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SAFETY ANALYSIS REPORT

FSV REGION CONSTRAINT DEVICE

1. INTRODUCTION

This Safety Analysis Report (SAR) presents an evaluation of the installa-
ticn of 84 Regicn Constraint Devices (RCDs) into the core of the Fort St.
Vraii Nuclear Generating Station. The RCDs will mechanically intariock 7uel
regions across the top layer of the core and oravent accumulaticn of bypass
fiow gaps at region boundaries. The constraint devices will stzbilize external
region gaps at their nominal values and wiil Timit changes in gap flows ana
minimize pressure diffzrences across regicns. Based on ubserved data, it nas
been postulated that changes in gap widths, iistri
cniribute to obsarved temperature < | 1ant systanm.

inis repor: describes the mecnanical design of the Regicn Constraint
Devices and summarizes the structural and other angincering analyses wnich sub-
stantiats the cesign adeguacy of the devices. The potential effacts on core
performance and fuel handling cperations are evaluated, as is the potential
impact on posiulated accident sequences described in the Fort St. VYrain Final
Safety Analysis Report (FSAR). The potential for introducing new safety con-
cerns is also discussed.

2. PLANNED MNDIFICATION o

The proposed medification is to add &4 Region Constraint Devices to the
too layer of hexageonal elements (keyed plenum elements). These mechanicai
1inks are placed at Tocations in the core where 3 regions intersect (Figure 1)
with each of the 3 pins inserted into the handling hole of a keyed plenum ele-
ment. The additicn of the RCDs results in a more fully constrained xeyed tcp
core layer. The present keying configuraticon is that top laysr elements
within each fuel region are keyed t> each other but not to elements in adjacent
regions. The RCDs provide inter-region keying and preciude the accumulation of
gaps between regions that might result if several rcgions are displaced in the
same direction.

3. OBJECTIVES AND PERFORMANCE CRITZRIA
The primary objective of installing

the Region Constraint Devices in the
cors is to provide a2 permanent soluticn 4o the core temperature fluctuations
thet have occurred at the Fort St. VYrzin plant. Core flow and oressurs dis-
tributicn anaiyses have shown that s:iztic pressure differances cccur when gass
change within the core arrzy. Small prescure differenczs acting over the jarce
surface area of a region can result in forces larce encugnh to displace regions
ang/cr reflector columns. Subsesuent Flow redistributicns may czuse thermal
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distortions in side reflector columns of sufficient magnitude :¢ change the
gaps again. Movements of columns and regions, accompanied by local pericdic
chances in Dypass flow best eyplain the cbservec *emperature fluctuations.
The Pegion Constraint Devices will stabilize zao flow areas at the top of the
core to near ncminal values. The triancular pitch of the three pins is
chesan to prevent cny cross core stack-uo of gaps without changing the normal
pesiticn of pienum elements witnin each region. DOuring operation, the pres-
sure drop across the flow ccntrol valve creates a radially inward pressure
difference ucross the top plenum elements in a reqgion and therefcre ciuses
them <2 group around the valve. In this position, the keyed eiements in a
region rest againsteach other on the raised contact pads (Figures 2 and 32).
With the RCDs installed, planum 2lements will still move to the ncrmal grouped
pasition but the region itself will be censtrained from "leaning” as a unit.
ihe primary performance criteriz of the RCDs is that, once installed, they
provide a mechanical inter-reaicon linking function without intarfering with
normat planum grouping arcunc the orifics valve. Structural critaria whicn
dictated the design of individuzal RCDs are bazsad on sxpected loads during nor-
Tal and abrormal operating conditions. Specific dasign criteriz are as ol-
ows:

alled, the streczss in involved core components
yield under normal operating conditions and dur-
asis Earthouake (0BE).

1. With the RCOs inst
will be less tnan
ing an Cperating 8

2. In the event of a .10¢ Design Basis Earthouake (DBE), the stresses
in 211 cemponents will not reach the uitimate strer—%i . < the
material.

3. The RCDs will remain intact and in place until rercved by the fuel
nandiing machine.

7

ffectad by th. presence of the

-
“i
O
e
o

4. COverall reactor performance
RCDs.

S. The RC3s will maintain reariy uniform gap flow areas across ihe
core inlet, :

€. Materials are compartible with the .eaczor envirorment and wit"
existing interfacing harcware (keyed plenum elements).

7. The RCDs will be compatible with fuel handling ejuipment after
minor changes are made to the grapple head.

8. Since sach RCD contacts a plienum element from 3 different regicns,
each RCD can te removed or instulled from any cie of the three
respective reference penetraticns, i.e., normal refueling ocera-
ticns are simplified if an RCD czn be instailied througn cne
penetraticn and remcved through another if desired.



4, DESIGN DESCRIPTION
4,1 Mechanical Festures

The Region Censtraint Device (RCD) consists of a central triangular plate
of § inch thick SA-515 Gr 70 carocn steel {1020 boilerpiate, with an Incone!l
718 pin bolited to each corner of the triangle (Figure 4), The pins fit into
the fuel handiing pick-up holes of 2 adjacent keyed plenum elements at the
intersection of three reqions (Figure 3). Three dowels and a fuel elzment
pick-up hole are provided at the top of the RCD to provide for corientaticn,
indexing and inserticn/remeval, respectively, by the fuel handling machine.
Lead-in chamfering at the end of each pin and on the plenum hanciing nole
ensures that the pins will angage three plenum eiements simulitaneously, reauir-
ing only the 200 1b, dead weignt of the RCD for full insertion., Pin chamfering
is sufficient to allew insertion uncer concitions wnere elements are separated
Oy up to a 1.0 in. gap. Each pin extznds 5.28 in. into the pick-up hoie of a
keyed element olenum element to allow for expectzd 20 year variations in col-
umn neignts. The pins are cut %o a neariy half-rcund cross section 0 alliow
for passage of the RCD throuch a 17 in, diameter sieeve ins

insice the refueiing
renetration and fuel handling macrnine. A chrcmium carpide Tlame spray coating
and dry film lubricant are acplied tc the oins to reduce fricticn and wear
suring insartion and when in contact with the inside surfacs of the plenum
element pick-up holes. Locking pins are inciucec on all bolt neacs. Threadeg
H

connections used to attach the dowels and the hendling hole tube are fillet
welded after assemoly. Chcice of ma
tated by structural consideraticns d
sions specifying size, weight, pin s
perfermance critaria and intertface r

s
terial for the pins and boits was dic
iscussed in Section 5.3. Critical dimen-
pacing, etc., were chosan based on
equirements with existing ccmponents,

4.2 Insertion and Removal Handling

The Region Constraint Nevices can te inserted into the reacior and removed
using the existing fuel handling equipment with minor mcdifications that do
not compremise normal fuel element nandling, These medificaticns inciude:
1) Mecification of the fuel storage rack extensicn rails to allow fer storage
of RCDs, 2) Azimuthal drive mechaznical stop reciaczment %o allow for increased
azimuthal rotation, 3) Addition of two dcwel helas to the grapple head to
acccmodate the dowel pattern on the RCDs. An RCD may be inserted through one
refueling penetration and removed through an adjacent penetration. The
devices can be stored for trz sport to storage inside the handling machine
above the storage rack used for standard fuel eiements. The weignt of about
200 1b. is within the range of weights ncrmally handled by the fuel handling
machine.

S. PERFORMANCZ EVALUATION - Normal Cperaticn

As described zariier, the orincipal cojective of the Region Constraing
Devices (RCDs) is to limit the maximum vaiuz of the inier-recion gaps at <he
tcp of the ccre., Thne impact ¢f thess devices ¢n core pervormance is dis-
cussed teiow.




§.1.1 Nuclear Design: The instzllation of the RCDs will have no impact on
the nuciear cesign or projected nuclear performance of the core excent as
their utilization affects fue! and araphits temperatures. As discussed belew,
the changes in temperature are negligitle. No changes in radial or axial
power distribution, control roa worths, shutccwn margins, or kinetics para-
meters will result from the use of these devices. With the currently
instalied neutren sources, the RCOs will reduce the count rate of the start-up
detectors by about 28%. However, count rates will be 2cequate and within
tech, spec, requirements througn cycle 2. Instailation of replacement
scurces is planned for subsequent cycles. The strength of these new sources
will reflect the presence of RCD's,

£.1.2 Thermal/Hvdraulic Performance: The inztallaticn of the Region Constraint
Cavices wlil rasuit in a 1im1ting o7 the meximum gap width betwsen fuel regicns
ana therefore flow betieen two regicns. Tnis will have a beneficial effect on
fuel temperatures and perfermance since the amount of bypass flow will, if
changed, be reduced. The effect is not large, however, and no credit is <zken

for 1t in thermal/hydraulic analyses.

The RA0s will siigntly increase the flow resistance of the core by
covering 23% of the gas fiow entry area at the too of the plenum alements.
The resulving recistribution of flow to increase in mass flow rate in the
ceolant holes c2uses 2 small increase in core pressure drop of less than 1.33%.

Thermal effects on the core due to crossfiow resuiting from RCOs covers
ing gaps are neqiigible. The large chamfers on the =dges of the plenum elements
enable flow to entar g2ps directly unaer the RCOs. The localized disturbance
of gap flow arcund the RCOs dces not alter crossflow naths in the core znd the
small decrease (1.2% maximum) in tctal gap fiow is not great enough %S c..se
sigh. .ant thermal effects on core elements. The RCDs will produce no flew
disturbances in the upper plenum that would have an advarse effect on flow
centrol valve performance. Hence, the thermal/hydraulic znalyses describea
in Chapter XIV and Appendix D of the FSAR remain appropriate for normai oper-
atien and accident analyses.

$.1.3 Fuel Performance and Fission Product Relsase: 3ecause no adverse impacs
on fue: or grapnite tamperature 1S anticipatad wnen the ACDs are installed,

and since the core will be operatad within limits prescribed in the piant tech-
nical specifications, the expected fuel performance and fission product release
values will remain at their present levels. Accordingly, the design fission
preduct inventories presented in Secticn 3.7 of the FSAR will not be exceeced
and are appropriate as source terms in accident analyses.

5.1.4 Core Ooeration: The use of RCDs will not -scuire special operating pro-
cedures cr revisions to the plant tachnical specifications excapt for descrip-
tions of plant components,

s - S 1
5.2 Gap Fiow and Pressure Diztribu<ion
* £ 2 - - PEIE T SR SN - a1l - .
the affect on gap flow and sréssure distribution of installing constraint
b - e 2214, =1 o A e e . a d kba SPIFESS
devic2s 2n tco of the mezallic 2isznum alaments waee avaijuated using the SPIFFS
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a) For a given core confi guraticn, the installaticn of constraint
devicas will keea he Jypass flow to 2 minimum possible value
Ly praventing large gaps frem cpening up at the =cc of the core.

b) The maximum oressure difference between gaps across a fuel regien
at any axial level is predicted toc be 0.6 psi with the RCDs
installed. This aP occurs across regions adjacent to the side
reflector with the reculting force acting toward :He center of
the core. Significant changas in the radial pressure distribu-
ticn dus to variation in gaps within the tolerancss between the
constraint devicas and the fue!l --ncx.ng noie of the metaliic
plenum elemants are not sxpected.

¢) The constraint devices constrain gap dimensions betwesn the
plenun elemants (between pads) of adjacent regions in the range
ef 0 inches %o 0.15 Inbne-, thereby pre:en:ing larce pressure
differences .ro *=ve cp7ng in the cors. The constraint devices
therefere vill si duce the :cten-‘*’ for large
1w:er-re;1:n sta
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-
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The structural evaluation of the core with Regicn Constraint levices
(RCDs) .nc.cates substantial margin of safety for 311 comoenanzs uncer nor-
mal operating cunditions. The compcnents with the highest stresses are the
reflecter block keys, RCD bolits ana RCO pins. The RCDs transier the loads
from the fuel regions to the hex reflector columns, The loac then passas
through the hex refiectcr block keys into the permanent sice reflectsr blocks
and then to the core barrel througn the toc reflector keys.

The nermal ccarating loads inciude loazds due to pressure gradients
across regicns and loads reguired to move regions to unfavored 305"*cns The
“favored position” of a region refers to the slignt leaning of columns that
cccurs due to the stack up of normal tolerances and to irradiation shrinkage.
The maximum normal orerating loads occur at the boundary of the core., Here,
both the pressure gradients and tne cumulative cross-core gaps can be at *cx-
imum, The larger cross-core gap increases the likeiihooa that an RCD will 2e
required to pull 2 region to an unfavered positicn. Furtnermcre. the leaas
from the five-fue. :olumn regicns (Regions 29, 23, 26, 29 and 32, and 35 in
Figure 1) are transferred to the hex reflector coiumns by RCDs which are zlso
required to carry the loads from the adjacent seven-fuei-column regions. In
the center of the core, the pressure gradients across regions are much less
than those at the bcundary. The maximum cumulative cross-core ga2p is half of
the maximum at the boundary. In additicn, the RCDs in the ccre interior are
positioned symmetrically about each region which allows all of the leads to be
transferred directiy to the boundary.

The pressure zradients across the outer fuel regions oroduce forceas
which tand %o pusn tnesa regions towards the center of the core, The RCDs
restrict this movemsn: znd transfer *he loaas to tne nhex reflector block «avs
for the 'Jvew--wa.-:chmn regions, tnis lcad is assumed 0 be carriec by twwo
AL0S to the hex reflecter tlociks, srecucing a lcas =f 174 b, per pin, The
aressure load fr:m the Tive-fuel-coiumn regicn is carried by the two adjacsent

h



RCOs, which also carry loads frem the adjacent seven-fuel-coiumn regions. The
maximum pin load (348 1b.) is the sum of pressure ioads due to the five- and
seven-fuei-column reqicns.

After several vears of radiation exposure, scme of the coiumns will be
subjecteg to uneven irraaiaticn shrinkage causing the columns to lean in
varicus directicns, The RCDs will then be regquired to hclid thesz columns to
an unfavored vertical position. The RCD pin force reguired to held a rigid
column in a tipped nesition is 117 1b. wnhen the column is subjected o 2 2.0
psi vertical pressure drep. The top of the column can cdeflect elastically
0.24 in. before the RCD pin lcad reaches 117 1b. If 1t is assumed thaz all
of the columns in two regicns near the boundary lean in the same directicn
and that this lcad is carried by two pins, then the maximum load to move
these regions to an unfavored position is 319 1b, ombining this load with
the oressure load (248 1b., yields a maximum normal operating loac eof 1167 1b.
for hex refiector block keys and RCDs at the core bouncary. In the interior

of the core, two regicns can Loth move elasticaily towarc 2ach other, there-

»
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vare, the assumsticn 1s mace that two RCUS holid one inlerior regicn in an

= v - - 4 : R ey S, ), B e AYTH %) - - - La Py
untTavorsd pesiticn resulting in 2 maximum load oFf 410 1b. per oin for RCDs

. ; : b - . - B
locased in tne interior of the core, Sincz relatively uniform gacs are
ayrar=ad +a ha moesmendpna dan -a Br"e 3 ~lsmg < YThasme A el e -2l =
SXVSL 80 TO C€ mainNnvained With The Rews N ‘uICC-’ Qnﬂ 1CaCs QuUe To Jressure
< { o= T apn AT ; i s ; ‘
gradients ars not predictec in the cantsr of the ccre, Tnerefors, the maxi-
) 3 : > -
mum rormal operating ioad is 410 1b. per pin.
e :

The failure moce for the reflector block keys is shearing of the threads
of the screws which attach the key to the block. Failure occurs when the
screw shears out the internal threads in the plenum element. The maximum
shear stress in the threads under normal cperating conditions is calculated
to be 2290 psi, ' The shear yield ztress &t 760°F for the plenum slement tnreads

(SA-387 GR 22) is 16,000 psi.

5

The bending stresses in the RCD pins and the loads in the RCC tcits are
dependent on the vertical offsat between colurns., Anaiysis shows that irrad-
iation snrinkage can producs vertical offsets between new and 0id columns
of 2.40 in, for regions at the core boundary and 4.62 inches for regions in
the interior of the core., This producas RCD pin bending stresses of 3€,700
psi for pins at the boundary and 24,200 psi fo~ pins in the core interior.
The yield stress of the pins (Inconel 718) is 124,000 psi at 760°F. The RCD
bolts have tensile stresses of 6,550 psi at the boundary and 2,920 psi in the
core interior., This compares to a yield stress of 80,200 psi (SA-453-660) at
7€0°F, The atove loads and yield stresses are summarized in Table 1. The
radiation exposure of the RCDs is the same as the keved plenum elements ..d
no significant effact on material properties is preductad.

The additicn of the RCCs adds 2 maximum of 1500 1. to the weight of a
fuel reqion (a t21] region will support the weight of six RCDs). This addi-
ticral weight reducas the safety factor for the core sugpor:t posts and the
life of the core suppors blecks; hcwaver, adsguate mergins are still main-
taine ihe savety factor Tor the fuel ragicn suppert pests is racducad from
7.46 to 7.06 whers 2 facter of 2.0 is requirad. The allcwable deptn of
SUPrROTT in the ccoiant chznels 4s raduyced rem 0,57 to 0,59 inch which does
not signitTicantiy reducs the axpected core supcert bleock iife.



The ad49itien of the BCDe to the rores was aval
s

ftie 2 z2d for potential
effasts on pliant safety frem two stanapeints: (1) t2 zetzrmine if :heir
presance in any way invalicates the assumpticns, analyses, probabilities of
avents, cor conclusions of the safety analysis presented in Chaptar XIV of the
FSAR; anc (2) to determine if their presence introcuces any new zvents which
might pose 2 threa‘ to the health and safety of the public. It is cencluded
that the addition of *He RCDs of the design gescrited in this report, does

nct affact the FSAR saTety analysis nor {ntroduce anv unreviewed safaty issues,

1A
e

6.1 Consideration of Potential Impact on FSAR Chanter XIV Events
The safety and transient analyses of Chapter AIV were svs:e*arfc*aay

reviewed for potential impact of the RCDs on as<ur9u1cna. initial cenditions,
censequences and conclusions. As summarized in Table 2, this review showec
that the RCDs arfford no significant effect on those events for reasons dis-

cussed beicw.

# the events initiated by Eavircnmental Disturbances (Section 14.11),
&1l disturbancas listed, except sarthauakes. directly arfect only compenents
axzernal t6 the core. As Sescribed in Secticn 6.3, the 200 zZasigh is gcone
sistent with the seismic design critaria for the piant., Therefore, the
discussion regarding adecuacy of structures, instrumentation 3nd core tC
seismic loading of Secticn 14,11 is not affected by the presence of the RCDs.

Peactivity Accidents and Transient Response (Section 14,2) discussaa
in the FSAR are likewise not affected by the RCDs becaJse, as discussad in
Sectien 5.1.1, above, the RCDs do not changs peower districutions, control rod
worths, shutdcwn margins, or kinetic parameters., Thzrefore, anzlysis of the
1imiting rod withdrawal accident remains valid., The RCDs 2iso do not affect
potantial reactivity ancmalies described  in the FSAR excect as described in
Section A.7 wnere tha foilure af one ar mare BfNe ~su intpmauca an a3ddicdnasl

source of negative reactivity and power distribution perturbaticn,

For those events described in FSAR Section 14.3, Incidents, none are
advercely affectad by the RCDs. In fact, the evaluaticns regarding cclumn
deflection and misalignment as referenced in Section 14,3 frem FSAR Sections
3.3 and 2.8 are ennanced by the use cf RCDs. Other incidents addressed in

Section 14.3 do not involve the reactor core so the RCDs have no potential
effect.

The events described in FSAR Section 14.4, Loss of Normal Shutdewn
Ccn]ing and Section 14, 5 Secondary Coolant System Lsakage, would not be
Te::e‘ bv the RCD sincs, as discussed in Sections 5.1.1 and £.1.2, the
nuc gar and *re..an/hjaraulxc performancs of the core are not significantly
chenged by the RCDs.

-—e 4 < geAn € - “5 D " v Peantane 1l aakan A ©

Events descrised in FSAR Sectisons 14,7, Primary Coolant Leakage, 14.8.

' o - " smt 3 < “ A Y » . * L ase md Bams T R e el &
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will nct be excssded with the RCDs in the core and remain valid as accident
source terms. As noted in Section 5.1.2, the RCDs do not creaze flow dis-
turoances which would invalidate the analysis of the core heatup described
in F2AR Zection 14,10 and Appendix D.

Finaily, the discussion of the Rapid Depressurization/Elowdown dis-
cussed “n FSAR Secticn 14,11 would not be invalidated by the presesnce of
RCOs. .he RCDs cannot e 11fted and beccme internal missiles by the pressure
differential and flow forces develioped during the design basis deoressyriza-
ticn event cdescribed in Section 14,11, As discussed apove, the ore accident
circulating activity {s unaffected by the RCDs so event consecuenc.. remain
is in the FSAR.

Therefore, the introduction of RCDs does not invalidate the accidant
analyses described in tne FSAR.

6.2 Ccnsideration of Potantial New Concerns Introduced by RCOs

Tha RCCTs described herein have been ceonsidared for sctantial of ini-
tiating satety concerns wnich have not been adgresseéd and resoived in the
FSAR. These hypothesized failure mocdes are discussad Selow. It is concluded
that there are no naw safaty issues introcuced by the smpicyment of the RC3s.

Tnough considered incredible, one proposed failure mece is the breake
off of a lcwer pin of an RCD. This could lead to a pin falliing through th
pienum and reflecter handling holes and beina inserted into a first row fuel
element nandling hole. While this would constituts 2 negative reactivity
insertion, the resulting local pewer depression in the fuel element 1s less
than 1% of the power producsd by the element. This effact is not a safety
cencarn and is within the range of events ccnsidared in the FSAR,

This same failure mcde could lead.to difficulty in fuei handling sirce
the pin in the hangling hole would prevent insertfon of the normal grapple.
alr Gii3 myEnL, Aurmsl jusl nenailing woulg oé intérrutted and the use of
special fuel handling macnine attachments would de recuirec sither %0 remove
the brecken pin or pick up the element with a tocl desfgned to pick up a:ccxs
with damaged handiing holes. No increase of risk to the pudlic {5 associated
with any abnormal fuel handling operations. The use of spaciail at:acnmen:s
to the fuel handiing machine would result in scme additicnal personnei radia-
tion exposure due to increased time spent fitting this equipment to the handl-
ing machine and increased fuel handiing operatiens.

Another failure mode which may be postulated is the migration of an
RCD after being Teft uninsarts. at installation or somehcw workirg its way up
out of the pienum elements., It is noted, however, that neither 2vent apoezrs
credibie.

First, the procedure for insertin~ the RCDs will te computer contrelled
in the 272 manrner 2s f-ei handling ana sludas acprooriate 1imit switcnas
and coentrois to oreclucs improper ﬂcs'f'* ninc and inserticn of the RCDs.
Zecause of space limitztions betweesn the <sp sur 2ca of pienum elements and
g cors Cavity roef, cthe Tuel n'*‘i‘"; grapcie head cannet te disconnected
frem an RCD unlsss 1% 15 weil insarteg ints tha clenum elemsnts. Fenca,




there 1s little chance of initiating reactor ocperation with an uninserted
RCD on top of the core.

Second, the pins of the RCDs were designed to nave maximum length,
cempatible with handling requirements, as well as dry film lubricated sur-
facas. This was done to avoid the possibility of their ratchezing out
during normal cceraticn,

6.2 Abnormal Ceonditicns Structural Evaluats

Seismic evaluation of the core with RCC med for a .
Operating Basis Eartnquake (0BE) anc a .10 ¢ is Earthquake
The 0BE produces in-cors accaleraticns of . he [D2E produces
accelierations of .25 g (Reference 2). The ic loads were ccmbined
the normal operaiing loecs to determine the st: 1 integrity of the
uncer abtnormal concitions. The analysis shows that the core with RCDs i
not sustain any damage nor reguire replacement of any ccmponents follew g
an 0SE. In the event of a OBE, she analysis shous | squipment remain
capadbie o safety function and that . will be

ioacec

The adaiticn of tne RCDs aiters the seismic 1 pa h throucn the top
plenum elements such that some of the load is transferred vy the RCDs through
the hex reflector block keys to tne core boundary. This increases the lcacs
in the hex reflector block keys and produces additional loads in the RCDs.
The addition of the RCDs does not altzr the seismic loads computed in Refer-
ence 2 for the core blocks, dowels or core support system sinca they de not
alter the basic assumotions on wnich these lozds were computsd.

The lcad patns through the tcp plenum elements were estabiished using
a 1/10 scale two-dimensicnal plastic modgl on which pertinent sizes and gaos
were scaled, The model indicatas th.t when the core is accelerated in a
horizontal direction, the RCDs restrict horizontal translation and cause the
fuel regions to pivot about the RCD pins. This pivoting closes the gaps
Setween the Tuel regior: and causes the lcads between thz regions to be
carried by compressive forces betwean ine blocks to the bouncary. The loads
frem the fuel -egicne in the interior of core are carried orimarily by com-
pressive forces between fuel regicns.

The maximum seismic loads in the RCDs and side reflector block keys
were shown to occur when the direction of the seismic acceleration passes
through the center of the core and a five-fuel-column region. In this case,
six RCOs carry the loads from one {ive-fuel-column region and the thres
adjacent seven-fuei-cslumn regions (Figure 1, shaded). The maximum seismic
, RCD lscad is 2.0 times the average distributed load based on th- assumption

that all § RCDs will not pickup the load simulitznecusiy but that all 6 will
be effective in carrying the total seismic lczcding. The maximum sefsmic load
in the hex reflectsr block keys is squal to the seismic ioad in the RCDs plus

ey ’ , s o ol Bbia ey
the saismic loag from 2 hex reflecsor colurn., The seismic lcad carried by
ne BC0s 8 n half the mass cf

a
-
4

the 2C0s and hex reflactor block xevs i ed o

she nex rerisctsr cicck calumns and fuel rasicns. e rzmai-ng lcag is
carried through tne core support ficor. The maximum RCD seismic loads were
compuTed to be 2,250 b, for CBE amd 2,277 1B, “or IBE, Corzining these

o




L

lcads with the normal operating loads from Section 5.3 yields 3,537 1b.

Tor

CBE and £,437 1b. for D"E The maximum reflector block key saismic loads

P Rancitan M his - A Fam AQC o 2 gon frm PET
sere computes %o ke s,u.v er USt anc vy oGy T ¢ TNl wec. -~

for DBE.

" s- uﬁpﬂ’nnp; -”LSt:

loads with the normal uaera::ng lcads yields 3,857 1b, for OBE ang 4,247

Ob.

The mocde! indicates that the loads 1n the interior of the core are

transferred primarily by compressive forces between fuel regicns.

The

RCD

se1sm.c loads in the intarior of the core Jern cemputed by consarvatively
éssuming that one pin acting persendicular o the seismic ac:elefation yector
prevents the region frem retating about its botizm corner, Tais assumption
produces a maximum RCD seismic load of 1,520 1b. for CBE and 2,070 }b 3;or
ib.

48:. Combining these loads with the ncrmal operating loads j?ETCS
or 0BE and 2,480 1b. for DBE.

The Tozds and stresses for thes2 conditions are summarizad in Table 1.
The results show that the strassaec are supstantiaily below yield for both the
refiecto bio~A Key screw tnreads and RCD selts. The RCD oin bending stresses
&rz 2150 shown 0 e below vield for OBE. Feor D22, the resuiss . noy thas the
cuter sin Titers reach yield. However, 2ne pin will not fail uncil all of he
ribers in a cross section reach yieid [4.s., urtil the hinge moment 1S ex¢eeced
The ninge mement for the RCD pins s 19,500 in-1b, The maximum SSE pin moment
is 11,200 in-1b at the boundary znd 11,200 in-1b in <he core in=aricr. This
incicates 2 minimum margin of safety of 39 percent before the pins will fail.

Conclusion

The structural, safsty

and plant
<
-

this Safaty Analysis Reoort Ieac t3

cerfirmance analvses summarized in

e conclusion that the employment of

h
the Region Constraint levices in the Fort Ut. VYrain plant does not adversely
risk h the public,

ffect the safety of the plant or tc the healith and safety of



Table 1
SUMMARY OF MAXIMUM LOADS AND STRESSES

Normal Operation 0BE DBE Yield :
Component —_—— Stre;s (psi)
Applied Max. Stress Applied Max. Stress Applied [Max. Stross 160°F
Load (1b) (psi) _ | Load (1b) (psi) | Load (1b) |  (psi) =
Heflector Block Keys 1,167 2,290 3,857 7,570 4,847 9,510 16,100

(shear in screw (SA-387 G22

threads)

RCD Interior 410 2,920 1,930 . 13,700 2,480 17,700 80,200
Bolts (SA-453-660)
(tension) | Boundary 1,167 6,550 3,557 20,000 4,437 24,900
*
RCD Interior 410 24,200 1,930 114,060 2,480 134,000 134,000
Pins —_ +—1| (Inconel 718)
{bending) Boundary 1,167 36,700 : 3,557 111,000 4,437 134,000
AN - - —— — - - SIS W] TRS— @ —— et e g, . G —— - —— ——utn & S — T R—

K
for these conditions, the outer fibers reach yield. The maximum moment the pin can carry befev - all of the fibers
reach yield is 19,500 in-1b (hinge woment). The maximum DBE woment is 11,200 in-1b at the bow. 'ar, and 11,800 in-1b

in the interior,



fable 2
POTENTIAL EFFECTS OF REGION COMSTRAINT DEVICES (RCD) OH FSV FSAR ACCIDENT PEHETRAT 1ONS

F5AR Chapter XIV Event

Potential Effects on Event Analysis
_bue_to RCDs in Core

4.1 Envitonmental Disturbances

Farthquake

Vind effects

} lt)ud

Ligae

landslides

Snov and. [ce

Heactivity Aceldents and ) -ansient

Responsge
- Sumesry of Reactivity Sources J

Excessive removs” Lf control poison
Loss of fissleou product poisons
‘Hesrrangement of core components
Introduction of steam into the core
Sudden decrease in reactor temperature
~Rod vithdrawal accidents
14,3 Incldents
Incldents Involving the Reactor Core
Column dcflection and misaiignment
Fuc! element malfunctions

Lwinplaced fuel element

blockling of coolant channel

AR L e B v | St

I iy el ot oy B o e i s it § o

No effect on FSAR analysis; RCD design compatible
with plant seismic criteria.

o effect from RCD presence.

o effect from RCD presence.

on assumptions of FSAR treatment.

Ho effect from RCD presence.

{uo effect

Se g2

{Crnss references Ch. 3, RCD sliould lmprove evaluation,

Ho effect from RCD presence.



TABLE

e ——— . — s -

(Continued)

FSAR Chapter XIV .vent

Potential Effects on Event Analysis
bue to RCUs in Core

Control rod malfunctions -

Uritice malfunctions

Core support floor loss of cooling
Incldents involving the primary coolant
:.)’.'- tem %
lucidents involving the control and
Instruventoation systom
Incidents Involving the rcrv

fncldents ‘nvolving the secondary
coolant and power conversion system

tuctdents involving the electrical
¥oalan

iilivoctions of the hellum purification

SYyslam

Hialtonctlons of the helium siorage '

System
Haltunction of the nitrogen system
loss of Hormal Shutdown Cooling
Secondary Coolant System Leakage

Steam leaks outside the pPrimary coolant
systen

feaks donside the primary coolant system
(wolsture {nleakage)

vteam genevator leakage accident
Lolibequences

— e — i —— s ot

No effect from RCD presence.

Ho effect from RCD presence.

No effect from RCD presence.

No effect from RCD presence.

o effect from RCD presence,

No effect from RCD presence.




—
o

R —

14.6

l"o. l\)

“'n.“

TABLE

2 (.ontinued)

FSAR Chapter XIV Evenc

e —

Potentlal Effects on Event Analysis
Due to RCDs in Core

Auxtliary System Leakage

Fatlures involving the hellum purifi-
catlon system

Loss of both purification trains

Fatlure of regeneration 1ine

u/slmu)tuncous valve failare and
vperational evror

Accldeats Involving the gas waste
system

Fuel handling and storage accidents
Fuel handling accidents y

Fuel storage accidents

Primary Coolant Leakage
Haximum Credible Ac~ident
Haximum lypothetical Accidonc(?i‘ ’4-“)

D:siyn Basls Accident No. 1
"Permancnt Loss of Forced
Clrculation (LOFC)™

Design Basis Accident No, 2 "Rapid
Depressurization/Blowdowvn (DBDA)"

No effect [rom RCD presence.

No effect or consequences of eveat analyzed In FSAR,
Possibillty of loase parts increases the probablility
of interference with fuel removal from core.

ho effect from HCD presence,

No effect from KED presence.

Ho effect from RCD presence.

Ho effect from RCD prasence (
i

i.e., Or
does not levitate and RCD is les i

ifice plenum elerent
s likel

y to levitate.)

e awe s - a— -

——— e —_ - —




i. H. D. Chiger and B, Z. Boyack, "Yerificaticn of the SPIFFS Computer
gram," GA-A13074, July 1974,
2. "Structural Anaiysis of PSC Reactor Intarnais," GADR-16, 1972.
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