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Mr. Ho G. Parris
Manager of Power

Tennessee Yalley Authority
500 A Chestnut Street Tower 11

Chattanooga, Tenpessee

Dear Mr. Parris::

37401

SUBJECT: REQHEST;FUR ADDITIONAL INFORMATION CONCERMING THE WATTS BAR
HUCLEAR: PLANT, UNITS 1 AND 2

Attached are requests for additional information developed as &

result of

our review of the Final Safety Analysis Report for the Watts 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 1ist of the subject areas with submittal dates reguived to be
met in order for us to meet our review schedule:

EHCLOSURE 0. NOS.

SUBJECT

1 with attach- 371.28
ment
P 362.37~
362.43
3 with attach- 281.1 -
ment 281.4
4 450c.‘ -
450.2
5 with attach- H/A
ment
6 with attach- W/A
ment
7 362.44

Use of a permanent dewatering

system

fieoscience Branch review of
FSAR Chapter 2.5

Chemical Engineering Branch
review questions

Accident Evaluation Branch
review guestions

Long-term operability of deep

draft pumps

Status of Unresovlved Safety
Issues

Bollinger report regarding

Sejsmic activity in the Giles

County area

SUBMITTAL DATE

August 14, 1481
August 14, 1981
August 10, ]§81
August 14,‘198?
Qctober i, ]9&1

August 17, 1981

August 17, 198V
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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 submittal dates, please contact the project manager, -
T. J. Kenyon.

Sincerely,

i

Robert L. Tedesco, Assistant Director
for Licensing ’

Division of Licensing, NRR

Enclosures: As stated ‘

cc:  See next page
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= Mr H. G. Parris
Manager of Power
Tennessee Valley Authority
500A Chestnut Street, Tower II
Chattanooga, Tennessee 37401

cc:« Herbert S. Sanger, Jr., Esq.
General Counsel '
Tennessee Valley Authority
400 Commerce Avenue
. E11B33 '
Knoxville, Tennessee 37902

Mr. W. Luce .
Westinghouse Electric Corporation
P.0. Box 355

Pittsburgh, Pennsylvania 15230

Mr. David Lambert

Tennessee Valley Authority
400 Chestnut Street, Tower II
"Chattanooga, Tennessee 37401

- Mr. J. F. Cox
Tennessee Valley Authority
400 Chestnut Street, Tower 11
Chattanooga, Tennessee 37401

Resident Inspector/Watts Bar NPS

c/o U.S. Nuclear Regulatory
Commission

Rt. 2 - Box 300

Spring City, Tennessee 37831

Mr. David Ormsby

Tennessee Valley Authority
400 Chestnut Street, Tower 11
Chattanooga, Tennessee 37401




371.28

ENCLOSURE (1)

REQUEST FOR ADDITIONAL INFORMATION

In response to Question No. 371.23 (Am. 38), you stated that
use of a permanent dewatering system is required to permanently
Tower 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.




IT.

ATT.-IMENT TO ENCLOSURE (1) ®
ERANCH TECHHICAL POSITICKS EMB/GSB 1 :
SAFETY-RELATED PERMANENT DEWATERING SYSTENS -

Surmary
This position has been formulated to minimize review problems common to: permznent dewater-

ing systems that are depended upon to serve safety-related purposes by cescribing eccept-
zble geotechnical and hydrologic engineering design bases and criteria. A szfety-releted
desicnztion for pérmanent,dewatering systems is provided since they protect other safety-
relzted structureé, systems and components from the effects of naturzl and man caused events
such 2s grouncweter. In addition, the Yevel of documentztion of date and siudies which ere
consicered necessary to support safety-related functions is cefined. This position epplies
to both zctive {e.c., uses pu 1ps) aﬁd passive (e.g., uses grevity creins) dewatering
systems. This position does not reflect structural, mechanical and ejectrical criteria.

Backaoround

The steff hes reviewed 2 number of permanent dewatering systems, including McGuire 1 & 2,
Cherckee 1 & 2, Perkins 1 & 2, Perry 1 & 2, WPPSS 3 & 5, Douglaes Point 1 & 2, cnd Catawba 1
& 2. Perry, beginning in 1975, was the first plant reviewed with such systems, and wes
reviewed very late in .the CP process. Only WPPSS 3 & 5 and Douglas Point use & passive

system (no puﬁps).

nent dewatering systems lower grourdwater levels to reduce subsurface water lozds

el
(1
3!
JAL)
3

cn plant structures. In zddition, they can increzse plant operetionzl cepencebility and

-

reduce costs. These effects are accomplished by providing zdded meens of kesping seepage
gt of lower building levels curing the 1

g
rovisions mey heive Cetericreied, end reducing recwzste system cpereting costs by
oS

underdreins can very widely cepe
125K to $100CK per unit heve been sugg
of croundwetsr inleckece in safety-re g azrezs, which underdrazins zre expected
to minimize, is estimeted to be in the renge of $100K to S$200K per year per rezcior. The
construction costs of elternatives to uncgerdreins for ucturz)l purpcses zlone {zxclusive
of inlezkege treatment) is estimeted to range upwerd from $300K per unit znd is highly
cdepencent on site conditions. tructural alternatives to permenent uncerdrains include
zdditiona) concrete &nd steel in the lower portions of buildings, and the use of anchor

systems to resist floatation.

©
-t

ewatering systems are generally composed of three components; the collector system, the

drein system, and the discharge system. Water is first collected in collector drains

2.4.13-9 - Rev. 1




~ redjacent to buildings or exczvetions. Interceptor dreins or piping are then used L0 convey ‘
o ' this water t0 & fina) discharge system. The discharge system cen be either gravity-idow - - (
. -~ 4

- : or a pumpifg system. Most underdrain structures, systems anc components are buried ziong-
¢ tru

<ige and under. q

uctures, altihough some systems empioy pumpﬁno sysiems within lerger

structures (such as reactor or auxiliary buildings) to discharge ccllected weter. Finelly,

permenent cdewatering sysiems are not & required fezture &t any plant, but may be propcsed
2s 2 cost effect jve feature.

'

' Many permanent Cewztering systems &t nonnucleer fzcilities, such 2s cems end larce build-

ings, heve functioned over the years. However, <he 1ikelihood of 2 portion of such a

system becoming ineffective end, therefore, not performing its intenged function mey well
ter

be consicderebly cre than the prpb;bﬂ]ity of occurrence of & nuclear power plent design
bzsis event such &s a Probable Meximum Hurricene, Prebeble Meximum Fiood, or Safe Shutdown
all

. ferthouzke. Losses of functicn in the pest have cererally been gttributeble to piping of

-

ines, inscequete capacity, or ciogging. We haye”conc]uded thzet safety analyses of such
-- systems should consider relizbility and failures of features of the system itself, as
well &s potentially adverse effects of failures of nezrby nonsafety-relaied feztures.
Such systems need not be designed for design eerthquzkes if they zre not intended to perform
es v underdrains fully during or .mned1a»e1y following 2 severe earthquake, or if the systiem
can be expected to perform an underdrain function in e degraced condition. Certzin portions
. 0F such sysiems, however, may be required to reculerly perform other sefety functions
(e.g., porous concrete base mets) and should be designed for severe earthguzkes. Feilure

of & cewztering sysiem could czuse groundwater leveis to rise eshove cdesion levels, resulting

releted structures. The cegree of concern is directly retzted to the corresponcing cegree

10 which the satety of the siructures end sysiems rely on ine integrity of the cdeweztering

3

ed gituaiion. For exemple, i7

(@}

in a csere

system, serticuiariy with 2 dewzlering sysie

STruCilures can eccermodete hydrostatic,loads thet would result with & iotel failure of

&.cewztering system, Our concerns hzave been primarily 1imited to the czpebility of such
7 €

systems to perform their functions under relatively inf

D o

recuent earthoueke situations.
1f, however, such systems must remain functional {e.o., keep weter levels cdown), whether
in & degraded swtua ion or not to prevent structural failures and internal flooding under

potentielly frequent conditions, we have been very ccncerned with system reliability.

Many zpplicents have 1nd1cuted het their plants can withstand, or have been designed
zcainst, full hycrostatic joedings that would occur in the zbsence of the underdrain systems,
but not if an earthouake were to occur. If the plant can withstand full hvérostetic loeding,
assuming degradation of the uncerdrain system, many of the staff's concerns may be

e)iminated from further consideration because of the time eavaileble for remediel action

2ftzr detection of system degradetion. . : i

rev. ] 2.4.13-10
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» 111. Situations Identified During Previous Reviews .

Four general categories of situations have been identified during case reviews as follows:..

- . - . . . — - -

- N R

(a) Estimating end Confirming Permeability Values

It is necessary to estimate the amount of water that will be collected so thet sysiem
components such as strip drains, blanket drains, collector pipes, &nd pumps are ade-
quztely designed and sized. One of the most important and most difficult paremeters
to evaluate is the permeability of the soil and rock existing at 2 site. A per-
mezbility value could be affected significantly by ccnditions of concentrated flow
along joﬁnté in fractured and weathered rocks, or within cther aguifers affected by
foundztion excavation. In addition, geologicel &nd foundation concditions thet were
not detected in site exp]oratiqn;’nay affect flow conditions &nd czuse the estimated
permeabiiity velues end flow regimes to be substantially different from those assumed
at the CP preliminary design stage. These conditions are often first detected during
consiruction dewztering. Therefore, we have required a commitment 0 consider con-
struction excavation and dewatering data in the final design of underdrain systems.

(See situation (d) below, )

(b) Operztional Monitoring Requirements

To gcuard egzinst system malfunctions and to assure sufficient time is availeble for
impiementation of remedial measures before groundweter could rise t¢ en unacceptable
Jevel, provisions must be made for eerly detection of system Failures, and contingency
measures for these failures must be well cefined prior to plent operation. Since
Grzin systems zre usually buried end concezled and there may be no direct wey of

sced on piezometers, observetion wells, menholies,

ater to detect problems or malfunciicning cf the s

¢) competent evaluatio
seration. In addition, the beses for accepiable contingency measures

5 2
e for coping with verious possibie hzzerds must be estabiished at the (P stace.

{c) Pipe Breazks
A dewztering system might be overlozded by such conditions as leaks or brecks in
either the circulating or service water systems. A lezk through a pipe break may be
a very small percentzge of the total flow of the cooling water system, but large
enough to exceed the hydrau11c capacity of drains, pipes and pumps in the dewatering
system. For example, 2 complete failure of c.rcu1at1ng water system piping hes been
required in the design of the dewatering systems rev1ewed tp date. This recuirement

was mede 1o assure thet such abnormel occurrences do not adversely affect the integ-

rity of safety-releated structures, systems, end components.

(d) .Secuence of Review
Underdrain sysiems are usually one of the first jteme constructed znd; atter back-

-4

i11ing and construction of subsurvace facilities, ere then no longer visidble for
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Iv.

reguler inspection. In most cases, these cystems are initially desi
rather 1imited information from preconstruction fielc activities,
specwiically for the site and facilities: -By necessity then,
by the steff of the desion must rely in some part on information gathered curing

construction. Therefore, the review &nd zpprovel cen be accomplished in two weys:

(1) design cetails of the permanent undercrein system, the operetional monitoring progreém

and plans for consiruction dewztering can be submitted in the PSAR, with oni} con-
firmaetion of the details required prior to actual consiruction; or {Z) conczptiuel
designs of the permenent underdrzin system end the cperational monitoring progrem
end details of construction dewztering can

complete review enc epprovel besed on comstruction dewztering
roval

Jist of required design provisions which are consistent with requirements in recent CP

reviews:

negd besed on |

ic
nd are tzilored

g
finzl review end epproval

epproval prior to ectual consiruciion. FReview znd approvel of unigue cesigne 2§
post-CP matters is based Epod']d (FR Pert 30, Subsections 33{b) and sz(e)(1)(5i1). 7o
prevent extending the review schedule, the first procedure would be the most
cesirable, but the staff recognizes that the detzil required mey not eiways be aveil-
zble &t the time the PSAR is submitted. )
Proposed Staff Position
We have reviewed and approved the design of & limited number of permanent dewaiering
‘cystems. However, because of the importznce of these systems to plant safety, we heve
zlways recuired that they be cesigned and used in & conservetive manner. The following is 2

be provided,;

/"-—’v .
(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 structurea)
walls or met foundations, must be considered.
’ |
t
(¢) uncertainty in detecting operaticnzl problems and providing & suiteble monitoring |
system must be considered; ’ ' :
< i
!
(d) the potential for piping fines and clogging of €ilter and drainege leyers must be
' considered; . -\\
1 2.4.13-12
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o

‘ l .

sssurance must be provided that the system es proposed cen be expecied to reliebly

perform its function during the lifetime of the plant; &nd
T . - P . - .
where the system is safety-related, is not totally redundant or is not designed -for
211 desion besis events, provide the bazses for 2 technical specification to assure
that in the event of system failure, necessary remedial action can be implemented
fore cesign basis conditions are exceeded.

(Std. Format & Content Informetion, Sections 2.4 & 2.b) for eech of the plents with
3

ering systems should include the following informetion:

e )
ot
QO
(34
X
o
ps

Provide & cescription of the proposed dewztering systiem, including drewings showing
the proposed locations ¢F sffected siructures, components end feztures ot the sysiem.
Provide informetion related to the geotechnical and hydroiogic design of 211 system

components such as interceptors, drainage blankets, end pervious fi1ls with descrip-

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

tion feztures, and placement and quality control measures. (Note structural,

mechanical and electrical information needs described elsewhere.) Where the deweter-

ing sysiem is important to sa'ety, provide a discussion of its expected functional

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

of proposed systems and components with the performance of existing and comparab]e

systems end components for applications under site conditions similar to those proposed.

Where cuch informetion is unaveileable or unfevorable, or the zpplication (cesign

arc/or site) is unicue, the unusual feztures of the cesicn should be supperied.-by

iccitione) tests end enalyses to demensirate the conservative - nature of th
1

$+h the epplicent, on request, to estebiish the

ing svstem. In ceneral, t!

r
se cetermined utilizing Tield and, if necessery, leborziory iests of meteriels

renresentztive of the entire ere of “nfluence of the expecied ¢rawdown of the system.
s

2
Unless it can be substantizted that ezguifer materials are essentially homogeneous, or

that obviously conservative estimetes have been used as design bases, provide pre-
construction pumping tests and other in-situ tests performed to estimete the pertinent
hydrologic parameters of the aquifer. Monitoring of pumping rates and flow patterns
during dewatering for the construction excavation is aYso necessery to verify assumed
design bases relating to such factors as permezbility and aquifer continuity. In
zddition, the final design of the system <hould be based on construction cewztering ,
cata and related cbservations to assure that the velues estimeted from site exploration
cata ere conserva{ive. Lestly, thé finzl design of the dewztering system and its
hyérologic end geotechnical opgrationa1 monitcring program should be confirmed by

construction excavation and dewztering information.

261313 © Rev. |
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1€ such information fei t0 support the conservaticm of design informeztion creviously

318
reviewed by the staff, the chenced information should be reviewed uncer 10 CFk_

Pari, 50; Subsections 35(b) and 55{e)(1)(4%i). - ' _ -

Provide enzlyses and their bases for estimates groundwater Tlow rztes in the various

o
ermanent cewatering system, the erea of influence of drawdown, anc the

-

ic surfaces to be expecied during operation ot the system. he extent

"
g
&
©
v
w
o
et
0 o
S
3
o ™ o
jald
ct

€
£ the drawdown may be especielly important if & nzturel or men-mace

3
weter body effects, or is &ffected by, the dewztering sysiems,
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Provice both the cesign basis &nd normal operation groundwater levels vor safety-
related struciures, systems &nd components. The desﬁgn besis grouncwater level is
defined &s the meximum groundwater level used in the design analysis for dynamic or
stetic lozding conditions {whichever is being considered), znd mey be in excess of
<he elevation Tor which the underdrzin system is designed for normel operation. This

tevel should consider abnormel &nd rere events (such &s en occurrence of the Safe

3
(&)
o
T3
[41]
-
o
-1
[

& failure of & circulatino weter system ¢i single

n
Shutdown Earthcuzke {SSE)
h ), which can ceuse fzilure or cveriocecing of the perm

nent

[¢1)

fore the design besis groundwzter level is e
need

implemented &nd equipment

eeced, and identify
) 1

al
design for al

sccomplish each measure, or {2 :
netura)l phenomena and events. . For exzmple, if the design basis croundwaler level

can be exceeded only 2s & result of a single nonseismicelly induced failure of any
ccmponent or feature of the system, the staff may &liow the desicn besis level of the
Gewztering system to be exceeded for 2z short period of time (say 2 or 3 déys), provided
that (1) effective alternate dewatering means can be jmplemented within this time
seriod, or that (2) it can be shown that Regulatory Guides 1.26 end 1.28 guidelines
will not be exceeded by groundwater induced impairments of safety-releted siructures,

systems, or components,

h
[N
~h

or consicderaztions of ¢iffering system types.
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(h)

(1)

(k)

(1)

(m)

o o
Where approprizte, document the bases which assure the ebility of the system 10 with-
stznd various natural &nd sccidenta) phencmena  such as earthqouakes, tornadoes, SUrges,
floods, and 2 single failure of a component»fgature of the system (such as a feidure—
of any cooling water pipes penetrating, or in close proximity to, the outside wells
of safety-related buildings where the groundweter level is controlied by the systeh)i
4n aznalysis of the consegquences of pipe ruptures on the proposed underérain systiem
must be provided, and should include considerations of postuleted breazks in the
circulating system pipes at, in, or near the dewatering sysiem building either inde-
pendently of, or 'eas a redult of the SSE. Unless it can be documented thet the "poten-
tial consequences will not be serious enough to affect the sefety of the plant to the
extent that Reguletory Guides 1.26 and 1.29 guidelines could be exceeded, provide

analyses to document that (1) weter relezsed from the pipe brezk cannot physically

Ual

enter the dewatering system, or.(2) if wzter enters the dewatering sysiem, the sysiem
will not be overlozded by the increzsed fliow such that the design besis groundwzier

Tevel is subsequently exceeded.

State the meximum oroundwater level the plant stiructures can tolerate under verious

significant loading conditions in the azbsence of the underdrazin system.

Provide a description of the proposed oroundwater level monitoring programs for
dewztering during plant construction and for permenent dewaztering during plant opera-
tion. Honitoring information requested includes (1) the generzl arrangement in plan:

and profile with azpproximate elevetion of piezometers and observation wells to be

34
0.
-
e~

n descriptions, (5) drewings showing typical

)
(a)
-
443
m
3
v
nr
|
o
—t
p
—
ot
m
ha
w
-
o
Qo
ne
ot
-~
o

ne=zllezions showing limits of filter and cezls, (8) cbservetion schzcules (initiel
:nd time intervals for subsequent rezgings), (7) pians for eveluztion of recerced cete,
znd {8) nmiens for alerm devices 1o assure cufficient time for initiztion of corrective

rovide & comfnitment to base the finel design of the operaticnal monitoring
srogrem on ceta gethered during the construction monitoring procrem (if consiruction
hows: The zssumed operational progrem bases 1o be noncense

s r
‘mprzctical). Changes to the operztional program &re to be cocumented in t

Provide information regarding the outlet flow monitoring program. The information
required includes (1) the general jocation and type of flow measurement device(s),
and (2) the observetion plan and zlarm procedure to identify unanticipated hich or
low flow in the system and the condition of the effluent.

For OL reviews, but only if not previously reviewed by the staff, provide (1) sub-
siantiation of assumed design bases using information gathered during dewatering for
construction excavation, and (2) all other details of the dewatering system design

that implement design bases established during the CP review.
Tor OL reviews, provide a Technical Specification for periods when the cewatering

system mey be exposed 1o sources of water nct considered in the cesign. An exemple

of such & situetion weuld be the excavation of surfzce seal meterial for repair of

2.4.13-15 ' Rev. 1

?2) intended zone(s) of plecement, {3) typel(s) of piezometer (closed or open




o |
o ’
pizing such that the underdrein would be exposed to direct surface runcff. in zddi-
Y

tion, where ihe permenent cewatering system is sezfety related, is not completely .

redundant, or is not desigred for all cesign besis events, provide_.the. beses. for.a..- -

Y

technical specification with-action leveTs, the remediz) work required and the esti-
meted time that it will tzke to accomplish the work, the sources, types of equipment
]

end manpower required and the aveilability of the above under potentizlly adverse

conditions. [See Section V(f)].
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ENCLOSURE (2)

REQUEST FOR ADDITIONAL INFORMATION : o T

The line of section for the regional cross-section of Fig. 2.5-3

s 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.

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 include the Pennington or any Mississippian
rocks. Is the reference incorrect; do you mean to refer to another
figure? ’

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

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. Z.

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

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?7 What information was used to "confirm" this? ' '

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




- 281.1

(8.1.3)

281.2

(9.3.2) .

281.3
(9.3.4)

281.4
(TMI
11.8.3)

ENCLOSURE (3)
ADDITIONAL INFORMATION REQUIRED BY

. CHEMICAL ENGINEERING .BRANCH FROM i}
WATTS EBAR NUCLEAR PLANT, UNIT HOS. 1 AND 2 .

Describe the samples and instrument readings and their freguency

of measurement that will be performed to monitor the Spent Fuel
Pool (SFP) water purity and need for SFP cleanup system demineral-
jzer resin and filter replacement., State the chemical and radio-
chemical limits to be used in monitoring the SFP water and
initiating corrective action. Provide the basis for estzblishing
these limits. Your response should consider variables such as:
boron concentration, gross ganma and iodine activity, demineralizer
and/or filter differential pressure, den1nera11zer decontamination
factor, pH, and crud level,

(a) It is our position that provisions should be made in the
process sampling system to purge and drain sample streams
back to the system or origin, or to an zppropriate water
treatment system, in accordance with acceptance criterion
I1.2.e in Standard Review Plan Section 9.3.2. Indicate what
provisions are availeble in your process sempling system for
meeting this position,

(b) It is our position that automatic isolation valves in the
process sampling lines that originate within the contazinment
should fail in the closed position in accordance with accept-
ance criterion I1.2.f in Standard Review Plan Section 9.3.2.
Verify that this position is met in the process sampling
system,

(c) Provide piping and instrumentation ciegrams for Lhe process
samp ling system.

The Sequoyah-Watts Bar NSSS/BUP Comparisons only compare Lhe com-
ponent paremelers without A3 uussnng differences in system design.
Provide a comparison of any differences in the system design {flow
paths, controls and alarms) of the Chemical and Volume Control

system (CVCS) between the Watts Bar Nuclear Plant and Sequoyeh Kucleer
Plant. Provide a safety evaluation of the Watts Bar's CVCS which

“addresses any differences in system design.

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



ATTA’ENT TG ENCLOSURE (3) ‘ ’

SAFETY EVALUATION - ' .
BY THE OFFICE OF NUCLEAR REACTOR REGULATION .- e
.~ « WATTS BAR KUCLEAR PLANT,-UNITS 1 ARD 2 4 -
TENNESSEE VALLEY AUTHORITY -
DOCKET KOS, 50-390/391 .

NUREG-0737. I1.B.3 - Post Accident Samplino Cepebility

REQUIREMENT

1

Provide & capability to obtain and quantitatively analyze reactor coolant

end containment atmosphere samples, without radiztion exposure to any
individual exceeding 5 rem to the whole body or 75 rem to the extremities
(GDC-19) during and following an accident in which there is core degredation,’
iaterials to be analyzed and quantified include certain radionuclides that

are indicators of severity -of core damage (e.g., noble gases, iodines,

cesiums and non volatile isotopes), hydrogen in the containment ztmosphere

and total dissolved gases or hydrogen, boron and chloride in reactor coolant
semples in accordance with the requirements of NUREG-0737. .

To satisfy the reguirements, the appiication should (1) review and modify his
sampling, chemical analysis and radionuclide determination capabilities as

- necessary to comply with NUREG-0737, II.B.3, (2) provide the staff with

information perta1n1ng to <ystem deswgn, qnc1yt1ca1 cepabilities and pro-
cedures in su‘.1c1enb detail to demonstrate that the reguirements have been
met.

EVELURTICN AND FINDINGS

Trhe epplicant has committed to & post-accicent szmpling system thal meets

the regdirements of WUREG-0737, Item I1.B.3 in Amendment , but has not
provigsd trhe technical information required by NUREG-C737 for our eveluztion.
imzlementziion of ths reguiremant is not necsssary prier to low power Gperation
beczuse only small gquantities of radionuclice inventory will exist in the
rezcior coolent system and therefore-will not affect the hezlth and szfety of
the public. Prior to excessding ¥ power cperation the epplicant must
cemonsirate the czpedility to prompt?y obtein reactor coolant samples in the
event of an accident in which there is core demece consistent with the conditions
steted below.

1. Demonstrate compliance with all requirements of NUREG-0737, 1I.B.3, for

~szmpling, chemical and radionuclide analysis capability, under cccwcent
conditions. :

2. Provide sufficient shielding to meet the requirements of GDC-19, assuming
Reg. Guide 1.4 source terms.

3. Comit to meet the sampling and ana1y51s requircnents of neg Guide 1.97,
Rev. ¢,

4, Verify that all e1ectrically powered cc*powents associated with post
accident sampling are capable of being supplied with power and operated,
within thirty minutes of an accident in which there is core degradabwon,
assuming loss of off site power, -
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re ervironmentally qualified for the-conditions in which they must
cperzte. = : .

6. Provide a procedure for relating radionuclide gaseous and ionic species
to estimated core damage. '

7. Stzte the desigh or operational provisions to prevent high pressure
carrier gas from entering the reactor coolent system from on line gas
anzlysis equipment, if it is used. -

8. Provide a method for verifying that reactor coolant dissolved oxygen is

&t < 0.1 ppm if reactor coolant chlorides are determiend to be>0.15 ppm.
9. Provide information on (a) testing frequency and type of testing to ensure’

Tong term operability of the post accident sempling system and (b) operator

trzining reguirements for post-accident sampling. B
In addition to the azbove licensing conditions the staff is conducting a
ceneric review of zccuracy and sensitivity for analytical procedures and
on-line instrumentation to be used for post-accident analysis. ' We will
recuire that the applicant submit data supporting the applicebility of each
selected znalytical chemistry procedure or on-line instrument along with
cocumentation demonstrating compliznce with the licensing conditions four
months prior to exceeding 5% power operation, but review and approval of these
crocedures will not be & condition for full power operation. In the event our

neric review determines a specific procedure is uneccepteble, we will reauire

=licant to meke modificeticns es determined by our generic review.



ENCLOSURE (4)
REQUEST FOR ADDITIONAL INFORMATION

450.1 1In evaluating the radiological consequences bf 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
Tine);

mass of reactor coolant released during accident;

summary of primary system iodine activity during the

~accident and-its effects on the calculated accident

consequences;

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

isolation valve closure time and leakage rate;

detailed and chronological description of primary
system response, including system response time,operator

-action, valve closure times, etc.;

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

figure indicating leak rate from the failure of small
Tines 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.
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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 ho]ders.of ;onstruction 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
déep 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 with the schedule given 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 Operasility 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-

‘mentation called for in the Guidelines should not pé considered a

requirement.



These Guidelines establish an acceptable method 6f assuring long term
operability of deep draft pumps. They do not necessarf]y 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'Guide1ines to assure long term operability. If
hot, the staff will determine 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
perform their intended function for tﬁ; 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.
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ATTACHMENT TO ENCLOSURE (5

GUIDELINES FOR DEMONSTRATION OF
OPERABILITY OF DEEP DRAFT PUMPS

DISCUSSION _
1.E. Bulletin 79-15 dated July 1979,1identified problems assocfated

with deep-draft pumps found at operating facilities and near term
operating licensee faciTities. Deep draft pumps,which are also
called "vertical turbine pumps, are usually 30 to 60 feet in length
with 1hpe11ers located in casing bowls at the lowest elevation of
the pump. The motor (driver) {s located at the highest pump

elevation with the discharge nozzle just below the motor. .

Bulletin 79-15 was initiated because severa] nuclear power plant

- fac{lities could not demonstrate operability of their pumps. The
pumps were experfencing 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 fnitial review of the responses to IEB 79-15,
several plants were identified as having potential problems with
their deep draft pumps. These guide]ines‘are provided for these
p1ant$ so that the l{censee or applicant involved may“ﬁave 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 opergtion.

The analyses considered journal bearing to ghaft 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 recommendations 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 brone 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

- Yeads to bearing wear (Journal bearings).

1
"Low Head Safety Injection Pump Rotor Dynamic Analyses®, by
Franklin Research Center, Report FC4982, dated May 1980.



2.)

3.)

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 exémp1e, if the wear in
c61umn Journal bearings becomes ?ufficientIy large

(twice the original diametral c{earance) so that

these bearings are no longer active and the undamped
critical frequency near the operating speed of the pump

{s allowed to expand, the additfénal 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.

One acceptable method for correcting instabilities in the

pump shaft is to utilize a journal bearing design which

~exhibits stable characteristics. One such design fs 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 fiim quickly during startup.



4.)

5.)

&

Stiffening of the column sections of the pump {s
advantageous 1f there is a column frequency near the
operating speed of the pump. The ghifting of the
column frequency to a higher level will eliminate

any coupling between the pump operating speed and the

_column frequency.

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 bump. 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 strafghtener devices,
reduction of bé11mouth diameters, and bottom clearance

reductions have proven to be effective in eliminating

this problem.

é.) " This type of pump has exhibited operational pr651ems

due to design and installation deficiencies. The high
flexibility of the shaft and column make this desfgn
rather forgiving when it comes to installation deficien-

cles such as misalignment between the shaft and column,




%

low-precision coupling assemblies, and non-perpendfcular
mounting flanges. This fact however, can lead to excessive
bearing wear without significant noticeable change in pump
operating characteristics. To ensure proper pump operation,
proper alignment should be established between all mating
sﬁrfaces 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 1ine is perpend1¢u1ar to the pump mounting

flange.

The above findings and 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
1mp6rtance when establishing a pump operability assurance program.
The extent to which each of the two areas are imp1emeﬁted at 2
specific facility is dependent on specific symptoms which have

been fdentified with these pumps while in operation and during

service perfods. -
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Imp1ément1ng the measures outlined below, at North Anna 1 §2 in
total, has been shown to provide reasonabie 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 operabil{ty.

GUIDELINES FOR OPERABILITY INSTALLATION

1.0 INSTALLATION PROCEDURES

E*perience has shown that these pumps are prone to having operability
problems as a result of poor fnstallation procedures. The guidelines
emphasize those areas of the installation procedure, which if implemented,
could significantly improve the 1ikelihood of an operable pump. 'The

procedures utflized should be submitted to the staff for review.

1.1 PUMP INSTALLATION

a. Determine by measurement that all shaft segments are straight
within tolerances specified by the manufactqfﬁr.

b. Determine by measurement or provide certification tﬁat'511
couplings (for shaft segments & pump to motor coupling) are =

~of high precision as specifiéd by the manufacturer.

c. Determine by measurement that all pump segment flanges are
perpendicular to the centerline of the segment, that the
segments are strafght and that any mating surfaces are

concentric to an established datum. Where jourhal




1.2

e.

Camo : -7
b;aring guides (SPIDERS) are used, establish con-
centricity between this assembly and its mating surface.

Align full pump casing assembly pptica]]y to assure

ma ximum straighgness and concentricity of the as;enbly.

Any equiva1ent’nethod is acceptable, as long as the

procedure stresses column straightness and concentricity.

Assure pump to motor flange perpendicularity and that

proper coupling installation is performed .
Assure that all mating surface bolting is properly
attached and that manufacturer torquing sequences are

adhered to.

SUMP TNSTALLATION

a.

b.

cC.

Assure (where used) that sump/pump mating flange
is perpendicular to the sump pump 1ine.

Assure that sump design prevents fluid anomalies

- such as vortexing or turbulence near the intake

to the pump bellmouth and that incoming piping

is not so designed as to allow fluid conditions
favorable to these anomalies (i.e., sharp N
bends in piping prior to entrance into sump).
Assure that interference does not exist between
the sump and any pump appendage such as a seismic

restraint.
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2.0 Testing Requirements

The installation procedurés are essential in estab1ishing pump
operability. In addition to careful installation, testing may

be required which will verify proper operation of these pumps.

After completion of the installation checEs, 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 plans 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 Ee difficult to inpiement at all facilities and, therefore, the
staff is emphasizing good installation practices which lead to |
operable components. If tests demonstrating operability cannot
encorpass 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 Instrumentation

The following instrumentation should be incorporated into the
test procedure aside from normal flow measurement, pressure and

vibration instrumentation:




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
column.
¢.) 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 0.D.'s,
bearing 1.D.'s and calculate bearing diametral clearances. In |
addition with pumps fully assembled and using the proximity pfobes,
obtain the "clearance circle” at each of the three axial stations by
ro11jng the shaft section within the clearance volume of {ts bearings

and in this way, establish proper operation of the probes.




3.1

PHASE 1 Testing (6 hours plus start-stop)2

This phase of testing should be comprised of 6 hours of
testing {8reak-in) followed by start-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 tprque tests should be
performed before and after the fest {{.e. measure amount of
torque required to turn shaft by hand). Data should be
taken during the six hour test at 1/2 hour {ntervals.

A total of 12 start-stop tests will be performed con-
sisting of a start up from zero speed up to fu11-speed,}
10-minute dwell at full-speed and a shutdown from full
speed to zero speed, with reéord1ng of 3{1 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 sets of

proximity probes.

2Tests at North Anna 1 & 2 and Manufacturers input {ndicates -

that 6 hours {s an adequate time interval for bearing "break in" -
period. ' -
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2.) Measure and record the following dimensions for each Bearing:
a.) Journal 0.D.
b.) Bearing I.D.
c.) Bearing to Journal diametral clearance

d.) Establish Phase 1 test bearing wear.

THE ACCEPTANCE CRITERIA IS AS FOLLOHS:

1.) If wear 1525 mils for any beariné?”wear is unacceptable
and test should be termf;ated.

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 simulating those expected
during accident and normal operation. Before start and at
corp1et1on of Phase 2 test,obtain measurement of stat1c torque.

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

3This acceptable wear value may be nod1f1ed based on manufacturers
recommendation.
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and during the shutdown period. Data should also be recorded

at l-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 fol16iing dimensions for each
bearing:
a.) Journal 0.D.

b.) Bearing I.D.

c.) Bearing to Journal diametral clearance.

d.) Esteblish accumilated bearing wears.

THE ACCEPTANCE CRITERIA IS AS FOLLOWS:
1.) 1f accumulated bearing wear on any bearing is
77 mils , wear ié unacceptab1e3and test should be

terminated. |

2.) If éccumu'lated wear on all bearings 1527 nii_'ls _
for a]l‘bearings% B
a.) Reassemble pump
b.) Obtain "clearance circles” -

c.) Reinstall pump in test loop.




-

5.) Phase 3 Testing (96 hours)

Phase 3 testing is to be performed at full system pressure

and temperafure and fluid conditions simulating those expected
during accident ;nd normal operafion. The same procedures
shou?d be followed as 1n 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

criterfa:

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

wear {s unacceptable and test should be terminated.
2.) If accumulated wear s { 8 mils for‘a11 bearingsﬁa
decision needs to be made to establish:
a.) the need for additional testing or
b.) whether or not the bearing wear will be acceptabTy

Tow.
The'recommended decision process {s outlined below. ..

Plot the values of accumulated wear versus time (Hi for eacﬁ
bearing after Phase 2 and Phase 3 tests, namely.

Wear at H2 =54 hour |

Wear at H3 = 150 hours
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Straight lines are then drawn through thé plotted values of wear
and extended to the right (See example Figure 1). 1If the extension
intercepts the maximum acceptable value of wear (8 mi?s)‘at a value
H Yess than the life goal for this pump, additional testing should
be performed. If the intercept of the 1ine with wear of 8 mils
exceeds the 1{fe goal for this pump, no additional testing is
required and bearing wear {s acceptab1e. If additional testing
{s deemed necessary it should be done in a similar manner to that
performed during Phase 3 with similar acceptance criteria and
decision process. 1t s expected that such additional testing

will either show a stable pump operation with no {ncrease in

bearing wear or fncreased bearing wear with unacceptable results.

2.6 Evaluation of Pump Acceptability

If bearing wear (after all testing phaﬁes) 1s 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 1ncreasin§ 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 Board. 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
Ticensing 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
Tisted below:

Waterhammer (A-1)

Steam Generator Tube Integrity (A-3)

ATWS (A-9)

Reactor Vessel Materials Toughness (A-11)

Steam Generator and Reactor Coolant Pump Support (A-12)
Systems Interaction (A-17)

Seismic Design Criteria (A-40)

Containment Emergency Sump Performance (A-43)

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)

W OONOY OB WMN
e + e s o & e s o

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 you in your response regarding the Watts Bar Nuclear

Plant, Units 1 and 2.
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ATTACHMENT TO ENCLOSURE (6)

UNRITED STATES :

OQ .
\_,"‘.;, o ((";' a NUCLEAR REGULATORY CORiRiISSION
;»,:%mg,,’ z \WASHINGTON, D. C. 20555
o . o « $° .
Aun April 8, 1981

Docket No. 50-~395

MEMORANDUM FOR: A. Schwencer, Chief
Licensing Branch #2, DL

FROM: Karl Kniel, Chief
Generic Issues Branch, DST

SUBJECT: SER INPUT: VIRGIL C. SUMMER, UNIT NO. 1

Plant Name: Virgil C. Summer, Unit No. 1
Docket Mumber: 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 [ssues
Requested Completion Date: March 24, 1981

Review Status: Complete p

The Generic Issues Branch, DST, input to the Virgil C. Summer Unit No. 1
Safety 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 under continuing study which have both relevance

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 I[ssues. The Summer
SER/SER Supplement section discussing the plant specific implementation
of the generic proyrams is not available at 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
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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 generic
implications of the issue.

In some cases, immediate action is taken to assure safety, e.g., the
derating of boiling water reactors as a result of the channel box wear
problems in 1975. In other cases, interim measures, such as modifications
to operating procedures, may be sufficient to allow further study of the
issue prior to making licensing decisions. In most cases, however, the
initial assessment indicates that immediate licensing actions or changes
in licensing criteria are not necessary. In any event, further study
may be deemed appropriate to make judgments as to whether existing NRC
staff requirements shou]d be modified to address the issue for new
plants or if backfitting is aopropriate for the long term operation of
plants alreadv under construction or in operation.

These issues are sometimes called "generic 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
orohibit continued operation or require licensing actions while the
Tonger-term generic review is underway.

C.2 ALAB-444 Requirements

- These longer-term generic studies were the subject of a Decision by the
Atomic Safety and Licensing Anpeal 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

gti1ity Company anplication for the River Bend Station, Unit Nos. 1 and

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

“The responsibilities Sf a licensing board in the radioloqical
health and safety snhere 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 deqree of specificity.
To the contrary, irrespective of what matters may or may not have
been properlv 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 prooosed
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) determination will entail an inauiry
into whether the staff review satisfactorily has come to grips with
any unresolved generic safety problems which might have an imoact
upon operation of the nuclear facility under consideration.”

"The SER is, of course, the principal document before the licensing
board which reflects the content and outcome of the staff's safety
review. The board should therefore be able to look to that document
to ascertain the extent to which generic unresolved safety problems
which have been previously identified in an FSAR 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 implicatidns.”

"This summary description should include information of the kind

now contained in most Task Action Plans. More specifically, there
should be an indication of the investigative program which has been
or will be undertaken with regard ‘to the problem, the program's
anticipated time span, whether (and if so, what) interim measures
have been devised for dealing with the problem pending the completion
of the investigation, and what alternative courses of action might

be available should the program not produce the envisaged result.”
"In short, the board (and the public as well) should be in a position
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 auestion remains in the
offing. Among other things, the furnished information would likely
shed Tight 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 impiications until after
several years of reactor operation and, should it not be resolved

by then, alternative means will be available to insure that continued
overation (if permitted at all) would not pose an undue risk to the
public."
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This appendix is specifically included to respond to the decision 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, Unit Nos I and ¢),
ALAB-491, NRC 245 (1978).

€C.3 "Unresolved Safety Issues"

In a related matter, as a result of Congressional action on the Muclear
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 on or before January 1,
1978 and progress reports shall be included in the annual report of
the Commission thereafter.”

The Joint Explanatory Statement of the House-Senate Conference Committee
for the Fiscal Year 1978 Appropriations Bill (Bi11 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
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of considerably broader scope than the "Unresolved Safety Issues Plan"
required by Section 210. In the letter transmitting NUREG-0410 to the
Congress on December 30, 1977, the Commission indicated that "the progress
reports, which are required by Section 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 generic issues addressed in the NRC program to determine which

issues fit this description and qualify as "Unresolved Safety I[ssues"

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
Congress," dated January 1979. The report provides the following definition
of an "Unresolved Safety Issue:"

"An Unresolved Safety Issue is a matter affecting a number of
nuclear power plants that poses important questions concerning the
adeauacv 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

safetv reauirements" were judged to be those for which resolution is
necessary to (1) compensate for a nossible major reduction in the degree

of protection of the public health and safety, or (2) provide a potentially
significant decrease in the risk to the public health and safety. Quite
simoly, 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.

A1l 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 Tisted 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-1) in -the NRC
program addressing each issue is indicated in parentheses following the
title.

"UNRESOLVED SAFETY ISSUES" (APPLICABLE TASK NOS.)

1. Waterhammer - (A-1)

2. Asymmetric Blowdown Loads on the Reactor Coolant System - (A-2)

3. Pressurized Water Reactor Steam Generator Tube Integrity - (A-3, A-
4, A-5) ” : _

4. BWR Mark I and Mark II Pressure Suppression Containments - (A-6, A-
7, A-8, A-39)

"
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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, E?viro?mental Qualification of Safety-Related Electrical Equipment -

A-24

11. Reactor Vessel Pressure Transient Protection - (A-26)

12. Residual Heat Removal Requirements - (A-31)

13. Control of Heavy Loads Near Spent Fuel - (A-36)

14, Seismic Design Criteria - (A-40) .

15. Pipe Cracks at Boiling Water Reactors - (A-42)

16. Containment Emergency Sump Reliability - (A-43)

17. Station Blackout - (A-44)

In the view of the staff, the "Unresolved Safety Issues" listed above

are the substantive safety issues referred to by the Appeal Board in
ALAB-444 when it spoke of "... those generic problems under continuing

study which have.... potentially significant public safety implications."
Eight of the 22 tasks identified with the "Unresolved Safety Issues" are

not applicable to Virgil C. Summer Nuclear Station, Unit 1 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 issues. Each of these have been addressed in this

Safety Evaluation Report or will be addressed in a future supplement.

The table below 1ists those issues and the section of this Safety Evaluation
Report in which they are discussed. :

14

Safety Evaluation

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 i 5:4.2
Pressure Transient Protection
for Pressurized Water Reactors"
and RSB 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-0612, "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 ADDRESSING UNRESOLVED SAFETY [SSUES
THAT ARE APPLTCABLE TO THE VIRGIL C. SUMMER NUCLEAR STATION, UNIT 1

A-1 Waterhammer :

A-3 Westinghouse Steam Generator Tube Integrity

A-9 Anticipated Transients Without Scram

A-11 Reactor Vessel Materials Toughness

A-12 Potential for Low Fracture Toughness and Lamellar Tearing
on PWR Steam Generator and Reactor Coolant Pump Supoorts

A-17 Systems Interactions in Nuclear Power Plants

A-40 Seismic Design Criteria

A-43 Containment Emergency Sump Reliability

A-44 Station Blackout

LW
« s+ s e e

(Yo Mool N o))

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 comment. 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. DOraft 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 problem; the staff's approaches

to its resolution; a general discussion of the bases upon which continued

plant Ticensing 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 organizations;
estimates of funding required for contractor supplied technical assistance;
prospective dates for completing the task; and a description of potential
problems that could alter the planned approach 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.
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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 Equipment in Operating Plants
A-47 Safety Impiications 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 1ist 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 1 are discussed in Section
C.5. - :

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

A-1 waterhammér

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 involving waterhammer

in pressurized water reactors and boiling water reactors. The water-
hammers have involved steam generator feedrings and piping, decay heat
removal systems, emergency core cooling systems, containment spray lines,
service water lines, feedwater lines and steam lines. However, the
systems most frequently affected by 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 Tines 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 Targe 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-1 may identify some potentially significant waterhammer 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 resulting
in steam generitor tube wall thinning (wastage) has been observed in




several Westinghouse plants for a number of years. Plants operating
exclusively with an all volatile secondary water treatment précess 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 appliicant has
employed to minimize the onset of steam generator tube problems are
described in Section of this Safety Evaluation Report. In addition,
Section of this Safety Evaluation‘*Report 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."
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
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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-summer 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-11 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 materjal 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
limitations. :

For the service times and operating conditions typical of current operating
plants, reactor vessel fracture toughness for most plants provides

adequate margins of safety against vessel failure under operating, testing,
maintenance, and anticipated transient conditions, 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 hormal \
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 brittlie failure during operating, testing, maintenance

and anticipated transient conditions over the 1ife 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
dur1ng 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 Pump
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 (ASTM 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 of the 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 Steam Generator 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 high 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 responsibility
for review of various technical areas and safety systems to specific

P
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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 far 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 combinations 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 needed 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, expecia11y those related to older operating
plants. In addition, some revisions to the Standard Review Plan 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 reselution of Task A-40 indicate a
change is needed in licensing requirements, 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 f1ow1ng from the break would be
collected in the emergency sump at the Tow point 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 losing the ability to draw water from the emergency
sump could be blockage by debris. A principal source of such debris

could be the thermal insulation on the reactor coolant system piping.

In the event of a piping break, the subsequent violent release to the

high pressure water in the reactor coolant system could rip off the
insulation in the area of the break. This debris could then be swept

into the sump, potentially causing blockage.

Currently, regulatory positions regarding sump design are presented in
Regulatory Guide 1.82, "Sumps for Emergency Core Cooling and Containment
Spray Systems," which address debris (insulation). 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 containedin
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 c1rcu1at1on through 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 supp]y and direct current
sources.

Task A-44 involves a study of whether or not nuclear power plants should
be designed to accommodate 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. .

A loss of all alternating current power was not a design basis event for
the Summer 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

€-15




« 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. OQur 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 lTetter from D. 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 Shuytdown 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 radicactive 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 réactor

fuel. The reliability of a particular power plant to perform these
functions depends on the frequency of initiating events that require 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 of
these items is contained in Section of this Safety Evaluation
Report. It was also stipulated that plants must be capable of providing

~the required AFW flow for at least two hours from one auxiliary feedwater

pump train, independent of any alternating current power source (that
is, ;f both off-site and on-site alternating current power 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-cperated relief valves and/or the safety valves (bleed), if
necessary.

At Tow 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 t. Summer, 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 commercial 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-
tion. Therefore, we conclude that Virgil C. Summer Unit 1 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 potertial 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 single 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 occurrence 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 Tead 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." This
has been accomplished by either providing independence between: safety

and non-safety systems or providing isolating devices between safety and
non-safety systems. These devices 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 conseguences 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 Hydrogen Burns on Safety
Equipment

Following a loss-of-coolant accident in“a 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 generation
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 complate 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 Yirgil C. Summer plant has about two million cubic feet of net free
volume. Assuming 30 to 50% 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 Safety Issue 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 Mg = 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 Mg = 7.0 located in Giles
County, and any far field ground motion effect (both peak
values and response spectrum) at the site from an Mg = 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.




