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NUCLEAR REGULATORY COMMISSION
WASHINGTON, D. C. 20555

SAFETY EVALUATION OF THE. PALISADES
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INTRODUCTION

"'Consumers Power Company is in the process of replacing the two steam generators

(SG) at the Palisades Nuclear Plant. The replacement is being accomplished by
cutt1ng transfer opening in the containment, followed by rigging each SG as
a whole unit. After the completion of the SG rep1acement the opening will be
closed and the containment will be restored to its or1g1na1 integrity.

Corsumers Power Company is performing the replacement under 10 CFR 50.59. The
NRC staff has cunducted inspections of the related 10 CFR 50.59 facility change
packages associated with the SG replacement. This Safety Evaluation addresses
open items from Inspection Report "55/90017 :
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" Gpen Item 90017 .01

 The following concerns were ncted regard1ng mod1f1cat10ns to the Cowponent

Coo]1nc water (CCW) Surge Tank Roam:

- - The Safety Eva1uat1on (SE). did not aodress the potertial for the
.- release of airborne 7a01co(t1v1ty through construction openings in
the. room, '

" - Scme potential fer danage to the CCW surge tank and other components

- ir this area exists while the de-tensioning _process is in progress.
The heat load on the CCW system during this period was not addressed
in the SE. The SE notec that the surge tank was required only for
"lorg term" CCW operation. The duration of "long term" or a

. cescription of heat loading dur1ng that pericd vere not addressed.
Further, no cont1ngency action were 1dent1f1ed if canage to the CCW
system shoqu occur,

. The licensee addressed the abcve noted 1tems in a 1ater revision to the §E.

The scope of the SE was broadened to include a small hole in the roof of the
fuel pool building through which cables would pass to facilitate work in the
CCW surge tank room. Proper precautions were taken in the SE to minimize new
air leakage paths. These. precaufions coupled with the negative pressure in

" the fuel p001 area, will assure no air out-leakage from the room.

The SE was also expanded to incorporate further protective measures to prevent
damage to the CCW surge tank. The staff reviewed the updated fecility change
package ard inspected the CCW surge tank room during the modification process.
Thke letest revision to the SE adequate1y adcresses the staff's concerns. This
item is considered closed.
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Open ]tem 90017 03 04

The SE for the Aux111cry Building Modification for contalnment personne1 8CCESS
alsc feiled tc address the potential release of airborne radicactivity vie the
eccess opering. This SE was revised by expanding the section detailing

veniilation flow paths and potential airborne radivectivity release. The staff

reviewed the updated facility: change package and inspected the containment
access building. Precautions taken to ensure that the fuel building negative
pressure is meintained are adequate. It was verified that the auxi11ary
building entry doors were gusrded by security perscnnel when left open for
personne1 access. Item 9C017-03 is considered closed. _

Required Technical Spec1f1cat1on chanoes have been subm1tted by the 11cen<ee
The facility change package revision which reflected the licensee's commitments

'te submit the changes was reviewed and found acceptable. TItem 90C17-04 is

consicered closed.

Cpen Ttem 90017-02
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- The Felisades containnent is 8 prestressed concrete six- buttressystructUre with .

a circular flat base.slab, a 160 foot high vertical (y11nder and a shallow done.

‘The insice diameter of the containnent is 116 feet. The inside fcce of the

containment is Tined with a 1/4 inch steel plate. The deme is 3 feet thick and

-+ is prestressed with 165 tendons grouped in three sets. The cy1inder is 3 feet
- 6 inches thick ard is prestressed with 522 hoop tendons and 180 axial tenoons

Each terdon is made ¢f ninety (9C)-1/4 inch diameter rxgh strengthk wires.

Initisily the opening cut will be about 29 feet high and 26 feet wide and is to
be enlarged tc 32 feet high and 3C feet wide to meet the restoration constructicn

"-requ1rement The anelysis is based on the larger opening. The lower edge of the
© cpening is about 60 feet above the top of the base slab.. Seventy-twc of the
- verticel tendons and sixty ¢f the hoop tendons will be cde-tensicred. Fifteen of

the de-tensioned vertical tendons and thirty-severn of the de-tensioned hoop _
tendors which pass throuch the opening will be removed and reused. The opening
vill be nacde by a wire cutting method. Except for two sm&ll concrete sections

-removed to facilitete construction of the transfer rail system, the cut-out

bleck will be removed in one piece. After the completion of the transfer of the
SGs the opening will be closed and the .containment will be restored to its

-origingl conf1gurat1on

‘REGULATORY COLCERNS

The components which will be cut and rep1aced 1nc1ude concretc reirforcing bars,
tendon sheéathing and steel liner. The tendons and grease will "be removed before’
cutting. The tendons will be reused in the restoration. The concerns in such
an -operation, which were highlighted as open item 90017-0G2 in the staff's

Jdnspection of the related facility change packaoes, ere as follows:

1. The behav1or of the containment structure at the time when the opening is
cut (with the vertical sr.¢ hoop tendons around the cpening beirg
de- tens1pned) resulting in a containment unsymmetrically prcstrecsed.
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2. The creep and shrirkage of the concrete used in closing tﬁo opening,
which are expected to be larger then the surrounding concrete, resulting
~in higher compression in adjacent concrete and in mere loss of prestress.

‘3. The behavior of the steel liner in the area of the opening (most Tikely it
vill be under h1gher conprcss1on due to creep and shr1nkage of the new
concrete). . - _

4. The creep and re1axaticn of the reused tendons potent1a11y resu1t1ng in
larger prestress loss

5. The location of cadwe1d splices for reinforcing bars at one section w1thout
staggering and ‘the use of sister splices for quality control, both of
vhich may resu?t ir reduction of the strenoth of -the re1nforc1ng bars

- 6. The 1eokt1ortness of the connecticn of new tenden sheath1ng with the
o ex1st1ng sheath1no t¢ prevent grease leekege into the concrete.

7.0 The effect of w1thdraw1ng and re- insertirg the tendens may wear ‘the
- corrugatec <heath1ng arnd posswb1y cause’ 1eakage of crease h

"8;' Thc'cfféci of & structural 1ntegr1ty test at 115%7. des1cr prescure “on
A the conta1nment (due to 1oss of . prestress in terdons)

. The above corccrns vere conveyed to .the 11censee and 1ts Arch1tect/Eng1neer -
(A/E) dur1no 1nspect1on< ct the Pa11sades site and the A/E's off1ce

PEQGIUTICR OF STAFF S_ CONCERNS

-In order to rcspond to concerns ur1s1tc from cuttwno &l .C pen1nc in the
“containment, the Ticensee had its A/E, Bechtel Power Corporation, perform &
detailed f1n1te element. ana1)s1s for the whole containment. The fcllowing
sunmar1zes tre f1n1te e1ement ana1y<1s és performed by the 11censee

The conta1nment cylinder together h1th the buttresses erd the r1ng g1rder,a;
and the dome are ideelized into 1400 elements. The containment is assumed
to be fixed at the foundation level. The loads considered are dead,

prestress (whwch ranges from full, maximum detension and minimum detens1on) S

seismic, wind, and thernmal. Eioht basic load combinations -are considerec:
- for the ccnto1nnent shell structure evaluation during the existence. of the
- trensfer cpening. Eleven basic -load combinations arve used to study the
.. containment shell structure behavior after the.close-up of the transfer
R open1nc with two d\fferent nmou11 of_ e1ust1c1ty for concrete ‘ .

The finite elements are wcstly rectanouYar The €lements are cons1dered as
uniform thin plates with the four corners of each element 2s ncdal peints
for interconnecticn between elements. The.plate e1ewent as idealized may
be said to have five degrees of freedom.

Ec<1€c11y the appreoach used is rearly the sane as that used by otherc
performing finite element computer analysis for such a structure. The
results of the finite element sralyses are in terms of stresses at the .
- center of the element which are compared with the allowable values as
specified in the FSAR. The retic between the stress obtained ard the
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. allowable is defined as the utilization factor (UF) which serves as
- criterion of acceptance. To be acceptable the UF should be equal to or
less than one. - For any UF grester than cne in ary element, a process of .
everaging the stresses amcng the adjscent elements is perfcrmed Such 8
-s1tuat1cn ex1ts at po1nts of dwsccnt1nu1ty or concentrated 10ods.-

The use of averaging the stresses of ne1ghbor1ng elements is Jcst1f1ed by
the licensee on the besis of the actual behavior of concrete structural-
elements, Actually 1t should be noted thet the stress discontinuities
between elements are @ direct result of the stréss patterns assumed in the

. elemenrts. Each: element is stressed 1ndependent1y of its neighbors, which-
actually is not:the cese. Therefore, aversging the stresses of ne1ghbor1ng
elements should give a very reasorabTe approx1mat1on of stresses in the

" elements of the region.. ‘ .

The resu1ts cf the finite element ana1yses were compared’ to those of the
original FSAR arelyses fer the same conditions. The rest1ts gererally are’
within reasonable agreement. At one Tocation, the Junct1on 0 the cylinder
. viith the foundation mat where:the present ana1yses give nuch higher bend1ng
- gnc-shear=than the crigingl. ona1yses. The major reason for -the -higher.-
velues es ex[1a1ned by the licernsee is that the present -analyses cors1der
- the cy11rder as fixed et the junction while the original. analyses teke- the
. besemat f1ex1b111ty into.consideration, Theé licensee used the higher -
. bending munents and. shears to check the .design of the containment at the
" location end feund it to be. adecate. The orc1yses ‘do ‘net indicate ary .
sbrormality ir the overall berav1or of the conta1nmert for all the ’
‘;cor(1t1crs spec1f1ed S S

U In a pre tressed” concrete qtructure, creep and shr1nkoge of concretc are causes
of prestress.loss, Shrirkage erises in rewly p1a(ed concrete as @ re<u1t4cf ‘
concrete drying. Creep is 1oad related, that s, when concrete dis urcer

. sustained 1cad, there i plastic deformat1on in sddition to. the: elestic stro1n;,_f_tfu7"”

If the Jced is re1eased the-elestic strain is fully recovered but:creep s or]y
part1c11y recovered. In 3 newly cast ‘concrete member-the surface concrete

‘ . undergoes shrinksge due tc drying but is restrained from doing s¢ by the interior

concrete and the reinforcing bars or both It is thus <ub1ected to tensile

stress urtil the occurrence of surface corcrete cracks which relieve the tensicn.

‘Creep and shrinkage are not independent phenomena to which the principle.of .

uperpos1t1cn car be applied. However, for”swmp11c1ty the common pructwce is to. - -

- censider the twe phencmena to be sdditive.  For the Pelisades concrete. in the .

. trénsfer opening, Bechtel considers the effect of shrinkage on concrete,

4 re1nforc1rg steel and the liner and. firds it to be negligible. For creep, tre
effect is. studied in the analysis by using & lower modulus cf elasticity for -

" concrete which is judged to be aCCeptabYe. The result of such an aralysis does y'

not dindicate any adverse effect. It is assured by the licensee that the -
materizls selected for the concrete mix will be such that it has high compressive
~strength with Jow creep and shrinkage so that the va1ues used in the analyses
are conservat1ve . _

The steel Tiner -is not 1nc1uced in the finite element analysis wodeT Bechte]
teés performed an analysis of the liner plate thrcugh the essumption of strain-
cenpalibilitly between the liner plate and concrete shell ercund the opening.,

The informetion on corcrete stress and strain is from the finite element
enalysis. OCn the basis of this sralysis, the licensee concluded that the liner



@ @
_5_‘

plate in the transfer opening is structurally adequate.

The finite element analyses a2lsc take into considerstion the load condition
“which occur during a structural integrity test (SIT) with reducec prestressing
tendon force. The results concluded that the containment can withstend
pressures up to and above 115% of the desigrn pressure.

Ir order to check this to be truly the case, structural displacement
determinsticn and concrete cracking size measurement during pressurization and
depressurizetion of the containment will be performed especially in the area
affected by. the transfer opening. Transducers and irver wires to measure
.o1sp1ccenents of the containment cylinder wall will be installec¢ at the trensfer
- cpening area and other locations throughout the containment cylinder wall.
Concrete cracks will ke mapped at the {ransfer opening ares as well as cther
cerparable areas. By making comparisor of the displacement data and crack size
" date with their predicted Vo1ues a confirmation can be made that the containment
coes not sustein any structural dawaoe as a resu1t of the transfer cpenwng '
‘operation &s indicated by the ananyses. . ,

'RE%OLU'IICI\ OF: OTHER CONCERNS =~ =~ S pe e

The. remn1n1rg staff concerns compr1se the areas of cua11ty assurance and oua11ty

' :.‘control The . licensee's respcnse< te these Corcerns are. sunmmr1zed as fo11cw

Cadweld °p11ces - The structural 1rteor1ty of Palisades containment oepends o
primerily on prestressing tendens. The reinforcirg steel is provided mainly to
- minimize shrinkage cracks. The cadweld splices together with the use of sister

© eplices fer quality(contro] sheu1d énsure-thet the structural intecrity of the
“reinfercing steel s maintained. The adequacy of such cadweld splices has been

~cenonstrated by fhese same. practices Carrwed out in the clos1ng of the orwg1na1

conattuct1(| openwng :

Sreath1no Jeint - A one feoot coup11no h111 be 1nsta11ec with six 1nch cverTap
on each side -of the Juint and will be sealec with epoxy or caulk and taped to -
provide e leak tight seal. . :

Sheath1no - The w1thdraw1ng and re-1nsert1ng of the ten00ns removed from the
cpening ares will not result in any damege tc the shesthing grester than that .
c¢f the coriginal installation in view of- the fact that the sheath1no has been
previcusly filled w1th grease resu]twnc in 1ess fr1ct1onol force dur1ng tendon
novemert, :

,“Concretwng - In c1051nc the transfer cpening with new. concrete, a corcrete mix
that is designed to devesbp high eerly strength a1cng with exhibitirg
acceptable creep and shr1nkoge characteristics will be used. The corcrete will
‘be placed in the forms in 24-irch layers at the rate of 4 feet per hour utilizing
tremies erc elephant trunks., Placement of the concrete will centinue until it

is approximately six inches fronm the top at the inside face of the wall., .The-
top of the opening is slcped sc that the thickness of the concrete leyer varies
from 6 inches 8l inside face to 14 inches at the cutside face. "Master Patch

20" will be used for this top layer. It has the characteristics ¢f high early -
strength with low shrinkace. '
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The rep1acenent concrete will be essentially stress free prior to tendon ...
retensioring. and therefore there will be some difference in the state of stress
betweer the new and adjacent existing concrete. The effect of this differerce
is evaluated in the f1n1te e1ement ana1y51s ard found to be of Tittle
s1gn1f1cance

Creep and Relaxation of Reused Tendon - In order to study creep and relexation: ..

of the reused tendons three wires will be pulled from the removed tendons.
-‘Sawp1es of the wires will be tested to support the engineering analysis.’

EVALUATIOh OF L]CERSEE S RESPONSES

The steff has revieved the Twcersee s responses to. the obcve concerns :
especially those amercble through the f1n1te element ana?yses and found trat

(1) The ana1yses are detailed and comprehens1ve They ‘included ‘the whole o
. certainment shell and considered all applicable loads and load '

combinations. The results of the analyses de not indicate any abncrma] ,

behdv1or of 1he conta1nnent either 1cca11y or g]cba11y._ L . :

(2) The techn1que of rep1ac1rc the concrete ir the opening and the procedure
cf EVOIUut1ng shrirksge and the use- of lower concrete medulus of elasticity.
to consider the. effect of creep and shrinkage on. conta1nment appear to be ;

v reacorab1e anc are acceptob1e : Do ,

(3) The procedch cf dnalyzing the steel Tirer in the oper1no orea 1s
: acceptabIe and the re<u1ts appear fc be reascnable. -

The - qtaff 3 rena1n1ng concerns orc re1ated primcr11y ic qua11ty assurance ond
quelity control. The. staff has found the licensee's respcrses tc these concerns
tc be.acceptable. With regard to the marrer in which cadweld splices will be

use¢ the licersee resporded that the tenderis are the principal strength resisting

elerents (the reinforcing bars are prov1ded tc control corcrete cracking cue to
therme 1ceds and cther forces .erising from structural discontinuity). -
~‘Furthernore, such. cadweld splices were used in the closing of the original;
cernstruction opening. ~Therefore the cadweld srTwces as used will not’ 3eopard1ze

- -the structural integrity of the containment. -The resscning is convincing and

the concerns w1th respect to the cadwe?d sp11ces are sat1sfactcr11y re<01ved

| CONCLUSION

'On the basis of staff's review: and site 1nspection of the f1n1te element ana1yses'i
-performed-end-cf the measures tc.be taken ir cuality assurance by the licensee, ...~

the staff concludes that the cutting and closing c¢f the transfer opening in -
support ¢f the steam generator rep1acewent should not Jeopardize the structural
integrity of the containment. As such, inspection report open jtem $6017-02

is censidered closed. However, final acceptob111ty cf the Pelisades containment - :

is subgect to the staff review end. acceptance of the structural 1ntegr1ty test
report

Principal Contributors; C,rP. Tan
: B. E. Holian

Date: November 29; 1990
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