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IMPORTANT INFORMATION REGARDING

CONTENTS OF THIS REPORT
‘The only undertakings of the General Electric Company (GE) respecting information in
this document are contained in the contract between Commonwealth Edison Company -
(CECo) and G, as identified in Purchase Order Number 341715, YY68, as amended to
the date of transmittal of this document, and nothing contained in this document shall be
‘construed as changing the contract. The use of this information by anyone other than
CECo, or for any purpose other than that for which it is intended, is not authorized; and
with respect to any unauthorized use, GE makes no representation or warranty, express or
implied, and assumes no Lability as to the completeness, accuracy or usefulness of the
- information contained in this document, or that its use may not infringe privately owned
rights. - ' o ‘ "
i
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| ABSTRACT
|
This report provides the results for an evaluation for the Dresden containment response

- during a design basis loss-of-coolant accident (DBA-LOCA) to update the analytical

~ design basis of the Dresden LPCLContainment Cooling System. The results of the

. containment pressure and temperature response analyses described in this report can be
used to update the lonig-term com;auunent cooling analyses in Section 6.2 of the UFSAR

and the evaluation of available NPSH for pumps taking suction from the suppression pool

_in Sectlon 6.3 of the UFSAK

~In addltwn, this report : l) descnbes ananalyaswlnchwas usedto benchmarkﬂ\e GE
-.SHEX code to the Dresden UFSAR containment analysis for the limiting DBA-LOCA,
~ and 2) includes a study of the eﬁ‘ect on the peak suppression pool temperature of -

changmg key containment parameters to the values used to update the analytical desxgn '

. basis for the LPCI/Containment Coolmg System from the values used in the original
h R UFSAR analysxs .
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1.0 INTRODUCTION

The purpose of the anelyses in this report is to prouide an updated analytical design basis for the '

: LPCI/Containment Cooling System for Dresden Units 2 and 3. The results of these analyses can
_be used to support a licensing aniendment and can be used to update the licensing b&sxs
-documents, mcludmg the UFSAR, for the LPCI/Contamment Cooling System

GENE previously performed long-tenn containment analyses for Dresden which were prowded to
_ ;Commonwealth Edison Company (CECo) in GENE-770-26-1092 (Reference 1). These analyses

~ used the same containment cooling configurations assumed for Cases 3 and 4 of Section 6.2 the -
 Dresden UFSAR. Cases 3 and 32 of GENE-770-26-1092 , which correspond to UFSAR Case 3,

assumed operation with 2 LPCI/Containment Cooling purnps and 2 Containment Cooling Service

. Water (CCSW) pumps, Cases ¢ ‘and 4a of GENE-770-26-1092, which correspond to UFSAR
. Case 4, assumed Operauon wuth l' LPCI/Contauunent Cooling pump and 1 CCSW pump

- CECo plans to use the results for Case 4 of GENB—770-26-1092 to update the bams for long-

' term containment cooling in UFSAR Section 6.2 for a oonﬁguranon of 1 LPCl/Containment . B
'+ Cooling pump and 1 CCSW pump. CECo also plans to update the UFSAR basis for IOng-term ,
' . containment cooling’ fora conﬁgumuon of 2 LPCI/Containment Coohng pumps and 2 CCSW
: '.pumps However, CECo plans. to! update the results of Case 3 of GENE-770-26-1092 with a-
. revised CCSW flow.rate and with|a corresponding revised heat exchanger heat removal rate.

.~ -The analyses described in this report supplement the analyses of GENE-770-26-1092 in updatmg
V L the des:gn bans for the LPCI/Contamment Coohng System. :

.. "The WOrkseope of this report involves analysis of the contaitunent long-term pressure ancl

' “temperature response following a DBA-LOCA for Dresden. Long-term is defined here as
begmnmg at 600 seconds into the event, whnch is when containment cooling is initiated, and

- .. extending through the time of the peak suppression pool temperature. ‘This analysis.uses the GE

... SHEX computer code and current standard assumptions for containment coolmg analysls

o .mcludmg the use of the ANS 5.1 decay heat model. |

- ,Four'.tasks are docurnented in this;report‘. Task 1 benchmarks the SHEX code to the analysis in -

Section 6.2 of the Dresden UFSAIT. for the limiting, DBA-LOCA event. Task 2 consists of
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sensmv:ty studles to assess the effect of using the ANS 5.1 versus the May-Witt decay heat model
and to demonstrate the effect of other key containment parameters on the design basis analysis.
~ Task 3 consists of an analysis to calculate the long-terrn DBA-LOCA containment pressure and
temperature response with 2 LPCI/Containment Cooling pumps and 2 CCSW pumps. The
analysis of Task 3 uses revised values of the CCSW pump flow rate and heat exchanger heat
“removal K-value which were proyided by CECo in Reference 2. The results of Task 3 can be
'used with the results of Case 4 of GENE-770-26-1092 ( 1 LPCI/Containment Cooling pump and
1 CCSW pump) to update the long-term containment coohng analysis in UFSAR Section 6.2.
Task 4 consists of analysis with the updated basis conﬁgur)anons with inputs which minimize
containment pressure. The remlt§ of the analysis of Task 4 can be used in the evaluation of
NPSH margins for the Core Spray and the LPCI/Containment Cooling pumps for the DBA- ,
LOCA. These results can then be used to update the NPSH evaluation for the LPCl/Containment
Coohng pumps and Core Spray pumps in UFSAR Section 6.3. : |

. [

2.0 RESULTS _ e
The results for each of the four tasks descnbed in Secuon 1.0 are summarized in the
- followmg paragraphs ;
Task 1 - SHEX Benlchmark Analysis (Ca.sc 1)

|
|

* The benchmark -analysis ofiCase 11is performed to determine the difference in the b
- calculated peak suppwcsio'n pool temperature relative to the UFSAR value of
 180°F due 10 the use of the GE SHEX.04 code. The benchmark analysis uses key
 input assumptions which are consistent with the input used in the analysis for Case
4 in UFSAR Section 6.2. This includes the use of May-Witt decay heat (Reference -
3), an initial suppression p001 temperature of 90°F, no feedwater addition, no
" pump heat addxtlon anda conﬁguratton of 1 Contamment Cooling loop with 1 hwt
exchanger, 1 LPCU/Containment Cooling pump and 1 CCSW pump, with a heat
~ exchanger heat removal rate of 84.5 million Beu/hr (referenced to a suppi'ession
‘pool-to-service water temperature difference of 85°F). The basis for the inputs
used for the benchmark anz‘alysis is discussed in Section 3.1 of this report.

"'l'he suppressnon pool temppramre response obtained with Case 1 to benchmark
_ SHEX with the UFSAR analysus is shown in Flgun: L. The peak suppression pool

e
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' temperature obtained with: the SHEX benchmark analysis (Case 1) is 180°F,-

which is the same as the UFSAR value of 180°F. These results confirm that the
SHEX code predicts a peak suppression pool temperature for Dresden which is the
same as the original UFSAR value for the same input conditions.

Task 2 * Sensitivity Studies (Cases 2.1 to0 2.5)

The sensitivity studies in Cases 2.1 to 2.5 are performed to quantify the effect on
the peak suppression pool temperature of each key containment parameter which -

'was changed from the ongmal UFSAR value to the value used in the current

analyses For each of Cases 2.1to 2.5, one of the parameters described above for
Task 1 is changed from the value used in the original UFSAR analysis to the value
used in the current analysz(Case 4 of GENE-770-26-1092) to update the
LPCL/Containment Coolmg basis for a configuration of 1 LPCI/Contamment
Coolmg pump and 1 CCSW pump ' : '

. Table 1 summarizes the peak suppression pool temperatmes obtained for Case 1of

Task 1 and Cases 2.1 t026 of Task 2, and also showsthemcrementaleﬁ‘ecton
the UFSAR peak suppress:pn pool temperatuire of changmg each parameter. The
peak suppression pool temperamre obtained for Case 4 of GENE-770-26-1092 is

- also mcluded in Table 1to show the net eﬁ'ect of all parameter changes.

The resuits of the sensitivi:,j analyses (Cases 2.1 o 2.5 of Task 2) showed that the

incremental effect on peak suppression pool for each of the current input
assumptions is: 2°F for feedwater , 2°F for pump heat, 1°F for initial suppression
pool temperature and 5°F for the current heat exchanger heat removal K-value.

.- "When added, the total eﬂ‘ect of using the current input assumptions is equal the
" effect of usmg the ANS 5.1! decay heat instead of the May-W'tt decay heat (10°F),

Task3 - Design Bas:s Ana]ysls fora2 LPCIIContamment Cooling Pumps
o and2 CCSW Pumps Configuration (Case 3)

“Case 3 provides an analysistto update the UFSAR long-term cdnta.inment cooling
- basis for a configuration of.2 LPC/Containment Cooling pumps and 2 CCSW
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pumps. The heat exchanger heat removal K-value for Case 3 of Task 3 is 365.2
Btwsec-°F, corresponding to a total CCSW pump flow rate of 6000 gpm
(Reference 2). The results of Task 3 can be used with the results of Case 4 of
GENE-770-26-1092 ( 1 LPCI/Containment Cooling pump and 1 CCSW pump) to
update the long-term containment cooling analysis basis in UFSAR Section 6.2.

Figures 2, 3 and 4 show tixe long-term containment pressure and temperature
response for Case 3 of Task 3. The peak suppression pool temperature obtained
for Case 3 of Task 3 is 167"F This temperatum is slightly less ( 1°F less) than
the value of 168°F obtalngd previously for the same containment cooling
configuration (but with atotal CCSW pump flow rate of 5600 gpm) for Case 3 of
GENE-770-26-1092. The lower peak suppression pool temperature obtamed for _
Case 3 of Task 3 is attributed to the increase in the heat exchanger heat removal
K-value t0 365.2 Btu/seo-°F from the value of 356.1 Btu/seo-°F used for Case 3
of GENE-770-26-1092. i P
Table 2 provides a case summary for Case 3 of Task 3, including the peak
- suppression pool tempcrathre and peak long-term suppression chamber pressure.
- Table 2 also prowdes a case summary for Case 4 of GENE-770-26—1092, '

_ corresponding to a conﬁgurauon of 1 LPCI/Containment Cooling pump and 1

- CCSW pump. The results shown in Table 2 can be used to'update the bams in
.- UFSAR Section 6.2 for Iong—term containment cooling.

- Task4 - Dmign Basis:Ana.lym for NPSH Evaluation (Cam 41& 4.2) ,
' :

- Cases 4.1 and 4.2 detemnxie the suppression pool temperature and suppressuon .

- chamber pressure reSponse “which can be used to evaluate available NPSH for the -

~ LPCV/Containment _Coolmg pumps and Core Spray pumps during 2 DBA- -LOCA.

'~ The results for Case 4.1 are for a configuration of 1 LPCI/Containment Cooling
pump and 1 CCSW pump. . The results for Case 4.2 are for a configuration of 2
LPCI/Contauunent Coolmg pumps and 2 CCSW pumps. Cases 4.1 and 4.2 used °
the same iriput assumptxons as used for Case 3 of Task 3 and Case 4 of GENE- .
770-26-1092, respectively, except that the suppression chamber pressure response,
©. was minimized to minimize, the available NPSH. : '
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The long;tenn drywell ancll suppression chamber pressure and snpprecsiOn chamber
airspace and suppression lliool temperature responses obtained for Cases 4.1 and
4.2 are shown in Figures 5 through 10. The peak suppression pool temperature
and the suppression chamber pressure at the time of the peak suppressxon pool

'tempetature for Cases 4.1, and 4.2 are shown in Table 3.

DESIGN ASSUMPTIONS AND ENGINEERING JUDGMENTS

Input assumptions are used whxeh‘ maintain the overall conservatism in the evaluation by
maximizing the suppression pool iemperature Additionally, the input assumptions for the

analysis in Task 4 are chosen to consexvauvely minimize the suppression chamber pressure B

. and, therefore, minimize the avallable NPSH. The key input assumptions which are used

" in performing the Dresden containment DBA-LOCA pressure and temperature response
 analysis are described below. Table 4 provides values of key containment parameters
common to all cases, while Table s and Table 6 provide case-specific inputs.

The reaetor is assuined to be operating at 102% of the rated thermal power."

- Vessel blowdown flow mtes are based on the Homogeneous Equllibnum Model

(Reference 4). | ; :

"The core deeay heat is based on ANSI/ANS-S 1-1979 decay heat. (Referenee 5)

[For the benc analysxs in Task I and for the parametnc smdxes in -
Task 2 (except for Case 2.1) the core decay heat used was based on the
May-Witt decay heat model (Reference 3)]. :

~ Feedwater flow into the RPV continues until all the feedwater above 180"F is
‘ mjected into the vessel

- I - . N
_ [For the benehmaﬂ:; analysis in Task 1 and for the parainettie studies in
Task 2 (except for Case 2.3) feedwater is not added.]



10.

s

i GENE-637-042-1193.

Thermodynamic equilibrium exists between the liquids and gases in the drywell.
Mechanistic heat and mass transfer between the suppression pool and the
suppression chamber airspace are modeled..

- To minimize the containment pressure for the analyses in Task 4 it is assumed that

there is only partial heat transfer to the fluids in the drywell from the liquid flow
from the break which does not flash. To model partial heat transfer in the analysis,
a fraction of the non-fashing liquid break flow is assumed to be heldup inthe |
drywell and to be fully mixed with the drywell fluids before flowing to the
suppression pool. Thermal,equilibrium conditions are imposed between this held-
up liquid and the fluids in the drywell as described in Assumption No. 5 above. .
The liquid not held up is assumed to flow directly to the suppression pool without

* heat transfer to the drywell;fluids. For the analysis it is assumed that only 20% of + *

the non-flashing liquid flow from the break is held up in the drywell airspace. -
Because the liquid flow from the break is at a higher temperature than the drywell
fluid, this minimizes the drywell temperature and consequently minimizes the
drywell and suppressxon chmnber pressure. -

- The vent system ﬂow to the suppressxon pool conslsts ofa homogeneous mixture ,
‘of the fluid in the drywell '

“The initial suppressmn pool volume is at the minimum Teohmcal Specification ..
o (T/S) limit to maximize the calculated suppressnon pool temperature.

For the analyses of Task 4 the initial dlywell and suppression chamber pressure are

- at the minimum expected Operatmg values. to minimize the containment pressure.

For the analyses in Task 4, rthe maximum operaung value of the drywell

" temperature of 150°F and a relative humidity of 100% are used to minimize the

initial non-condensible gas mass and minimize the long-term contamment pressure

" for the NPSH evaluation. '

_ 'The initial suppression ppol temperature is at the maximum T/S value (95°F) to
* maximize the calculated suppression pool temperature.
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| : .
- [For the benchmark analysis in Task 1 and for the parametric studies in -
Task 2 (except for Case 2.3) an initial suppression pool temperamre of
90°F is used.] -

Consistent with the UI-‘SAI{ analyses, containment sprays are available to cool the
containment. Once initiated at 600 seconds, it is assumed that containment sprays
are operated continuously \Mth no throttlmg of the LPCY/Containment Cooling

pumps. .
|

Passive heat sinks in the drywell, suppression chamber airspace and suppression
‘pool are conservatively neglected to maximize the suppression pool temperature.

~ All Core Spray and LPCI/(IIomamment Cooling system pumps have 100% of their

horsepower rating converted to a pump heat input which is added cither to the
RPV liquid or suppression Pool wa.ter

[For the benchmark analysis in Task 1 and for the parametric studm in
Task 2 (except for Case 2. 4) pump heat was not added ]

Heat transfer from the pnmary containment to the reactor building is o

‘ conservatively neglected.

Although a containment atmosphenc leakage rate of 5% per day is used to

- determine the available NPSH in UFSAR Section 6.3, containment leakage is. not
included in the analyses in Task 4. Including containment leakage has no impact |

on the peak suppression pool temperature, but will slightly reduce the calculated
containment pressure. A leakage rate of 5% per day is considered to be

" unrealistically large since the Dresden T/S limits the allowable leakage t0 1.6 %

per day. Useoftheleakagerateofl 6%perdaywouldresultmlessthana01 ,

' ' psi reduction in the pressures calculated in the analysis. This effect is negligible
.considering all other input condmons have been chosen at their lxmltmg valuesto

 minimize containment pressure and the assumption of only 20% holdup of the non- .

. flashing liquid flow from thie break in the drywell (see assumption no. 6). "

Therefore containment atn%ospheﬁc leakage was not included in the analysis.
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31 Input Assumptions for Berchmark Cas¢
For the Benchmark case (Case 1 of Task 1), assumptions which are consistent with those
~ used in the original UFSAR analysis are used. This includes the use of May-Witt decay
 heat (Reference 3), an initial suppression pool temperature of 90°F, no feedwater addition,
" no pump heat and heat m:changer heat removal rate of 84.5 million Btwhr (referenced to a
* suppression pool-to-service water temperature difference of 85°F). The basxs for usmg
these i mputs in the benchmark ana]ysns is given in the fo]lowmg :
May-Witt Decay’ Heat = :
' -The UFSAR does not 1dent1fy the decay heat model used in the original analyses .
= However, the May-Witt decay heat model was used by GENE for containment analyses in

" the time ﬁ-ame when the original UFSAR analyses were performed. In addition areviewof -

- -available files prov:ded strong evidence that the May-Witt decay heat was used in the
" original contmnrnent UFSAR analyses Therefore, it xs expected that the May-Wiu decay

S ,Ag Initial~§gggression Pool Tgmgemture 0£9021-‘_ -

' The reqmrements for the containment coohng system ngen in the Dresden Auxxhary

.. Systems Dita Book (Reference 6' for Unit 2 and Reference 7 for Unit 3) include a -
" requirement that the maximum pool temperature during normal operation be limited to-

. \90°F. Since References 6 and 7 were issued during the time frame of the original UFSAR _
- analyses itis expected that an initial pool temperature of 90°F was used

- No F tr d"o

" The UFSAR states in Section 6.2, that feedwater addition was terminated at the time 6f

~ the DBA-LOCA initiation. The purpose of this assumption, as reported in the UFSAR,
"* was to maximize the short-term contamment pressure response. There is no mention in’

UFSAR Section 6.2 that feedwater was included in the long-term containment response

: analysls Additionally, during the hme frame of the original UFSAR analyses it was not

‘" common practice to include feedwater in the containment analyses. It is therefore

. consndered most hkely that feedwa.ter was not mcluded in the original UFSAR. analysm
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No Pump Heat

It is stated in Section 6.2 of the UFSAR that pump heat for the LPCI/Containment -

. Cooling system pumps was included in the analysis. However, no mention is made of the |
pump heat contribution from the Core Spray pumps. Since it is not certain how much
pump heat was included in the o;riginal analysis, it was assumed that none was included.

'L_I-_‘CI/Contﬁinment Cooling Smg_l_\ Heat Exchanger Heat Remaval Rate of

276.1 Btu/"F-sec .

The heat exchanger heat removal K-value used in the ongma] analysis is not identified in
~ the UFSAR. However, Mode C, of the LPCl/Containment Cooling System Process

' Diagram (Reference 8) for the Dresden LPCI/Containment Cooling System gives a heat

exchanger heat removal rate of 84.5 million Btu/sec with a suppx‘éssion pool water inlet-
to-service water inlet temperature difference of 85°F. This is equivalent to a heat A
mcchanger heat removal K—value of 276.1 Bt/sec-°F. Mode C of the Process Diagram
.includes 1 LPCI/Contamment Coohng purp and 1 CCSW pump and is shown as the
. limiting containment cooling corifiguration with respect to maxlmum post-LOCA
suppressxon pool temperature (lfO"F)

" In addition, the cpntainment cooling equipment specification given in UFSAR Table 627 -

"+ shows a heat load of 105 x 10 6 Btwhr with a suppression pool water inlet-to-service

. water inlet temperatme dxﬁ'erence of 70°F for a LPCY/Containment Cooling Pump flow -
. rate of 10,700 gpm and a CCSW pump flow rate of 7000 gpm. This heat load is ‘
‘consistent with the heat load shdwn for Mode B of the LPCI/Containment Cooling System . -
. Process Diagram for these purp flow rates. This shows consistency between the values ‘
of the heat exchanger heat load specxﬁed in the UFSAR and the values specified in the
LPCI/Contmnment Coolmg System Process Dlagram.

- Itis therefore expected thata heat exchanger heat removal K-value of 276.1 Btu/seo-°F
, .speclﬁed for Mode C of the Process Dlagmm, was used in the original UFSAR analysis
. for containment coolmg oonﬁguratlon of 1 LPCI/Contamment Cooling pun'q) and l
_ CCSW pump. :

|
]
IR B
A R
1
)
]
1
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a0 | TNOYTT O CYMEDNT A TYON
. 4.1 Inputs - ‘ Co

~_"The mmal conditions and key mput para.meters used in the long-term containment pressure ,. |
" and temperature analysis are prcmded in Tables 4,5and 6. Thesearebasedonthe -

| current Dresden containment datd which was conﬁrmed by CECo in Reference 9.

' Appendtx A provrdes the core decay heat used in the analysrs based on the May-Witt and

ANSI/ANS-S l 1979 models

- * Reference 2 prowded by CECo, contams the LPCI/Contamment Coolmg pump and

- CCSW pump flow rates and heat exchanger heat removal rates used for the analyses, -

- pumps for this report

performed with a wnﬁgumuon of 2 LPCI/Contamment Cooling pumps and 2 CCsSwW

42 'Industry Codes and Stand%rds o

L The core. decay heat used for the contamment ‘analysis to update’ the Dresden UFSAR -
a (Cases 3 4 1 and 4. 2) wbased on the ANSIIANS-S 1-1979 decay heat model (Reference '
5. : » -

L0800 ‘_ | REGULATORY REQUmEMEN'rs

o -_ Tbe analysns are perfonned with an uutlal reactor thermal power level of 102% of the )
B rated reactor thermal power, per Regulatory Guide 1 49 ‘ o

o _Pemnent secttons of the UFSAR whxch are ldentlﬁed m thrs report are UFSAR. Sectxons
62 and 6 3 ) : :

o 26.0A LlMlTATLsz OF APl"LICABml'I"Y

- The results of the analysrs descn'bed in thrs report are based on the i inputs descnbed in

' Section 4.0.: Any changes to these inputs should be re'vrewed to determme the impact on
-~ the results and concluswns repox‘oed here. . . ;
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7.0  CALCULATIONS AND COMPUTER CODES

71  Calculation Record E

The calculations used for thxs report are documented in the GE Desxgn Record File
DRF T23-007 17 '

7.2  Model Description :

| The GE computer code SHEX is used to perform the analysis of the containment pressure
" and temperature response. The SHEX code has been vahdated in conformance with the

requiremnents of the GE Engmeenng Operaung Procedures (EOPs). In addition, a °
benchmark analysis to validate the code for a plant-specific application to Dresden was

B ,performed, which is included in this report (see Task 1).

S A
SHEX uses a couplgd reactor pressure vessel and containment model, based on the
Reference 10 and Reference 11 models which have been reviewed and approved by the

' NRC, to calculate the transient response of the containment during the LOCA. This
- model performs fluid mass and enelrgy balances on the reactor prima:~- ==*~m «nd the
~ suppression pool, and calculates the reactor vessel water level, the reactor vessel pressure, .
" the pressure and temperature in the drywell and suppression chamber airspace and the

bulk suppression pool temperaturd The various modes of operation of all important

~ auxiliary systems, such as SRVs, the MSIVs, the ECCS, the RHR system (the

LPCI/Containment Cooling System when applied to Dresden) and feedwater, are

~ modeled. T model can simulate 'acﬁons based on system setpomts automatic actlons '
.~ and operator—xmnated actions. ' : '

‘The lang-terrn containment pressure and temperature response is analyiéd with the SHEX

code for the DBA-LOCA which isi identified in the UFSAR as an instantaneous double-

" " ended break of a recirculation suction lie. ‘Several cases are performed to benchmark the

SHEX code to the UFSAR and to: prowde a basis for an update to the Dresden

| .IPCIIContmmnent Coolmg system.

11
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“The following descnbes the GE analysns and the purpose of each case. Table 4 provides values of
the key containment parameters common to all cases in this report. Case-specific containment
input parameters for the different cases are summarized in Tables 5 and 6. Except as identified
below and in Tables 5 and 6, the input values used in the analyses for this report are the same as
previously used in the analysis desctibed in GENE-770-26-1092 (Reference 1) .

: . I
Task1 - SHEX Benchmark Analysis (Case 1)

Casel 3
N

_Purpose:

Task 1 consists of a single case (Case 1) which is used to benchmark the SHEX code o the -
UFSAR analysis for a 1 LPCI/Containment Cooling System pump and 1 Contamment
Coolmg Service Water (CCSW) pump conﬁgutanon

i

Case Descnptl_on:

- The benchmark analysxs in Case 1 uses the same mputs and assumpuons as those qsed
ongmally to analyze the 1 LPCIIContammem Cooling System pump and 1 Containment
Cooling Service Water (CCSW) pump configuration for Case 4 in Section 6.2 of the

" UFSAR. The key inputs mclude an initial suppression pool temperature of 90°F, no

| feedwater addition, no pump,heat for pumps taking suction from the suppression pool,
May-Witt decay heat and a LPCI/Containment Cooling heat exchanger heat removal K-

“ value 0f 276.1 Btu/seo-"F

Task 2 Sensitivity Studies (<i:ases 21t02.5)

. The analysec in Task 2 quantified the sensmvxty of the peak suppression pool temperature to key
analysis parameters which are dlﬂ'erent for Case 4 of GENE-~770-26-1092 and the original
UFSAR analysis,



Ji

,:Purpos:eA: o

_’ Purpose:

GENE-637-042-1193

Case 21 i

: -Purpose:

Case 2.1 determxnes the effect ofusmg ANS 5.1 decay heat mstead ofMay-W'tt decay heat

on the UFSAR DBA-LOCAlpeak suppression pool temperature.

y
Case 2.1is performed with t.he inputs used for the UFSAR benchmark analysxs of

Case Description:

Case 1 except that ANS 5.1 ls used instead of May-Witt decay heat.

: Case22" : oo : : ‘ -

A 'Case 2.2 determines the eﬂ'ect of using an initial mppress:on pool temperamre of 95°F

instead of 90°F on the UFSAR DBA-LOCA peak suppressxon pool tempcrature

Case DscriptiQn‘:‘ Lo

| Case2.2 s performed with the inputs used for the UFSAR benchmark analysis of
~"Case 1 except that an initial suppression pool temperature of 95°F is used.

CAse 2.3

i
|

| Case 23i is performed to determine the effect of mcludmg fwdwater mass and energy on the

UFSAR DBA-LOCA peak éuppressmn pool tempetann'e

Case Description: !

- Case 23 is performed with the inputs used for the UFSAR benchmark analysis of
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i

Case 1 except that feedwater[mass and energy are included.

Case2.4 }
i’urpose: !
|

- Case 2.4 determines the eﬁ'ect of mcludmg pump heat on the UFSAR DBA-LOCA peak

- suppression pool temperamre
|

Case Description:

Case 2.4 is performed with e inputs used for the UFSAR benchmark analysis of Case 1
. except that the full rated pump heat for one LPCI/Contaxmnent Coolmg pump and one Core
Spray pump is added to the vessel-contmmnem gystem.

‘Case25

Puxpdse:

e —

| 'Case 25 detenmnes the eﬁ‘ect of using a different LPCI/Comaxmnent Cooling System. heat
exchanger heat removal K-value on the UFSAR DBA-LOCA peak supprmsnon pool ’
A tempera.h.xre L A '

Case Description: | .
"Case 2.5 is performed with the inputs used for the UFSAR benchmrk' gmlysi’s of Case 1 ‘
‘except that 8 LPCI/ComAinfnent Cooling System heat exchanger heat removal K-value of =
2496 Bm/sec-°F is used instead of the value of 276.1 Btw/sec-°F used for Case 4 of '
- UFSAR Sectlon 6 2. "

. i , :
- Task3 Design Basis Analyms for 2 LPCY/ Contamment Coolmg pumps and 2 CCSW pumps
' " Configuration (Case|3)

1

14



GENE-637-042-1193

Case3
Purpose:

Task 3 consists of a single case (Case 3) which can be used to establish the design
basis long-term post-L: 7. containmient pressure and temperature response for a
containment cooling configuration of 2 LPCI/Containment Cooling pumps and 2

~ CCSW pumps. For this case updated values of the CCSW flow rate and heat
removal K-value are used which vyere' provided by CECo (Reference 2) .

| Case D&scriﬁtion:
"The analysis of Case 3 of Task 3 uses the same inputs as used for’ Case 3 of GENE-

. ~770-26-1092 except that the CCSW flow rate and the correspondmg heat removal

- K-value are updated thh rewsed valuw prowded by CECo in Reference 2.

. Task 4 _' Demgn Basis Ana.lyses for NPSH Evaluation (Cases 41&4. 2)

"The analysm in Task 4 determines the pwk suppi'ession pool temperamre and suppression' '

chamber pressure rwponse which can be used for evaluating available NPSH margins for -
“the LPCI/Contamment Coohng pumps and Core Spray pumps, which take suction from:

- the suppression pool dunng a DBA-LOCA. These results can be used in an update of the L
R Dresden NPSH evaluation in UFSAR Section 6.3 '

| Case4.
~ Purpose:

“ The purpose of Case 4.1isto obtam the suppresswn pool temperature and
suppression chamber pressure which can be used to evaluate the available NPSH
margins for a 1 LPCI/Contamment Cooling pump - l CCSW pump conﬁguranon

s,
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Case Description:

Cased.lisa re-analysis of Case 4 of GENE-770-26-1092 with the exception that
initial conditions are used which minimize the containment pressure. Table 1 shows
these initial conditions. Additionally; it is conservatively assumed that only 20% of
the break flow which does not flash achieves thermal equilibrium with the fluids in

. the drywell. The rest flows directly to the suppression pool without any heat
transferred to the drywell fluids. Because the liquid break flow is at a higher

. tempersture than the drywell fluid, t}us minimizes the drywell temperature and,
consequently, the drywell and suppressmu chamber pressure.

Case 4.2
Purpose: -
. The purpose of Case 4.2is to obtain the suppression pool temperature and
supprwsxon chamber pressure which can be used to evaluate the available NPSH
.maxgms for a2 LPCI/Contamment Cooling pump - 2 CCSW pump conﬁguratlon
Case chnptmn
Case 4.2 is a re-Mysi§ of Case 3 of Task 3, except that the initial conditions used.

for Case 4.1 and the assumption of partial heat transfer used for Case 4.1 are also
used for Case 4.2, to minimize containment pressure (see Table 1).
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’ 8.0 Q/ARECORDS

All work performed to produce this document and supporting background information is
contained in the GE Design Record File DRF T23-00717.
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TABLE 1 - RESULTS OF BENCHMARK CASE AND PARAMETRIC STUDIES

Incremental
Change in
Peak Pool -
Peak Pool Tempergture
Temperature | Relative to
Case Description (°F) Case 1 (°F)
1 SHEX-04 BENCHMARK 180 WA
MAY-WITT DECAY HEAT
INITIAL POOL TEMP = 90°F
NO FEEDWATER ADDED
NO PUMP HEAT ADDED
K=276.1 BTU/SEC-F
21 ANS 5.1 DECAY HEAT 170 10
22 INITIAL POOL TEMP = 95°F 181 T+
23 FEEDWATER ADDED 152 +2
24 PUMP HEAT ADDED 182 +2 |
25 K=249.6 BTU/SECF 185 - 7
[GENE-770- | 1 LPCICONTAINMENT COOLING ] 180 To
261092 | PUMP;1CCSWPUMP - - ‘
CASE 4 - DR
S ANS 5.1 DECAY HEAT
- | INITIAL POOL TEMP = 95°F
FEEDWATER ADDED
PUMP HEAT ADDED
K=249.6 BTU/SEC-F
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UPDATED CONTAINMENT RESPONSE FOR DRESDEN

LPCI/CONTAINMENT COOLING SYSTEM
Total Pmk Long-
- , LPCV LPCY : Term
No. of Containment § Cont. No. of B Peak .| -Suppression ~
| Cont. .. Cooling Cooling CCSwW CCSW Suppression | Chamber
Cooling Pumps Pump Flow - | Pumps Pump Flow | Pool Temp. .| Pressure
| Case * Loops** Per Loap ) Per Loop (gpm) (3] 1 (psig)_
13 : 1 2 10000 2 6000 167 73 .
: : . (@ 13350 s)
4 (of 1 1 5000 1 3500 180 8.7
| GENE-770- | i g
26-1092) (@ 26380 s)

*. I Core Spray Pump assumed for all Cases.
- ** 1 Heat Exchanger per loop.

“TABLE 3 - RESULTS OF CONTAINMENT ANALYSIS FOR NPSH EVALUATIONS -

PRV
¥

Suppression
Pressure at
Time of Peak
Peak Pool Pool
, Temperatur¢ | Temperature
Case Descnpnon : (°F) (psi
141 1 LPCUCONTAINMENT COOLING -] 180 143
PUMP & 1 CCSW PUMP (UFSAR '
CASE 4) o
4.2 2 LPC/CONTAINMENT COOLING ~ { 167 3.7
PUMPS & 2 CCSW PUMPS (UFSAR _' g
CASE3) , '
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Table 4- Input Parameters for Containment Analysis

. : Value Used
aramet e nit In Analysis -
Core Thermal Power MWt 2578
Vessel Dome Pressure - psia 1020
Drywell Free (Airspace) Volume a3 158236
(including vent system) i
Initial Suppression Chamber Free
(Airspace) Volume .
Low Water Level (LWL) Cf3 120097
‘Initial Suppression Pool Volume ' | ,
‘Min. Water Level R 112000
- No. of Downcomers | o o 9%
Total Downcomer Flow Area =~ .~ fi2 301.6
Tnitial Downcorﬁer Submergence . ft 3671
Downcomer I D : B f 200
R Vent System Flow Path Loss Coeﬁicxent . s
. (mclud&s exxt loss) _ - 517
| Supp Chamber (T orus) Major Radius | ft - 5450
Supp. Chamber (Torus) Minor Rad;us R . 15.00
- Suppression Pool Surface Area fi2 9971.4
(in contact with suppressxcm chamber . - .
airspace)
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Table 4 - Input Parameters for Containment Analysis (continued)

_ Value Used
Parameter Units - -in Analysis_
Suppression Chamber-to-Drywell Vacuum
Breaker Opening Diff. Press
' - start | psid 0.15
_ - full open | psid 0.5
' Supp. Chamber-to-Drywell Vacuum o :
~ Breaker Valve Opening Time sec 1.0
Supp. Chahber-to—Drywell Vacuum ‘
. Breaker Flow Area (per valve _ . fi2 3.14
-+ assembly) ' :
Supp. Chamber—fo—Drywell Vacuum
- - Breaker Flow Loss Coefficient ‘ ,
 (inciuding exit loss) 347
- No. of Supp. Chamber—to-Drywell
Vacuum Breaker Valve Assemblies :
: -(2 valves per assembly) S . 6
LPCI/Contauunent Cooling Heat =~ - -
Exchanger K in Conta.mmem Coolmg co - s
Mode - Btu/sec-°F . SeeTable5 -
: LPCY/Containment Coohng Semoe i -
Water Temperature . - - °F 95
" LPCI/Containment Coolmg Pump Heat -
| (perpump) o | “hp 700
Core'Spray Pump'Heat (perpump) . hp | 800
Time for Operator to Turn On
.LPCl/Containment Cooling System N
in Containment Cooling Mode CL . :
(after LOCA sxgnal) , : sec - 600
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Table 4 - Input Parameters for Containment Analysis (cdntinued)

Feedwater Addition (to RPV
after start of event; mass -

and energy) -

Feedwater Mass  Enthalpy *
Node**  (fbm) (Btu/bm)

34658 308.0

1
2 96419 = 2892
3 145651  268.7
4 91600 219.8
5 - 65072 1884

* Includes sensible heat from the feedwater system piping metal.

** . Feedwater mass and energy data combined to fit into 5 nodes fgr use in the analysis.
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Case

21

22

23

2.4
2.5
3

.42
~ * one heat exchanger.per loép
' " (Reference 2)

Table 5- LPCU/Containment Cooling System Parameters for Containment Analysis

No. of -
. Loops* - PerLoop

1
1
1

- LeCrU
Containment
Cooling
Pumps

1

|
1

GENE-637-042-1193

Total

LPCl/

Cooling

Flow

{gpm)

5,000 -

5,000

5,000
5,000
5,000
5,000

10,000

5,000

10,000

.24 .

Containment No.

of

CCSW -

Enmps

276.1

276.1
- 276.1

276.1

276.1

2496

365.2%%

249.6

o3esae
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TABLE 6 |
KEY PARAMETERS FOR CONTAINMENT ANALYSIS
 CASE1 CASE 2.1 CASE 2.2 CASE 2.3 CASE24  CASE2S5
DECAY HEAT May-Wia ANS 8.1 May-Witt May-Witt -‘wy-vr.n May-Witt
MODEL | ' .
INTTIAL " 90 90 95 90 S 90
SUPPRESSION - *
POOL
CF)
" FEEDWATER No - No . No - . Yes No " No.
peaedd | | | Y o -
PUMPHEAT.  No " No ‘No . " No Ys Mo
ADDED R . o
HEATEXCHANGER  276.1 2761 2761 2761 2161 2496
K-VALUE , - g o o ,
GTUSECTH |
INITIAL DRYWELL 1595  15.95 15.95 1595 1595 1595 -
FRESSURE (FSIA) R B - o .
CINITIAL- . 1485 1485 ‘1485 - 1485 1485 1485
.. SUPPRESSION - . | S |
.. CHAMBER PRESSURE ]
sty
"INITIALDRYWELL 135 . 13 1S, . B5 135 13
INIIALDRYWELL 20 20 20 N T '
o |
INITIAL SUPPRESSION 100~ 100 100 100 w0 0 100
CHAMBER RELATIVE . 3 - ; :
HUMIDITY (%)
'.I-IEAT'!'RANSI-‘ER 00 100 . .10 - 100. ° 100 100
BETWEEN . S . |
NON-FLASHING
- BREAKLIQUD
AND DRYWELL FLUID o -

. cuangmo‘mc Benchmark case (Case 1) for the sensitivity studies are underlined.
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‘TABLE 6 (CONTINUED)
KEY PARAMETERS FOR CONTAINMENT ANALYSIS
CASE 3 'CASE 4.1 CASE 4.2

DECAY HEAT ANS 5.1 ANS 5.1 ANS 5.1
MODEL

-INITIAL _ 95 . 95 95. .
SUPPRESSION '

-POOL

TEMPERATURE

Ch

FEEDWATER Yes ' Yes . Yes
ADDED ' ' o

PUMPHEAT ~ ° © Y ' Yes Yes
_ ADDED S e

HEAT EXCHANGER 36520+ 2496  3652%
 K-VALUE ~, . | RS
(BTU/SEC-F) 3

INTTIAL DRYWELL 15.95 157¢ - 15.7¢
FRESSURE (PSIA) , -

©  INITIAL SUPPRESSION. ° 1485 = 147* 147%
~ CHAMBER PRESSURE L .
®s1a)

. INITIALDRYWELL 135 150 150

INITIALDRYWELL 20 - 100 . 100
X2 |

INITIAL SUPPRESSION 100 0 100 - 100
- HUMIDITY (%)

HEAT TRANSFER 100 - 20 , 20
BETWEEN . . FAR.
NON-FLASHING

BREAK LIQUID

AND DRYWELL FLUID (%)

"*Minimum operating pressure reported in Tablc B.1 of GENE-770-26-1092, wmch was previously prtmdedby
** Reference 2
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| APPENDIX A
CORE DECAY HEAT DATA
Table A.1 provides the core heat (Ptu/sec) based on the May-Witt (Reference A.2) decay
- heat model used for Cases 1, 2.2, 2.3, 2.4 and 2.5 of Section 7.0. The core heat includes
.. decay heat (May-Witt), metal-water reaction energy, fission power and fuel relaxation
- energy. The mreheatmTableA.l is normalized to the initial corethermal powerof
2578 MWt. _, - .
“Table A.2 provides the core heat @tulsec) based on the ANS 5.1 (Reference A.1) decay *
~ _?’heatmodelusedforCasesz 1,3, 4.1 and 4.2 of Section 7.0, The core heat includes -
. decay heat (ANS 5.1-1979), m etﬁl-water reaction energy, fission power and fuel ‘
relaxation energy. The core heat jn Table A2 is nonna.lmed to the initial core thermal

\,
~

Appendxx A;seferences: o
Ly “NEDO-]OGZS "PowerGenmnoninannponomngNoml Shutdownor o
R 'Loss-Of-Coolant Accidenﬂ Conditions,” March 1973. | ‘

oy DecayHeatPowermughtWaterRmom, ANSVANS-S.1 - 197, Approved
a ’by Amencan National s‘u}dudsrnsﬁme, August 29, 1979. .

-
o
=y
-
'
BN




GENE-637-042-1193
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TABLE A1 - CORE HEAT MAY-WITT
Time (gec) ° - Core Heat*

0.0 0 ' 10232
0.1 o . 1.0092
02 P . 9785
06 : . 7467
08 ‘ 6966 .
1.0 C .5860
2.0 o o 5541
30 i 5921
40 . » ST 5830
6.0 . o - . 5486
8o - i S A733
10, 0 - 3859
20 - o 08943
30. 07161
o : 053718 -
. 60. B - - .04937
go. . . o - .04727

‘ ',-J'-.‘..‘°° S oasas

- -120. " LT 04499
o121 0 0 - 03718
S 200, e S .03365
600. - oo T 02549
oo 18000 - e .02229 - .
. o7 20000 - U - T 01841 0
‘ . 4000, L < 015120 -
6000 . oL oo 7001353
10000.- - o 0 01201
20000, - : 01008
40000, = T 008125
- 60000. - - - S .007394

- ‘Core Heat (normalized to the xm{xa! core thermal power of 2578 MWY)

. ; "' Metal-water reaction heat is dssumed to -d at 120 seconds

pll A-z : o

=decayheat+ﬁssionpower+ﬁwlrelaxanonenergy+metal-waterréacuonenetgy : ,
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' , : TABLE rAZ - CORE HEAT ANS 5.1
Time (sec) ' Core Heat®*

0.0 : 1.0078
0.1 o . 9976
0.2 . o 9694
06 = 4 7404
08 Lo 6907
1.0 . . 5802
20 i :5480
3.0 , 5852
40 . . 8755
60 . . - U ST 5401
so 4637
10, - o - 3T
20, o 08192
3. . . os405
- 60, R ,‘ - 04271
T e e 80 5L 04064
| ..\ Tesno T ,' 100, . 03925
w20 - .03815
L 121" : ..03033
200, 02752
600. . N - 3 T
10000 . 5 L. 01956
. .2000. o = 01599 .
oo .4000, 01273
ST 18000 -.01033
S 0000 L T 00012
20400, . . T 008491
39600, L - .007060 .
61200, .- , 006306
i

s . 1

RN “'Core Heat (norma.hzed to the lnitial core thermal p power of 28 MWE)
L5 = decay heat + fission power + fuel relaxation energy + metal-water reaction energy -
R o Metal-water reaction heat is mumed to end at 120 seconds "









