Duke POWER COMPBANY
P.O. BOX 33189
CHARI OTTE, N.O, 28242

TELEPHONE
January 2, 1985 (70:3) 373-4831

Mr. Harold R. Denton, Director
Office of Nuclear Reactor Regulation
U. S. Nuclear Regulatory Commission
Washington, D. C. 20555

Attention: Ms. E. G. Adensam, Chief
Licensing Branch No. 4

Re: (Catawba Nuclear Station
Docket Nos. 50-413 and 50-414

Dear Mr. Denton:

By letter dated December 17, 1984, Duke Power Company requested that the

NRC Staff review and approve certain proposed changes to the post-fuel-
loading initial test program as required by License Condition 3 of Facility
Operating License NPF-31. Revised FSAR pages for the Reactor Coolant

System Flow Te.t, Reactor Coolant System Flow Coastdown Test and the
Pressurizer Functional Test were submitted along with the justification

for the changes. As a result of further rrview of these items, the specific
changes to Chapter 14 have been revised, but the thrust of the proposed
changes has not been changed. The revised, marked up FSAR pages are
attached.

As a supplement to the above referenced letter, each significant change
has been evaluated in accordance with 10 CFR 50.59 and the Nuclear Safety
Evaluation Check List along with appropriate supporting documentation is
attached. Based on these evaluations, none of the proposed changes were
deemed to involve an unreviewed safety question.

In order to support initial criticality, it is requested that approval of
these changes be provided by January 4, 1985.

Very truly yours,

%/ﬁww

Hal B, Tucker
ROS:slb
cc: Mr, James P. O'Reilly, Regional Administrator

U. S. Nuclear Regulatory Commission
Region II

101 Marietta Street, NW, Suite 2900 \
Atlanta, Georgia 30323 {67',’
.\\ D 1

102
211 8301994
%3‘25%cn 05000003



Mr. Harold R, Denton, Director
January 2, 1985
Page Two

cc:

NRC Resident Inspector
Catawba Nuclear Station

Mr. Robert Guild, Esq.
P. 0. Box 12097
Charleston, South Carolina 29412

Palmetto Alliance
2135% Devine Street
Columbia, Scuth Carolina 29205

Mr. Jesse L. Riley

Carolina Envirommental Study Group
854 Henley Place

Charlotte, North Carolina 28207
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Customer Reference No(s)

Westinghouse Reference No(s).
(Change Control or RFQ As Applicable)

WESTINGHOUSE
NUCLEAR SAFETY EVA'.UATION CHECK LIST

NUCLEAR PLANT(S) Catawba Unit 1

CHECK LIST APPLICABLE TO: Measured RCS Flow Rate During Precritical Startup Tests
(Subject of Change)

The written safety evaluation of the revised procedure, design change or modification
recuired by TOCFR50.59 has been prepared to the extent required and is attached. If

. & safety evaluation s not required or fs fncomplete for any reason, explain on Page 2

Parts A and B of this Safety Evaluation Check List are to be completed only on the
basis of the safety evaluation performed.

CHECK LIST - PART A
(3.1) VYes No X A change to the plant as described in the FSAR?

(3.2) Yes __No X_ A change to procedures as described in the FSAR?
(3.3) Yes __ No X_ A test or experiment not described in the FSAR?
(3.4) Yes __ No X _A change to the plant technical specifications (Appendix A

to the Operating License)?

CHECK LIST - PART B (Justification for Part B answers must be included on Page 2.)

(4.1) Yes __ No X _Will the probability of an accident previously evaluated in
the FSAR be increased?

(4.2) Yes _ No X_ Will the consequences of an accident previously evaluated in

the FSAR be increased?

(4.3) Yes __ No X_May the possibility of an accident which s different than any
already evaluated in the FSAR be created?

(4.4) Yes _ No X_ Will the probability of a malfunction of equipment important to
safety previously evaluated in the PSAR be increased?

(4.5) Yes __No X_ W11l the consequences of a malfunction of equipment important
to safety previously evaluated 1n the FSAR be increased?

(4.6) Yes _ No X_ May the possibility of a malfunction of equipment important to

safety different than any already evaluated in the FSAR be
crea‘ed?

(4.7) Yes __ No X_ Wi1) the margin of safety as defined in the bases to any
technical specification be reduceg? '

Page 1 of 2




If the answers to any of the above questions are unknown, indicate under 5) REMARKS
and explain below.

If the answer to any of the above questions in 4) cannot be answered in the negative
based on written safety evaluation, the change cannot be approved without an applica
tion for license amendment submitted to NRC pursuant to 10CFRS50.90.

§)  REMARKS:

The fullowing summarizes the justification upon the written safety cvaluauon.“) for
answers given in Part B of the Safety Evaluation Check List:

See attached.

“)Rcfcmcc to document(s) containing written safety evaluation:

FOR FSAR UPDATE

Section: Page(s): Tabh(_s): Figure(s):

Reason for/Description of Change:

Prepared by (Nuclear Safety): @[ﬂm Date: _/Z2 -3/-»

Coordinated with Engineer(s): J.C. T-'um Date: [2-3(-%'

Coordinating Group Manager(s): _ L /400%0m 2 T Date: (2 3(- é/

Nuclear Safety Group Manager: P alpon 0 Date; /2-3!1-&/
l Page 2 of 2
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ATTACHMENT TO WUCLEAR SAFETY EVALUATION CHECKLIST

Measured RCS Flow Rate During Precritical Startup Tests

During pre-operationa) testing at Catawba, RCS flow rate was measyred using
the Toop elbow tap flow meters. In at least one of the four loops the
indicated flow rate was found to exceed Catawba's Mechanica) Design Flow (MDF)
rate of 105,000 gpm/loop. The acceptance criteria as defined in Table
14.2.12-2 (page 9) require a flow measurement greater than the Technical
Specification value and less than MOF.

The loop elbow tap flow meters are not intended for, nor are they capable of,
accurate, measurement of RCS flow rate. They can be ysed for
periodic verification of RCS flow after they have been calibrated with
precision RCS flow calorimetric measurement. However, a precision flow
calorimetric measurement requires NSSS power of 90-100%.

Therefore, at present there 1s no need to revise Catawba's MDF. Fina)
verification that the acceptance criteria are met should be done based on a
precision flow calorimetric Measurement. Based on the existing data, no
safety concern exists at this time.




Table 14.2.12-2 (Page 9)

REACTOR COOLANT SYSTEM FLOW TEST

Abstract

Purpose

To verify predicted Reactor Coolant System flow rates at normal no-load operating
temperature and pressure. To align the Reactor Coolant System flow instruments.

Prerequisites

The reactor is in the hot ga::;#&:?Eondition with all rod cluster control
assemblies at their fully inserted position. A1l four reactor coolant pumps
are operating.

Test Method

The output voltage of each NC loop differential pressure transmitter is
measured using a digital voltmeter. The output voltages are averaged and
converted equivalent differential pressure which is then converted to flow
using a vendor supplied, plant specific graph. The loop flows are summed to
give the total system flow. The flow transmitters are adjusted for 100 percent
flow at normal operating conditions and zero output at zero flow.

Acceptance Criteria

Reactor coolant system flow is greater than the value specified in the Tech-
nical Specifications and less than the mechanical design flow as stated in
Chapter 5on 2valuodid av M n-‘ww ‘r‘a e W35S mevole .

Following adjustment, the flow transmitters yield 100 percent flow signal

at normal operating conditions and zero output at zero flow conditions,
within the tolerances specified by the vendor.

Rev. &~



Customer Reference No(s).

Westinghouse Referince No(s).
(Change Control or RFQ as Applicable)

WESTINGHOUSE
NUCLEAR SAFETY EVALUATION CHECK LIST

Page 1 of 3

1) KUCLEAR PLANT(S) Catawba Unit 1 (Decr)

2) CHECK LIST APPLICABLE T0: Flow Ceastdown Tes+
(Subject of Change)

3)

The written safety evaluation of the revised procedure, design changeror _
modification required by 10CFRS0.59 has been prepared to the extent required and
is attached. If a safety evaluation 1s not required or is incompiete for any
reason, explain on Page 3.

Parts A and B of this Safety Evaluation Check List are to be completed only on
the basis of the safety evaluation performed.

CHECK LIST - PART A

(3.7) Yes ___ WMo __/ A change to the plant as described in the FSAR?

(3.2) Yes No " A change to procedures as described in the FSAR?
(3.3) VYes No v A test or experiment not described in the FSAR?
(3.4) VYeas No _ v/ A change to the plant technical specifications

(Appendix A to the Operating License)?

4) CHECK LIST - PART B (Justification for Part B answers must be included on Page 3.)

(4.1) VYes No __ v/ Wil) the probability of an accident previously
: evaluated in the FSAR be increased?

(4.2) Yes No __ v/ Will the consequences of an accident previously
evaluated in the FSAR be increased?

(4.3) Yes N May the possibility of an accident which is different
than any already evaluated in the FSAR be created?




Customer Reference No(s).

Westinghouse Reference ho!

s).

(Change Control ‘or RFQ as Applicabl
WESTINGHOUSE
NUCLEAR SAFETY EVALUATION CHECK LIST
Page 2 of 3
(4.4) Yes No v/ Will the probability of a muifunction of equipment
important to safety previously evaluated in the FSAR
be increased?
(4.5) VYes No _ v Will the consequences of a malfunction of equipment

important to safety previously evaluated in the FSAR

be increased?

(4.6) ves No May the possibility of a malfunction of equipment

impertant to safety different than any already
evaluated in the FSAR be created?

(4.7) ves No _ v Wil the margin of safety as defined in the bases to

any technical specification be reduced?

© If the answers to any of the above questions are unknown, indicate under 5)
and explain on Page 3,

REMARKS

If the answer to any of the above questions in 4) cannot be answered in the negative,

based on written safety evaluation, the change cannot be approved without an
application for license amendment submitted to NRC Pursuant to 10CFRS0. 90.

6) APPROVAL LADDER (Signatures):

(6.1) Prepared by (Nuclear Safety); _‘&hm M Date:

(6.2) Coordinated with (Engineer(s): Date:

(6.3) Coordinating Group Manager(s): - N {‘m. : k‘_'"d. Date:

{

(6.4) Nucleor Safety Group Manager: Date:

/o4

-~
N
~
w
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Customer Reference No(s).

Westinghouse Reference No(s).
(Change Control or RFQ as Applicable)

WESTINGROUSE
NUCLEAR SAFETY EVALUATION CHECK LIST

Page J of 3

The following sumnarizes the justification, based upon the weitten safety evaluation!')
for answers given in Part B of the Safety Evaluation Check List:

Catawba Unit 1 failed the flow coastdown test on
Nov 29,19%94. ln other words, the measured coastd own

is wore severe (faster) tham that calculated jn the
FSAR Conple‘h less of flow AM'Ys-s Thus , m
m(\'us 's anwnww+sn

To ,,¢,.',@7 Haat safe'h criteria. are met , the loss of
fow amalysis was reanalyzed withh the wmeasured
coastdown doda input. Results show that the DNR
design bagis is met. |

(”hfomco to document(s) containing written safety evaluation: CN- TA-8¢-209
NS- RAT -PTA -84 ~153

orepareD BY: _ AMann Rledesde oate: __s2/3/8%

)




CATAMBA UNIT 1 SAFETY ANALYSIS FOR MEASURED RCS FLOW COASTDOWN

ANTRODUCTION

A partial! or complete loss of forced reactor coolant flow may result from
mechanical or electrical failures in a reactor coolant pump or if there is a
loss of electrical supplies to the reactor coolant pumps., If the reactor is at
power at the time of the accident, DNB mand fuel damage could occur due to the
reduced flow and increased reactor coolant temperature. These accidents are
analyzed in the FSAR (Sections 15.3.1 and 15.3.2) to show that the DNB design
basis is met. The flow on which the analysis is based is calculated by the
computer code LOFTRAN.

As part of the start-up testing program, a loss of flow is initiated for the
purpose of verifying that the safety analysis is conservative. One o the
acceptance crite~ia of SU.2.1.8, "Reactor Coolant Flow Coastdown,™ is that the
measured coastdown be greater than or equal to the FSAR calculated coastdown.
By s0 doing, it is verified that the DNB design basis would be met should a
loss of flow occur,

IEST RESULTS

The test results showed that the measured flow coastdown for the partial and
complete loss of flow was less than the coastdown calculated in FSAR
analyses. Since this is not conservative, an analysis or evaluation of the
limiting loss of flow transients based on the measured coastdown must be
performed in order to assure that the design basis will be met.

METHOD OF ANALYSIS
A. Partial Loss of Flow

The flow as a function of time for a partial loss of flow is higher than
for a completed loss of flow. The minimum DNBR is also higher, as can be
seen by comparing the results of the FSAR analyses. Since the partial loss
of flow is conservatively bounded by the complete loss of flow, it is
sufficient to show acceptable results for the complete loss of flow to
demonstrate that the partial loss of flow 1s acceptable, Therefore, the
analysis is only done for the complete loss of flow.

B. Complete Loss of Flow

The method of analysis for the complete loss of flow event is the same as
described in Section 15.3.2.2 except that the flow coastdown as measured
during the test is used instead of using flow calculated by LOFTRAN. Table
1 lists the flow coastdown used.



BRESULTS

Figure 1 shows the DNBR vs. time for the measured coastdown analysis. The
calcul ated sequence of events is shown in Table 2. The analysis performed
demonstrates that the DNBR does not decrease below the design limit for the

complete loss of reactor coolant flow. Therefore, all safety criteria are met,
and the measured flow coastdown is acceptable,

TABLE 1
MEASURED COASTDOWN FOR COMPLETE LOSS OF FLOW
NOMINAL FLOW = 98400 gpm per loop

oL IDE (sec) CORE FLOW (fraction)
0. 1.0000
0.65 0.9284
1.65 0.8556
2.65 0.7933
3.65 0.7376
4,65 0.6900
5.65 0.6436
6.65 0.6080
7.65 0.5732
8.65 0.53%
9.65 0.5134
TABLE 2
TIME SEQUENCE OF EVENTS
EVENT IIME (sec)
Coastdown Begins 0.0
Rods Begin to Drop 1.5

Minimum DNBR Occurs 3.6
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Table 14.2.12-2 (Page 10)

REACTOR COOLANT SYSTEM FLOW COASTDOWN TEST
Abstract

Purpose

To measure the rate at which reactor coolant flow rate decreases, subsequent
to reactor coolant pump trips, from various flow configurations. To measure
various delay times associated with assumptions made in the analysis of the
loss of flow accident.

Prerequisites

The reactor is in the hot standby condition with all rod cluster control
assemblies at their fully inserted position, all four reactor coolant pumps
are operating. The Reactor Coolant System Flow Test has been completed with
instrumentation calibrated accordingly.

Test Method

Flow coastdown will be measured for the single loop loss of flow by tripping
one of four reactor coolant pumps and monitoring flow using the eibow tap
differential pressure cells. Delay times for several protective functions are
measured using a strip chart recorder.

Flow coastdown will also be measured for a complete loss of flow. All four
pumps will be tripped simultaneously using the Reactor Coolant Pump Electrical
Monitoring System. Flow will be measured using the same method as the partial
loss of flow case.

Acceptance Criteria

e 4‘4 coostilowrn Gamadest o
The core flow decrease for slower than that

assumed in Figure 15.3.2-1. Time delays from actuation to low flow trip, under-
voltage trip and underfrequency trip actuation are less than or equal to those
assumed in Chapter 15.

Rev., 20
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The following signals provide the necessary protection against a complete loss
of flow accident:

I Reactor coolant pump power supply undervoltage or underfrequency.
2. Low reactor coolant loop flow.

The reactor trip on reactor coolant pump undervoltage is provided to protect
against conditions which can cause a loss of voltage to all reactor coolant

pumps, i.e., station blackout. This function is blocked below approximately
10 percent power (Permissive 7).

The reactor trip on reactor coolant pump underfrequency is provided to trip
the reactor for an underfrequency condition, resulting from frequency dis-
turbances on the power grid. Reference 3 provides analyses of grid frequency
disturbances and the resulting Nuclear Steam Supply System protection require-
ments which are generally applicable to the Catawba units,

The reactor trip on low primary coolant loop flow is provided to protect against

loss of flow conditions which affect only one reactor coolant loop. This func-

tion is generated by two out of three low flow signals per reactor coolant loop.

Above Permissive 8, low flow in any loop will actuate a reactor trip. Between
approximately 10 percent power (Permissive 7) and the power level corresponding

to Permissive 8, low flow in any two loops will actuate a reactor trip. )

15.3.2.2 Analysis of Effects and Consequences (?.q_ Coan. |, TAa loqc——clo\.g

o are wand & the
Two cases have been analyzed: AOFTRAN Cocle (Refsramca 1)

1. Loss of four pumps witn four loops in operation. W"'WW}“-*
2. Loss of three pumps with three loops in operation

This transient is analyzed by three digital computer codes. , the

LOFTRAN Code (Referense-2) is used to calculate the loop and core flow during

the transient sthe time of reactor trip based on the esteniated flows, the nuc-
ear power sient, and the primary system pressure and temperature transients.
The FACTRAN Code (Reference 2) is then used to calculate the heat flux transient
based on the nuclear power and flow from LOFTRAN. Finally, the THINC Code (see
section 4.4) is used to calculate the DNBR during the transient based on the heat
flux from FACTRAN and flow from LOFTRAN. The "R" grid spacer factor is applied
to the W-3 correlation. The DNBR transients presented represent the minimum of
the typical or thimble cell.

The method of analysis and the assumptions made regarding initial operating
conditions and reactivity coefficients are identical to those discussed in
Section 15.3.1, except that following the loss of power supply to all pumps

at power, a reactor trip is actuated by either reactor coolant pump power sup-
ply undervoltage or underfrequency.

For. beth Coatn. LOF TRM o wia f “tp C4¥£L4~1L3t7' ‘:’

15.3-4 aaaati




TABLE 15.3.1-1 (Page 2)

Time Sequence of Events for Incidents

———

Which Result in a Decrease in Reactor Coolant

System Flow
Accident Event Time (sec.)
Four Loop Three Loop
operation operation
Reactor crol- 0. 0.
ant pump under-
voltage trip
point reached
Rods begin to
drop 1.5 1.5
Minimum DNBK
occurs 3.[6 3.7
Reactor Coolant Pump
Shaft Seizure (Locked Rotor)
Rotor on one
locks 0. 0.
Low flow trip
point reached 0.03 0.05
Rods begin to
drop 1.03 1.05
Maximum RCS pres- 4.0 4.8
sure occurs
Maximum clad 3.7 4.1

temperature
occurs
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(1)

(2) CHECK LIST APPLICABLE TO: Mg Funerzondc TEST

(3)

(4)

(5)

(6)
(7)

DUKE POWER COMPANY
NUCLEAR SAFETY EVALUATION CHECK LIST

statioN: _CATAWE A WNIT1 _o” 2 o 3

SAFETY EVALUATION PART A

The item to which this evaluation is applicable represents:

Yes v No A change to the station or procedures as described in
the FSAR; or a test or experiment not described in the
FSAR?

If the answer to the above is "Yes", attach a detailed description of the

item being evaluated and an identification of the affected section(s) of

the FSAR.

SAFETY EVALUATION PART B

Yes No V Will this item require a change to the station Technical
Specifications?

If the answer to the above is "Yes", identify the specification(s) affected
and/or attach the applicable page(s) with the change(s) indicated

SAFETY EVALUATION PART C
As a result of the item to which this evaluation is applicable:

Yes No V" Will the probability of an accident previously evaluated
in the FSAR be increased?

Yes __ No _!ﬁ_ Will the consequences of an accident previously evaluated
in the FSAR be increased? :

Yes _ No ¥ May the possibility of an accident which is different
than any already evaluated in the FSAR be created?

Yes _ No V" Will the probability of a malfunction of equipment

important to safety previously evaluated in the FSAR
be increased?

Yes No _!:_ Will the consequences of a mal function of equipment
important to safety previously evaluted in the FSAR
be increased?

Yes No y~ May the possibility of malfunction of equipment important
to safety different than any already evaluated in the
FSAR be created?

Yes No / Will the margin of safety as defined in the bases to any
Technical Specification be reduced?

If the answer to any of the preceding is "yes", an unreviewed safety
question is involved. Justify the conclusion that an unreviewed safety
questions is or is not ipvolved. Attach additional pages as necessary.

PREPARED BY: OATE: _(2/3, /g4
REVIEWED BY: DATE : @_{4&_4
U (8) Page 1 o

FIGURE 4.4-9 Rev 19

)



DISCUSSION

(3) During the performance of the Pressurizer Functional Test (FSAR

(5)

Table 14.2.12-2, Page 37) it was determined that the opening times
of the PORV's failed to meet the stated acceptance criteria.

An analysis (CHC 1223.03-00-0005) was performed to show the acceptability
of slower PORV response times. Based on this analysis the PORV response
time will be changed to <3 seconds (<4 seconds for Unit 1 Cycle 1).

The revised FSAR page is attached.

No credit is taken for the rapid opening of the PORV's in the FSAR
Chapter 15 accident analyses, however these valves do provide low
temperature overpressure protection. The analysis performed in

CNC 1223.03-00-0005 demonstrated the relative insensitivity of Reactor
Coolant System pressure to slower PORV response times for LTOP
operation. Therefore the PORV response time of <3 seconds (<4 seconds
for Unit 1, Cycle 1) are acceptable.



Table 14.2.12-2 (Page 37)

PRESSURIZER FUNCTIONAL TEST
Abstract |

Purpose

To establish the continuous spray flow rate, determine the effectiveness of the
pressurizer normal control spray and of the pressurizer heaters, and verify the
response time of the pressurizer power operated relief valves.

Prerequisites

The Reactor Coolant System is at hot standby temperature and pressure. The |
Reactor Coolant System is lined up for normal operation in accordance with

applicable operating procedures. All reactor coolant pumps are operating. 1
Each bank of pressurizer heaters is operable.

Test Method

While maintaining pressurizer level constant, spray bypass valves are adjusted
until a minimum flow is achieved which maintains less than a 125°F temperature
difference between the :nray line and the pressurizer steam space.

| To determine pressurizer heater and spray capability, tre main pressurizer
spray valves are closed. A1l pressurizer heaters are than energized and the

' time to reach a 2300 ~s’; sy.tem pressure is measured and recorded. Full
spray is initiated throu,n each spray valve individually and in parallel.
Pressure versus time is re: orded for each transient. Thre transient is termin-
ated at a Reactor Coolant System pressure of 2000 psig bv shutting the spray
valves.

With the Unit at normal operating no load temperature and pressure, each PORV
shall be cycled for repsonse time testing. The 2185 ps’g interlock closes
the valve and original conditions are re-established.

This test is performed following initial fuel loading due to the need to estab-
lish the effectiveness of actual spray flow with core pressure drop acting as
the driving head. This test is a prerequisite test for initial criticality.

Acceptance Criteria

For setting of continuous spray flow, the flow through each bypass valve is
established such that the temperature difference between the spray line and
the pressurizer steam space is less than 125°F.

3

For pressyrizer PORV _response times, each PORV rggonsc time is <} soconds(é4w
'-"\-j efa l).

For spray and heuter response tests, the response to induced transients is

within 1imits specified in vendor guidelines.

Rev. ‘é?




Form 01077 (RS-84) FORM 101.1 REVISION 8

(F CERTIFICATION OF ENGINEERING CALCULATION
STATION AND UNIT NUMBER Catawba Units 1 & 2
TITLE OF CALCULATION izer Power Operated lief 1 i ifi ion
for Low Temperature Overpressure Protection '
CALCULATION NUMBER CNC-1223.03-00-0005
ORIGINALLY CONSISTING OF PAGES ! THROUGH 29
CONTAINED IN VOLUME NO(S). ]
ATTACHMENTS _|__ THROUGH _15 _ CONTAINED IN VOLUME NO(S). 1
TOTALVOLUMES _________ ORIGINAL
MICROFICHE ATTACHMENTS: DO NOT REMOVE FROM Filt
M1 1D# N/A # OF SHEETS _N/A__ Mm41D# N/A # OF SHEETS _N/A___
M2 1D# A #oFsHeeTs __ VA msipe_ WA # OF sHeeTs _M/A
M3 1D# N/A #OF SHEETS _N/A. M61D# ___ N/A # OF SHEETS _N/A

THESE ENGINEERING CALCULATIONS COVER QA CONDITION —L___ ITEMS. IN ACCORDANCE WITH
ESTABLISHED PROCEDURES, THE QUALITY HAS BEEN ASSURED AND | CERTIFY THAT THE ABOVE
CALCULATION HAS BEEN ORJGINATED, CHECKED OR APPROVED AS NOTED BELOW:

ORIGINATED BY oate __W/2) /9%
CHECKED BY DATE _L/@ll‘?-#
APPROVED BY DATE /1/’ 1 / L4
' Ty
ISSUED TO GENERAL SERVICES OVISIONE.S. 277 7hausg oare /2//8/8 Y
RECEIVED BY GENERAL SERVICES DIVISION - MunHA pare 17 - 1R 84

REVISION/ADDENDA LOG:

REV CALCULATION PAGES VOLUMES AND/OR ATTACHME TS{ ORIGINATED BY | CHECKED BY | APPROVED BY ISSUE DATE

NO. 1
REVISED | DELETED | ADOED | REVISED | DELETED | ADDED OATE OATE oATE AEC'D. DATE
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ABSTRACT

The results of pressure transient analyses for the reactor coolant system of
a pressurized water reactor during low-temperature, water solid operation

are presented for particilar cases of either mass or heat fnput to the syster.
The analyses were performed using conservative bounding input parameters plus
parameter sensitivity studies to provide for results applicable to plant
specific parameters. For the cases presented, the use of a nominal, two-inch
air-operated relief valve, such as the pressurizer power operated relief
valve, 1s shown to mitigate the pressure transient without the need for imme-
diate operator intervention. A procedure is presented for selection of the
relief valve setpoint (o avoid violation of the 10CFR50 Appendix G pressure
limitation for the rcactor vessel.
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SECTION 1
INTRODUCTION

PURPQOSE OF STUDY

During the past few years (1972 to 1976) a number of events have occurred
at operating PWR plants in which the reactor coolant pressure exceeded
the allowable 1imit for the particular temperature as prescribed by the
requirements of 10CFR50 Appendix G, during low-temperature, low-
pressure, water solid modes of operation. These overpressure events were
caused by efther equipment malfunction, incorrect operator action or a
combination of the two. In the vast majority of the events, the unsched-
uled pressure transient was recognized by the operator and terminated by
manual action.

The purpose of this study was to evaluate the performance of a pressure
miticating system using pressurizer power operated relief valves for

the causative events and plant parameters which bound the plants under
consideration. The study included an evaluation of the overpressure
events which have occurred and a review of the existing design features
and operating practices to select for the analysis that group of causa-
tive events and pertinent plant parameters which encompass the operating
plants within the W Owners Group.

1-1



1.2

REVIEW OF PAST EVENTS

Using the published records of Abnormal Occurrence Reports and informa-
tion provided to the industry by the NRC in June 1976 (see Appendix ()
an evaluation was made of the type of events which had occurred, their
causative factors and the plant conditions at the time of the event.
This review led to the general conclusion that 24 of the 29 reported
events could be divided into the two major categc-ies of efther mass
input or heat input to an isoiated constant volume of reactor coolant.
The other 5 events were either of unknown origin (3) or were caused by
operators following inadequate procedures while controlling the reactor
coolant pressure.

The review demonstrated that of the 18 events caused by mass fnput to
the reactor coolant system, by far the greatest number (14) involved a
mismatch between the charging and letdown flows. In all but one of the
events, the mismatch was caused by a loss of letdown flow while the
charging system remained in operation with a relatively low rate of mass
input.

The remaining 4 mass input events were the result of an abnormal actua-
tion of portions of the safety injection system. In the one event
involving pumps, a single safety injection pump was started by an
operator and flow inadvertently entered the reactor coolant system. In
the other 3 events, the accumulator isolation valves were deliberately
opened by the operator or inadvertently opened by a spurious signal from
the engineered safety features actuatfon circuits. (Of course, pres-
surization caused by the accumulators 1s self 1imiting due to the
relatively low gas pressure maintained in the accumulator.)

1-2
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For the majority of the mass input caused pressure transients, the abnor-
mal condition was recognized by the operator and terminated by operator
action. However, the 1imit of the magnitude of the pressure transient

in most cases was a direct result of the speed of the operator in
recognizing the situation and taking remedial action.

Among the few (6) events attributed to the heat input case, five of the
events reported were those in which a temperature asymmetry was allowed
to develop in the reactor coolant system, generally due to insufficient
mixing. Then, when a reactor coolant pump was started, the cooler vol-
umes of reactor coolant would circulate around the system and be heated
by warmer sections of thz s.ystem, particularly the steam generators.
These heat input events are self Timiting in that the temperatures
eventually equalize and past experience has indicated that the magnitude
of the pressure transient is not great. One event was the result of re-
moving heat from the coolant such that the temperature was allowed to
decrease to a temperature too low for the coolant pressure being control-
led at the time.




1

3

SELECTION OF PARAMETERS FOR STUDY

1.3.1

1.3.2

Relief Valve

The pressurizer power operated relief valves were selected as

the logical mechanism for mitigating reactor coolant pressure
transients because the hardware already exists on the operating
plants. The valves are typically 2 inch nominal body size globe
valves each located in a 3 inch 1ine. Their normal function is
to relieve reactor coolant pressure at operating plant conditions
so the extension of the function to provide relief at a lower
pressure is a natural utilization of the function. Since the
power relief valve is controlled by an instrumentation system
using electrical signals, the implementation of the function to a
lower pressure range can be easily accomplished by electrical
circuitry independent of the existing logic circuits which need
not be affected. The reference relief valve model described in
Section 2.2 was developed based on the general characteristics
of a typical power operated relief valve.

Reactor Cooliant Volume

The operating plants in the owners group to which this study is
directed consist of 2, 3 and 4 loop plants with varfous designs
of reactor vessels, steam generators and pressurizers such that
reactor coolant volume enclosed varies widely. To bound all of
the plants, the study considered the use of two extreme volumes;
6000 and 13,000 cu.ft. 1n all of the cases evaluated for both
mass input and heat input.
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A 1.3.3  Reactor Coolant Pressure

» » For the mass input cases, two inftfal reactor coolani pressures
were considerec but 1t was found that for the particular cases
studied, the pressure transient was well defined at the time the
relief valve setpoint was reached and Lhere was a negligible
effect on the relief valve performance due to the difference in
starting pressure. Therefore for conservatism, the majority of
the mass fnput cases were started from a coolant pressure of 50
psig to assure that the mass input mechanism was always at full
performance before the mitigating relief valve came into opera-
tion.

The heat input cases which involved the operation of a reactor

coolant pump were restricted to a minimum initial pressure of

300 psig because of a pump shaft seal requirement. Again for

conservatism, this minimum pressure was used in all the analyses
- to assure that the pressure transient was allowed to become well
established before the mitigating relfef valve was brought into
operation.

1.3.4 Reactor Coolant Temperature

The initial reactor coolant temperature selected for use in the
analyses was based on a review of the credible operating condi-
tions which might be experienced in a plant when in a Tow-tempera-
ture, low-pressure water solid condition. For all of the mass
_input cases, the reactor coolant was considered to be at a cold
shutdown temperature of 100°F (gee Sectfon 5.3 for additional
discussfon of this parameter) and the pressurizer filled solid
5 with water at 100°F (see Section 6.1 for additional discussion).

1-5




1.3.5

The heat fnput cases were studied with various values of initial
reactor coolant temperature from 100°F to 250°F, the maximum
range of temperature whicr might be expected for operation in a
water soiid condition. Over this range, as was expected, the
heat fnput transients became more severe with the higher tempera-
tures but the allowable coolant pressure, according to the
10CFRS50 Appendix G rules, also increases.

Mass [nput Mechanisms

The review of past experience indicated that the case of a loss
of letdown while charging flow continued was the most 1ikely
cause of a pressure transient. Among the operating plants, there
are charging system designs which consist of positive displace-
ment pumps, centrifugal type pumps and combinations of the two.
The lowest normal flow rate occurs in those plants with small
positive displacement pumps where a representative flow rate is
about 40 gpm.

The maximum normal charging flow rate occurs in those plants with
centrifugal type pumps where a representative flow rate 1s about
120 gpm. The design mass input cases due to loss of letdown
flow were therefore considered to be between 40 and 120 gpm.

Although there has been only one occurrence of inadvertent mass
fnjection due to the operatfon of a safety injection pump, and
these pumps are normally made inoperative during low-temperature
low-pressure plant operation, the potential does exist for this
type of mass input transient. Therefore, the anaiyses was extend-
ed to include the performance of the mitigating system for the
case of a single safety injection pump being placed in operation
(see Section 2.3). .
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The safety injection accumulators were not considered as a credible
mass fnput mechanism for this study because there are multiple
aaministrative controls to ensure isolation including de-ener-
gizing valve control circuits during plant shutdown operations.

Heat Input Mechanisms

The pressure trans .it events selected for study fnvolved the
cases where a temperature asymmetry was formed in the reactor cool-
ant system in which the steam generators were at a higher
temperature than the remainder of the system. The magnitude of
the temperature difference between the steam generato=s and the
reactor coolant system is dependent on the previous plant opera-
tions which allowed the asymmetry to develop. For the purpose of
this study to bound the possible events, temperature differences
between the steam generators and the reactor coolant system up to
100°F were evaluated. However, 1t is considered realistic to
assume a maximum tcmp;;iturc difference of 50°F as the dgiigg_
“case because much higher differences are difficult to dcvolopﬁ__

and are easily recognized by the operator as abnormal conditions
Fequiring special attention.
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1.4 SUMMARY QF PARAMETERS

1.4.1

1.4.2

1.4.3

General

The plants represented by the W Owners Group comprise a group of
2, 3 and 4 loop pressurized water reactor plants, each with one
steam generator and one reactor coolant pump per loop. Typical
total reactor coolant system volumes for the plants under con-
sideration range between about 6000 cu.ft. and 13,000 cu.ft., and
these two volumes were therefore used for this study.

Reference Relfef Valve

The relief valve selected for use in the study as described in
Section 2.2 e..hibits the following general characteristics:

Opening time; 3 seconds
Closing time; 5 or 20 seconds

Flow capacity, Cv = 50 gpm/ J psi per valve
Set pressures, various; 400, 500 and 600 psig

S oW N -

Mass Input Cases

The following two representative mass input cases as described in
Section 2.3 were considered:

1. Charging flow with letdown isolated; 40 and 120 gpm
2. Inadvertent operation of one safety injection pumo; 870 gpm
at 500 psig

The following parameters were considered for the mass input cases:



N
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1. Temperature of reactor coclant; 100°F
Temperature of injected water; 100°F
Inftial pressure of coolant; 50 or 450 psig

Heat Input Cases
The temperature asymmetry conditions selected for study as heat

fnput cases are discussed in Section 2.4. The following are the
cases considered for both a 6000 and 13,000 cu.ft. plant size:

RCS/SG aT
' Reactor Coolant 7
RS | W 180 250
Steam ' , _
Generator Temp. . | | !
150 50 cee | eee -
190 e B0 | eee ‘ —_
200 100 e | 20| el
230 - cee | 80 | e
240 it 00 | e ---'
250 — . e Eok
| 280 | wee P | 100 I s ;
l 1
L Joo | . l ] 50 ]
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SECTION 2
CALCULATION METHOD

2.1 LOFTRAN PROGRAM ANU SPECIAL MODELING

The one loop version of the LOFTRAN ' program was utilized to perform
the mass fnput analyses anc the four loop version was utilized for
the heat input analyses. No changes to efther version of the program
were necessary for the studies. However, some input modeling, fnput
additions and inftialization changes were required as described in
the following paragraphs.

2.1.1

Mass Input Analysis

No special features of LOFTRAN were required for the mass input
cases. However, some fnput adjustments were made to ensure that
the mass input mode! was representative of the conditions
specified for analysis.

One such adjustment was made to ensure that an {sothermal condi-
tion was maintained. Since LOFTRAN was not programmed to be
ifnitialized at zero power, a very small, constant power level was
maintained and nominal, full reactor coolant flow was maintained.
This inftfalization condition does not alter the resultant pres-
sure increase for actual mass input cases where the reactor
coolant pumps may not be running.

To minimize the pressure defect associated with the compressibility
of a saturated (hot) water solid pressurizer (a representation
required by LOFTRAN to maintain the specified reactor coolant pres-
sure), the pressurizer water volume was reduced to 100 ftJ. The

+ - WCAP-7907
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2.1.2

volume difference between a nominal pressuriler and the 100 ft3

was incorporated into the total system volume but at an fnftfal
temperature of 100°F.

Heat Input Analysis

Except for the decay heat (loss of RHRS) and pressurizer heater
fnput cases, more extensive adjustments were necessary for mode!-
fng the heat input cases.

The heat input cases analyzed involved the startup of a pump in
one 1o0p with the plant in a cold shutdown condition and with
temperature asymmetries in the reactor coolant loops. Two possible
asymmetries were assumed. (ne was the RCS/SG case, in which the
steam generators, primary and secondary, were at a higher tempera-
ture than the remainder of the reactor coolant. The second
considered that the water in the loop seal piping from the steam
generator outlet to the pump suction was at a lower temperature
than the remainder of the coolant and steam generators. In both
cases the temperature of the reactor coolant in the tubes was at

a temperature equal to the saturated conditfon of the secondary
water mass.

The multiloop version of the LOFTRAN program was used to obtain
the capabilfties for a reactor coolant pump startup in one 1o0p
and for the reverse flow simulation in the inactive loops. To
circumvent a flow initialization problem, the LOFTRAN loop out of
service option was used with a very small input power (LOFTRAN
does not permit zero power inftialization) to establish a very Tow
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natural circulation flow-ate following the pump coastdowr. After
initialization for the natural circulation flow conditions, the
code was returned to the normal program sequence to inftiate the
remainder of the heat input transient.

Before the heat 1nput transient was inftiated, however, 1t was
necessary to input the required temperature profile.

For the case of the RCS/SG temperature asymmetry, the coolant
temperature was made uniform everywhere except in the steam gen-
erator tubes. The steam generator secondary temperature and the
coolant temperature in the steam generator tubes were input as
equal but different than the reactor coolant temperature.

For the case of the loop seal temperature _asymmetry, the tempera-
ture of the coolant volume 1n the loop seal was input different
from the temperature throughout the remainder of the reactor
coolant system (including the steam generator tubes) as well as
the steam generator secondary temperature.

Also 1n the loop seal case, steam generator outlet plenum volume
was set to a very small value to minimize mixing in the reverse
flow Toops before the cold slug from the loop seal entered the
Steam generator tubes. e #3¢ /,;‘,, wdeb e /"‘7’

After temperature inftialization, the fnput parameters of core
heat flux, steam f1.. and feed flow were stepped from their
respective inftfal (natural circulation mode) conditions to zero
during the first time step. Reactor coolant pump startup is
inftiated at t = 0 seconds using the default homologous data asso-
clated with the 93A pump mode!.
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As in the mass 1nput case, the pressurizer volume was minimized
(set equal to 10C ftz) and the difference in pressurizer volure

(actual - 100 ft”) was added to the fnactive volume of the reac-
tor coolant.
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REFERENCE RELIEF VALVE MODEL

The relief valve mode! selected as the reference for use in the transient
analyses describes a nominal two inch air-operated open-close valve with a
Tinear plug characteristic. The capacity of the valve 1s based on a
standard geometry globe-type valve with a flow coefficient Cv equal to 50,
where the flow coefficient 1s defined as the flow of water at 60°F, in
gallons per minute, at a pressure drop of one pound per square inch across
the valve while the valve 1s 1n the full open position. (f.e.,

¢, * %)

Since the reference relief valve 1s considered to discharge into the pres-
surizer relief tank, there will be a backpressure at the valve discharge
depending on the conditions 1n the relief tank at the time of valve
actuatfon. The gas blanket pressure in the relfef tank normally wil) not
exceed 10 psig but the pressure can increase, due to repeated relief

valve discharges, to a maximum of 100 psig at which time a rupture disk

on the tank will open to prevent a further increase in pressure.

The flow capacity of the reference relief valve Versus upstream pressure
(reactor coolant pressure) 1s shown for various values of backpressure on
Figure 2.2.1. A1) of the short-term transient analyses (one relfef valve
cycle) presented in this study were based on the flow capacity of the
reference relfef valve subjected to a constant backpressure of 10 psig.
(See Section 6.2 for additiona) discussion,)

The ref f recter-
Jsticithat 1s, the flow through the valve at a constant differential
pressure 1s directly proportional to the 11t of the stem. This selection
s consistent with the type of valve used as the pressurizer power-operated
relief valve in the operating nuclear plants. However, the effect of using
& non=11near valve type (see Figure 2.2.2) was also fnvestigated to see 1f
the performance of the system would be improved by zhanging to & specia’
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plug-seat design. The opening and closing time characteristics of the non-
1inear valve were taken as the same as the reference linear valve.

The opening and closing characteristics of the reference relief valve

used 1n the transient analyses were based on a particular but typical

type of operator used to drive the valve stem. The reference operator

was taken as an air diaphragm type with a stroke of 3/4 inch, a dia-
phragm area of 220 sq.in. and a compressed spring to hold the valve closed.
The air pressure range required to stroke the valve was taken as 11 to 64
psig; that 1s, the valve stem starts to move with 11 psig pressure on the
diaphragm and reaches the full stroke of 3/4 inch under a pressure of 64

psig.

When the relfef valve 1s signalled to open, air 1s admitted into the pip-
ing to the valve and into the diaphragm chamber. The afr continues to
flow into this volume for a period of time, depending on the controlling
restriction in the 1ine, and increases the pressure until the unit pres-
sure on the diaphragm reaches 11 psig. At this pressure, the force on

the diaphragm equals the spring force holding the valve closed and a
further increase in air pressure will cause the valve stem to begin to
move and open the valve. For the reference velve model, this initial time
delay, before the valve starts to move, s about 20% of the total time for
the valve to act and 1s shown on Figure 2.2.3.

After the valve starts to move, the air flow into the diaphragm chamber
continues to both increase the pressure to overcome the spring force and
to f111 the additional volume made available as the stem moves. When the
valve reaches the full open position the air pressure in the diaphragm
chamber 1s 64 psig, but since the supply pressure could be as high as
100 psig the afr continues to flow into the diaphragm chamber after the
valve movement has stopped unti] the chamber pressure equals the supply
pressure. Figure 2.2.3 describes the valve stem movement (stroke) versus
normalized time for the reference vaive supplied from a normal 100 psig
alr system.

2-6
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The valve 1s considered to be held open by the excess air pressure in
the diaphragm chamber until receipt of a signal to close. Until the
excess afr has vented down from 100 psig to 64 psig, the valve stem will
not move. This time delay of about 16% of the total time for the valve
to act 1s shown on Figure 2.2.4. As the air pressure decreases below
64 psig, the stem begins to move under the action of the compressed
spring and air flows out of the diaphragm chamber to both decrease the
pressure and to remove a volume of afr necessary to allow the diaphragn
to move. At an air pressure of 11 psig, the valve will be in the full
closed posftion but air will continue to vent from the dfaphragm chamber
until the pressure is equalized with the atmosphere. Figure 2.2.4 des-
cribes the valve stem movement (stroke) versus normalized time for the
reference valve.

In the analyses presented in this study, the relfef valve characteristics
used to mitigate the pressure transients are described by the use of the
three Figures 2.2.1, 2.2.3 and 2.2.4. For instarce, 1f a reactor coolant
pressure of 500 psig 1s reached during an increasing pressure transient
at a time equal to 1/2 the valve stroke time, then the flow rate of water
at 100°F through the valve at that instant 1s:

1107 gpm (Figure 2.2.1) * \G{S‘? * 0.395 (Figure 2.2.3) = 438.3 gpm or

60.5 1b/sec

The total time for the reference relfef valve to act in the opening direc-
tion was taken as 3.0 seconds which 1s about 1 second longer than a typical
power operated relief valve 1n an operating plant., This total time in-
cludes a 0.6 second time delay (20% of total time) from the receipt of the
signal unti] the relfef valve starts to open. The time in the transfent
when the valve open signal was received was varied, to simulate different
values of the valve setpoint between 400 and 600 psig, to obtain the effect
of the setpoint on peak transient pressure.



After the reference relief valve has opened and turned the pressure
transient from an iacreasing to a decreasing transient, the relief valve
is assumed tc recefse a close signal when the pressure has decreased to
a value 20 psi below the original setpoint. This value of the reset

pressure was used in all of the analyses in which a full valve cycle

was evaluated. Upon receipt of the signal to close at the time in the
transient when the pressure was 20 psi below the valve setpoint pressure,
the valve was closed using the characteristic shown by Figure 2.2.4
where the total time was taken as efther 5 or 20 seconds.

In the transients which did not result in full opening of the reference
relief valve (e.g., letdown isolation with continued charging pump opera-
tion) the stroke position in effect at the time the reset pressure was
reached was the initial position used for the start of valve closure.

If other than fully open, the time delay in Figure 2.2.4, associated with
depressurization of the diaphragm chamber from 100 psi to 64 psi, 1s not
in effect. Further, the total closing time is accordingly reduced in
relation to the stroke position at reset pressure.
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MASS INPUT MODEL

The two credible means of adding excess mass to the reactor coolant Sys-
tem while the plant is 1n a relatively cold (100°F) solid-water mode of
operation are by creation of a mismatch between the charging and letdownr
flows or by fnadvertently placing a safety injection pump in service.

The most 11kely event as evidenced by the experience of the operating
plants 1s the charging/letdown mismatch case. However, the inadvertent
start of a safety injectfon pump has the potential for greater rates of
mass input and hence more rapidly increasing coolant pressure transients.
Therefore, the inadvertent start of a safety injection pump with the
plant in a cold shutdown condition was selected as the 1imiting case.

Two particular cases of a mismatch between charging and letdown flows
were evaluated; one considering the use of a positive displacement pump
and the second a large centrifugal type pump. For both of these cases,
the transfent was initiated from the steady state condition of equal
charging and letdown flows by terminating the letdown flow in a ramp

fashion, as would occur 1f a valve in the letdown 1ine was {nadvertently
e e s

closed. For the positive displacement pump case, the charging flow was
considered to remain constant as the backpressure increased, while for
the centrifugal pump case, the flow was considered to decrease with in-
creasing backpressure as the flow was passed through a piping system
with a constant resistance (Figure 2.3.1).

The flow from the positive displacement pump was taken as 40 gpm, a
relatively typical low charging flow rate for a plant shutdown condition,
while for the centrifugal pump ca:e the charging flow was taken as 120
gpm, a relatively high value for normal charging service.

2-13



In the operating nuclear plants, there are various designs of safety
injection systems and several types of pumps in use. A survey of the
various systems and pumps resulted in the selection of four typical
system delivery characteristics and these are shown on Figure 2.3.2.
Each of the characteristics shown on Figure 2.3.2 represents the maxi-
mum expected flows into the reactor coolant system against varfous
backpressures for the case of a single, new, non-degraded pump deliver-
ing through all the available injection flow paths.

From an inspection of Figure 2.3.2, it is evident that the system
represented by Curve C 1s the worst case in that the system delivery
into the reactor coolant system is the greatest of all the systems shown
over the reactor :oolant pressure range of 400 to 600 psig, the range of
most interest for the transient analyses. Therefore, the system
delivery described by Curve C was used in the study and s referred to
as the reference safety injection pump startup case.

From test data on typical safety injection pumps, 1t was determined that
the motors under full voltage will bring the pumps to full speed in a
11ttle over 2 seconds. Therefore, in the study, the reference SI pump
was considered to reach full speed in 2 seconds. The flow from the

pump does not begin immedfately because the pump first must be brought
up to a speed sufficient to develop a discharge head greater than the
backpressure to which 1t {s attempting to deliver. This delayed flow
{nitiation 1s shown graphically on Figure 2.3.3 for two values of reactor
coolant backpressure. This figure shows the flow rate into the reactor
coolant system increases from zero to its equilibrium value in less than
one second for the particular case of a 450 psig reactor coolant back-
pressure. ;
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Although the startup characteristics shown by Figure 2.3.3 were used in
the analyses of the pressure transients for the reference SI pump start
cases, 1t was determined that the volume of water injected during these
short pump startup perfods 1s relatively insignificant in the analyses.
Only for a specific case where the initfal coolant pressure s very near
the relief valve setpoint will the startup transient of the pump affect
the pressure transient. For such a case, the relief valve would start
to open as the pump came up to speed and the pressure transient would

be mitigated earlier and more effectively.

In al! mass input cases, reference SI pump startup and charging flow from
either the positive displacement or centrifugal pumps, the temperature
of the injected water was taken equal to the reactor coolant SO that the
resultant pressure transfent 1s due to the addition of mass only and is
not affected by the mixing of the injection water into the reactor cool-
ant. (See Section 5.3 for additional discussion.)
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2.4 HEAT INPUT MODEL

The -invest’gation of the reported events of reactor coolant pressure
transients and of current plant operating practices led to the conclu-
sfon that four credible heat addition mechanisms should be studied:
pressurizer heaters, core decay heat and two types of reactor coolant
loop temperature asymmetry.

For the pressurizer heater case the reactor coolant system is consid-

ered to be water solid and completely isolated so that any heat input

to the water in the pressurizer results in an attempt to expand the

system with a consequent increase in system pressure. The reference

case considered the operatifon of 1800 KW of heaters, the design value

for a large 4 loop plant, in a relatively small pressurizer of 1000

cu.ft. volume. " This large heat input to a small 1iquid volume results

in a conservatively high rate of change of pressure but is not signifi-
cant compared with other heat input cases studied as shown by Figure 2.4.1.

The case of heat input from core decay heat was investigated considering
the decay heat Trom an 1882 MWt design core added to a small system
volume of 6000 cu.ft. 12 hours after plant shutdown from an extended

high power run. This 1s a conservatively large relative value of heat
addition, but the magnitude of the unrelieved transient pressure response
still 1s not significant compared to other cases of heat input studied

as shown by Figure 2.4.1.

The first of the two types of temperature asymmetry considered in the
study occurs when the reactor coolant is at a relatively uniform warm
temperature with 11t(le or no natural circulation and the cold reactor
coolant pump seal injection water continues to enter the system. The
cooler fnjection water will settle as a pool in the locp seal below the

’ Typically there is 1 KW of pressurizer heaters for each ! cu.ft. of pres-
surizer volume.
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pump inlet formed by the piping from the steam generator outlet and the
pump inlet (see Figure 2.4.2). The volume of cold water which can be
trapped in the loop seal 1s determined by the piping layout and the
typical volume used in the study was 140 cu.ft. 1n each loop. To fil)
this volume with cold water would require 3 to 4 hours c¢f normal sea)l
injection with the plant in a stagnant condition; f.e., no reactor cool-
ant flow.

The coolant pressure transifent {s inftiated upon starting one reactor
coolant pump. As the pump comes up to speed, the coclant flow rate
slowly increases in the active loop and the pool of cold water will be
drawn up into the pump and discharged out to the cold leg piping and
reactor vessel where it mixes with the warmer coolant. Simultaneously
the cold pool of water in the fnactive loop(s) will fiow backward
through the steam generator(s) at a flow rate significantly less than

in the active loop. As each of the cold podals of water flow through
their steam generators, their temperatures will be increased by the heat
transferred from the secondary side, and since the coolant cannot expand
in the isolated reactor coolant system volume, the coolant pressure will
increase. The coolant pressure will continue to increase until the
temperatures of the reactor coolant and steam generator water are equal-
{zed (see Figure 2.4.1) or the excess coolant volume due to the added
heat 1s reiieved through a relief valve.

The secord type of temperature asymmetry occurs when the reactor coolant
has been cooled down without sufficient circulation, for instance by
use of the residual heat removal loon not augmented by the flow from a
reactor coolant pump, and the steam generators remain at an average tem-
perature higher than that of the reactor coolant. For this case, the
steam generator shell, tubes, secondary water at the no-load level and
reactor coolant enclosed in the tubes are assumed to be at a uniform
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temperature (see Figure 2.4.3). When the pressure transient is ini-
tiated by starting one reactor coolant pump, the reactor coolant flow
rate. increases, washing the warm water out of the tubes and replacing
ft with relatively cold water from the loops. The rate of flow in the
active Toop 1s significantly higher than that in the inactive loops
which are subjected to reverse flow, but in all steam generators heat
is transferred to the cooler reactor coolant causing an increase in
pressure. The transfent pressure increase will continue until the
reactor coolant and steam generator water temperatures are equalized
(see Figure 2.4.1) or the excess coolant 1s relieved through a relief
valve.

For the cases with each type of temperature asymmetry, the reference
steam generators were considered to have 58,000 sq.ft. of heat transfer
area and a secondary water volume of 3580 cu.ft.; both parameters

being significantly greater than those for any of the operating plants,
SO that the rate of heat transfer and total stored heat available for
transfer were conservative in this study.

Heat transfer across the steam generator tubes was assumed to be con-
trolled by free convection on the secondary side. The heat transfer
coefficient assocfated with this mechanism was determined from the
McAdams T correlation for turbulent boundary layers on a vertical sur-

face, or:
2 1/3 1/3
hsec = 0.13 K [iLgﬂu » Pr] {_AT".”:’

' McAdams, W. H., "Heat Transmissfon", 3rd Edition, McGraw-Hill, New York, 1954
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where:

hsec = secondary film coefficient of heat transfer, BTU/hr ftz °F
° = density of secondary water at film temperature, 1bm/ft3

" = viscosity of secondary water at film temperature, lbm/ft hr
ATN‘1] = secondary to primary temperature difference, °F

g = acceleration of gravity, ft/hr2

8 = temperature coefficient of volume expansion, (°F)'1

k = conductivity of secondary water, BTU/hr ft °F

Pr = Prandt] Number evaluated at secondary film temperature

The reactor coolant pump characteristics used in the heat input studies
were those representative of a controlled leakage sealed pump with a

Tow rate of about 95,000 gpm at normal plant conditions and a startup
time of about 10 seconds.

From an inspection of Figure 2.4.1, 1t is evident that the heat input
those for the cases with a loop temperature asymmetry. Therefore,
these less significant cases were not studied further. Similarly, the
Toop seal asymmetry case is seen to give a relatively small pressure
transient compared to the potential excursion possible from the RCS/SG
temperature asymmetry cases and was not considered further in the study
of heat irput transients.
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SECTION 3
TYPICAL RESULTS

MASS INPUT MITIGATED BY RELIEF VALVE

Based on the probability of occurrence and past experience, the most like-
ly mass input case is considered to be the charging/letdown flow mis-
match case in which the 12tdown s terminated within 2 seconds,
presumably by a valve closure. Selecting an initial reactor coolant
system pressure of 50 psig, the pressure response to the letdown isola-
tion will be as described by Figure 3.1.1 for a small plant with a
reactor coolant volume of 6000 cu.ft. As would be expected, the pres-
sure increases more rapidly for the case of the larger mass input from
the centrifugal pump (about 16 1b/sec) than for the input from the
positive displacement pump (about 6 1b/sec). For these particular
examples, the reference relief valve was given a signal to open when

the pressure rose above 615 psfa, but since the reference valve operator
has a time delay of 0.6 seconds, the pressure continued to rise until
the valve started to open. Very soon after the valve started to open,
the pressure was found to stop increasing and to begin to decrease as
the capacity of the valve exceeded the relatively constant mass input
rate. The valve continued to move open until the reactor coolant pres-
sure had decreased 20 psi below the valve setpoint of 615 psfia. At this
reset pressure the valve was signalled to close but the pressure con-
tinued to decrease as the valve began 1ts closing cycle. Eventually the
valve capacity decreased to less than the continuing mass fnput and the
reactor coolant pressure stopped decreasing and again began to increase
toward the relief valve setpoint. It 1s interesting to note that for
the relatively low values of mass fnput in these examples, the relief
valve did not stroke to the full open position since the valve capacity
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far exceeded that required to relieve the mass input. The valve floated

or tne motive air in the diapnragm chamber during the opening cycle and
did not reach the full open position before the afr was vented from the
operator. However, due to the closing characteristics of the relief valve,
the valve did close completely during each cycle.

The reactor coolant pressure will repeat the cycle through the relief
valve setpoint pressure and reset pressure as shown on Figure 3.1.1 unti)
the mass input is terminated. The figure clearly shows the pressure
transient is quickly mitigated by the reference relief valve for the en-
tire range of charging flow rates and that the peak pressure reached
(less than 625 psia) is less than 10 psi above the valve setpoint.

The effect of a much larger mass input flow rate on the pressure response
and relief valve performance is demonstrated by Figure 3.1.2 which shows
the pressure response for the case of an abnormal operation of the refer-
ence safety injection pump. For this example of a very high mass input
(113 1b/sec) into a 6000 cu.ft. volume plant, the pressure rose rapidly
to the setpoint of the relief valve. Due to the inherent time delay of
the valve operator, the pressure continued to rise about 74 psi above the
setpoint before the vaive started to open. After the valve had started to
open, 1t very quickly provided sufficient capacity to mitigate the pres-
sure transient, but due to the rapid rate of change of system pressure
during the early period of the valve stroke, the pressure rose to a peak
of 770 psia before it began to decrease. The pressure overshoot above
tne valve 615 psfa setpoint was 155 psi for this particular example of
an extreme mass fnput into a small coolant volume.
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For the example SI pump startup case shown on Figure 3.1.2, the relief
valve ¢id reach the full open position during 1ts cycle and, therefore,
when it received the close signal, there was a short time delay for the
motive air to vent from the operator before the valve started to move.
This time delay plus the finite time for the valve to stroke resulted
in a pressure decrease before the valve capacity became less than the
mass fnput rate. When the capacity of the valve became less than the
fnput flow rate, the reactor coolant pressure again began to increase
toward the valve setpoint. The valve will continue to cycle open and
closed with an 8-1/2 second cycle time while following the coolant pres-
sure response until the mass input is terminated.

There 1s a direct relatfonship between the rate of change of reactor
coolant pressure and the rate of mass input into a given system volume
as indicated by Figure 3.1.2 and Figure 3.1.3, and, conversely, there
is also an inverse relationship between the rate of pressure change
and the size of the volume into which a given mass rate 1s injected.
This relationship of the system volume is shown for the particular
case of the reference SI pump mass input into two different system
volumes of 6000 and 13,000 cu.ft. on Figure 3.1.4.

The pressure overshoot above the 615 psia setpoint for the reference SI
pump mess input case was shown to be about 155 psi on Figure 3.1.2, which
gave a peak pressure of 770 psia. To reduce the peak pressure, the
relief valve setpoint can be set at a lower value so that the valve be-
gins to relfeve at a lower pressure. However, the capacity of the
valve 1s less and the mass input from the SI pump is greater at the lower
pressure so the valve 1s not as effective in mitigating the pressure
“transient. These two effects of reduced capacity and higher mass input
result in the pressure overshoot being increused from 155 to 192 psi as
the setpoint 1s reduced from 600 to 400 psig for a net gain of 163 psi in
the peak pressure reached. This effect is shown on Figure 3.1.5.
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HEAT INPUT MITIGATED BY RELIEF VALVE

As shown in Section 2.4, the heat input cases wnich have the potential
for severe pressure transients are those in which the steam generators
exhibit a higher temperature than the remainder of the reactor coolant
system. The magnitude of the difference in temperature is dependent on
the means by which the temperature asymmetry was achieved, but a typical
difference 1s considered to be about 50°F because higher differentials
are more difficult to achieve and are more easily recognized by the
operator.

The transient pressure response for a typical heat input case in which
the inftial reactor coolant temperature was 180°F and the temperature
differential to the steam generators was 50°F (secondary temperature
230°F; steam pressure 21 psfa) 1s shown on Figure 3.2.1. For this
transfent 1n a 6000 cu.ft. plant (2 loop), one of the two reactor cool-
ant pumps was started to circulate the reactor coolant through the
warmer steam generators. As the coolant flow began, the warm water
(230°F) 1n the tubes of the steam generator in the active loop was forced
out and into the reactor coolant pump where 1t was pumped into and mixed
with the 180°F reactor coolant. In the inactive loop(s), the warmer
water from the tubes of the steam generator was forced out in a reverse
direction due to the backflow in the inactive loop, and also mixed with
the cooler reactor coolant. This initial mixing of the warm water with
the larger volume of cooler water caused zn inftfal shrinkage effect and
tended to decrease the initfal coolant pressure.




Simyltaneously, the cooler reactor coolant which entered the steam
generator bdegan to be heated as it moved through the tube bundle. As
heat was added to the coolant due to heat transfer from the secondary
water in the steam generator, the coolant attempted to expand ard
caused a resultant pressure increase. The net effect of the expansion
due to the heat transferred to the coolant and the shrinkage effect due
to the mixing of the warm water into the cooler coolant was a relative-
ly constant coolant pressure in the initfal few seconds of the transient
as seen on Figure 3.2.1. Then, as the flow rate increased and the heat
transfer mechanism became predominant, the coolant pressure increased
rapidly.

The reactor coolant pressure continued to increase until the pressure
reached 500 psfg, the setpoint of the relief valve. The relief valve
was given a signal to open when the pressure reached 515 psia (at 9.2
seconds) but due to the inherent time delay of 0.6 seconds, the pres-
sure continued to increase until about 9.8 seconds into the transient,
at which time the relief valve began to open and the pressure began to
be mitigated. Very soon afterwards, the valve had opened sufficiently
to provide a capacity in excess of the expansion rate of the coolant
and the coolant pressure decreased rapidly after reaching an overshoot
of 100 psi above the setpoint.

For comparison, a transient pressure response for the particular case
in which the temperature differential was only 20°F 1s also shown on
Figure 3.2.1. With the lesser temperature difference, the transient is
much slower and the resultant setpoint overshoot 1s only 15 psi, versus
the overshoot of 10C psi for the 50°F AT case.
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Figure 3.2.2 is presented to show the relationship between the setpoint
overshoot and the temperature difference between the steam generators

and the reactor coolant for three initial RCS temperatures; 100°F, 140°F
and 180°F. For a given inftfal reactor coolant temperature (e.g., 180°F)
the overshoot 1s seen to fncrease with increasing AT, where the 2T as
high as 100°F has been plotted to show the effect. It can aliso be seen
from Figure 3.2.2 that at low values of T, e.g., less than 10°F, no
setpoint overshoot would be expected because the pressure wo.ld only rise
from the fnitfal value of 300 psig to some pressure less than 500 psig
and the relief valve would not be actuated.

As already evidenced in Figure 3.2.2, the initfal temperature of the
reactor coolant also has a significant effect on the magnitude of the
resultant pressure transient for the heat input cases. Figure 3.2.3 in-
dicates the effect of the initial temperature on the setpoint overshoot
for a 50°F differential temperature. By way of illustration, Figure 3.2.3
gives a pressure overshoot of 113 psi at a temperature of 200°F, whereas
the overshoot is only 30 psi for an initial temperature of 100°F.

The heat input transients due to temperature asymmetry in the reactor cool-
ant system are unique in that they are self 1imiting; 1.e., when the
temperatures are brought to equilibrium by the reactor coolant flow, the
transient 1s ended. The use of a relfef valve to mitigate the pressure
transient will result in a valve cycling effect when the valve capacity

is greater than the expansfon rate of the coolant as it is heated, but

the valve will only be required to cycle a few times unti] the temperatures
in the system are brought to equilibrium and coolant expansion ceases.

The first cycle will result in the largest setpoint overshoot. Subsequent
valve cycles will result in diminishing overshoots as the coolant expan-
sfon rate diminfshes until eventually the valve will close and remain
closed.



Figure 3.2.4 describes the first complete cycle for the reference relief
valve as it mitigates a heat input transient with an initial severe te~-
perature difference of 100°F. For this particular case, the valve is
signalled to open at a pressure of 615 psia and the resultant setpoint
overshoot is 145 psi. Then, as the pressure is caused to decrease by the
valve action, the valve 1s signalled to close at 595 psia (20 psi below
setpoint) and the valve closes over a perfod of 5 seconds. The figure
indicates the valve will close compietely and the pre:sure will again
begin to rise toward the setpoint. The open/close cycles will be repeat-
ed but subsequent cycles are expected to become of longer duration and
of lesser magnitude, as the temperatures in the system approach equili-
brium, until the valve will no longer be required to 1ift.
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4.1

NC 1223-03-00

SECTION 4
INSTRUCTIONAL GUIDE FOR
SETPOINT/OVERSHOOT DETERMINATION

INTRODUCTION

Determination of relief valve setpoint for a specific plant requires
knowledge of the expected overshoot which could occur under all possible
mass input and heat input additions for that plant.

Many mass input and heat fnput possibilities were considered in LOFTRAN
analyses which were performed to generate values of setpoint overshoot.
The analyses were performed for operating plant parameters selected to
bracket or bound those of the plants in the W Owners Group on RCS
Overpressurization. The bounding envelope of mass input and heat input
generic results are not generally applicable to any specific plant. To
determine & specific relief valve setpoint, a means of interpolating

the setpoint overshoot from the generic envelope has been made available
and algorithms have been dev:loped to facilitate such interpolation.

The heat input algorithm involves the use of a procedure to interpolate
the setpoint overshoot for plants exhibiting a reactor coolant (RCS)
volume and steam generator design different from those defined by the
generic setpoint overshoot envelope. This procedure {s presented in
Section 4.2.2, together with an example of 1ts application for a specific
RCS volume and steam generator design.
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The mass {nput algorithm involves the use of a procedure for the deter-
mination of a relief valve setpoint, which inciudes interpolation of
setpoint overshoot for plants with RCS volume, relief valve setpoint,
relief valve opening time and mass input rate different from, but in-
cluded within, the envelope of generic setpoint overshoot results. In-
terpolation is expedited through the use of an equation, developed for
this purpose. This equation is based on the adjustment of reference
(generic envelope) setpoint overshoot results by linear application
factors, with one factor determined for each of the input parameters,;
RCS volume, relief valve setpoint, relief valve opening time, and mass
input rate for the specific plant under consideration. The equation
and application factor development is presented in Section 4.2.1.
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Step Procedure Example Application

1 Select relief valve setpoint Setpoint = 500 psig
operating range

2 For 1imiting mass input rate, 8Pppe = 82 psi for mass input
obtain APREF from Figure rate (x) = 60 1b/sec
4.2.1

3 For total RCS volume, obtain Fv = 0.71 for total RCS volume
Fv factor from Figure 4.2.2 (V) = 10,000 cu.ft.

4 For the relief valve opening Fz = 0,733 for relief valve

time (total, including delay), opening time Z = 2.0 seconds
obtain Fz factor from Figure

4.2.3
5 For the relief valve setpoint Fs = 1.14 for relief valve
selected, obtain Fs factor setpoint = 500 psig

from Figure 4.2.4

6 Calculate the product of fac- aP (10,000 cu.ft., 500 psig,
tors ‘PREF' Fv. FS’ and Fz 2 seconds, 60 1b/sec) = 49
determined in Steps 2 through psi+
5 (application of Equation 1).

This is the setpoint overshoot,
aP.

t Conservative - LOFTRAN analysis for these conditions gives an overshoot
equal to 25 psi.
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APREF - Reference Overshoot
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FIGURE 4.2.17
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ss Input
Fz - Relief Valve
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Step

Procedure

we 1223-03-00

Example Application

Add AP (Step 6) to the relief
valve setpoint (Step 1) to
obtain maximum transient pres-
sure, PNAX’ If PHAX <
Appendix G limitatfon, se-
lected relief valve setpoint
is acceptable. If P"Ax >
Appendix G 1imitation, go to
Step 8.

If PHAX > Appendix G 1imita-
tion, selected relief valve
setpoint 1s too high. Reduce
setpoint and repeat Steps 5
through 7 until an acceptable
setpoint 1s determined.

4-9

PHAX = 515 psfa (relief valve
setpoint) plus 49 psi, or 564
psfa. From Figure 4.2.5 at RCS
temperature = 100°F, Appendix G
pressure 1imit = 540 psig + 15,
or 555 psfa. Thus, PMAX >
Appendix G Timitation.

Reducing setpoint by 10 psi
(564 psfa - 555 psia) to 490
psig and repeating Steps 2
through 6 results in AP = 49.4
psi and PNAX = 505 psia +

49.4 = 554.4 psfa. Since 554.5
psia < Appendix G 1imit, 490
psig s an acceptable setpoint.
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§.2.2

MC 1223-03-00

Setpoint Overshoot Determination for Heat Input Transient

Correlations of RCS setpoint pressure overshoot varfation with

RCS volume, steam generator overall UA and initial RCS temperature
are presented in Figures 4.2.6, 4.2.7 and 4.2.8 for the following
conditions:

Initial RCS Pressure 300 psig
RCS/SG aT = 50°F

Relfef Valve Setpoint = 500 psig
SG Heat Transfer Area = 58,000 ft2
6,000 ft> < RCS Volume < 13,000 ft°

4-11
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- INITIAL PRESSURE = 300 PSIG

- RCS PUMP STARTUP IN 1 LOOP
- RCS VOLUME = 13000 CU. FT.
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To determine the setpoint overshoot for a smaller steam generator
heat transfer area and for an intermediate RCS volume, the fol-
lowing interpolation procedure is used. This procedure utilizes
Figures 4.2.6, 4.2.7 and 4.2.8 directly without the introduction
of linearization factors and associated conservatisms as for the
mass fnput zase.

The use of the procedure 1s described for the following example
heat input parameters and the results of the sequential applica-
tion of each step in the procedure to these parameters will be
noted.

PARAMETERS FOR HEAT INPUT EXAMPLE

SG Heat Transfer Area = 29,000 ftz
RCS Velume = 10,000 cu.ft.
inftial RCS Temperature = 180°F

RCS/SG aT = 50°F

Relief Valve Setpoint = 500 psig

Applying the heat input procedure:

4-15




Step Procedure Example Application
3 = ° - =

1 For both ;he 6000 ft~ and For TRCS 180°F, AP.6K 98 psi
13,000 ft~ RCS volumes, obtain and AP‘IBK = 68 psi for RCS
reference setpoint overshoots volumes of 6K and 13K. respec-
APGK and AP]3K from Figure tively.

4.2.9 for the initial RCS
temperature, TRCS’

2 Using both Figures 4.2.10 and For TRCS = 180°F and aP = 98
4.2.11, determine the refer- psi, UA6K = 0.115 (Figure
ence normalized UA (UASK and 4.2.10). For TRCS = 180°F and
UA13K) for both RCS volumes AP]3K = 68 psi, UA]3K = 0.184
using APGK and APIBK deter- (Figure 4.2.11).
mined in Step 1 and for the
{sotherm, TRCS'

3 Determine what fraction, f, 29,000 £t%/58,000 ft° = 0.5
of 58,000 ftz constitutes the
actual steam generator heat
transfer area.

4 Multiply both UAGK and UAnK UA'GK = 0.115 * 0.5 = 0,0575 and
(from Step 2) by f (from Stap UA'13K = 0,184 * 0.5 = 0.092

3) to obtain new normal{ized
UA'6K and UA.IBK values.

+ Setpoint Overshoot, aP = PHAX - PSETPOINT

4-16
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Step

Procedure

Example Application

For the same fsotherm, TRCS’
and for UA"x and UA'13‘.
obtain new setpoint overshoots
AP;‘K and AP',,K ;or the 6000
ft™ and 13,000 ft° volumes.

For the actual volume, VRCS'
Tinearly interpolate the set-
point overshoot, "‘VRCS' for
the new steam generator UA
from the relationship:

From Figure 4.2.12, for TRcs :
180°F and UA'gy = 0.0575,
8P'ey = 84 psi. From Figure
4.2.13, for TRCS = 180°F and

UA'nK = 0,03, AP"JK * 35 psi

For VRCS = 10,000 cu.ft.,
AP"K = 44 psi and AP'13K = 35
psi,

&P vaes * 8" 1ok *
'] - 6000
' s ' ] ‘ s 6 00
aP 6K ° (aP 6K ° AP ,3K) 44 . (44 . 3y
= 39 psi

This "VICS is the overshoot corresponding to the actual steam generator
heat transfer area and RCS volume,
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OEVELOPMENT OF INTERPOLATING MASS INPUT EQUATION

The.following, simplified equation is utilized for determining mass input
setpoint overshoot for a specific set of plart input parameters from the
generic data.

aP (V, S, Z, x) = APREF (x) * Fv » FS * Fz (1)
where:
&P (V, S, Z, x) = setpoint overshoot, psf
v = total RCS volume, cu.ft.
S = relief valve setpoint, psig
b4 = relfef valve opening time, seconds
X = mass fnput rate, 1b/seconds
&Pper (x) = reference overshoot at mass input rate x, psi
Fv = RCS volume factor
Fe = relief valve setpoint factor
F; = relief valve opening time factor
Equation (1) involves obtaining a product of a reference overshoot ‘PREF'
and three application factors which account for variation in the APREF

from reference values of RCS volume, relief valve setpoint and relfef
valve opening time. Linearizatirns involved 1n the development of Equa-
tion (1) will necessarily introduce some degree of conservatism in the
pressure overshoot and in the determination of relfef valve setpoint.



4.3.1

Analytical Basis

Development of Equation (1), and, more specifically, the develop-
ment of the three application factors is based on an elementary,

linear, algebraic equation involving one dependent and one inde-

pendent variable, or

f(x) =ax + Db (2)
If this 1inear function is defined to pass through the origin of

the coordinate system, and if f(x) takes on the constant value ¢
for a specific, reference value of x = X then

f(xr) =c
b=0
as= c/xr
and Equation (2) becomes
f(x) = (&) x (3)
r

Now consider two linear functions of x, f‘(x) and fz(x). both
passing through the origin of the coordinate system, with

f1(xr) = c (4)
fz(xr) = c, (5)

These functions may be written as

4-24
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-
fl(x) - (X-_) X (6,‘

r

and cz
fa00) = (52) x (7)

Both functions f] and f2 are graphically depicted in Figure 4.3.1.
In solving Equatfons (6) and (7) simultaneously, the equation for
one linear equation may be obtained in terms of the second equa-
tion by multiplying the second equation by the ratio of c(x.)
values for the two functions, or
<, i

fz(x) = fl(x) . E; (8)
This analytic technique for the determination of one linear func-
tion from a known second 1inear function through the use of a
multiplication factor is extended to the development of interpola-
tive factors for the generic mass input study.

Development of Application Factors
| X Fv - RCS Volume Factor

Consider the setpoint overshoot-mass input rate correlation
shown 1in Figure 4.3.2 for Vacs = 6000 (6K) 1t and relief
valve setpoint = 600 psig. If this curve 1s )inearized from
the point (4P, mass rate) = (155 psi, 113 1b/sec) through
the origin (0 psi, O 1b/sec), the resultant 1inear function
as shown in Figure 4.3.3 exhibits the same characteristics
as the linear analytic function fi(x) described earlier,
namely
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¢
< = ]
fl(x) ‘PGKIGOO(') (;:) X (8)
where:
‘PGKIGOO(“) = linearized reference setpoint overshoot, psi
X = mass 1nput rate, 1b/sec
X = reference mass input rate, 1b/sec
< * 8Pgxs600(%p)s Ps

For the reference conditions of 6000 ft3 RCS volume and 600
psig relief valve setpoint, Equation (3) may be written

Per/600x) * (TFTefsec) * * Pagr () (10)

Further, assume that the setpoint overshcot for the same
600 psig setpoint but for a 13,000 ft> RCS volume, or
“PlaxIGOO' may also be represented by a second linear func-
tion (Figure 4.3.4), namely,

C
f(%) = 8Py 6ao(X) ® (é) X (1)

where:
‘PIJK/GOO = 1inearized setpoint overshoot for the second
1inear function, ps{

&Py 3x/600 (%p)s PSt

2

For V = 13,000 ft3 (and S = 600 psig), Equatfon (11) may be
written:

&Py axs600 (X) = ( o) * (12)
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where:
€, = ‘PIJK/GOO (113 1b/sec) = 75 psi

From Equation (8), Equations (10) and (12) may be combined
to give the setpoint overshoot for a 13,000 ft3 RCS volume
in terms of an overshoot determined for the reference 6000
ft3 volume, and a ratio of overshoots (czlc]) determined at
the reference mass input rate, or X, = 113 1b/sec. This
relationship, for which setpoint remains unchanged at 600
psig, may be written

o

8Py 3x/600(%) = 8Pgy 600 (%) * g
75

= 8Pper () * o

= 0.484 aPpep (x) (13)

3 3

For RCS volumes intermedfate to 6000 ft” and 13,000 ft 3

values of < will vary between

75 psi < €, < 155 psi
and the °2/°l ratio will vary between

0.484 2606 < 1.00
If the czlcl ratfo 1s set equal to Fv. the RCS volume appli-
cation factor, 1ts varfation with RCS volume would be as
shown 1n Figure 4.3.5, and the setpoint overshoot at 600 psig

relief valve setpoint for any 6000 £t < v < 13,000 ft° would
be obtained from the relationship
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& &Py /600 (%) = 8Ppep (x) * F, (14)

where:

APV/600 (x) = setpoint overshoot at mass input rate x for
RCS volume V and S = 600 psig, psi

8Pper (x) = reference setpoint overshoot at x (6K/600)

Fyv = RCS volume factor

" g. FS - Relief Valve Setpoint Factor

Just as the AP6K/600 (x) and ‘PIJKJGOO (x) functions were
Tinearized in Figure 4.3.4 for a change 1n RCS volume from
6K ft3 to 13K ft3. linear correlations for setpoint varia-
tions from 600 psig to 400 psig can be drawn as shown in
Figure 4.3.6. Further, just as Equatfon (8) was utilized
to relate one 1inear function to another for RCS volume
varfation from 6K ft3 to 13« fta. 1t may also be applied

. ( to the situation where setpeint 1s varied. In this case,
to obtain the setpoint overshoot 4P at 400 psig for a 6000
ft3 plant knowing aP at 600 psig, Equation (8) 1s util{ized
to obtain

4P () * Pese (x) * B3
6K/400 REF CI

= &Pex /600 (x) * (“I'gé)

= 1,25 AP6K/500 (x) (15)
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For a RCS volume of 13K ft3. this relationship (for a set-
point change from 60C psig to 400 psig) would be

#13¢/400 (%) * 8F13¢/600 (*) * (78)
“ 1.27 8Py 5y 600 (0) (16)

To ensure a conservative determination of setpoint overshoot
for a setpoint variation at any RCS volume, the maxfimum co-
efficient (1.27) in Equations (15) and (16) 1s utilized in
the development of the application factor for the generalized
correlation for setpoint varfation. In this correlation, for
any relief valve setpoint between 400 psig and 600 psig, the
setpoint overshoot for RCS volume V from Equatfon (15) is
given by

8Pyss (x) = 8Py eq (X) * Fg (7)

whare:

Fs = relief vaive setpoint factor as defined in Figure
4.3.7

S = relief valve setpoint 400 psig < S < 600 psig

Incorporatir; the volume varfation effect from Equation (14),
Equation (17) becomes

8Py (x) = 8Py co0 (x) * Fg

- APREF (x) * Fv . Fs (18)
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To this point in the development, the effects of relief
valve setpoint and RCS volume varfations on setpoint over-
shoot have been accounted for in Equat‘on (18). The

effect of relfef valve opening time remains to be considered.

Fz - Relief Valve Opening Time Factor

Figure 4.3.8 describes the varfation in setpoint overshoot
4P with relief valve opening time, which includes a time
delay (for afr accumulation prior to valve stem motion)
equal to 20% of the total opening time. Correlations are
presented for 400 psig and 600 psig relief valve setpoints
at RCS volumes equal to 6000 ft> and 13,000 ft°.

To facilitate the determination of setpoint overshoot with
variation in valve opening time, each correlation in Figure
4.3.8 was 1inearized by drawing a line, tangent to each

curve at the reference condition (relief valve opening time =
3 seconds), and intersecting the abscissa at a point to the
11ft of the origin.

Figure 4.3.9 11lustrates this procedure for the reference
case (600 psig setpoint, 6000 ft3 RCS vclume). If the new
origin defined by the 1inear approximation 1s designated as
0', and the displacement of the origin as aZ', then the co-
ordinate system for the linear functions will have a new
abscissa, Z, defined in terms of the original abscissa Z'
(where: 0 seconds < Z' < 3 seconds) and the displacement
aZ', or

1=12"+a2'

4-37

00

(19)



MASS INPUT

Reference Relief Valve
Stroke Time

————— . ' - T 4 T LAEE 350 ERE T S 137 . T
|| R T 5 B 5 R f !l T P
& T o e e
e Ll S | il .‘lc : i :
W I O 2 Y ok B e - .
W T S S **t L * e e R LT T HIH o : g
I%IT’ * i B FLes W H TRl m 8 [HE :TMW :
. 1:e i HE R (MR B0 [RR R : 1
o . e S H s i oe OB - 3 b9 A ST P 3 . - 3
h _ , , .M 4 i i = e = T
R e . ~rr - i 1 i T
. 3] 1 4 g o i @ _. j
= M " o M e s L ~F -t 1 4T
._l | ki HA (11 o Jiid e e '
v'. o — ] - .3 4. - R . 3
: -— : f _ S H m w» ! :” i3 3 &
' & 1] o il &1 7
rl'r R w 1| R L e o o
S TN & UaINEEEE - -
- i o B Wl - a
s IR S B o .
; | 4l 5
i S
e L
i :
i 33 1 F .
L & i

S
Z- s B o

-h

7

¥alve Opening Time, Seconds

-

4-38

01S1 9%

I8 w dove w382
IR XN Iﬂi-&lﬁﬂﬂU!ﬁO‘b!l




2

3
——
.
'
1
4
3
E

i

—

‘4‘_“" o
§ i

| i

e

gl | L :
’ ﬂl. | u. h,. . M ,-M b u.
- h v h ” “ “ | = = i
m~:%.§,, R R 8 e
“11%. . | | | _ | _ . ™ 3|
n”wtr;f. I w B 5 S LD .H..ﬁak. el M
1oy e ] R S N o I"T°T | -t 1 e
REIR F L il
“ ~ e . ve _] -4 4 - Nn { glATl. - ;m 4
7 : m L ERIR Lk A
" o .+.1 a iy
| g | .
P .‘_
i |
o)
\

MASS INPUT
Reference Relief Valve
Stroke Time

ke oot ge g e gomioy o sgeoge

Salve Opening Time,

Zho

. m | ; T L# x

| | 11 : fl._fﬁ T T 1ifﬁﬂ.. -

- , - — ] _ | | . R L § M - Tt
TETTRITT R IER AR RERE D Ny

9 O O O o o e T I e o .

_ “ _ _ T _ — . “ .#_ _- m .- Bysd .u:wgﬂ.omulu 7-;M21: has .‘L : AMT;‘

1 T VRO O O o o I 0 i

( - ( O1S1 9 o NIR W pwg%ﬂleuhhaﬂﬂbﬁqu w.z ( o/

4-39




For any relief valve opening time, Z', therefore, the
setpoint overshoot AP may be obtained from the linear rela-
tionship

0Py s (%, 2') = (gt * 2Py (x) (20)
= FZ b APV/S (x) (21)

The Fz factor was optimized from a linearization of all the
correlations in Figure 4.3.9. It was determined that both
setpoint parametrics for 6000 ft3 RCS volume produced the
largest abscissa displacement (aZ' = 0.75 seconds). This
displacement maximizes the Fz factor to ensure a conservative
setpoint overshoot. A plot of the Fz factor with valve
opening time, Z', 1s shown in Figure 4.3.10. It should be
noted that conservatism in overshoot determination increases
as the relief valve opening time is reduced from the 3 second
reference value.

By way of fllustration of the use of the FZ factor, consider
a relief valve opening time of 2.0 seconds. The reference
setpoint overshoot ‘PREF (= APGK/GOO) would be determined as
follows. From Figure 4.3.10, for Z' = 2.0 seconds,

F, = 0.73

b4

from Equation (21),
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‘PSKIGOO (x, Z' = 2,0) = 0.73 * ‘PREF (x) e

= 0.73 * 155 pst
= 113 pst

This compares almost exactly with the setpoint overshoot
given in Figure 4.3.8. For smaller valve opening times,
use of Equation (21) will give progressively more conserva-
tive values of overshoot.

Incorporating the effect of relief valve opening time as
given by Equatfon (21) into the expression (Equation 18)

which reflects the effect of relief vaive setpoint and RCS
volume interpolation, the following expression 1s derived:

8Py /s (x, 2') = &Py /s (x) * F,

= &Pper (x) * Fv » Fs » Fz (es.
or

&P (V. S, Z, x) = aPpee (x) * Fy * Fg * F,
which 1s the simplified interpoiating equation (Equatfon 1)

used in the algorithm for setpoint determination for the mass
input transient.
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SECTION §
CONSERVATISMS IN STUDY

The analyses presented in this report were conducted such that certain para-
meters provided 2 degree of conservatism in the peak pressure reached during a
transient. By selecting more realistic values of the parameters, the peak
pressure would be reduced. This section describes the use of five particular
items, each of which resulted 1n a conservatively high calculated value of the
peak transient pressure.

5.1 RELIEF VALVE STROKE TIME

The reference relief v.lve selectec for use in this study was considered
to have a total opening time of 3.0 seconds from the instant the signal

to open s recefved until the valve reaches the full open position. Many
of the pressurizer power operated relief valves have been found by experi-
ence to act in less than 3 seconds.

To evaluate the effect of a decrease in the stroke time, a calculation

was made for the particular case of mass input from the reference S!I pump
fnto a small 6000 cu.ft. volume system, for two values of valve stroke
time. The first time was the reference stroke time of 2.4 seconds (that
s, no delay time to f111 the air system) 1n which the overshoot above

the setpoint was found to be 80 psi. When the stroke time was reduced
from 2.4 to 1.5 seconds, the overshoot was reduced to about 62 psi. Ex-
trapolating the data to a value of zero overshoot, corresponding to a valve
that opens instantaneously, the relationship shown on Figure 5.1 s ob-
tained. This figure indicates the sensitivity of the setpoint overshoot to
the time to stroke the valve and the advantage provided by the faster
valves.



The effect of the stroke time on pressure overshoot for two valves is also
shown on Figure 5.1.

5-2



e .
w
"
o H R
— 4 s
- 30 I
[ :
H 1 2 e
e 1 B
H B
..:q_!. | \A,j
N H il W I F
i | " L
.fl. H O ey
H ! FNV__. %
| - i o Wi
i - i oIl
rep wo . W L
1 I | w | B3] I
i m’- “ . l—,...w.
%ﬁ. w il
. o . X
__!.r.* E 4 (B G!a!
T w Fws & T ® .
L1 > w =—x0 1> | = f
1 v 1 - > [ N ] 19 B i = 1
i < wn e G - 1w w T
it *5c 3 EES 5 $ i
L SO “_ " _,L_ -
1R e | EMS ..UVEP- -“ “ B B
BTl 2wl S50y 3 -
! ol ; 5 B
bl ®X> DoaIex Bl | > il
11 -0 & - - 2 . ”
1 e v w a3 g & i
R 0O W xXug<o “
LEa PR || - w = = -
1 ! \ L~ = -l - T o 1
it EES Se¥El “
L)l ke e .
TR Y wWoa 1o
- o

T8 HLH Y _: i

L,g... 35 PETH B : _ “ T
(R
Ll R T P i

ots19¥ 7 weern WANLEBTDINY o S

5-3



5.2

EFFECT OF METAL EXPANSION

The coolant pressure transfents for all cases presented in this study
were computed assuming that the coolant was enclosed by a rigid, non-
yielding boundary and that the pressure change was a direct result of
the inability of tha coolant to expand into a larger volume. In
reality, the pressure boundary is elastic, and for each increase in
coolant pressure, there is a finite increase in system volume which
will tend to mitigate the coolant pressure response.

To evaluate the significance of the pressure boundary elasticity effect,
an estimate was made of the unit change in system volume for a particu-
lar change in internal system pressure. Only the simple geometric
shapes of cylinders and hemispheres were utilized in the delta volume
calculetion and the other portions of the pressure boundary; reactor
vesse! upper head and nozzle course, pump casing, steam generator inlet
and outlet plenums and miscellaneous connecting piping were assumed to
be inelastic.

Table 5.2 summarizes the results of the calculation to determine the
change in volume, for a coolant pressure change of 1000 psi, of each
major portion of the reactor coolant system. The first two columns
indicate the total coolant volume enclosed in the elastic section under
consideration and the second two columns indicate the change in volume
(cu.ft.) of each of the sections under a 1000 psf internal pressure.
The last two columns are listed to show which sectfons contribute the
greatest percentage of the total volume change.
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Table 5.2 indicates that for a volume typical of a 2 loop plant, the
total volume will increase about 3 cu.ft. for a 1000 psi pressure
change. To evaluate the effect of this increased volume, the mass in-
Put case with the reference SI pump was recomputed by considering that
a portfon of the mass input supplied by the pump 1s used to f111 and
pressurize the additional volume made available by the metal expansion.
For the particular case evaluated, 1.e., the reference SI pump and 6000
cu.ft. volume plant, 1t was determined that only about 83% of the pump
flow was effective in increasing the coolant pressure and the remaining
flow would be used to fi11 and pressurize the expansfon volume.

Figure 5.2 describes the reduction in the peak pressure reached in the
cycle when the pressure boundary expansion 1s taken into consideration.
The figure shows the pressure overshoot above the setpoint calculated
for the fnelastic case 1s at least 35% higher than the realistic pres-
sure overshoot for the actual elastic system. A similar significant
degree of conservatism is inherent in all analyses presented in this
study.

The pressure boundary would also change dimensions if the temperature of
the metal were changed during the transients. For the mass {nput cases,
the system was assumed to be fsothermal at 100°F so for these cases
there would be no dimensfonal change. However, 1n the heat fnput cases
the reactor coolant did increase in temperature due to the heat trans-
ferred from the steam generators but at such a rapid rate that the
massive metal parts of the reactor coolant system could not be changed
in temperature during the short term transients considered. Therefore,
the temperature effect on metal expansion was not included in this study.

5-5



9=

TABLE 5.2

RCS VOLUME
SUMMARY
Total, ft 4V/1000 psi i :
4 Loop 2 Loop 4 Loop 2 Loop 4 Loop 2 Loop
REACTOR VESSEL 3775 2089 2.3 1.32 42.0 43.9
(Tower shell and head) -
PRESSURIZER 1800 1000 1.34 0.73 2.8 24.2
STEAM GENERATOR 3065 1532 1.44 0.72 25.6 23.9
(tubes only)
PIPING 1225 612 0.48 0.24 8.5 8.0
(equivalent 29" ID)
1 5.63 .0 |




=

1404~‘l

FIGURE 5.2

+03-00

4
13 i _
T I t .
1 s ( | 4
: o Ly -
! m =
i M mﬁ. -
{) ! i ! 2
]
1 FS1 TS m
" ]
11

i
i
'
}

1

| SR LR g

|

.

EFFECT OF MATERIAL EXPANSION ON

PRESSURE OVERSHOOT

~REFERENCE S! PUMP STARTUP
=RCS VOLUME = 6000 CU.FT,

=INITIAL RCS PRESSURE = 50 PSIG
7 ~RELIEF VALVE SETPOINT = 600 PSIG

T Y 1
K I ;
.Nv». piied ! I
Hh b Y
«4 1 . oGt *‘
.m. 114 ]
il ki Sod  ha 4 ! :
i vileir} B B :
il 1 3 %
- J T $ o5 3
: i'h 4. "r -~
115 midfereey 1 .
4 _ | 4 :
™ t e A
i = 1
_ -] )
: '

REFERENCE S| PUMP

5 R

i et

’ - o —
M . X T <44 <! ...L:f o
gl - Heed (R W A Lt
Ri ) _1 LT B HRE
3 4 139 2 e B

" H
. [ 98 cs gane —
| | t
i RN B :
TEE TE Rt R0 pReey JEOE) LA et ()
vt,’A.. " - .D. L lﬁ.‘ p—
: T I T HEI A HTH
¥ :
il it m_»: &

-+ HE

S A O

§-7



5.3

EFFECT OF REACTOR COOLANT AND INJECTION WATER TEMPERATURES - MASS INPUT
CASES

A1l of the mass input transients evaluated considered the reactor cool-
ant to be isothermal at a temperature of 100°F (except the pressurizer,
see Section 6.1) during the period of injection. At this low tempera-
ture, the bulk modulus of the water 1s at 1ts maximum value (least
compressible), which results in the greatest unit pressure change for
any given unit volume change and hence the most severe transient. If
the injection water temperature i1s equal to the coolant temperature and
the uniform temperature of the coolant is about 210°F at the time of

the mass injection, the bulk modulus would be about 8% lower and conse-
quently the unit pressure change for a given volume addition would be 8%
less. At higher coolant temperatures the compressibility increases
markedly, and, hence, the mass input transients become less severe as the
temperature 1s increased.

A second effect of a higher initial coolant temperature which also was
not included in the mass input cases is a shrinkage effect, which occurs
when cold injection water mixes with the warmer reactor coolant. The
effect of mixing a volume of cold water with a volume of hot water is a
net shrinkage of the total fluid volume, and 1f the mixture 1s compressed
in a fixed volume, the result will be a reduction in the compression
pressure. No credit was taken in any of the mass input analyses for this
shrinkage effect.
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EFFECT OF STEAM GENERATOR MASS AND OVERALL HEAT TRANSFER COEFFICIENT -
HEAT INPUT CASES

Two parameters which directly influence the transfer of heat from the
hotter steam generator secondary to the colder reactor coolant are the
heat source provided by the water mass contained in the steam generator
secondary side, and the rate of heat transfer across the steam genera-
tor tubes as determined by the overall heat transfer coefficient.

The quantity of heat available for heat transfer to the reactor coolant
{s dependent on the mass of water in the steam generator secondary and
{ts temperature. In the LOFTRAN program, the entire steam generator
secondary water mass 1s considered to be active in the heat transfer
process. Since 1t 1s unlikely that free convection circulation will
occur between the steam generator secondary mass in the tube bundle and
the warmer mass above 1t or with the water in the downcomer region, the
use of the steam generator secondary tube bundle mass alone would con-
stitute a reasonable representation of the heat source in LOFTRAN. In
all of the heat fnput analyses, however, the entire steam generator
secondary water mass of 215,000 1b. was input for the heat fnput study.
This large mass provided a degree of conservatism in the setpoint over-
shoot data obtained.

The free convective secondary si . heat transfer coefficient, hsec' can
be shown to control the primary .. secondary heat transfer. Depending
on the magnitude of the reactor coolant flow rate (which determines the
primary side heat transfer coefficient, hpri) at any time following the
pump startup, the heat transfer resistance due to "soc can constitute up
to 90 percent of the total resistance. For this reason, the overall
heat transfer coefficient, U, used in the heat input LOFTRAN model was
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assumed to be equal to hsec' This assumption also provides conservatism
in the heat input analyses since it ignores the added resistance to heat
transfer of the primary side film and the tube wall.

An assessment was made of the effect of the steam generator mass and
overall heat transfer coefficient conservatisms on the calculated set-
point overshoot. The conservative and more realistic (less-conservative)
LOFTRAN heat fnput models used for the assessment utilized the following
assumptions in their input develcpment.

LOFTRAN Model

Parameter “Conservative Realistic
Steam Generator Secondary Entire mass cor- Mass correspond-
Water Mass, 1b responding to ing to tube bundle
no-load steam coverage only
generator water
level
U, Overall Heat Transfir Equal to h Includes h .,
Coefficient, BTU/hr fté °F  only heoo and P
tube wall conduc-
tivity

Results obtained with these two models are shown in Figure 5.4 in the
form of setpoint overshoot versus time after the relief valve starts to
open. These results demonstrate that removal of the secondary water mass
and heat transfer conservatisms used in the heat input analysis could
result in a reduction in setpoint overshoot of as much as 48% (335 psi to
175 psi) for the particular case of a pump startup in one loop of a two
loop, 6000 ft3 plant with a RCS/SG temperature difference equal to 100°F
and inftial RCS temperature equal to 180°F.
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It should be noted that this dramatic reduction in overshoot {is based
partly on consideration of a heat transfer mode! for which only a very
Tow flow of reactor coolant through the steam generator tubes was as-
sumed, resulting 1n a significant hm.1 contribution. The magnitude of
coolant flow, which will be in effect to influence hpr1 and heat trans-
fer at any time following pump startup, 1s a function of the pump
startup transfent. If a flow startup transient is very slow, the as-
sumption of low flow during the pressure transient would be valid and
the setpoint overshoot response shown for the less conservative mode)
in Figure 5.4 would be realistic.
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EFFECT OF REACTOR COOLANT PUMP STARTUP TIME - HEAT INPUT CASES

The rate of heat transferred from the steam generator to the reactor
coolant, and consequently, the rate of coolant pressure change and set-
point overshoot obtained for the heat input analyses, {s dependent on
the quantity of colder reactor coolant exposed to the hotter steam
generator secondary heat source at any particular moment. The rate at
which the colder coolant displaces the hot coolant in the steam genera-
tor tubes is directly related to the rate at which the coolant flow rate
increases with pump startup.

For the Westinghoute Model 93A pump startup, the LOFTRAN program cal-
culates that full loop flow occurs in approximately 9 to 10 seconds,
based on internal calculations performed using default homologous pump
data provided in the program. This rate 1s faster than the s*artup
rate normally considerec as representative of the 93A pump.

A1l of the pressure transients and corresponding setpoint overshoots ob-

tained with the LOFTRAN program for the hest input studies reflect this
flow startup conservatism.
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SECTION 6
OTHER CONSIDERATIONS

EFFECT OF PRESSURIZER WATER TEMPERATURE

In a water solid reactor coolant system, the compressibility of the
coolant s related to 1ts temperature. For the mass input studies, the
analyses were to be performed for an fsothermal coolant temperature
equal to 100°F. However, for LOFTRAN to maintain a prescribed initial
coolant pressure, Po. the pressurizer must be maintained at the satura-
tion temperature, Tsat' corresponding to Po. In the analyses, T“t

for the range of Po considered (50 psig to 450 psig) varies between
approximately 300°F and 460°F, which is several times higher than the
fsothermal (100°F) temperature required. Thus, the pressurizer water
volume at Tsat > 100°F introduces into the mode! additional compressi-
bility, which would reduce the setpoint pressure overshoot for the mass

fn;put transient.

The amount of overshoot defect 1s dependent on the volume of the warm-
er compressible mass, 1.e., pressurizer water volume. Figure 6.)
fllustrates this effect. From this figure, a reduction in hot (approxi-
mately 300°F) pressurizer water volume from 1021 ft3 (pressurizer volume
plus surge 1ine volume for the 6000 ft3 volume, 2 Toop LOFTRAN model) to
100 ft3 produces a corresponding increase in setpoint overshoot of 22
psi (133 pst to 155 psi), or about 15 percent. Further reductfon in
pressurizer volume from 100 ft3 to 10 ft3 produces an increase in over-
shoot of only 3 psi (155 pst to 158 psi), or less than 2 percent.



4

To avoid problems with internal LOFTRAN computations assocfated with
the use of a very small pressurizer, and since the 100 ft3 mode!l pro-
duces only a negligible compressibility effect, the 100 ft3 pressurizer
water volume was selected for use throughout the mass input and heat
input analyses.



COMPRESSIBILITY EFFECT OF
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6.2

EFFECT OF BACKPRESSURE ON RELIEF VALVE

The reference relief valve was considered to discharge into the pres-
surizer relfef tank against a small backpressure caused by the nitrogen
pressure in the tank. Normally this gas pressure will be less than §
psig, but for this study the backpressure was considered to be 10 psig,
which is above the typical high pressure alarm.

As the relief valve discharges into the relief tank, the nitrogen gas
and vapor enclosed in the tank will be compressed as the water level

fn the tank rises. A continuous discharge into the tank will ultimate-
ly increase the gas pressure to 100 psig at which time the safety head
(rupture disk) will open and the gas will be released to the contain-
ment. Therefore, the maximum static backpressure on the relief valve
will be 100 psig.

The expected discharge flow rate from the reference relief valve {s
relatively small for the size of the discharge lines and relief tank when
compared to the design flow rate from the pressurizer safety valves. There-
fore, the dynamic backpressure on the reference relief valve 1s negligible.

To evaluate the effect of the change in static backpressure on the
valve, a comparison was made between the setpoint pressure overshoot for
the case of an extremely high mass input into a small system volume
(1imiting mass input case) with both a 10 psig and 100 psig backpressure.

For the first relfef valve 11ft cycle, the peak pressure due to an
overshoot of 154 psi above the 600 psig setpoint was found to be 754
psig. Then 1f the injection into the reactor coolant system continues,
the backpressure will increase with each subsequent relief valve 1ift
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cycle, reaching a maximum of 100 psig. With the 100 psig backpressure,
the flow rate through the valve will be slightly decreased (see Figure
2.2.1) and the consequent pressure overshoot will increase to 153 psi
above the setpoint, resulting in a peak pressure of 759 psig. Subse-
quent relief valve cycles after the relief tank has vented thraugh the
rupture disk will result in lower peak pressures.

If the reference case described above s considered to be typical of

a 2 Toop plant with a relief tank having a nominal volume of 800 cu.ft.
and an initial gas volume of 172 cu.ft., the reference SI pump would
Cause the tank to fil1l and pressurize in about 1-1/2 minutes. Therefore,
it 1s concluded that, for this example 1imiting mass input case, the
relief valve first will cycle 8 to 10 times with the peak pressure for
each subsequent cycle being perhaps 0.5 psi greater than for the

previous cycle. Then, after the rupture disk opens, the backpressure
will be removed and the subsequent pressure cycles will be similar to
the first valve 11ft cycle.




6.3

CAPACITY OF MULTIPLE RELIEF VALVES

The analyses presented in this study considered the use of a single
air-operated relief valve, 1.e., the refererce relief valve, to limit
the pressure transients. In all cases, the single reference valve
was capable of mitigating the transient since its capacity when full
open was greater than any of the mass input rates.

To evaluate the effect of a change in relief valve capacity, a few
cases were studied in which the relfeving capacity was doubled by
considering two reference relief valves in service. The results are
shown in Figure 6.3.1 for two particular cases of mass input. With

the expected rates of mass fnput from the charging/letdown flow mis-
match case, the effect of the increased capacity on setpoint over-
shoot 1s insignificant; but there is a substantial effect on the rate
of pressure decrease while the valves are relieving, which 1s primarily
due to the slow closing time used in the analysis. It can be concluded

that the capacity of two valves is much greater than required, and, coupled

with the slow closing times, could be undesirable under certain circum-
stances.

~ For the case of a large mass input into a small reactor coolant volume,

as described by the reference SI pump case shown in Figures 6.3.1 and
6.3.2, the doubled capacity provided by the second relief valve does
cause the pressure transient to be mitigated earlier and results in a
23% decrease in the pressure overshoot, 1.e., from about 155 to 119 psi.
However, since the pressure increase 1s terminated by one valve, it can
be concluded that one reference relief valve has ample capacity to miti-
gate this severe transient and, hence, the additional capacity, such as
provided by a second valve, is not required.
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The results of a typical study of the effects of multiple valves for

@ severe heat input case are shown in Figure 6.3.3. This figure also
shows that, as a result of doubling the relief capacity, the pressure
transient 1s mitigated earlier and that the pressure overshoot is re-
duced, e.g., for the 600 psig setpoint case the overshoot 1s decreased
21% from 140 to 111 psi. However, as in the case of the severe mass
input case, the capacity of one reference relief valve was shown to be
sufficfent and additional capacity 1s not required.
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6.4

MC 1223-03-00 -

RELIEF VALVE CYCLING

The reference relief valve has a unique characteristic of operation in
that 1ts position is determined by an air pressure under a spring load-
ed diaphragm in the operator. When air is admitted or vented, the
spring will be compressed or relaxed as the diaphragm moves. Air is
controlled through a small solenofd valve which 1s positioned by an
electric signal to efther admit afr into the valve operator or to vent
the air from the operator to the atmosphere. If the solenoid 1s quick-
ly signalled to change position (cycled), the air may not be capable of
moving the diaphragm through a full valve stroke, 1.e., the valve could
theoretically float on a cushion of afr.

In some of the analyses of this study it was found that the relfef
valve had excess capacity such that the relief valve did not reach the
®ull open position before 1t was signalled to close. For these cases,
the valve actually floated on the motive air as 1t stroked partly open
and then returned to the closed position in preparation for another
stroke.

The reference relief valve was considered to have a 3 second opening
time, when stroked fully open, and either a 5 or 20 second closing time
when stroked from fully open position. With the use of relatively short
closing times, the valve will always return to the full closed position
and all the air will be vented with each cycle; hence, the opening
characteristic for each subsequent cycle will include the conservative
time delay of 0.6 seconds before the valve starts to open again.
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For the mass input cases, the relief valve was found to cycle open and
closed to intermittently discharge the excess mass injected. The
greater the rate of mass input the more rapid the valve cycling. As
seen from Figure 6.4.1, for a typical case of a charging/letdown flow
mismatch in the range of mass input of 40 to 120 gpm, the valve will
cycle about every 17 seconds 1f the injection flow 1s about 120 gpm
and every 42 seconds if the flow 1s 40 gpm. This valve cycling will
continue until the operator intervenes to restore letdown or to stop
the mass input. For an extreme case of a high mass input rate, as for
example the reference SI pump injection at about 830 gpm, the relief
valve would cycle open and closed every 8-1/2 szconds until the operator
terminated the input.

The cycle time for the valve can be lengthened by slowing the rates at
which the valve opens and closes but this would result in a larger
pressure cycle. Figure 6.4.2 shows the effect of a longer closing time
on a typical large mass input transient. For this example, the cycle
time 1s almost doubled. However, since there is a minimum coo int pres-
sure required to protect the reactor coolant pump seals from possible
damage, 1t would not be acceptable to allow the pressure to decrease
below about 300 psig. This is an economic consideration which must be
ifncluded in the overall system design. Some plants, however, have clos-
ing times equivalent to the opening times (less than 3 seconds) and
"undershoot" 1s not a problem.

Another consideration regarding relief valve cycling 1s the effect of

two valves relfeving simultaneously, which 1s a 1ikely event. When the
two valves are signalled to open, the effective capacity is double and
neither valve has to 11ft as far for the pressure transient to be miti-
gated and the valves signalled to close. Figure 6.4.3 11lustrates the

6-12
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Characteristics of the pressure response for both the credible charging/
letdown flow mismatch case and the extreme mass injectfon case represent-
ed by the reference SI pump injection. As would be expected, the setpoint
overshoot fs reduced, but due to the high relief capacity during the valve
closing period, the coolant pressure decreases markedly for the 2 valve
case. For the charging flow case with these particular plant parameters,
there would be a concern for the reactor coolant pump seals for relfef
valves with slow closure times and capacities greater than the reference
valve. For those plants with valve closing times equal to opening times,
the undershoot would be expected to be similar to the overshoot. Thus,
the ccnsideration of the pump seals would not be applicable.
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6.5

MC 1223-03-00

RELIEF VALVE CAPACITY CHANGE WITH FLASHING

The reference relief valve for this study {s assumed to be located on
the pressurizer (1.e., the power operated relfef valve) and therefore
the bropert1es of the fluid released are those associated with the pres-
surizer. The analyses presented in this study are primarily based on
past experience with operating PWR plants and an evaluation of the most
T1kely conditions under which a relief valve actuation might be required.
It was concluded that the cold shutdown, solid water mode of operation
was the predominate one to study. However, during plant heatup and cool-
down operations when the plant is being continuously monitored and
carefully controlled manually by the several trained operators, there

is a short perfod of time when the pressurizer 1s filled solid and its
water temperature is at or near saturation for the particular reactor
coolant pressure being maintained (350 to 450 psig). If the relief
valve should 1ift at this time, there would be flashing of the fluid as
1t passed through the valve, with a consequent decrease in moss relief
capacity.

To evaluate the effect of the reduced mass flow on a typical pressure
transfent, a reference SI pump mass input case was evaluated both with

& cold pressurizer and with a relatively hot pressurizer. The cold pres-
surizer case is presented in other paris of the report and involves a
pressurizer with a water temperature of 100°F (equal to reactor coolant
temperature,. For the hot pressurizer cases, the temperature of the
w>ter {s considered to be at saturation for a pressure of efther 415
psia (448°F) or 615 psia (489°F).
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The mass flows of fluid through the relifef valve for the saturated water
flow cases were based on homogeneous, thermal-equilibrium, {sentropic,
expansion flow evaluated as follows: \

where ho {s the enthalpy at the

6= %— 29, J (h° - hc) upstream (saturated) condition and
¢ v, and h_ are evaluated for the
= 1b/sec - ftz conditions at the exit plane.

The conditions of pressure and quality at the exit plane are found im-
plicitly for each particular upstream condition and Figure 6.5.1

describes the mass flow through the valve at varfous upstream pressures
for both the subcooled and saturated flow modes. As can De seen from

the figure, the capacity of the valve for discharge of saturated flow is
reduced to about 71% of the subcooled flow rate for the range of pressures
between 350 and 450 psig.

From other parts of this study, the effect of changes in valve capacity
can be astimated from the comparison between the transient pressure
responses for a particular mass input case with efther one (100% capacity)
or two (200% capacity) reference relief valves. For this reference case,
the pressure increases at about 125-135 psi/sec just prior to and for a
short period after the relief valve reaches the setpoint. Therefore,
there will be an overshoot of the setpoint of between 75 and 81 psi

before the valve starts to relieve due to a 0.6 second time delay to fill
the 1ines and valve operator with motive air.

+ ANS proposed standard N-661, Evaluation of Anticipated Transients Without Trip
for Pressurized Water Reactors ‘
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From an inspection of the results of the pressure transients for the
cases of one and two relfef valves, 1t can be determained that the pres-
sure-overshoot during the time the valve(s) are relfeving 1s 110 psi

for one valve and 62 psi for two valves, both for a setpoint of 415 psia.
By extrapolating the capacity of the valve at 200% and 100% to a value
of 71% (for saturated flow), 1t 1s found the overshoot during the stroke
time 1s 140 psi, gfving a peak pressure of 415 + 8] + 140 = 636 psia.
This peak pressure 1s about 30 psi higher than that pressure reach:.4
with one relief valve relieving subcooled water flow. Figure 6.5.2
shows graphically the difference 1n overshoot for the case of flashing
flow versus subcooled flow.

A similar comparison was made considering the pressurizer water was ini-
tially at a 615 psia saturated condition and again the difference between
the flashing flow and the subcooled flow cases resulted in a difference
in pressure overshoot of about 30 psi for the 1imiting mass input case
and a relief valve setpoint of 615 psfa (see Figure 6.5.3).

At lesser mass input rates relative to the systam volume, the difference

‘n pressure overshoo' between a subcooled and a flashing flow case would

be expected to be less than calculated for the above example. This con-
clusion can be reached bcause, at lesser mass input rates, the rate of
change of coolant pressure {s lower, and, hence, for any given valve stroke
time, the press.re change during the stroke interval will be smaller. In
the extreme, a zero rate of coolant pressure increase at the setpoint or

an instantaneous opening time would theoretically result in a zero over-

shoot for all cases whee the relfef valve capacity exceeds the input
flow rate.




The pressure transient versus time in the example case with a hot pres-
surizer 1s unrealistically conservative because it is based on the entire
reactor coolant volume including the pressurizer befng at a uniform cold
temperature. A more realistic model would include a substantial volume
of coolant (pressurizer volume) at a high temperature and, this less
dense flufd being more compressible, consequently would be able to ab-
sorb some of the effect of the mass input similar to the action of an
accumulator in a hydraulic system. (See Section 6.1 for additional dis-
cussfon.) The result of the higher temperature pressurizer would be to
slow the rate of the pressure transient and hence result in a lesser pres-
sure overshoot.
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APPENDIX A

SUMMARY TABLES
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RCS VOLUME = 6000 CU.FT.

APPENDIX A
SUMMARY TABLE - HEAT INPUT RESULTS

w&t?"ﬂ RELIEF VALVE $6 MODEL RESULTS
- _ |2
s ' [ =
a Conservative (C) or & [ 3 Appendix B
- Less Conservative (LC) = Figure Number(s)
7 - - ; o
s|g2| 2| 8 i v | 3
3 & |
20 | 180 | 200 | soo 1 c 515 15 | W19
50| 1w0| 15 | s00 1 c 53 31 | H1, N4, H6
50| 140 19 | soo 1 ¢ 562 62 | H1, H4, H6
50| 10| 23 | soo 1 c 598 98 | H1, H4, HE, H19
50 | 250 | 300 | s00 ] c 657 | 157 | W1, W6
100 | 00| 200 | 600 ] c 745 | 145 | H20, H22, W25
100 | 100 | 200 | 600 2 c 710 | 110 | K20
100 | 00 | 200 | 600 ] LC 650 50 | W22
100 | 140 | 240 | 600 1 ¢ 845 | 245 | W23
100 | 140 | 240 | 600 2 ¢ 775 |75 | W23
100 | 180 | 280 | 600 1 c 935 | 335 | H24, W25, W27, W28, W36, H37
100 {180 | 280 | 600 2 c 825 | 225 | Wes
100 | 180 | 280 | 600 1 LC 775 | 175 | W27
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RCS VOLUME = 6000 CU.FT.

APPENDIX A

SUMMARY TABLE - HEAT INPUT RESULTS

A e s
_ NE
. - 2 =

a Conservative (C) or & S Appendix B
o Less Conservative (LC) : e Figure Number(s)
- - e

s| 8|l 2| % £ o ‘*;
X & |

100 | 100 | 200 | S00 1 c 640 140 | H4, H20

100 | 100 200 500 2 c 610 110 | H20

100 | 140 | 240 500 1 c 730 23C | H4, H23

100 | 140 | 240 | 500 2 c 655 155 | W23

100 | 180 | 280 | 500 ] c 780 | 280 | W4, H24, W37

100 | 180 | 280 500 2 c 665 165 | H24

100 | 100 | 200 | 400 1 c 540 | 140 | H20, H21

100 | 100 200 | 400 2 c 510 110 | H20

100 | 100 | 200 | 400 1 Lc 460 60 | H2

100 | 140 | 240 | 400 1 c 545 145 | H23

100 | 140 | 240 | 400 2 c 485 85 | H23

100 | 180 | 280 | 400 ] c 665 | 265 | H24, H26, W37

100 | 180 280 400 2 c 515 115 | H24

100 | 180 | 280 | 40C 1 LC 547 147 | H26
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APPENDIX A
SUMMARY TABLE - HEAT INPUT RESULTS

RCS VOLUME = 13,000 CU.FT.

TEMPERATURES. (°F) | RELIEF VALVE G MODEL . RESWTS
& |z
\ 2 | 2 1E
w - = o
:,; Less Cons::-::tssz ?{C) "“; g ~ Figure n:.:(s)
v
<[ 8] 2| % i L
b - ._;
50| 10| 15 | 500 ] C- 527 27 | w5
50| 40| 1% | 500 1 c 550 50 | WS
50| 180 | 230 | 500 1 c 569 69 | HS
100 | 00| 200 | 600 1 c 710 | 110 | H29, W
100 | 00| 200 | s00 2 c 680 | 80 | H29
100 | 00| 200 | 600 1 LC 650 50 | H3)
100 | 140 | 240 | 600 1 c 775 | 175 | W32
00 | 140 240 | 600 2 725 | 125 | W32
100 | 80| 280 | 600 1 c 908 | 308 | W33, H36, W37
100 | 180 | 280 | 600 2 c 765 | 165 | W33
100 | 180 | 280 | 600 ] LC 725 | 125 | H34
100 | 100 | 200 | 500 ] c 608 | 108 | H5, H29
100 | 100 | 200 | 500 2 ¢ 575 75 | W29
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RCS VOLUME = 13,000 CU.FT.

APPENDIX A

SUMMARY TABLE - HEAT INPUT RESULTS

1%==I;:§U:Z§TEEF) REL!EF_VAEVE S6 MODEL RESULTS
5 z
: C | ? |E

- =
. Lms:ron':::'::tssz ‘(’{C) 33 g n,ﬁﬁ.""‘,.&,f(,)
< )

s| 8| 2| 2 § <
3 g | 2

100 | 140 | 240 | 500 ] C: 667 | 167 | S, H32

00| 40| 240 | 500 2 c 615 | 15 | W32

00| 180 | 280 | s00 1 r 855 | 355 | W5, W33, W37

100 | 180 | 280 | 500 2 C 650 | 150 | W33

100 | 00| 200 | 400 ] c 495 | 95 | W29, W30

100 | 100 | 200 | 400 2 C 465 | 65 | H29

100 | 00| 200 | 400 1 Le 435 35 | W30

100 | 140 | 240 | 400 i c 577 | 177 | w32

100 | 140 | 240 | 400 2 c 490 | 90 | W32

100 | 180 | 280 | 400 ] ¢ 793 | 393 | H33, W37

100 | 180 | 280 | 400 2 ¢ 500 | 100 | W33

100 | 180 | 280 | 400 ] LC 505 | 105 | M35
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PRESSURE TECH TIME TO REACH
+ TRANSIENT SPEC PEAK PRESSURE
INCIDENT (Duggiﬁ CAUSE DESCRIPTION FROM (PSIG) TO LIMIT (PSIG) (minutes)
1. Beaver Valley Operator error in transferring electrical 400 1000 440 Note 1
Unit No. | buses caused instrument spike isolating (130 F)*
(2/724/76) letdown from RHR System
2. Indian Point Unknown 420 670 500
Unit No. 2 (140 F)* 2
(2/16/72)
3. Indian Point
Unit No. 2
(2/17772) Operator isolated letcown without verifying
availability of letdown thru RHR system 420 650 500
(180 F)* 2
4. Indian Point
. Unit No, 2 Reactor coolant pump starting swept cold
& (3/8/72) water thru hot steam generator-pressure
increase due to thermal expansion 400 640 500
(115 F)* 1
5. Indian Point
Unit No. 2
(4/6/72) Operator inadvertently isolated letdown 420 680 500
(170 F)* 2
6. Indian Point
Unit No. 2
(5/18/73) Closure of certain air operator valves in
reactor coolant letdown system caused by
freezing of moisture in air supply Tine. 440 575 500
(130 F)* Note 1
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mglilt TECH TIME TO
ENT SPEC REACH PEAK
INCIDENT (Date) CAUSE DESCRIPTION FROM (PSIG) to LIMIT (PSIG) PRESSURE
(min.)
7. Indian Point Starting of a single reactor coolant pump 425 | 525 500
Unit 2 caused pressure surge. A nitrogen blanket (190 F)* Note 1
(1/723/78) in the pressurizer to act as a surge volume :
had been established; however, the amount
of nitrogen added to the pressurizer was
insufficient.
8. Indian Point
Unit No. 2
(2/722/774) An inadvertent safety injection signal was
generated which, by design ~3aused the
accumulator discharge stop valves to open. | 150 | 560 500
(115 F)* Note |
9. Oconee Nuclear
Statiom Unit 2
(11/15/73) During Zero Power Physics testing, test 800 | 1860 1600
procedure instructions directed operating (300 F)* 30
personnel to increase reactor coolant
pressure to approximately 1860 psig
violating the limits.
10. Palisades A procedure "CAUTION" statement was not ?,
(9/1/74) rigorously adhered to while performing a R
primary coolant system leak test --= | 960 Requires 160 F| --- —
to pressurize
above £85 no
(150 F)* c:
o
W
. .
o
o




' ;ﬁ&i&qﬂ[ TECH TIME TO
: ENT SPEC REACH PEAK
INCIDENT (Date) CAUSE DESCRIPTION FROM (PSIG) TO LIMIT (PSIG) PRESSURE
(min.)
1. point Beach
Unit No. 2
(12/10/74) Following repair, a safety injection pump
was lined up for a test run. However,
safety injection pump discharge was not
jsolated from injecting into the reactor
coolant system. Pressure transient caused
by starting of SI pump. 345 1400 615
(850) 30
(170 F)* Seconds
12. Point Beach
Unit No. 2
(2/28/76) Operational reasons required the RHR system
to be isolated from the reactor coolant
system. Reduced letdown resulted in
o pressure increase 400 830 615
s (168 F)* Note 1
13. Prairie Island
Unit No. 1
(10/31/73) Reactor coolant pump starting swept cold
water thru hot steam generator-pressure
increase due to thermal expansion 420 | 1100 720
(132 F)* Note 1
14.  Prairie Island
Unit No. 1
(1/16/74) while conducting Safeguards Logic Train A
monthly surveillance test, a S1 signal was
initiated when a step which puts Train A
in TEST was inadvertently missed. The SI
signal orened No. 11 accumulator outlet
isolation valve. RHR System isolation
occurred as designed at 600 psig. 395 840 610 Note 1
(90 F)*
]




-~ . o
-~
PRR:SSUR:T TEC::! 1.2 to
SJE PE R
INCIDENT (Date) CAUSE DESCRIPTION Fion lPSig) T0 E""T (Psig) p::i’,‘.,'::"‘
s (min.)
15. Prairie Island
Unit No. 2
(11/27/74) A test signal injected into the letdown
controller instrument loop caused a let-
down control valve to go closed. This
isolated the letdown path. RHR System
automatically isolated. Note 1| 900 800
(155 F)* Note 1
16. St. Lucie
Unit No. 1
(8/12/75) Letdown isolation valve failed closed when
18C personnel removed cover from sealing
relay associated with letdown isolation
valve, Whenrelay cover was removed, broken
wires on relay became disconnected causing
o letdown valve to close. 210 600 520
&on (660) (105 F)* Note 1
17. Surry
Unit No. 1
(1/28/73) During process of filling and venting the
RCS, "A" accumulator motor operated dis-
charge isolation valve was opened to sweep k. ]
any air trapped in accumulator discharge >
line into RCS. The opening of the valve !
caused the accumulator to cause the in- Bt
crease in RCS pressure. 450 590 500 N
(80 F)* 1 N
o
18. Trojan o
(7722/7 The RHR suction valve from the RCS was W
closed by an unknown person (i.e., this 520 !
jsolated letdown) while the positive o
displacement charging pump was operating. 400 | 3326 (between 100 o
and 105 F)*| 10 to 12




INCIDENT (Date)

CAUSE DESCRIPTION

PRESSURE

Fﬁﬁﬂslszzg) T0

TECH
SPEC
LIMIT (Psig)

Time to
Reach Peak
Pressure

19.

Turkey Point
Unit No. 3
(12/3/74)

In preparation for starting a reactor
coolant pump, the operator placed the
letdown contrcl valve :a automatic

in order to increase reactor coolant
pressure. At 455 psig the RHR system
loop suction isolation valve automati-
cally closed isolating letdown.

510
(105 F)*

{min)

Note 1

Zion
Unit No. 1
(6/13/73)

Charging pump 1A, with suction from
RWST, was started to increase reactor

system pressure. Normal pressure contro]

of continuous charging and letdown was
not being used since VCT was unavailable
Operator was distracted by a telephone
call and left the area of the pump
control switch, Unattended pump
continued to pressurize system. RHR
suction relief valve failed to lift

and RHR system later isolated automatic-
ally at 600 psig.

10| 1290

460
(105 F)*

Note 1

21.

Zion
Unit No. 1
(6/3/75)

Operator failed to stop the centrifugal
charging pump when he secured the RHR
system to replace the RHR suction relief
valve. When the RHR system was secured,
letdown was also secured.

100f{ 1100

480
(115 F)*

10
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PRESSURE TECH 1ime to
TRANS TENT SPEC Reach Peak W
INCIDENT (date) CAUSE DESCRIPTION FROM (Psig) TO LIMIT (Psig) PPJOS:UH)E
: min,
“22. Zion
Unit No. 2
(9/18/75) Station personnel were performing a RHR
valve interlock test in which the RHR
System is automatically isolated from
the reactor coolant system. When the
applied test signal reached the set-
point, the RHR isolation valves closed
removing the letdown path, 95 1300 450 15
(88 F)*
23. Ginna Tl‘n NS:S vendor has indicated that this
plant has had an overpressure incident.
2. 8:::: h‘g Further investigation is in rrogre-s.
“25.  Surry Unit No. T
o ~26. B. C. Cook
S Unit No. 1 See item # 26 on next page
27. Peach Bottom
Unit No. 2 Following a mafn steam 1ine isolation
(3/6/74) test, portions of the reactor vessel
shgl] temperatures decayed to 125 F
while reactor pressure remained at
approximately 400 psig. --=-| 400 250
(125 F)* ‘
fo—y
28. Beaver Valley Instrument Technician tripped wrong
Unit No. 1 B/S during MSP, then OPS placed in- m
(3/5/76) verter in service with output breaker ud
open, deenergizing #1 vital bus, =
causing SIS which isolated letdown 400 | 1150 440 Note 1
(150 F)* o
N
|

00



PRESSURE TECH TIME TO
TRANSIENT SPEC REACH PEAK
INCIDENT (date) |} CAUSE DESCRIPTION FROM (Psig) TO LIMIT (Psig) PR[ESSURE)
min.
26. D.C. Cook During RPS testing, inadvertent letdown| Note 1040 470 Note !
Unit No. 1 isolation was initiated. ] (110 F)*
(4/14/76)
29. St. Lucie With Shutdown Cooling System secured, 300 820 520 1
Unit No. 1 a reactor coclant pump was started and |approx. (90 - 100°F)
(6/17/76) RCS temperature rose to 140°F - reason

unknown as of 6/22/76
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NOTE 1 - The available abnorma1 occurrence report does not provide this information,

* . Temperature of reactor vessel during transient
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Attached are three revised figures which should be substituted for the
corresponding figures to be found in A i . The

revisions accommodate modifications made to the letdown isolation

transients represented in these figures to upgrade the analytical basis
and account for an input data correction.

Setpoint pressure overshoot has not been altered in any of the transients
plotted in these figures; however, setpoint pressure undershoot has been
modified in several of the Tetdown isolation transients. In every case,
the modification has resulted in an improvement in (i.e., smaller) set-
point pressure undershoot.

In both Figures M5 and M10, the common transient exhibiting RCS setpoint
pressure undershoot response for two relief valve operation at a setpoint
of 600 psig has been replotted to reflect valve closure at a reset pressure
20 psi below the setpoint. The original transient depicted in Figure M6
and Figure MI0 of Reference ] (Appendix B) represented valve closure at a
reset pressure 120 psi below the 600 psig setpoint. As would be expected,
the setpoint pressure under shoot has been significantly reduced to the

extent that g i ump seal pressure limit is no longer a
consideration for this transient.

In Figure M7, the setpoint pressure undershoots for both the 500 psig

' and 600 psig relief valve setpoint transients have been adjusted to

: reflect a correction to the LOFTRAN input data. A reduction in setpoint
pressure undershoot is evident in both transients.

Should you have any zuestions regarding the attachments, please contact
the undersigned.

-

Very truly yours,

<\ W g\w\w

2 H. W. Gutzman, Project Engineer
Pro/ects & Regional Support




