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Dearjllr. Parris:ý

SUBJECT: REQUrEST- FUFk ADDITIONAL
NUCLEAR' PLANT, UNI1TS I

INFORPIATION, CONCERNINJG THE
AND 2

Attached are requests for additional information developed as a result of
our review of the Final Safety Analysis Report for the W'atts bar Nuclear
Plant, Units 1 and 2. To expedite the review of your facility, these
were forwarded to your staff informally on or prior to July 22, 1981.

Below is a list of the subject areas with subm.-ittal dates
net in-order for us to meet our review schedule:
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1 with attach-
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3 Aith. attach-
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6 wvith attach-
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3ID 2-. 4 4

Use of a permanent dewatering
system

362.37- Geoscience Branch review of
362.43 FSAR Chapter 2.53

281l.1 - Chemic~al Engineering, Branch
281.4 review questions

450.1 - Accident Evaluation Branch
450.2 review questions

Long-term operability of deep
draft pumps

Status of Unresolved Safety
Issues

Bolliinger report regjardi ng
Seismic activit~y in the Giles
County area

371 .28
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Upon receipt of the information regarding the generic Unresolved Safety
Issues, we may wish to set up a meeting with your staff to discuss
the submittal.

If you have any questions concerning these matters, or can not meet
the above subm~ittal dates, please contact the project manager,
T. J . K~enyon.

Sincerely,

Robert L. Tedesco, Assistant Director
for Licensing

Division of Licensing, NRR
Enclosures: As stated

cc* See next page
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WA~TTS BAR

Mr H. G. Parris,
1,1anager of Power
Tennessee Valley Authority
500A Chestnut Street, Tower III
Chattanooga, Tennessee 37401

cc:, Herbert S. Sanger, Jr., Esq.
General Counsel
Tennessee Valley Authority
400 Cor-nerce Avenue
E11B33
Knoxville, Tennessee 37902

Mr. W. Luce
Westinghouse Electric Corporation
P.O. Box 355
Pittsburgh, Pennsylvania 15230

Mr. David Lambert
Tennessee Valley Authority
400 Chestnut Str~eet, Tower 11
Chattanooga, Tennessee 37401

Mr. J. F. Cox
Tennessee Valley Authority
400 Chestnut Street, Tower II
Chattanooga, Tennessee 37401

Resident Inspector/Watts Bar NPS
c/o U.S. Nuclear Regulatory

Corrnviss ion
Rt. 2 - Box 300
Spring City, Tennessee 37831

Mr. David Ormsby
Tennessee Valley Authority
400 Chestnut Street, Tower II
Chattanooga, Tennessee 37401



ENCLOSURE (1)

REQUEST FOR ADDITIONAL INFORMATION

371.28 In response to Question No. 371.23 (Am. 38), you stated that
use of a permanent dewatering system is required to permanently
lower groundwater levels at safety-related structures. This was
the first indication of the use of such facilities.

In order to complete our review, we require additional information.
The information needs and staff requirements for dewatering systems
are found in Branch Technical Position (BTP) HMS/GSB 1, attached
to Section 2.4.13 of the Standdrd Review Plan. A copy of this
BTP has been provided to-TVA informally, and is provided as an
attachment to this request.



ATT&MENTTO E NCLOSURE (1)

ERANCH TCNALPOSITION'S HMB/GS5 1

SAFETY-RELATED PERMMikENT DEWýATIERING SYST~m.S

I S umma ry
This position has been formnulatled to minimize rev-few problems coznon to. permnanent dewater-

inc system-s t~hat are depended upon to serve saflety-related, purposes by describing accept-

able oe-otechnicai and hydrologic engineering design bases and criteria. A safety-related

designation for pemranent~dewatering systems is provided since they protect other safety-

related structures, systems and components from the effects of natural and man caused events

such as crcundwater. In addition, the level of documentation of data and studies which are

consid'ered necessary to support safety-related functions is defined. This positilon applies

to both active (e.g., uses pumps) and passive (e.g., uses gravity drains) d-ewatering

s\'stemns. This posit-ion does not reflect structural, mechanic-al and electrical criteria.

JIL. Background

The staff has reviewed a n~xrber of permanent dewatering systems, includ-ing Mc~uire 1 & 2,

Cherokee 1 & 2, Perkins 1 & '2, Perry 1 & 2, WPPSS 3 & 5, Douclas Point 1 & 2, and Catawba 1

&2. Perry, beginning in 1975, was the first plant. reviewed with such systemns, and was

reviewed very late in the EP process. Only. WPPSS 3 & 5 and Douglas Point use a passive

system (no pumps).

Per_.anent dewatering systems lower groundwater levels to reduce subsurface water loads

on plant structures. in addition, they can -increase plant coperational deperdabLit and

racuce costs. These effects are accomplished by providilnc added means of keapino see-aoe

tar C~ t of l r buLi - di n g l e velIs du ring t h.e Eater stace s cf plant lfe &en no Tal IWaE LEr -
rr~~s~rsmayhae dteiorated, and redtucing radw~aste syste, on.e rating- ccs ts by

_ .n-m z-,-nc the amount of dra-in water that mmust be tree ted. B-ene-fi-ts are, t-herefore, of

t: os ancitle (tol.`ars) and i ntancilbl e ("insu;ra7nce). 1'e undferstan the co~nstruction

ccosts cf uýnderdrailns can vary w-idely depend-ing. on thýe cEs-icn. Co)nsoru.ct;cn co sts of bIetween

S125K to S10010K per unit have been succested. The costs of coping with significant a.7mounts

of croundwataer inleakage in safety-related buil;dina areas, which undterdrailns .:re expected

Lo -nmzis estir,,ated to be in t:he rance of S5100K to S200-CK per yea~r per, reactor. ThIle

construction costs of alternatives to underdrains for structural pujrposes alone (Exclusive

of inleakace treat:.-ent) is estimated to range upward from $300K per unit and is highly

dependent on site conditions. Structural alternatives to perinanent underdrains include

additional concrete and steel in the lower portions of buildings, and the use of anchor

systems to resist floatation.

Dewateri ng systems are generally comp~osed of three comiponents; the collector system, the

drain system, and the discharge systemn. Water is first collected in collector drains
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radjacent to buildings or excavations. Interceptor drairs or Piping are then used to coniev

thiswatr t a irnal discharge system. The discharge system can be eithre-rcrvt-O

or a pum-Iping system. Most underdrain structures, systems and components are buried along-

side and under. structures, although somee systems em-,ploy pumping systems within larger

structures (such as reactor or auxiliary buildings) to discharge collected water. Finally,

permanent dewatering systems are not a re-,uired -leatLure at any plant, but may be proposed

aS a Cost Effective feature.

Many permanent dewaterino systemns at nonnuclear facilities, such as dams and larce build-

Zngs, have functioned over the \'Ears. However, tre . i.keliood of a portion of such a

system-, becoming ineffective anc, therefore, not p er-1ormmi ng its intended function may well

be considerably creater than the probability of occurrence of a nuclear power plant design

basis event such as a Probable Maxi~mum Hurricane, -rbal Xe Mximum Flood, or Safe Shutdown

Earhquke. Losesof uncionin hepast have generally been attributable to piping of

fines, inadequate capacity, or clogging. We haeve-concluded that safety analyses of such

systems should consider reliability and failures of features of the system itself, as

Well as potentially adverse Effects of failures ofl ne-Arby nonsafety-relatLed features.

Such systems need not be desioned for desion earthquakes if they are not 'Intended to perform

as underdrains fully during or irrmiediately following a severe earthquake, or if the system

can be expected to perform an underdra-in function in a decraded condition. Certain portions

of. such systlems, however, may be required to regularly perfoT- other safety functions

(e.gq., porous 'concrete base mats) and should be designed for severe earthquakes. Failure

oTI a oce,,at-er-:no sy'stem could cause oroundwater levels to rise above des-ion lev'els, resuitilnn

.cI OEroac_'_"nC concrete ;ai C nd m,-ats not desicred to wiTnst-and t-he resuliting hydrostlatic

tressure nacdc.Ticn to causing potenti'al stLructý. ar ~imn aae rjcaer'

Sn u ~enrt7e-r sa e tv- rle' ated b-u4Ild`iros and f ood co-.,oor.cnt s eCeSs5a ry cDr D r iant SaTEtv.

n~ ~ o assor SIEITafC corC e!-ns o VEr 1h. uE 1.1 E sI5U cr h. m is &eter they can ee::d

to -:e 7,rm thei`r functicn , anmd D r 'e nt stzrujc t ur al ai'inre s anod inter`ior fIloodinc of saflety-

related structures. The decree of concern is dilrectl. y rel. ated to the corresponci.nog cree

to&in tn ESaf 7ety of the structu;res and systems rely on 7Lne integrity of t1he dewaterino

S tE, rcu "Ia ry wIth dewat'e*rnin system in, a decracec si tua:"on. For examPle, i

structures can acccomrodatýe nydrostatic~loads that ,oulid result with a total, failure of

a dewatening system, our concerns have been primarily limited to the capability of such

systemis to pe rform their functions under relatively infrequent earthouake situations.

If, however, such systems must remain functional (e.g., keep water levels down), whether

in a decraded situation or not, to prevent structural failures and 'Internal flooding under

potentially frequent conditions, we have been very concerned with system reliability.

Many appl icants have indicated that their plants can withstand, or have been designed

acainst, full hydrostatic loadings that would occur in the absence of the underd rain systems,

but not if' an Eartnquake were to occur. If the plant can withstand full hydrcstatic loading,

assuming decradation of the underdrain system, many of the staff's concerns miay be

eliminated from further consideration because ofl the time available for remedial action

after detection of system degradation.

Rev. 2.4.13-ic
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.11. 'S4tuationrs Identified During Previous Reviews -

Four a eneral cateizories of situations have been identi fied during case rexl4ews as. .-O.Iows-

(a) Estimatirno and Conflirmiino Permeability Values

It is necessary to estimate the amount of water that will be coillecte~d so that systemm

components such as strip drains, blanket. drains, collector pipes, and pumps are ade-

quately designed and sized. One of. the most important and most difficult parameters

to evaluate is the permEability of the soil and rock existing at a site. A per-

mTeability value could be affected significantly by conditions of concentrated flow

allong joints in fractured and weathered rocks, or within other aquifers affected by

foundation excavation. In addition, peologicial and 'foundation conditions that were

not detected in site explorations may affect- flow conditions and c!use the estimiated

permneability values and flow regimes to be substantially different from those assumned

at the CP preliminary des-ign stage. These conditions are often first detected during

construction dewatering. Therefore, we have required a co-niitrent to consider con-

struction Excavation and dewatering data in the final design of' underdrai.n systems.

(See situation (d) below.)

(b) Operational Monitoring Recuirements

To cuard acainst system malfunctions and to assure sufficient time is availabl e fo~r

imp .lementation ofl remedial measures before groundwater could rise to an unacceptabl~e

level, provisions Must be made for early detection of system f~ailures, and contingency

mýeasures for threse failures must be well defined prior to plant operation. Since

crain systems are usually bouriled ard concealed and there may be no d-irect WaV Of

inspect-Inc them, rel-iarce must be placed on p-*E:om-EtErs, ob~servatIon, ,'ells, manholles,

and micnit-orinc of collected water to detect problems or mnalfunmcticr:ý,-- Of the sy-stem.

Ii!e details of an o:.era:~onal monitoring procram r, eesr rO oortutO

otr nrranto a~ssure tilat each ofl the ficnzwill b-e prcwce0 a) En early

,oatEct'on al am- system durino rorma Operatirg coDndit-ions; (o-) recul`arly stc-etuled

insecton nd oniorig; nd c) ometent evaluation of observat"r, during both

constructilon and operation. in addition, the bases for acceptable contir'ýcerlcy me as ure s

su itab~le fOr cop"ing wit h various possi ble lhazard`s mus t be es tabtli"shEb at the CP s tace .

(c) Nioe Breaks

A dEWEtering system might be overloaded by such conditions as 'leaks or breaks in

either the circulating or service water systems. A leak through a pipe break may be

a very small percentage of the total flow of the cooling water system, but large

enough to exceed the hydraulic capacity of drains, pipes and pumps in the dewatering

system. For example, a complete failure of circulating water system piping has been

required in the design Of the dewatering systems reviewed to date. This requirement

Was made to assure that such abnor-,al -occurrences do not adversely affect the integ-

rity of safety-reiated structures, systems, and components.

(d) ,Secuence of Review

UodErdrain systems are usually one of the first itemis constructed -and, after back-

f;ilina and construction of subsurface facilities, are then no loncer visible for
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regular inspection. In m-,ost cases,- these systems are initially des~icnedo ased on

rather l imited inflor-mation from preconstruction field activities, and are tai'lored

speciý-Nlcaliy for th e s ite and facilities:- -By necessi ty then, final review and approval

by the staff of the desion must rely in some part on inform-atijon gathEred during -

construction. Therefore, the review and approval can be accomnplished in two ways:

(1) design details of the per-manent underdrain system, the operational monitoring programl

and plans -For construction dewater-ino can be submitted in the PSAR, with only con-

fI rmiation of the detai~ls required prior to actual construction; or (2) conceptual

designs of the per-manent underdrain systemn End the operational mnonitoring prograrm

and octails of construction dewaterino can býe submit-ted in the PSAP with the more

complete review and approval b~ased on construction d`ewa-ýerinq recuir~nc review and

approval prior to actual constru~t"ion. Rýeview and approval of unique cesicrns as

post-CP ratters is based upon 10 C17R Part 50, Subsections 35(b) and E5-(e)(i')(~ii. To

prevent extending the re-view schedule, the first procedure would be the most

desirable, but the stafff recognizes that the detail required may not always be avail -
able at the time the PSAR is submitted.

IV. Pro~osed Sta--ff Position

Ir'e have reviewed and approved the design of a limited number of perm7anent dewaterino

fystems. However, because of the importance of these systems to plant safety, we have

aays required that they be designed and used in a conservative manner. The following is a

list of requi-ed design provisions which are consistent with requirements in recent CP

reviews:

~a) if t1h e d at-rino sv's t e 7 is re 1iec uon fr a ry s a -e re td. rnC 3n , th sse m

mS t M eet t.e aEr c r iae c rier i a of Ap:,,Enc ix A, and 5:e~ : to 10 ýFR Pire 5 t

:nactccuic~ance for structujral, -echanical aýnd e-ectr~cal des-'on crteni7-a is

D,-c c c cc i n r:c etnscf tne Stai-dCard --ev',ew Plan -or Cateczry 1 st~trC

svstem~s anc Eopnns cvr al cc-tr s cof t he s st-ýEm r --eed n c-rt, e c e s-onec. to

a c c o-,n odat-.e all des ion ba si S VrL SUent suc as ert.n,;a kes anrd tor-nados, provi ded tha t

such events canrnot either i mr1 uenca tre s 'ster , or trt trýe CccnS-cuenccs o f failure

X rcm su cn e ve n ts s n.ot7 r apcrtan- to s a-F ety .e ve rte s s cE a r tmo n s ~t on o f

the ef ecti VEnes s of a backupl systIem and tne tirme m ress of its i1mlpi ementatIcOn nu st

be provided;

(b) the potential for localized pressures developing in areas which are not in contact

with the drainage system, or in areas where pipes enter or exit the structural

walls or mat foundations, must be considered.

(C) uncertainty in detecting operational problems and providing a suitable monitoring

system must be considered;

(d) the potential for piping fines and clogging of filter and drainage layers must be

cons idered;
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()assurance must be provided that the system as proposed can be expected to reliabl .Y

perform its function during the lifetime of the plant; and

(f) where the system 'is safety-related, is not totally redundant or is not desicried-flor

all desion basis events, provide the bases for a technical speCification to assure

that in the event. of system failure, necessary remedial action can' be implemented

before desicn basis conditions are exceeded.

V. SAR's (Std. Format & Content Information, Sections 2.4 & 2.b) for each of the plants with

perma.,nent dewatErinC systems should include the following information:

(a) Provide a description of the proposed dewatering system, including draw-Ings snowing

the proposed locations '6- a-ff-ected structures, components and features of the system.

Provide informa~tion related to the geotechnical and hydrologic desigln of all system

components such as interceptors, drainage blankets, and pervious fills with descrip-

.tions of material source, gradation limits, material properties, special construc-

tion features, and placement and quality control Measures. (Note structut al ,

mechanical and electrical infor-mation needs described elsewhere.) Where the dewater-

ing system is important to sa,.ety, provide a discussion of its expected functional

reliability. The discussion of the bases for reliability should include comparisons

of proposed systems and components with the perfor-mance of existing and comparable

systems and commponents for applications under Site conditions similar to those proposed.

irnere such informiation is unavailable or unfavorable, or the ap~plication (design

arid/or site) is unique, the unusual features of thne desicn should b-e supoPorted-by

aýddi tioral tests and aralyses to deMOn.strate th-e conserv'ative nature of t~he desicn.

zn such cases the staf1f wi Il meet wi th the arppli cant on re~uest., to establiýsh the

b~ases for such additional tests and analyses.

b) 'rrcv 1d e e s tTat-, a ard the ir bases, for soilI and rock pe meatbili1ti1es , totall porosi4ty ,

e"F e c t i ve P or o s ity (specific yieic') storage coefflicient. and other related paErameters

used in the des ion of th E e dewA-tE ri n r syvst e m. in ceneral , these site parameters should

d~etEr-.ined uti1,i zi no fiel d and, ~fnecessary, labýoratory tests at m-aterilal s

reoPresentati ye ofl the Entire area of -influence oft the exoected drawoown of the system.

Unless it can be substantiated that aquifer materials are essentially homogeneous, or

that obviously conservative estimates have been used as design bases, provide pre--

construction pumping tests and other in-situ tests performed to estimate the pertinent

hydrologic parameters of the aquifer. Monitoring of pumping rates and flow patterns

during dewater-ing for the construction excavation is also necessary to verify assumed

cdesign bases relating to such factors as per-meability and aqui fer continuity. In

addition, the final design of the system should be based on construction dewatering

data and related o .bservations to assure that the values estimated from site exploration

data are conservative. Lastly, the final design of the dewatering system and its

hydrologic and geotechnical operational monitoring program should be confir-med by

copstruct.iOn excavation and dewatering inflormation.
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if such inform~ation fails5 to support the conservati sm, of desicn infýormation -orevi ojsiv

reviewed by the staff, the chanced inform-ation should be reviewed under 10 CPR

rart, -0,~ Subsections 35(b) and 55(e )(lI) (ýi)

(c) Provide analyses and their bases for estimates of groundwater flow rates in the various

parts of the permanent dewatering system, the area of influence of drawdown, and the

srhapes of phreatic surfaces to be expected during operation of the system. The Extent

ofifluence of the drawdown may be especially important if a natural or man-made

water body alffects, or is affected by, the dewater-ing systems.

< Provice a-nalyses, irciucing their bases, týo estEfll sh conSErvative estimates cf the

t;-e availlabi e to mi ti cc ate -.he c-.nsecUEnc=s of sy stem de-orac-ati cr7 that could cauJse

croundwa~e levels to exdýed desion bases. Docum-ient the mEAsures that will be taken

to either repair the sV~tEM, or provide an alternate dewatErinc systlem that would

become operational before the desion basis orounowYater level is Exceeded.

(e) Provide both the design basis and normal operation groundwater levels for safety-

related structures, systems and components. The design basis ground-water level is,

defined as the maximum oround-water level used in the design analysis for dynamic or

static load-Ing conditions (whichever is being considered), and may be in excess of

th e elIevat-ion for which the -underdrai n system i s desigoned for normal operation. This

level should consider abnormal and rare events (such as an occurrence of the Safe

Sh)utdown Earthquake (SSE), a failuire of a circulating water system ýDip or a single

~aiue iti te ysemwhich can, cause fireocvrodinc fth eanent

rc&ýaterinc syst.em.

s n ~c I e filu re cf; a c r cticl actiE fEaxtu re o r C ~C MDCn Ert IujStZ c stujIa iEt C cur in

r, tde siC r ba Ss e vent. L-iess ý!t Can t-_ cccu,,ý-_ente trt S 0c ey 71 oos c~

f ne faI u re il rot resl ES i ,n c u 'itEry Ouide s a. and 'I~ Z 5e C U 0cE E s

:e rc ex c eedted, e it1h e-r (I ooc 7,e rtL- by p er tL n er. ' a naES E S tat :r cate r e'Ivel

reccovery times are sufficent to allow otner fmrns cf ceoacer`-c tL- *-e T7m:eýIc- e d

o-efcre to-e ceslcn t-asis croundvsater "evel is exc~eetcd, di`sc-uss ore _esures to be

-. oler7ented and equi*pment needed, and identify one amount of ::imp recui red t

accomplish each measure, or (2) design for all system components for alli severe

natural phenomena and events. For example, if the design basis groundwater level

can be exceeded only as a result of a single nonseismically induced failure of any

component or feature of the system, the staff may allow the desicn basis level of the

dewatering system to be exceeded for a short period of time (say 2 or 3 d ays), provided

that (1) effective alternate dewa terino means can be implemented wit-hin this time

period, or that (2) it can be shown tnat Regulatory Guides 1.26 and 1.29 cuidelines

will not be exceeded by groundwater induced impairmients of safety-related structures,

systems, or components.

-See (f) for consicerations of difýfering system types.
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0 0
()Where appropriate, document the bases which assure the ability of t~heý system to w'Ith

s tand v ari ous naturalI and acci dental phnenoryena- such as ea rthquak es, torna does , surges,

f Ioodsa~nd, a s itngl e f ailIure of a component feature of the system (su-ch a s a fa8-1-Vu-re-

of any cooling water pipes penetrating, or in close proximity to, the out-side walls

of safety-related buildings where the groundwater level is controlled by the system).

An analysis of the consequences of pipe'Truptures on the proposed underdrain system

must be provided, and should include considerations ofl postulated breaks in the

circulating system pipes at, in, or near the dewartlering system building either inde-

pendently of, or as a retuit of the SSE. Unless it can be documented that the-poten-

tial consequences will not be serious enough to affect the safety of the plant to the

extent that Regulatory Guides 1.26 and 1.29 guidelines could be exceeded, provide

analyses to document that (1) water released f1rom the pipe break cannot physically

enter the dewatering system, or.. (2) if water enters the dewatering system, the system

will not be overloaded by the increased flow such that the design basis groundlwater

level is subsequently exceeded.

(h) State the maximum oroundwater level the plant structures can tolerate under various

significant loading conditions in the absence of the underdrain system.

i)Provide a description of the proposed groundwater level monitoring programs for

dewatering during plant construction and for permanent dewatering during plant opera-

tion. tionitoring infor-mation requested includes (1) the general arrangemrent in plan

and profile with approximate elevation of piezometers and observation wells to be

installed, (2) intended Zone(s) of placement, (3) typie(s) of pieo-mieter (closed or open

svstEm,,), (4) screens and 7-1-her oradation descript-ions, (11) craw:ings shi-owing typical

-n s a c, rs showing lIImits of filter And seals , (6) otbservatilon scnletules (nta

and :,Ime i5rýErvaI Is for sutbsecuent. read-ings) , (17) pi ans for evaluation o7 reccrtEcd catLa,

E r. S a nrs f or alIa rm d evi4.c es t o a ssure suffc-ie nt t 41me -Tor :1n it-ia t ýon of cc~rrect -IV e

acýn. )Vid a cc,-rn7:-ment to býa se the f inal des-i cn of tre ceratz rnCIl mon-Itorirno

procram on data cathered durinc the construction monitLorinc orocraM ~ construction

eyXPerience showsý tLhe Assumed operat'onal program bases to be nonccnservatlive or

.rc-Dractical). Chances to the orperat`ional pýrocram are to be documented in the FSAR.

(k) Provide inform-,ation regarding the outlet flow monitoring program. The inforT-mation

required includes (1) the general locatilon and type of flow measurement device(s),*

and (2) the observation plan and alarm procedure to -identify unanticipated high or

low flow in the system and the condition of the effluent.

(1) For OL reviews, but only if not previously reviewed by the staff, provide (1) sub-

stantiation of assumed design bases using information cathered during dewatering -for

construction excavation, and (2) all other details of the dewatering system design

that implement design bases established during the CP review.

(in) For OL reviews, provide a Technical Specification for periods when the dewatering

System may be exposed to sources of water not considered in the design. An example

of such a situation would be the Excavation of surface seal material for repair of

2.4.13-15 RvRev . 1



p~~csuch that the underorain would be exposed to d~trect sur-race nucf ar ad d

tior, where the permanentL cewaterin-g system. is sa-,ezy related, is not coMPletely

redundant, or is not designed for all desion basis events,prve.L.bas c a

techri-cal specification with-action IeveTs, the remedial work required and the esti-

mated time that it will take to accomplish the work, the sources, types of Eo~uipment
and m~anpower required and the availability of the above under potentially adverse

conditions. [See Section V(f)].

P~ev. 12. 4. 13-16Rev. I



ENCLOSURE (-2)

REQUEST FOR ADDITIONAL INFORMATION

362.37 The line of section for the regional cross-section of Fig. 2.5-3
is indicated on a small inset map of Tennessee. It is not possible
to locate this line on the state geologic map of Eastern Tennessee.
Please be more specific and indicate where on the state geologic
map this line of section may be found.

362.38 P. 2.5-17 Para. 2: This paragraph discusses the Mississippian
Pennington Formation and refers the reader to Fig. 2.5-9. However,
this figure does not iFnclude the Pennington or any Mississippian
rocks. Is the reference incorrect; do you mean to refer to another
figure?

362.39 P. 2.5-21, Para. 5 -Reference 83 (Milici) was "in press" at time of
the FSAR wriitng. Please furnish correct references.

362.40 P. 2.5-22 Para.-3 - To update the FSAR, you should discuss COCORP
reflection findings also in discussion of thin-skin tectonics. Update
the, references also for p. 2.5-64 para. 2.

362.41 P. 2.5-24 - Para. 1 - refers to faulting described in Para. 2.4.1.
However- no such discussion can be found in that paragraph.

362.42 P. 2.5-29 Para 1..- It is stated that Swingle's cross-section is based
on information that confirms the sole of the thrust to be at 9,000
ft? What information was used to 'confirm" this?

362.43 P.. 2.5-54 Para 2 - What evidence supports the statement that the
faults are confined to the Conesauga Formation and do not intersect
any other stratigraphic formation?



ENCLOSURE (3)

ADDITIONAL INFORMATION REQUIRED BY
CHEIM ,ICAL ENGINEERING BRANCH FROM

WATTS EAR NUCLEAR, PLANT, UNIT NOS. 1 AND 2

281.1 Describe the samples and instrument readinqs and their frequency
(9.1.3) of mi-easurement that will be performed to monitor the Spent Fuel

Pool (SFP) water purity and need for SEP cleanup system, demineral-
izer resin and filter replacement. State the chemical and r~dio-
chemical limits to be used in monitoring the SFP water and
initiating corrective action, Provide the basis for establishing
these limits. Your response should consider variables such as:
boron concentration, gross ganna and iodine activity, demineralizer
and/or filter difff.erential pressure, demineralizer decontamination
factor, pH, and crud level,

281.2 (a) It is our po sition that provis ions should be made in the
(9.3.2). process samipling system to purge and drain sample streams

back to the system or origin, or to an appropriate water
treatment system, in accordance with acceptance criterion
11.2.e in Standard Review Plan Section 9.3.2. Indicate what
provisions are avai lable *in your process sampling system for
mpeeting this position.

(b) It is our position that aut-ocatic isolation valves in the
process sampling lines that originate within the containment
should fail in the closed position in accordance with accept-
ance criterion 11.2.f in Stiandard Review Plan Section 9.3.2.
Verify that this position is me.,-t in the process s-ampling
s ys tem,.

(c) Provide piping and instrum-entation diagramns for the process
sam-plinq sysltem.

281.3 The Sequoyah-W4atts Bar NSS'ý/BOP Comparisons only carn-pare the com-
(9.3.4) ponent para-met-ers without discussing differences in system design.

Provide a co-parison ofl any differences in the system design (f)iW
paths, controls and alarms) of the Chemical and Voluria Control
sysem (C11 CS) between the Watts Bar Nuclear Plant and Sequoyah lNuclear
Plant. Provide a safety evaluation of the Watts Bar's CVCS which
addresses any differences in system design.

281.4 Provide information that satisfies the attached proposed license
(TMI conditions for post-accident sampling.



ATTA#NT TO ENCLOSURE (3)

SAFETY EVALUATION
BY T.H.E OFFICE OF NUCLEAR rREACTOR REGUILATION-

W.4ATTS EAkR NýUCLEAýR PLAINT, -UkITS 1- AIND 2
TENNESSEE VALLEY AUTHORITY
D OCKET NOS. 50-390/391

1111E-G -0737. 11.5.3 - Post Accident Samplino Capability

RE -QU IRE ME NT

Provide a capability to obtain and quantitatively analyze reactor coolant
and containment atmosphere samples, without radiation exposure to any
individual exceeding 5 rem to the w%ýhole body or 75 rem to the extremities
(GDC-19) during and followin.9 an accident in which there is core degradation.
Materials to be analyzed and quantified include certain radionuclides that
ayre indicators of severity -of core damage (e.g., noble gases, iodines,
cgsiums and non volatile isotopes), hydrogen in the containment atmosphere
and total dissolved cases or hydrogen, boron and chloride in reactor coolant
samples in accordance- with the requirements of NUREG-0737.

To satisfy the requirements, the application should (1) review and modify his
sampling, chemical analysis and radionuclide determination capabilities as
nece.ssary to comply with NUREG-0737, 11.B.3, (2) provide the staff with
information pertaining to system design, analytical capabilities and pro-
ced~ures in sufficient- detail to demonstrate that the requirements have been,
met.

F'Ca~iicnthas cocT-uieo to a post-accideýnt sa:licsstm-aznes
tn e rme n t-s of;1;D NEC-- 07 37 1 t emr-, II .. 3 in Fm ri.n b but` has not

prov icec- trhe technicaI irfr icon requ irelt by ~~G-7 37 fcr o,.r evaluation.
Ie ýn-cin of the = urmn is not neceý ssEry prior to low' ý)oýer cr-r-tiofl

e :aus e c, r 1y smalI l cnttie s' of radionuclid in1 toy will ex istL in the
r a tctr c oolIain t s y st em an1d. t.h eri-e or e -wvill n C ' alffect the hea-]lth and safety of
t he- pUblic. P r-1o r t o ex-c ee -d in: Q &,, p\e r ozý=-r a t ior t he a pli c art m ust

dam Lsrae the c-apabi lity to proDmpt+ly obt',ain rea:ctor coolant sam-:)les in the
event,' ol an accldent in w.hich there is core da-mace consistcent with the c ond'ition s
staEted below.

1. Demonstrate caompliance with all require7,ents of NURLEG-0737, 11.B.3) f or
sampling, chemical and radionuclide analysis capability, under accident
conditions.

21. Provide suff icient shielding to reet the requirements ofl GDC-19, assuming
Reg. Guide 1.4 source terms,

3. Ccrnjit to mieet the sampling and analysis requirements of Reg. Guide 1.97,
Rev. 2.

.4. Verify that all electrically pcr&ered components associ;-ted with post
accident sampling are capable of being supplicd with power and operated,

within thirty minutes of an accldcrit in which there is core degradation,
assuming loss of off site power,



W ~2-

5. Verify") that valves which are not accessible for repair after. an ac-cident-
are en-vi-rmmentaily qualified for the-conditions in which they mu)st
operate.

6. Provide a procedure for relating radionuclide gaseous and 1.onic species
to estimated core damage.

7. State the design or operational provisions to prev ent high pressure
carrier Qas from ente'ring the reactor coolant system from on line gas
analysis equipment, if it is used.

B. Provide a method for verifying that reactor coolant dissolved oxygen is
at K.0.1 ppm if reactor coolant chlorides are determiend to be>0.15 ppm.

9. Provide informiation on (a) testing frequency and type of testing to ensure
long term operability bf the post accident sampling system and (b) operato'r
training requirements for postC-accident sampling.

In addition to the above licensing conditions the staff is conducting a
ceneric review of, accuracy and sensitivity for analytical procedures and
on-line instrumentation to be used for post-accident analysis.' We will
require that the applicant' submit data suprigthe applicability of each
selected analytical chemist-ry procedure or on-line instrument along with
cocum.Entation demon str at ing comnpliance with the licensing conditions four
months prior to exceeding 5/1 power operation, but review and approval of these

roeures will not be a condition for full pov,,er operation. In the event our
ceeic review determines a specif ic procedure is unacceptable, we will require

the aEý;p1icant to make modjifications as determ-ined by our generic review.



ENCLOSURE (.4)

REQUEST FOR ADDITIONAL INFORMATION

450.1 In evaluating the radiological consequences of the failure
(15.6.2) of small lines carrying primary coolant outside the containment,

provide the following:

a. size and type of all small lines carrying primary
coolant outside containment (including CVCS letdown
line);

b. mass of reactor cool'ant released during accident;

c. summary of primary system iodine activity during the
accident and~its effects on the calculated accident
consequences;

d. iodine transport mechanism and release path from the
leak point to the environment;

e. isolation valve closure time and leakage rate;

f. detailed and chronological description of primary
system response, including system response time,operator
-action, valve closure times, etc.;

g. figure indicating primary system pressure and tempera-
ture as a function of time during an accident;

- h. figure indicating leak rate from the failure of small
lines as a function of time.

450.2 The meteorological measurements tower is located close enough
to the cooling towers that the measurements may be obstructed
during down valley airflow. Provide analysis that will show
the extent of the cooling tower influence on meteorological
measurements made at the meteorological tower. This information
should include data collected at the tower before and after the
cooling tower construction.



ENCLOSURE (5)

REQUEST FOR ADDITIONAL INFORMATION
REGARDING THE

LONG-TERM OPERABILITY OF DEEP DRAFT PUMPS

IE Bulletin 79-15, dated July 11, 1979, was issued to all licensees

and holders of construction permits as a result of deep draft pump

deficiencies that were identified at facilities both operating and

under construction. In your response to the bulletin you identified

deep draft pumps as being utilized at your facility. However, your

response to the bulletin did not include enough information to

demonstrate and assure the long term operability of these pumps.

Attached is a document entitled "Guidelines for Demonstration of

Operability of Deep Draft Pumps." In accordance-wi'th the schedule gi~ven in

the cover letter, we request you provide information on -all the deep draft

pumps identified in your bulletin response, which describes the extent

to which your deep draft pump long term operability assurance program

conforms to the various portions of these Guidelines. Emphasis should

be placed on 1) the establishment of installation procedures that are

followed each time these pumps are disassembled and reinstalled, and

2) the testing requirements and bearing wear criteria. The instru-

mnentation called for in the Guidelines should not be considered a

requi rement.
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These Guidelines establish an acceptable method of assurin4 long term

operability of deep draft pumps. They do not necessarily constitute

the only method for demonstrating long term operability. The staff

will review the information you submit to determine whether your long

term operability assurance program for deep draft pumps is in sufficient

conformance-with these Guidelines to assure long term operability. If

not, the staff will deter-mine whether you have established and utilized

other methods and procedures, preferably with the assistance of the. pump

manufacturer, that also demonstrate and assure that these pumps will

pe'rform their intended function for the length of time required. We

anticipate completing our review and resolving this issue by January 1,

1982, or prior to issuance of your operating license.



ATTACHMENT TO ENCLOSURE (5)

GUIDELINES FOR DEMONSTRATION OF
OPERABILITY OF DEEP DRAFT PUMPS

DISCUSSION

I.E. Bulletin 79-15 dated July 1979,identified problems associated

with deep-draft pumps found at operating facilities and near term

operating li~censee facilities. Deep draft pumps,which are also

called "vertical turbine pumps, are usually 30 to 60 feet in length

with im pellers located in casing bowls at the lowest elevation of

the pump. The motor (driver) is located at the highest pump

elevation with the discharge nozzle Just below the motor..

Bulletin 79-15 was initiated because several nuclear power plant

facilities could not demonstrate operability of their pumps. The

pumps were experiencing excessive vibration and bearing wear. The

rapid bearing wear suggested that these pumps could not perform

their required functions- during or following an accident. As a

result of the staff's initial review of the responses to IEB 79-159,

several plants were Identified as having potential problems with

their deep draft pumps. These guidelines are provided for these:

plants so that the licensee or applicant involved may have a method

acceptable to the staff for demonstrating the operability of deep-

draft pumps.
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DEEP DRAFT PUMP OPERATING CHARACTERISTICS

In order to better understand the operating characteristics of

these pumps, a rotor dynamics analyses was performed to ascertain

the response of the pump rotor under steady state operation.

The analyses considered journal bearing to shaft dynamic response

at various eccentricities and fluid viscosities. The model for

the analysis depicted a typical deep draft pump utilized by the

nuclear industry. The analysis resulted in recom-endations for

improving the stability of the pump rotor from externally applied

inputs and by self-generated inputs.

The conclusions which were derived from the analysis and staff

evaluations of North Anna, Beaver Valley and Surry facilities

with similar pumps include:

1.) Pumps with this type of configuration are prone to bearing

whirl vibration problems due to the flexibility of the rotor

and casing structure. This phenomenon is accentuated as

journal bearing clearance becomes large. This phenomenon

leads to bearing wear (Journal bearings).

"MLow Head Safety Injection Pump Rotor Dynamic Analyses", by
Franklin Research Center, Report FC4982, dated May 1980.
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2.) There may be natural frequencies associated with the pump

assembly which occur near the operating speed of the pump.

Pump operation will drive these frequencies and can cause

bearing wear. The severity of this condition is dependent

on bearing diametral clearance, rotor unbalance conditions

and housing flexibility. As an example, if the wear in

- column Journal bearings becomes sufficiently large

(twice the original diametral clearance) so that

these bearings are no longer active and the undamped

critical frequency near the operating speed of the pump

is allowed to expand, the additional uncontrolled bearing

wear will occur. This wear can continue until the shaft

rubs against the support structure of the bearing and can

potentially sever the shaft.

3.) One acceptable method for correcting instabilities in the

pump shaft is to utilize a journal bearing design which

exhibits stable characteristics. One such design is the

*Taper land bearing%. This design is more stable than the

plain Journal bearing, is less susceptible to wear because

of the taper and will cause the bearing to form a hydro-

dynamic film quickly during startup.
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4.) Stiffening of the column sections of the pump is

advantageous if there is a column frequency near the

operating speed of the pump. The shifting of the

column frequency to a higher level will eliminate

any coupling between the pump operating speed and the

column frequency.

5.) Flow inlet conditions to the pumps and sump designs can

be important to pump operability. Certain installations

have demonstrated flow characteristics which produced

vortexing at the bellmouth of the pump. This vortexing

is due to sump design or sump supply line entrance con-

ditions. This condition-can contribute to additional

pump vibration and wear. Flow straightener devices,

reduction of beilmouth diameters, and bottom clearance

reductions have proven to be effective in eliminating

this problem.

6.) This type of pump has exhibited operational problems'

due to design and installation deficiencies. The high

flexibility of the shaft and column make this design

rather forgiving when it comes to installation deficien-

cies such as misalignment between the shaft and column,
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low-precision coupling assemblies, and non-perpendicular

mounting flanges. This fact however, can lead to excessive

bea~ring wear without significant noticeable change in pump

operating characteristics. To ensure proper pump operation,

proper alignment should be established between all mating

surfaces and measures should be emphasized which prevent column

and shaft eccentricities. These measures can include optical

alignment of the column segments, use of high precision

couplings and use of accurate techniques to establish that

the sump plumb line is perpendicular to the pump mounting

flange.

The above findings arnd conclusions have contributed significantly

to the development of these guidelines. The guidelines listed

below are divided into installation and test areas.. The subjects

to be addressed in these areas are considered to be of prime

importance when establishing a pump operability assurance program.

The extent to which each of the two areas are implemented at a

specific facility is dependent on specific symptoms which have

been identified with these pumps while in operation and during

service periods.
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Implementing the measures outlined below, at N4orth Anna 1 & 2 in

total, has been shown to provide reasonable assurance that the pumps

will be operable when required for their safety function. These

guidelines are not intended to replace the requirements of

Standard Review Plan 3.9.3, Regulatory Guide 1.68 or any other

requirements presently enforced by the staff. Rather, the

guidelines are to be used as supplementary material for establishing

deep-draft pump operability.

GUIDELINES FOR OPERABILITY INSTALLATION

1.0 INSTALLATION PROCEDURES

Experience ha~s shown that these pumps are prone to having operability

problems as a result of poor Installation procedures. The guidelines

emphasize those areas of the installation procedurewhich if implemented,

could significantly improve the likelihood of an operable pump. The

procedures utilized should be submitted to the staff for review.

1.1 PUMP INSTALLATION

a. Deter-mine by measurement that all shaft segments are straight

within tolerances specified by the manufactur'er.

b. Deter-mine by measurement or provide certifi~cation that all

couplings (for shaft segments A pump to motor coupling) are

of high precision as specifie d by the manufacturer.

c. Deter-mine by measurement that all pump segment flanges are

perpendicular to the centerline of the segment, that the

segments are straight and that any mating surfaces are

concentric to an esta~blished datum. Where journal



.1 -7-

bearing guides (SPIDERS) are used, establish con-

centricity between this assembly and its mating surface.

d. Align full pump casing assembly optically to assure

maximum straightness and concentricity of the assembly.

Any equivalent method is acceptable, as long as the

procedure stresses column straightness and concentricity.

e. Assure pump to motor flange perpendicularity and that

proper coupling installation is performed

f. Assure that all mating surface bolting is properly

attached and that manufacturer torquing sequences are

adhered to.

1.2 SUMP INSTALLATION

a. Assure (where used) that sump/pump mating flange

is perpendicular to the sump pump line.

b. Assure that sump design prevents fluid anomalies

such as vor-texing or turbulence near the intake

to the pump bell muth and that incoming piping

is not so designed as to allow fluid conditions

favorable to these anomalies (i.e., sharp

bends in piping prior to entrance into sump).

c. Assure that interference does 'not exist between

the sump and any pump appendage such as a seismic

restrai nt.



2.0 Testing Requirements

The installation procedures are essential in establishing pump

operability. In addition to careful installation, testing -may

be required which will verify proper operation of these pumps.

After completion of the installation checks, licensees or appli-

cants should evaluate the need for further testing and report

the results of this evaluation together with the details of any

test pla ns to the staff. Should tests be required, an acceptable

test procedure should include the items listed below. The staff

* recognizes that the instrumentation and procedures outlined below

may be difficult to implement at all facilities and, therefore, the

staff is em~phas-izing good installation practices which lead to

operable components. If tests demonstrating operability cannot

encom~pass all the items listed below, then alternative procedures

should be proposed for evaluation by the staff. .The tests should

emphasize measurement, of pump dynamic characteristics and wear data

at different stages of testing, culminating with an extrapolation of

the data to the desired life goal for the pump.

2.1 Test Instrumen tat ion

The following instrumentation should be incorporated into the

test procedure aside from normal flow measurement, pressure and

vibration instrumentation:
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a.) X, Y, proximity probes at three axial locations on the

pump column, for measuring and recording radial positions of

shaft with respect to the column.

b.) X, Y, accelerometers (at proximity probe locations)

for measuring and recording radial accelerations of the

col umn.

c.) Dynamic pressure transducers for measuring fluid pressure

at the following locations:

1. Bottom of Column (suction)

2. Mid-Column

3. Top of Column.

d.) Shaft Rotational speed and dynamic variation instrument.

2.2 PRE-TEST DATA

With the pump disassembled, measure all journal bearing O.D.'s,

bearing I.D.'s and calhulate bearing diamnetral clearances. In

addition with pumps fully assembled and using the proximity probes,

obtain the "clearance circle"M at each of the three axial stations by

rolling the shaft section within the clearance volume of its bearings

and in this way,establish proper operation of the pro bes.
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2
3.1 PHASE 1 Testing (6 hours plus start-stop)

This phase of testing should be comprised of 6 hours of

testing (Break-in) followed by sta-rt-stop testing. Test

conditions should simulate as nearly as possible normal

and accident conditions. Parameters to be considered

are flow, temperature, debris, and chemical composition

of fluid being pumped. Static torque tests should be

performed before and after the test (i.e. measure amount of

torque required to turn shaft by hand). Data should be

taken d~uring the six hour test at 1/2 hour intervals.

A total of 12 start-stop tests will be performed con-

sisting of a start up from zero speed up to full-speed,

10-minute dwell at full-speed and a shutdown from full

speed to zero speed, with recording of all instrumentation

during full cycle of start-stop.

'Upon completion of Phase 1 testing,the following data should

be obtained and recorded:

1.) Obtain the "clearance circles" using the-three se ts of

proximity probes.

2Tests at North Anna 1 &2 and Manufacturers input indicates
that 6 hours is an adequate time interval for bearing 'b~reak ino
period.



2.) Measure and record the following dimensions for each bearing:

a.) Journal O.D.

b.) Bearing I.D.

c.) Bearing to Journal diametral clearance

d.) Establish Phase 1 test bearing wear.

THE ACCEPTANCE CRITERIA IS AS FOLLOWS:

1.) If wear ls;'5 mils for any bearing, wear is unacceptable

and test should be terminated.

2.) If wear is< 5 mils for all bearings3

a.) Reassemble the pump

b.) Obtain "clearance circles"

c.) Reinstall pump in test loop.

2.4 Phase 2 Testing (48 hours)

Phase 2 testing is to be performed at full system pressure

and temperature and fluid conditions simrulating those expected

during accident and normal operation. Before start and at

completion of Phase 2 test~obtain measurement of static torque.

Data should be recorded continuously during the start-up period,

3 This acceptable wear value may be modified based on manufacturers
recominendat ion.
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and during the shutdown period. Data should also be recorded

at 1-hour time intervals during the 48 hour test.

The following measurements should be made at the completion

of Phase 2 of the test:

1.) Obtain the "clearance circles" using the three sets of

proximity probes.

2.) Measure and record the following dimensions for each

beaning:

a.) Journal O.D.

b.) Bearing I.D.

c.) Bearing to Journal diametral clearance.

d.) Establish accurrulated bearing wear.

THE ACCEPTANCE CRITERIA IS AS FOLLOWS:

1.) If accumrulated bearing wear on any bearing is'
3

7,7 mils , wear is unacceptable and test should be

termi nated.

2.) If accurrulated wear on all bearings is-C7 m ils

for all 'bearingsý

a.) Reassemble pump

b.) Obtain "clearance circles",

c.) Reinstall pump in test loop.

. I - .
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5)Phase 3 Testing (96 hours)

Phase 3 testing is to be performned at full system pressure

and temperature and fluid conditions simulating those expected

during accident 'and normal operation. The same procedures

should be followed as in Phase 2 testing except that data

may be taken with less frequency..

The same measurements should be taken at the completion of

this phase as with the other phases with the following acceptance

criteria:

1.) If accumulated bearing wear is>8 mils for any bearing,3

wear is unacceptable and test should be terminated.

2.) If accumulated wear is < 8 mils for all bearings, 3a
decision needs to be made to establish:

a.) the need for additional testing or

b.) whether or not the bearing wear will be acceptably

1low.

The recommended decision process is outlined below.

Plot the values of accumulated wear versus time (H) for each

bearing after Phase 2 and Phase 3 tests, namely.

Wear at H2 --54 hour

Wear at H3 -150 hours



14

Straight lines are then drawn through the plotted values of wear

and extended to the right (See example Figure 1). If the extension

intercepts the maximum acceptable value of wear (8 mils) at a value

H less than the life goal for this- pump, additional testing should

be performed. If the intercept of the line with wear of 8 mils

exceeds the life goal for this pumpno additional testing Is

required and bearing wear is acceptable. If additional testing

is deemed necessary it should be done in a similar manner to týat

performed during Phase 3 with similar acceptance criteria and

decision process. It is expected that such additional testing

will either show a stable pump operation with no increase in

bearing wear or increased bearing wear with unacceptable results.

2.6 Evaluation of Pump Acceptability

If bearing wear (after all testing phases) is acceptably low (as per

decision process) and if vibration levels over the frequency spectrum

of 3 cps to 5000 cps are acceptably low and show no unfavorable trend

of increasing magnitude during the testing, the pump may be judged

acceptable for its intended use.
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ENCLOSURE()

REQUEST FOR INFORMATION

The Atomic Safety and Licensing Appeal Board in ALAB-444 determined that
the Safety Evaluation Report for each plant should contain an assessment
of each significant unresolved generic safety question. It is the
staff's view that the generic issues identified as "Unresolved Safety
Issues" (NUREG-0606) are the substantive safety issues referred to by
the Appeal Boardl. Accordingly, we are requesting that you provide us with
a summary description of your relevant investigative programs and
the interim measures you have devised for dealing with these issues
pending the completion of the investigation, and what alternative courses
of action might be available should the program not produce the envisaged
result.

There are currently a total of 26 Unresolved Safety Issues discussed in
NUREG-0606. We do not require information from you at this time for a
number of the issues since a number of the issues do not apply to your
type of reactor, or because a generic resolution has been issued. Issues
which have been resolved have been or are being incorporated into the NRC
licensing guidance and are addressed as a part of the normal review process.
However, we do request the information noted above for each of the issues
listed below:

1. Waterhammer (A-i)
2. Steam Generator Tube Integrity (A-3)
3.- ATWS (A-9)
4. Reactor Vessel Materials Toughness (A-11)
5. Steam Generator and Reactor Coolant Pump Support (A-12)
6. Systems Interaction (A-17)
7. Seismic Design Criteria (A-40)
8. Containment Emergency Sump Performance (A-43)
9. Station Blackout (A-44)

10. Shutdown Decay Heat Removal Requirements (A-45)
11. Seismic Qualification of Equipment in Operating Plants (A-46)
12. Safety Implications of Control Systems (A-47)
13. Hydrogen Control Measures and Effects of Hydrogen Burns on

Safety Equipment (A-48)

Attached is a copy of the Generic Issues Branch SER contribution for
a recent PWR plant, Virgil C. Summer. It is provided for your information
only to assist y'ou in your response regarding the Watts Bar Nuclear
Plant, Units I and 2.



ATTACHMENT TO ENCLOSURE (6)

0 ~UNITED STATES

eNUCLEAR REGULATORY COMMrýISSION

0

I'm April 8, 1981

Docket No. 50-395

MEIMORANDUM FOR: A. Schwencer, Chief
Licensing Branch #a2, DL

FROM: Karl Kniel , Chief
Generic Issues Branch, DST

SUBJECT: SER INPUT: VIRGIL C. SUM~MER, UNIT NO. 1

Plant Name: Virgil C. Summer, Unit No. .1,
Docket N'umber: 50-395/
Licensing Stage: OL
Responsible Branch and Project Manager, LB#'2, W. F. Kane
DST Branch Involved: Generic Issues Branch
Description of Review: Unresolved Safety Issues
Requested Completion Date: M'arch 24, 1981
Review Status: Complete

The Generic Issues Branch, DST, input to the Virgil C. Summer Unit No. 1

Safetyv Evaluation Report is enclosed. This appendix to the SER addresses

the status of Unresolved Safety Issues pertaining to these facilities,
and is in response to the ALAB-444 decision on this subject. That

decision specified that ".. .each SER should contain a summary description

of those generic problems Inder continuing study which have both eeac

to facilities of the type under review and potentially significant
public safety implications."

Page 5 of this Appendix references NUREG reports providing proposed

generic resolution to five of the Unresolved Safety Issues. The Summer

SER/SER Supplement section discussing the plant specific implementation
of t:ie generic proyi'ams is not available al this time and shouid be

supplied by the Summer Project Manager when available. The Project
Manager should also assure that plant specific implementation of resolved

USIs is addressed in the body of the SER.

Karl Kniel, Chief
Generic Issues Branch
Division of Safety Technology

Enclosure:
Input to SER

cc: w/enclosure
See next page



APPENDIx c

NUCLEAR REGULATORY COMMISSION (NRC)
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 Advisorv Committee on Reactor Safeguards (ACRS) 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 qeneric
imolications of the issue.

In some cases, immediate action is taken to assure safety, e.g., the
deratinq of boili~ng 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 decisions. In most cases, however, the
initial assessment indicates that immediate licensing actions or chanqes
in licensing criteria are not necessary. In any event, further study
may be deemed approoriate 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 operation of
plants already under construction or in operation.

These issues are sometimes called "qeneric safety issues" because they
are related to a particular class or type of nuclear facility rather
than a specific plant. These issues have 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
loncer-term generic review i's underway.

C.2 ALAB-444 Requirements

These longer-term generic studies were the subject of a Decision b y the
Atomic Safety and Licensing Aooeal Board of the Nuclear Requlatory
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 anplication for the River Send Station, Unit Nos. 1 and
2.

In the view of the Appeal Board, (pp. 25-29)

"The responsibilities df a licensing board in the radiolooical

health and safety sohere are not confined to the consideration and
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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 "the proposed
facility can be constructed and operated at the proposed location
without undue risk to the health and safety of the oublic." Of
necessity, this 10 CFR 50.35(a) determinati'on will entail an incuiry
into whether the staff review satisfactorily has come to grips with
any unresolved generic safety problems which might have an imoact
upon operati-on of the nuclear faci-lity under consideration."

"The SER is, of course, the princioal 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 unresolved safety problems
which have been previously identified in an PSAR 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 imolicatifts."

"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
anticioated time span, whether (and if so,.what) interim measures
have been devised for dealing with the oroblem pending the completion
of the investigation, and what alternative courses of action miqht
be available should the program not produce the envisaged result."

"In short, the board (and the public as well) should be in a oosition
to ascertain from the SER itself--without the need to resort to
extrinsic documents--the staff's perception of the nature and
extent of the relationship between each significant unresolved
generic safety 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 a *uestion remains in the
offing. Among other thinqs, the furnished information would likely
shed light on such alternatively important considerations as whether:
(1) the problem has already been resolved for the reactor under
study; (2) there is a reasonable basis for concluding 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 not 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 specifically included to respond to the decis~ion of the
Atomic Safety and Licensing Appeal Board as enunciated in ALAB-444, and
as applied to an operating license proceeding Virginia Electric and
Power Company (North Anna Nuclear Power Station, .lUnitNo and 2Y7
ALAB-4ý91, NRC 245 (1978).

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 relating 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 ion 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 Fiscal Year 1978 Appropriations Bill (Bill S.1131) provided the
followind additional information 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 are 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 concerning such measures; and (3) timetables and cost
estimates of such actions. The Commission should indicate the
oriority it has assigned to each issue, and the basis on which
priorities have been assigned."

In response to the reporting requirements of the new Section 210, the
NRC staff submitted to Congress on January 1, 1978, a report, NUREG-
0410, entitled "NRC Program for the Resolution of Generic Issues Related
to Nuclear Power Plants," describing the NRC generic issues program.
The NRC program was already in place when PL 95-209 was enacted and is



of considerably broader scope than the "Unresolved Safety Issues Plan"
required by Section 210. In the letter transmitting NUREG-041,0 to the
Congress on December 30, 1977, the Commission indicated that "the Droqress
reports, which are required by Section 210 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
public safety implications. In 1978, the NRC undertook a review of over
130 qeneric issues addressed in the NRC program to determine which
issues fit this description and qualify as "Unresolved Safety Issues"
for reporting to the Congress. 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, "Identification of
Unresolved Safety Issues Relating to Nuclear Power Plants - A Report to
Conqress," 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
adeauacy of existing safety requirements for which a final resolution
has not yet been developed and that involves conditions not likely
to be accepable over the lifetime of the plants it affects."

Further the report indicates that in applying this definition, matters
that pose "important questions concerning the adequacy of existing
safetyv 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. fluite
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, seventeen "Unresolved Safety Issues" addressed by twenty-two
tasks in the NRC program were identified. The issues -are listed below.
Progress on these issues Was first discussed in the 1978 NRC Annual
Report. The number(s) of the generic task(s) (e.g., A-i) in the NRC
program addressing each issue is indicated in parentheses following the
title.

"UNRESOLVED SAFETY ISSUES" (APPLICABLE TASK'NOS.)

1. Waterhammer - (A-i)
2. Asymm~etric 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-11)
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 continuinq
study which have..., potentially significant public safety implications."
Eight of the 22 tasks identified with the "Unresolved Safety Issues" are
not applicable to Virgil C. Sunmmer Nuclear Station, Unit I and six of
these eight tasks (A-6, A-7, A-8, A-39, A-10 and A-42) are peculiar to
boiling water reactors. Tasks A-4 and A-5 address steam generator tube
problems in Combustion Engineering and Babcock and Wilcox plants. With
regard to the remaining 14 tasks that are applicable to this facility,
the NRC staff has issued NUREG reports providing its proposed resolution
of five of these igsues. Each of these have been addressed in this
Safety Evaluation Report or will be addressed in a future supplement.
The table below lists those issues and the section of this Safety Evaluation
Report in which they are discussed.

SafetyEvaluation
Task Number NUREG Report and Title Report Section

A-2 NUREG-0609, "Asymmetric 3.9.3
Blowdown Loads on PWR
Primary Systems"

A-24 NUREG-0588, "Interim Staff 7.7.2
Position on Environmental
Qualification of Safety-
Related Electrical Equipment"

A-26 NUREG-0224, "Reactor Vessel 5.4.2
Pressure Transient Protection
for Pressurized Water Reactors"
and RSIB BTP 5-2

A-31 Regulatory Guide 1.139, Will be addressed
Guidance for Residual Heat in a future
Removal" and RSB BTP 5-1 supplement.
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Safety- Evaluation
Task Number NUREG Report and Title Report Section

A-36 NUREG-O612, "Control of 9.2.4
Heavy Loads at Nuclear
Power Plants"

The remaining issues applicable to this facility are listed in the
following table:

GENERIC TASKS ADDRESS-ING UNRESOLVED SAFETY ISSUES
THAT ARE APPLICABLE TO THE VIRGIL C. SUMMER NUCLEAR STATION, UNIT 1

1. A-i Waterhammer
2. A-3 Westinghouse Steam Generator Tube Integrity
3. A-9 Anticipated Transients Without Scram
4. A-11. Reactor Vessel Materials Toughness
5. A-12 Potential for Low Fracture Toughness and Lamellar Tearing

on PWR Steam Generator and Reactor Coolant Pump Supports
6. A-17 Systems Interactions in Nuclear Power Plants
7. A-40 Seismic Design Criteria
8. A-43 Containment Emergency Sump Reliability
9. A-44 Station Blackout

With the exception of Tasks A-9, A-43, and A-44, 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." A technical
resolution for Task A-9 has been proposed by the NRC staff in Volume 4
of NUREG-0460, issued for cormment. This served as a basis for the
staff's proposal for rulemaking on this issue. The Task Action Plan for
Task~ A-43 was issued in January 1981, and the Task Action Plan for A-44
was issued in July 1980. Draft NUREG-0577 which represents staff resolution
of USI A-12 was issued for comment in November 1979. The Draft NUREG
contained the Task Action Plan for A-12. The information provided in NUREG-0649
meets most of the informational requirements of ALAB-444. Each Task
Action Plan provides a description of the oroblem; the staff's approaches
to its resolution; a general discussion of the bases upon which continued
plant licensing or operation can proceed pending completion of the task;
the technical, organizations involved in the task and estimates of the
manpower required; a description of the interactions with other NRC
offices, the Advisory Committee on Reactor Safeguards and outside orqanizations;
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 on schedule.

In addition to the Task Action Plans, the staff issues the "Office of
Nuclear Reactor Regulation Unresolved Safety Issues Summary, Aqua Book"
(NUREG-0606) on a quarterly basis which provides current schedule information
for each of the "Unresolved Safety Issues." It also includes information
relative to the implementation status of each "Unresolved Safety Issue"
for which technical resolution is complete.



We have reviewed the nine "Unresolved Safety Issues" listed above as they
relate to Virgil C. Summer Nuclear Station, Unit 1. Discussion of each
of these issues including references to related discussions in the
Safety Evaluation Report 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 this facility
can be operated prior to the ultimate resolution of these generic issues
without endangering the health and safety of the public.

C.4 New "Unresolved Safety Issues"

An in -depth and systematic review of generic safety concerns identified
since January 1979 has been performed by the staff to determine if any
of these issues should be designated as new "Unresolved Safety Issues."
The candidate issues originated from concerns identified in NUREG-0660,
"NRC Action Plan as a Result of the TMI-2 Accident;" ACRS recommendations;
abnormal occurrence reports and other operating experience. The staff's
proposed list was reviewed and commented on by the ACRS, the Office of
Analysis and Evaluation of Operational Data (AEOD) and the Office of
Policy Evaluation. The ACRS and AEOD also proposed that several additional
"Unresolved Safety Issues" be considered by the Commission. The
Commission considered the above information and approved the following
four new "Unresolved Safety Issues:"

A-45 Shutdown.Decay Heat Removal Reqcirements

A-46 Seismic Qualification of ýquipment in Operating Plants

A-47 Safety Implications of Control Systems

A-48 Hydrogen Control Measures and Effects of Hydrogen Burns
on Safety Equipment

A description of the above process together with a list of the issues
considered is present in NUREG-0705, "Identification of New Unresolved
Safety Issues Relating to Nuclear Power Plants, Special Report to
Congress," dated March 1981. An expanded discussion of each of the new
"Unresolved Safety Issues" is also contained in NUREG-0705.

The applicability and bases for licensing prior to ultimate resolution
of the four new USIs for Virgil C. Summer, Unit I are discussed in Section
C.S.

C.5 Discussion of Tasks as they Relate to Virgil C. Summer Nuclear
Station, Unit 1

A-I Waterhamm er

Waterhammer events are intense pressure pulses in fluid systems

caused by any one of a number of mechanisms and system conditions.
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Since 1971 there have been over 100 incidents involvinq waterhammer
in pressurized water reactors and boiling water reactors. The water-
hammers have involved steam generator feedrings and pipinq, de'cay 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 waterhammer effects are the feedwater
systems. The most serious waterhammer events have occurred in the
steam generator feedrings of pressurized water reactors. These types of
waterhammer events are addressed in Section 10.4.3 of this Safety Evalua-
tion Report.

With regard to protection against other potential waterhammer 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 lines 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 3.9.2 of this Safety Evaluation Report, we require
that the applicant conduct a preoperational vibration dynamic effects
test program in accordance with Section III of the ASME Code for all
ASME Class 1 and Class 2 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 pipe break did result
from a severe waterhammer event, core cooling is assured by the emergency
core cooling systems described in Section 6.3 of this Safety Evaluation
Report and protection against the dynamic effects of such pipe breaks
inside and outside of containment is provided as described in Section 3.6
of this Safety Evaluation Report.

Task A-i may identify some potentially significant waterhammier scenarios
that have not explicitly been accounted for in the design and operation
of nuclear power plants. 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 the facility 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 signifi-
cant increases in occupational exposures to workers. Corrosion resul-ting
in steam generator tube wall thinning (wastage) has been observed in
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several Westinghouse plants for a number of years. Plants operating
exclusively with an all volatile secondary water treatment pr6cess have
not experienced this form of degradation to date. 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 diametral reduction of the tubes, called "denting,"
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 steam generator design features and a secondary
water chemistry control and monitoring program, that the applicant has
employed to minimize the onset of steam generator tube problems are
described in Section __§a_ of this Safety Evaluation Report. In addition,
Section ___of this Sfety EvaluationReport discusses the inservice
inspection requirements. 'As described in Section ___, the applicant
has met all current requirements regarding steam generator tube integrity.
The Technical Specification will 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 inservice inspection of steam generator tubes. These improvements
will include a better statistical basis for inservice inspection program
-requirements and consideration of the cost/benefit of increased inspection.
Pending completion of Task A-3, the measures taken at this facility
should minimize the steam generator tube problems encountered. Further
the inservice inspection and Technical Specification requirements will
assure that the applicant 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
necessary. Since the improvements that will result from Task A-3 will
be procedural, i.e., an improved inservice inspection program, they can
be implemented by the applicant after operation of this facility begins,
if necessary.

Based on the foregoing, we have concluded that this facility 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

Nuclear plants have safety and control systems to limit the consequences
of temporary abnormal operating conditions or "anticipated transients."1
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 "scram"), and thus rapidly reducing the
generation of heat in the reactor core, is an important safety measure.
If there were a potentially severe "anticipated transient" and the



reactor shutdown system did not "scram" as desired, then an "anticipated
transient without scram," or ATWS, would have occurred.

The anticipated transient without scram issue and the requirements that
must be met by the applicant prior to operation of the facility are
discussed in Section 15.3.5 of this Safety Evaluation Report.

The ATWS issue is currently scheduled for rulemaking in mid-surmmer 1981.
The applicant will be required to comply with any further requirements
on ATWS which may be imposed as a result of the rulemaking.

Based on our review, we have concluded that there is reasonable assurance
that this facility can be operated prior to ultimate resolution of this
generic issue without endangering the health and safety of the public.

A-1i Reactor Vessel Materials Toughness

Resistance to brittle fracture, a rapidly propagating catastrophic
failure mode for a component containing flaws, is described quanti-
tatively by a material property generally denoted as "fracture toughness."
Fracture toughness has different values and charactersitics depending
upon the material being considered. For steels used in a nuclear reactor
pressure vessel, three considerations are important. First, fracture
toughness increases with increasing temperature; second, fracture toughness
decreases with increasing load rates; and third, fracture toughness
decreases with neutron irradiation.

In recognition of these considerations, power reactors are operated
within restrictions imposed by the Technical Specifications on the
pressure during heatup and cooldown operations. These restrictions
assure that the reactor vessel will not be subjected to a combination of
pressure and temperature that could cause brittle fracture of the vessel
if there were significant flaws in the vessel materials. The effect of
neutron radiation on the fracture toughness of the vessel material is
accounted for in developing and revising these Technical Specification
l imi tat ions.

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, testinq,
maintenance, and anticipated transient conditions, and accident conditions
over the life of the plant. However, results from a reactor vessel*
surveillance program and analyses performed for up to 20 older operating
pressurized water reactors and those for some more recent vintage plants
will have marginal toughness, relative to required margins at normal
full power after comparatively short periods of operation. In addition,
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 of a loss-of-coolant accident
occurs after approximately 20 years 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
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are available during normal operation and transients in older reactor
vessels with marginal fracture toughness and of the safety margins
available during accident conditions for all plants.

Based on our evaluation of this facility's reactor vessel materials
toughness, we have concluded that this unit will have adequate safety
margins against brittle failure during operating, testing, maintenance
and anticipated transient conditions over the life of the units. Since Task
A-11 is projected to be completed well in advance of this facility's
reactor vessel reaching a fluence level which would noticably reduce
fracture resistance, acceptable vessel integrity for the postulated
accident conditions will be assured at least until the reactor vessel is
reevaluated for long-term acceptability.

In addition, the surveillance program required by 10 CFR 50, Appendix H
will afford an opportunity to reevaluate the fracture toughness periodically
during the first half of design life.

Therefore, based upon the foregoing, we have concluded that this facility
can be operated prior to resolution of this generic issue without undue
risk to the health and safety of the public.

A-12 Fracture Toughness of Steam Generator and Reactor Coolant P11mo
Supports

During the course of the-licensing action for North Anna Power Station
Unit No. 1 and 2 a number of questions were raised as to the potential
for lamellar tearing and low fracture toughness of the steam generator
and reactor coolant pump support materials for those facilities. Two
different steel specifications (ASTN A36-70a and ASTM A572-70a) covered most
of the material used for these supports. Toughness tests, not originally
specified and not in the relevant ASTM specifications, were made on those
heats for which excess material was available. The toughness of the A36
steel was found to be adequate, but the toughness 0 ofthe A572 steel was
relatively poor at an operating temperature of 80 F.

Since similar materials and designs have been used on other nuclear
plants, the concerns regarding the supports for the North Anna
facilities are applicable to other PWR plants. It was therefore necessary
to reassess the fracture toughness of the steam generator and reactor
coolant pump support materials for all operating PWR plants and those
in CP and OL review.

NUREG-0577, "Potential for Low Fracture Toughness and Lamellar Tearing
on PWR Stea m Ge~nerator and Reactor Coolant Pump Supports," was issued
for comment in November 1979. This report summarizes work performed by
the NRC staff and its contractor, Sandia Laboratories, in the resolution
of this generic activity. The report describes the technical issues,
the technical studies performed by Sandia Laboratories, the NRC staff's
technical positions based on these studies, and the NRC staff's plan for
implementing its technical positions. As a part of initiating the
implementation of the findings in this report, letters were sent to all
applicants and licensees on May 19.and 20, 1980. In these letters a
revised proposed implementation plan was presented and specific criteria
for material qualifications were defined.
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Many comments on both the draft of NUREG-0577 and the letters of May 19
and 20 have been received by the NRC staff and detailed consideration is
presently being given to these comments. After completing our' review
and analysis of the comments provided, we will issue the final revision
of NUREG-0577 which will include a full discussion and resolution of the
comments and a final plan for implementation.

We estimate that our implementation review will require approximately
two years. Since many factors (initiating event, low fracture toughness
in a critical support member in tension, low operating temperature,
large flaw) must be simultaneously present for failure of the support
system we have determined that licensing .for pressurized water reactors
should continue during the implementation phase. Our conclusions regarding
licensing and subsequent operation are not sensitive to the estimated
length of time required for this work.

A-17 Systems Interaction in Nuclear Power Plants

The licensing requirements and procedures used in our safety review
address many different types of systems interaction. 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 higt1i energy line ruptures, missiles, high winds, flooding,
seismic events, fires, operator errors, and sabotage. These design
provisions supplemented 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 operational phases for each plant is expected to
provide added assurance against the potential for adverse systems inter-
actions.

In November 1974, the Advisory Committee on Reactor Safeguards requested
that the NRC staff give attention to the evaluation of safety systems
from a multidisciplinary point of view, in order to identify potentially
undesirable interactions 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.

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 interactions between and among systems.

The NRC staff's current review procedures assign primary re 'sponsibility
for review of various technical areas and safety systems to specific
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organizational units and assign secondary responsibility to other units
where there is a functional or interdisciplinary relationship. Designers
follow somewhat similar procedures and provide for interdisciplinary
reviews and analyses of systems. Task A-17 provided an independent
study of methods that could identify important systems interactions
adversely impacting safety; and which are not considered by current
review procedures. The first phase of this study began in May 1978 and
was completed in February 1980 by Sandia Laboratories under contract to
the NRC staff.

The Phase I investigation was structured to identify areas where inter-
actions are possible between and among systems and have the potential of
negating or seriously degrading the performance of safety functions.
The study concentrated on common cause on linking failures among
systems that could violate a safety function. The investigation then
identified where NRC review procedures may not have properly accounted
for these interactions.

The Sandia Study used fault-tree methods to identify component failure
combinations (cut-sets) that could result in loss of a safety function.
The cut-sets were reduced to minimal com'binations by incorporating six
common or linking systems failures into the analysis. The results of
the Phase I effort indicate that, within the scope of the study only a
few areas of review procedures need improvement regarding systems interaction.
However, the level of detail needea to identify all examples of potential
system interaction candidates observed in some operating plants was not
within the Phase I scope of the Sandia Study.

It is expected that the development of systematic ways to identify and
evaluate systems interactions will reduce the likelihood of common cause
failures resulting in the loss of plant safety functions. However, the
studies to date indicate that current review procedures and criteria
supplemented by the application of post-TMI findings and risk studies
provide reasonable assurance that the effects of potential systems
interaction on plant safety will be within the effects on plant safety
previously evaluated.

Therefore, we concluded that there is reasonable assurance that Virgil
C. Summer, Unit 1 can be operated prior to the final resolution of this
generic issue without endangering the health and safety of the public.

A-40 Seismic Design Criteria - Short-Term Program

NRC regulations require that nuclear power 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 Commission. 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
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effect, a compendium of short-term efforts to support such reevaluation
efforts of the NRC staff, expecially those related to older operating
plants. In addition, some revisions to the Standard Review Pian sections
and Regulatory Guides to bring them more in line with the state-of-the-
art will result.

As discussed in Section 3.7 of this Safety Evaluation Report the seismic
design basis and seismic design of the facility have been evaluated at
-the operating license stage and have been found acceptable. We do not
expect the results of Task A-40 to affect these conclusions because the
techniques under consideration are essentially those utilized in the
review of this facility. Should the resolution of Task A-40 indicate a
change is needed in licensing requiremients, all operating reactors,
including Summer will be reevaluated on a case-by-case basis. Accordingly,
we have concluded that this facility can be operated prior to the ultimate
resolution of this generic issue without endangering 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 poifit in the containment.
This water would be recirculated through the reactor system by the
emergency core cooling pumps to maintain core 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.

One postulated means of los-ing 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 to the
high pressure water in the reactor coolant system could rip off the
insul 'ation 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 address debris (i-nsulation). Regulatory Guide
1.82 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 required to allow insulation to settle out
before reaching the sump screening; and it is required that the sump
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.
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Currently, regulatory positions regarding sump testing are contalnedin
Regulatory Guide 1.79, "Preoperational Testing of Emergency Core Cooling
Systems for Pressurized Water Reactors," which addresses the testing of
_the recirculation function. Both in-plant and scale model tests have
been performed by applicants to demonstrate that circulation thro ugh the
sump can be reliably accomplished.

As indicated in Section 6.3.3 of this Safety Evaluation Report, the
applicant will perform out-of-plant scale model tests of the containment
sump design. The applicant will be required to demonstrate that there
is reasonable assurance that the sump design will perform as expected
following a loss-of-coolant accident.

The near term implementation of Task A-43 for this facility is expected
to be procedural in nature and assure adequate housekeeping and emergency
procedures to supplement the sump tests discussed above. Accordingly,
we have concluded that this facility can be operated prior to ultimate
resolution of this generic issue without endangering 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 reactpr 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 power connection, a standby emergency
diesel generator alternating current power supply and direct current
sources.

Task A-44 involves a study of whether or not nuclear power plants should
be designed to accommiodate a complete loss of all alternating current
power, i.e., loss of both the offsite and the emergency diesel generator
alternating current power supplies. This issue arose because of operating
experience regarding the reliability of alternating current power supplies.
A number of operating plants have experienced a total loss of offsite
electrical power, and more occurrences are expected in the future.
During each of these loss of offsite power events,.the onsite emergency
alternating current power supplies were available to supply the power
needed by vital safety equipment. However, in some instances, one of
the redundant emergency power supplies has been unavilable. In addition,
there have been numerous reports of emergency diesel generators failing
to start and run in operating plants during periodic surveillance
tests.o

A loss of all alternating current power was not a design basis event for
the Summrer facility. Nonetheless, a combination of design, operation
and testing requirements that have been imposed on the applicant will
assure that these units will have substantial resistance to a loss of
all alternating current and that, even if a loss of all alternating
current should occur, there is reasonable assurance that the core will
be cooled. These are discussed below.

A loss of offsite alternating current power involves a loss of both the
preferred and backup sources of offsite power. Our review and basis for
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acceptance of the design, inspection, and testing provisions for the
offsite power system are described in Section 8.2 of this Safety Evaluation
Report.

If offsite power is lost, two 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 the onsite emergency diesels is described in Section 8.3
of the SER. Our requirements include preoperational testing to assure
the reliability of the installed diesel generators in accordance with our
requirements discussed in the SER. In addition, the applicant has been
requested to implement a program for enhancement of 'diesel generator
reliability to better-assure the long-term reliability of the diesel
generators. -This program resulted from recommendations of NUREG/CR-
0660, "Enhancement of Onsite Emergency Generator Reliability."

Event if both offsite and onsite alternating current 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 alternating current power for operation. Our
review of the auxiliary feedwater system design and operation is
described in Section ___of the Safety Evaluation Report.

The issue of station blackout was also considered by the Atomic Safety
and Licensing Appeal Board (ALAB-603) for the St. Lucie Unit No. 2
facility. In addition, in view of the completion schedule for Task A-44
(October 1982), the Appeal Board recommended that the Commission take
expeditious action to ensure that other plants and their operators are
equipped to accommodate a station blackout event. The Commission has
reviewed this recommendation and determined that some interim measures
should be taken at all facilities including Summer while Task A-44 is
being conducted. Consequently, interim emergency procedures and operator
training for safe operation of the facility and restoration of alternating
current power will be required. The staff notified the applicant of
these requirements in a letter from 0. Eisenhut, NRC, to the applicant
dated February 25, 1981. We will condition the operating license for
Summer that their procedures and training be completed by fuel load date.

Based on the above, we have concluded that there is reasonable assurance
that Summer can be operated prior to the ultimate resolution of this
generic issue without endangering the health and safety of the public.

A-45 Shutdown Decay Heat Removal Requirements

Under normal operating conditions, power generated within a reactor is
removed as steam to produce electricity via a turbine generator..
Following a reactor shutdown, a reactor produces insufficient power
to operate the turbine; however, the radioactive decay of fission products
continues to produce heat (so-called "decay heat"). Therefore, when
reactor shutdown occurs, other measures must be available to remove
decay heat from the reactor to ensure that high temperatures and pressures
do not develop which could jeopardize the reactor and the reactor coolant
system. It is evident, therefore, that all light water reactors (LWRs)
share two common decay heat removal functional requirements: (1) to
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provide a means of transferring decay heat from the reactor coolant
system to an ultimate heat sink and (2) maintain sufficient water inventory
inside the reactor vessel to ensure adequate cooling of the r~actor
fuel. The reliability of a particular power plant to perform these
functions depends on the frequency of initiating events that requ'i 're or
jeopardize decay heat removal operations and the probability that required
systems will respond to remove the decay heat.

This Unresolved Safety Issue will evaluate the benefit of providing
alternate means of decay heat removal which could substantially increase
the plants' capability to handle a broader spectrum of transients and
accidents. The study will consist of a generic system evaluation and
will result in recommendations regarding the desirability of and possible
design requirements for improvements in existing systems or an alternative
decay heat removal method if the improvements or alternative can significant
reduce the overall risk to the public.

The primary method for removal of decay heat from pressurized water
reactors is via the steam generators to the secondary system. This
energy is transferred on the secondary side to either the main feedwater
or auxiliary feedwater systems, and it is rejected to either the turbine
condenser or the atmosphere via the steamline safety/relief valves.
Following the TMI-2 accident, the importance of the auxiliary feedwater
system was highlighted and a number of steps were taken to improve the.
reliability of the auxiliary feedwater system. The staff's review o~f
these items is contained in Section ___ of this Safety Evaluation
Report. It was also stipulated that pl-ants must be capable of providing
.the required ANW flow for at least two hours from one auxiliary feedwater
pump train, independent of any alternating current power source (that
is, if both off-site and on-site alternating current oower sources are
lost).

Pressurized water reactors also have alternate means of removing decay
heat if an extended loss of feedwater is postulated. This method is
known as "feed and bleed" and uses the high pressure injection system to
add water coolant (feed) at high pressure to the primary system. The
decay heat increases the system pressure and energy is removed through
the power-operated relief valves and/or the safety valves (bleed), if
necessary.

At low primary system pressure (below about 200 psi), the long-term
decay heat is removed by the residual heat removal system to achieve
cold shutdown conditions.

Based on the foregoing, we have concluded that Virgil C. Summier, Unit 1
can be operated prior to ultimate resolution of this generic issue
without endangering the health and safety of the public.

A-46 Seismic Qualification of Equipment in Operating Plants

The design criteria and methods for the seismic qualification of mechanical
and electrical equipment in nuclear power-plants have undergone significant
change during the course of the comrmercial nuclear power program.
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Consequently, the margins of safety provided in existing equipment to
resist seismically induced loads and perform the intended safety functions
may vary considerably. The seismic qualification of the equipment in
operating plants must, therefore, be reassessed to ensure the ability to
bring the plant to a safe shutdown condition when subject to a seismic
event. The objective of this Unresolved Safety Issue is to establish an
explicit set of guidelines that could be used to judge the adequacy of
the seismic qualification of mechanical and electrical equipment at all
operating plants in lieu of attempting to backfit current design criteria
for new plants. This guidance will concern equipment required to safely
shut down the plant, as well as equipment whose function is not required
for safe shutdown, but whose failure could result in adverse conditions
which might impair shutdown functions.

Virgil C. Summer Unit 1 was designed using current seismic criteria and
the design has been reviewed and approved by the Commission staff in
accordance with current design criteria and methods for seismic qualifica-
ti'on. Therefore, we conclude that Virgil C. Summer Unit I can be
operated prior to resolution of this generic issue without undue risk to
the health and safety of the public.

A-47 Safety Implications of Control Systems

This issue concerns the potential for transients or accidents being made
more severe as a result of control system failures or malfunctions.
These failures or malfunctions may occur independently or as a result of
the accident or transient under consideration. One concern is the
potential for a singl'e failure such as a loss of a power supply,.short
circuit, open circuit, or sensor failure to cause simultaneous malfunction
of several control features. Such an occuri-ence could conceivably
result in a transient more severe than those transients analyzed as
anticipated operational occurrences. A second concern is for'a postulated
accident to cause control system failures which could make the accident
more severe than analyzed. Accidents could conceivably cause control
system failures by creating a harsh environment in the area of the
control equipment or by physically damaging the control equipment. It
is generally believed by the staff that such control system failures
would not lead to serious events or result in conditions that safety
systems cannot safely handle. Systematic evaluations have not been
rigourously performed to verify this belief. The potential for an
accident that could affect a particular control system, and effects of
the control system failures, may differ from plant to plant. Therefore,
it is not possible to develop generic answers to these concerns, but
rather plant-specific evaluations are required. The purpose of this
Unresolved Safety Issue is to define generic criteria that will be used
for plant-specific evaluations.

The Summer control and safety systems have been designed with the goal
of ensuring that control system failures will not prevent automatic
or manual initiation and operation of any safety system equipment required
to trip the plant or to maintain the plant in a safe shutdown condition
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following any 'anticipated operational occurrence" or "accident." rhis
has been accomplished by either providing independence between-safety
and non-safety systems or providing isolating devices between safety and
non-safety systems. These device 's preclude the propagation of non-safety
.system equipment faults to the protection system. This ensures that
operation of the safety system equipment is not impaired.

A systematic evaluation of the control system design, as contemplated
for this Unresolved Safety Issue, has not been performed to determine
whether postulated accidents could cause significant control system
failures which would make the accident consequences more severe than
presently analyzed. However, a wide range of bounding transients
and accidents is presently analyzed to assure that the' postulated events
such as steam generator overfill and overcooling events would be adequately
mitigated by the safety systems. In addition, systematic reviews of
safety systems have been performed with the goal of ensuring that
control system failures (single or multiple) will not defeat safety system
action.

Based on the above, we have concluded that there is reasonable assurance
that the Summer Unit can be operated prior to the ultimate resolution of
this generic issue without endangering the health and safety of the public.

A-48 Hydrogen Control Measures and Effects of HydrogenBurns on Safety
Eq~u 1p men t

Following a loss-of-coolant accident mna light water reactor plant,
combustible gases, principally hydrogen, may accumulate inside
the primary reactor containment as a result of: (1) metal-water reaction
involving the fuel element cladding; (2) the radiolytic decomposition of
the water in the reactor core and the containment sump; (3) the corrosion
of certain construction materials by the spray solution; and (4) any
synergistic chemical, thermal and radiolytic effects of post-accident
environmental conditions on containment protective coating systems and
electric cable insulation.

Because of the potential for significant hydrogen generation as the
result of an accident, 10 CFR Section 50.44, "Standards for Combustible
Gas Control System in Light Water Cooled Power Reactors'" and the General
Design Criteria 41, "Containment Atmosphere Cleanup" in Appendix A to
10 CFR Part 50 require that systems be provided to control hydrogen
concentrations in the containment atmosphere following-a postulated
accident to ensure that containment integrity is maintained.

.10 CFR Section 50.44 requires that the combustible gas control system
provided be capable of handling the hydrogen generated as a result of
degradation of the emergency core cooling system such that the hydrogen
release is five times the amount calculated in demonstrating compliance
with 10 CFR Section 50.46 or the amount corresponding to reaction of
the cladding to a depth of 0.00023 inch, whichever amount is greater.
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The accident at TMI-2 on March 28, 1979 resulted in hydrogen qeneration
well in excess of the amounts specified in 10 CFR 50.44. As a. result of
this knowledge it became apparent to NRC that specific design measures
are needed for handling larger hydrogen releases, particularly for
smaller low pressure containments. As a result, the Commission determined
that a rulemaking proceeding should be undertaken to define the manner
and extent to which hydrogen evolution and other effects of a degraded
core need to be taken into account in plant design. An advance notice
of this rulemaking proceeding on degraded core issues was published in
the Federal Register on October 2, 1980.

Recognizing that a number of years may be required to complete this
rulemaking proceeding, a set of short-term or interim actions relative
to hydrogen control requirements were developed and implemented. These
interim measures were described in a second October 2, 1980 Federal
Register notice. For plants with large dry containments such as Virgil C.
Summer, Unit 1, no near-term mitigation measures are required by the
interim rule.

The V/irgil C. Summer plant has about two million cubic feet of net free
volume. Assuming 30 to 50%/1 metal-water reaction in the core, the resulting
uniformly mixed concentration of hydrogen in the containment will range
from 6 to 10%. This is well below the concentrations for detonation and
even below the limits for combustion if there were more than 50% steam
in the containment atmosphere.

,Design pressure of the Virgil C. Summer plant is 57 psig. Analyses
performed on the Zion and Indian Point plants show that the failure
*pressures are greater than twice the design pressures.

If the substantial amount of metal-water reaction were to occur shortly
following onset of a large LOCA and while the containment is still near
its peak pressure, the pressure increase caused by the noncondensible
hydrogen gas and its associated exothermic formation energy will be
substantially less than the failure pressure. If the metal-water reaction
were to occur well after onset of the large LOCA, then the containment
heat removal system would have condensed much of the steam in the
containment and reduced the containment pressure. This would provide a
substantial margin for accommodating the hydrogen generated by the
metal-water reaction.

In addition, the "Short Term Lessons Learned" from the-TMI-2 accident
have been implemented on the Virgil C. Summer plant. This action will
reduce the likelihood of accidents that could lead to-substantial.
amounts of metal-water reaction.

Accordingly, pending resolution of this Unresolved SafetyIssue and the
rulemaking proceeding on hydrogen generation, the Virgil C. Summer plant
can be operated without undue risk to the health and safety of the public.
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ENCLOSURE (7)

REQUEST FOR ADDITIONAL INFORMATION

362.44 The Giles County Virginia earthquake of 1897 is the controlling earthquake for
the seismic design of nuclear plants in the Southern Valley and Ridge tectonic,
province. Watts Bar Nuclear Plant is located in this province.

Dr. G. A. Bollinger has been conducting research on the Giles County, Virginia
seismic zone. He has recently written a report titled "The Giles County, VA
Seismic Zone - Configuration and Hazard Assessment" which is to be presented at
a conference in September, 1981.

Based on the local seismic activity Dr. Bollinger implies the existence of a
buried fault in the Giles County area. He uses the largest extent of the seismic
zone, taking into account errors in hypocenter location, in order to calculate
a possible maximum earthquake of surface wave magnitude Ms = 7' for this zone.

Provide a discussion on any effect this hypothesis has on the following
with respect to the Watts Bar Plant:

a) The potential of the 1897 earthquake being associated with this
specific geologic structure;

b) The potential of an earthquake up to Ms 7.0 located in Giles
County, and any far field ground motion effect (both peak
values and response spectrum) at the site from an Ms = 7.0
event located in Giles County;

c) The potential of similar seismogenic structures being located
near the Watts Bar site, and any effects at the site from
earthquakes on these seismogenic structures.


