated ~ommunications between. the TSC and the 
- control room, near site emergency operati_ons center, and the 

NRC. 

d. Provide monitoring (either portable or permanent) -for both 
direct radiation and airborne radioactive contaminants. The 

- . . . 
monitors should provide warning if the radiation levels in 
the support center are reaching potentially dangerous levels. 
The licensee should designate action levels to define when_ 
protective measures should be taken (such as usirig breathing 
apparatus and-potassium iodide tablets, or evacuation to the 
control room). 
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. e. Assimilate or ensure access to Technical Data, including the 
licensee's best effort to have di.rect display of plant para­
meters,. necessary. for assessment in the TSC. 

f. Develop procedures for performing this accident assessment 
function from the control room should the TSC become unin­
habitable, and 

g. Submit to the NRC a longer range plan for upgrading the TSC 
. to meet all requirements. 

Each.licensee is encouraged to provide additional upgrading of the 
T~C as soon as practical , but no 1 ater than January 1 , 1981. 

It is recommended that the TSC be located onsite in close proximity 
to the control room. 

The TSC should be large enough to house 25 persons. 

The center should be activated in accordance with the "Alert" 
level as defined in the NRC document "Draft Emergency Action Level 
Guidelines, NUREG-0610", .dated September, 1979. 

The instrumentation to be located in the TSC should be qualitatively 
comparable to that in the control room. 

The power supply to.the TSC instrumentation .should be reliable and 
of a quality compatible with the TSC instrumentation requirements. 

Each licensee should establish the technical data requirements for 
the T~C. As a minimum, data should be available to permit the 
assessment of: 

Plant Safety Systems Parameters 
In-Plant Radiological Parameters 
Offsite Radiological Parameters 

Each licensee should review current technology as regards 
transmission of those parameters identified for TSC display. 
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The center should be well built in accordance with sound 
engineering practice. However, in the event that access to the 
center is prevented, each licensee should prepare a backup plan 
for responding to an emergency from the control room. 

The licensee should provide protection for the technical support 
center personnel from radiological hazards. 

DISCUSSION AND CONCLUSIONS 

A temporary onsite Technical Support Center (OTSC) has been establis~ed 
on the third floor of the Clean Facilities Building, which is adjacent 
to Salem Unit 1 and accessible by personnel from both units. The Clean 
Facilities Building is within the plant security boundary. The room 
used for the OTSC is approximately 2500 square feet and will easily 
accommodate 25 people. The station Technical Document Room is also 
housed within the building. Technical information such as general 
arrangement drawings, piping isometrics, electrical drawings, system 
specifications, and plant procedures that might be needed during an 
emergency are easily accessible. 

The OTSC provides an assembly area for technical personnel. Communi­
cations equipment has been installed which provides direct lines to 
the control room, Operations Support Center, and Senior Shift Super­
visor's office as well as variou~ outside agencies including PSE&G's 
Newark Headquarters, NRC and appropriate police and civil defense agencies. 

The station Emergency Plan Manual has been revised to incorporate 
activation of the OTSC. This manual identifies the personnel who will 
report to and make up the OTSC staff if the Emergency Plan is implemented. 
If the OTSC becomes uninhabitable for any reason, the Emergency Director 
may choose to utilize the Senior Shift Supervisor's office in the Control 
Room area since adequate communicat.ions are located in that area as well 
as·the OTSC. 

Display of pl ant parameter information in the OTSC consists of data 
links to the plant computer and the Radiation Monitoring System computer. 
Data presentation will consist of a slave CRT which will display in the 
OTSC any information requested by the operators in the plant control ·room. 
In addition to this CRT display, a typewriter terminal is available in 
the OTSC which has the capability to access any of the plant data stored 
in the computer. A pre-selected number of key parameters can be 'trended' 
upon request. 
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The OTSC is provided with.radiation monitors capable of detecting both 
direct and airborne radioactive containments. Visual and audible 
alarms are provided. Action levels to define requirements for 
protective measures (such as using breathing apparatus and potassium 
iodide tablets or P.vacuation to the control room) are delineated in 
the Station Emergency Plan Implementation Manual. 

PSE&G has provided a description of its plans to upgrade the OTSC 
to meet all long term requirements. Demarcation of functional areas, 
modifications to the ventilation system, installation of radiation 
shielding, changes to the power supplies and additional information 
display are among the more significant modifications that will be 
made. PSE&G is on schedule with the upgrading effort. 

PSE&G has met this requirement since (1) an OTSC has been established 
with adequate communications links and access to plant parameter data 
and technical information, and (2) appropriate procedural revisions have 
been made to establish and man the OTSC at the outset of an emergen~y. 
Plans for the permanent OTSC provide reasonable assurance that long 
term requfrements will also be met. 

III.A.l.2(b) Onsite Operational Support Center (2.2.2.c - NUREG-0578) 

POSITION 

An area to be designated as the onsite operational support center shall 
be established. It shall be separate from the control room and shall 
be the place to which the operations support personnel will report in 
the·emergency.situation. Communications with the control room shall 
be provided. The emergency plan shall be revised to reflect the 
existence of the center and to establish the methods and lines of 
communication and management. 

DISCUSSION AND CONCLUSIONS 

PSE&G has established an Onsite Operational Support Center (OOSC) in 
the hallway between the Salem Unit l and Unit 2 control rooms, the 
Senior Shift Supervisor's office and the file room. From this area 
communication by telephone, station page and station security radios 
are available to the control room, other station extensions and offsite. 
In the event of an emergency, the operating personnel not on duty in 
the control rooms and support personnel will report to the OOSC for 
accountability.· Others reporting to the OOSC include operators 
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scheduled to relieve the on.duty shift, fire brigade members and 
first aid team members. The first Senior Shift Supervisor or 
Shift Supervisor reporting to the OOSC will assume the duties of 
OOSC Supervisor and will act in that capacity until relieved 
by an individual appointed by the Emergency Director. 

PSE&G has met this requirement. 

Improving NRC Emergency Preparedness 

Communications 

POSITION 

Direct dedicated telephone lines {OPX) have been installed at each 
operating power plant and selected fuel facilities; these lines are 
for immediate notification and continuous communication with NRC 
concerning facility status. A second dire~t and dedicated network 
for health physics and environmental information is to be installed 
by February 1980. 

DISCUSSION AND CONCLUSIONS 

NRC OPX telephones have been installed at the Salem site. These 
telephones provide direct "hot line" communications with NRC head­
quarters and are located in each control room, the shift supervisor's 
office, the Technical Support Center and the NRC resident office. A 
second network (NRC SS-4) for health physics and environmental 
information has also been installed at the Salem site. The network 
includes dial telephones in the health physics.office, the NRC 
resident office, the Technical Support Center, and the near site 
~mergency Operations Center. This task is complete. 
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II I .B Emergency Preparedness of State and Local Governments 

111.B.1 Near-Term Actions 

We conclude that th~ following approach should be used to evaluate 
emergency preparedness for current applications for fuel loading 
and low power operation. 

1. The combined applicant, State and local emergency plans must meet: 

· a. Current regulatory requirements of 10 CFR Part 50, Appendix E. 

b. Regulatory position statements in Regulatory Guide 1.101, 
"Emergency Planning for Nuclear Power Plants", Revision 1, 
March l g77. 

c. Essential planning elements in NUREG 75/111, "Guide and Check­
·list for Development and Evaluation of.State and Local 
Government Radiological Emergency Response Plans in Support 
of Fixed Nuclear Facilities," including Supplement No. 1 
thereto dated March 15, lg77. 

· 2. ·identification of the_ criteria specified in NUREG-0654 which are 
not covered in the applicants' plan and will need to be satisfactorily 
addressed prior to the-issuance of a full power license. 

The staff's review of the applicants' emergency plans and our findings are 
documented in Section 13.2 of the Safety Evaluation Report, Section 13.2 
of Supplement No. 3, and Section 13.2 of Part I to Supplement No. 4. We 
have determined that the plans meet the requirements of Appendix E to 
10 CFR Part 50, and conform to the regulatory position statements in 
Revision 1 to Regulatory Guide 1.101. 

The radiological emergency response plans for the States of New Jersey 
and Delaware were reviewed by the appropriate Federal Interagency Regional 
Advisory Conrnittee for Radiological Emergency Response Planning. The 
·documents reviewed were the -"New Jersey State PIPAG Manual 1 " dated 
August l g76 (with Amendment dated November 1 1 l g77) and An_nex 5, 
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"Radiological Emergency Response Plan," to. the Delaware Emergency 
Operatiqns Plan as amended through June 1978 •. The review was conducted 
against the "Guide arid Ch~cklist for Devel~pment and Evaluation of 
State and.Local Government Radiological Emergency Response Plans in·. 
Support of Fixed Nuclear Facilities," (NUREG 75/lll) including .Suppie­
_ment No~ l .to that publication dated March 15, 1977, which ide~tifies · 
those it~ms-~s-sential for NRC concurrence in.State plans. :As a result 
of these reviews, and in accordance witti the provisions of ttie rede~ar . 
Register Notice. (Volume 40, .No. 248, December 24, 1975) th.e NRC concurred 

. . . . 

formally 1n the New Jersey· plan on September 30, 1977, and-in the Delaware 
plan on July 24, 1978 •. The Defense Civil Preparedness Agency, the 
Federal ·Preparedness Administration, and the Federal Disaster Assistance· 
Adminis~ration, all of which are now part of the Federal Emergency 
Management Agency (FEMA), actively participated in the review of_ these 
plans ahd joined in the recommendation for concurrence. 

As a result of the Commission's action plan for promptly upgrading 
emergency preparedness at nuclear power reactors (SECY 79-540), the 
Emergency Planning Review Team con~ucted a site visit and technical 

_meeting with the applicants, and.the New Jersey and Delaware State and 
local officials, in October, 1979. In response to our visit, the 
applicants submitted a proposed revision to the Salem_ Emergency Plan 
on November 19, 1979 and a second revision on January 25, 1980. A~ a 
result of OUI'.' revi~w against the interim criteria set forth in 
NUREG-0654, dated January, 1980, and in accordance with the NRC staff 
requirement in item 2 above, we have identified_additional planning 
elements which will be .required prior to.the issu_anc·e of a full power . 
. license• These elements have been identified iii our letter to the. 
applicants dated March 28, 1980·. Some of the more salfent areas include 

.• . . c 

tile following: · 

(b). 

(c) 

(d) 

(e) 

Expanded planning to inc.lude th~ ft.ill accident spectrum as . 
. · .. ' 

outlined in NUREG-0396. 

Provisions for early warning arid clea~ instructions. to the 
public .;n ttie everit of .a serious acci~ent~., 

Establishment of a near-site emergency operations faci.lity. 

Adoption of the emergency classification scheme, together with 
emergency action levels, as set forth in NUREG-0610. 

Implementation of a public information program. 

I II .B-2 



(f) Improved State and local emergency plans which conform to the 
upgraded joint NRC/FEMA criteria contained in NUREG-0654. 

Based on the above, 'we find that the combined applicant, State and local 
emergency plans meet the requirements set forth in Item 1 above for fuel 
loading and low power operation, and that they provide reasonable assurance 
that appropriate protective measures can and will be taken in the event 
of an emergency to protect public health and safety. 
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FEMA/NRC INTERIM AGREEMENT ON CRITERIA FOR LOW 
POWER-TESTING AT NEW COMMERCIAL NUCLEAR FACILITIES. 

The FEMA/NRC Steering Conmittee has agreed that for the purposes. of l~w power 
testing (up to 5% power) at new corrrnercial nuclear facilities that the public 
health and safety is adequately protected if such facility :is located in a State . . . 
which had.received a concurrence under the.previous voluntary concurrence program, 
administered by the NRC and based .on evaluation by a multi-ag~ncy Fed~ral 
Regional Advisory Conmittee. In addition, operator plans at individual sites 
must be consistent with both the existing NRC Appendix E to 10 CFR Part 50 and 
NRC Regulatory Guide 1.101 in order to assure adequate protection of the public 
health and safety prior to low power testing. 

NRC and FEMA agree that State, local and nuclear facility operator plans must 
be adequate when judged against the criteria contained in NUREG-0654 and FEMA/REP-1 
prjor to full scale corrrnercial operation. 

This agreement is based on the considerations discussed in the exchange of letters 
.between H. Denton, NRC and J •. McConnell, FEMA, .both dated February 14, .1980. 

The parties note that-the North Anna, Salem and Diablo Canyon sites are located 
·in Virginia, New Jersey and California respectively, all of which have received 
prior N~C concurrence in State Plans. The Salem facility is· located ~ear the 
Delaware border; the radiological emergency plan of the State of Delaware has 
also received prior NRC concurrence. NRC stipulates that individual nuclear 
facility operator plans at these plants are in-compliance-with Appendix E and 
are consistent with Regulatory Guide 1.101. 
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III.D.3 Worker Radiation Protection Improvements 

III.D.3.3 In-Plant Radiation Monitoring (Partial) (2.·l.8.c - NUREG-0578) 

POSITION 

Each licensee shall provide equipment and associated training and 
procedures for accurately determining the airborne iodine concentration 
in areas within the facility where plant personnel may be present during 
an accident. 

CLARIFICATION 

Use of Portable versus Stationary Monitoring Equipment 

Effective monitoring of increasing iodine levels in the building~ under 
accident conditions must include the use of portable instruments for 
the following reasons: 

a. The physical size of the auxiliary/fuel handling building precludes 
locating stationary monitoring instrumentation at all areas where 
airborne iodine concent~ation data might be required. 

b; Unanticipat~d isolated "hot spots" may occur i.n locations where no 
stationary monitoring instrumentation is located. 

c~ Unexpectedly high background radiation levels near stationary 
monitoring instrumentation after an accident may interfere with 
filter radiation readings. 

d. The time required to retrieve samples after an accident may.result 
in high personnel exposures if these filters are located in high 
dose rate areas. 

Iodine Filters and Measurement Techniques 

A. The following are short-term reco~mendations and shall be 
implemented by the licensee by January l, 1980. The li

1

censee shall 
have the capability to accurately detect the presence of iodine in 
the region of interest following an accident. This can be accom­
plished by using a portable or cart-mounted iodine sampler with 
attached single channel analyzer (SCA). The SCA window should be 
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calibrated to the 365 keV of I-131. A representative air sample 
shall be taken and then counted for I-131 using the SCA. This will 
give an initial conservative estimate of presence of iodine and 
can be used to determine if respiratory protection is requfred. 
Care-must be taken to assure that the counting system is not 
saturated as a result of too much activity collected on the 
sampling cartridge. 

B. By January 1, 1981, the licensee shall have the capability to 
remove the sampling cartridge to a low background, low contamina­
tion area for further analysis. This ~rea should be ventilated 
with clean air containing no airborne radionuclides which may 
contribute to inaccuracies in analyzing the sample. Here, the 
sample should first be purged of any entrapped noble gases using 
nitrogen gas or clean air free of n~ble bases. The licensee shall 
have the capability to measure accurately the iodine concentra­
tions present on these samples and effluent charcoal samples 
under accident conditions. 

DISCUSSION AND CONCLUSIONS 

The applicants state that Salem Unit 2 has portable low volume air 
' . 

samplers equipped with single channel analyzer capabiJity for meas~ring 
I-131. Collected samples are analyzed by gamma radiation spectrum 
analysis using portable gamma scintillation counting systems. In 
addition, collected samples may be ,further ,analyzed in .t~e plant 
counting facilities using.Ge(Li) detectors. 

10 CFR Part 20 provides ~riteria for control of expo~ures of individuals 
to radiation in restricted areas, including airbcirne iodine. Since 
iodine concentrates in the thyroid gland, airborne concentrations must 
be·known in order to evaluate the potential dose to the thyroid. If 
the a1rborne iodine concentration is overestimated, plant. personnel 
may be required to perform operational functions while, wearing respira-

. tory protective equipment which may result in diminished personnel 
performance during an accident. The purpose of this recommendation is 
to improve the validity of measurement of airborne iodine concentrations 
within nuclear power plants. 

The equipment and proc.edures described by the applicants meet our 
position in NUREG-0578. and are, therefore, acceptable. 
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IV 

Item l 

RECOMMENDATIONS OF NRC SPECIAL INQUIRY GROUP 

Control Room Design Review 

As part of the staff actions following the TMl-2 accident, we will 

require that all licensees and applicants for operating licenses con­

duct a detailed control room design review. We expect these reviews 

to be initiated within the next several months ~nd completep by the 
. . . 

end of 1982. As an interim measure, PSE&G was required to perform a 

pre·liminary design assessment of the Salem Unit 2 control room to 

identify significant human factors deficiencies and instrumentation 

_ problems. The NRC staff and its consultant, the Essex Corporation, 

foll owed ·up the PSE&G assessment with a five-day· on-site control room 

review and PSE&G assessment audit. The review included the assessment 

of control and display panel layout,· annunciator design, labeling of 

panel component~, and useability and completeness of sele~ted 

emerg~ncy procedures: The review/audit was performed by means of 

de'tai led inSp!!¢tion of the control panels, interviews With operators, 

and observation ~nd vid~otaping· of operators as they walked through 

selected emergency procedures. 

Although our review identified some human factors deficiencies, in 

general we found that the control room was designed to promote effective 

an.d ,efficient operator actions. The controls and displays are functionally 

grouped and ·generally well int'egrated. Each functional group is clearly: . 

. designated with labels of adequate readability. The 'audio alarm system 

is designed to provide a directional as well as tonal differentiation. 

The first out annunciators provide information to assist the operators 

in rapid diagnosis of system conditions. Console annunciators assist 

the operator in locating the appropriate controls and displays on the 

console. There is a consistent use of color coding ·in the control room / 

and mimicking is employed in the areas of system safety.monitors and 

sfat'ion power. The Salem Unit 2 control room. is separated from the 

Salem Unit 'l control· room by two glass partitions and a central corridor. 

The separation of control room aids in reducing noise and control room 

traffic. 

The more significant deficiencies identified during the control room 

review are as follows: 

l~ '··rAn'nunciator Audible Alarms :.. The audible alarms for the overhead 

·ahd console annunciators average approxima_tely 3-5 dB{A) above 

IV-1 

/ 

'\ 

' 

I 

I 



ambient noise levels. Established human engineering criteria 
require a minimum signal~to-noise difference of 20 dB(A) in at 
least one octave band between 200 and 5,000 Hz. 

2. Lamp Test - The majority of indicator lights, legend lights and 
illuminated legend switches have no provision for lamp testing. 
A number of the legend lights serve as annunciators for critical 
system parameters, making lamp .testing a mandatory design 

requirement. 

3. Labeling ~Magnetic labels are used for most of the modular 
components. Although this practice may facilitate.component 

replacement, the potential for losing or mislocating labels on 
critical components unnecessarily increases the probability of 

operator error. 

4. Emergency.Procedures - Emergency.procedures employed at Salem 
Unit 2 evidenced the following deficiencies: 

a. Type s i ?'.e is too sma 11, increasing· the probability of 

reading errors. 

b. There is excessive referencing of other procedures; in some 
cases, the instruction to reference was ·longer than the 

referenced provision. 

5. Vertical Meter Failure - Vertical meters employed throughout the 
control room are designed_ such that failure of the meter input 
results in a mid-range indication. During critical activities, 
a_ failed meter could mislead the operator. 

The above deficiencies are those which we believe could cause the 
operator to take erroneous actions under stressful conditions. These 
actions could initiate a transient or could exacerbate the operator's 
response to an abnormal event already underway. However, none of these 
deficiencies offer any significant risk to fuel loading and low power 
testing. 

In order to correct these-deficiencies, PSE&G and the staff have agreed 
that the following solutions will be implemented prior to escalation 
beyond five percent power: 

l. Increase levels· of audible alarms. 
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2. Install lamp test receptacle in console for testing control 

modules. 

3. Pennanently att1ach component labels.· 

4. Retype emergency operatin.g procedures (EOP) with larger type 

and include referenced procedure within EOP. 
· .. I :.· 

5.. Increase operator awareness .of the mid-range failure. 

.In-addition; several minor deficiencies (which offer· no significant 

risk to full power operation) of the following nature were identified 

during the control room review. 

l ~- · Annunciator Bulb Replacement - Due to the location of the 

elevated annunciators, operators must, stand on top of the incline 

surface on the rear of the console during bulb replacement. An 

overhead hanc:l rail and nonskid surface on the console top should 

be provided to reduce the likelihood of the operator falling dur-

• ing bulb·maintenance. 

2. Emergency Apparatus - No emergency breathing apparatus is provided 

·' · ·in the event of fire or other emergency conditions in the control 

room. 

3;. '·Power Distribution Supervisory Lights - Indicator lights lack lines 

of. demarcation. to delineate the various subsystems indicated on the 

panel. A nunber of lights, employ a neon element cove.red with a . , 

translucent cap, making it difficult to distinguish light status. 

4 • .i Operating Range Indications - Vertical indicators are not coded to 

portray normal, marginal and out-of-tolerance operating ranges. 

This affects the operators 1 ability to readily· identify plant status. 

5., · Display Scaling - Some displays· do not optimize scale usage. For 

example, the indicator for the steam generator feedwater pumps is 

·scaled from 0 to 1,400 PSIG; however, the operating range for 

this pump is 200-300. PSIG. 

6. Non-Standard Display Increments - Displays employ non-standard 

increments (e.g., increments of 8 .'5 GPM on Cold Leg Injection). 

This practice increases workload during display interpolation, with 

'·'·•.an attendant increase in reading error. 

7. Strip Charts - A nunber of deficiencies were noted in the design 

and location of various strip charts, such as; 
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a. The reactor coolant pump seal leak-off flow strip chart is 
ambiguous due to the use of a single scale for two pens 
recording on different ranges. 

b. Strip charts on the vertical panel behind.Console Panel No. 4 
are not readable from the main operating a.rea. 

8. Annunciator Acknowledge - There are two pushbuttons located on .the 
front of the main benchboard. The pushbuttons are not convenient 
to several primary. operating stations, requiring the operator to 
leave his station to acknowledge an alarm. Also, annunciators for 
radiation monitoring cannot be acknowledged from the primary operat­
ing.station. At least one more acknowledge switch should be provided. 

In many cases the above deficiencies had,been previously identified by 
PSE&G during its control room review, and in most cases plans are now in 
process to rectify these deficiencies. However, to ensure that additional 
modifications are made in the most efficient and effective manner to an 
already well designed control room, we will not require implementation 
of the minor design deficiencies until PSE&G has completed. the detailed 
control room design review to be required of all operating reactors. 
As part of this design review, we will require PSE&G to evaluate the 
benefits of installing data recording and logging equipment in the control 
room to correct the deficiencies associated with strip chart recorders. 

Item 2~ Power Ascension Test Schedule 

POSITION 

The Office of Inspection and Enforcement should increase scrutiny of 
the power ascension test program to prevent any compromising of safety 
in view of the proposed expansion of startup test programs and the 
economic incentives to achieve the already delayed commercial opera­
tion of new plants. 

DISCUSSION AND CONCLUSIONS 

The licensee committed by letters dated February 8, and March 31, 1980 
to perform special tests involving verification of natural circulation 
core cooling capability as part of the Salem Unit 2 low power test 
program. (See Section I.G of Part II to this report.) The senior 
resident inspector will witness the initial performance of these tests 
and as much of the normal startup tests as practicable. This effort 
will be augmented by IE Region-·! inspectors as necessary. 
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