F E N OC Beaver Valley Power Station
e ——— Route 168

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:

e 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,

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

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

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

e 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 Atftachment 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,

EY

TS
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

%ﬁ% w2

ew W. Myers
Senior VA

¥ident - FENOC

COMMONWEALTH OF PENNSYLVANIA
COUNTY OF BEAVER

Subscribed and sworn to me, a Notary Public, in and for the County and State
b 4, this /3 th day of olegti e 200
above named, this ay o L ,

My Comnﬁsion Expires: 4

Notarial Seal
Tracey A. Baczek, Notary Public
Shippingport Boro, Beaver County
My Commission Expires Aug. 16, 2005

Member, Pennsylvania Association of 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/°F 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
PORY 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 1171 psia
Partial Loss of Flow 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 | N/A N/A
RCS Depressurization 15.6.1 1.76 N/A N/A
Complete Loss of Flow ) 15.3.2 1.335 2414.2 psia 951.0 psia
Limits --- 1.33 2748.5 psia 1208.5 psia

() A generic Westinghouse evaluation addresses the peak pressures for the Rod Withdrawal at Power
analyses.

@ 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).

®) 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 ® 153.3 < 18% 2759.3 psia
Limits 18% 2997 psia

() 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.
@ 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 (ft%)
Loss of Normal Feed 15.2.7 1454.
Loss of AC Power ® 15.2.6 1009.
Limits — 1457.9

AC = alternating current

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

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 Electric Corporation Power Systems Bou 355
. Putstur gh Pernsyve»d 15230

December 30, 1979
NS-TMA-2182

. Lr. Stephen H. Hanauer
Lssistant Director for Plant Systems
CTivision of System Safety
©.S. Nuclear Regulatory Commission
1717 H Street NW
~¥eil Stop P-822
weshington, Z.C. 20555

SOBJECT: ~TWS SUBMITTAL

cear Dr. Hanauer:

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

1. Introduction

2. ATES Criterie

3. Plant Parameter Bases

4. Cormputer Models

5. Transient Analysis and Sensitivity Studies

6. Stress Limits

9. ATWS Mitigating Systems

11. Sumrary and Conclusions
Very truly yours,

WESTINGHOUSE ELECTRIC CORPORATION

T. M. Ar;d%‘rﬁ:n—ager\
Nuclear Safety Departrent \

LS:kk
rzlosures



Accordingly, this report will provisge 1Fe requested ATWS information as
it applies tc the group of Westinghcuse 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. Accicental RCS depressurization
5

. Rod witndrawal

Stress limits and radiological consequences will be addressed and 2
preliminary description of the ATwS hardware modifications in

Westinghouse plants wili be provicdec.



ANTICIPATED TRANSIENTS WITHOUT SCRAM
FCR WESTINGHOUSE PLANTS
DECEMBER, 1979
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1.0 INTRODUCTION

This repcrt has been written in response to 2 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. Tiis
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 ATWS on a generic basis (by groups of similar plant
designs).




2.0 ATWS CRITERIA

In Volume 3 of NUREG-0460, the NRC staff describes four alternative
plant modifications that are proposed to be applied to each of the NS3S
vendors. These alternatives represent the range of possibilities for
resolving the ATWS concern. Each alternative is associated with some
level of safety in the NRC staff's engineering judgment. This sectfion
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 number of Hestinghouse plants”.

This alternative has been proposed for early operating plants
(pre-Oresden).

Alternative 3 - Modifications to reduce susceptibility to common mode
electrical failures and to provide mitigation of most ATWS events

It is proposed that Hestinghouﬁe provide:

1. Confirmation cr provision of diverse actuation circuitry for miti-
gating systems as described in Alternative 2,

2. Denonstraticr of the integrity of the primary coolant system
beundary 2nc “unctionability of valves needed fcr iong-term cooling
f-ilowing corcitions calculated for specified ATWS events. This



Th-< :lternative has been proposec ‘n NUREG-0460, Volume 3, for all new
plz~ts with construction permits c::ed after January, 1978.

The rariware modiffcations needed *= meet the proposed requirements for
westincoouse plants are jdentical for Alternatives 2, 3 and 4 and con-
sist =+ the cenfirmation or provision of diverse actuation circuitry in
the b2lance-of-plant to actuate auxiliary feedwater and trip the tur-
bire. This has been designated by the NRC as AMSAC, ATWS Mitigating
System Actuation Circuitry. (See Table 2-2.)



demonsiration would inciuce the postulatec initiating evente idernti-
fied in Appendix IV of hURZIG-5460, Section IV.2 and prescription
five in Table 7 of Appendix VII of NUREG-0460 (95% MTC*, all other
parameters at the ir nominal values, and no additional failures other
than the scram system). This demonstration has been essentially
completed for Westingnouse plants in the course of earlier generic
ATWS reviews by the staff. '

This alternative has been propesed in NUREG-0460, Volume 3, for all
plants with construction permits dated before January, 1978. The
purpose c¢f this report is tc re-state the adequacy of Westinghouse

design with respect to Alternative 3.

Alternative 4 - Modifications to provide mitigation of ATWS events

It is proposed that Westinghouse provide:

~ny
.

Confirmation or provisicn of diverse actuation circuitry for miti-
gatirg systems, as descrited in Alternative 2.

Demonstration of the functionability of valves needed for long-terr
cooling following conditions calculated for specified ATWS events.
All coroonents 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 adcition to the scram system).

Sec Seztion 3.2.84 for ciz:-.s3izn ¢f the —ocderator temperaturs
coeffiz“ent (MTC).



TABLE 2-1

WESTINSHOUSE PLANTS GROUPED BY THE ALTERNATIVES
OF NUREG-0460, VOLUME 3

ALTERNATIVE 2

Yankee Rowe Unit 1, Yankee Atomic Power Company
Haddam Neck Unit 1, Connecticut Yankee
San Onofre Unit 1, Southern California Edison

ALTERNATIVE 3

Zion Lrits 1 and 2, Comonweaith Edison

D. C. Coox Units 1 and 2, Indiana/Michigan Power
Diablo Canyon Units 1 and 2, Pacific Gas and Electric
Trojan Unit 1, Portland Gas and Electric

Sequoyeh Units 1 and 2, Tennzssee Valley Authority
Saiem .nits 1 and 2, Public Service Electric & Gas (N.J.)
wm, 8. McGuire Units 1 and Z, Duke Power Company
Catawbz Units 1 and 2, Duke Power Company

gyron Units 1 and 2, Commonwealth Edison

watts Sar Units 1 anc 2, Tennessee Valley Authority
Comanche Peak Units 1 and 2, Texas Utilities
graidwcod Units 1 and 2, Commonwealth Edison

Surry Units 1 and 2, VEPCO

North Anna Units 1 and 2, YEPCOD

Seaver Valley Units 1 and 2, Duquesne Light

J. M. Farley Units 1 and 2, Alabama Power Company

v. . S_.mme~- Unit 1, South Carolina Electric & Gas
istand Units 1 and Z, Northern States

3
ne
1
14

“eaz"cc Unit I, wiscznsin PST
Soutn Tzxae Jrits I oznd Z, houston Lighting
A.on. W23tz Unite 1 o2nd 2, Seorgia Power Zompary



TRBLE 2-1 (Continued)

WESTINGHOUSE PLANTS GROUPED BY THE ALTERNATIVES
OF NUREG-0460, VOLUME 3

ALTERNATIVE 3 (Continued)

~ Mitlgszne Unit 3, Northeast Nuclear

Seasr-ok Units 1 and 2, Public Service Company of N.H.
wo ¢ “-eek Unit !, Kansas Gas and Electric

Ce'lerzy Units 1 and 2, Union Electric Company

Tyrane Unit 1, WNorthern States

Sterli~g Unit 1, Rochester Gas and Electric

Iraia- Point Units 2 and 3, Commonwealth Edison, N.Y.
4. B. 3obinson Unit 2, Carolina Power & Light Company
Turkey Point Units 3 and 4, Florida Power and Light Company
R. £. Ginna Unit 1, Rochester Gas and Electric

Point Seach Units 1 and 2, Wisconsin Electric Company

ALTERNATIVE 4

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

Mar5le Hill Units 1 and 2, Public Service Company of Indiana
Shearcr Harris Units 1, 2, 3 and 4, Carolina Power and Light
Carrc?? County Urits 1 and 2, Commonwealth Edison

Je~escort Units ! and 2, Long Island Lighting

Haven _nits 1 anc 2, Wisconsin Energy Center

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



TaBLE 2-°¢

SUMMARY OFf PROPOSED KEQUIREMENTS FOR WESTINGHOUSE PLANTS

ALTERNATE PLANT MODIFICATIONS
1 4 3 4

Nothing AMSAC * AMSAC* AMSAC*
Analysis (99% MTC;

* ATWS Mitigating System Actuation Circuitry satisfying criteria in
Apperaix C, Volume 3, NUREG-0460.



3.0 ANALYTICAL BASIS

The ATWS analyses presented in WCAP-8330 (1974) were based upon the
guidelines set forth in WASH-1270. The analyses presented herein are
tased 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.
A1l 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 wish a parameter, the
least favorable value within the band was chosen for each analysis.
Znstrumeni or calibration errors were not included. The jnitial plant
sower chosen was the least favorable power in the range O percent to 100
percent consistent with the nature of the transient being analyzed.

various control and safety features within the system limit the conse-
nuences of a postulated ATWS event. These features fall into two gen-
eral categories, normal control systems and standby systems. The normal
cantrol systems are assumed to be operating at the initiation of the
A"4S event. Experience shows that such systems continue to operate
~-a%ianly during plant transients, and tnese systems are assumed to con-
-:aje operating normally for the re’2tively short times associated ~itn

she pastulated ATWS events.



The 5-3ndby features jvailable to mitigate the consequences of plant
trans:ents have been designed to operate reliably upor 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 s 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
sysiem. The system pressure definition includes pump head and elevation
head and will be higher %han pressurizer pressure by as much as 100 psi.

3.1 MZTHODS

The <cmputer codes used for the analysis ¢f these ATWS events are
basiceily 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
bracketed 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. )

The 57l letter of February 13, 1979 requested values for a 135t of
€C1TIC sirameters woicr Zeterming tne oizant deh2.ior duriaz an ATaS.

v
nBS1IrInNCLs2 has ai-eacy Sugpiiszd tnese ‘o vsarious previcus s.omittals;
Jul 1-735€ Zarameters 2n¢ .:2..es are Jiszes in Tanls 3.2 fs- -:imsleteness.

’



v

3.2.72 REACTIR ZDOLANT FLOW

Reactor coolant flow is forced through the reactor core and loop piping
by fixea speed centrifugal pumps. Flow is constant, depending only upon
how many reactcs ccolant pumps are in operation. For calculational
convenience in the ATWS analyses, the thermal-hydraulic design 7low 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 temperature approached saturation (60F was assumed in the analy-
sisj. Followirg 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 reguction in flow. In all casés. the most adverse core and
reactor coolart system conditions occur prior to cavitation.

3.2.3 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 nomogeneous egquilibrium critical filow mode] applied at the nozzle of

the valves precicts mass discharge rates through the valves as 2 func-

tior of upsires= fluic¢ temperature and pressure. For the typical down-
strszm piz 3 zsnfiguration, these homogeneous equilibrium vaive Cis-
charje razss a-z ingec2rgent of downstream cnoking phenomena.

A discna-g2 cczffizient of .575 was used and 2 conservative marjin
aultiplier of 5.90 was applied, as per NRC requirements. The initial
pressurizer water enthalpy (Hf at 2250 psia) is used to calculate tne



4.E.%. relief rate, since the prassurizer f111s at a higher pressure;
~herafore, th's water enthalpy rapresents the maximum 1n subcooling.
ilso, 10 percent pressure accumuliation was assumed for the spring-loaded
oressurizer safety valves when relieving water, instead of the normal 3

sercent for steam relief.

For the range of pressurizer fluid conditions encountered in ATWS, the
aomogeneous equilibrium critical flow calculation represents a lower
hound to the prediction of mass cischarge rates. This position is indi-
-ated by a review of applicable experimental data and by consideration
of flow phenomena.

3.2.4 MODERATOR TEMPERATURE COEFFICIENT

An ATWS occurrence, which may le23 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
temperature coefficient, detailel ~ultidimensional calculations were

performed.

3.2.4.1 Method of Calculation

The moderator censity coefficient is used in the neutron kinetics
equation instead of the moderator température coefficient. The density
coefficient is easily derived from the temperature coefficient by using
<nown reactor coolant system parameters, i.e., temperature and pres-
sure. 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 c2uid occur in the ATWS transients. The
+oderator density coefficient tha: is used is shown in Figure 3-1.

“~pse ~esults are typical.



The boron concentration is the major factor affecting 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
densily 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-
tration. 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 (v 10,000 MWD/MTU), after remeving the

effect of boron, cause only a slight increase in the density coefficient.

3.2.4.2 Experimental Results

Ouring 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 di‘ference between mea-
sured and prediction and the standard deviation of these values is less
than 1 pem/OF. |

3.2.4.3 Definition of 95%/99% Value

AsS discussed. the moderator coefficient is a strong function of boron
concentration and somewhat weaker function of power level.. The boron
toncentration changes during the core life because of burnup and to
compensate for xenon concentration changes that would occur because of
oow2~ changes such as load follow. To account for all of these effects
1d to determine what fraction of the time the coefficient would be more
ccsitive than a specific value tne following conservative assumpticns

~2r€ made. 4



1. IZontinuous load fclicw throughout core life. This maximizes the
.enon changes and require a higher boron concentration thereby
mak ing the coefficient more positive.

2. Slow start-up rate. A slow start-up rate maximizes the time to
suild-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 ai’ tne x2ncn is removed from the core. This implies that
the startup will.require a higher boron concentration (more positive
coefficient).

5. The Tech Spec value of a zero coefficient at zero power is used.
Because of the higher average temperature at full power than at zero
ccwer the coefficient will be at least -3 pcm/OF at full power

with no xenon.

6. witn 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 oY
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 negative than -8 pcm/OF fer 95% of the time, and more negative
than -7 pcm/OF for 99% of the time that the core power is greater thar
80% -f nominal.

3.2.2 DOPFL_ER EFFECTS
The -ode: for OJoppler feedback used “n the iTWS anelyses- contazins Zad

comganents. The first of these is the fuel temperature change that
occurs because of power level changes. Figure 3-3 shows the integral cf



sri¢ term ac 3 function cf power level. The total defect is 1.22%
2k /k wnich is typical of beginning of core life operation. The second
serm :ccounts for fuel temperature changes (including g2p affects)
secause the moderator temperature changes. This is described in detail
in the LOFTRAN repbrt(z). The value of the coefficients used in the

ATWS analysis is -2 pem/°F.
3.2.5 INSERTED ROD WORTH

The inserted rod worth during normal operation will typically be less
than 0.3%Ap 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 FZH was not included. A value of

1.435 was used foerzH. 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
equi]iﬁrium core thermal output that is approached after the fission
power output ceases. The decay heat model used for the ATWS analyses
contained in this report is based upon the ANS finite irradiation decay
~oat method described in ANS 5.1. This approach is conservative since
the AhS finite irradiation decay heat method is based upon a minimum
srragiation time of 8000 hours {about one vear; in the newest core
c23%27, wni'e ATaS trermal transients ana.yzec assume bez:nning of core
“-f: cancitisns (in order to predict the Tost severe transient). Thus
t --pdicsion based upon BOOS hours of oper2t-on over-
zgsTztes the Zeciy heat expected at beginning cf life.



3.3 OPERABLE PLANT FEATURES

3.3.1 OPERAT:ONAL SYSTEMS
The following systemé were assumed operational in the ATWS analyses.
3.3.2 PRESSURIZER PRESSURE CONTROL

The pressurizer tontrol system is designed to maintain the pressurizer
pressure at i*s nominal value, typically 2250 psia. [f pressure
increases, twc separate, automatically controlled spray valves open to
Jischarge wate- at cold leg temperatures into the steam space. The
maximum design “lows of the spray valves for the ATWS analyses are given
in Table 2-1. [f pressurizer pressure decreases, constant output and
proportional heaters are actuated. The tota! heater capacity is also
given in Table 3-1.

3.3.3 PRESSURIZER LEVEL CONTROL

Pressurizer level is also a controlled parameter. The water volume
varies from 432 £t3 at no load to 1080 ft3 at full 12ad for a 4-loop
piant. Since pressurizer level control is relatively slow, its bene-
ficial 2ffect ‘n maintaining level was neglected in the transient analy-
ses.

3.3.4 FEEDWATEZR CONTROL

Juring normal plant operation, feedwater flow is autoratically adjusted
by 2 control valve that is controlled on the basis of ‘eedwater flow,
steam “low out >f the steam generators, and steam gene-ator water leve!l.

3.3.2 TUR3INE ZONTROL
S.Titg m9ema’ pTant operation, the steam “igw 2 the T.-bine s
ZederzZent yoon tirsine demand and any changes i~ stz3m jenerator

$2CT7I3my stle d-sssure are compensated for b itamitcosdentng or



:losing of the turbine contrsl valve. This valve is approx imately 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 finitiation 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 temperature is programmed to be controllec as 2
linear function of reactor power between zera and 100 percent load;
however, a control deadband of + 1-1/20F 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 AThS
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, fcr the
reference ATWS Loss of Feed analyses, turbine trip is assumed to occur
after generation of an AMSAC signal. TJurbine trip fs part of the ini-
tiating sequence in the Loss of Load eveht, and results as a direct
consequence of the Loss of Offsite Power event. Jurbine trip is nct
assumed in any of the other transients,



3.2.9 PRESSURE RELIEVING DEVICES

[f 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 assumec to remain constant throughout the transient, for the purpose
of calculating the water relief rate.

3.2.10 STEAM DUMP CONTROL

Tne 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.

3.5.11 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-
27, oy 3 trip of 211 the main feedwater sumps, or 5y 2 manual start

]

$tn2l. - these 2nalyses, actuatior is assumed tc occur upon
ier cf an AMSAC signal. The tctal auxiliary ‘2edwater cap2:ity
2., and ¢-1cop plants used ir the ~ATaS analyses are given in
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the plants covered by the generic analyses, anc therefore guarantee
conservatism. After actuation of auxiliary feedwater, the 4400F 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 AT4S analyses for 2-, 3-, and 4-1pop 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 oberaiive
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 ATWS transients. However, this system provides
an additional_shutdown mode available to the operator.



TYPICAL PARAMETERS FOR SERIES 51 STEAM GENERATOR PLANTS

TABLE 3-1-a

Pavvanet ers

Core: ‘
Core power (Mwt)
Core length (ft)
Numhor of assemblies

Reactor Conlant System:

fotal volume (ftJ) including pressur-
izer and surge line

Nominal® pressure (psia)

Naninal? flow {gpm)

Nominal® average temperature (°F)

No-load temperature (OF)

Neminal? reactor vessel inlet
Lemperature (OF)

Nominal® reactor vessel outlet

0
Lemperature (OF)

Pressurizer:
Total volume of pressurizer and surge
line (ft3)
Naninal® water volume (ftJ)

Heater capacity (kw)

2-Loop

b
1650
12
121

6230
2250
178,000
583.0
547

551.9

614.2

1021.3
600
1000

3-Loop

2785
12
157

9570
2250
278,400
580.3
557

546.6

614.0

1436.8
750
1000

4-Loog

3423
12
193

12,520
2250 -
354,000
584.65
557

552.3

617.0

1843.7
1080
1800




TABLE 3-1-a (Continued)

TYPICAL PARAMETERS FOR SERIES 51 STEAM GENERATOR PLANTS

Paraneters
Presaurizer (Continued)
Max imum spray rate (1bs/sec)
Power-operated relief valve steam flow
capacity (Vbs/hr) (at 2350 psia)
Safety valve steam flow capacity
(Ihs/hr) (at 2500 psia)
Power-operated relief valve opening
provsure (psia)
Safety valve, start open to full oped

pressure (psia)

Secondary Systoeme:
Stean qenerator (SG) type:
56 design pressure (psia)
Nominal® steam pressure (psia)
No-load steam pressure (psia)
Nominal? steam temperature (°F)
Nominal® steam flow (1bs/sec)
Nanina " SG secondary side fluid

mane, (1he)

Max imum SLoam moisture (%)

2-Loop

51.9

2-210,000 (each)
2-325,000 (each)
2350

2500 to 2575

51

1100

750

1020

510.8

996/5G

101,600/5G
0.25

3-Loop

75.0

2-210,000 (each)
3-345,000 (each)
2350

2500 to 2575

51

1200

850

1106

525.2

1142/56

105, 600/$G
0.2%

4-Loop

87.2

2-210,000 (each)
3-420,000 (each)
2350

2500 to 2575

51

1206

910

1106

533.3

1046/5G

101,600/56
0.25




TABLE 3-1-a (Continued)

TYPICAL PARAMETERS FOR SERIES 51 STEAM GENERATOR PLANTS

Parametoers

Secondary System (Continued)'
Nominal? fend temperature (°F)
Nominal? feed enthalpy (Btu/1b)
Auxiliary feed flow capacity (gpm)
Ariliary feed purqe volime (ft3)
Auxiliary teed water available (gal)
Auxiliary feed enthalpy (Btu/1b)

Tnominal refers to value at rated full power.

2-Loop

435.8
414.8
800

761
150,000
100

J-Loop

446.6
426.6
1400
500

140, HOU
100

4-Loop

439.8
419.6
1760
667
170,000
100




TYPICAL PARAMETERS FOR MODEL D STEAM GENERATOR PLANTS

TABLE 3-1-b

Parameters

Core:
Core power (MwWt)
Core length (ft)
Number of assemblies

Reactor Coolant System:

Total volume (ft3) including pressur-
izer and surge line

Nominal® pressure (psia)

Nominal? flow (gpm)

Nominal? average temperature (OF)

No-load temperature (°F)

Naninal? reactor vessel inlet
temperature (°F)

Nominal® reactor vessel outlet
temperature (°F)

Pressurizer:
folal volume of pressurizer and surge
line (ft3)
Naminal? water volume (ft3)

fleater capacity (kw)

3-Loop

2785
12
157

9570
2250
282,000
587.2
557

554.3

620.1

1436.8
150
1000

4-Loop

3427
12
193

11,939
2250
377,600
588.5
557

' 558.3

618.8

1843.7

1080
1800




TABLE 3-1-b (Continued)

TYPICAL PARAMETERS FOR MODEL D STEAM GENERATOR PLANTS

Paramelers

Pressurizer (Continued)

Max fmum spray rate (1bs/sec)

Power-operated relief valve steam flow
capacity (lbs/hr) (at 2350 psia)

Safety valve steam flow capacity
(1hs/hr) (at 2500 psia)

Power-operated relief valve opening
pressure (psia)

Safety valve, start open to full open
pressure (psia)

Secondary System:
“ean geperator (SG) Lype:
SG design pressure (psia)
Nominald steam pressure (psia)
No-load steam pressure (psia)
Naninal? steam temperature (OF)
Nominal® steam flow (1bs/sec)
Nominal? SG secondary side fluid

mass {1hs)

Maximum steam moisture (X)

3-Loop

75.0

2-210,000 (each)
3-345,000 (each)
2350

2500 to 2575

)]

1200

850

1106

525.2

1142/S6

107,000/5G
0.25

M

4-Loop

87.2

2-210,000 (each)
3-420,000 (each)
2350

2500 to 2575

N

1200

910

1106

533.3

1047/56

107,000/56
0.25




TABLE 3-1-b (Continued)

TYPICAL PARAMETERS FOR MODEL D STEAM GENERATOR PLANTS

Parameters

Secondary Systeﬁ (Continued)
Nominal® feed temperature (°F)
Nominal® feed enthalpy (Btu/1b)
Auxiliary feed flow capacity (qpm)
Auxiliary feed purge volume (ft3)
Auxiliary feed water available (gal)
Auxiliary feed enthalpy (Btu/1b)

Nu!p:

‘Nominal refers to valde at rated full power.

3-Loop

446.6
426.6
1400
500
140,000
100

4-Loop

439.8.
419.6
1760
667
170,000
100




TYPICAL PARAMETERS FOR MODEL F_STEAM GENERATOR PLANTS

TABLE 3-1-¢

Parancters

Core:
Core power (MWt)
Core length (ft)
Number of assemblies

Reactor Coolant System:

Total volume (ft3) including pressur-

izer and surge line
Naninal? pressure (psia)
Nom inal? £ low (qpm)

Naninal? average temperature (°r)

No-load temperature (°F)

Naninala reactor vessel inlet

temperature (OF)

. qa
Naninal® reactor vessel outlet

Lmnpcraturé (°F)

Pressurizoer:

Tatal volume of pressurizer and surge

line (HR)
Nominal® water volume (ft
Heater capacity (kw)

3)

3-Loop

2785
12
157

9570
2250
292,800
587.2
557

555.4

619.0

1436.8

750
1000

4-Loop

3427
12
193

12,049
2250
377,600
591.5
557

561.4

621.7

1843.7

108C
1800




TABLE 3-1-¢ (Continued)

TYPICAL PARAMETERS FOR MODEL F STEAM GENERATOR PLANTS

Parameters

Pressurizer (Continued)

Max imum spray rate (1bs/sec)

Power-nperated relief valve steam flow
capacity (1bs/hr) (at 2350 psia)

Safety valve steam flow capacity
{Iha/hr) (aLt 2500 psia)

Power-operated relief valve opening
pressure (psia)

Safety valve, start open to full open
pressure (psia)

Secondary System:
Stean generator (SG) type:
SG desiqn pressure (psia)
Naminald steam pressure -(psia)
No-load steam pressure (psia)
Nominal® steam temperature (°F)
Nminal? steam flow (1bs/sec)
Noninal? SG secondary side fluid

mass (1hs)

Maximum steam moisture (%)

3-Loop

75.0
2-210,000 (each)
3-345,000 (cach)
2350

2500 to 2575

F

1200
850
1106
525,2
1142/56

109,000/56G
0.25

4-Loop

87.2

2-210,000 (each)
3-420,000 {cach)
2350

2500 to 2575

F

1200

910

1106

533.3

1047/5G

107,850/56
0.25

e et e et




TABLE 3-1-c (Continued)

TYPICAL PARAMETERS FOR MODEL F STEAM GENERATOR PLANTS

P~

Paramelers 3-Loop -Loop

Secandary System (Continued)

Noninal® feed temperature (OF) 446.6 439.8
Noninal® feed enthalpy (Btu/1b) 426.6 419.6
Auxiliary fecd flow capacity (gpm) 1400 1760
Aixiliary teed purge volume (fta) 500 667
Auxiliary feed water available (gal) 140,000 170,000
Auxiliary feed enthalpy (Btu/1b) 100 100

Nole:

“Nminal refers to value at rated full power.

.




ABLE 3-1-d

TYPICAL PARAMETERS FOR SERIES 44 STEAM GENERATOR PLANTS

Parametlers

Core:
Caore power (MWt)
Core length (ft)
Nombeer of assemblies

Reactor Conlant System:

fotal volume (ft3) including pressur-~
izer and surge line

Nminal® pressure (psia)

Naminal? 1 low (gpm)

Nminal® average temperature (°r)

No-1nad temperature (°F)

Nominal? reactor vessel inlet
tomperature (OF)

Nominal? reactor vessel outlet
tomperature (OF)

Pressurizer:
Total volume of pressurizer and surge
line (ft3)
Nominal® water volume (ft3)

Heater capacity (kw)

2-Loop

1520
12
121

6230
2250
178,000
581.3
547

562.4

610.3

1021.3
600
1000

3-Loop

2208

9110
2250
268,500
574.3
557

546.1

602.5

1436.8

750
1000

4-Loop

3025
12
193

11,900
2250
358,800
571.5

547

542.6

600.5

1843.7

1080
1800




TABLE 3-1-d (Continued)

TYPICAL PARAMETERS FOR. SERIES 44 STEAM GENERATOR PLANTS

Parqpetgqg

Pressurizer (Continued)

Max imum spray rate (1lhs/sec)

Power-nperated relief valve steam flow
capacity (1bs/hr) (at 2350 psia)

Safety valve steam flow capacity
(1bs/hr) (at 2500 psia)

Power-operated relief valve opening
pressure (psia)

Safety valve, start open to full open
pressure (psia)

Secondary System:
Stean qenerator (SG) type:
SG design pressure (psia)
Naninal” stean pressure (psia)

" No-load steam pressure (psia)
Nominal® steam temperature (°r)
Bminal” stean flow (1bs/sec)
Nominal” SG secondary side fluid

mass (1bs)
Maximum steam moisture (%)

2-Loop

47.6

2-179,000 (each)
2-288,000 (each)
2350

2500 to 2575

49

1100

750

1020

510.8

918/5G

86,750/SG
0.25

3-Loop

75.0

?-179,000 (each)

3-288,000 (each)

2350

2500 to 2575

44
1100
150
1020
525.2
906/56

86,750/56
0.25

4-[.002

87.2
2-179,000 (each)

3-408,000 (each)

2350

2500 to 2575

44
1100
910
1020
533.3
924/5G

86,750/56
0.25




TABLE 3-1-d (Continued)

TYPICAL PARAMETERS FOR SERIES 14 STEAM GENERATOR PLANTS

Parameters , 2-Loop 3-Loop 4-Loop

Secondary System (Continued)

Nminal?® feed temperature (°F) 435.8 446.6 439.8
Naminal? feed enthalpy (Btu/1b) a14.8 426.6 419.6
Auxiliary feed flow capacity (gpm) 800 1400 1760
Auxiliary feed purge volume (ft3) 261 500 667
Auxiliary feed water available (gal) 150,000 140,000 170,000
Auxiliary feed enthalpy (Btu/1b) 100 100 100

Note:

dyominal refers to value at rated full power.




(1)
()
(3)
(4)
()
(6)
(7)
(8)
(9)
(10)
(11)

(12)
(13)
(1)
(1")
(16)
(17)
(18)

TABLE 3-2

INLTIAL AND BOUNDARY CONDLTIONS FOR PARAME TLRY 10

BE CHARACTERIZED AND JUSTIFIED IN ATWS ANALYSIS

As required by NR( lctter of February 15, 19/9

Reactivily coefficients

Cove power distribulion

Cure power

Core coolanl flow

Lore inlet Lemperalure

Control rod insertion

Soluble boron concentration in the core

Reactor decay heat function.

Pressurizer water level

Pressurizer pressure

Pressurizer safety and relief valve flow rate (both

steam
Steam
Steam
LLeam
SEeam
Steam

SLeam

and water)

generator temperature

generator pressure

generator steam flow rate

generalor wafely and relief valve [low rale
generator heat transfer coefficient
generalor secondary side waler invenlory

Feedwator Lemperalure

(19) Lyguipmenl performance

(20) Turhine byjass condilion

Best estimate (no ANS & 20)

Ser Section J.3.4
Section 3.3.7

Table 3-1
Table 3-1
lable 3-1
Section 3.
Section 3.3.
Section 3.3.
Section 3
Section 3.
Section 3

and Table 3-1

. .
H D D W W W
. . . .

W RS e 2D s o

Table 3-1
Table 3-1
Table 3-1
Sizod Lo rebieve move Lhan nominal {low rale

See Section 4 on Tranflo model

" Table 3-1

Section 3.4.11
Section 3.4.7
Section 3.4.10



TABLE 3-2 (cont)

INITIAL AND BOUNDARY CONDITIONS FOR PARAMETERS TO
BL_CHARACTERLLLD AND JUSIITLED IN ATWS ANALYSIS (Continued)

As required by NRC letter of February 15, 1979 -

(21) Containment ambient conditions (pressure, temperature, NA

including suppression poo) temperature and level, etc.)

(2¢) Fuel element gap size Section 3.2.5

(23) Auxiliary feedwater: number of pumps available, number Section 3.4.11 and Table 3-1
assumed in analysis

(24) Auxiliary feedwater flow for each pump as a function of Full capacity at all pressures
system pressure

(25) Auxiliary feedwater temperature Table 3-1

(26) Vessel water level .~ NA

(27) ANl water sources inventory NA

(28) HPSI and any other high pressure makeup and poison system NA
flow rate as a function of system pressure

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

(30)-Boron concentration of HPSI and/or other borated solution NA

(31) Sodium pentaborate concentration of SLCS NA

(32) Reactor coolant mass 500000 1bs
(33) Reactor coolant system volume ' Table 3-1
(34) Core average temperature ' Table 3-1
(35) Pressurizer water volume Table 3-1
(36) Pressurizer total volume Table 3-1

(37) Number of relief valves on pressurizer Table 3-1




(38)
(39)
(4n)
(41)
(42)
(43)
(44)
(45)
(46)
(47)
(18)
(49)
(50)
(51)
'(52)
(53)

(54)
(55)
(%6)
(57)
(58)

TABLE 3-2 (cont)

INITIAL AND BOUNDARY CONDITIONS FOR PARAMETLRS TO

Bt CHARAGTERIZED AND JUSTIFIED IN ATWS ANALYSIS (Continued)

As required by MRC letter of February 15, 1979

Number of safety valves on pressurizer
Relief valve setpoint on pressurizer

Safety valve setpoint on pressurizer
Feedwater flow rate

Number of S/V per steam generator on steam line
Number of steam bypass valves

Setpoint of steam bypass valves

Capacity of steam bypass valves

Number of atmospheric dump valves.

Capacity of atmospheric dump valves

Stoam (low rate including bypass flow

Valve closure times

Auxiliary feedwater pump start times

Poison reactivity worth

Poison-water mixing efficiency

Signals and setpoints for all automatically actuated
systems

Containment pressure, temperature and volume
Steam generator tube leakage

Service wator Lowperature and flow

Component. cooling water temperature and flow
RHR heat exchanger performance

Table 3-1

Table 3-1

Table 3-1

Equal to steam flow rate, Table 3-1
Iypically 4 or 5 safety valves

NA

NA

NA

One per stean line

40 percent

NA

NA

Within 60 seconds of an AMSA( signal
NA

NA

Sections 3.4.8 and 3.4.11

M
Tech spec value adjusted for pressure
NA
NA
NA

e



TABLE 3-2 (cont)

h S
INITIAL AND BOUNDARY CONDITIONS FOR PARAMETERS T0
BE CHARACTERIZED AND JUSTIFIED IN ATWS ANALYSIS (Continued)
As required by NRC letter of February 15, 1979
(59) Fouling factors in heat exchangers NA
(60) Power availability for pressurizer relief valves during Air operated valves
loss of offsite power ATWS event

(61) Curc averdge void fraction NA .
(62) Heal transfer surface area Typically 60000 ft> core

heat transfer area for a
4 loop 12 ft, core




Irip tunction

Irip reactor upon complete

loss ol reaclor coolant flow

frip reactor upon partial

loss of reactor coolant flow

Trip reaclor upon RCS
overpressurizal ion

Irip reactor upon RCS
depressurization

frap veaclor apon approach
to DNB (power operation)

Trip reactor upon apprbach
to kw/tt limit {power
operation)

~

Trip reactor upon turbine
trip

U

43

Il FUNCTLONS

Actuating Signals

Undervoltage; RCP
breaker position

Frequency sensor
Pressure sensor

Pressure sensor

Power Range High

Neutron Flux; Over-
temperature AT
(temperature and pressure
sensors, excore ion
chambers)

Power Range High
Neutron Flux; Over-
power AT (Lemperalure
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 PR
ANS 4.1

ANS PWR
ANS 4.1

Degree of Protection

No core damage

No core damage tor frequency decredsing
at rates below maximum credible rate
(usually 4 Hz/sec)

No core damage; no loss of function of
any barrier to the escape of radio-
active products

No core damage

No core damage

No core dJamage

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



Trip

Irip
high

Irip
heal

Irip

Function

reactor upon pressurlzer
water level

reactor upon loss of
sink

reactor on operator

Judyment

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
(startup operation)

TABLEL 3-3 (Continued)

TRIP FUNCTIONS

Actuating Signals

Level sensors;
differential pressure
sensors

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

Control board button
or switch

SI signal
Neutron Flux sensors

Neutron Flux sensors

Source and Intermediate
range neutron flux
sensors

Criteria

ite

ANS PWR
ANS 4.1

ANS PWR
ANS 4.1

ANS PHR
ANS 4.1

ANS PWR
ANS 4.1

ANS PWR
ANS 4.1

ANS PWR
ANS 4.1

Degree of Protection

Prevent water solid RCS at
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 ratety
valves; minimizes required auxiliary
feed pump sizes; maximizes time for
operator action following feed pipe
Lreak; minimizes steam generator
thermal shock for loss of feed or feed
pipe break

Back-up trip
No core damage
Minimize core damage

No core damage

No core damage
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4.0 COMPUTER CODES USED FOR ATWS ANALYSIS

4.1 INTRODUCTION

Four comsuter codes were used in the ATWS analyses. These codes are
LOFTPALI2), FACTRAN(3), THINC-II1(4), and TRANFLO(S). The

important input, output and model assumptions for each code are given in
the fallowing 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
nodaiization uses an explicit solution of the system equitions. 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 ﬁodeling 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
incl.des the effects of heaters, spray, steam condensation and valve

relief.



4.2.2 (CORE HYDRAULIC MODEL

A solution of the momentum ecuaticn ircliuding frictional losses. fiuid
inertia and density changec ie used for cransients that involve 2 flow
coastdown (e.g., station blackout). The core is modeiled as a single
average channel with 15 axiaj 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 _OFTRAN 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
£iIm coefficient is calculated as & 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 analyses that are of direct
interest or are needed as input for FACTRAN and/or THINC-111 are given

DEI10W.



Nuciear Power. Vs. Time

System Pressure Vs. Time

- Loolant Temperatures Vs, Time

- fLoolant Flow Rate Vs. Time

- Pressurizer Water Volume Vs. Time

- Surje Rates Into the Pressurizer Vs, Time

- Flow Out of Pressurizer Rélief L Safety Valves Vs. Time

4.3 FACTRAN

FACTRAN calculates the transient temperature distribution in a cross-
section of a metal-clad U0, fyel 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 ONB 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
FACTRAN has the capability of using different correlations to predict

rea- transfer coefficients before and after DNB is predicted. However,
o8 s not predicted for any of the ATWS transients so the transition

e ———————



between corrsigtions is not regoired. T-: -czt crarcfer coefficients
us€ES LC predict tne heat flux T.or the Thin.-1.] Lige Tor DOIn tne aver-

age anc hot channel are the same as used i~ r.rn-ATWS analyses.
Before DNB:

At each time step, the forced convection clac surface temperature
(Dittus-Boelter correlation) and the local 5c 'ing surface temperature
(Jens-Lottes correlation) are calculated, bassc on the heat flux at the
previous time step. If the local boiling temperature is higher (forcec
convection regime), the film is considered as the last section in the
system of concentric rings, and the outsige Scundary condition is the
coolant temperature.

If the forced convection temperature is nigher (local boiling regime)
the clad is considered as the last secticn in the system, and the out-
side boundary condition is the local boiling temperature (clad surface
temperature). B

4,3.2 MATERIAL PROPERTIES

The thermal and mechanical properties of U0, ang 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 the?mal

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 claddirg aiameter is calculatec based crn therma®l expansion

and iriernal anc .ex:c-nal pressures.

If the outside radius of the expanded pellet is smaller than the inside
ragivs ¢t the exaahded clad, there is no fuel-clad contact and the gap
conduclance is calcuiated 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 ciad inside radius (negative gap}, the pellet and the
clad are pictured as exerting upon each other a pressure sufficiently
large to reduce the jap 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 QUTPUT

The FACTRAN output of interest consists of the following parameters:

t

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 =0, 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 .nifarm, these equations are solved simultaneocusly to
give the changes in density, velocity, and static pressure along the
length increment for each channel. This procedure is continued stepwise



up the core by using the valuer at the too of wre length step as input
quantities for the next axial slen. A totel of 57 oxial steps is used
for the ATWS analyses. The core is civided into S 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
correlation.

- 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-1II to calculate
the DNB ratio in the hot channel for these ATWS analyses are listed in
Table 3-2. '
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4.4.2 THINC-IIT OUTPUT

Tne THINC-1il cutput of primary concern for tre ATWS analyses s DNB
ratic as a function of time.

4.5 STEAM 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 pressuré 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. A1l 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 =ffects of slip betweer zliam 2rC w2727 phases are defined by ne
Armara correlationr which is us20 e c2in.ile quelity of flows ir “ ow
conrectors as well as determine fricticra) pressure losses in twc cnase
flcw regions. Pressure losses are mgsifiec to include two phase “.0w
effects by using an effective fluid specific volume in the fricticnal
and form loss pressure drop ejuations. Tae influence of gravity ¢
phase separation is includea in regions where phase velocities ars
between the critical steam separation veiocity as defined by Davis and
phase velocities for which the Armand correlation provides adequats
representation of separation phenomencn.

Heat transfer from the tube bundle into control volumes is determi-ad
from the conditions of the working fluiag, the tube wall character:stics,
and the thermodynamic conditions of the control volumes. An inde::sndent
selection of an appropriate heat transfer coefficient is made fro~ among
eight experimental correlations for all nodes enclosing a segment, Or
segrents, of the tube bundle. The selection is based on the calc. ated
temperature difference between the working fluid and the control .>lume
and the local phase conditions in the control volume. Cooling of the
working fluid as it flows through the tube bundle s included in :ne
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 ‘ol-
Tows:

1. Subcooled Water Regions

1€ the calculations from previous time steps indicate a node ccn-
tains only subcooled liguid, forzec csavection heat transfer ‘s

assumed initially and tne Dittus-3ce.ter correlation is used I:
catermine heat-flux. The heat “lux is inen used to determine Ine



required tube wall te~-2-zture. [f the wall lemperatire ‘3t less
than ine node saturatl’:~ temperature the heat flux i3 D::-UsBoelte-
is acceptablzs; ¥ not., 'ocal boiling is assumed anc¢ the heal fiux
oredicted by the Thom :3rrelation using the difference of the satu-
ration temperdture an- <1e node temperature is found. This is com-
pared to the critical n=at flux predicted by MacBeth. If it is less
than the critical val.2 it is used; if not the larger value of heat
flux predicted by using 2ither the Westinghouse transition boiling
correlation or Sandber:z’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 thz:t used in subcooled regions is gsed. The
Dougall and Rohsenow ca-~2lation is used for determining heat flux
for stable film boiling. 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~iy superheated steam, forced convection heat
transfer is assumed an? 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 2-2 input to TRANFLO -as a function cf time.
The secondary side steam £ 3w and enthalpy at the steam generator outle:
nozzle and feedwater flow :nd enthalpy at the inlet nozzie from LOFTRAN
are also input to TRANFLO 25 a function of time.



4.5.7 TRANFLO OUTPUT

The TXANFLO code is used to determine the heat transfer in the steam
generitor during ATWS event when the stear generator ¢luid level falls
bele~ the top of the U-tubes. The amount of heat transfered during the
ATAS e.ent is translated intc 2 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 sogether for ATWS calculations. The initial LOFTRAN run assumes a
representative curve of UA verses mass from which the steam generator
inlet “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 <ne input to TRANFLO converges very quickly.



TABLE 4-1

TYPICAL FACTRAN INPUT

Input Value

Clad Material : Zircaloy

Clad Qutside Diameter 0.374

Clad Thickness 0.0225 in.

Fuel Pellet 0.32:0 in.

Nuclear Power Vs, Time Qutput from LOFTRAN
System Pressure Vs. Time Qutput from LOFTRAN
Coolant Temperature Vs. Time Outpst from LOFTRAN
Coolant Mass Flow Vs. Time Qutput from LOFTRAN

Time of DNB - Output from THINC-III



TABLE 3-2

THINC-TT1 INPUT

Peaking Factors Fan = 1.435

Fz = 1.55
Average Heat Flux Vs. Time | Output from FACTRAN
Core Inlet tnthalpy Vs. Time | Output from LOFTRAN
Core Inlet Flow Vs. Time Output from LOFTRAN

Core Pressure Vs. Time Qutput from LOFTRAN



TABLE 4-3

FLUID
CONDITIONS CORRELATION EQUATICH REFERENCE
Subcooled Dittus-Boelter  m, . 808 p 4 gt x, 7
2
Thom Un * 19371020 Ty > Tsat! "8
) . 068
oo nafVw Ve X,
Sandberg, et.al. Moy 0.0193 R "P, (”—:Ts: B 9
LIS .31
MacBeth T i L 10
0,023 K. e C({l -x)v, ¢ w’\ .
Saturated Dougal -Rohsenow. H., - o r o 1] ,'.c 1
Z.SH“'
Schrock-Grossman Mrv - FLEEEL L 9
F;—‘—'-: (F=1td- ]
L ] e
(Same as Correlation for
MacBeth Subcooled) 12
D) 0.0133 _.333 _ .34
Superheated Heineman e : “pE Te . e e 13
Transition Westinghouse | Westinghouse Proprietary 14
Beiling Transition

Boiling
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5.0 TRANSISKT ANALYSES AND SEN3ITi/iT™ STUBIES

ANST N.18.2 Conditicn Il transients have been evalualcl on several
cccasions with the assumptior that no reactor trip octurred. Detailed
analyses have been done and presented to the staff in the past for the
1imiting ATWS event covering the majority of Westingrouse plants. This
report updates the majority of these analyses using the multi-loop
version of the LOFTRAN(2) code.

The analyses were performed using composite plant parameters to bound as
many Westinghouse piants as possible, rather than using parameters for
any specific piant. Sensitivity studies were performed for the limiting
cases to demonstrate that the conclusions are valid for ail plants
coverec by the ge-~eri: approach. These analyses consider 2-, 3-, and
é¢-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. 2
moderator temperature coefficient valid for 95X 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. '
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.1 LOSS_OF EXTERNAL ELECTRICAL LOAD AND,OR TURCUHE GINERATOR

S e T s Pl AEEERe St ——m—T

TR7P WiTHOUT REACTOR TRIP

[OA)

.1.1 IDERTIFICATION OF CAUSES AND TRANSIENT DESCRIP™.ON

A major ‘oad los: could result either from a loss of e«ternal electrical
Joad or 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 componerts, such as the
~eactor coclant pumps. In this section, the loss of “cad accident is
analyzed assuming that the control rods fail to drop_:~to the core fol-
lowing a turbine trip from full power, which would prciuce the max imum
secssible load loss.

For turbine trips, the reactor normally trips directiy {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 turbir2 condenser were
not available to receive steam through the steam dump system, the excess
cteam 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 suppliec 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 compiefe loss of external electrical load withou® 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 cors power and tur-
hine lna¢ would be accommodated by sufficient steam du=p caoacity and



orimary prassure relief. The Reactor Control System would bring the
reactor t0 a turbine/generator electric loai of 2ppraximately fi.e
percent after a complete loss of external eiectrical load to matcn the
sower requirements of the plant auxiliaries. Plants designed witnh \ess
than full load rejection capability that undergo a full load rejection
night possibly have the reactor trip from the first four reactor
orotection system signals listed in the following paragraph. Plant
startup tests, however, have demonstrated that Westinghouse plants with
50 percent steam dump capacity can generally ride through a compiete
loss of electric load even under the most adverse operating
:onditions(ls).

If the steam dump valves fail to open following a large loss of 12ad, or
if the nlant does not have full load rejection capability, the steam
jeneratar safety vaives may 1ift since steam generator shel!l 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.

- QOvertemperature 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

sccur following a turbine trip from full power when the turbine i~ip is
-assed 5y a loss of condenser vacuum. Since the main feedwater C.m0s



may be turbiﬁé driven with steam exhaust to the main copdens=r, 10ss of
feedwater may 2iso resuit from 2 loss of condenser vacuuT. ror this
reason, the low feecwater flow reactor trip and the low-1ow steam 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 stean generatyr Jgainst
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 selectec to match
the maximum pressurizer irsurge following a turbine trip without credit
for the items mentioned atove. The steam generator safetv valve relief
capacity is sized to remove the steam flow at the Engineerec Safeguards
Design rating (~ 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 zble 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- re11ef devices and the extent of any approach to core
safety limits.



The loss of ic:c transient is analyzed usiry Ine _OFTRAR ¢r371tai com-
puter code. Ta¢ jrogrom computes pertiner: I vl var-abies -nliuding

temperatures, gressures and power level.
The following assumptions are made in the aralysis:

- Initial ncrmal full power operation early in core life. JSince the
negative temperature coefficient of reac:ivity reduces core power as
the coolant temperature rises, and the temperature coefficient
becomes mora negative with core life, the 3TWS loss of ioad is less
severe later in core life,

- Normai operation of the following contrc: systems:

1. Pressurizer pressure control, including reaters, spray, and both the
power-operated and the spring-loaded relief valves.

2. Turbine governor valves in impulse pressure control prior to trip,
and valve closure on turbine trip.

- Loses of coroerser vacuum at t = 0.,

- No cregit 7sr automatic reactor trip.

- No credit :r automatic control rod 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 lime.

- Auxiliary feedwater flow begins. at 60 seconds, at a rate of 1760
gpm. The ifitiation signal would come fr3m AMSAC.

- Auxiiiary ‘:zecwater is injected into the “sedwaler pipe 2t a tem-
pereture of 1300F, upstream of the stear jerera2tor, sucn tnat



the -ouler water enters ithe steam generator after the volume in
Table i-1 is purged of main feedwater {32001 ;.

- Primary to secondary heat transfer area is reduced as the steam
generator shell-side water inventory drops below the value necessary
to w2t 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 2ssumes 2 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 generatof safety valves 1ift, 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 2 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,’detreases nuclear power further, starting
at adout 110 seconds.

Tnhe N2 ratio does not crop below its initial value during the transient.




At ten minutes into the transient, condirions are sisnilized, with
auxiliary teedwater proviging heat removal capabiiiz, and ~ith an :niact
Reactor Coolant System and core. Thus, the cperater could begin snut-
down operations through rod insertion, actustion of tne safety injection
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, 4-1o0p, was used
for thic 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 s 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 thah 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-Toop Model D con-
figuration results in a peak system pressures of 2785 psia.

5.1.3.3 Model F Steam Generator

The resuits of a ioss of load ATWS tranmsient for the Vodel F plant
configuration follow those of the 51 Series steam jenerator clcsely.



The basc &-loop plant with a Mocdel F produces a peax system pressurc of
2907 psia for the !ons: of loac ATWS. The peak sysiem pressure HEs S
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-lo0p, 2753 psia.

5.1.4 SENSITIVITY STUDIES

The loss of Joad 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 tevel

The initial value of the pressurizer level was varieo 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 pressuré 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
press.re effects. An increase of 10 percent in initial water mass
yielaed no difference in the peak pressure. Reducing the jnitial mass
by 10 percent resulted in an increase of only 2 psi.

5.1.4.5 Effect of Variations in the Main Feedwater Enthalpy

Variatiors in the main feedwater enthalpy resulted in small changes in
the peak system pressure. An increase of 10 percent in the enthalpy
yieldeo an increase of 10 psi over the reference case. Decreasing the
entna’py bty 10 percent decreased the peak pressure by 9 psi.

5.1.4.6 €ffect 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. ’

5.1.6.7 £tffec: of Variations in the Auxiliary Feedwater Flow Rate

Increzsing the auxiliary feedwater flow rate by 10 percent resuylts in 2
gecre:se oFf 1. D2s® in the peak reactor coolant system oressure wher
corpare¢ tc the rzference case. Decreasing the flow rate by 10 percent

P

inCre2s5es5 the -eax system pressure by 12 psi.



©.1.9.8 Effect of Veriaticns in the Fue® A

e i o e et e . | S

variations in the ‘uel UA produce small effects on the peak reactor
-ynlant system pressure. Increasing the fuel UA by 10 percent recults
in a decrease of 6 psi in the peak pressure. A 10 percent decrease in
tne fuel UA increased the peak pressure by 8 psi.

2.1.4.9 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
rressurizer spray system operates, the peak reactor coolant syste~
pressure is decreased by 11 psi.

2.1.4.10 Effect ¢ 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 decrzase of 41 psi in the peak pressure.

"on

.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 oumps
start 120 seconds into the transient. The peak reactor ccolant system
oressure is increased by 134 psi due to the delay.

e

5.1.4.12 Effect of Variation in Steam Generator Design Pressure

The 4-loop, 51 Series reference plant is analyzed utilizing a stezm
senerator design pressure of 1200 psia. A sensitivity study on tne
reference case with a design pressure of 1100 psia resulted in an
increase in peak pressure of 151 psi.




5.1.5 CONCLUSIONS.

During a loss of load with failure of rod insertion after a reactor trip
signal generation, core safety limits are not exceeded since 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
case. Further, plant conditions are stabilized at 10 mirutes 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 REFERENCE CASE*

Event Time (seconds)

Turbine trips

Reactor trip signal generated on turbine trip 0
Pressurizer relief valves lift 5
High pressurizer pressure reactor trip setpoint reached 6.4
Overtemperature AT reactor trip setpoint reached 8.4
Steam generator safety valves lift 11
Auxiliary feed pumps begin delivering flow 60

Pressurizer safety valves lift and pressurizer fills
with water ’ 99

Maximum reactor coolant pressure (2974 psia) reached 120

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



TABLE =.1-2

SUMMARY OF RESULTS FOR LOSS OF LCAD WITHOUT A REACTOR TRIP

Crange 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 Feecw2ter Enthalpy ;10% -9
RCS Volume +10% +42
RCS Volume -10% -44
Auxiliary Feedwater Flow +10% -11
Auxiliary rFeedwater Flow -10% +12
Fuel UA +1C% -6
Fuel UA -10% +8
Pressurizer-Spray On -11
Reactor Power +2% 4
Reactor Power -2% -41
5C Second Auxiliary Feedwater Delay +134
1175 psia Steam Generator Design Pressure +151
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5.2 COMPLETE LOSS OF NCPMAL FEEDWATER WITHOUT REAZTCR TRI?

5.2.. IDEKTIFICATION OF CAUSES AND TRANSIENT DESCRiIPIION

Locs of rnormal feedwater could result from a malfunction in the feed-
water condensate system or its control system fror such causes as

simu taneous trip of both condensate pumps, simultaneous :irip of both
main feedwater pumps (or closure of their discharge valves!, or simul-
tanecus closure of all feedwater control valves. The vast majority of
these cases would cause only a partial loss of feediwater flow. The most
like'y cause cf a complete Tosé of feedwater would be loss of offsite
power which is evaluated ‘n Section 5.3.

The ioss of main feedwater produces a large imbalarce in the heat
source/sink relationship. Wwhen feedwater flow to the stear generators
is terminated, the secondary system can no longer remove 2°1 of the heat
tha: ‘s generated in the reactor core. This heat btuildup 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 remainirng water in the secondary system, unreplenished
by mein feedwater flow, is boiled off. When the steam generator water
level falls to the point where the steam generato- tubes are effectively
expcsed and primary-to-seccndary system heat transfsr 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,

13



Fur p-otection for loss of feedwater, t":z -cactor would he tripped when

any of the foliowing conditions are reacg-:z:.

- Steam/feedwater flow mismatch {low “z:z:.3ter flow) and low steam

generateor water level
- OQertenperature 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 lsss of feedwater ATWS.
5.2.2 ANALYSIS OF EFFECTS AND .CONSEQUENC:S
Th2 2ralysis includes a moderator temper::.-2 coefficient that is valid
for 2t least 95 percent of core life. T7Tr- s cofresponds to the assump-
tions required for Alternative 3 transie-: 2nalyses. A 99 percent value
of the coefficient is required to be use: “3r Alternative 4 transients.
The effect of the 99 percent value is st.:zfed for the reference case, 2
4-loop, 51 series steam generator plant c:-¢iguration, for the loss of
normal feedwater ATWS.
The following assumptions were made in tz analysis:
- nitial normal full power operation z:z-"y in core life. Since the
negative temperature coefficient of -z:ztivity reduces core power 3s
the coolant temperature rises, and trz tz-perature coefficient

Jecomes mors negative with core 1ifs. -z ATaS loss of feed is less
szvere in later core life.



wermai operation of tne followin: cerntre® systems:

goth the power-operated and the spring-‘oaded relief valves are
sperztie

Turoine governor valves in impulse control prior to trip, 3nc valve

closure on turbine trip

Steam dump to condenser at 40 percent of rated turbine flow follow-
ing turbine trip

Turbine trip 30 seconds after loss of feed. AMSAC circuitry will
trip the turbine directly.

No credit for automatic reactor trip

No credit for automatic control rz:z 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 50 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-
Derature.df 1300, 500 ft3 upstream of the steam generators, such
that the cooler water enters the steam generator after this volume
is purged. '

Primary-to-secondary heat transfer ar2a2 is reduced as the steam
generator shell-side water inventisry Zrops below the value neccesary
15 cover the tubes.
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The assumptions describec above nclude a turbine trip 30 seconds into
the transient, 2nd auziiiery feezwalter avai.able in 60 seconds, 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
less time than assumed in this analysis. g

5.2.3 RESULTS

5.2.3.1 51 Series Steam Generator

The &-1oop, 51 Series steam generator plant configuration was analyzed
for the loss of normal feedwater transient as described above. This
plant configuration, assuming a ¢5 percent value of the moderator tem-
perature 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 peak pressure of 2746 psia at the same time, while
relieving 1189 ib/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, opefore pump cavitation occurs, is due to coolant expansion
(density decreases). The volumetric flow rate, however, is relatively
constant before the pump is assumed to caviiate. '

The loss of normal feedwater ATWS reference case was also analyzed utii-
izing a moderator temperature coefficient that is valid for over 99
percent of core life. The transient results for this case are presented
in Figures 5.2.1Z through 5.2.2Z. The reactor coolant system pressure
rcacrzd 3 peak - 2314 osia, hignz- tnan the reference case with 2 52

nercent value of tne coefficient.



3 1 Series steaw generator 3-loop and 2-"nz) 9lant configurations were
11z g¢ze0 for a T9ss ¢l normal feedweter 2742 to determine their effect
sn the peak system pressure when compared to the reference $5% case. In
soth plant cenfigurations, the transient trends are similar to the ref-
erence case. The 3-loop case results in a peak system pressure of 2783

npsiz2, wnile the resulting peak pressure fcr the 2-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
Secticn 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
senerator compare closely with the results of the reference case pre-
sented in this section. A 4-loop Model F plant configuration yields a
eak 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
orésSure for a 4-loop, 44 Series plant loss of normal feedwater ATWS is
2857 psia. Trhe 3-loop plant configuration yieids a 2717 psia peak

pressure,




5.2.4 SENSITIVITY STUDIES

The loss of normal feedwater transient reference case is evaluated with
changes in certain assumptions and initial conditions to determine their
effect on the résults 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 Auxiliaryv Feedwater Pump Failing (Single Failurs}

The single failure criteria of :ssuming that the largest auxiliary feec-
water pump fails to start upon receiving an AMSAC signal during a loss
of norma) feedwater ATWS is corsidered. This assumption effectively
reduces the auxiliary feedwater available during the transient by one
half. The effect of reduced 2.xiliary feedwater is a reduction is pri-
mary to secondary heat transfer, with a corresponding increase in the
brimary svstem temperature and -ressure. In this case, the peak reactcr
coolant system pressure that is attained during the transient is
increased by 31 psi over the reSerence case.

S.2.4,2 C(ffect of One PORV Fail‘ng to Open (Single Failure)

¥ one power-operated relief valve fails to open upon demand during a
Toss 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

Variatior of +10 percent in initial pressurize- water leve! is consid-
erec. The maximum pressurizer arassure attained during a lass of feed-

~2ter AThI, with the pressurizer aater level 2= 10 percent above the

’

~xirzl Yzvel, is increased by < 2sia over the szse case. Another
tr2ns*ent which is based on a Vzazr pressurizer water levs! 10 percent



2w nominal lave!) neogQufes @ TaxiTum orescurizer presssurs that s
Trezc by 5 opsiz. T migiter fnitial seter lovz? qeans thal tne pres-
zurizer fills to capacity earlier in the *ransiant when the core power
"¢ 2tiil reletively hiqh. A lower than nomia’ sater level delays the
“i1Ying of thz pressurizer, and provides more steam for volumetric
=2 ipf throuqgr the relief valves, resulting ir 3 lower pressu-izer

aressure.

5.2.4.4 £Effect of Variation In Steam Generater Water Inventory

The initial steam gernerator water mass was varied to determine the

ef fect on the loss of normal feedwater transie~t. An increase in the
initial water mass of 10 percent does not affezt 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 tnthalpy

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 orly effect is due to the
Zifference in purge volume enthalpy when auxiliary feedwater is initi-
ated. An increase of 10 percent in the main feedwater enthalpy produces
2 nsi peak pressure increase. Likewise, a 10 parcent decrease in
enthalpy results in a 3 psi pressure decrease.

5.2.4.6 Etffect of Variation in the Reactor Coclant System Volume

An increase in the reactor coolant system voluse of 10 percent corre-
sponds to an increase of 18 psi in the peak pressure over the refer-
ance case. A decrease in the vclume of 10 percent yields a decrease in
the peak pressure of 12 psi.

$.2.4.7 Effect of Variation In the Auxiliarv “zecdwater Flow Rate

s Zescrited in Section 5.2.4.1, a decrease in auxiliary feedwater flow
O

»171 cause an increase in peak reactor coolart system pressures. A
sensitivity study reducing the flow rate by 1C percent shows an increase




— s i st it s =44

of 3 -t in the -z3x pressure. iLikewise, an incre2se of 10 percent in

the ¢.:"-able flza yields a cecrvase in the peak system pressure of 3
psi.
5.2.4.z Effect of Variation In Fuel UA

Sensit ity studies with changes in the fuel UA show that there is
Tittle effect on the peak reactor coolant system pressure. An increase
in fue. UA of 10 nercent results in a decrease of 2 psi in the peak
pressu-z, while a corresponding 10 percent decrease yields a 3 psi

-3

increass in the peak pressure.

5.2.4.9 Effect cf tne Pressurizer Spray

ssumir.z the pressirizer spray system in operable during a loss of nor-
al fezzaater transient tends to reduce the pressures attained during
the trzrsient. An analysis was done assuming proper operation of the
pressurizer spray, resulting in a decrease in the peak system pressure
of 6 ps*. '

5.2.6... Effect 5f Variation in Reactor Power

[f the “nitial reactor power level is increased by 2 percent during a
10ss cf normal feedwater ATWS, the resulting peak system pressure
attainez during the transient in increased by 23 psi wheﬁ 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.:. Effect of Delay In Auxiliary Feedwater [nitiation

A gelay in the iniziation of the auxiliary feedwater system during a

loss =€ ~ormal faeceater ATWS affects the ability of the steam generaz-
tcws o -=move exc2ss heat. The reduced heat transfer ability causes
s priTary syste~ Sressures tc be incre:zsed when (CTpared O the refer-
enze c:3: with nc ‘ritiaticn delay. (hormal initiazion time is 50 sec-
on2s :fz2r the jere-2tion of the AMSAC signal). A 62 Jelay, °r auxii-
iary “zzceater iniziation within 120 seccrds of the AVSAC signal,

Pl



RO

res.lts in increasing the pezk primary syste” Do-esture attained by 90
psi.

(AN

5.2.4.12 Effect of Variation in Steam Generatcr Design Pressure

The stczam 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 puak pres-
sure of 136 psi.

5.2.4.13 Effect of Turbine Trip Delay

In the reference loss of normal feedwater ATaS, the turbine is assumed
to be tripped within 30 seconds of generation of the AMSAC signal. If
the turbine is assumed to be trippea 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 for the loss of feedwater ATWS refer-
ence case and sensitivity studies. The DNB ratio increases above its
initial value curing the transient as pressure increases. The peak
Reactor Coolant System pressure is about 2848 psia for the reference 95%
MTC case. Thus, no core damage or impairment of Reactor Coolant System
integrity would occur for the loss of feedwater ATHWS.




TABLE 5.2-1

SEQUENCE OF EVENTS FOR LOSS OF FEEDWATER WITHOUT A REACTOR TRIP
REFERENCE CASE™

Event Time (sec)
»ain Feedwater Supply To All Steam Generators Is Terminated 0-4
?>wer-Operated Relief Valves on the.Pressurizer Open and Release Steam 17
Turbine is Assumed to Trip 30
Reactor/Turbine Trip Signal: Overtemperature AT 36
xeactor/Turbine Trip Signal: High Pressurizer Pressure 40
Stedm Generator Safety Valves Open and Hold Steam Pressure Constant 44
A1l Auxiliary Feedwater Pumps Are Assumed to Start 60
Pressurizer Fills With Water 90
Peak Reactor Coolant System Pressure Is Reached (2848 péia) 106

*leference case: J4-Toop plant with a 51 Series steam generator, 95X value of
the moderator temperature coefficient.



TABLE 5.2-2

SUMMAPY OF RESLLIS FOR LOSS OF FECDWATEIZ ~17hOUT A REACTCKR TRIP

-
[~ Y]
"
[£}]

2eference Case

Change Relat!

One Half Auxiliary Feedwater Flow

One PORV Fails to Open
Pressurizer Water Level +10%
Pressurizer Water Level -10%
Steam Generator Water Mass +10%
Steam Generator Water Mass -10%
Main Feedwater Enthalpy +10%
Main Feedwater Enthalpy -10%
RCS Voiume +10%

RCS Volume -10%

Auxiliary Feedwater Flow +10%
Auxiliary Feedwater Flow -10%
Fuel UA +10%

Fuel UA -10%

Pressurizer Spray On

Reactor Power +2%

Reactor Power -2%

60 Second Auxiliary Feedwater Delay
1100 psia Steam Generator Design Pressure

Turbine Trip at 60 Seconds

;o To Reference Case

Maximum Reactor
Coolant System
Prossure (psia)

2931.
+31

+18

+23
-15
+108
+136
+57
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