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EXECUTIVE SUMMARY

An Ultimate Heat Sink Design Bases Reconstitution ¢ ffort and Operabima'
Assessment process undertaken by Commonwealth Edison Company (CECo
has concluded the UHS meets all the applicable General Design Criteria of 1
CFR 50 Appendix A. The UHS design accident analyses and operation have
been dete: mined to be consistent with all relevant Regulatory Guides and design
standards commided to in the Byron/Braidwood UFSAR. The capability ol the
UHS to perform ite two principle saiotz functions has been verified. These safety
functions are: 1) dissipation of decay heat energy after reactor shutdown and 2)
diss‘ga:ﬂon ol decay heat enwrgy and containment stored heat energy after an
accident.

As a direct result of the review, administrative requirements have been imposed
until a Fechnical Specification amendment can be prepared and approved. The
administrative limitations assure critical initial assumptions mada in the accident
analyses are observed in day to day plant operation. The process of reconciling
descriptive UFSAR entries with the reconstitution efforts findings is underway.
Safety Evaluations will be performed for all permanent changes made o the
UFSAR dascription.

The reconstitution and operability assessment efforts were carried out by a team
of individuals which resulted in the integration of the operating experience of
station personnel with accident analysis, engineering and licansing knowledge of
p sonnel from CECo's Corporate Officas/Architect Engineer's Staff. The
analy~es performed as pan of the ~econstitution efort, as describad in this repont,
have shown that SX cold water basin temperature does not exceed 98 F during
normal and potential accident conditions. The evaluation did not result in the
nead for any hardware modifications o tha plant. One minor setpoint value
change was made for the high-temperature auto-ciosure interlock of the bypass
vaives to the Cooling Towaer riser piping. Improvements were mads in the normal
and eme oparating procedures to provide greater assurance of Essential
Saervice Water Cooling Tower operation consistent with assumptions made in the
accident analyses.
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| HISTORICAL BACKGROUND/
INTROUDUSCTION

in Octaber of | SBE the Essential Service Water Cooling Towears ware
precperationally tes ted at p':"f Of the test pregram for Hw«w Linit ; A8 A raesult of
avaluation of the 1est data. Commonwealth Edison | ompany (CECO) determined
that additional testing was necessary under maore challenging conditions. In a
lattar to the Nuclear hw,m?,x!u:y Commission dated November 3, 1986 CECe
ingicatad that ’ucx!.v,g up 10 that time had demonstrated the « :\p;ﬂn‘wy O the
system (o handle design basis accidant heat lgads undear imited ambient
conadmhions CECo ;,rufn‘.',m*, procedural restrictions 10 be in place until the
additional tower performance testing could be completed and evaluated. In a
January 14, 1987 letter, CECo identified interim administrative controls to be put
in place for plant operation unt’' an additional Ultimate Heat Sink (UHS) Cooling
Tower Performance test could be completed in the summer of 1987, The letter
also committed to providing an evaluation of the performance test The
ommission subsequantly placed a License Condition in Attachment 1 1o the
Byron Unit 2 Full Power Operating License NPF-66 refarencing the two previous
letters. The License Condition stated that Byron shall comply with the schedular
tesiuing commitments of those ietters
On March 24, 1887 CECo submitted an application for amendment of Technical
Specifications Section 3/4.7.5d. The requasted amendment would allow the BO"F
sasin temperature limit to be exceeded without any cooling tower fans running
during part of the pending cooling tower performanca test. On May 12, 1987
Amendment #8 1o the Byron Technical Specitications was issued containing this
allowance. On May 26, 1987 CECo provided an analysis to the Commission
which stated that previous analyses and oporating restrictions on cooling towe
operation were overly rastrictive. Previous analyses assumed a sisady state heat
load on the cooling towers due to & Loss of Cootant Accident (LOCA) on one unit
and the normal shutdown ot the second unit. In actuality, tne LOCA heat load
peaks at approximatsely 100 seconds into the transient and then rapidly tapers off
1o a lower values. if the transient nature of the LGCA heat ioad and the heat
abcorption capability of the water inventory in the Essential Service Water (SX)
system are taken into account, then the administrative wet-bulb temperature
rastnchion could be removad and raplaced with a temporary oparating limit of
90°F on the SX Pump discharge temperature. Upon completion of the Cooling
Towsr parformance tes! the new administrative limit would be re-evaluated

On May 29, 1987 two letiars were issued to tha Commission indicating 4 ~ooling
tower fans wers nacessary varsus the previously indicated 3 fans, to
iccommodate the daesign basis accident at the design basis wel bulb

temperature. One of the two letters also transmitted the time gepandant transient
snalysis, which supportad the 90°F SX pump dischaige temperature iimit

provided 4 {ans arsg assumed avallable tor haat removal A anaro leaving only
4 tans operabie, while one unit 1s underguing a LOCATOOPR and the s« i unnt
i$ i:”":")*“,‘d-ﬂf:} {0 a sato shutcdown. ctarts by havin Y Onty the x fans required
nperable by Technical wpecificatior A singie active tailure of an Emerge
Ulesal Ganarator then oa ised two of the six ramatit NG Operanis 1ans 1o
non-tunctional. ~herefore, only the four remain ta wWere a imed 1o De
wvallahie 1o remove the gasian basis haat ioad
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S.IHH"~.4.|\ 21 10 June 4 QR Byron S -"s!‘h,(;‘".ft-n”‘.;‘“;“]t 1vi ,;"";,‘.lj‘\.y".","‘
' """"‘"'""""" SL) conducian pertormancs tasting on the Byron meachanical draft

!\(‘J,"‘I‘,’l(_: towers fhe resulls were avalualed and transmitte | to the Commission on

February 1, 19688 as Revision 1 of the "Byron Nuclear Generating Station Fssantial

Sarvica Water Coocling Tower Tharmal Pertormance Tast ":(f?"-l,‘ffl Our intent at that
tima was 10 submi a 1“. hrical HSpecitication amendment 1o the Commission o

provide assurancae beyond the administrative controls already being maintainea

o“ that Cocling Tower operation remain within the assumptions made in the report. Ok
April 24, 1989 the Commission issued a Safety Evaluation Report and Technical

Evaluation Report concluding that the Byron Essential Service Water Cooling
Towers met the Commission's design criterna

On August 16, 1990 CECo submitted an application for Amendmernt of the Byror
Station Technical Spectiications The proposed amendment affected both
Specitications 3 74 and 3.75. The DIoposed amendmant did ”"'W\’"'N"; 1\
Changed the maximum basin temperaturo limit to a single limit of 88°F in
combination with addiiional tan operational requirements, 2) Separated the basin

i) lave! switch operability requirements from the Essential Service Water Makeup

‘ Pumps operability requirements, and 3) Proposed other minor chang2s of an

wdministrative nature. A meeting was schedulod for March 18, 1991 batween CECO
and NRR to allow CECo to ‘-1{».&;;41" the rationale and bases for the propused

Technical Specification Amendment. In praparation for the meeting/presentation

il
r

£Co personnel met on March 11, 1991

During the review of March 11, it appeared there may be two assumptions that wers
used in the calculations of the SX cooling tower heat removal capability that did not
reflact actual conditions in certain accident scenarios. In addition, a number of
questions remained unanswerad regarding the UHS design bases and related
analyses, As a resull, CECGo requested a gelay of the NRC presentation The
CECo Nuciear t’f‘Q”)t-.'N""C. Department (NED) bagan drafting an action plan to
re-examine the d"."-\'g!' bases of the ‘“{“ and all ("(‘\‘T!HV)‘DY’\H 8 Of ¢ alcutations
supporting its heat removal capahiiity to eliminate any uncertainty

. s

‘L
Ihe next CECo mestng took place at Byron Station on March 27, 1991, The draf
action plan prepared by NED was discussed. Meeting participants concluded that if
& there were inaccurate assumptions, the effect on the ca'culatons would be oftset by
& the maragin available by the seasonal weather conditions, (i.a., the significantly inowar
wet bulb temperature conditions of aarly spring relative to the assumed 78'F
calculation assumption) The other MajoI DoOINt of discussion was to identity the
individual tasks of the NED action plan which could be used in a more definiive
operability assessment. An April 4th meeting concluded that execution of a design
e hasis reconsutution and opearability action plan would likely take untii Qctobear |
1991 and require :.1::),'\,'(“_-,‘{::_9_ fsource
\
| \
:
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On April 12, 1991 a three stap UHS Operability Action Plan was decided upon to
ansure safe and conservative operation of the SX cooling towers for the spring
and summer of 1991, While the design bases reconstitution effort and final
operability assessment were ungerway, two interim operability assessments
were 10 be gonormad using the NED operabiliiy determination procedure
ENC-QE-40.1, prior to a final operability assessment determination.

The first ENC-QE-40.1 assessment (Ref. 4 and 6), which was cempletad by NED
on Aptil 15th, addressed the two questionable assumptions made in the original
ana'ysis. This interim operability assessment was to remain valid until June 1,
1991, by which time a more datailed operability assessment could be performed,
The next assessment would bound operatior of the Byron units auring the time of
the year which would present the greatest challenge to the cooling tower's heat
removal capability under design basis accident sonditions. By letter dated April
23, 1901, CECo withdrew its proposed amendment ication to modify the UHS
Technical Specifications. 1t was decided resubmittal of tne ﬂfopoud amendment
should occur after the Design Basis Reconstiiution of 4 JHS,

A second interim operabi'ity assessment was completed using ENC -QE-40 1
(Ref. 5 and 7), on June 1, 1961, This assessment provided a basis for summer
oparation of the cooling towers. The Nuclear Engineering Department issued
guidance 1o Byron Station as a part of this assessment to assure conservative
operation of the SX system cooling towers during the surmmer until the final
operability assessimant could be performed in the fall of the year.

The final operability assessment (Ref. 11) was completed on November 1, 1991
and was subsequently onsite reviewed. It involved n complete reconstitution of
the inputs, assumptions and applicable design bases for the UHS. As a result of
this final assessment, long term administrative requirements were imposed and
normal/emergency operating procedures were improved.

An irter-disciplinary team perfo: med each of the operability assessments
subseguent to the Initial assessment, integrating the operating experience of
station personne with the accident am(;%::. angineearing and lconsing knowledge
of persanne! from CECo's Corporate s/Architect Engineer's Staft. The team
genora!ly mat on a bi-weockiy basis betwaen May of 1991 7nd January of 1992.
his report* 2s produced by the team menbuers and precades a resubmittal of an
applicatior  r amendmaent to the Technical Specifications for the UHS.

To er @ reader of this report 10 more easily understand what follows, a brief
desc of tha Ultimate Heat Sink design is presented here. The Ultimatas
Hea consisis of two Essential Service Water Cooling Towers and the normal

make  safety related makeup and Hao'up makeup systems. Two simplified
ner 1 angement drawings are provided as Figures 1 and 2 in ndix D.

he & awings depict the tower design and its interconnectinns with the rect of the
Essaritial Service Water System. Each of the two safety related mechanical draft
Caonling Towers consists of a water storage basin, four fans, four riser valves and
two bypass valves. Mormal makaup to the Cooling Towers is provided from the
non salsty-related Circulating Water system, with the salety-related emergency
supply of makeup water provided by ine Diesel-Driven SX Makeup Pumps
located in the River Screan Mouse. The Diesel Driven SX Makeup Pumps
auto-start on a low level in the basins. Loss of both the normal and safety-related
makeup pumps due to natural phenomaena such as a tornado, flooding or loss of
SX Makeup Pump suction (due to a seismic event concurrent with low river flow)
can bha circumvented by use of the backup deep-weli makeup pumps.
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) UHS RECONSTITUTION SCOPE
Introduction
he s (t‘pq:u? th& opsrabdiiity assessmeant ind desian basis recons.tuhion

afforts was tially limited O those facts about the UHS for which eithar the
design basis was known o be incorrect or un

artamn enough 1o warrant review
However, the process remained Haxibie

since the scone of the raviey
allowed 10 broaden whan discrepant ems wore identified

was

{\‘: ").\"f o “ i '4{('
'x\ﬂ !xvv'( :L'\"_-'.l
4

reconstitution of the Ultimate MHeat Sink desian bas
tinn. sevaral tems weare (Jentitied as beimno Hi(!iv'h-'{".l!‘d’t‘l
m those praviously assumed in the UFSAR and design analyses
act the caloulated pertormance cf the $X
sign basis accident
;hﬁha.‘v’ng

w different
These items
coling towers during a postulated
Extensive desian review vw"nm reanalysis was iequired 10
@ the cumulative effect of the 1ollowing 1 \

five tems on SX tower calculated
old water basin lemperature

The first itam is the verticaion of The licensing design basis
requirements for the Byron Staiion UKS The ragulatory requiremaents
vigre reviewed 1o determing the imiting design basis event and the
wmbar and type of postulated squipment falluras

The second tem is an increase in the non-LOCA unit's
steady state heat load. from the previously assumed

24 x 10% BTU/Mr (24 MBTW hr) depicted in UFSAR Figue 9.4
derived from UFSAF: Table 9.2-6 in previous UHS performance
calculations

galculated

" and

hw third item is an increase in the calculated rate of energy transport

from the LOCA unit containmen into the Lssential Service Water (SX)

system via the Rerctor Containment Fan Coolers and Containment
Recirculation Sump/RiH Heat Exchangers/UC Heat Exchangers as
shrown in UFSAR Table 9.2-6

_—=

The fourth item regards siatemenis reating to the assumed worst case
wet bulb temperature (Twb) tor the cocling tower. UFSAR Section

9.2.5 refars to the dasign basis as 78°F Twb, while Byron UFSAR

Section 2.3 states that 82°F Twb is the meteorological design basis

¢ The filth item is that tha Essential Service Water flows previously
assumed ara diffarent from the operationaily obsarvad values. The
fiov 3

158G In previous analyses assumed 48 000 gpm flowing 1o a
single tower from two SX pumps

ZNLD/1402/1




A. Byron UHS Design Base:

Design Requirements

The Byron Ultimate Heat Sink (UHS) was designed to satisty the
requiremants of the following .\1)‘-!1_ able General Lesign Critoria ({ i

of 10CFR 50, Appendix A

Deasign bases for protection against natural phenomena
Environmental and dynamic etfects design basis

Sharing ot structures, system: A componeants
Electric power systems
Containment heat removal
Cooung water
4 Inspection of cooling water systems
46 h'fgnug of cooling water systems

Since the Byron Ultimate Heat Sink is shared by the two units, the
condition of both must be determined for the dasign basis avent
Appendix A of the UFSAR indicates commitment to Regulatory Guide
1.27 Rev. 2 - 1976 "Ultimate Heat Sink for Nucloar Power Plants” with
no exceptions. It states in part, "Also, in the event of an accident in one
unit. the sink should be able to dissipate heat for that accident sataely, to
permit the concurrent safe shutdown and cooldown oi the ramaining
units, and to maintain all of them in a safe shutdown condition." Tho
Standard Review Plan, NUREG 0800 Rev. 2 - July, 1981 (Section 9.2.1
Station Service Water System) states the NRC reviewars should!
conclude in their evaluation that, "The applicani has met the
requirements of GDC 5 with respect to sharng of structures, systems
and components by demonstrating that such sharing does not
significantly iinpair its safety function, including in the evont of an
accident in one unit, an orderly shutdown and cooldown of the
ramaining units". GDC 5 itsalf uzes nearly identical wording. Byron
SER, Section 9.2.5 uses different wording referring to "safe shutdown”
or "normal shutdown” of the non-accident unit in two separate instances

Limiting Design Basis Event and Basis for Assumptions

For design purposes the worst case accident scenano considered 10t
the By ron Station UHS is a LOCA coincident with a Loss of Offsite
Power (LOOP) on one unit, and the concurrent orderly shutdown and
cooldown from maximum poweér to Mode 5 of the other unit using
normal shutdown operating procedures. This scenario also includes a
single active failure

The choice of LOCA as a worst case accident is in complhance with the

idasce proviged in the Standard Review Flan (SRP) used in the

evaluation of Byron Station design and ig in agreement with NRC Reg
"U"(H“ 1 ;?, j. .’_‘]'1‘\.‘;(‘""' :; \A‘r}l;:\"‘ equIres tThe reamao s? 214 Naal res .l"‘"‘«(ﬂi

fr M H‘.Q-- Hmn Nng Aesigon Dasis aveant " he | O A wil O acduce the maoe
lirmitine kaat ir
| ] |

I‘;;-‘ 0 9,\-\ "’,f, M":’]v" the ( ”‘ "!--.‘g, adige 1\"[.}.‘ Cant
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A Byron UkS Desigr Bases (Continued)

The coupling of initiating event (LOCA) with a coincident loss of offsite
pow~e on the LOCA unit only, is consistent with industry practice for

M, -unit ites and ANSI/ANS 51.1 - 1883 "Nuclear Satety Criteria for the
Design of Pressurized Water Reactor Plarts”, It is also consistent w.th
GDC 17, which was utilizea in the design of Byron Station systems.

The intent of the %t:ldunco given for the Utimate Heat Sink heat dissipation
capability design bacis i1s to require a shutdown of the non-accident reactor
by reducing power 10 zero, placing the reactor in a subcritical condition,
and gecreasing coolari lemperature to utimately achieve Cold Shutdown
conditions (Reactor Coolant System temperature <200°F). Additional heat
load s placed on the SX system and UHS once Residual Heat Removal
(RHR) is placed in operation at approximately 350°F.

Under nermal conditions the minimum time to raach this condition,
assuming an orderly shutdown and cooldown from maximum power usi
normal opwrating procedures. would be a total of eight hours. It wouid take
approximately four hours to place the unit in Hot Standby at 557°F from tull
power nonditions, and an extremely conservative additional four hours 1©
cooidown the RCS frem §567°F to 350°F. Considering the likely initial time
delay in initiating a shutdown of the non-accident unit, compatition for
human rescurces with \he LOCA unit undergoing recovery and the
retatively ow priority of cooling down the non-accident unit from a stable
Hot Standby Conditicn, it would be a reasonable assumption that the
ngn--ag;gidom un't would not achleve Hot Shutdown Conditions of 350°F for
0 to 12 hours,

The selection of crediblo single failures was lirnited to siogle active
failures. Tho selection of single active failures was based on guidance
trom IFEE Standards, the Byron Safety Evaluation Report-1982 (Section
9.2.5) and SAP Section 8.2.5. Section 8.2.5 of the SRP specifies that the
NRC raviewer verify tho UHS cooling towar design mechanical systems
{(tang, pumps, and ccitrols) can withstand a single active failure in any of
these systems, including failure of any auxiiary electnc power source.

In summary, the iimmng dasign basis event for the Byron Station Uttimate
Heat Sink is a Loss of Coolant Accident coincident with a Loss of Otisite
Power on one unit, in ¢~ unction with the other unit proceeding to au
orderly shutdown and soldown from maximum power to Mode §. This
UHS accident scenar . should also include e effect of a single active
failure. This particular ceries of initiating event, coincident event, and
single active failure is consistent with requiatory requirements and with tha
design basis event presented to the NRC in a May 29, 1987 letter from
K.A. Ainger (CECe) to H.R. Denton (NRC)

ZNLD/1402/10




o B Increase in Steady State Heat Load

The previous steady state heat load from two units was 67 MBTU/hr
(24 MBTUMr tor the non-LOCA Unit plus 43 MBTU/r for the LOCA
Unit). The new steady state heat 'oad from two units is 103 MBTLU/Hr
(72 MBYU/Nr for the non-LOCA Unit plus 31 MBTU/hr for the LOCA
Unit). This results in a greater demand on the §X Cooiing Towers.
The towers must a and dissipate more steady state ow‘% than
previously assumed. | he steady state heat lcad of 103 MBTU/hr was
utilized in the calculations, The total :mrg{ rejection must be
considered, since thic steady state @ ergy is added as a baseline to
the LOCA Unit Containr snt heat lo.d whic'i is varies with tiie,

. C. Incigase in LOCA Unit Containment Heat L.oad

Several changes were made in the analysis assumption. which
resulted in an increased rale of energy transport into the SX system
from the LOCA Urit Containment. A review of the UFSAR
vontainment integrity calculations indicates that the highest heat loade
occur for the RCS Double Ended Pump Suction Break witii maximum
salety injection.

Previous analyses ass .9d 3 RCFC's and ' Containment Spray (CS)
Pump ove -ating. This was conservative in the sense that it combirad
this @ input fallure assumption with & coinciderd loss of heat
dissipat apability (faliure of two SX fans to operate). No single
active fa.  + could result in 3 RCFC's running and 2 disabled SX fans.

In contrast, this reconstitution study maximizad the accident unit
containment heat loa 1o the UHS by:

+  Postulating scenarios with 4 RCFC's and either 1 or 2 CS pump(s)
operating,

+ Assuming higher SX waler flowrates to the RCFC's,
« Assur: g higher aii flowrates to the RCFC's, and
« Assuniing earlier switchover 1o Containment Recirculation phase

and corraspondingly earlier RHR haat loads with 2 CS Pumps
operating, consistent with the design of ECCS recirculation,

ZNLD/1402/11%



i C. Increasy in LOCA Unit Containment Heat Load (Continued)

The 4 RCFC'w2 CS gump case, in combination with the other
chan%m above resultad in greater LOCA Unit Cuimtainment integrated
heat loads of approximawely 25% for the first two hours atter accident
intation and an increase in LOCA Unit Containment peak heat load
from 517 to 830.8 MBTU/hr. These increased heal loads were used
for oon»rvatmg ovaluating UHS Tower performance and do not
affect previous UFSAR Chapter 6 containment analyses.

NOTE: The Total Heat Load « LOCA Unit Comainment Heat Load +
Steady S:ate Meal Load (ex. for the 4/2 Cese 8308 + 103 «
933.8 MBTU/Mr)

The 4 RCFC's/1 C8 pump case also resuted in greater LOCA Unit
Containment integrated heal loads cf ximately 26% and an
increase In LOCA Unit Containment peak heat load from 513 to 841 6
MBTU/hr. Mowever, the 4/2 case does result in a slightly higher
integrated heat load than the 4/1 case.

As a result of increases in the otal heat lvad to the towers, the
analysis was also expanded 1o inc' e the effects of increased
evaporation from the SX Towers

I D Wet Bulb Temperature Increase

1. The design conditions for the US were specified in the Byron
UFSAR Section 9.2.5 as 78°F Twb, but Secilon 2.3 states the
mateorological design basis is 82°F Twh.

The UFSAR values of 78 F Twk and B2°F Twb are both correct in
specific contexts. The actual "design operating” wet bulb
temperat e of the UHS is 78°F (1% exceedance value) as
supported by ASHRAE (Aef. 16). The worst case meteorologica!
wel bulb temperature tor the B&‘mn Station area /s B2°F fora 3
hour sodod :u deterinined in the UFSAR 30 yea: climatological
record search.

It s at this B2°F wet buib whic'y Regulatory Guide 1.27 states the
UMS must be capable of por'onnim: cooiing function for the
oritical time penod (1.e. durng the design basis event LOCALOOP
on one unitNor-LOCA Uit Shutdown). The eftect on the Cooling
Tower's ability 1o reject { e design heat loas was considerad for
the reconstitution analyses Milizing the higher wet bulb
tempearature of 82°F. The effect of raising the wet bulb
temperature was a resultanmt decrease in the cooling tower
performance.

ZNLD/1402/12



10O O the pt Yy 8 v 1565 < Nos were
Jevalnned with the wer Bypa ves assumend ope
f I he bypa vValve e 1yl MY Opened manually in « | weather
| § ’ 5 ‘“ iy e v\‘; ¢ 1Wito ’l‘ |0' }
goreasing 1emperature ang aun e al F increasing
amporature These ints K& help protect the tower Nl sectior
¢ freezing ' tions performe { tower byl s oparat
NI t JO°F Twt rrespondi 10 the tower byp Ve
te b 4,.1;,. mt
| ANge ) J Ioower Flowrate
he previous analysis a med 48 000 GPM flow frecm 2 SX pumps 1o
single tower with 4 ¢ operating and each cell receaiving ar
agquivalent share of the total flow ' "’W’"” 1991 "v"" tation
performed Special Procedure #91-008 (Het. 2) to measure X 1o
. ind pressures under 8 ditferent system configuratior Sargent an
Lundy utilized this plamt specific data to ben R ATk the SX
FLOSERIES computer model (Ref. 18). After the calibration was
partormed, the modeal was run to predict indiy jual tower cell fows and
major SX branch tlows for each of the postulated single tallure
Srarnro he reconstitution cuiations used these predicted flow
hl Ref. 19) to account for the change in tower parformance with respect
{ hanges in fiow
WIMmary ol l e 15 Of ‘\t-:: nstitution ( 'L,gt,"ﬂ"
Extensive evaluation was required 1o daetermine the cumulative effect
of these five tems on thae SX tower cold water basin temperature he
inalyses performed as part of the reconstitution affort, as described ir
action I, have shown that X cold waler basin temperature does not
exceed the Technical Specitication value of 98°F during normal and
’ Gotential accigent condition
>
'
. NLD/1402/1




ME THODOLOGY AND ANALYSES

inmrogu
'
) Iy P Dresent , Jlaw of thi 4 ogy and analyss
¢ iartal e 8y 1 1he Tive i i 16 1 { ' e N
elate 1o e | 1O ' th H ) tower nder a {e&a it
4 tart w il f 4 ) b- 1810 ) 1 Al et
GNATrios wars nets DYy VO F ] e active 1alures on cntica
yStemt ! } er 1 Were ¢ ' ) 14 { ! "“"l @0 wit! 1he
IHS/ESW systen ! { ! anat ystem How iotal heat load 1818
ieady tate D@ & 5 1UAI TOWE! weéere getarmimned Thaoe
NDUS were thet " Ly " F alobhal ! @-gependent mode fthe
) " ioOwers w! ! Vi § frecict N ot the hat "To*'Y\‘nn',{' I At 1
fi11 tieye ' 4 P
i 4 Socenatr eve.opment ar Intial A mption! nditioone
The scenarl aveiopment wase a team eftort among several
ommonwealth t ! dhh! y departments inciuding Operating
Fechnical Statt Resu'atory Assurance . Pr et Management, Nul l@ar
Fue!l Services. N ear Engineering (Systems and
6.' Mechanical/Structural) and duclear | ansing. Sargent & L.undy
E naineer Wastinghouse Electnic Corporation and a consultant also
panticipated in the svenar jevelopment. The scenark developed
ire consistent with the design basis described in Section |LLA "Byron
UNS De an Basis" of this reporn
Vanous single tatlure gnarios were anclyzed. These scenarios each

postulate a LOCA as the intiating event coincident with a LOX W on
the LOCA unit plus i nale active fallure. In addition, the

n-a et unit proceads 10 an oraerly shutdown and cooldown fron
maximum power 10 mode 5 ut ing normal shutdown Ope! ting
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. A Scenario Development and Initial Assumptions/Conditions (Continued) ‘

3. Administrative controls for the UMHS require unit shutdown if the
tower cold water basin temperature is over 88°F. Therefore, no
analyses were performed assuming initial cold water basin
temperatures above 88 F.

4. It was assumed that two cooling tower cells were initially out of
service and the corresponding riser valves were closed since
current requirements of Technical Specifications allow this.
Consistent with administrative controls, these cells were assumed
to be powered from different units' power supplies. The scenarios
considered either one cell out of service on each tower or two cells
:ut"?f service on one tower, depending on whichever was th:e most

miting.

5. It was assumed that the tower bypass valves were closed initially.

6. Administrative controls require at least six tower fans (unning on
h:?h speed when the basin ten.perature is greater than or equal to
B0°F. In these scenarios, credit for UHS heat removal was
credited immediately following the event since the remaining fans
would auto-reenergize with the respective Diesel Generator output
breaker auto-closure.

7. Administrative controls do not require uny fans running on high
speed when the basin temperature is less then B0°F. Therefore,
the single failure scenarios were analyzed assuming an initial basin
temperature of B0°F and assuming no fans were initially running.
These scenarios did not take credit for UHS ambient heat
dissipation until post LOCA operator actions were initiated to open
riser valves and start fans.

8. When operaior actions were required in the Main Control Room, it
was assumed these actions occurred 10 minutes following
safeguards signals. This caused a ten minute delay before heat
removal via the fans begins. The 10 minute delay allowed the
Main Control Room operator to reach the applicable step in the
Byron Emergency Procedures. This was a reasonable assumption,
because ali actons are achievable from within the control room
and no local operator action is required.

9. The two essential service water pumps on the accident unit were
assumed to operate fo”owlga the LOCA based on auto-start
signals, unless the single active failure prevented one pump from
starting. The non-accident unit pump that was running initially was
assumed to remain running. It was assumed that only one
non-accident unit SX pump was running in the post accident
n"\odﬂls since the non-running pump wol. . not receive an auto-stan
signal.

10.All 8 /ety related essential service water system heat exchangers
and coolers were assumed to be aligned for service based on ESF
signals in the post-LOCA condition

Simily. conditions were considered for cool weather operation with the
following exceptions:

1. It was assumed that tower bypass valves are initially open for the
cool weather scenarios.
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B System Hydraulic Calculatiuns

Scenario specific SX flows were calculated iﬂoﬂ. 19 and 20) for each
particular set of postulated accident events (Ref. 12 and 17) for
summer and cool weather operation. CECo contracted Sargent and
Lund EnPlnun to utllize their FLOSERIES computer model (Ref. 18)
to rmine SX pump, total tower, and individual tower cell flow rates.

The FLOSERIES model was calibrated 1o more accurately predict
actual Essential Service vvater system flow and pressure conditions,
obtained du. .ng Byron Station Special Procedure SPP #91-008. The
FLOSERIES calibration was performed using the two SPP test cases
that most closely represented a post LOCA SX system ocnfiguration.
The calibrated model was utilized to analytically predict flows for each
of the remaining SPP test cases. The grodtaod flows were compared
to SPP measured flows to confirm the FLOSERIES analytical
prediction accuracy. The calibrated FLOSERIES model was used as
the basis for additional calculations to predict flows for various
postulated accident scenarios.

The FLOSERIES computer runs yield the flows 1o the major
components (RCFC's and CC Heat Exchangers) and flows through the
individual tower cells. The results of the computer runs for summer
operation show typical tower cell flowrates range from 7,000 to 16,000

cell. It should be noted that this range of ed tower flows

s from the previously assumed value of 12,000 /cell, which
was derived from the total of 48,000 evenly distributed to four
cells. For cool weather operation with the bypass valves open, tower
cell flows ranged from zero to 11,400 gpm/cell.

These predicted flows were then used by CECo as input to the UNHS
performance calculations,
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. E. Time Dependent Basin Temperature Caloulations (continued)

a

o

The basin volume was assumed to be at the Technical
Specificaton minimum of 50%, corresponding to an SX system
inventory of 1,030,000 gallons (Reference 1).

The steady state heat loads of 31 MBTU/hr from the accident unit
and 72 MBTU/hr for the other unit were used. These heal loads
were from a Sargent & Lundy calculation (Ref. 13) These steady
state heat loads were added to the LOCA Unit conta!nment heat
loads 1o obtain the total heat load on the UNS for the basin
temperature calculation.

The LOCA energy profiles for various single failure modes were
obtained rom the calculation performed by CECo Nuclear Fue!
Services Department (Ref. 14). This calculation included difterent
cases which evaluated the effects of various combinations of
available RCFC's/CS pumps or the logs of an emergency diesel

enerator. The caiculation also included a case which provided a

nchmark' of the UFSAR analysis. The calculated heat loads

ware approximately 26% higher for the first 2 hours than the heat
load reported in Figure 9.2-7 of the Byron/Braidwood UFSAR. As
an example, Figure 3 graphically represents the transient UHS
Total Heat Load for scenarios where 4 RCFC's and 1 CS pump are
removing heat from containment.

A wet bulb temperature of 82 “F was utilized for the majority of the
analyses cases. For cool weather operation, a wet bulb
temperature of 70 “F was used.

The cooling tower performance cum:ogommod by the MRL
computer ram, as described in Section lIl. D, were based on
the average flow per cell to a cooling tower. In all uf the cases, the
cooling tower performance curves were generated using a flow
siightly h than the average tower flow. This method gave a
conservative estimate of the cooling tower performance since the
tower performance increases with decreasing flow.

Thirty separate calculaiions (Ref. 10 and 24) were performed to evaluate
the time dependent basin temperature responses. These calculations also
Included sensitivity rune to evaluate the effect of varying the fractions of
flow and energy to the towers by + 10%. The results of the calculations
verified the basin temperature s not excend 98 °F under the postulated
accident scenarios.
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RESULTS/CONCLUSIONS
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In summury, the results of the detalled calculations are as follows:

1. cailure of the Higher Capacity Containment Spray Pump
All other equipment was assumed to tunction properly. This
case is of interest because It resulted in the highest peak heat
load being supphed to the towers. The maximum basin
temperature for this scenario was calculated to be 95 7°F .

2 Failure of a Cooling Tower Fan
This accident scenario was important to evaluate because of
the resultan: limited tower capabllity. Although it is known that
some degree of cooling takes place in a passive cell, the
calculations conservatively took no credit for such heat
removal. Figure 4 depicts the resultant temperature profile for
this scenario for the cases starting from initial basin
temperatures of BOF and 88°F. The maximum basin
temperature was calculated to be 97°F tor this scenario.

3. Fal'ure of one Emergency Diesel Generator
This scenario resulted in the possibility of two failed tower
fans. However, the accident heat loads were also signiiicanily
reduced due to the fact that only one train of RCFC's was
removing heat from containment. Calculations for this
scenario resuited in a maximum basin temperature of 96.2°F,

4. Failure of an Accident Unit $X Pump
The impact of overall reduced flow was evaluated in this
scenano. Because tower performance generally increases
with reduced dow, this accident was not as greal a challenge
to the UHS cooling towers. The maximum basin temperature
was determined to be 85°F.

Based on the above calculations and results, it has been
demonstrated that for all accident scenarios the basin temperature
never exceeds the limiting Technical Specification Bases value of
98°F. Further, as discussed in Section |Il.E, several conservative
assumptions were used, which if removed, would result in lower
values of maximum basir temperatures.

In addition to the primary analysis cases, the effects of cool weather
operational alilgnments were considered. The major change was that
the ambient wet bulb temperature and the initia! basin temperature
ware assumed to be 70°F consistent with the tower bypass valve
interlock setpoint. The other major auumr«bn is that if a bypass
valve fails 1o close, there is a time delay of 30 minutes for lccal
operator action. An oxamplo of the temperature profile for one
scenario of byrass operation is shown in Figure 5. Maximum
Jamperatures for the seven analyzed cases were all determined to be
lass than 91°F,

The analysis was expanded to include the effects of increasad
evaporation on the SX towers due to the increased neat loads., The
analysis demonstrated that the existing SX make-up system can
adequately maintain a water supply to the basins during a dostgn
basis LOCA under an agverse set of assumptions (Ref, 25). These
assumptions include low river level, SSE, and single active failure.
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:\d?n::nnl station actions 1o support NED's Final Operability Assessment
nclude:

1. Byron Station On-Site Review #91-172 was conducted to evaluate and
accep! the operability assessment.

2. Operating Dept. "Special rating Order” #S0O-U1/U2-18 explained
th? ﬁ::ld resolution of the UHS issues until the Tech Spec Amendment
is issued.

3. Byron Station Training Department issued a "Required
Lluomnglﬂndme" ackage for all licensed operators explaining the
resolution of the L'HS items.

4. Byron Station Training and CECo Production Training Department
ware requested o review the On-Site Raview and Operabilit
Assessment to address potential changes or improvements in
1) Lesson Plans, 2) simulator madeling changes for SX operations,
and 3) Simulator operator responses on large brean LOCA's.

The administrative controls in place to implement recommended
engineering actions provide reasonable assurance that the maximum basin
temperature limit of 98°F will not pe exceeded. The safety function and
capability of the UHS, as assumed in the Tech Specs and UFSAR, remain
unchanged. The UFSAR and Tech Spec changes roqu.:ud 1o clarify the
UKL design and incorporate the administrative controls will be performed
in accordance with Byron Station and Commonwealth Edison procedures
including 10CFR50.59 reviews. A summary of the UHS UFSAR sections
requiring significant revivion is provided in Attachment B.

Attachment C contains a list of the remaining open items which require
further evaluation.
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ATTACHMENTS

Attachment A

Reterances

1. "Byron Station Essential Service Water Cooling Tower Performance
Test Procram, January, 1989", Sur?om & Lundy Letter to Mr. C.A. Moerke
dated 1/19/8¢, File No. 917, (DFB-70), Project No. 7500-92.

2. Byron lal Procedure & SPP #01.008, "SX Pressure Flow Data",
dated 5/3/91.

3. Environmental Sgﬂom Corp. (ESC) Test Report dated 1/22/88: Byron
Nuclear Generating Station Essential Service Water Cooing Tower
Thermal Performance Tes! Report,

4. Interim Operability Assessinent Per ENC-QE-40.1 dated 4/15/91
(CHRON #166024).

:1'68 4r)at:lmy Assessment Per ENC-QE-40 1 dated 5/31/91 (CHRON
14),

6. Calc, # NED-Q-MSD-2, dated 5/22/91: rability Assessmaent of ESW
coo'ing Towers per ENC-QE-40.1 dateo 4/15/91.

7. Calc. # NED-Q-MSD-5, dated 5/31/91: ESW Cocling Tower Transient
Model: Part Il (Single Tower/One Basin Model)

8. Calc. # NED-Q-MSD 6, dated %/3/€1: ESW Cooling Tower Traiz.en(
Model: Part Ill (Two Tower/One Basin Mode!)

9. Calc. # NED-M-MSD-8, dated 12/13/91: ESW Cooling Tower
Performance Calculation: Part |, Rev. 1 (CHRON # 177488)

10. Calc. # NED-M-MSD-9, dated 10/24/91: Byron Uitimate Heat Sink
Cooling Tower Basin Temperature Calculation. (Two Tower/One Basin
Model) (CHRON # 174986)

11. Final Operability Assessment Per ENC QE-40.1, dated 11/1/91
(CHRON #175462)

12. Ultimate Heat Sink Design Basin LOCA Single Failure Scenarios,
Sargent & Lundy calc. UHS-01, Rev. 2 dated %18/91. File No. 9.17,
Project No. 8893-38/39.

13. Tabulation of UHS Heat Loads, Sargent & Lundy calc. UHS 02-Rev.
O, dated 7/3/91. File No. 9.17, Project No. 8893-38/39.
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CECo-NFS) document RSA-B-921-03, date«
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-
LOCA Sinale Fallure Scenarios r Cool Weather Operation
Jsion O dated 0920 3 1

argem & Lundy Calculation MAL
ration”, Hevision 2 dated 10-04.¢

) sargemt & |

UHS Analysis

v

J| Sargent & | undy | ila 11 . "*Coolina Tower |

UHS Cool Weather Analysis’ n1dated 11-18-91%

21 Commonwealth Edison ¢/ ompany “,'nrz Station Nuclsar Ultimate
Heat Sink Studies”, Weastinghouse letter, CAE 91-221, B. Humphries (W
10 R, Pleniewicz (CECOo), Sugust 8, 1991

Lefavra, M R, "Eliminating the Merkel Tt @01y f\‘\“l!lx"'l tiOnN!
Replace the Empirica' " Temperature Correction Factor
8, No. 1, Page 36, dated February 7, 1984

PR, i S '*FJ‘L { QOiNng ‘;z'_l'vu( ‘-".,_],’v){'nv{l.: € ““'4)"1", \\/Q""‘l!"l‘ "1 ‘\'PH«’.J’!‘
Veartlication and Validation Plan SVVE-B0O5 Rev. O dated 10/91 (CHRON
”‘ ,‘:.‘.‘:/-?)

L.al # NED-M-MSD-11 Jated 12/17/901 H\"“" Utimate Heat Sink
oling Tower Basin femoarature Calculatior .5{._.”!',,‘..‘ paration)

(CHRON #177615

alc. # NED-M-MSD-14, dated 1/9/92, Byron Ultimate Haat Sink

U lowen §"«.- " M.:H-a,,‘.i vouiation (o HRON #17B424
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QPEN ITEM
UHS 91-01

UHS 91-07

| UHS 91-11
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Attachment C

REMAINING OPEN ITEMS

DESCRIPTION

Affect on other SX loads due
to axcessive CL Hx flows with only
one SX pump running on the

respective unit.

An evaluation is presently
underway to determine the
ma:imum CC flow allowed
such that other flows will
not be affected. The
analysis includes

sensitivity of different

flows to changing CC flows.

COMPLETION DATE
3/31/92

Braidwood analysis for Lake 3/31/92

Evaporation

#  avaluation is underway to
douument the higher expected
containment heat loads on the
cooling lake in the Braidwood
analysis.

"Station Blackout" impact on UHS 3/31/92
A meeting has been

scheduled to discuss and

raview the most recent

analyses and its impact (i angzso

on CECo's committments to ssues
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