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ANSWERS TO COMMISSIONER AHEARNE'S QUESTIONS: RE FIVE

REACTOR SHUTDOWN

Attached are the answers to questions posed in Commissicrer Ahearne's TEmO-
randum of March 14,

Progress in re-analysis werk being done by Stone and Webster (S&W) for the

Ticensee has been much slower than the schedule shown in that mamo.

Tights of efforts to date are:

-- The licensees' initial analytical efforss
narrow interpretation of the Commission's
analysis using SHOCK 3 or NUPIPE of the specific safety-rela

systems originally run on SHOCK 2.
Cetermining whether or not the pipe stressas and restraints are within
code-allcwable levels.

-- Where stresses exceeding allowable are encountered, the licensees perform
additional detailed analyses rather than commit themselves to any hardware

High-

have acherad closely %0 a
Show Cause Orcer; i.e. re-
ted piping

The analytical werk is aimed .2t

changes. (More 2pparently is involved than costs of hardware changes
per se. They are 2pparently concerned that the dasign changes for new
hardware would constitute a plant modification which would require a
hearing before re-start -- i.e. lengthening of the shutdown.)

-~ Substantial effort by SLW and the licensees has gone to verifying that
computer input data accurately represents the piping configurations as
shewn on the engineering drawings.

=~ Coce verification efforts of the NUPIPE and SHOCK 3 programs by

staff has been underway for several weeks,
involves running several benchmark problems (dene for NRC

Srookhaven) at S&W using their codes. This werk should
end of next week (around 4/20).
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== A.IACUEY Tne iicansees have pressas s:rC on what results waulsd Se accepte
3312, WAR's pesiticn aas been (2n¢ coatinues o be) that the licensees
ility of proving to the NRC staff the validity of

bear the responsibi
whatever analytical and/or technical fixes the, mey wish to propose.

-- Neither the licensees nor the NRC staff are examining the broader risk
-- cost/benefit question, i.e. analyzing in detail the risks of interim

~peration taking into acount both the probability and consequences of
seismic events weighed 2against economics and other costs associated with
continued shutdown. This is at least in part attributable to the extreme
difficult of predicting the actual consequences of severe seismic events.

It appears that there is little that the Commission could do to expedite

the process should it choose to -- since the pacing item is essentially
determined by the rate of re-analysis of the piping systems by SiW in Boston.
According %o the licensees' recent sutmissions, tnere are over 200 computer
reruns involved (there could be more if NRC staff reviews flag additional
safety related piping systems). Most of the mechanical operations in re-
running the programs are probably done ncw. However, SIW engineers must
review each run in detail; the analysss are also reviewed by the licensees
before submission to the NRC staff.= At shis point, the NRC staff has recaived
and is nearing completion of its revisws for five piping systems packages
(those for Maine Yankee). Assuming no major problems in staff reviews, no
hearings prior to startup, and no harcware changes (truly "best case"), the
following might be the startup schedule: .

Maine Yankee -- end ¢f April
Seaver Valley -- mid/late May
Surry -- late May/early June
Fitzpatrick -- late May/zarly June

We understand that the NRC staff should be ready to discuss results to date
(particularly for Maine Yankee) in a briefing next Friday (4/20). As a
centingency that the rough estimates of startup turn out to be overly
optimistic, the Cormission may wish $o discuss two possibilities with the
staff at next Friday's meeting:

-= Whethar there might be a point in the wesks zhead where staff confidence
(based upon (a) results of the coce verification work now in progress
and (b) completion ¢f a greater numder of reviews) might justify recom-
mending interim operation pending scmpletion of the re-analysis efforts.
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== Whether site specific seismic work to estimate earthquake probzabilities
would be of utility for any of the plants. (Note: In particular, PASNY
contends in its March 30 submission that the Fitzpatrick site is *...
generally considered seismically inactive,” but we understand that the
licenses is not now_sursuing technical analyses to support this position.
This would not necsTsarily be easy for either the licensees or the staff
to do in a short time since we understand significant detaiied on-site
gectechnical work would be required -- and for this reason not much may
be gained from pursuing this course.)

0GC prepared the answers to questions four and five, in which ELD concurs.

Enclosures:
As stated

c¢c: Leonard Bickwit
Sam Chilk -



m—mmsoum e TN

1. What will he t4we imo2s% on e2Ch ragion ¢f this shutdown? The analysis
SReLIS 2s3imans the langia oF Tima cae =lacts Wi o SALTIAWn T meke the
Tl 2aseine e 200 B =7T2LZ0% 222X 10 the srigziral specificationg
=72 2280 oF 22ing that, 20ta 55 resair 3nc 2 surchass replacament power;
=N@ MIaCt upen resarve margins in each region; and the increased use of

0il. To the extant possibie, this impact estimate should include from
where the oil would come. In order to prepare this section, OPE should
work with NRR and the Economic Regulatory Acministration of DOE.

Status

For current plant-specific status repert, see answers in question 3:

Estimated Zarliest Start-up

Regional impact data are tabulated helow. The impacts are 2xpressed in
terms of economic costs, oil consumption and reserve margins Also, ta

give scme idea of the time when the =dverse impacts would end for the
individual plants, estimated startup cates are provided. These estimates
are little more than educated guesses bDased upon the state of progress Dy
the licensees and Stone and Webster in re-analysis with SHOCK 3 or NUPIPE
and allowing a period of time for NRC stasf review. (This also assumes no
major problems in staff reviews, ne hearings before startup,’ and no hardware

fixes <= which essentially is "Sest case.")

Regional Impacts

Information obtained from the NRR's contact with the individual utilities
as well as 00E's Econcmic Regulatory Agency (ZRA) is shown for sach plant.
while scme regions such as Central Area Power Coordination Cauncil (CAPCO)

may be able to make up energy using coal-fired generation from within the

i igtaten
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regicn, SRA's delief is that the total will, in all cases, show up as additicnal
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c22l within a regica will resuit in less coal-Dased generaticn ceing availe
able for dispatch to other regions -- which will be forced to make up with
oil (i.e. apparently %A assumes that coal-based generation within the
U.S. is both fixed and currently fully utilized). ERA believes that the
sources For additional ofl consumption are either draw-down of domestic ofl

inventory or imports as available.

o Maine Yankee: earliest start-up arcund end of April
== Yankee Atcmic reports that replacement power is supplied by burning
oil costing about 27 mills/kWh compared to nuclear fuel cost of about
3.3 mills/kWh. At a net capacity rating of 830 Mde and 2 menthly
capacity factor of 95 percent, the additional cost ¢f burning oil

ins:ead of nuclear fuel is aboutv5450.000 per day.

-- Assessment from Sconomic Regulatory Administratien (?RA" Energy
make-up from oil-fired units within New England Power Pool (NEPOOL).

ASSUm1ng 65 percent capacity factor, estimate 23,400 8bl1/day.

-- Reserve margins: the April 1, 1873 NZPOOL estimates for the summer,

1879 are:
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Capacity ressurces:

Oemand requirements:

Margin
(scheduled outages)
Adjusted margin

(Maine Yankae)

21,1684 Mwe

15,569

5,595 Mue
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Margin withcut Maine Yankee 2,386 Mwe
(ﬁote: A loss-of-1cad probability estimate %o accsunt
for unscheduled outage has not been performed for this

or other regions potentially impacted by shutdowns.)

o Beaver Valley: earliest start-up probdably mid to late-May (dependent on
degree of complications in staff reviews arising through soil-structure
interaction)
== According to Ouquesne, replaczment power is supplied by burning coal

or by purchasing power from other utilities; burning oil would be a

last resort. Beaver valley istgwned by several utilities; Duquesne
obtains 47.5 percent of the unit output. The cost to repTace.:his
energy is about $2.4 million/menth for coal; $0.4 mil]icn/mcn;p for
purchase power, and $0.25 million/month for increased costs of operation
and maintenance (such as additional coal handling, ash disposal, and
maintenance of coal-burning plants). Nuclear fuel cogt *¢ Duquesne

is about $C.8 million/month (2.8 mills per kwh); the net cost of replace-
ment power is about $2.25 million/month. The total cost of replacement
power for Beaver Valley 1 is around $4.7 million/month or $160,000/day.

(Based upon a 74 percant capacity facter.)

RA Assessment: Znergy make-up frem purchased power from Zast Central

Area Reliability Council (ECAR); and use of oil-firsd units. txa

O

.
-

mix of coal and oil would vary from day to day. 1f shut-dewn ax* nced

w
w

intc summer, energy make-up would come exclusively frem 2il. 041

-

equivalent is 23,300 3b1/day.
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dinedility Council shows the following dasa for tha CAPCO siants:
Capacity resources 15,147 MWe
Demand requiszments 11,451
Reserve margin 3,696 Mwe
. (Beaver Valley) 852

Margin without Beaver Valley 2,844 Mue

o Surry: earliest start-up late May/early June (dependent upon degree of
Y J Y g

complication in staff review due *9 analysis using seil/structure inter-

action)

VEPCO indicates that rea1aceme:E power is suppliec by burning 30,000
8b1/day of ol (assuming 109 percent capacity faciar) for cne Surry

unit. 0i cost is expectad to be $15 to $18 per 851, -- 1&::&% is

more likely. The ne: cost of replacement power is then about $430,000/day;
of roughly $340,000/day at a 75 percent capacity factor. The cost of

additional O&M activities are no* expected to be substantial, altheugh

+ there are scme costs associated with shutting down and re-starting the

reactors.

ERA Assessment: Energy make-up within the regicn from oil-fired units
with VEPCQ purchase power (oil-fired) from Pennsylvaniz-Jersey-Maryland
(PJM); purchased pcwer (coal-fired) from £2%R; and/or purchase power

(coal-fired) from TVA. 011 equivalent per Surry unit is 22,100 8b1/day

at 65 percent cipacity factor.
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-- Regserve margins: The April 1, 1879 rengre af ==s Stutherstara Tissssts
3 ~ & £ eka -l PA T Tl - s - - - 1S -t md s o T TeE
Reliability Council shcws <he TOIICwing 2232 Tor the Virzinia-Carsiinas

Subregion (VACAR):

Capacity resources 36,003 Mwe
Demand requirements 28,182
Margin . , ' 7,821
(scheduled outages) 1,104
Adjusted margin . 6,717 MWe
(Surry 1 and 2) 1,576

Reserve without Surry 1 and 2+ 5,141 Mue

Fitzpatrick: probably down unti1-1a:e May/early June (although incemplete

informaticon on state of progress in re-analysis)

== According to PASNY, replaczment bower is supplied by burning 52,000

| 8bl/day of oil at about $16/851 or $512,000/day. The cost of nuclear
fﬁe1 not consumed is 4 mills/kWh or $77,0C0/day. The resultant net
cost of replacement pewer is arcund $435,000/¢day at a cépacity factor
1; 100 percent. Operating reports to NRC give capacity factors of 72

-

nercent for January, 1979 and 31 percent for February, 1979,

== ERA Assessment: Energy make-up from oil-firad units within PASNY.
Assuming 65 percent capacity factor, estimats 22,730 851/d2y -- sourcas

are draw-down ¢f domestic oil stocks or imports 2s available.

tands tnat horia anna 1 should be up ‘ar AUGUSt peak; but
We) m2y not -- in which case the VAC:A ra2serve would Se

e T
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== Reserve margins: The April 1, 1979 New York Power Pool estimates for

the summer, 1979 are:

Capacity rasources 30,410 MwWe
De%and requisements 21,450
Margin 8,960 Mwe

- {scheduled outages) _1,500
Adjusted margin 7,460 Mwe
(Fitzpatrick) ' 821

Reserve without Fitzpatrick 6,639 Mne
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Ne and wedster (which 2zparently s22s ngt incarse
2

rely takes peak values of al) shocks ).

Relaxation of Standards

NRR is not propesing to reduce the margins of safety on which basis the

e TireTIiLy
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plants Qere originall} reviewed and licensed. .However, staff has indicated
to licensees that they May use’as an approach an amplified response spectra
(ARS) employing the new technigque of sci1/s:ructure'ingeraction; but, then
licensees must do a comparative analysis including other current practices: 3
notably use of response spectra and damping values specified in Reg. Guides
1.60 and 1.81. -

tarthcuake

Soth the earthquake recurrence interval and its consequences’need to be
defined in making an overall risk assessment. NRC's seismologists judge
that the recurrence interval for operating basic earthquakes (C8E) in the
eastern U.S. is generally every 200 to 400 years per site -- they have no:
studied detailed differences in recurrence intervals for CBE's at these B

individual plants.

Under the Commissicn's show cause order, however, the focus of efforss by
Stone and Webster and the licensees hag besn on re-running the piping analyses

using acceptable methods.






General Descristion of Ssismis Degice Rszyirement
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The seismic design of nuclear power planis involves two principal consi-
deraticns: (1) the definition of the seismic effecis %0 be designed
against, in terms of intensity and characteristics of shaking, and (2)
the design of structures, systems and components %0 resist the defined

seismic shaking.

The definition of seismic risk involves consideration of the geclogic
features of the plant site, cbserved ground motions related to these
geologic features, and obse;ved structural response to earthquakes.

The information available from historic records, measurements recorded
in more recent years, insights that can be gained frem analyﬁes. and
damage assessments following earthgquakes have been synthesized to arrive

at the engineering methods used to define the seismic hazards for nuclear

power plants, dans and other public structures,

¢ The saismic input, once defined, is used in a mathematical process %o
deteruine how the structure would vibrate in response to the seismic
shaking. Through this process very complex natural pheqpmena ~nd
:he:respcnse: of complex structures and equipment are {desalfzed so
that commer principles of applied mechanics and mathemastics can be
employed o detarmine the response of each of the maior purtions of <he

structures and squipment.
cempensate for these {dealizations, the engineering practice involved

~
'

in seismic design for nuclear pewer plants generally incorporates
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(4)

modeled using ¢ half-space Tumped mass and spring svstem wis)

o
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damping values limited %2 no mers <::n s &
whereas, soil-structurs intarazsion ssucies have shown that actu:

subgrade demping can be as high as 30 to 50% of critical damping.

Three input components of an earthquake (two herizontal and one
Vertica1) ars considered with both of the horizental components con-

sidered to be of the same intensity.

For cases where piping materials are subjected o smal) excursicns
into the fnelastic range the dynamic respense s reduced as a funetion
of the amount of inelastic actisn. This can be represented by a
ductility factor which is I?b for purely elastic behavior and increases |
with increasing -inelastic behavior. A ductility of up %0 1.5 can be
Thi

assumed for vital piping. This would have the effect of Féducing

accelerations ofelastically caleulated response spectra by 2s much

as 1/3.

“In the design of structues and squipment, it {s convenient o assure

that all elements of the structure or equipment are designed to stress

levels well belew the ac:ual's:rength of the materials so
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These code minimum strengths are in turn specified by the analizant
when the materials are ordersd; any material found $2 5@ uniar smas
strength is rejected. The result is that the materia) supplier,

in order to assure tha: he stinds no risk of having costly material

returned, provides matzrial of higher strength than specified.

Additicnal conservatisms for equizment and piping can be found in the

following areas:

(1)

«hen the floor response specira are develcped for the design of
components located 2t differant locations in the structure.
the pe2ks in the individual floor response spectra are brsacered

in order to yield responses that account for uncertainties.

Khere the system has multiple susperts, the stafs requires that th
maximum response specira be agplied %o all suppers points %o

account for uncertainty in the seismic loads.

In calculating the seismic loads for these cemponents, the damping

values are 2pplied several times (first, to major structyres, then
to the intermediate structures and finally to the equipment i:sel?).
The multiple application of these low damping values compounds the
conservatism in the seismic respense for which the equipment is

designed or tested.
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criteria that are, for the same earthquake expesure in terms of

acceleratica, from 8 to 20 times less conservasive than those 2pplied

to 2 nuclear power plant, when the total design process is considered.

T



criteria that are, for the same earthquake exposure in tarms of

acceleration, from 8 to 20 times less conservasive ‘han those 2pplied

to 2 nuclear power plant, when the total design process is considered.

————



3. Based upen the Stcne and Webster calculations and the answer to No. o
can modificaticns be done over an extended period of time, rather than all
3t once? For example, would it be reascnable *o da most curing routine
maintenance or reloads and for some of the more immediately required, is it
possible to do them during ncn-peak times? For example, over weskends?

-

Extent of Modificaticrs

There is stil] no firm information on whether ¢r not hai'dware modifications
will be required for.the individual plants. Rather, the licensees are con-
tinuing to devote substantial effort to re-an2lyze the affected piping
systems -- in particular, with.a view towards demenstrating to the NRC
staff that the plants are adequate as currently designed and built. The
first level of re-analysis is that which was specified in Step (1) of the
orcer (i.e. re-run on SHOCK 3 or NQEIPE); before committing to hardware
medifications, licensees will go :a-; second level of analysis (as a fall-
'back} such as seoil/structure interaction (for Beaver Valley and Suréy).
(Nete: Based upon some past experiencés for other plants, licensees have
cﬁme to NRC and preoposed "beefing up" piping supports rather than go back
to de additional detailed analyses on piping systems. Concarn that hardware
change; would be a plant modification requiring a hearing -: and extanded

shutdown -- might be a driving factor in this regard.) -

Status for Individual Plants

o Maine Yankee: Licensze indicates that an appropriate method has been
ated piping systems which were initially
dene with SHOCK 2 (five analyses runs were involved -- the smalliast number

for any of the plants). The licensee's re-analysis shows tha* no modifie

cations to the facility piping systems are necessary, and the licensae

“*
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has raquested that gperaticn o aine Yankee
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analyses have been submitted *o the staff and they have begun review of
the Stone and Webster report; the ravisw is now expectad to be completad

by next Friday's meeting (4/20). Assuming the licencese's re-analysis is

acceptadle to the NRC staff, restart of the plant should be end of April.

Beaver Valley: Duquesne's response to the show cause order ihdicates

that re-analysis of the piping systems is well alcng. Scme 6% piping

systems were identified which were anaiyzed using algebraic summation

(i.e. SHOCK 2). Cemputer runs on SHOCKX 3 should be completed now. Packages
for the individual piping systams are ta be submitted to NRC curing April
10-24. Assuming at least several weeks for staff review (and no cemplicating

problems arise in the course of the review), mid to late May might be an

earliest startup date for this plant,

Surry: VEPCO has indicated that 48 separate cemputer analysas are involved.
Of these 37 2nalyses are regquired for safe shutdewn systems originally
done .using SHOCK 2 and safe shutdown systems affacted by valve weignt

change. These systems will receive priority treatment over other systems
analyzed with SHOCK 2, but not required for safe shutdown. VE?CO plans
to use scil/structure interaction concepts for piping runs which, in .

Cases where re-analysis according to FSAR riteria, are found 0 be

(8]

over-stressed. The staff is examining soil/structure interaction analytical

methods used by VEPCO for the Surry 3 and 4 CP review. Cepencent upen

the time required for completion ¢f the re-2nalysis, and the ccmplicasicns
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in 5337f reviews due
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date for Surry may be lats May/early June.

Fitzpatrick: The W:zensee estimates that there are 85 computer analyses

that must be made which involve 3 number of piping systems. Also, the
licensee indicates that the input data'must be verified to insure that i+
accurately represents the piging‘configura:ions 2s shown on plant drawings.
Only 14 computer runs had besn mace (as of 3/30 PASNY scbmissicn)., PASNY

has requested an immediate rescission of the Commission's order to shutdown

the plant -- citing no uncdue risk to public health and safety due to
continued operaticn, saismic inactivity in the region of the Fitzpatrick

site, adverse impacts due to continued shutdown, and empirical evidence

on the seismic performance of Japanese BWR's. Fitzpatrick seems {0 have
the mest to do -- 2nd perhaps has made the least progress. A Judgment
for earliest startup date for this plant might be late May/early June

(very uncertain).

<0 using soil/st ucture interacticn, earliest startyp
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4. Given the current regulations and Stone and Wehstar calculations, -
whet Tegal flexibility does the Ccrmission have to aliow either con-
tinued cperation or operaticn during pezk periods (for example, can
we require the plant %o shut down curing the Spring and the Fal)

but remain running during the summer and winter)? In develeping
this section, OPE should work with CGC and CELD.

The NRC has great latisude in setting 2 repair schedule if it should

determine that the plants may operate without creating undue risks to

the publie hea}th and safety, even though 211 necessary repairs have
not been completed. The Commissian could, for exzmple, (a) order the
repairs to be completed Sy a set date -- giving the licensee dis:réL
tion when £o shut down the plant for the resairs; (5) order the
repairs 0 be made the next time 2 plant is shut cown; or (¢) order
the repairs to commence irmed¥tasely i€ n ry regairs :an be made
witheut shutting down the facility. Thus, the Cermission cauld issue
order permitting operation of the reaclors curing periods ¢t peak

demand.




§. In light of the answers %5 question &4, what amount of flexibility -
: can e used by the Cormission in balacing in the public interess
- increased demand on 01) and increased cos*s of power versus raquire-
ments for the Commission to assure public health and safety?

This question is addressed in some depth in an attachment %o a memorandum

-

0GC sent to the Commission on March 16, 1679, entitled "Economic and

R U L LR L

General Welfare Consicerations Under the Atomic Energy Act." As shown
in the memorandum, the answers to these questions are by no means clear.
$ Hewever, 0GC and ELD concluded that the Commission's licensing and :
regulatory decisions under the Atomic tnergy Act are to be based primarily
upon considerations of matters of public health and safety and that the

Commission has n3 authority or competence to consider broad ecenemic

e

factors, such as the increased demand for imported oil caused Sy shut-

dowms.

This does nct, however, totally preclude consideration of economic
factors in the regulatory process. Cnce minimum safety standards are

established which adequately protect the public health and safety, we

LR P N RO |

think that the Commission may reject on ecancmic grounds 2dditional
Y g

: safety measures if they have very high implementaticn costs, yvet provice

T ————

enly marginal increments in safety.




