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TheOrder amends Facility Operating License DPR-53 by adding the provision 
that the reactor shall not be operated with a peak linear heat generation 
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UNITED STATES OF AMERICA 
NUCLEAR REGULATORY COMMISSION 

In the Matter of ) ) 
BALTIMORE GAS AND ELECTRIC COMPANY ) Docket No. 50-317 ) 
(Calvert Cliffs Nuclear Power Plant, ) 

Unit No. 1) ) 

ORDER FOR MODIFICATION OF LICENSE 

I.  

Baltimore Gas and Electric Company, Gas & Electric Building, Charles Center, 

Baltimore, Maryland 21203 (the Licensee), is the holder of Facility Operating 

License No. DPR-53 which authorizes the operation of a nuclear power reactor 

known as Calvert Cliffs Nuclear Power Plant, Unit No. 1 (the facility) at 

steady state reactor power levels not in excess of 2560 thermal megawatts 

(rated power). The facility is a pressurized water reactor (PWR) located 

at the Licensee's site in Calvert County, Maryland.  

II.  

In conformance with evaluations of the performance of the Emergency Core 

Cooling System (ECCS) of the facility submitted by the Licensee on September 12, 

1974, and with the Order for Modification of License dated December 27, 1974, 

the reactor core peak linear heat rate is limited to 15.2 kW/ft in all fuel 

assemblies. To further comply with the Order of December 27, 1974, the 

Licensee submitted on July 9, 1975, a re-evaluation of ECCS cooling perfor

mance to verify the operating limitations proposed in the Licensee's 

submittal of September 12, 1974. The ECCS performance evaluation submittal 

by the Licensee on July 9, 1975, was based upon a subsequently approved
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ECCS evaluation model developed by Combustion Engineering, Inc. (CE), the 

designer of the facility, to conform to the requirements of the Commission's 

ECCS Acceptance Criteria, 10 CFR Part 50, 550.46 and Appendix K. The 

evaluation indicated that with peak linear heat generation rate limited 

to 15.8 kW/ft, and with the other limits set forth in the facility's Technical 

Specifications, the ECCS cooling performance for the facility would conform 

to the criteria contained in 10 CFR §50.46(b) which govern calculated peak 

clad temperature, maximum cladding oxidation, maximum hydrogen generation, 

coolable geometry and long term cooling. The NRC staff review of the Licensee's 

submittal of July 9, 1975, is continuing. In the meanwhile, the Technical 

Specifications have been limited to 15.2 kW/ft based on the earlier evaluation.  

On June 8, 1976, the NRC staff was informed by CE that several errors 

had been discovered in STRIKIN-2, the computer code used to calculate 

peak clad temperature and the clad oxidation percentage in both CE ECCS 

models. These errors were discovered by CE during an internal Quality 

Assurance audit of their LOCA evaluation model codes. While some of 

these errors have either no significant effect or a conservative 

effect on the evaluation results, some lead to non-conservative 

values. Based on a preliminary assessment, including information and 

supportive calculations by CE, the staff has determined that 

the following two code errors, when corrected, could produce ECCS 

evaluation results which would require a reduction in operating limits 

for Combustion Engineering plants: 

(1) Guide Tube Model - The code treated the control rod guide tube as 

a solid rod rather than a hollow tube. This resulted in an
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excess heat storage capacity in the guide tube which then led 

to excessive thermal radiation cooling from the hot rod to 

the guide tube.  

(2) View Factors for Radiation Cooling Model - The code did not con

servatively treat the view factors in the thermal radiation model to 

account for the possible effect of rupture and ballooning of adjacent 

fuel rods which contact the hot rod and reduce the surface area 

available for radiation cooling.  

For this reason the staff instructed CE and the Licensee to provide a 

revised calculation of peak clad temperature for the worst break 

area identified in previous calculations with the errors properly 

corrected. Using the more recent CE evaluation model, with the code 

corrected for the two items discussed above, and with an additional 

correction of a sign error in the source term of the conduction 

equations (this latter error produced a conservative effect), the 

revised calculations demonstrate that for peak linear heat generation 

rates of 14.9 kW/ft in all fuel assemblies, the peak clad temperature 

and amount of cladding oxidation remain below the criteria set forth 

in 10 CFR §50.46(b). The staff expects that when final revised 

calculations for the facility are submitted using the revised and 

corrected model they will demonstrate that operation with these peak 

linear heat generation rates would conform to the criteria
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of 10 CFR 150.46(b). Such revised calculations fully conforming 

to the requirements of 10 CFR 550.46 are to be provided for the 

facility as soon as possible.  

However, since a revised evaluation for the entire break spectrum 

for the facility using the new evaluation model properly corrected cannot 

be completed for several weeks, the staff believes that it is prudent 

to impose an interim penalty on allowable peak linear heat generation rate 

to account for uncertainties that may result from the fact that 

calculations thus far have been made only for the worst case break 

previously identified. The staff concludes that an additional limitation 

of I kW/ft will eliminate uncertainties resulting from the preliminary 

limited break spectrum calculations thus far performed, and will assure 

that ECCS performance at the facility will conform to all the criteria 

set forth in 10 CFR §50.46(b). These additional limitations will 

provide reasonable assurance that the public health and safety will 

not be endangered.  

Upon notification by the NRC staff on June 11, 1976, the Licensee promptly 

modified plant setpoints to reduce peak linear heat generation rate by 

I kW/ft to 13.9 kW/ft in all fuel assemblies. The NRC staff believes that 

the Licensee's action, under the circumstances, is appropriate and that 

this action should be confirmed by NRC Order.
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Copies of the following documents are available for public inspection in 

the Commission's Public Document Room, 1717 H Street, N. W., Washington, 

D. C., 20555 and are being placed in the Commission's Local Public 

Document Room, the Calvert County Library, Prince Frederick, Maryland: 

(I) Letters dated June 13, 1975 and December 9, 1975, from the NRC 

staff to Combustion Engineering; (2) Letter dated June 14, 1976 from 

Baltimore Gas and Electric Company to the Director of Nuclear Reactor 

Regulation; (3) Letter dated June 15, 1976, from Combustion Engineering 

to the NRC staff; and (4) This Order for Modification of License, 

In the Matter of Baltimore Gas and Electric Company (Calvert Cliffs 

Nuclear Power Plant, Unit No. 1), Docket No. 50-317.  

III.  

Accordingly, pursuant to the Atomic Energy Act of 1954, as amended, and 

the Commission's Rules and Regulations in 10 CFR Parts 2 and 50, IT IS 

ORDERED THAT Facility Operating License No. DPR-53 is hereby amended by 

adding the following new provisions: 

(1) As soon as possible, the Licensee shall submit a re-evaluation of 

ECCS cooling performance calculated in accordance with Combustion 

Engineering Company's Evaluation Model approved by the NRC staff 

on June 13, 1975 and December 9, 1975 and corrected for the errors 

described herein.
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(2) Until further authorization by the Commission, the reactor shall not 

be operated with a peak linear heat generation rate in excess of 13.9 

kW/ft for all fuel assemblies.  

FO UCLEAR EULA COMMISSION 

Ben C. Rusche, Director 
Office of Nuclear Reactor Regulation 

Dated in Bethesda, Maryland 
this 17th day of June, 1976.
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UNITED STATES 

SNUCLEAR REGULATORY corr.A!ssN'r4'0 
. . WASHINGTOn4, D. C. 20555 

. .December 9, 1976 

Mr. A. E. Scherer 
Licensing Manager (460-4) 
Nuclear Power Systems Division 
Combustion Engineering, Inc.  
1000 Prospect h1ill Road 
Windsor, Connecticut 06095 

Dear Rir. Scherer: 

In a letter dated June 13, 1975, the Nuclear Regulatory Commission 
(NaC) staff accepted an EhergencyCore Cooling System evaluation 
model proposed by Combustion Engineering. However, this accepted 
model did not include modifications proposed in submittals dated 
April 14, and August 26, 1975..  

The utaff has completed its review of the proposed changes to the 
Combustion Engineering Emergency Core Cooling System evaluation inodel.  
The proposed model changes are defined in Supplement 2-P to topical 
report CENPD-132-P. We conclude that the model changes regarding 
the containment wall noding and the resistance across the B•nergency 
Core Cooling System injection section are acceptable and may be 
incorporated into Emnergency Core Cooling System performance evaluations 
for the plant classifications noted in the enclosed sunmary.  

A third model change proposed in CENTPD-132-P, Supplement 2-P, is a 
modification to the 0.8-multiplier presently required by the staff for 
FLECIIT reflood heat transfer coefficients for 16X,16 fuel assemblies.  
The staff concludes that insufficient experi:nental data have been 
reported by Combustion Engineering in support of the proposed FLECHT 
multiplier and that therefore, the third model change is not acceptable 
at this time.  

It should be noted that the previous models regarding containment 
noding and injection section resistance are still acceptable, and 
remain a part of the Combustion Engineering evaluation model approved 
by letter dated June 13, 1975.  

Our acceptance of the two model changes applies only to the use of 
CENPD-132-P, Supplement 2-P as part of the Combustion Engineering 
Emergency Core Cooling System evaluation model and does not constitute
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acceptance of the supplement for any other purpose than for Emergency 
Core Cooling Systes analyses. The non-proprietary version of CENUTD-132-P, 
Supplement 2-P, which is also approved, exists as CENPD-132, Supplenent 2.  

Sincerely, 

COigin',l SV7ned by, 
0. D. Pn,-r 

Olan D. Parr, Chief 
Light Water Reactors 

Project Branch 1-3 
Division of Reactor Licensing 

Enclosure: 
Staff Review Summary



"--RC Staff Review of the Propos".

Combustion Engineering ECCS Evaluation [-odel Chances 

1.0 Introduction 

On April 16, 1975, Combustion Engineering subm-itted reference 1 

requesti.ng modifications to its previously approved ECCS evaluation 

model (referred to as the December 27, 1974 model). This model is 

documented by Combustion Engineering in references 3-15 and the 

staff's revi.ew and subsequent approval in references 16-18.  

The requested model changes described in reference I involve 

the following three areas: 

a) Containment w.all rioding used in the calculation of containment 

back pressure, 

b) Resistance across. the ECCS injection section during puWmpj)ed 

injection, and 

c) FLECHI reflocd heat transfer coefficient multiplier for 16x16 

fuel assemblies.  

The Containment Systems Branch has review.'ed the material submitted 

by Combustion Engineering(1) in support of the containm-ient wall noding, 

and the Reactor Systems Branch has similarly reviewed that part of the 

submittal involving injection section resistance and-the FL[CHIT heat

transfer coefficient multiplier. During the course of the revie.', the 

staff requested that Combustion Engineering supply additional information 

in support of the change in injection section multiplier and to sho;.,t

a -

- -4- -
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effect each of the proposed model changes has on predicted containment 

pressure and peak' clad temperature during a LOCA. Combustion Engineering 

resubmitted to the NRC the material of reference 1 combined with the 

additional infonnation requested by the staff as an additional supple"-nt 

to their evaluation r (odelt2). Furt-er detail regarding the three 

requested changes, and the staff's review and conclusiCns are presentedl 

below.  

2.0 ContainVen!.ill iodinq 

The Dresently approved Combustion Engineering ev'aluation model utilizes 

a fixed numwer of evenly spacedr nodes to represenet each coftain..ent .a i 

material (pait-concreteand/or paint-steel). Combustion E;.,gineerir, rs 

performed a piassive heat. sink noding study to doe,-erniine the adequac I of tre 

present noding schcme. The study .:s'perfor;;ed •sinc Calvert Cliffs 1 

containment data and n computer code, COCTAS , which is te bSsis ior 

the presently approved Combustion Engineering [CCS containment pressu~re 

calculations.  

The noding study indicated that the scheme utilized in the present 

model i.. too coarse resulting in a nonconverged, Very conservative solution 

for the' containment pressure. The use of the overly--coaarse noding results 

in a relatively larqe heat capacitance at the wall surface region ':,hic*• in 

turn causes relatively high heat trensfer rates to the containment 

containment pressure and reflood rates with subsequent predicted peak clad 

temperature which is then relatively high compared to the case where a finer 

containment w-all noding scheme is used.
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Based on their noding study, Ccmbustion Engineering proposed a modified 

noding scheme for future ECCS evaluations. This modified sheme is presented 

in-Table 1 of references 1 and 2 and represents a finer mesh than that used 

in the presently approved model. The modified noding is shomn to represent 

the converged solution by the noding study results. The proposed (rJodifed) 

containment wall noding scheme is compatible with the present noding input 

capability for the CCOMPERC-II code(8'9) used to calculate contaiment 

pressure, and therefore, no code modifications are required to utilize the 

modified noding scheme.  

Although no code changes are required to inc-oro-rate the pz'oic 

noding scheme, the model sensitivity studies perfcr::med by Co::'.ustion 

Engineering(2) and discussed in Section 5.0 of this evaluation indicaL'C* that 

the difference in predicted peak clad temperatlure, for calculations nerform3d 

using the proposed model rather than thepresent one exceeds 20°F.  

Therefore, the noding effect is significant and should be dcw;;ented.  

Based on our review, we conclude that Combustion Engineering has 

a'dequately justified its proposed containment wall noding modificatic", 

that it is in coivpliance with the criteria of Appendix K of lO CFR 50.465 

and is therefore acceptable.  
3.0 Resistance Across the ECNS Injection Section Durincg Pumned Iniection 

The presently approved Combustion Engineering evaluation model utilizes 

a + 0.4 psid differential pressure across the injection section during 

safety injection tank injection for-plants having a 600 injection angle 

and + 1.5 psid for 750 injection. During pumped injection, the present 

'model includes prediction of injection section differential pressure by 3

°b
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momentum balance assuming zero steam condensation and an assumed slip 

ratio of 1.0.  

Subsequent to its present model development and approval, Co-mbustion 

Engineering discovered that two data points which were considered-durirg 

the development of the model for pumped injection hKd been incorrectly 

plotted showing a pressure drop which was too high by a factor of 10.  

Combustion Engineering reconsidered the available data, and in 

references 1 and 2 requested approval to modify its. model for injection 

section resistance duringpumped injection. Included il- the submittals 

was a serriempirical model for partial cnd, i .,t. slip rai 

than one, however, due to the complexity of this model, Ccmbustion Lnii r.c.r 

proposed the use of a constant (positive) upper limit value of (differeniil 

pressure.  

The staff has reviewed the partial condensation model proposed by 

Combustion Engineering and concludes that addi tional experimental data 

is needed to justify the model in the region of low water momentum flux 

(between zero and 2.0 lb/ft 2).  

In support of its proposed constant upper limit value for injection 

section pressure drop during pumped injection, Combustion Engineering 

submitted-data including corrected plots with the two data points discussed 

above. The cited data was takein from the one-third scale steam relief 

(3) 
tests which were performed at Combustion Engineering and from the EPRI/ 

Wlestinghouse one-fourteenth scale mixing -tests. (20) None of the above data 

falling within the ranges of steam momentum flux and ECC injection water 

ýIomentum flux applicable to the Combustion Engineering plants exceeded tLhe 

upper limit value-proposed by Combustion Engine(;ring. The [PRI/WCstin(house
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data which were considered also included 900 injection data, which 

generally indicated larger pressure drops' than the 450 and 60' data.  

The staff has reviewed the data cited by Combustion Engineering and in 

addition has considered data from the Combustion Engineering one-fifth 
(M 122) Hiti h ag fapial -,:nu 

scale steam relief tcsts. Within the range Of aPnlicabl C 

fluxes, the one-fifth scale dat'a included tv:o tests for 75° injection 

having injection section pressure drops wrhich slightly exceoded the 

ulpper limit value proposed by Combustion [ngi, ering, hovever the proposed 

upper limit value is well above the wrean of all of the applicble -ata 

reported in references 3, 20, 2.1 and 22. CorL•ustien Engineering ""-'5 

stated that it does not consider the tw.o data values which exceeded the 

proposed upp;er limit value to be completely applicable for two reasons" 

1) Combustion Fngirneering has compare3 data from the one-fif t scale tests 

with data of about the same steam and injection wtAer ,a.2,.,e flUx 

values from the one-third scale tests. These com,.,parisons inlicate th:ýt 

the one-fifth scale data are generally rmore positive in 'value su'3C esting 

that there is a scaling effect. The cause of the apparent scaling 

effect is thought to be the difference in rela'ti ve magnitude of the 

piping frictional pressure drop. If this were true, one would expect 

the full scale injection system to experience smaller pressure drops 

than those measured in either the one-third or one-fifth scale tests.  

2) Combustion Engineering has stated that the 750, one-fifth scale tests 

cited above were characterized by oscillatory flow which resulted in 

larger pressure drops than would be experienced for more steady flow 

as is expectcd to occur during pu,,,ped injection. (In 1he l:PR/.!,itinOU--" 

test report(20) it is stated that in the one-fourteenth scale tests
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simulating safety injection flow regimes, the test section effluent 

was always a two phase mixture with no oscillations.) 

It is the staff's conclusion that effects due to scaling and oscillation 

are not sufficiently well understood at this tirm]e to allow elimination of 

the cited 750, one-fifth scale data. However, considering the lar-e 

margin which exists between the preposed upper limit pressure drop value 

and the mean value of all of the data considered, we conclude that the 

.proposed limiit is acceptable for botli 60' and 75'S injection plants.  

4.0 osed hreflood Heat Transf.er Coefficient `-deIl 

The reflood heat transfer characteristics of the 16xI6 fuel 

assembly design are expected to differ from' those of the 14x1l*' design 

for hiich support-ng test data are available. Refill/reflood heat 

transfer coefficients used for 16xlG design may be based on extrapol ati on 

from 15x15 PI.R FLECHT data and/or BWR FLECEHT or any other similar data 

provided the extrapolation technique is shown to be theoretically or 

experimentally justified.  

In a letter to Victor Stello frcm F. M. Stern,•.dated March 27, 1975 

Mr. -Stern states "... C-E plans to provide appropriate rod bundle heat 

transfer coe.fficient data prior to the start-up of any of our 16xl6 fuel 

assembly plants employing coefficients greater than 0.8 FLECHIT." 

Additionally, Combustion Engineering (CE) is working toward a physical 

model for reflood heat transfer. In the interim, CE proposed a model
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developed from extrapolation of B:.IR FLECHT and P!..R 15x15 FLECIHT data.  

The extrapolation technique used by CE is essentially the same as 

that used by the staff in arriving at the 0.8 i,;ultiplier except that the 

Multiplier derived by CE varies with time. Orie DWIR run (13x) and one 

.*PWR run (41027) woerc used; data from all three instruLMented rods in the 

BWIR run were used. CE calculated the extrapolated heat transfer coafficiet 

every 10 seconds for each instrumented BAR rod and dre;w a lower bound to 

the extrapolaýted po-ints. This lower bound con.stitutes t'e CE interi;:• modcl.  

The staff finds that, while conservative i:,ethods have been applied to 

the available P',4R and L',• FLECHT data, the referenced data base is rUt 

sufficient to support a time dependent FLECiIF type correlc:tion for the 

16x16 Qeu;::u'LrY. in the absence of "Gx,6 data, the ml iCt Should ,,•v• 
C-e ficationt lcr of'-11*ý e .... 'd lnd I ZI 1'0i-,ý: 

further justii i n e extrpolatico tec-.niqu6 used ani a r 

number of data points mrist be considered in order to provide an 

acceptable confidence level for the correlation. Combustion Engineering is 

obtaining single tube data and is developing an analytical approach which 

combines correlations for several well documented physical processes (film 

boiling, nucleate boiling, dispersed flow). Ilowever, the data base and the 

model are still in the development stage. Until more information is available, 

CE must continue to use the 0.8 multiplier on the 14 x 14 FLECHT correlation 

for 16 x 16 applications.  

/

4
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5.0 LOCA Analysis Sensitivity to Proposed Chanrcms in ECCS [valuation fPocrel 

Combustion Engineering has performed parameter studies in order to 

demonstrate the effect of the three proposed evaluation model changes 

described above on the ECCS performance evaluation results.  

The effect of the containment wall noding and injection section 

resistance changes w.ere evaluated using the Calvert Cliffs 1 reactor.  

Results were presented in the form of plots c1 containment p-ressure, rrass 

added to core during reflood, and peak clad turperature. The plots sho;,.ed 

the successive effect of adding one modificztion at a timc' to a base case 

(presently approved ECCS evaluation nodel of December, 197C).  

All three proposed v-odifications %,ere similarly evaluated for thie 

Standord Sys'em 80 Design (CESSAR) havingr a 1'5;<16 fuel desion. Tihe staff 

has reviewed the sensitivity evaluations ancr found] thiem to be accepta.ble.  

The results indicate that each of the changes are significant, generally 

resulting in peak clad temperature differences greater than 20'F com1Pared 

to calculations without the model changes.  

6.0 Conclusions 

The staff has concluded that tIe model changes regarding the. containmort 

wall noding and the resistance across the ECCS injection section are 

acceptable, but that insufficient experimental data has been presentLd by 

Combustion Engineering in support of the'proposed FLECIT reflood heat 

transfer coefficient mul tipliier.  

Ile conclude that. the changes cited above are acceptable to be used 

for ECCS performance evalu'vtions for all plants satisfying thefo 

plant classifications:
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(1) Typical. current Combustion Engineering three and four-loop plants 

(2) Dry containments (including subatmospheric) 

(3) Power ratings up to 3800 MWt 

(4) Plant utilizing only bottom flooding emergency core cooling systems, 

Subject to the restrictions cited in this report, Supplement 2-P of 

CENPD-132-P is acceptable for reference in licensing applications as a 

part of the approved Combustion Engineering ECCS evaluation model.  

CENPD-132, Supplement 2 contains a similarly approved non-proprietary 

version of this document. The previous approved models regarding contain

ment noding and injection section resistance are still acceptable and remain 

a part of an approved Combustion Engineering evaluation model.  

Our acceptance applies only to the use of the referenced topical reports 

as part of the Combustion Engineering ECCS evaluation model and does not 

constitute acceptance of the reports for any purpose other than for ECCS 

analyses.
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UNITED STATES4 -4# ' NUCLEAR REGULATORY COPMI3SION 4le 
WASHINGTON, D. C. 20555 

Mr. F. M. Stern 
Vice President, Projects 
Combustion Engineering, Inc.  
Coibustimon Division 
1000 h-ospect Hi1l1 Road 
Wihdsor, Connecticut 06095 

Dear Mr. Stern: 

The Nuclear Regulatory Cormission (NIRC) staff has coxxoieted its review 
of the Cormbustion Engineerinc ECCS evalualJion:c<hi as def-ned by certain 

Topical Recorts (References 1 throuah 13 of che- enclosed staff r eview 
strr-inr-y). We conclude that the model is actc. tab<e to be used fcr ECCS 
perform•rcre eval-catiorns for all plants satissfly. the followipg pa-ýt 
classific•tions: 

(1) 1Tmical current Combustion Engineering three and four-loop plants, 

(2) Dr'y contai.ments (InClud-Ing suba tm.osplheric), 

(3) Power ratings up to 3800 1,amt, 

(4) Plants utilizing only bottom flooding emergency core cooliing 
sys tLers.  

Cur' acceotance aL.Plies cn~y to the use of the ToDica'l Reports as ,%art 
of the Combustion hngrcerino, ECCS evaluation r:lxlel amnd does not 
constitute accetyance of the .individ1,a1 rieports for L.y purpose other 
than for ECCS analyses. All of the reports , Refcrences 1i throug< 13, 
are proprietary. Non-proprietary versions of each report and -its 
supplemmits, which are also approved, -:ist as Revision 01 to each 

document. It should be noted that in CLNPD-]-32P, Supp1ement 1, additional 
Lnformiation is presented which has not been evaluatcd, and th.erefore, is 
not part of the approved mode]..  

Sincerely, 

Original Signed b, 
0. D. Parr 

Olan D. Parr, Chief 
Light kiter Reactors 

Project Branch 1-3 
Division of Reactor Licensing 

Enclosure: Staff Review Surmaiy 

-T~4 
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NRC Staff Review of the Combustion Engineerin ECCS Evaluation Model 

Background Information 

Combustion Engineering submitted a description of the Combustion 
Engineering ECCS evaluation model by August 5, 1974 in several 

topical reports (references 1, 3, 4, 6, 8, 10, 11 and 12). The 

NRC staff reviewed the August submittal for conformity with the 

requirements of 10 CFR Part 50, Appendix K, "ECCS Evaluation 

Models," and published its evaluation in the October 15, 1974 

"Status Report by the Directorate of Licensing in the Mlatter-of 

the Combustion Engineering ECCS Evaluation Nlodel Conformance to 

10 CFR Part 50, Appendix K" (reference 14). This report addressed 

each requirement of Appendix K, discussed conformance by Combustion 

Engineering, indicated the acceptability of the analytical methods 

employed in the Combustion Engineering model, and, assessed the 

impact of specific open items which were either unresolved or 
unacceptable.  

Additional documentation was subsequently submitted by Combustion 
Engineering addressing these open items and the NRC staff review 

was published on Noverber 13, 1974 in a "Supplement to the Status 

Report by the Directorate of Licensing in the .iMatter of Coubustion 

Engineering ECCS Evaluation Model Conformance to 10 CFR 50, 

Appendix K" (reference 15). The NRC staff concluded that certain 

modifications which were described in the above-mentioned 
documents, were required to achieve conformity with 10 CFR 50, 
Appendix K.  

On October 26 and November 14, 1974 the staff presented its 

assessment of the Combustion Engineering evaluation model to the 

Advisory Committee on Reactor Safeguards. In its report to the 

Chairman of the AEC, dated November 20, 1974, the Advisory 

Committee concluded that "the four light-water reactor vendors 

have developed evaluation models which, with additional modifications 

required by the (NRC) staff, will conform to Appendix K to Part 50." 

The required model changes which were subsequently implemented by 

Combustion Engineering into their evaluation model, included the 
following: 

1. Additional justification for assumed initial stored energy.  

2. Inclusion of clad plastic deformation prior to rupture, and 

use of best estimate for swelling.  
3. Use of a single assembly in hot region of core.  
4. Consideration of dissolved nitrogen during reflood.  
5. Modification of assumed injection section pressure drop 

during safety injection tank injection.



-2-

6. Modification of hot wall delay time calculation.  
7. Modification of steaming rate calculation.  
8. Inclusion of diversion crossflow due to blockage during 

reflood rate less than 1 inch/sec.  
9. Use of 0.8 X hFLECHT for 16xl6 plants.  

10. Inclusion of a conservative assumption for the surroundings 
during rod-rod radiation.  

On December 27, 1974, the Commission, in response to submittals from 
operating Combustion Engineering plants; pursuant to Section 50.46 
and Appendix K of 10 CFR 50, issued a Safety Evaluation Report and 
Orders for Modification of Licenses pertaining to the latest proposed 
Technical Specifications. In addition, the Commission requested that 
the modifications to the Combustion Engineering evaluation model be 
made and that a reanalysis be submitted wiithin six months based upon 
the approved evaluatien model.  

On March 14, 1975, Combustion Engineering formally submitted proprietary 
and non-proprietary versions of supplements to five of its topical 
reports (references 2, 5, 7, 9 and 13) w,;hich docurmented all of the 
modifications required by the NRC staff in October and November, 1974 
(references 14 and 15). In addition to the modifications required hy 
the staff, Combusti on Engineering suhmi tted suppl emental i nformwti on 
to comiplete the docu;mentation requirteme-nts oF Appendix K, irncludinig 
responses to questions raised by the .NRC staff in the course of 
reviewing the Combustion Engineering ECCS evaluation model, and 
documentation of ininor modifications whici had no significant effcct 
on computational results. In Sections SIII.D.5.a.l and SIII.D.5.b of 

Supplem2nt 1 to CENPD-132P, Combustion Engineering included additional 

material which has not been approved by the staff and which is not a 

part of the approved model. Combustion Engineering has included in 

its topical reports, descriptions of the various code options which are 

available, some of which are not acceptable to the staff as part of the 

approved model. Combustion Engineering will submit an additional 
report delineating between those options which are a part of the approved 

model and those w;-,ich are not. In lieu of having formal documentation 

at this time, the following code options are not allowable for use in 
ECCS analysis: 

a. The pseudo viscosity pressur7g 5 rop term described in Appendix E 

of CENPD-133P, Supplement 2.  

b. The use of a loss' coefficient for determination of the injectiyn 

section pressure/ r, op described in Section II.D of CENPD-134PM 
Supplement 1. Q() 

In addition, it is the staff's understanding that the options used for 

the unpressurized fuel analysis described in Appendix C of CENPD-139P, 

Supplement 2, are equivalent to the staff approved FATES model. (17', 

lThe staff evaluation of these reports is documented in reference 16.
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Conclusions 

The NRC staff has completed its review of the Combustion Engineering 

ECCS evaluation model, which is comprised of references 1 through 

13. The NRC staff closely followed the development of tile Combustion 

Engineering ECCS evaluation model and utilized the referenced topical 

reports to determine tile compliance of the Combustion Engineering 

evaluation model to 10 CFR 50, Appendix K. The details of the NRC 

staff review are summarized in references 14, 15 and 16. The staff 
concluded: 

1) That the Combustion Engineering evaluation model is an acceptable 

model to be used for ECCS performance evaluation for all plants 

satisfying the following plant classifications: 

a) Typical current Combustion Engineering three- and four-loop 
plants.  

b) Dry containments (including subatmospheric).  

c) Power ratings up to 3800 rMwt.  

d) Plants utilizing only bottom flooding [CC Systems.  

2) that References 1 through 13 which constitute the consolidated 

description of the Combustion Engieerinig ECCS evaluation mOdel, 

may be used by reference in licensing applications, as an approved 

ECCS evaluation model. This approval applies to the entire ECCS 

model package with the exception of Sections S III D.5.a.l and 

S III D.5.b of CENPD-132P, Supplement 1, and the code options 

noted above, and does not constitute approval of the individual 

topical reports for any purpose other than ECCS analyses.
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