
FENOC Beaver Valley Power Station Route 168 
--"-N% PO. Box 4 

FirstEnergy Nuclear Operating Company Shippingport, PA 15077-0004 

Lew W. Myers 724-682-5234 
Senior Vice President Fax: 724-643-8069 

September 13, 2001 

L-01-112 

U. S. Nuclear Regulatory Commission 
Attention: Document Control Desk 
Washington, DC 20555-0001 

Subject: Beaver Valley Power Station, Unit No. 2 
BV-2 Docket No. 50-412, License No. NPF-73 
Response to a Request for Additional Information 
In Support of LAR No. 168 

This letter provides the FirstEnergy Nuclear Operating Company (FENOC) response to a 

NRC Request for Additional Information (RAI), dated August 2, 2001, pertaining to 
FENOC letter L-01-089, dated June 28, 2001. FENOC letter L-01-089 submitted 
License Amendment Request (LAR) No. 168 that proposed changes to the Beaver 
Valley Power Station (BVPS), Unit No. 2, to allow operation of the reactor core with a 
positive moderator temperature coefficient (PMTC) for NRC review and approval. The 
information provided by this letter consists of the following: 

" additional justification that occurrence of the events analyzed in support of the 
submittal in conjunction with operations using a PMTC will not violate reactor safety 
limits, 

" elaboration on why the events that were not reanalyzed are unaffected by operations 
using a PMTC, 

" further clarification of the changes to the margin to trip analyses due to operations 
using a PMTC, 

" discussion on how BVPS, Unit No. 2, will continue to comply with the Anticipated 
Transient Without Scram (ATWS) rule, and 

"* detail on the administrative controls to be put in place in accordance with a new 

commitment made in support of the LAR.  

The FENOC responses to the RAI are provided in Attachment A of this letter.  
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FENOC requests NRC approval of License Amendment Request No. 168 prior to the 
first entry into Mode 2 for BVPS, Unit No. 2, operating cycle 10.  

This information does not change the evaluations or conclusions presented in FENOC 

letter L-01-089. If there are any questions concerning this matter, please contact 
Mr. Thomas S. Cosgrove, Manager Regulatory Affairs, at 724-682-5203.  

Sincerely, 

Attachment 

c: Mr. L. J. Burkhart, Project Manager 
Mr. D. M. Kern, Sr. Resident Inspector 
Mr. H. J. Miller, NRC Region I Administrator 
Mr. D. A. Allard, Director BRP/DEP 
Mr. L. E. Ryan (BRP/DEP)



Subject: Beaver Valley Power Station, Unit No. 2 
BV-2 Docket No. 50-412, License No. NPF-73 
Response to a Request for Additional Information 
In Support of LAR No. 168 

I, Lew W. Myers, being duly sworn, state that I am Senior Vice President of 

FirstEnergy Nuclear Operating Company (FENOC), that I am authorized to sign and file 

this submittal with the Nuclear Regulatory Commission on behalf of FENOC, and that 

the statements made and the matters set forth herein pertaining to FENOC are true and 

correct to the best of my knowledge and belief.  

FirstEnergy Nuclear Operating Company 

ýe)w W-.M r 

COMMONWEALTH OF PENNSYLVANIA! 

COUNTY OF BEAVER 

Subscribed and sworn to me, a Notary Public, in and for the County and State 

above named, this /-ý th day of , 2001.  

'-M-yComnK/ion•Exl~ires: 

Notarial Seal 
Tracey A. Baczek, Notary Public 

Shippingport Boro, Beaver county 
My Commission Expires Aug. 16, 2005 

Member, PennsylvaniaAssocdatonof Notaries



Letter L-01-112 - Attachment A

RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION (RAI) 
POSITIVE MODERATOR TEMPERATURE COEFFICIENT (PMTC) 
FOR BEAVER VALLEY POWER STATION UNIT NO. 2 (BVPS-2) 

DATED JUNE 28, 2001 
(LICENSE AMENDMENT REQUEST NO. 168) 

NRC RAI Question 1 

On page B-4, paragraph 2 lists Facility [sic] Safety Analysis Report (FSAR) analyses performed 
in support of the proposed PMTC. Please provide detailed quantitative and qualitative technical 

justification that the occurrence of these events in conjunction with operation of the plant with a 

PMTC will not cause reactor safety limits to be violated. Provide any technical evaluation 
reports by Westinghouse which demonstrate the ability to safely operate with a PMTC.  

FirstEnergy Nuclear Operating Company (FENOC) Response 

A +2 pcm/IF moderator temperature coefficient (MTC) was considered for all of the analyses as 

part of the recently completed revised thermal design procedure (RTDP) and 1.4% power 

uprating programs. The results of those analyses are summarized in the Tables 1 through 5. In 

all cases, all applicable acceptance criteria are met.  

NRC RAI Question 2 

On page B-5, paragraph 2 states that analyses other than those listed on page B-4 were not 

evaluated for the proposed PMTC. Please provide supportive analyses to demonstrate that all 

events not evaluated will be unaffected by operation of the reactor with a positive MTC.  

FENOC Response 

The events not listed on Page B-4 are analyzed with reactor core end-of-life (EOL) moderator 
density coefficients. For example, the steamline break transient is analyzed with a most positive 

EOL density coefficient to maximize the reactivity feedback due to the cooldown. Analysis of 

these events with a PMTC would yield less severe analysis results than those completed for the 
RTDP and 1.4% power uprating programs.  

NRC RAI Question 3 

On page B-5 a discussion of "Control Systems Margin to Trip Evaluation" is provided. Please 

provide the analyses performed to demonstrate the effects of a positive MTC on each of the 
events evaluated.
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FENOC Response 

The large-load rejection (50%) transient results confirmed that there was sufficient margin to the 
over-temperature delta temperature (OTAT) trip setpoint. The analysis indicated acceptable 
results: a minimum margin of more than 22% to the OTAT trip setpoint, and a peak pressurizer 
pressure of 2341 pounds per square inch absolute (psia), which remains below the pressurizer 
power operated relief valve (PORV) actuation setpoint. In addition, no other reactor trip or 
engineered safety features actuation system (ESFAS) setpoints were challenged. Therefore, the 
50% load rejection can be accommodated with a PMTC without challenging any of the reactor 
trip setpoints.  

The licensing basis for BVPS, Unit No. 2, is being revised to reflect that the full-load rejection 
is no longer considered.  

The 10% step load increase from 90% nominal power results determined that the minimum 
steam line pressure was 610 pounds per square inch gauge (psig). This results in a margin of 
more than 110 psi to the low steam line pressure setpoint of 500 psig. Therefore, there is 
acceptable margin to the low steam line pressure ESFAS actuation setpoint with a PMTC.  

The turbine trip without reactor trip from the P-9 setpoint transient results confirmed that it 
would not challenge the PORVs, even when assuming the second set of steam dump valves were 
unavailable. The peak pressurizer pressure reached 2311 psia, which is below the pressurizer 
PORV actuation setpoint, with manual rod control as the limiting case.  

NRC RAI Question 4 

On page B-6 a discussion on how BVPS-2 meets the Anticipated Transient Without Scram 
(ATWS) rule with a positive MTC is presented. Please provide quantitative and qualitative 
technical justification supporting the ability for BVPS-2 to comply with the ATWS rule when 
operating with a positive MTC. Include in this justification, information regarding the 
following factors for a PMTC: 1) Unfavorable exposure time and 2) ATWS core damage 
frequency. Additionally, please provide a copy of References 1 and 3 from your License 
Amendment Request (LAR) No. 168, dated June 28, 2001.  

FENOC Response 

As discussed on pages B-5 and B-6, the limiting concern for ATWS events is the potential for 
RCS overpressurization following a loss of normal feedwater (LONF) or loss of load (LOL) 
ATWS event. For reactor coolant system (RCS) overpressurization, the most limiting condition 
is the occurrence of these events from hot full power (HFP) initial conditions. The quantitative 
technical justification for this is provided in NS-TMA-2182 (LAR No. 168, Reference 1, a copy 
of which is provided as Attachment 1). The ATWS analyses in NS-TMA-2182 are the 
analytical basis for the Final ATWS Rule for Westinghouse pressurized water reactors (PWRs) 
as documented in SECY-83-293 (Reference 2). As documented and quantified in LAR No. 168,
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Reference 3 (a copy is provided as Attachment 2), an MTC less than or equal to -5.5 pcm/°F at 
HFP precludes the pressure limiting ATWS events from reaching an RCS pressure in excess of 
3200 psig. By designing the core to maintain an MTC at HFP to a value less than or equal to 
5.5 pcm/°F at all time during core life, RCS overpressurization (i.e., exceeding 3200 psig) is 
precluded. With RCS pressure maintained below 3200 psig, there is no unfavorable exposure 
time, and therefore, no subsequent ATWS related core damage.  

NRC RAI Question 5 

In your commitment list it is stated that "administrative controls" will be put in place to ensure 
the MTC at hot full power conditions will be less than or equal to -5.5 pcm/°F at all times during 
core life. Please provide a detailed description of the "administrative controls" to be 
implemented to verify this commitment is being met.  

FENOC Response 

The NRC approved WCAP-9272-P-A, "Westinghouse Reload Safety Evaluation Methodology," 
on May 28, 1985. This methodology is a systematic evaluation used to determine whether the 
reload parameters for each fuel cycle are bounded by the values contained in the reference 
safety analysis. For each reload cycle, the values of the key safety parameters are determined 
for the reload core during the nuclear, thermal and hydraulic, and fuel rod design processes.  
The MTC limit at HFP conditions of -5.5 pcm/°F at all times during core life will be added to 
the nuclear design process of the core reload to ensure that it is considered in the initial loading 
pattern development during the preliminary design phase of the core reload.
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Summary of the Unit 2 Non-LOCA Analysis Results 

Table 1

Minimum Peak Primary Peak Secondary 
Event Name UFSAR Section DNBR Pressure Pressure 
Rod Withdrawal at Power 15.4.2 1.362 N/A (1) 1171 psia 

Partial Loss of Flow (2) 15.3.1 1.790 2327.8 psia 920.6 psia 

Loss of Load 15.2.2/15.2.3 1.67 2747.5 psia 1182.5 psia 

Rod With. from Subcritical 15.4.1 Limit met (3) N/A N/A 
RCS Depressurization 15.6.1 1.76 N/A N/A 

Complete Loss of Flow (2) 15.3.2 1.335 2414.2 psia 951.0 psia 

Limits --- 1.33 2748.5 psia 1208.5 psia 

(I) A generic Westinghouse evaluation addresses the peak pressures for the Rod Withdrawal at Power 
analyses.  
(2) The analysis at full power with a zero moderator temperature coefficient (MTC) bounds the 

analysis at part power with a positive moderator temperature coefficient (PMTC).  
(3) A minimum departure from nucleate boiling (DNB) ratio (DNBR) is not available. Transient 

statepoints are evaluated to determine whether or not the limit is met. This is repeated as part of 

each subsequent reload evaluation.  

psia = pounds-per-square-inch absolute 
RCS = reactor coolant system 
UFSAR = Updated Final Safety Analysis Report 

Table 2 

Percentage Peak Primary 
Event Name UFSAR Section of rods in DNB Pressure 
Locked Rotor (2) 15.3.3 < 18% 2759.3 psia 

Limits --- 18% 2997 psia 

(1) The peak Reactor Coolant System pressure reached during the transient is less than that 
which would cause the stresses to exceed the faulted condition stress limits.  
(2) The analysis at full power with a zero MTC bounds the analysis at part power with a PMTC.
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Summary of the Unit 2 Non-LOCA Analysis Results (continued) 

Table 3 

Peak Pressurizer 
Event Name UFSAR Section Volume (ft3) 
Loss of Normal Feed (1 15.2.7 1454.  
Loss of AC Power (1) 15.2.6 1009.  
Limits --- 1457.9 

(1) The analysis at full power with a zero MTC bounds the analysis at part power with a PMTC.  

AC = alternating current

Table 4

Margin to Hot Leg 
Event Name UFSAR Section Boiling (°F) 
Feedline Rupture 15.2.8 31.0 
Limits --- 0.0 

Table 5 

Maximum Fuel 
Rod Ejection Case UFSAR Section Stored Energy 
BOL-HZP 15.4.8 184.5 
BOL-HFP --- 323.6 
EOL-HZP --- 306.8 
EOL-HFP --- 307.8 
Limits --- 360 Btu/lb.

BOL = Beginning of core life 
EOL = End of core life 
HFP = Hot full power 
HZP = Hot zero power



ATTACHMENT 1 

Beaver Valley Power Station, Unit No. 2 
Response to Request for Additional Information 

License Amendment Request No. 168 

LAR No. 168, Reference 1: NS-TMA-2182



Westinghouse Eiecric Uorporaiion Power Systems 8 XZ Pmv•iS PLrFwYv4a It230 

December 30, 1979 

NS-TMA-2182 

Or. Stephen H. Hanauer 
Assistant Director for Plant Systems 
Livision of System Safety.  
'.S. Nuclear Regulatory Commission 
1717 H Street NW 
-ail Stop P-822 
washington, >.C. 20555 

S..BJECT : ;.TWS SUBMITTAL 

Dear Dr. Hanajer: 

In continuina response to the staff's request dated February 15, 1979 
enclosed please find twenty (20) copies Of the following revised sections 
to our June 8, 1979 submittal on ATWS: 

1. Introduction 

2. ATV.S Criteria 

3. Plant Parameter Bases 

4. Corouter Models 

5. Transient Analysis and Sensitivity Studies 

6. Stress Limits 

9. AWS Mitigating Systems 

11. Surrr-.ary and Conclusions 

Very truly yours, 

WEST ELECTRIC CORPORATION 

T. M. Anderson, Manager 
;.ýclear Safety Departrment 

kk 
Er losures

I• -- t • A•



Accordingly, this report will proviie :.IF renuested ATWS informat'm)n as 

it applies to the group of Westinghouse plants which would be subject to 

the proposed Alternative 3 requirements. Transient analyses and sensi

tivity studies will be presented for the following ATWS events: 

1. Loss of load 

2. Loss of normal feedwater 

3. Loss of offsite power 

4. Accidental RCS depressurization 

5. Rod withdrawal 

Stress limits and radiological consequences will be addressed and a 

preliminary description of the AThS hardware modifications in 

Westinghouse plants will be provided.
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1.0 INTRODUCTION 

This repcrt has been written in response to a request for information on 

Anticipated Transients Without Scram (ATWS) which was made in a letter 

from R. Mattson (Nuclear Regulatory Commission) to T. M. Anderson (West

inghouse Nuclear Technology Division), dated February 15, 1979. This 

request was made following the publication of NUREG-0460, Volume 3, and 

prior to the issuance of a proposed ATWS rule by the NRC.  

Volume 3 of NUREG-0460 describes four proposed alternative solutions to 

the ATWS licensing issue for each of the four Nuclear Steam Supply Sys

tem (NSSS) vendors. These solutions range from doing nothing (Alterna

tive 1) to the installation of systems and equipment to mitigate the 

consequences of an ATWS (Alternative 4) with no preventative measures 

taken. Each solution specifies analytical, as well as hardware require

ments. These will be addressed in the following section of this report.  

The purpose of this report is to show that Westinghouse plants satisfac

torily meet the proposed Alternative 3 and 4 ATWS criteria (Alternative 

3 as defined in Volume 3 of NUREG 0460 is intended to apply to all 

plants with contruction permits dated before January, 1978, and 

Alternative 4 to all plants with construction permits after January, 

1978) and to provide the NRC with a technical basis for its "early 

verification" approach.  

Early verification, as defined in Volume 3 of NUREG-0460, is the docu

mented assurance that a plant or group of plants complies with the 

applicable ATWS proposed requirements prior to, or during the course of, 

rule-making. The specific plant modifications necessary to meet the 

ATWS requirements, as determined during early verification, would then 

form the basis for a proposed ATWS rule. This process would permit the 

treatment of AT1hS on a generic basis (by groups of similar plant 

designs).



2.0 ATWS CRITERIA 

In Volume -- of NUREG-0460, the NRC staff describes four alternative 

plant modifications that are proposed to be applied to each of the NSSS 

vendors. These alternatives represent the range of possibilities for 

resolvirng the ATWS concern. Each alternative is associated with some 

level of safety in the NRC staff's engineering Judgment. This section 

will present these alternatives as they affect Westinghouse plants.  

(see Table 2-1).  

Alternative 1 - No plant modifications 

This alternative would require no modifications of any kind. Selection 

of this alternative acknowledges the industry position that ATWS is not 

a safety problem, and therefore no corrective action is required.  

Alternative 2 - Modification to reduce susceptibility to common mode 

failures 

Westinghouse is to "confirm the adequacy of actuation circuitry for ATWS 

mitigating equipment in the balance-of-plant designs", since "this cir

cuitry already exists in a significant nunmer of Vestinghouse plants".  

This alternative has been proposed for early operating plants 

(pre-Dresden).  

Alternative 3 - Modifications to reduce susceptibility to common mode 

electrical failures and to provide mitigation of most ATWS events 

It is proposed that Westinghouse provide: 

1. Confirmation cr provision of diverse actuation circuitry for miti

gating systems as described in Alternative 2.  

2. De-nonstraticr of the integrity of the primary coolant system 

tcjndarv mnro "inctionability of valves needed fcr ionq-t.?-m cooling 

f.ilowirc co'citions calculated for specified ATWS events. This



Th. r ,ternative tias been propose" :n NUREG-0460, volume 3. for all new 

plz:. with construction permits d.,'ed after January, 1978.  

The -.arlware modifications needed t: meet the proposed requirements for 

viesz;ncnouse plants are identical for Alternatives 2, 3 and 4 and con

sist -. the crtifirmation or provision of diverse actuation circuitry in 

the b~lance-of-plant to actuate auxiliary feedwater and trip the tur

bir.e. This has been designated by the NRC as AMSAC, ATWS Mitigating 

Systerm Actuation Circuitry. (See Tble 2-2.)



der-onstration would incluoe the postulated initiating events ider:t'

fied in Appendix IV of rUREG-0460, Section IV.2 and prescription 

five in Table 7 of Appendix VII of NUREG-0460 (95% MTC*, all other 

parameters at their nominal values, and no additional failures other 

than the scram system). This demonstration has been essentially 

comoleted for Westingnouse plants in the course of earlier generiL 

ATWS reviews by the staff.  

This alternative has been proposed in NUREG-0460, Volume 3, for all 

plants with construction permits dated before January, 1978. The 

purpose of this report is to re-state the adequacy of Westinghouse 

design with respect to Alternative 3.  

Alternative 4 - Modificatior.s to provide mitigation of ATWS events 

It is proposed that Westinghouse provide: 

1. Confirmation or provisicn of diverse actuation circuitry for miti

gatirn systems, as described in Alternative 2.  

2. Demonstration of the functionability of valves needed for long-term 

cooling following conditions calculated for specified ATWS events.  

All cormonents must meet level C stress limits as defined by the 

ASME code. This demonstration would include the postulated ini

tiating events described in Appendix IV of NUREG-0460, Section IV.2, 

and prescription four in Table 7 of Appendix VII of NUREG-0460 (99% 

MTC, all other parameters at their nominal values, with a single 

equipment failure in addition to the scram system).  

"See Section 3.2.4 for dcts•ir 'f the -oderator temoeratu-e 
coeffi-:ent (MTC).



TABLE 2-1

WESTIN;GHOUSE PLANTS GROUPED BY THE ALTERNATIVES 

OF NUREG-0460, VOLUME 3 

ALTERNATIVE 2 

Yankee Rowe Unit 1, Yankee Atomic Power Comp)any 

Haddarn Neck Unit 1, Connecticut Yankee 

San Onofre Unit 1, Southern California Edison 

ALTERNATIVE 3 

Zion Lrits 1 and 2, Comonwealth Edison 

0. C. .ook Units 1 and 2, Indiana/Michigan Power 

Diablo Canyon Units 1 and 2, Pacific Gas and Electric 

Trojan Unit 1, Portland Gas and Electric 

Sequoyah Units 1 and 2, Tennessee Valley Authority 

Salem .nits 1 and 2, Public Service Electric & Gas •N.j.) 

Wi. B. McGuire Units 1 and 2, Duke Power Cof•pany 

Catawba Units I and 2, Duke Power Conmany 

Byron Units 1 and 2, Commonwealth Edison 

Watts Bar Units 1 anc 2, Tennessee Valley Authority 

Comanche Peak Units I and 2, Texas Utilities 

Braidwood Units 1 and 2, Conmnonwealth Edison 

Surry Units I and 2, VEPCO 

North Anna Units I and 2, VEPCO 

Beaver Valley Units I and 2, Duquesne Light 

Mi. Farley Units 1 and 2, Alabama Power Company 

V. C. STe- Unit 1, South Carolina Electric & Gas 

•-a=-•e ~islnd Units I and 2, Northern States 

So06 ->xZs Jrits 1 znd 2, Hoiston Lighting 

"Lrits ' !nd 2, Seorgia Power Corv!y



TABLE 2-1 (Continued)

WES T INGHOUSE PLANTS GROUPED BY THE ALTERNATIVES 

OF NUREG-0460, VOLUME 3 

ALTERNATIVE 3 (Continued) 

Mi*ls::ne Unit 3, Northeast Nuclear 

Sealr:ok Units 1 and 2, Public Service Company of N.H.  

Wc'f :-eek Unit 1, Kansas Gas and Electric 

Ca'lc,.zy Units i and 2, Union Electric Company 

Tyrone Unit 1, Northern States 

Ste!,'g Unit 1, Rochester Gas and Electric 

Inoia- Point Uni:s 2 and 3, Commonwealth Edison, N.Y.  

H. B. Robinson Unit 2, Carolina Power & Light Company 

Turkey Point Units 3 and 4, Florida Power and Light Company 

R. E. Ginna Unit 1, Rochester Gas and Electric 

Point Beach Units I and 2, Wisconsin Electric Company 

ALTERNATIVE 4 

Ne^ E-aland Units 1 and 2, New England Power Company 

Ma-51e Hill Units 1 and 2, Public Service Company of Indiana 

Shearcr Harris Units 1, 2, 3 and 4, Carolina Power and Light 

Ca-rcll County Units I and 2, Commonwealth Edison 

Ja-esc:rt Units 1 and 2, Long Island Lighting 

Haven -nits I anc 2, Wisconsin Energy Center 

Wisco-sin Units 3, 4, 5 and 6, Wisconsin Electric Company



T4BLE 2-2 

SUMMARY OF PROPOSED REQUIREMENTS FOR WESTINGHOUSE PLANTS 

ALTERNATE PLANT MODIFICATIONS 

1 2 3 4 

Nothing AMSAC* AMSAC* AMSAC*

Analysis (99• ( MTC)

(

* ATWS Mitigating System Actuation Circuitry satisfying criteria in 

Appeniix C, Volume 3, NUREG-0460.



3.0 ANALYTICAL BASIS 

The ATNS analyses presented in WCAP-8330 (1974) were based upon the 

guidelines set forth in WASH-1270. The analyses presented herein are 

b3sed upon guidelines specified by the NRC after 1974, and published in 

NUREG-0460 (1978) after the NRC review of WCAP-8330 and subsequent West

inghouse submittals.  

At no time is automatic reactor scram or control rod insertion assumed.  

All other components, equipment, and systems are assumed to operate 

normally during the ATWS event provided that: 

Failure of the equipment, component, or system is not the cause of 

the transient being analyzed; 

The function of the equipment, component, or system is not disabled 

as a consequence of the transient being analyzed; and 

The probability of failure of the component, equipment, or system is 

reasonably small during the interval of the transient being analyzed.  

Where an operating control band is associated with a parameter, the 

least favorable value within the band was chosen for each analysis.  

:nstrument or calibration errors we-e not included. The initial plant 

power chosen was the least favorable power in the range 0 percent to 100 

percent consistent with the nature of the transient being analyzed.  

Various control and safety features within the system limit the conse

,jences of a postulated ATWS event. These features fall into two gen

eral categories, normal control systems and standby systems. The normal 

cv)trol systems are assumed to be operating at the initiation of the 

A-WS event. Experience shows that sich systems continue to operate 

- ' "ety during :lint transients, 3nd tnese systems are assumed to co

--. e operating normally for the re*!a2vely short times associated sit7 

t'e post 3tec A;T;S events.



The standby features lvailable to mitigate the consequences of plant 
transients have been designed to operate reliably upon demand, and are 

assumed to function as designed.  

It should be noted that there is a difference between "pressurizer pres

sure" and "system pressure" as used in this report. When pressurizer 

pressure is given, it refers to the pressure in the pressurizer, whereas 

the system pressure is defined to be the pressure taken at the discharge 
of the reactor coolant pump, the maximum pressure in the reactor coolant 
system. The system pressure definition includes pump head and elevation 
head and will be higher tnan pressurizer pressure by as much as 100 psi.  

3.1 ý;ETHODS 

The computer codes used for the analysis of these ATWS events are 

basically the same as the codes used in 1974 for WCAP-8330. A detailed 
steam generator heat transfer simulation code has been added. The codes 

and mooels are discussed in Section 4.  

3.2 ASSUMED PLANT PARAMETERS 

3.2.1 PLANT DESCRIPTION 

Table 3-1 provides a list of typical parameters for 2-, 3-, and 4-loop 
plants for various steam generator models. The table represents a com
posite of conservative parameters rather than a particular Westinghouse 

plant. Use-of these typical parameters allows many plants to be 

Dracketed by the reference case analyses. The reference plant is 
defined to be a 4 loop, 51 Series steam generator plant with the typical 

parameters shown in Table 3-1-a.  

Tne %-( letter of February 15, 1979 requested values for a l~st of 

specif c :ýrameters 7icr :termine :he 'ant Deha.;o- dur'.: an ATAS.  
e has al.eacy s•;•ied tnese .' arious previous s.omittals; 

Dut :-ese :arametes !-c . -. ES are lis:e: i- Tan!e 3-2 fz- j:-.oleteness.



3.2.2 PE;,CTC) GO0LANT FLOW

Reactor coolant flow is forced through the reactor core and loop piping 

by fixeo speed centrifugal pumps. Flow is constant, depending only upon 

how many reactcr coolant pumps are in operation. For calculational 

convenience in the ATWS analyses, the thermal-hydraulic design flow was 

assumed. This is conservative since design margins in core and loop 

pressure drops and in pump head ensure that measured flow, including 

allowance for measurement error, is at least equal to the design flow.  

Typically, coolant flow is 4 percent, or more, above thermal-hydraulic 

design.  

During the transient, pump cavitation was assumed to occur when the cold 

leg temperat.re approached saturation (60F was assumed in the analy

sis). Follo.ir; cavitation, the flow was calculated using pump and 

pressure drop characteristics of the Reactor Coolant System. Cavitation 

of a single-stage centrifugal pump for high pressure fluid will cause 

some small reduction in flow. In all cases, the most adverse core and 

reactor coolant system conditions occur prior to cavitation.  

3.2L3 LIQUID RELIEF DISCHARGE RATES 

During some postulated ATWS events, the pressurizer fills with liquid 

due to expansion of the reactor coolant. An analytical model is used to 

predict the liquid relief rate for the power-operated relief valves and 

safety valves during these intervals. Homogeneous Equilibrium Model is 

used in these ATWS analyses as required by NUREG-0460, and as given in 

ANS Standard N.661.  

A honnogeneous equilibrium critical flow model applied at the nozzle of 

the valves precicts mass discharge rates through the valves as a func

tion of upstrea- fluid temperature and pressure. For the typical down

stream p:':-; ::nfiguration, these homogeneous eq.ilibrium valve :is

char;e ra:es a-e inae:enoent of downstream cnoking phenomena.  

A discna-Ze cz:.fi:ient of .'75 was used and a conseryative margin 

mnultiplier of 3.90 was applied, as per NRC requirements. The initial 

pressurizer water enthalpy (Hf at 2250 psia) is used to calculate tne



-. E.M. relief rate, since the pressJriZer fills at a higher pressure; 

-herefore, th-s water enthalpy represents the maximum in subcooling.  

Also, 10 percent pressure accumulation was assumed for the spring-loaded 

pressurizer safety valves when rele\eving water, instead of the normal 3 

oercent for steam relief.  

For the range of pressurizer fluid conditions encountered in ATWS, the 

nomogeneous equilibrium critical flow calculation represents a lower 

bound to the prediction of mass discharge rates. This position is indi

:ated by a review of applicable experimental data and by consideration 

3f flow phenomena.  

3.2.4 MODERATOR TEMPERATURE COEFFICIENT 

An ATWS occurrence, which may leaJ to serious consequences, invariably 

results in an increase in the primary coolant temperature. Since the 

moderator temperature coefficient in the core is negative, this tempera

ture increase results in an insertion of negative reactivity which 

terminates the transient. Because of the importance of the moderator 

tempe'ature coefficient, detailet multidimensional calculations were 

performed.  

3.2.4.1 Method of Calculation 

The moderator density coefficient is used in the neutron kinetics 

equation instead of the moderator temperature coefficient. The density 

coefficient is easily derived from the temperature coefficient by using 

known reactor coolant system parameters, i.e., temperature and pres

sire. Three-dimensional diffusion theory was uSed to calculate the 

density coefficient because of the need to account for large enthalpy 

-ises and possible boiling that c:.ud occur in the ATWS transients. The 

Toderator density coefficient tha. is used is sh'own in Figure 3-1.  

-ese -esults are typical.



The bnron concentration is the major factor 3ffecting the density coef
ficients. The reason for this is that the density coefficient is the 
effect on reactivity of changes in the moderator density. For example, 
as the density decreases, moderation of neutrons by the water becomes 
less and the reactivity of the core becomes less. But also, as the 
density of the water decreases, the amount of boron/cm3 decreases 
which increases reactivity. The trade-off between these two opposing 
effects results in the magnitude of the coefficient.  

The change in the density coefficient between full power equilibrium 
xenon and no xenon is due to the resulting adjustment of boron concen
t'-ation. The change in the density coefficient between BOL and EOL as 
shown in Figure 3-2 is due mainly to the boron concentration change.  
Large burnup accumulations (.r 10,000 MWD/MTU), after removing the 
effect of boron, cause only a slight increase in the density coefficient.  

3.2.4.2 Experimental Results 

During start-up of each core, there is a measurement of the moderator 
temperature coefficient. There have also been several other measure
ments, both at zero power and at power. The agreement between measured 
and predicted is quite good. Both the average difference between mea
sured and prediction and the standard deviation of these values is less 
than I pcm/°F.  

3.2.4.3 Definition of 95%/99% Value 

As discussed, the moderator coefficient is a strong function of boron 
concentration and somewhat weaker function of power level.. The boron 
concentration changes during the core life because of burnup and to 
compensate for xenon concentration changes that would occur because of 
zowe- changes such as load follow. To account for all of these effects 
3-d to determine what fraction of the time the coefficient would be Ttore 

c:s'-ive than a specific value tie following conservative assumpticns 
=E• made.



1. 2ontinuous load folcow throughout core life. This maximizes the 

,anon changes and require a higher boron concentration thereby 

making the coefficient more positive.  

2. Slow start-up rate. A slow start-up rate maximizes the time to 

2uild-in xenon and the-eby makes the coefficient more positive.  

3.. Short shutdowns. Two short shutdowns are assumed per month of 

operation. The shutdown time is chosen so that the xenon concen

tration peaks and thereby requires a larger boron concentration 

(more positive coefficient) when the plant returns to power.  

4. '.ong shutdown. One long shutdown is assumed per month of operation ( 

sucn that all tne xencn is removed from the core. This imrplies that 

the startup will -equi-e a higher boron concentration (more positive 

coefficient).  

5. The Tach Spec value of a zero coefficient at zero power is used.  

Because of the higher average tenperature at full power than at zero 

;cwer the coefficient will be at least -3 pcm/OF at full power 

with no xenon.  

6. With equilibirium xenon in the core the boron concentration will be 

reduced by about 270 ppm. This is equivalent to making the coef

ficient more negative by 5 pcm/OF.  

These six effects are taken into account to determine what percentage o' 

the time the coefficient is more positive or negative than a given 

value. The results of these calculations show that the coefficient will 

be more neoative than -B pcm/OF for 95% of the time, and more negative 

than -7 pcm/oF for 99% of the time that the core power is greater than 

80% :f nominal.  

3.2.5- DOPPLER EFFECTS 

The -odel "or Dcoppler feettack used 4- -he AýTWS analyses- conta;ns :^o 

components. The first of these is the fuel temperature change that 

occurs because of power level changes. Figure 3-3 shows the integral cf



:-,is term as, a f;nction of power level- The tctal defect is 1.22% 

'k/k which is typical of beginning of core life operation. The second 

term :ccounts for fuel temperature changes (including g.1p effects) 

because the moderator temperature changes. This is described in detail 

½n the LOFTRAN report(2). The value of the coefficients used in the 

ATWS analysis is -2 pcm/ F.  

3.2.6 INSERTED ROD WORTH 

Tne inserted rod worth during normal operation will typically be less 

than 0.3%Ao plus the power defect at BOL.  

3.2.7 CORE PEAKING FACTORS 

The peaking factors used to determine the minimum DNBR for the ATWS 

analyses were the same as those used in FSAR analyses except that the 

uncertainty associated with F was not included. A value of N N 

1.435 was used for FAH. Calculations indicate that 1.435 rep

resents an upper bound to the radial hot channel power over the entire 

fuel cycle. Transient peaking factors were determined from multi

dimensional nuclear calculations using system statepoints. These analy

ses verified the conservatism of the DNBR calculations.  

3.2.8 DECAY HEAT 

For many. of the postulated ATWS events, decay heat determines the 

equilibrium core thermal output that is approached after the fission 

oower output ceases. The decay heat model used for the ATWS analyses 

contained in this report is based upon the ANS finite irradiation decay 

neat -nethod described in ANS 5.1. This approach is conservative since 

the _NS finite irradiation decay heat method is based upon a minimum 

i'rao'ation time of 8000 hours (about one year) in the newest core 

wý *e AT4S thermal transients analyzeC assume be:_:.ning of core 

Dncnitions 'in crder to predict the Tost severe transient). Thus 

-e:ec-y 'e-t p-ediction based upon 8003 hoj-s of operat~on over

-st-:_es te .eciy heat expected at beginnin; of life.



3.3 OPERABLE PLANT FEATURES

3.3.1 OPERATIONAL SYSTEMS 

The following systems were assumed operational in the ATWS analyses.  

3.3.2 PRESSURIZER PRESSURE CONTROL 

The pressurizer control system is designed to maintain the pressurizer 

pressure at its nominal value, typically 2250 psia. If pressure 
increases, tw: separate, automatically controlled spray valves open to 
Jischarge watr- at cold leg temperatures into the steam space. The 
maximnum design flows of the spray valves for the ATWS analyses are given ( 
in Table 3-i. f: pressurizer pressure decreases, constant output and 
proportional heaters are actuated. The total heater capacity is also 

given in Table 3-1.  

3.3.3 PRESSURIZER LEVEL CONTROL 

Pressjrizer level is also a controlled parameter. The water volume 

var'es from 47^ ft 3 at no load to 1080 ft 3 at full !,.ad for a 4-loop 

plant. Since p-essurizer level control is relatively slow, its bene
ficial effect ýn maintaining level was neglected in the transient analy

ses.  

3.3.4 FEEDWATER CONTROL 

During normal plant operation, feedwater flow is auto.ratically adjusted 

by a control valve that is controlled on the basis of feedwater flow, 
steam 'low out :f the steam generators, and steam gene-ator water level.  

3.3.5 TJR3iNE :SNTROL 

- o,7a-' -••!- operation, the s:eam Ilow tte -÷t:ne is 

ie~e:2et o,•o• 4 :;rne demand and any changes ^ st=!- ienerato

s---:3• -•'-e D-essire are compensated fr t- - : e.ng. or



-Icsing of the turbine control valve. This valve is approximately 95 

percent open at full power operation.  

3.3.6 AUTOMATIC ROD CONTROL AND REACTOR COOLANT AVERAGE TEMPERATURE 

CONTROL 

Automatic rod control was not assumed to be operational during the ATWS 

events, since one of the guidelines for these analyses was no trip or 

rod insertion. However, prior to the initiation of the ATWS event, it 

is assumed that the rod control system is operating normally, control

ling the average temperature (i.e., the average temperature of the pri

mary side). The average tenperature is programmed to be controlled as a 

linear function of reactor power between zero and 100 percent load; 

however, a control deadband of + 1-1/2oF is associated with the aver

age temperature. The initial value of the average temperature for the 

ATWS analyses was taken to be the least favorable value within the con

trol deadband for the assumed initial power.  

3.3.7 STANDBY SYSTEMS 

During normal operation, the following systems are ready to operate if 

called upon. The effects of these systems were included in the AT6S 

analyses.  

3.3.8 TURBINE TRIP 

A turbine trip is initiated by any reactor trip signal listed in Table 

3-3, or directly by a high-high steam generator level. However, fc- the 

reference ATWS Loss of Feed analyses, turbine trip is assumed to occur 

after generation of an AMSAC signal. Turbine trip is part of the ini

tiating sequence in the Loss of Load event, and results as a direct 

consequence of the Loss of Offsite Power event. Turbine trip is not 

assumed in any of the other transients.



3.3.9 PRESSURE RELIEVING DEVICES 

If pressure continues to increase faster than the reducing effect of 

pressurizer spray, the pressurizer power-operated relief valves open.  

The setpoint of these valves is 2350 psia. The relieving capacities for 

these valves are given in Table 3-1. Two or more relief valves are 

available to reduce pressure. If pressure continues to increase beyond 

2350 psia, the pressurizer is equipped with three spring-loaded safety 

valves, each with a set pressure of 2500 psia. Three percent pressure 

accumulation is assumed for steam relief, and ten percent pressure accu

mulation is assumed for water relief.  

The steam flows listed in Table 3-1 are used in the ATWS analyses. For ( 
the transients which cause the pressurizer to fill and relieve water 

through the valves, the homogeneous equilibrium model with an 0.9 multi

plier discussed in Paragraph 3.2.3 is used to determine the water relief 

rate as a function of pressure. The initial pressurizer water enthalpy 

is assumeG to remain constant throughout the transient, for the purpose 

of calculating the water relief rate.  

3.2.10 STEAM DUMP CONTROL 

The steam dump) is actuated following turbine trip to remove stored 

energy and core decay heat from the system without actuating the steam 

generator safety valves. A 40 percent steam dump capacity is assumed in 

the ATWS analyses.  

3.3.11 AUXILIARY FEEDWATER SYSTEM 

Tne auxiliary feedwater system is actuated on low-low water level in the 

steam generators, by loss of offsite power, by a safety injection sig

ra.', Dy a trip of all the main feedwater ;urrps, or by a manual start 

s-'=;. --• these 3nalyses, actuatior is assý..ed tc occur upon 

:÷°e-atic' c, an AIWS.C signa. The total !uxiliay-v eelwater cap!:ity 

.'-, -, and 4-'.cop ;larts ;sed ir the ATAS ana.vses are given in 

- -. :n eac- case, :rnese flow -!tes represer: 3 lower bour:- for



the plants covered by the generic analyses, an. therefore guarantee 

conservatism. After actuation of auxiliary feedwater, the 440oF water 

in the feedwater lines must be purged before the colder auxiliary 

feedwater enters the steam generator. The volume to be purged is 

dependent upon the plant and the number of loops. Typical purge volumes 

used in the ATWS analyses for 2-, 3-, and 4-loop plants are listed in 

Table 3-1.  

3.3.12 SAFETY INJECTION SYSTEM 

Safety injection is actuatec by a manual signal from the operator, by a 

low pressurizer pressure signal or by a high containment pressure 

signal. If any of these signals are present, borated water is pumped 

into the Reactor Coolant System. The borated water increases the 

reactivity shutdown margin. Only the manual signal is assumed operative 

during the ATWS transient.  

3.3.13 CHEMICAL AND VOLUME CONTROL SYSTEM 

The chemical and volume control system provides for normal makeup for 

the reactor coolant system. However, it is also available to add 

borated water to the primary system by manual operator action. Credit 

is not taken for chemical and volume control system makeup during the 

first 600 seconds of the AT6S transients. However, this system provides 

an additional shutdown mode available to the operator.



TABLE 3-1-a

TYPICAL PARAMETERS FOR SERIES 51 STEAM GENERATOR PLANTS 

P:,,,u.i ,rrs ?-Loop 3-Loop 4-Loop 

Core power (MWt) 1650 2785 3423 

Con' Ien(Ith (ft) 12 12 12 

Nignber of assemhlies 121 157 193 

Rear.t.or (Cnolant System: 

roIal voliAne (ft 3) including pressur

izer and surge line 6230 9570 12,520 

Ntoiniial pressure (psia) 2250 2250 2250 

Nrwninal a flow (gpm) 178,000 278,400 354,000 

Nonimiial average temperature (OF) 583.0 580.3 584.65 

No-load trilperattire (OF) 547 557 557 

Nominal a reactor vessel inlet 

It(niierattirp (0 F) 551.9 546.6 552.3 

Nominal ' reactor vessel outlet 

ilm'ratbre" (OF) 614.2 614.0 617.0 

I'ressurii(,er: 

Total volune of pressurizer and surge 

line (ft3) 1021.3 1436.8 1843.7 

N•un ioal'| water volume (ft 3) 600 750 1080 

Heater capacity (kw) 1000 1000 1800



TABLE 3-1-a (Continued)

TYPICAL PARAMETERS FOR SERIES 51 STEAM GENERATOR PLANTS

2-Loop 3-Loop

Pr(e-',,tri,'/r (Continued) 

Maximrin spray rate (Ibs/sec) 

Power-operated relief valve steam flow 

capacity (lbs/hr) (at 2350 psla) 

Safety valve steam flow capacity 

(Ihs/hr) (at 2500 psia) 

Powver-operate(I relief valve opening 

prwsiire (psia) 

Safety valve, start open to full open 

pressure (psia) 

'W(r (mi{lary ")y%L.Ino: 

Stetn q(gnerator (SG) type: 

"X, des iqn pressure (psIa) 

Nominal a steam pressure (psia) 

No-load steam pressure (psia) 

Nominala steam temperature (OF) 

Nrnmtina1a steam flow (ibs/sec) 

N~w ina I' I SG secondary side Fluid 

M,ix 1im , lm , I, l nilAS lure (%)

51.9 

2-210,000 (each) 

2-325,000 (each) 

2350 

2500 to 2575

51 
1100 

750 

1020 

510.8 

996/SG 

101,600/SG 

0.25

75.0 

2-210,000 (each) 

3-345,000 (each) 

2350 

2500 to 2575

51 
1200 

850 

1106 

525.2 

1142/SG 

lO5,600/SG 

0.25

87.2 

2-210,000 (each) 

3-420,000 (each) 

2350 

2500 to 2575

51 
1200 

910 

1106 

533.3 

1046/SG 

101,600/SG 

0. 25

P• r(uileteLrs
4-Loop



TABLE 3-1-a (Continued)

TYPICAL PARAMETERS FOR SERIES 51 STEAM GENERATOR PLANTS 

Pdr ,vnetvrs 2-Loop 3-Loop4-Lop 

So.condary System (Continued) 

Nmi nal a feed temperature (OF) 435.8 446.6 439.8 

Ncninal a feed enthalpy (Btu/lb) 414.8 426.6 419.6 

Auxiliary feed flow capacity (gpm) 800 1400 1760 

AM, I i oiry fpred pirqe vYnItne (ft 3) 261 Soo 667 

A ii• i dry Ietd wier ,vai labIle (ydl) I 'j),()(J00 I4U,I)U,) U, u 

Auxiliary feed enthalpy (Btu/Ib) 100 100 100 

Note:

ANoninal refers to value at rated full power.



TABLE 3-1-b 

TYPICAL PARAMETERS FOR MODEL D STEAM GENERATOR PLANTS 

Paraneters 3-Loop 4-Lop1 

Core: 

Core power (MWt) 2785 3427 

Core length (ft) 12 12 

Nignber of assemblies 157 193 

Reactor Coolant System: 

Total volume (ft 3.) including pressur

izer and surge line 9570 11,939 

Nominala pressure (psia) 2250 2250 

Ncininala flow (gpm) 282,000 377,600 

Nominal a average temperature (OF) 587.2 588.5 

No-load temperature (OF) 557 557 

tMpninala reactor vessel inlet 

N atemperature (OF) 554.3 558.3 

Nominala reactor vessel outlet 

temperature (OF) 620.1 618.8 

Pressurizer: 

IoLal volume of pressurizer and surge 

Sine (ftI) 1436.8 1843.7 

Nnminifl'j water voluine (ft 3) 150 1080 

h1,,tLer capac ity (kw) 1000 1800



TABLE 3-1-b (Continued)

TYPICAL PARAMETERS FOR MODEL D STEAM GENERATOR PLANTS

ParametLers 3-Loop

l're'ssur izer (Continued) 

Maximum spray rate (ibs/sec) 

Power-operated relief valve steam flow 

capacity (lbs/hr) (at 2350 psia) 

Safety valve steam flow capacity 

(Ibs/hr) (at 2500 psia) 

Pnwer-operated relief valve opening 

pressure (psia) 

Safety valve, start open to full open 

pressure (psia) 

Secnorlary System: 
i,,. m, , lo.~ ,1 r (sr.') l ylw': 

SG design pressure (psia) 
NominaIa steam pressure (psia) 

No-load steam pressure (psia) 
Noinada steam tepperature (OF) 

Nominala steam flow (lbs/sec) 

Nnminal a SG secondary side fluid 

Ina'. ( I hs) 

Maximum steam moisture (%)

75.0 

?-?10,000 (each) 

3-345,000 (each)

2350

2500 to 2575

I) 

1200 

850 

1106 

525.2 

1142/SG

107, O00/SG 

0.25

87.2 

2-210,000 (each) 

3-420,000 (each) 

2350 

2500 to 2575

I) 

1200 

910 

1106 

533.3 

1047/SG 

107, O00/SG 

0.25



TABLE 3-1-b (Continued) 

TYPICAL PARAMETERS FOR MODEL 0 STEAM GENERATOR PLANTS 

Parameters 3-Loop 4-Loop 

Secondary System (Continued) 

Nominala feed temperature (OF) 446.6 439.8.  

Nominal a feed enthalpy (Btu/lb) 426.6 419.6 

Auxiliary feed flow capacity (qpm) 1400 1760 

Auxiliary feed purge volume (ft 3) 500 667 

Auxiliary feed water available (gal) 140,000 170,000 

Auxiliary feed enthalpy (Btu/lb) 100 100 

No t-e: 

"Nominal refers to value at rated full power.



1A!3LE 3-1-c

TYPICAL PARAMETERS FOR MODEL F STEAM GENERATOR PLANTS 

Par anot er, 3-L 4-Loop 

Core: 

Corc, power (MWt) 2785 3427 

Core length (ft) 12 12 

Nimffnr of assembhlies 157 193 

React or Coolant System: 

To~l volt• iMe (ft 3 ) including pressur

izer and surge line 9570 12,049 
a 2250 2250 

Nuninal a pressure (psia) 2250 2250 

Nivi ira o292,80 377,600 

NWn in, I avramje temperature (OF) 587.? 591.5 

No-load temperature (OF) 557 557 

Naninal a reactor vessel inlet 

t.-mVprature (OF) 555.4 561.4 

Nz ninal reactor vessel outlet 

t.(,nperature (OF) 619.0 621.7 

Pr rr',ri zer: 

[la1 volJme of pressurizer and surge 

I i, (W I ) 1436. , 1843.7 

Nuindl water voluine (ft 3) 750 108C 

Ileater capacity (kw) 1000 1800

��>



TABLE 3 -1-c (Continued)

TYPICAL PARAMETERS FOR MODEL F STEAM GENERATOR PLANTS

Paraneters 34 oop

Pressurizer (Continued) 

Maximum spray rate (ibs/sec) 

Power-operated relief valve steam flow 

capacity (lbs/hr) (at 2350 psia) 

Safety valve steam flow capacity 

(lhi./hr) (.at ?7(! ) pSia) 

I'uw-r-operal.ed relief valve openinq 

pressure (psia) 

Safety valve, start open to full open 

pressure (psia) 

Secondary System: 

Steim 'jenerator (SG) type: 

SG design pressure (psia) 

Nominala steam pressure (psia) 

No-load steam pressure (psia) 

Nominala steam temperature (OF) 

Nm inal a steam flow (lbs/sec) 

Nnnoinal SG secondary side fluid 

,,s1s ( ibs) 

Maximum steam moisture (%)

75.0 

2-210,000 (each) 

3-345,00O (evch)

2350

2500 to 2575

F 
1200 

850 

1106 

525.2 

1142/SG

109, 0O0/SG 
0.25

87. 2 

2-210,000 (each) 

3-4V0,)000 (eJch) 

2350 

2500 to 2575

F 
1200 
910 

1106 

533.3 

1047/SG 

107,850/SG 
0.25

4-Loop



TABLE 3-1-c (Continued)

TYPICAL PARAMETERS FOR MODEL F STEAM GENERATOR PLANTS 

I',rmwil .,rs. 3-Loop 4-Loop" 

Secnndary System (Continued) 

Nininala feed temperature (OF) 446.6 439.8 

Nuninala feed enthalpy (Btu/lb) 426.6 419.6 

Auxiliary feed flow capacity (gpm) 1400 1760 

Auxiliary te.d purge voliane (ft3 ) 500 667 

Auxiliary feed water available (gal) 140,000 170,000 

Atixiliary feed enthalpy (Btu/lb) 100 100 

No Le:

",INominal rofers to value at rated full power.



IABLE 3-1-d

TYPICAL PARAMETERS FOR SERIES 44 STEAM GENERATOR PLANTS 

lIar,yeters 2-Loop 3-Loop 4-Loop 

Core: 

Core power (MWt) 1520 2208 3025 

Core length (ft) 12 12 12 

Nimi1w'r of assemlhies 1?1 157 193 

Reac(:t.or Coolant System: 

Iotal volume (ft3) including pressur

izer and surge line 6230 9110 11,900 

Noiiina l a pressijre (psla) ?250 2250 2250 

NaiiinaIla flow (gpm) 178,000 268,500 358,800 

Nominal a averaqe temperature (OF) 581.3 574.3 571.5 

No-load temperature (OF) 547 557 547 

N(ninala reactor vessel inlet 

. t,(•~nprature (oF) 552.4 546.1 542.6 

Nomilnal a reactor vessel outlet 

tL•,ratire ( F) 610.3 602.5 600.5 

Pressurizer: 

Total volume of pressurizer and surge 

line (ft 3) 1021.3 1436.8 1843.7 

Nominala water volume (ft 3) 600 750 1080 

lieater capacity (kw) 1000 1000 1800



TABLE 3-1-d (Continued)

TYPICAL PARAMETERS FOR SERIES 44 STEAM GENERATOR PLANTS

I ,irarjnm t(,rs 2-Loop 3-Loop

Press,,riier (Continued) 

Maix imum spray rate (ibs/sec) 

Pnwer-nperated relief valve steam flow 

capacity (lbs/hr) (at 2350 psia) 

Safety valve steam flow capacity 

(lbs/hr) (at 2500 psia) 

Power-operated relief valve opening 

pressure (psia) 

Safety valve, start open to full open 

pressure (psia) 

Secondary System: 

Steam qenerator (SG) type: 

SG dos iln pressure (psia) 

NIn 41.11' :eiii presosure (psia) 

No-load steam pressure (psia) 

Nomial a steam temperature (OF) 

N(ninal 1 steam flow (ibs/sec) 

Nnminal SG secondary side fluid 

,.as - ( I hs) 
Maximum steam moisture (%)

42.6 75.0

2-179,000 (each) 

2-288,000 (each) 

2350 

2500 to 2575

44 

1100 
75(0 

1020 

510.8 

918/SG 

86, 750/SG 

0.25

87.2

?-179,000 (each) 

3-288,000 (each) 

2350 

2500 to 2575

44 

1100 

8150 

1020 

525.2 

906/SG 

86, 750/SG 

0.25

2-179,000 (each) 

3-408,000 (each) 

2350 

2500 to 2575

44 

1100 

910 

1020 

533.3 

924/SG 

86, 750/SG 

0.25

4-Loop



TABLE 3-1-d (Continued)

TYPICAL PARAMETERS FOR SERIES 44 STEAM GENERATOR PLANTS 

ar' 1eters-Loop 3-Loop 4-Loop 

~coit|•lry .ys tevn (Continued) 

Nominal a feed temperature (OF) 435.8 446.6 439.8 

Nominala feed enthalpy (Btu/lb) 414.8 426.6 419.6 

Auxiliary feed flow capacity (gpm) 800 1400 1760 

Auxiliary feed purge volume (ft 3) 261 500 667 

Auxiliary feed water available (gal) 150,000 140,000 170,000 

Auxiliary feed enthalpy (Btu/lb) 100 100 100 

Note: 

aNominal refers to value at rated full power.



TABLE 3-2

INI I IAI. AND) BO(UNDIAIRY CONIiI I IONS I OR IARAMI IL R'., 10 

BE CHARACTLRIZED AND JUSTIFIED IN AIWS ANALYSIS 

As required by NRC letter of February 15, 19/9

(I) 
(P) 
(3) 
(4) 

( ) ) 
(6) 

(7) 

(8) 

(9) 
(10) 

(II) 

(12) 

(13) 

(14) 

(16) 

(18) 

(19) 

(2o)

See Section 3.3.4 

Section 3.3./ 

Table 3-1 

Tahle 3-I 

lable 3-1 

Section 3.3.6 

Section 3.3.4 

Section 3.3.8 

Section 3.4.3 

Section 3.4.2 and Table 3-1 

Section 3.4.9

I,,i' Livity coefficients 

Cori, puowr distribution 

Core poiwer 

(or• :oo lantI. f I 

(.ior,. I l,' Lto- I erdture 

Control rod insertion 

Solublet bntlro concentration in the core 

Reactur diray heat function. Best estimate (no AtS & 20) 

PIe' ,a,,r i ir waltcr level 

llressurizer pressure 

Pressurizer safety and relief valve flow rate (both 

steam and water) 

Steam generator temperature 

Steam generator pressure 

Il.dam gene,'rator steam flow rate 

',ll11', li ' f,, 11 ' 1r.01, *.Ite, I.y and ri l ief vailvye Ifw ral 

3L!dlll qvijie',e, tor heat transfer coeff i c ient 

.)I.t:dm l qeneraLur secondary side water inventory 

v(,dwd tor I.remperat Ure 

LquipmenL per orialdnce 

li11rli11' byj 4,aS, condition

Table 3-1 

Table 3-1 

Table 3-1 

./ 'I IIi .l I'l PVW ll(i I inO 11 Il0 ili alI lo1w ral, 

See Section 4 on Tranflo model 

lIble 3-1 

Section 3.4.11 

Section 3.4.7 

Section 3.4.10



TABLE 3-2 (cont) 

INI-T.I.AL AND. BOUNDARY CONDITIONS FOR PARAMETSRS TO 
L UIIARAC!LR!LU AND JU.IIFI IN. AIWS ANALYSIS (Continued) 

As required by NRC letter of February 15, 1979

(21) Containment ambient conditions (pressure, temperature, 
including suppression pool temperature and level, etc.) 

() IFuel element gap size 
(23) Auxiliary feedwater: number of pumps available, number 

is-,umeI in analysis 
(?4) Auxiliary feedwater flow for each pump as a function of 

system pressure 
(25) Auxiliary feedwater temperature 
(26) Vessel water level 
(27) All water sources inventory 
(28) HPSI and any other high pressure makeup and poison system 

flow rate ds a function of system pressure 
(29) HPCI(s) and any other high pressure makeup and poison 

system flow rate as a function of system pressure 
(30)'.Boron concentration of HPSI and/or other borated solution 
(31) Sodium pentaborate concentration of SLCS 
(32) Reactor coolant mass 
(33) Reactor coolant system volume 
(34) Core average temperature 
(35) Pressurizer water volume 
(3b) Pr(-sstjriiir total volume 
(37) Nu,,mber of relief valves on pressurizer

NA 

Section 3.2.5 

Section 3.4.11 and Table 3-1 

Full capacity at all pressures 

Table 3-1 

NA 

NA 

NA 

NA 

NA 

NA 

500000 lbs 

Table 3-1 

Table 3-1 

Table 3-1 

Table 3-1 

Table 3-1



TABI.E 3-2 (conL)

INITIAL AND BOUNDARY CONDITIONS FOR PARAMETLRS TO 

IE CHARACrERIZED AND JUSTIFIED IN ATWS ANALYSIS (Continued) 

As required by NRC letter of February 15, 1979

(38) 

( 39) 

(40) 

(41) 

(4?) 

(43) 

(44) 

(45) 

(46) 

(47) 
(48) 

(49) 

(50) 

(51) 
'(52) 

(53) 

(54) 

(55) 6s) 

('58) (58)

Number of safety valves on pressurizer 

Relief valve setpoint on pressurizer 

Safety valve setpoint on pressurizer 

Feedwater flow rate 

Ntnlxbr of S/V per steam generator on steam line 

Number of steam bypass valves 

Setpoint of steam bypass valves 

Capacity of steam bypass valves 

Nunber of atmospheric dump valves.  

Capacity of atmospheric dump valves 

Stvam flow rate incltidinq bypass flow 

Valve clo()sure times 

Auxiliary feedwater pump start times 

Poison reactivity worth.  

Poison-water mixing efficiency 

Siqnals and setpolnts for all automatically actuated 

systems 

Containment pressure, temperature and volume 

St(,am generator tube leakage 

(,rv i4 v wt.rr t.•!4erat.hire and flow 

(:m•nponint. cool ing water temperature and flow 

ItIR heat exchanger performance

qto

Table 3-1 

Table 3-1 

Table 3-1 

Equal to steam flow rate, Table 3-1 

lypically 4 or 5 safety valves 

NA 

NA 

NA 

One per stean Iine 

40 percent 

NA 

NA 

Within 60 seconds of an AMSAC signal 

NA 

NA 

Sections 3.4.8 and 3.4.11 

NA 

Tech spec value adjusted for pressure 

NA 

NA 
NA



TABLE 3-2 (cont) 

INITIAL AND BOUNDARY CONDITIONS FOR PARAMETERS TO 

BE CHARACTERIZED AND JUSTIFIED IN ATWS ANALYSIS (Continued) 

As required by NRC letter of February 15, 1979

(59) Fouling factors in heat exchangers 

(60) Power dvailability for pressurizer relief valves during 

ls,. Of offsite power ATWS event 

(61) Core avcrage void fraction 

(62) Heal transfer surface area

NA 

Air operated valves 

NA 

Typically 60000 ft 3 core 

heat transfer area for a 

4 loop 12 ft. core



IAIII1 .3 3

II'II' FUNCTIONS

1_rjiP_ Iun i i n. i yr.

Irip 'eac.(r upon complete 
los,,' ol reactor coolant flow 

Ir rvactor r i',•:n ,ij part ial 
loss of reactor coolant flow 

Trip reactor upon RCS 
ov(irpr('o'air i <Ial ion 

Trip reac tor upon RCS 
depressur izat ion 

t(o IINII (power operation) 

Irip reacltor upon approach 
to kw/Ih limit, (power 
o )irI, i. ,) 

Trip reactor upon turbine 
trip

Actuating Signals 

Undervoltage; RCP 
breaker position 

Frequency sensor 

Pressure sensor

Pressure sensor 

Power Iayc lligh 
Neutron Flux; Over
temperature AT 
(temperature and pressure 
sensors, excor(' ion 
chambers) 

Power Range High 
Neutron Flux; Over
power Af (Ltemperalturn 
sensors, excore ion 
chambers) 

Auto-stop oil pressure 
switches, turbine stop 
valve position sensors

Criteria 

ANS PWR 
ANS 4.1 

ANS PWR 
ANS 4.1 

ANS PWR 
ANS 4.1 

ANS PWR 
ANS 4.1 

ANS PWI 
ANS 4.1 

ANS PWR 
ANS 4.1

Degree of Protection 

No core damage 

No core ddmaYC for frquency decrei,.irng 
at rates below maximum credible ratp 
(usually 4 Hz/sec)

No core damage; no 
any barrier to the 
active products

loss of function of 
escape of radio-

No core damage 

No .I (1..111d(.  

No core damage 

No actuation of primary or 
secondary safety valves; limit 
severity of transient occurring 
with a relatively high frequency



IABLL 3-3 (Continued)

TRIP FUNCTIONS

Trip Funct i.on

Irip reactor upon pressurizer 
high water level 

Irip reactor upon loss of 
heal sink

Actuating Signals 

Level sensors; 
differential pressure 
sensors 

Steam generator level 
sensors (actually 
differential pressure 
sensors); feedwater 
flow and steam flow 
sensors

Criteria 

ANS PWR 
ANS 4.1

Degree of Protection 

Prevent water solid RCS it 
power; no water relief through 
pressurizer relief or safely valves, 

No core damage; no loss of function 
of any barrier to the escape of 
radioactive products; no water relief 
through pressurizer relief or- safety 
valves; minimizes required auxiliary 
feed pump sizes; maximizes time for 
operator action following feed pipe 
break; minimizes steam genereLur 
thermal shock for loss of feed or feed 
pipe break

on operator

Irip reacLor on SIS 
actuation

Trip reactor upon rod 
ejection 

Trip reactor upon rod 
bank drop 

Irip reactor on approach 
to DNB or kw/ft limit 
(t.artup operation)

Control board button 
or switch

SI signal

Neutron Flux sensors 

Neutron Flux sensors 

Source and Intermediate 
range neutron flux 
sensors

ANS PWR 
ANS 4.1 

ANS PWR 
ANS 4.1 

ANS PWR 
ANS 4.1 

ANS PWR 
ANS 4.1 

ANS PWR 
ANS 4.1

Back-up trip 

No core damage

Minimize core damage 

No core damage 

No core damage

Itr ip rea: tor 
judgymnt
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4.0 COMPUTER COOES USED FOR AThS AViALYSIS 

4.1 :'NTRODUCTION 

Fcur computer codes were used in the ATWS analyses. These codes are 

LOFTPA1,32), FACTRAN(3), THINC-III(4), and TRANFLO(5). The 

important input, output and model assumptions for each code are given in 

the following sections. The data flow between codes is shown in Figure 

4-1.  

4.2 LOFTRAN 

The systems code used in the ATWS analyses was LOFTRAN. The basic flow 

nodalization uses an explicit solution of the system equations. The 

core region and steam generator primary can be subdivided into many 

nodes to provide an accurate representation of heat transfer and flow in 

these regions. The core was represented by 15 nodes and the steam gen

erator primary by 14 nodes in these analyses.  

The calculated pressurizer pressure and calculated reactor coolant sys

tem pressure differ by the pressure drop in the surge line. This effect 

is explicitly accounted for in LOFTRAN calculations. The effects of 

loop pressure drops and elevation head are also explicitly accounted for 

in the system pressure calculated by LOFTRAN.  

4.2.1 PRESSURIZER MODEL 

An important consideration in the system modeling is the treatment of 

the pressurizer. LOFTRAN represents the pressurizer as two separate 

nodes, one to model the water region and one for the steam region. Mass 

transfer, but not heat transfer between the nodes, is modeled. It 

incj~des the effects of heaters, spray, steam condensation and valve 

rellEf.



4.2., CORE HYDRAULIC MODEL 

A solution of the momentum ecuaticn including frictional losses, fluid 

inertia and density changes 't used fc, transients that involve a flow 

coastdown (e.g., station blackout). The core is modeled as a single 

average channel with 15 axial nodes. Heat transfer from the fuel, fuel 

and coolant temperatures, and coolant density and flow are calculated in 

each node.  

4.2.3 STEAM GENERATOR MODEL 

The LOFTRAN steam generator model used for the ATWS analyses divides the 

primary side into 14 nodes. The primary side film coefficient was 

determined using the Dittus-Boelter correlation. The secondary side 

film coefficient is calculated as a function of heat transferred to the 

secondary and secondary side pressure, using the Jens-Lottes correlation.  

The secondary side heat transfer coefficient is reduced as the water 

inventory in the secondary decreases below the volume needed to cover 

the tube bundle. The heat transfer correlation used in LOFTRAN is 

calculated and verified using the TRANFLO code discussed in Section 4.5.  

4.2.4 LOFTRAN INPUT 

The significant system parameters input to the LOFTRAN code are given in 

Table 3-1. Those parameters which are input to model system response to 

a specific transient are listed in the discussion of that transient.  

4.2.5 LOFTRAN OUTPUT 

LOFTRAN outputs a variety of parameters at time intervals specified by 

the user. The key parameters for the ATWS ahalyses that are of direct 

interest or are needed as input for FACTRAN and/or THINC-III are given 

ne,ow.



- Nuclear Power Vs. Time 

- System Pressure Vs. Time 

Coolant Temperatures Vs. Time 

- Coolant Flow Rate VS. Time 

- Pressurizer Water Volume Vs. Time 

Su?;e Rates Into the Pressurizer Vs. Time 

Flow Out of Pressurizer Relief & Safety Valves Vs. Time 

4.3 FACTRAN 

FACTRAN calculates the transient temperature distribution in a cross

section of a metal-clad UO2 fuel rod and the heat flux at the surface 

of tne rod, using as Input the nuclear power and coolant conditions 

(pressure, flow, temperature) predicted by LOFTRAN.  

The primary function of the FACTRAN code in ATWS analyses is to calcu

late core heat flux used by the THINC code to generate DNB ratios; no 

hot spot calculations are done.  

The fuel rod is divided into a number of concentric rings. The number 

of rings required for the fuel itself is optional and specified in the 

input. In the ATWS analyses six fuel regions were used. Three more 

rings were added at the outside of the fuel: they represent, respec

tively, the gap, the clad, and the film. The transient heat conduction 

equations are written for each ring, in finite difference form, as a 

system of linear equations that are solved simultaneously. The coeffi

cients of the system are calculated from the temperatures in each ring 

at time t, and the unknowns are the temperature and heat flux in each 

ring at time t + At.  

4.3.1 FILM HEAT TRANSFER COEFFICIENT 

FACTýAN has the capability of using different correlations to predict 

hea: transfer coefficients before and after DNB is predicted. However, 

-"B is iot predicted for any of the AT'IPVS transients so the transition



between corre aions is not rj.ired. - - it :fer coefficients 

UseC tc predict tne heat fluA ir th-e Tb:e.-:: o-•oe 'or DoLn tne aver

age and hot channel are the same as used i!7 %r.-ATWS analyses.  

Before DNB: 

At each time step, the forced convection clad surface temperature 

(Dittus-Boelter correlation) and the local tc'ing surface temperature 

(Jens-Lottes correlation) are calculated, basec on the heat flux at the 

previous time step. If the local boiling te'perature is higher (forced 

convection regime), the film is considered as the last section in the 

system of concentric rings, and the outsioe Dc;ndary condition is the 

coolant temperature.  

If the forced convection temperature is nigher (local boiling regime) 

the clad is considered as the last section in the system, and the out

side boundary condition is the local boiling temperature (clad surface 

temperature).  

4.3.2 MATERIAL PROPERTIES 

The thermal and mechanical properties of UO2 and Zircaloy are built 

into the code in the form of data tables as functions of temperature.  

At each time step, the properties of the materials constituting each 

ring of the model are calculated at the ring average temperature.  

4.3.3 GAP HEAT TRANSFER COEFFICIENT 

The gap heat transfer coefficient is calculated based on the thermal 

expansion of the pellet; that is, the sum of tne radial (one

dimensional) expansions of the rings. Each ring is assumed to expand



freely. The ciadding miameter is calculatec baseJ cr. thermal expansion 

ani i: t.ernal anc.exe•,0-al pressures.  

If the outside raiijs of the expanded pellet is smaller than the inside 

raoius of the expanded clad, there is no fuel-clad contact and the gap 

conduciince is :alculated on the basis of the thermal conductvity of the 

gas ccntained in the gap. If the pellet outside radius so calculated is 

larger than the clad inside radius (negative gap), the pellet and the 

clad are pictured as exerting upon each other a pressure sufficiently 

large to reduce the gap to zero by elastic deformation of both. This 

contact pressure determines the gap heat transfer coefficient.  

4.3.4 FACTRAN INPUT 

The significant fuel parameters needed for FACTRAN are given in Table 

4-1.  

4.3.5 FACTRAN OUTPUT 

The FACTRAN output of interest consists of the following parameters: 

- Heat Flux Vs. Time 

- Fuel Temperatures Vs. Time 

- Clad Temperatures Vs. Time 

- Stored Energy in the Fuel Vs. Time 

4.4 THINC-III 

The THINC-III code is a detailed Thermal-Hydraulic simulation of the 

reactor core. In THINC-III, the region of the core being studied is 

considered to be mace up of continuous channels divided axially into 

increments of equal length. At time T - O, equations representing the 

conservation of Tass, energy, and momentum within a length increment are 

written for each channel. Considering the static pressure at a given 

elevation to be .nio~rm, these equations are solved simultaneously to 

give the changes in density, velocity, and static pressure along the 

length increment fhr each channel. This procedure is continued stepwise



up the core by using the value! at thý: too of :;,.c length step as input 
quantities for the next axial A.ep. A totl ,! ji axial steps is used 
for the ANWS analyses. The core is divided into 5 radial channels, in 
the following manner.  

Channel 1 = hot channel 

Channel 2 - surrounding 8 unit cells 

Channel 3 - remainder of hot assembly 
Channel 4 -surrounding 8 assemblies 

Channel 5 = remainder of core 

Therefore, the core is divided into 185 nodes (5 radial x 37 axial) for 
the calculation of minimum DNBR in the ATWS analyses. ( 

Basic assumptions in THINC-III are given below.  

The static pressure at any elevation is considered to be uniform 
throughout the channel array.  

- Local boiling voids are taken as those computed by the modified Thom 

correlat ion.  

- The flow is considered to be homogeneous. Correction factors for 
subcooled and bulk boiling are applied to the friction and momentum 
pressure drop terms in the force balance equation to account for 
vapor voids effects.  

4.4.1 THINC-III INPUT 

Typical input paramters for 17x17 fuel used by THINC-III to calculate 
the DNS ratio in the hot channel for these ATWS analyses are listed in 
Table 4-2.



4.4.2 THINC-ill OUTPUT

The THINC-Iil output of primary concern for tne ATWS analyses 's DNB 

ratio as a function of time.  

4.5 STEAMI GENERATOR HEAT TRANSFER EQUATION 

The TRANFLO code is a general purpose control volume code, developed to 

allow detailed modeling of thermo-hydraulic effects occurring inside 

mixed phase processing equipment, to model steam generator responses to 

transient conditions. The code modeling concept is one of using multi

ple independent fluid control volumes (nodes), each represented by mass 

and energy, interconnected by the appropriate flow paths (connectors) to 

allow mass and energy exchange. Masses and energies associated with the 

control volumes are assumed to exist homogeneously throughout the vol

umes, and flows and pressure drops associated with flow paths are 

applied one-dimensionally between center points of connected control 

volumes. Mass may be introduced or removed from the system by 

pre-defined flow leaks into or out of any control volume. Energy may 

also be added to the system through a specified heat source represented 

by a continuous pass tube bundle having hot compressed water as a work

ing fluid.  

The code computationally solves for system conditions by satisfying the 

mass and energy conservation equations for all control volumes and 

balancing the system pressure losses between volumes via the momentum 

equation. An implicit backward differencing technique which numerically 

integrates the conservation equations is used to continually adjust 

control volume masses and energies with time. A-11 other thermodynamic 

parameters are determined from the adjusted mass and energy by assuming 

equilibrium throughout each control volume. The adjusted conditions are 

then used for successive calculations with limits on time step size 

being determined by a specified maximum fractional change in mass or 

energy for any node.



The effects of slip betweer !ran C . phases are defined bý :he 

Armr.a correlation which is ±d .c Cv-l.,te quJ;ality of flows ir c'w 

conrectors as well as determine frictiora; pressure losses in twc :'nase 

flcw regions. Pressure losses are mo-i;.ec to include two phase .:)w 

effects by using an effective fluid specific volume in the fricticnal 

and form loss pressure drop equatirns. The influence of gravity c, 

phase separation is includeo in regions where phase velocities are 

between the critical steam separation velocity as defined by Davis and 

phase velocities for which the Armand correlation provides adequate 

representation of separation phenomenon.  

Heat transfer from the tube bundle into control volumes is detercr-ed 

from the conditions of the working fluia, the tube wall character stics, 

and tne thermodynamic conditions of the control volumes. An inde:endent 

selection of an appropriate heat transfer coefficient is made fro- among 

eight experimental correlations for all nodes enclosing a segment, or 

segments, of the tube bundle. The selection is based on the calc..ated 

temperature difference between the working fluid and the control .;fume 

and the local phase conditions in the control volume. Cooling of :ne 

working fluid as it flows through the tube bundle is Included in tne 

solution.  

The heat transfer correlations used in TRANFLO are listed in Table 4-3 

along with the region where they are applied. The conservation of mass, 

energy, and momentum equations are shown as well as the solution of the 

system equation.  

Selection of the appropriate heat transfer correlation is made as fol

lows: 

1. Subcooled Water Regions 

if the calculations from previots tine steps indicate a node :cn

tains only subcooled liquid, for:ec zcnvection heat transfer 4s 

assumed initially and the Dittis-23ce&:er correlation is used 

determine heat-flux. The heat 'lix is tnen used to determine :ne



required tube wall te-:e-2ture. If the wall temperatjre -s less 

than tie node satura1al temperature the heat flux -- a D'zsBtelt.' 

is acceptable; :f not. 'ocal boiling is assumed and the heat flux 

predicted by the Thom ::rrelation using the difference of the satu

ration temperature ant tie node temperature is found. This is com

pared to the critical ý-eat flux predicted by MacBeth. If it is less 

than the critical valAe it is used; if not the larger value of heat 

flux predicted by using either the Westinghouse transition boiling 

correlation or Sandber:'s stable film boiling (in subcooled liquid) 

correlation is used.  

2. Saturated Mixtures 

In saturated regions, '- the void fraction is less than 0.9, a 

similar process to th!: ised in subcooled regions is jsed. The 

Dougall and Rohsenow c:--elation is used for determining heat flux 

for stable film boilino. If the void fraction in the region is 

greater than 0.9, forced convection vaporization as predicted by the 

Schrock and Grossman correlation is assumed rather than stable film 

boiling. Critical heat flux is again calculated using MacBeth.  

3. Superheated Steam 

If a region contains c-ly superheated steam, forced convection heat 

transfer is assumed and the Heineman correlation is used.  

4.5.1 TRANFLO INPUT 

The TRANFLO input is obta;-ed from the transient results found in the 

output of the LOFTRAN run. The primary side flow and temperature into 

the steam generator tubes !-e input to TRANFLO as a function of time.  

The secondary side steam f'•w and enthalpy at the steam generator outlet 

nozzle and feedwater flow !nd enthalpy at the inlet nozzle from LOFTRAN 

are also input to TRANFLO is a function of time.



4.5.- T:ANFLO OUTPUT 

Trie TNFLO code is used to determine the heat transfer in the steam 

gene!'-:tor during ATWS event when the steam generator fluid level falls 

beleA the top of the U-tubes. The amount of heat transfered during the 

ATiS e.ent is translated into a curve of steam, generator overall UA 

verses steam generator fluid mass. This curve can then be used in place 

of tre LOFTRAN steam generator heat transfer calculation.  

4.5.3 LOFTRAN/TRANFLO COUPLING 

Figure 4-2 shows the method in which the LOFTRAN and TRANFLO codes are 

used -ogether for ATWS calculations. The initial LOFTRAN run assumes a ( 
representative curve of UA verses mass from which the steam generator 

inlet t low, temperature, pressure, steam flow and steam enthalply are 

input into TRANFLO. The TRANFLO code then calculates a new UA verses 

curve. This new heat transfer curve is then used in LOFTRAN. A check 

for convergence is made on the input to the TRANFLO code, i.e. steam 

generator inlet flow, temperature, and pressure. Studies have shown 

that :he input to TRANFLO converges very quickly.



TABLE 4-1

TYPICAL FACTRAN INPUT

Value
imipLt

Clad Material 

Clad Outside Diameter 

Clad Thickness 

Fuel Pellet 

Nuclear Power Vs. Time 

System Pressure Vs. Time 

Coolant Temperature Vs. Time 

Coolant Mass Flow Vs. Time 

Time of DNB

Zirc3loy 
0.374 

0.0225 in.  

0.3210 in.  

Output From LOFTRAN 

Output from LOFTRAN 

Outpit from LOFTRAN 

Output from LOFTRAN 

Output from THINC-III

I



TABLE 4-2 

THTNC-III INPUT

Input 

Peaking Factors 

Average Heat Flux Vs. Time 

Core Inlet Enthalpy Vs. Time 

Core Inlet Flow Vs. Time 

Core Pressure Vs. Time

Value 

FAH 1.435 

Fz - 1.55 

Output from FACTRAN 

Output from LOFTRAN 

Output from LOFTRAN 

Output from LOFTRAN

(7

I



TABLE 4- 3 

CONDTIS CORRELATION EQUJATION REFEI.FN\CE.  

w 0.± .4 R'a 8 
Subcooled Dittus-Boelter H t* D r e 

Thorn 0 LfII 1610 IT w T SA) 

41 a.z3(V Y ac V * 069 K 9 
Sandberg, et.al. vr v.0SAT) PE 

1. Sol h S.51 

NtaBeth DE .. 3 106 

0. 02 )K e . c ~i . a) v . * w v , 1 

Saturated Dougal -Rohsenow. H.,D~ ~vM s ;4  1 

If 

Schrock -Grossman H'TY v v .5J 

(Same as Correlation for 12 
Mac~e~th Subcooled) 

a0 0.133 P 3 13  941 

St.T~erheated Heineman rr r * 

,7-an~sitiofl Westinghouse Westinghouse Proprietary 14 

Bc'ling Transition 
Boil ing
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5.0 TRANSIEE;T A•ALYSES AND 5ENSIT,'I.1-' FTUD.ES 

ANSI N.18.2 Canditicn II transients have been evaiuatE.e on several 

cccasions with the assu•mptior: that no reactor trip oc-.urred. Detailed 

analyses have been done and presented to the staff in the past for the 

limitirg ATWS event covering the majority of Westingr:.,se plants. This 

report updates the majority of these analyses using the multi-loop 

version of the LOFTRAN(2) code.  

The andlyses were performed using composite plant par•rieters to bound as 

many Westinghouse plants as possible, rather than using parameters for 

any specific piant. Sensitivity studies were perfermed for the limiting 

cases to demonstrate that the conclusions are valid for all plants 

covered by the ge-eric approach. These analyses consider 2-, 3-, and 

4-loop plant configurations with 51 and 44 series and Model D and F 

steam generators.  

The majority of Westinghouse plants are considered Alternative 3, as 

discussed in Section 2.0. For this reason, the analyses presented in 

this report contain the assumptions for Alternate 3 plants, i.e. a 

moderdtor temperatjre coefficient valid for 95% of core life. Limiting 

transients are presented with a 99% value of the coefficient to show its 

effect for Alternative 4 plants. Single failures are presented as part 

of the sensitivity studies.



.1 LOSS ::F EXTERNAL EIECTRICAL LOAD AND/OR TURIIi[E •:•ERATOR 

T;P •VHOUT REAC TOR TRIP 

5.1.1 IDEN7IFICATION OF CAUSES AND TRANSIENT DESCRR1?)-N 

A major load lost could result either from a loss of ekternal electrical 

load of from a turbine/generator trip. In either case. unless a loss of 

ac power to the station auxiliaries also occurs, off-site power would be 

available for the combined operation of plant composients, such as the 

reactor coolant pumps. In this section, the loss of 7cad accident is 

analyzed assuming that the control rods fail to drop :"to the core fol

lowing a turbine trip from full power, which would pro.:i.Ie the maximum 

possible load loss.  

For turbine trips, the reactor normally trips directly (urless below a 

specific power level that is related to the amount of steam dump 

capacity available) from a signal derived from the turbine auto-stop oil 

pressure (Westinghouse Turbine) or from closure of both turbine stop 

valves. The automatic steam dump system opens valves to pass off the 

excess generated steam, and therefore, reactor coolant temperatures and 

pressure do not significantly increase. If the turbire condenser were 

not available to receive steam through the steam dump system, the excess 

steam would be dumped into the atmosphere through the steam generator 

relief and safety valves. In addition, main feedwater flow might be 

lost if the turbine condenser were not available to run the turbine 

driven pumps but some feedwater flow would be supplied by the auxiliary 

feedwater system at a rate sufficient to remove the sensible heat of the 

fuel and coolant plus the residual heat produced in the reactor.  

For a complete loss of external electrical load without subsequent tur

bine trip, no direct reactor trip signal would be gene-ated. Plants 

designed with full load rejection capability would cortinue operation 

without a reactor trip, since the mismatch between core power and tur

bine loaý would be accommodated by sufficient steam d,.-p caoacity and



primary p-essure relief. The Reactor Control System would brinq the 

reactor to a turbine/generator electric loan cf appr')ximately fi'.e 

percent after a complete loss of external electrical load to match the 

power requirements of the plant auxiliaries. Dlants designed wltn less 

than full load rejection capability that undergo a full load rejection 

-night possibly have the reactor trip from the first four reactor 

protection system signals listed in the following paragraph. Plant 

startup tests, however, have demonstrated that Westinghouse plants with 

40 percent steam dump capacity can generally ride through a complete 

loss of electric load even under the most adverse operating 

conditions( 1 5 ).  

f the steam dump valves fail to open following a large loss of load, or 

if the plant does not have full load rejection capability, the steam 

generator safety valves may lift since steam generator shell side pres

sure inc-eases rapidly. If reactor core or primary system safety limits 

are approached, a reactor trip signal would be generated by the reactor 

trip signals which are listed below: 

Direct reactor trip on turbine trip.  

High pressurizer pressure reactor trip.  

- High pressurizer water level reactor trip.  

Overtemperature AT reactor trip.  

- Low feedwater flow reactor trip.  

- Low-low steam generator water level reactor trip.  

"-he most severe plant conditions that could result from a loss o= load 

3ccur following a turbine trip from full power when the turbine t-ip is 

:ajsed by a loss of condenser vacuum. Since the main feedwate"- :,ros



may be turbine driven witfh steam exhaust to the main condenfS-?, loss of 

feedwater may --so result from. a loss of condenser vacouuw- F-r this 

reason, the low feeýv.dter flow reactor trip and the lOw-10w s'Eam gen

erator water level trip are included in the above listing.  

The pressurizer safety valves and steam generator safety valves are 

sized to protect the Reactor Coolant System and steam generato, against 

overpressure for all load losses without assuming the operation of the 

steam dump system, pressurizer spray, pressurizer power-operated relief 

valves, steam generator power-operated relief valves, automatic rod 

control, or direct reactor trip on turbine trip. That is, the steam 

relief capacity of the pressurizer safety valves is selected to match 

the maximum pressurizer irsirge following a turbine trip without credit 

for the items mentioned above. The steam generator safety valve relief 

capacity is sized to remove the steam flow at the Engineered Safeguards 

Design rating (.r 105 percent of the steam flow at rated power) from 

the steam generator without exceeding 110 percent of the steam system 

design pressure. The pressurizer safety valve capacity is sized for a 

complete loss of heat sink with the plant initially operating at the 

maximum calculated turbine load and with operation of the steam genera

tor safety valves. The pressurizer safety valves are then able to main

tain the Reactor Coolant System pressure to within 110 percent of the 

Reactor Coolant System design pressure without direct or immediate reac

tor trip action.  

5.1.2 ANALYSIS OF EFFECTS AND CONSEQUENCES 

Plant behavior is evaluated for a turbine trip and loss of main feed

water occurring from full power with the assumption that the control 

rods fail to drop into the core following generation of a reactor trip 

signal. The evaluation shows the effectiveness of Reactor Coolant Sys

tem pressure-relief devices and the extent of any approach to core 

safety limits.



The loss of tc t-ansient is analyzed usin. :t-i DOFTRAt. di: tai Ccom

puter coce. 'nc 5rogtum computes pertiner,: var'abIes rnciuding 

temperatures, pressures and power level.  

The following assumptions are made in the analysis: 

- Initial normal full power operation early in core life. Since the 

negative temperature coefficient of reac:ivity reduces core power as 

the coolant temperature rises, and the temperature coefficient 

becomes more negative with core life, the 4TWS loss of load is less 

severe later in core life.  

- Normal operation of the following contrc' systems: 

1. Pressurizer oressure control, including reaters, spray, and both the 

power-operated and the spring-loaded relief valves.  

2. Turbine governor valves in impulse presstire control prior to trip, 

and valve closure on turbine trip.  

- Loss if cor.,erser vacuum at t = 0.  

- No credit for automatic reactor trip.  

- No credit ?Zr automatic control rod insertion as reactor coolant 

temperature rises.  

- Main feedwater flow falls to zero in the first four seconds of the 

transient, Aith no main feed after that time.  

- Auxiliary feedwater flow begins, at 60 seconds, at a rate of 1760 

gpm. The iitiation signal would come fror. AMSAC.  

- Auxiliarý. 'secwater is injected into the :eeda:er pipe a- a tem

perature cf :300F, upstream of the stear. generator, suc- tnat



the 'ooler water enters the steam generator after the volume in 

TablV _-1 is purged of main feed~ater jaCjFr;.  

Primary to secondary heat transfer area is reduced as the steam 

generator shell-side water inventory drops below the value necessary 

to wet the tubes.  

The auxiliary feedwater initiation requirements described above would be 

provided by AMSAC (Alternative Mitigating Systems Actuation Circuitry).  

AMSAC is a diverse set of circuitry designed to initiate any mitigation 

systems required for an ATWS condition that would normally be provided 

by the reactor scram system. This assumes a complete common-cause 

failure of the total reactor scram system. The signal to initiate 

auxiliary feedwater from the AMSAC circuitry would provide the function 

in much less time than the 60 seconds assumed in this analysis.  

5.1.3 RESULTS 

5.1.3.1 51 Series Steam Generator 

Figures 5.1-1 through 5.1-10 show the plant transient response for a 

loss of load without reactor trip for a 4-loop Alternative 3 plant with 

a 51 series steam generator. Sequence of events for this transient are 

shown in Table 5.1-1. The first peak in pressurizer pressure occurs 

when the steam generator safety valves lift, and the second, higher peak 

(maximum system pressure of 2974 psia) occurs after the pressurizer is 

filled with water due to a coolant volume surge resulting from a rapid 

reduction of steam generator heat transfer. Nuclear power decreases to 

a value of 68 percent due to negative reactivity feedback caused by 

moderator (coolant) heating. Further coolant heatup, caused by loss of 

steam generator heat transfer, decreases nuclear power further, starting 

at about 110 seconds.  

Tie DN3 ratio does not drop below its initial value during the transient.



At ten minutes into the transient, conditiorns are s:-r I ized, wit'

auxi 1 ary feedwater prov.i.ing heat removal capabi]U.- and iith an iLact 

Reactor Coolant System and core. Thus, the operator could begin snut

down operations through rod insertion, actuation of tre safety inje-ction 

system, or through the BORATE or EMERGENCY BORATE modes of the Chemical 

and Volume Control System.  

Transient results for 3-loop and 2-loop plants with 51 Series steam 

generators are similar to those presented for the 4-loop case. A peak 

reactor coolant system pressure of 2861 psia results for a 3-loop plant, 

and a peak pressure of 2753 psia results for a 2-loop plant configu

ration.  

Since the loss of load transient is a limiting ATWS transient with 

respect to peak pressure, an analysis was made for the Alternative 4 

assumption of a moderator temperature coefficient that is valid for over 

99% of core life. The limiting plant configuration, 4-loop, was used 

for this analysis.  

The transient results for a 4-loop Alternative 4 plant with a 51 Series 

steam. generator are shown in figures 5.1-11 through 5.1-20. The results 

are similar to but more severe than the Alternative 3 results shown 

earlier. The peak reactor coolant system pressure in this case is 3084 

psia.  

5.1.3.2 Model D Steam Generator ( 

The loss of load ATWS transient results for a Model D steam generator 

are similar to and less severe than the 51 Series steam generator. A 

4-loop plant configuration with a Model D steam generator yields a peak 

reactor coolant system pressure of 2780 psia. The 3-loop Model D con

figuration results in a peak system pressures of 2785 psia.  

5.1.3.3 Model F Steam Generator 

The resul.s of a loss of load ATWS transient for the Yodel F plant 

configuration follow those of the 51 Series steam generator clcsely.



The basc 4-loop plant with a .,'odel F produces • peaK system pressur-, of 

290? psid ror the'.s-_ 0,f ,oao ATWS. The peak syste.M pressure :o- ± 

3-loop plant configuration is 2786 psia.  

5.1.3.4 44 Series Steam Generator 

The transient results of a loss of load ATWS for a 44 Series steam gen

erator are similar to the 51 Series results. The peak reactor coolant 

system pressure for the 4-loop configuration is 2979 psia. A 3-loop 

plant produces a peak system pressure of 2839. and a 2-loop, 2753 psia..  

5.1.4 SENSITIVITY STUDIES 

The loss of load transient without reactor trip is analyzed with changes 

in certain assumptions and initial conditions. The evaluation is done 

to determine the effects of the reactor coolant system pressure due to 

each parameter change. The sensitivity studies were conducted on the 

base 4-loop plant with a Model 51 steam generator. The sensitivity 

study effects are presented as variations on this reference case, and 

are summarized in Table 5.1-2.  

5.1.4.1 Effect of One Auxiliary Feedwater Pump Failing to Start 

(Single Failure) 

The single failure effect of one auxiliary feedwater pump failing to 

start was studied. The pump chosen for the failure is that which 

delivers the greatest flow, typically the steam-driven pump. Failure of 

this pump effectively reduces auxiliary feedwater flow rate by one

half. The peak reactor coolant system pressure was increased by 64 psi 

due to the reduced flow rate.  

5.1.4.2 Effect of One PORV Failing to Open (Single Failure) 

The effect of one power-operated relief valve failing to open upon 

demand was determined. The failure produced a net increase of 166 psi 

over the 4-loop, 51 steam generator reference case.



5.1.4.3 Etfect of Variations in Pressurizer Level

The initial value of the pressurizer level was variea by +10 and -10 

percent to determine the effect on the peak reactor coolant system 

pressure. An increase in the level of 10 percent resulted in an 

increased peak pressure of 5 psi. Reducing the level by 10 percent 

resulted in a reduction of 17 psi on the peak pressure.  

5.1.4.4 Effect of Variations in the Steam Generator Water Inventory 

The steam generator initial water mass was varied to determine peak 

pressure effects. An increase of 10 percent in initial water mass 

yielaed no difference in the peak pressure. Reducing the initial mass ( 
by 10 percent resulted in an increase of only 2 psi.  

5.1.4.5 Effect of Variations in the Main Feedwater Enthalpy 

Variations in the main feedwater enthalpy resulted in small changes in 

the peak system pressure. An increase of 10 percent in the enthalpy 

yielded an increase of 10 psi over the reference case. Decreasing the 

entna.py by 10 percent decreased the peak pressure by 9 psi.  

5.1.4.6 Effect of Variations in the Reactor Coolant System Volume 

The reactor coolant system volume was increased by 10 percent i.e. each 

node volume was increased by 10 percent except for the pressurizer, 

resulting in an increase in the peak system pressure of 42 psi. A 

decrease of 10 percent in the reactor coolant system volume resulted in 

a decrease in the peak pressure of 44 psi.  

5.1.4.7 Effect of Variations in the Auxiliary Feedwater Flow Rate 

increzsing the auxiliary feedwater flow rate by 10 percent results ;n a 

decre-ase of II s- in the peak reactor coolant system Dressure wher 

ccrpa-eý tc the rz-erence case. Decreasing the flow rate. by 10 Der:ent 

inc-eses zne :ea, system pressure tby 12 psi. -



Effect o" Variaticr'l in the F-- ,,

I.ariations in the "uel UA 

.)olant system pressure.  

in a decrease of 6 psi in 

"nte 'uel UA increased the

produce small effects or, the peak reactor 

Increasing the fuel UA by 10 percent results 

the peak pressure. A 10 percent decrease in 

peak pressure by 8 psi.

-. 1.4.9 Effect of the Pressurizer Spray 

Since the loss of load analysis assumes that the pressurizer spray is 

inoperable, the effect of proper operation was studied. ,ssuming the 

:.ressurizer spray system operates, the peak reactor coolant syste

pressure is decreased by 11 psi.  

:.1.4.10 Effect c' Variations in Reactor Power 

The initial reactor power was increased by 2 percent, resulting in a 

peak pressure increase of 44 psi. Decreasing the initial reactor power 

resulted in a decrease of 41 psi in the peak pressure.  

.. 1.4.11 Effect of Auxiliary Feedwater initiation Delay 

"delay of 60 seconds over the reference case for the start of auxiliary 

feedwater was studied. This case assumes the auxiliary feedwater Dumps 

start 120 seconds into the transient. The peak reactor coolant system 

Pressure is increased by 134 psi due to the delay.  

5.1.4.12 Effect of Variation in Steam Generator Design Pressure

The 4-loop, 51 Series reference plant is 

generator design pressure of 1200 psia.  
reference case with a design pressure of 

increase in peak pressure of 151 psi.

analyzed utilizing a steaer 

A sensitivity study on tie 

"100 psia resulted in an



5.1.5 CONCLUS!ONS

During a loss of load with failure of rod insertion after a reactor trip 

signal generation, core safetj limits are not exceeded s~nce the DNB 

ratio does not go below its initial value and the peak reactor coolant 

pressure is limited to 2974 psia for the 4-loop 51 Series reference 

ca se. Further, plant conditions are stabilized at 10 mir-tes such that 

the operator can begin shutdown operations.  

( 

(



TABLE 5.1-1 

SEQUENCE OF EVENTS FOR LOSS OF LOAD WITHOUT A REACTOR TRIP 

FOR THE REFERE'4CE CASE*

Event 

Turbine trips 

Reactor trip signal generated on turbine trip 

Pressurizer relief valves lift 

High pressurizer pressure reactor trip setpoint reached 

Overtemperature AT reactor trip setpoint reached 

Steam generator safety valves lift 

Auxiliary feed pumps begin delivering flow 

Pressurizer safety valves lift and pressurizer fills 

with water 

Maximum reactor coolant pressure (2974 psia) reached

Time (seconds) 

0 

5 

6.4 

8.4 

11 

60 

99 

120

* Reference.case: 4-loop plant with a 51 Series steam generator, 
Alternative 3.



TASLE c.1? 

SUMMARY OF RESULTS FOR LOSS OF LG.• WITHOUT ? REACTOR TRIP 

Change Relative to Reference Case 

Maximum Reactor 
Coolant System 

Case Pressure (psia) 

Reference Case 2974.  

One Half Auxiliary Feedwater Flow +64 

One PORV Fails to Open +166 

Pressurizer Water Level +10% +5 

Pressurizer Water Level -10% -17 

Steam Generator Water Mass +10% +0 

Steam Gene-ator Water Mass -10% +2 

Main Feedwater Enthalpy +10% +10 

Main Feecwd.ter Enthalpy -10% -9 

RCS Volume +10% +42 

RCS Volume -10% -44 

Auxiliary Feedwater Flow +10% -11 

Auxiliary Feedwater Flow -10% +12 

Fuel UA +I0% -6 

Fuel UA -10% +8 

Pressurizer-Spray On -11 

Reactor Power +2% +44 

Reactor Power -2% -41 

50 Second -^uxiliary Feedwater Delay +134 

1!?.• psia Steam Generator Design Pressure +151

(.
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5.2 COMPLETE LOSS OF NGPVAL FEEDWATER WITHOUT RECTOCR TR:? 

5.2.1 !DENTIFICATION OF CKUS.ES AND TRANSIENT DESCýiP- !ON 

Loss of ncrmal Feedwater could result from a malfunction in the feed

water condensate system or its control system fror such causes as 

siri.'taneous trip of both condensate pumps, simultaneous trip of both 

main feedwater pumps (or closure of their discharge valves), or simul

taneous closure of all feedwater control valves. The vast majority of 

these cases would cause only a partial loss of feeiwater flow. The most 

like'y cause of a complete loss of feedwater would be loss of offsite 

power which is evaluated ;n Section 5.3.  

The loss of main feedwater produces a large imbalance in the heat 

source/sink relationship. When feedwater flow to the stear generators 

is te-minated, the secondary system can no longer remove a'l of the heat 

tha: 4s generated in the reactor core. This heat buildup in the primary 

system is indicated by rising Reactor Coolant System temperature and 

pressure, and by increasing pressurizer water level, which is due to the 

insurge of expanding reactor coolant. Water level in the steam genera

tors drops as the remaining water in the secondary system, unreplenished 

by main feedwater flow, is boiled off. When the steam generator water 

level falls to the point where the steam generator tubes are effectively 

expcsed and primary-to-secondary system heat transer is reduced, the 

reactor coolant temperature and pressure begin to increase at a greater 

rate. This greater rate of primary system temperature and pressure 

increase is maintained as the pressurizer fills and discharges water 

through the safety and relief valves. Reactivity feedback, due to the 

high primary system temperature, reduces core power. Eventually, the 

system pressure begins to decrease, and a steam space is again formed in 

the pressurizer.



Fýr p-otection for loss of feedwater. tlz -eactor would be tripped when 

any of the foflowi-ig conditions are !eac3--.  

- Steam/feedwater flow mismatch (low f-=ater flow) and low steam 

generator water level 

- Overtemperature AT reactor trip 

- High pressuizer pressure 

- High pressuizer level 

- Steam generator low-low water level 

- Low reactor coolant flow 

None of these trips is assumed during the .oss of feedwater ATWS.  

5.2.2 ANALYSIS OF EFFECTS AND CONSEQUENCES 

The !nalysis includes a moderator temper-%.-e coefficient that is valid 

for at least 95 percent of core life. T,*z corresponds to the assump

tions required for Alternative 3 transie-- analyses. A 99 percent value 

of the coefficient is required to be use,- -,r Alternative 4 transients.  

The effect of the 99 percent value is st":o.e for the reference case, a 

4-loop, 51 series steam generator plant c:-figuration, for the loss of 

normal feedwater ATWS.( 

The following assumptions were made in ti-' ,2nalysis: 

":nitial normal full power operation =----y in core life. Since the 

negative temperature coefficient of --_=:ivity reduces core power as 

the coolant temperature rises, and t.- :e'.-erature coefficient 

:ecoMs more negative with core 1ife. :-- AT4S loss of feed is less 

cevere in later core life.



" "-rmai Dperation of tne 

1. Botn the power-operated 

Dperatle 

2. Turbine governor valves 

:tosure on turbine trip 

3. Steam dump to condenser 

ing turbine trip

followin: cc nt&r systems: 

and the sprinr-loaaed relief valves are 

in impulse control prior to trip, and valve 

at 40 percent of rated turbine flow follow-

Turbine trip 30 seconds after loss cf feed. AMSAC circuitry will 

trip the turbine directly.  

- No credit for automatic reactor trip 

No credit for automatic control ro: insertion as reactor coolant 

temperature rises 

Main feedwater flow falls to zero in the first four seconds of the 

transient, with no main feed after that time.  

Auxiliary feedwater flow begins at 60 seconds, at a rate of 1760 

gpm, with the initiation signal provided by AMSAC.  

Auxiliary feedwater is injected into the feedwater pipe at a tem

perature of 1300, 500 ft 3 upstream of the steam generators, such 

that the cooler water enters the steam generator after this volume 

is purged.  

-?rimary-to-secondary heat transfe- area is reduced as the steam 

generator shell-side water inventory ýrops below the value neccesary 

to cover the tubes.



The assumptions described above include a tirbine trip 30 seconds into 

the transient, and auyi.Iary feer.witev available in 60 secondis, botn 

initiated by AMSAC. AMSAC is a diverse set of circuitry that would 

initiate ATWS - required mitigation systems in the event of an unknown 

common- cause failure of the complete reactor scram system. Both 

turbine trip and auxiliary feedwater would be actuated by AMSAC in much 
J 

less time than assumed in this analysis.  

5.2.3 RESULTS 

5.2.3.1 51 Series Steam Generator 

The 4 -loop, 51 Series steam generator plant configuration was analyzea 

for the loss of normal feedwater transient as described above. This 

plant configuration, assuming a 95 percent value of the moderator teim

perat.ire coefficient, is considered the reference case.  

The peak pressure in the Reactor Coolant System for the reference case 

was 2848 psia and occurred approximately 106 seconds after the 

termination of feedwater supply to the steam generators. The 

pressurizer reached a Deak press.;re of 2746 psia at the same time, while 

relieving 1189 lb/sec of water.  

The chronology of events for this case is shown in Table 5.2-1 and plots 

are presented in figures 5.2.1 through 5.2.11. The gradual drop in flow 

rate, before pump cavitation occurs, is due to coolant expansion 

(density decreases). The volumetric flow rate, however, is relatively 

constant before the pump is assumed to cavitate.  

The loss of norm.al feedwater ATWS reference case was also analyzed util

izing a moderator temperature coefficient that is valid for over 99 

percent of core life. The transient results for this case are presentec 

in Figures 5.2.12 through 5.2.22. The reactor coolant system pressure 

reacr=eJ a peak :- 2914 psia, hig-'re tnan the reference case with a 95 

percEn.t value of tne coefficient.



S rI Series stea• generator 3-loop and 2-'.:• plant configurations were 
S-uea for a irss C normal fedwater to dAterinine their effect 

on the peak systemnpressure when comparea to the reference 95% case. In 
:,oth plant configurations, the transient trends are similar to the ref
erence case. The 3-loop case results in a peak system pressure of 2783 
psia, wnile the resulting peak pressure fcr the ?-loop case is 2753 psia.  

.. 2.3.2 Model D Steam Generator 

The loss of normal feedwater ATWS was analyzed for 4-loop and 3-loop 

plants with a Model D steam generator and the assumptions described in 
Section 5.2.2. The resulting plant parameter transients are similar in 
nature to the loss of normal feedwater ATwS reference case. The 4-loop 
Model D plant configuration results in a peak reactor coolant system 
pressure of 2725 psia. The 3-loop Model D plant attained a peak pres

sure of 2735 psia.  

5.2.3.3 Model F Steam Generator 

The loss of normal Feedwater ATWS transient results for a Model F steam 
;enerator compare closely with the results of the reference case pre
sented in this section. A 4-loop Model F plant configuration yields a 
peak reactor coolant system pressure of 2830 psia, while a 3-loop confi
guration attains a peak pressure of 2750 psia.  

5.2.3.4 44 Series Steam Generator 

A 44 Series steam generator plant configuration was analyzed for the 
loss of normal feedwater ATWS, with the assumptions described earlier in 
this section. The transients resulting from. this model of steam genera
tor are similar to the reference case. The peak reactor coolant system 
pressure for a 4-loop, 44 Series plant loss of normal feedwater ATWS is 

2857 asia. The 3-loop plant configuration yields a 2717 psia peak 
gressJre.



5.2.4 SENSITIVITY STUDIES

The loss of normal feedwater transient reference case is evaluated with 
changes in certain assumptions and initial conditions to deter•ine their 
effect on the results of the transient. The results of these sensiti
vity studies are listed here as variations ir, pressure with respect tc 
the reference case provided in '.his section.  

5.2.4.1 Effect of One AuxiliarY Feedwater Pump Failing (Single Failure' 

The single failure criteria of assuming that the largest auxiliary feet
water pump fails to start upon receiving an AMSAC signal during a loss 
of normal feedwater ATWS is corsidered. This assumption effectively 
reduces the auxiliary feedwater available during the transient by one 
half. The effect of reduced a.•xiliary feedwater is a reduction is pri
rrary to secondary heat transfer, with a corresponding increase in the 
orirnary system temperature and :-essure. In this case, the peak reactc
coolant system pressure that is attained during the transient is 
increased by 31 psi over the reference case.  

5.?.4.2 Effect of One PORV Fail-'ng to Open (Single Failure) 

I1 one power-operated relief valve fails to open upon demand during a 
loss of normal feedwater transient, the mass and energy release is 
reduced, resulting in an increase in the primary system pressure. A 
sensitivity study on the reference case shows that under these condi
tions, the peak pressure reached during the transient is increased by 
108 psia in the reactor coolant system.  

5.2.4.3 Effect Of Variation In Initial Pressurizer Water Level 

V'a•iatior. of +10 percent in init•il pressurizer water level is consid
e-ed. The maximum pressurizer :ressure attained during a loss of feed
,_:e��T;- , with the pressurizer -ater level !- 10 percent above the 

"- vel, is increased by " .:sia over the :ase case. Another 
'-:n~s en ~which is based on a l:.zr pressurize- .water le,.- !,10 percent



'- w nonina i '>rvel ; ":rrcýi.c: a -- lx i '- _ zer presssure that is 
. by 5 ps **. ,',- igit ni:'ai ,etor m'- eans that tne pres

>.•izer fills to capacity earlier ir. the transient when the core power 

-I; -.tifl rele.-ively h iih. A lower then norn... 4ater level delays the 
:il~ir~g of the pressurizer, and provides more steam for volumetric 
,.e iPf thr,•,'qr the relief valves, resultinri ir • lower pressu-izer 

ores sure.  

5.2.4.4 Effect of Variation In Steam Generator Water Inventory 

The initial steam generator water mass was varied to determine the 
effect on the loss of normal feedwater transie-t. An increase in the 
initial water mass of 10 percent does not affect the peak reactor 
coolant system pressure. The peak pressure increases by 2 psi when the 
Initial mass is decreased by 10 percent.  

5.2.4.5 Effect of Variation In Main Feedwater Enthalpy 

A variation in the initial main feedwater enthalpy does appreciably not 
effect the peak reactor coolant system pressure because the assumed 
transient is a loss of main feedwater. The or'y effect is due to the 
ciference in purge volume enthalpy when auxiliary feedwater is initi
ated. An increase of 10 percent in the main feedwater enthalpy produces 
a psi peak pressure increase. Likewise, a 10 percent decrease in 

enthalpy results in a 3 psi pressure decrease.  

5.2.4.6 Effect of Variation in the Reactor Coolant System Volume 

An increase in the reactor coolant system volur.e of 10 percent corre
sponds to an increase of 18 psi in the peak pressure over the refer

ence case. A decrease in the volume of 10 percent yields a decrease in 
the peak pressure of 12 psi.  

_._.4.7 Effect of Variation In the Auxiliary =eedwater Flow Rate 

-s Jescribed in Section 5.2.4.1, a decrease in auxiliary feedwater flow 
•i'l cause an increase in peak reactor coola-t. system pressures. A 
sensitivity study reducing the flow rate by iC Dercent shows an increase



cf 3 ;z' in the : pk pressire. LikewisE, an increase of 10 percent in 

the a. z-aole f zc yields a cecrease in 'he peak system press'ure of 3 

psi.  

5.2.4.: Effect of Variation In Fuel UA 

Sensit'vity studies with changes in the fuel UA show that there is 

little effect on the peak reactor coolant system pressure. An increase 

in fue' uA of 10 De-cent results in a decrease of 2 psi in the peak 

pressu-e, while a corresponding 10 percent decrease yields a 3 psi 

increase in the peak pressure.  

5.2.4.9 Effect of tne Pressurizer Spray 

Assumir: the press.urizer spray system in operable during a loss of nor

m al fee:^ater transient tends to reduce the pressures attained during 

the trrzrient. An analysis was done assuming proper operation of the 

pressur'zer spray, resulting in a decrease in the peak system pressure 

of 6 psi.  

5.2.4.1, Effect ;f Variation in Reactor Power 

If the 'nitial reactor power level is increased by 2 percent during a 

'oss cf normal feedwater ATWS, the resulting peak system pressure 

attaine: during the transient in increased by 23 psi when compared to 

the reference case. A decrease of 2 percent in initial reactor power 

results in a decrease of 15 psi in the peak pressure attained.  

5.2.4.1. Effect of Delay In Auxiliary Feedwater Initiation 

A oelay 'in the ini:iation of the auxiliary feedwater system during a 

loss :1 -irmal feec~ater ATWS affects the ability of the stear, genera

t-s:: -emove excess heat. The reduced neat transfer ability causes 
tnC p-;-y syst- �:ressures to be increased wnen cc-parea :• t~e re:er

ence :tse with nc ;i:iaticn delay. (Xorai initia!cn tire is 60 sec

on:s zf:er the ;e-e-a!ion of the AM-SAC si;nal). A 6- delay, cr auxi,

iary 'iez-ater in:iiation within i20 seccnds of the AXSAC signal,



res..lts in increasing the peek primary systeý D-essure attained by 90 

psi.  

5.2.4.12 Effect of Variation in Steam Generato- Design Pressure 

The steam generator design pressure assumed in the reference 51 Series 

case is 1200 psia. An analysis was made to determine the effect of an 

1100 psia design pressure. The net result is an increase-in peak pres

sure of 136 psi.  

5.2.4.13 Effect of Turbine Trip Delay 

In the reference loss of normal feedwater AT;4S, the turbine is assumed 

to be tripped within 30 seconds of generation of the AMSAC signal. If 

the turbine is assumed to be trippeo with a 30 delay over the base case, 

this results in turbine trip within 60 seconds of the AMSAC signal. The 

peak reactor coolant pressure is increased by 57 psi for this case.  

5.2.5 CONCLUSIONS

Table 5.2-2 summarizes the results 

ence case and sensitivity studies.  

initial value auring the transient 

Reactor Coolant System pressure is 

MTC case. Thus, no core damage or 

integrity would occur for the loss

for the loss of feedwater ATWS refer

The DNB ratio increases above its 

as pressure increases. The peak 

about 2848 psia for the reference 95% 

impairment of Reactor Coolant System 

of feedwater ATWS.



TABLE 5.2-i 

SEQUENCE OF EVENTS FOR LOSS OF FEEDWATER WITHOUT A REACTOR TRIP 

REFERENCE CASE*

Event 

'.:ain Feedwater Supply To All Steam Generators Is Terminated 

P:wer-Operated Relief Valves on the Pressurizer Open and Release Steam 

Tjrbine is Assumed to Trip 

Reactor/Turbine Trip Signal: Overtemperature AT 

Reactor/Turbine Trip Signal: High Pressurizer Pressure 

Steam Generator Safety Valves Open and Hold Steam Pressure Constant 

All Auxiliary Feedwater Pumps Are Assumed to Start 

Pressurizer Fills With Water 

Peak Reactor Coolant System Pressure Is Reached (2848 psia)

Time (sec) 

0-4 

17 

30 

36 

40 

44 

60 

90 

106

(
*Reference case: 4-loop plant with a 51 Series steam generator, 95% value of 
the moderator temperature coefficient.

A

(



TA3LE 5.2-2

S.EAjY OF 'ESLir FUR LOSS OF FEEDWA•E A HOLUT A REACI'R TRIP 

Change Re'at*.e To Reference Case 

Maximum Reactor 
Coolant System 

rae Pressure (psia) 

Reerence Case 2931.  

One HalF Auxiliary Feedwater Flow +31 

One PORV Fails to Open 4'08 

Pressurizer Water Level +10% +4 

Pressurizer Water Level -10. -5 

Steam Generator Water Mass +10% +0 

Steam Generator Water Mass -10% +2 

Main Feedwater Enthalpy +10% +3 

Vain Feedwater Enthalpy -10% -3 

RCS Volume +10% +18 

RCS Volume -10% -12 

Auxiliary Feedwater Flow +10% -3 

Auxiliary Feedwater Flow -10% +3 

Fuel UA +10% -2 

Fuel UA -10% +3 

Pressurizer Spray On -6 

Reactor Power +2% +23 

Reactor Power -2% -15 

60 Second Auxiliary Feedwater Delay +108 

1100 psia Steam Generator Design Pressure +136 

Turbine Trip at 60 Seconds +57
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