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DUKE POWER GOMPANY
P.O. DOx 33180

CHAHI.OTTE, N.G. 28242
HALB. TUCKER retersioxn

vica ,ansmant (704) 373-4531January 2, 1985.mo. . m,o.

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 review 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,

hh
Hal B. Tucker

ROS: sib

cc: Mr., James P. O'Reilly, Regional Administrator
U. S. Nuclear Regulatory Commission
; Region II.

.

I '101 Marietta Street, NW, Suite'2900
pkAAtlanta, Georgia 30323
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Mr. Harold R. Denten, Dirrctor
January 2, 1985
Page Two

ec: NRC Resident Inspector
Catawba Nuclear Station

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

Palmetto Alliance
2135 Devine Street
Columbia, South Carolina 29205

Mr. Jesse L. Riley
Carolina Environmental Study Group
854 Henley Place
Charlotte, North Carolina 28207
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WestinghouseReferenceNo(s).
(ChangeControlorRFQAsApplicable),

.

WESTINGHOUSE
'

-

NUCLEAR SAFETY EVA'.UATION CHECK LIST

1) NUCLEARPLANT(5) Catawba Unit 1

2) CHECK LIST APPLICABLE TO: Neasured RCS Flow Rate During Precritical Startup Tests
(SubjectofChange)

3) The written safety evaluation of the revised procedure, design change or modification
required by 10CFR50.59 has been prepared to the extent required and is attached. If

. a safety evaluation is not required or is incomplete 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. -

'CHECX LIST - PART A -
'

(3.1) Yes No X A change to the plant as described in the FSAR? -

(3.2) Yes _ No 1 A change to procedures as described in the F,SAR7
! (3.3) Yes _ No _X_,_ A test or. experiment not described in the FSAR7

(3.4) Yes No L A change to the plaht' technical specifications (Appendix Ai

| to the Operating License)?
-

.

| 4) 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 is different than any
already evaluated in the F5AR 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 Will the consequences 'of a malfunction of equipment important
to safety previously evaluated in the FSAR be incr' eased?

(4.6) Yes No L May the possibility of a malfunction of equipment important to
safety different than any already evaluated in the F5AR be-

created?

(4.7) Yes No X Will the marg'in of safety as defined in the bases to any
technic 41' specification be reduced? -

.

*
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If the answers to any of the above questions are u' known, indicate under 5) REMARKSn
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 amendnent submitted to NRC pursuant to 10CFR50.90.'

,

5) REMARKS: b

The following samar12es the justification upon the written safety evaluation.0) for
answers given in Part B of the Safety Evaluation Check List:

.

See attached.

.~

,

0) Reference to doctanent(s) containing written safety evaluation:

| FOR FSAR UPDATE

5ection: Page(s): _ Table (s):_ _ _ _ _ Figure (s):
_

Reason for/ Description of Change:

i
'

.

I

r

Prepared by (Nuclear Safety): / -_ . Date: // 4/-r-

Coordinatedwith. Engineer (s): _ N. TM Date: fl - 3 l-9 '
L/4A tiNtAC. ! _ Date: /J 3f- e/O

. CoordinatingGroupManager(s):

Nuclear Safety Group Manager: 4.OPMwo Date: /N_lf/

Page 2 of 2 -
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ATTACHMENT TO NUCLEAR SAFETY EVALUATION CHECKLIST,

Measured RCS Flow Rate During Precritical Startup Tests

During pre-operational testing at Catawba, RCS flow rate was measured usingthe loop elbow tap flow meters. In at least one of the four loops the
indicated flow rate was found to exceed Catawba's Nechanical Design Flow (MDF)
rate of 105,000 gps / 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 NOF.

The loop elbow' tap flow meters are not intended for, nor are they capable of,
accurate, abso'ute measurement of RCS flow rate. They can be used forperiodic verif' cation of RCS flow after they have been calibrated with
precision RCS flow calorimetric measurement. However, a precision flow
calorimetric measurement requires NSSS power of 90-1005.

.

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

I
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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 ondition with all rod cluster control
assemblies at their fully inserted position. All four reactor coolant pumps

j are operating.

Test Method

. The output voltage of each NC loop differential pressure transmitter is
measured uL ng a digital voltmeter. The output voltages are averaged andi
converted JWr 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 5.9% w L 'P3) W H h 4 A/.5ss M.
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.

.
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'_ Customer Reference No(s).

WestinghouseReferenceNo(s)..

(ChangeControlorRFQasApplicable)
.

WESTINGHOUSE

NUCLEAR SAFETY EVALUATION CHECK LIST

Page 1 of 3

1) NUCLEARPLANT(S) Catawb t) nit 1 (EP)
,

2) CHECK LIST APPLICABLE TO: Fleio Coas%cn 'Tes+
(Subject of change)

_

__

.

3) The written safety evaluation of the revised procedure, design changeror*

modification required by 10CFR50.59 has been prepared to the extent required and,
is attached. If a safety evaluation is not required or is incomplete for any
reason, explain on Page 3.

Parts A and 8 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) Yes No / A change to the plant as described in the FSAR7
,

(3.2) Yes No / A change to procedures as described in the F5AR7

(3.3) Yes No / A test or experiment not described in the FSAR?

(3.4) Yes No / A change to the* plant technical specifications
(Appendix A to the Operating License)?

4) CHECKLIST-PARTB(JustificationforPart8answersmustbeincludedonPage3.),
(4.1) Yes No / Will the probability of an accident previously

evaluated in the FSAR be increased?.

(4.2) Yes No / Will the consequences of an accident previously-

evaluated in the FSAR be increased?

(4.3) Yes No / May the possibility of an acci' dent which is different
than any already evaluated in the FSAR be created?

-
.
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CustomerReferenceNo(s)...

Westinghouse Reference ho(s).
(Change Control'or RFQ as Applicabl-

.

WESTINGHOUSE

NUCLEAR SAFETY EVALUATION CHECX LIST

Page.2 of 3

i
-

(4.4) Yes
-

No I Will the probability of a m1 function of equipmenti

important to safety previously evaluated in the FSAR,

be increased?
(4.5) Yes No /

~ Will the consequences of a malfunction of equipmentj

important to safety previously evaluated in the F5AR '
i

be increased? .

(4.6) Yes _ No _ /.

May the possibility of a malfunction of equipment
important to safety different than any already
evaluated in the FSAR be created?

(4.7) Yes No /
-

Will the margin of safety as defined in the bases to,

any technical specification be reduced?
,

*

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

If the answer to any of the above questions in 4

application for license amendment sutaitted to NRC pursuant to 10CFR50.90. based on written safety evaluation, the change ca)nnot be approved without ancannot be answered in the negative,
i

5) REMARKS:

i

'
.

!

6) APPROVAL LADDER (Signatures): .
,

| (6.1) Prepared by (Nuclear Safety): _2/4Anu. MI';

Date: G/8/fY
(6.2) Coordinated with (Engineer (s): -

(6.3) CoordinatingGroupManager(s): o f 6 M r;rJL
_ pate: _

Date: /2/3/80
(6.4) Nuclear Safety Group Manager:

_ Date: __

,
_
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Customer R:f;renc'e N3(s).,,
,

___

WestinghouseReferenceNo(s).-

(Change Control or RFQ as Applicable)

|

'

'

WESTINGHOUSE'

NUCLEAR SAFETY EVALUATION CHECK LIST

Page 3 of 3
,

i

IIIThe following sunmarizes the justification, based upon the written safe,ty evaluation
for answers given in Part B'of the Safety Evaluation Check List:

'

Catawba. I) nit i fAileJ 04 f I8W C#"5fdown Yest on -

Nov 29, t91r4. In other words , h. meased coasfdom
se.vese. (.fastee) f6 that calculateci in theis a re-

FsAR. conlet+ loss of flow anal sis. Tkas , &.y

amatyis is non. corservahve .' -

"fo ver4fy that safety c.riferia. are met, the loss.of.

prow ,.u. lysis was reana.lyzed with the meo.sured
coastdown dodA. inpuY. %eso.lts skop %f yke bejg
design Ws is me.t .,

1
.

.

f (IIReference to document (s) containing written safety evaluation: - TA -8 4 - 209,

NS - RAT - PTA - f f - 15 3

/h 3 M; PREPARED BY: M DATE: /
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CATAlBA UNIT 1 SAFETY ANALYSIS FOR EASURED RCS PLOW COASTDOWN

1

INTRODUCTION !

A partial or complete loss of forced reactor coolant flow may result from
mechanical or electrical failures in a reactor coolant pmp or if there is a
loss of electrical supplies to the reactor coolant pups. If the reactor is at
power at the time of the accident, DNB and fuel damage could occur due to the
reduced new and increased reactor coolant temperature. Rese 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 new is initiated for the
purpose of verifying that the safety analysis is conservative. One o' the-

acceptance criteria 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 so doing, it is verified that the DNB design basis would be met should a
loss of now occur.

TEST RFMULTS

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

,

METHOD OF ANAf.YSIS

A. Partini fnaa of n w

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

B. c=nl ete Lnaa or nm

The method of analysis for the complete loss of now event la the same as
i

described in Section 15.3.2.2 except that the now coastdown as measured
during the test is used instead of using flow calculated by LOFTRAN. Table
1 lists the flow coastdown used.

.

(
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RESULTS,

Figure 1 shws the DNBR vs. time for the measured coastdan analysis. The
calculated sequence of events is shwn in Table 2. The analysis perfonned
demonstrates that the DNBR does not decrease belm the design limit for the
complete loss of reactor coolant flw. Therefore, all safety criteria are met,
and the measured flw coastdan is acceptable.

TABLE 1

EASURED COASTDOWN FOR COMEETE LOSS OF E0W

NOMINAL ECW = 98400 gpn per loop

TIE (see) CORE RrW (fraction),..

O. 1.0000
0.65 0.92 84

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 0.5395
9.65 0.5134

TABLE 2

TIME SEQUENCE OF EVENTS

EVDIT TIE (see)

Coastdan Begins 0.0
Rods Begin to Drop 1.5
Minimun DNBR Occurs 3.6
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Table 14.2.12-2 (Page 10)

REACTOR COOLANT SYSTEM FLOW C0ASTDOWN 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 elbow 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. -

Acceptanco Criteria

4 4f4Ce dk C M EA
The core flow decrease for ud t..n'=t E, " - ' crr, 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.

/2-.
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The following signals provide the necessary protection against a complete loss
of flow accident:

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

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 prw ides 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 (Permissivc 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 M C u ta. l fata f a e f c- J c A
Twc cases have been analyzed: i @g m m.m./ d. %

g g
1. Loss of four pumps witn four loops in operation. (++*J *" DW2. Loss of three pumps with three loops in operation. eMh & '

O'5
This transient is analyzed by three digital computer codes. W. A CL , t

, theLOFTRAN Code ( M rx:: U is used to calculate the loop and core flow duringthe transient the time of reactor trip based on the ca L M :d flows, the nuc-; lear power
ransient, and the primary system pressure and temperature transients.

The FACTRAN Code (Reference 2) is then used to calculate the heat flux transientbased 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 appliedto the W-3 correlation. The DNBR transients presented represent the minimum ofthe 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.

9at, h W MM b M ''tas

15.3-4



_

TABLE 15.3.1-1 (Page 2) 3
J

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. O.
,

ant pump under-
voltage trip

#

point reached

Rods begin to *

drop 1. 5 1.5,

;

Minimum DNBR 43./ 3.7occurs.

Reactor Coolant Pump
Shaft Seizure (Locked Rotor)

Rotor on one
locks 0. O.

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

,

at

I
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DUKE POWER COMPANY

NUCLEAR SAFETY EVALUATION CIECK LIST

(1) STATION: C D hM8h UNIT 1 / 2 (3 *

(2) CHECK LIST APPLICABLE TO: [/2,E.5s a n IMA? bcT-2ervA '/ETF
(3) SAFETY EVALUATION PART A

.

The item to which this evaluation is applicable represents:
Yes / 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) ofthe FSAR.

.

(4) SAFETY EVALUATION PART B

[ Will this item require a change to the station Technical '

Yes No

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

(5) SAFETY EVALUATION PART C

As a result of the item to which this evaluation is applicable: r

Yes No _ / Will the probability of an accident previously evaluated '

in the FSAR be increased?
Yes No 1 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 g 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 malfunction of equipment '

important to safety previously evaluted in the FSAR
be increased?

Yes
No _ / May the possibility of malfunction of equipment important

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

Yes
No g 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 i volved. Attach additional pages as necessary.

(6) PREPARED BY:
-

DATE: _ /,2./3f /ge/
(7) REVIEWED BY: DATE: _/8 31

O (8) Page 1 of

FIGURE 4.4-9 Rev 19

L
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DISCUSSION

(3) During the performance of the Pressurizer Functional Test (FSAR
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 (CNC 1223.03-00-0005) was performed to show the acceptability
of slower PORV response times. Based on this analysis the PORV response
tine will be changed to.<.3 seconds (<4 seconds for Unit 1 Cycle 1).
The revised FSAR page is attached. ~~

(5) 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) dre acceptable. -~ ~

.

i
I

.

!

!

!

t

i



,

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.
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 spray line and the pressurizer steam space.

| To determine pressurizer heater and spray capability, tre main pressurizer
spray valves are closed. All pressurizer heaters art then energized and the

|
time to reach a 2300 rsig sy; tem pressure is measured and recorded. Full
spray is initiated th'ou;n each spray valve individually and in parallel.
Pressure versus time is recorded for each transient. Tre transient is termin-
ated at a Reactor Coolant System pressure of 2000 psig by 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 F.sig 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.

For pres rizer PORV response times, each PORV r onse time is < seconds (64M

For spray and tienter) response tests, the response to induced transients is
~

V lhe h. l .

within limits specified in vendor guidelines.
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4 , ABSTRACT-

The results' of pressur transient analyses for the reactor coolant system of
a pressurized water reactor during low-temperature, water solid operation
are presented for particelar cases of either mass or heat input to the system.
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, is shown to mitigate the pressure transient without the need for inre-
diate operator intervention. A procedure is presented for selection of the
relief valve setpoint to avoid violation of the 10CFR50 Appendix G pressure
limitation for the reactor vessel.
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SECTION 1.,

INTRODUCTION
.

1 :.1 FURPOSE 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 limit 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 either 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
mitigating 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.

|

|
t

|

a

O

l-1



.

k..

1.2 REVIEW 0F 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 C)'

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 catege.*ies of either mass
input or heat input to an isolated constant volume of reactor coolant.
Theother5eventswereeitherofunknownorigin(3)orwerecausedby
operators following inadequate procedures while controlling the reactor*

coolant pressure.

The review demonstrated that of the 18 events caused by mass input 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
t .

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 actuation circuits. (Ofcourse, pres-
surization caused by the accumulators is self limiting due to the
relatively low gas pressure maintained in the accumulator.)

~
.

$
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( For the najority of the mass input caused pressure transients, the abnor-
,

mal condition was recognized by the operator and terminated by operator
action. However, the limit 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 asymetry 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 the system, particularly the steam generators.
These heat input events are self limiting 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 16w for the coolant pressure being control-
-( led at the time.

.

*

h
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.

1;3 SELECTION OF PARAMETERS FOR STUDY ,
'

.

1.3.1 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 line. 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 characteristics4

of a typical power operated relief valve.

1.3.2 Reactor Coolant Volume

The operating plants in the owners group to which this study is
directed consist of 2, 3 and 4 loop plants with various 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. in all of the cases evaluated for both
mass input and heat input.

*
.
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,( l.3.3 Reactor Coolant pressure

,

For the mass input cases, two initial reactor coolant, pressures-,

were considered but it was found that for the particular cases
.

studied, the pressure transient was well defined at the time the
relief valve setpoint was reached and there was a negligible
effect on the relief valve performance due to the difference in
starting pressure. Therefore for conservatism, the majority of
the mass input 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 relief 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 low-tempera-
ture, low-pressure water solid condition. For all of the mass
input cases. the reactor coolant was contfdered to be at a cold
shutdown temperature of 100'F (see Section 5.3 for additional
Titscussion of this parameter) and the pressurizer filled solid

with water at 100'F (see Section 6.1 for additional discussion).,

*

e
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|'
,

she heat input cases were studied with various values of initial .

) reactor coolant temperature from 100*F to 250'F the maximum

range of temperature which might be expected for operation in a? -

water solid condition. Over this range, as was expected, the

; heat input transients became more severe with the higher tempera-
tures but the allowable coolant pressure, according to the

.

10CFR50' Appendix G rules, also increases.'

! 1.3.5 Mass Input Mechanisms

The review of past experience indicated that the case of a loss4

!of letdown while charging flow continued was the most likelyi

i cause of a pressure transient. Among the operating plants, there
are charging system designs which consist of positive displace- ;

j 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. 1

|

t

: The maximum normal charging flow rate occurs in those plants with
,

centrifugal type pumps where a representative flow rate is 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
!

| injection due to the operation of a safety injection pump, and
.

I these pumps are normally made inoperative during low-temperature
:

i low-pressure plant operation, the potential does exist for this

: type of mass input transient. Therefore, the analyses was extend-
ed to include the performance of the mitigating system for the'

|
4 case of a single safety injection pump being placed in operation

(seeSection2.3). -

i
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,( Tne safety injection accumulators were not considered as a credible
mass input mechanism for this study because there are multiple
a::ministrative controls to ensure isolation including de-ener-.,

gizing valve control circuits during plant shutdown operations.
.

1.3.6 Heat Input Mechanisms

The pressure trans: ..it events selected for study involved 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 asymetry to develop. For the purpose of

I

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 it is considered realistic to__
*( assume a maximum temperature difference of 50'F as the design

case because much higher differences are difficult to develop
*

and are easily recognized by the operator as abnormal conditions
Tequiring special attention.

.

t
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1.4 SWARY OF PARAMETERS .

1.4.1 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.

1.4.2 Reference Relief Valve

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

1. Opening time; 3 seconds
'

2. Closing time; 5 or 20 seconds

3. Flowcapacity;C,=50gpm/ppsi per valve ,

4. Set pressures, various; 400, 500 and 600 psig

1.4.3 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: -
' '

.
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.( 1. Temperature of reactor coolant; 100'F
2. Temperature of injected water; 100*F

o 3. Initial pressure of coolant; 50 or 450 psig-

1. 4. '4 Heat Input Cases

The temperature asymmetry conditions selected for study as heat
input cases are discussed in Section 2.4. The following are the
cases considered for both a 6000 and 13,000 cu.f t. plant size:

RCS/SG AT

.

| 8eactorCoolant i

Temperature !
,

!
' '

Steam
'

: 100 140 180 | 250-

,

! !
j i l 1Generator Temp. -

|-J '

.< .

A I i
150 ; 50 !---

,
,

190
| 50 --- ------,

'

200 i 100 20
-

--- ---

230 50--- --- ---

I240 100--- --- ---

250 I ---- --- ... ---

|
'

|
- 280 100-

--- --- ---

I, ---
*
; 300 50--- ---

.

e
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SECTION 2.
,

CALCULATION METHOD
.

2.1 LOFTRAN PROGRAt! ANU SPECIAL MODELING

iThe one loop version of the LOFTRAN program was utilized to perform
the mass input analyses anc the four loop version was utilized for
the heat input analyses. No changes to either version.of the program
were necessary for the studies. However, some input modeling, input
additions and initialization 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 input adjustments were made to ensure that
the mass input model was representative of the conditions
specified for analysis.-

One such adjustment was made to ensure that an isothermal condi-

tion was maintained. Since LOFTRAN was not programmed to be
initialized at zero power, a very small, constant power level was
maintained and nominal, full reactor coolant flow was maintained.
This initialization 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-
3sure), the pressurizer water volume was reduced to 100 ft . The '

,

( t - WCAP-7907
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',

i
i

i

3volume difference between a nominal pressuri;:er and the 100 ft
,

was incorporated into the total system volume but at an initial
.

temperature of 100*F. ,

i

I 2.1.2 Heat Input Analysis i
r

|
Except for the decay heat (loss of RHRS) and pressurizer heater

! input cases, more extensive adjustments were necessary for model- |

! i ing the heat input cases.
t

|

The heat input cases analyzed involved the startup of a pump in (

i one loop with the plant in a cold shutdown condition and with |

| temperature asymmetries in the reactor coolant loops. Two possible
i

i asymmetries were assumed. One 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 secondi

i
considered that the water in the loop seal piping from the steam

|

i
generator outlet to the pump suction was at a lower temperature

I 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 condition of the secondary
I water mass. .

_The multiloop version of the LOFTRAN program was used to obtain
the capabilities for a reactor coolant pump startup in one loop
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 initialization) to establish a very low'

r

| 1.

4 .

*
;,

.|
,

5
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,( natural circulation flocate following the pump coastdown. After
initialization for the natural circulation flow conditions, the
code was returned to the normal program sequence to initiate the-

.

remainder of the heat input transient.
.

Before the heat input transient was initiated, however, it 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 asymetry, the tempera-
ture of the coolant volume in 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 in the loop seal case, steam generator outlet plenum volume
was set to a very small value to minimize mixing in the reverse
flow loops before the cold slug from the loop seal entered the
steam generator tubes.

gev u x (gg ,;;gwa Jay _,

After temperature initialization, the input parameters of core
heat flux, steam f1S, and feed flow were stepped from their

,

respectiveinitial(naturalcirculationmode)conditionstozero
during the first time step. Reactor coolant pump startup is
initiated at t = 0 seconds using the default homologous data asso-
ciated with the 93A pump model.,

-
,

( -
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As in the mass input case, the pressurizer volume was minimized
.

3(set equal to 100 ft ) and the difference in pressurizer volume
3

(actual - 100 ft ) was added to the inactive volume of the reac- .

tor coolant.

.

4
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-( ''' REFERENCE REU EF VALVE MODEL

Tne. relief valve model selected as the reference for use in the transient,

analyses describes a nominal two inch air-operated open-close valve with a
linear plug characteristic. The capacity of the valve is based on a
standard geometry globe-type valve with a flow coefficient C equal to 50;y

where the flow coefficient is 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 is in the full open position. (i.e..
C = Q/ [Tp)y

Since the reference relief valve is considered to discharge into the pres-
surizer relief tank, there will be a backpressure at the valve discharge
depending on the conditions in the relief tank at the time of valve
actuation. The gas blanket pressure in the relief tank normally will 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,

i

The flow capacity of the reference relief valve versus upstream pressure
-

(reactor coolant pressure) is shown for various values of backpressure on
Figure 2.2.1. All of the short-term transient analyses (one relief valve
cycle) presented in this study were based on the flow capacity of the
reference relief valve subjected to a constant backpressure of 10 psig.
(See Section 6.2 for additional discussion.)

The reference relief valve was considered to have a linear flow character-
istici that is, the flow through the valve at a constant differentials

pressure is directly proportional to the lift of the stem. This selection
is consistent with the type of valve used as the pressurizer power-operated
relief valve in the operating nuclear plants. However, the effect of using,

anon-linearvalvetype(seeFigure2.2.2)wasalsoinvestigatedtoseeif
the performance of the system would be improved by changing to a special ~

,

(
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plug-seat design. The opening and closing time characteristics of the non. .

linear valve were taken as the same as the reference linear valve.

The opening and closing characteristics of the reference relief valve
used in 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 is, 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 relief valve is signalled to open, air is admitted into the pip-
ing to the valve and into the diaphragm chamber. The air continues to
flow into this volume for a period of time, depending on the controlling
restriction in the line, 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 valve model, this initial time

,

delay, before the valve starts to move, is about 20% of the total time for
the valve to act and is shuwn 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 fill the additional volume made available as the stem moves. When the
valve reaches the full open position the air pressure in the diaphragm
chamber is 64 psig, but since the supply pressure could be as high as
100 psig the air continues to flow into the diaphragm chamber after the
valve movement has stopped until the chamber pressure equals the supply'

pressure. Figure 2.2.3describesthevalvestemmovement(stroke)versus
normalized time for the reference valve supplied from a normal 100 psig

air system.

2-6
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( The valve is considered to be held open by the excess air pressure in
,

the diaphragm chamber until receipt of a signal to close. Until the
excess air 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 a'ct is 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 air necessary to allow the diaphragm
to move. At an air pressure of 11 psig, the valve will be in the full
closed position but air will continue to vent from the diaphragm 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 relief 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, if a reactor coolant

-( pressure of 500 psig is 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 is:-

1107 gpm (Figure 2.2.1) * *0.395(Figure 2.2.3) = 438.3 gpm or
60.5 lb/see

The total time for the reference relief valve to act in the opening direc-
tion was taken as 3.0 seconds which is about 1 second longer than a typical
power operated relief valve in an operating plant. This total time in-
cludes a 0.6 second time delay (20% of total time) from the receipt of the
signal until the relief valve starts to open. The time in the transient
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.
*

.
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After the referenc.e relief valve has opened and turned the pressure
,

transient from an increasing to a decreasing transient, the relief valve
is assumed to receive 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 either 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, is not

i
in effect. Further, the total closing time is accordingly reduced in

: relation to the stroke position at reset pressure.
.

e
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t 2.3 MASS INPUT MODEL

.

The two credible means of adding excess mass to the reactor coolant sys-,

] tem while the plant is in a relatively cold (100'F) solid-water mode of

) operation are by creation of a mismatch between the charging and letdown
flows or by inadvertently placing a safety injection pump in service.
The most likely event as evidenced by the experience of the operating
plants is the charging / letdown mismatch case. However, the inadvertent
start of a safety injection 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 limiting case.
I

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 transient 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 if a valve in the letdown line was inadvertently
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
withaconstantresistance(Figure 2.3.1).

! The flow from the positive displacement pump was taken as 40 gpm, a
relatively typi. cal low charging flow rate for a plant shutdown condition,i

while for the centrifugal pump caJe the charging flow was taken as 120
gpm, a relatively high value for normal charging service.

,

O

.

(<
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*
.

:

;

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 various
backpressures for the case of a single, new, non-degraded pump deliver-i

ing through all the available injection flow paths. |1

L.

From an inspection of Figure 2.3.2, it is evident that the system
represented by Curve C is the worst case in that the system delivery

1 into the reactor coolant system is the greatest of all the systems shown :

I over the reactor coolant 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 is referred to
as the reference safety injection pump startup case.4

i

'

From test data on typical safety injection pumps, it was determined that
the motors under full voltage will bring the pumps to full speed in a
little 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 immediately because the pump first must be brought

|
up to a speed sufficient to develop a discharge head greater than the
backpressure to which it is attempting to deliver. This delayed flow
initiation is 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.
,

'
.

A $
'

e
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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, it was determined that the volume of water injected during these,

short pump startup periods is relatively insignificant in the analyses.
Only for a specific case where the initial coolant pressure is 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 all 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 transient is 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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h( 2.4 HEAT INPUT MODEL

The linvestiga' tion of the reported events of reactor coolant pressure,

transients and of current plant operating practices led to the conclu-
sion' that fcur credible heat addition mechanisms should be studied:,

pressurizer heaters, core decay heat and two types of reactor coolant,

loop temperature asymetry.

.

For the pressurizer heater case the reactor coolant system is consid-
ered to be water solid and completely isolated so that any heat input

'

5 to the water in the pressurizer results in an attempt to expand the
system with a consequent increase in system pressure. The reference

g case considered the operation of 1800 KW of heaters, the design value _

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

i
cu.ft. volum4 This large heat input to a small liquid volume results
in a conservatively high rate of change of pressure but is not signifi-,

,

csnt compared with other heat input cases studied as shown by Figure 2.4.1.'

.( x

The case of heat, input from core decay heat was investigated considering

|
- ' the decay heat from 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 is a conservatively large relative value of heat
addition, but,the magnitude of the unrelieved transient pressure response
still is 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 thes

study occurs when the reactor coolant is at a relatively uniform warm>

temperature with little or no natural circulation and the cold reactor"

s} coolant pump seal injection water continues to enter the system. The
| cooler injection water will settle as a pool in the loop seal below the.

|
-

,
,

| Typically there is 1 KW of pressurizer heaters for each ! cu.ft. of pres-*

; surizer volume.
| 2-19
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pump inlet fonned by the piping from the steam generator outlet and the '

pumpinlet(seeFigure2.4.2). The' volume of cold water which can be
trapped in the loop seal is determined by the piping layout and the
typical volume used in the study was 140 cu.ft. in each loop. To fill

' this volume with cold water would require 3 to 4 hours of normal seal
injection with the plant in a stagnant condition; i.e., no reactor cool-

. ant flow. I

; The coolant pressure transient is initiated upon starting one reactor
coolant pump. As the pump comes up 'to speed, the coola,nt 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 inactive loop (s) will flow backward

through the steam generator (s) at a flow rate significantly less than
in the active loop. As each of the cold pools 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 i,

increase. The coolant pressure will continue to increase until the
temperatures of the reactor coolant and steam generator water are equal-
ized (see Figure 2.4.1) or the excess coolant volume due to the added

| heat is relieved through a relief valve.

The second type of temperature asymmetry occurs when the reactor coolant
i

; has been cooled down without sufficient circulation, for instance by

| use of the residual heat removal loop not augmented by the flow from a
i 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'

'
.

I.
,

2-20
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,( temperature (seeFigure2.4.3). 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,

it with relatively cold water from the loops. The rate of flow in the
activ'e loop is 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 transient pressure increase will continue until the
reactor coolant and steam generator water temperatures are equalized
(see Figure 2.4.1) or the excess coolant is relieved through a relief
valve.

For the cases with each type of temperature asymetry, 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 associated with this mechanism was determined from the
i

McAdams correlation for turbulent boundary layers on a vertical sur-
face, or:

| 2 1/3 1/3
| h = 0.13 K %*P AT,,j)
' sec r"

- - - -

|

!

t' McAdams, W. H., " Heat Transmission", 3rd Edition, McGraw-Hill, New York,1954
*

,

!

*

.

|
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where:
,

h = secondary film coefficient of heat transfer, BTU /hr f t2 'F
sec

o = density of secondary water at film temperature, lbm/f t -

u = viscosity of secondary water at film temperature, lbm/ft hr
AT = secondary to primary temperature difference, 'Fgjj

2
g = acceleration of gravity, f t/hr

= temperature coefficient of volume expansion, ('F)~I8

k = conductivity of secondary water, BTU /hr ft *F
P = Prandtl Number evaluated at secondary film temperature
r

The reactor coolant pump characteristics used in the heat input studies
were those representative of a controlled leakage sealed pump with a
flow 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, it is evident that the heat input
cases f.rmnLpr_essur_izer heaters andAayh are not as significant as
those for the cases with a loop temperature asymmetry. Therefore, -

these less significant cases were not studied further. Similarly, the
loop seal asymmetry case is seen to give a relatively small pressure
transient compared to the potential excursion possible from the RCS/SG
temperature asymetry cases and was not considered further in the study
of heat input transients.

.

* e

e

9
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SECTION 3-
o

TYPICAL RESULTS -

,

3.1 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 latdown is 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 lb/sec) than for the input from the
positive displacement pump (about 6 lb/sec). For these particular7

* examples, the reference relief valve was given a signal to open when
the pressure rose above 615 psia, 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

j 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 psia. At this

| reset pressure the valve was signalled to close but the pressure con-
| tinued to decrease as the valve began its closing cycle. Eventually the

valve capacity decreased to less than the continuing mass input and the
reactor coolant pressure stopped decreasing and again began to increase
toward the relief valve setpoint. It is interesting to note that for
the relatively low values of mass input 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
on the motive air in the diap'ragn chamber during the opening cycle andn

did not reach the full open position before the air 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 until
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 lb/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 valve started to open. After the valve had started to
open, it 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 psia setpoint was 155 psi for this particular example of
an extreme mass input into a small coolant volume.

.

e

e
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,{ For the example SI pump startup case shown on Figure 3.1.2, the relief
valve did reach the full open position during its 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 input rate. When the capacity of the valve became less than the
input 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 is a direct relationship 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 is 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.f t. on Figure 3.1.4.

The pressure overshoot above the 615 psia setpoint for the reference SI
pump mass 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 relieve at a lower pressure. __However, the capacity of the
valve is less and the mass input from the SI pump is greater at the lower

|, pressure so the valve is not as effective in mittaatino the pressure
transient. These two effects of reduced capacity and higher mass input
result in the pressure overshoot being Incressed from 155 to 192 psi as
the setpoint is 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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( 3.2 HEAT INPUT MITIGATED BY RELIEF VALVE
,

As sbown 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 is considered to be about 50*F because higher differentials

g 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 initial reactor coolant temperature was 180'F and the temperature
differential to the steam generators was 50*F (secondary temperature

,

230*F; steam pressure 21 psia) is shown on Figure 3.2.1. For this
transient in 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) in the tubes of the steam generator in the active loop was forced
out and into the reactor coolant pump where it 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 an initial shrinkage effect and
tended to decrease the initial coolant pressure.

!

.

/
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Simultaneously, the cooler reactor coolant which entered the steam
,

generator began 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 and
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 initial few seconds of the transient
as seen on Figure 3.2.1. Then, as the flow rate increased and the heat

,

j transfer mechanism became predominant, the coolant pressure increased

; rapidly.

.

'

The reactor coolant pressure continued to increase until the pressure
reached 500 psig, the setpoint of the relief valve. The relief valve
was given a signal to open when the pressure reached 515 psia (at 9.2 '

4

! seconds) but due to the inherent time delay of 0.6 seconds, the pres- ;
1*

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 +

j

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 is also shown on
Figure 3.2.1. With the lesser temperature difference, the transient is

; much slower and the resultant setpoint overshoot is only 15 psi, versus
the overshoot of 100 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 initial reactor coolant temperature (e.g.,180'F) .
the o'vershoot is seen to increase with increasing AT, where the aT as,

high as 100*F has been plotted to show the effect. It can also be seen
! from Figure 3.2.2 that at low values of AT, e.g., less than 10*F, no,

setpoint overshoot would be expected because the pressure woy1d only rise
from the initial 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 initial 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 limiting; 1.e., when the
temperatures are brought to equilibriun by the reactor coolant flow, the
transient is ended. The use of a relief valve to mitigate the pressure

g transient will result in a valve cycling effect when the valve capacity
is greater than the expansion rate of the coolant as it is heated, but

9
the valve will only be required to cycle a few times until the temperatures

g in the system are brought to equilibrium and coolant expansion ceases.
The first cycle will result in the largest setpoint overshoot. Subsequent

0 valve cycles will result in diminishing overshoots as the coolant expan-
sion rate diminishes until eventually the valve will close and remain
closed.,

.
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Figare 3.2.4 describes. the first complete cycle for the reference relief
valve as it mitigates a heat input transient with an initial severe tem-
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 is signalled to close at 595 psia (20 psi below
setpoint) and the valve closes over a period of 5 seconds. The figure
indicates the valve will close completely and the pretsure 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 lift.
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SECTION 4.

INSTRUCTIONAL GUIDE FOR
'

SETPOINT/0VERSHOOT DETERMINATION

_

4.1 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 input 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 a specific relief valve setpoint, a means of interpolating
the setpoint overshoot from the generic envelope has been made available-

and algorithms have been developed 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
I generic setpoint overshoot envelope. This procedure is presented in

Section 4.2.2, together with an example of its application for a specific
, RCS volume and steam generator design.

1
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The mass input algorithm involves the use of a procedure for the deter-
~ mination of a relief valve setpoint, which includes 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 overshhot 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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k.

Step Procedure Example Application

1 Select relief valve setpoint Setpoint = 500 psig
operating range

2 For limiting mass input rate, APREF = 8_2 psi for mass input
obtain aP from Figure rate (x)=60lb/secREF

,

4.2.1

4

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

4 For the relief valve opening FZ = 0.733 for relief valve
time (total, including delay), opening time Z = 2.0 seconds
obtain F factor from Figure

Z
4.2.3

5 For the relief valve setpoint F = 1.14 for relief valve ~

4

3
selected, obtain F factor setpoint = 500 psig3
from Figure 4.2.4

6 Calculate the product of fac- AP (10,000 cu.ft. , 500 psig,
! tors APREF, F , F , and FZ 2 seconds, 60 lb/sec) = 49y 3

determined in Steps 2 through psit
5 (application of Equation 1).
This is the setpoint overshoot,
2P.

!
-

.

_

t Conservative - LOFTRAN analysis for these conditions gives an overshoot
equal to 25 psi.

|
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,( Step Procedure Example Application

7. Add AP (Step 6) to the relief Pg = 515 psia (relief valve,

| valve setpoint (Step 1) to setpoint) plus 49 psi, or 564
.

'

obtain maximum transient pres- psia. From Figure 4.2.5 at RCS
sure, P If PMX < temperature = 100*F, Appendix GMX.
Appendix G limitation, se- pressure limit = 540 psig + 15,
lected relief valve setpoint or 555 psia. Thus, PMX *~ .

is acceptable. If Pgy > Appendix G limitation.
Appendix G limitation, go to
Step 8.

O

g 8 If PMX > Appendix G limita- Reducing setpoint by 10 psi
tion, selected relief valve (564 psia - 555 psia) to 490
setpoint is too high. Reduce psig and repeating Steps 2
setpoint and repeat Steps 5 through 6 results in AP = 49.4
through 7 until an acceptable psi and P = 505 psia +MX( setpoint is determined. 49.4 = 554.4 psia. Since 554.5

psia < Appendix G limit. 490
psig is an acceptable setpoint.

.

*

e
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,( 4.2.2 Setpoint Overshoot Determination for Heat Input Transient

Correlations of RCS setpoint pressure overshoot variation 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=

Relief Valve Setpoint 500 psig=

2SG Heat Transfer Area 58,000 ft=

3 36.000 ft 1 RCS Volume 1 13,000 ft
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,t 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 input case.

The use of the procedure is 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

2SG Heat Transfer Area 29,000 ft=

RCS Volume 10,000 cu.ft.=

Initial RCS Temperature 180*F=

-( RCS/SG AT 50*F=

Relief Valve Setpoint 500 psig=

.

Applying the heat input procedure:

'

|

~

c,

4-15
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-- -.

Step Procedure Example Application

3
1 For both the 6000 ft and For TRCS = 180*F, apt 6K *9 psi

313,000 ft RCS volumes, obtain and apt = 68 psi for RCS
13K

reference setpoint overshoots volumes of 6 and 13 ,-respec-g g
t

AP and AP fr m Figure tively.
6K 13K

4.2.9 for the initial RCS
temperature, T

RCS*

i

2 Using both Figures 4.2.10 and For TRCS = 180*F and AP = 98 ,

4.2.11, determine the refer- psi, UA = 0.115 (Figure
6K,.

ence normalized UA (UA and 4. 2.10) . For T = 180'F and
6K RCS

UA13K)forbothRCSvolumes AP = 68 psi. UA = 0.184
13K j3g

using AP and AP deter- (Figure 4.2.11).
6K 13K

mined in Step 1 and for the

isotherm. TRCS*

3 Determine what fraction, f. 29,000 ft /58,000 ft2 = 0.52 -

2of 58,000 ft constitutes the

actual steam generator heat

transfer area.

4 Multiply both UA and UA UA'6K = 0.115 * 0.5 = 0.0575 and6K 13K
(from Step 2) by f (from Step UA'13K = 0.184 * 0.5 = 0.092
3) to obtain new normalized

UA'6K and UA'13K values.

t Setpoint Overshoot, AP = PMAX - PSETPOINT
.

.

e

9
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5 For the same isotherm. T From Figure 4.2.12, for TRCS * 'RCS,

and for UA'6K and UA'j3g, 180*F and UA'6K = 0.0575,
obtain new setpoint overshoots

AP'6K = psi. From Fig m
AP'6K and AP'j3g for the 6000 4.2.13, for TRCS = 180*F and

3 3ft and 13.000 ft volumes. UA'j3g = 0.03~, AP'13K = 35 psi

.

6 For the actual volume, V For VRCS = 10,000 cu.ft.,RCS,
ifnearly interpolate the set- AP'6K = 44 psi and AP'j3g = 35
point overshoot, AP VRCS, for psi,
the new steam generator UA

from the relationship:

AP'VRCS = AP'10K "

AP'6K ~ 000 (AP'6K-AP'j3g) 44 - (44 - 3b)
*

000

= 39 psi

This P'VRCS is the overshoot corresponding to the actual steam generator
neat transfer area and RCS volume.
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4.3( DEVELOPMENT OF INTERPOLATING MASS INPUT EQUATION

The.following, simplified equation is utilized for determining mass input,

setpoint overshoot for a specific set of plant input parameters from the .
gendric data.

AP (V, S. 2, x) = aPREF (x) * F *F *F (1)y 3 7

where:

AP (V, S. Z, x) setpoint overshoot, psi=

V total RCS volume, cu.f t.=

S relief valve setpoint, psig=

Z relief valve opening time, seconds=

mass input rate, lb/ secondsx =

APREF(x) reference overshoot at mass input rate x, psi=

Fy RCS volume factor=

F relief valve setpoint factor=e
~

( F
Z relief valve opening time factor=.

Equation (1) involves obtaining a product of a reference overshoot AP-

REF'
and three application factors which account for variation in the AP

REF
from reference valuer. of RCS volume, relief valve setpoint and relief
valve opening time. Linearizatinns involved in the development of Equa-
tion (1)willnecessarilyintroducesomedegreeofconservatisminthe
pressure overshoot and in the determination of relief valve setpoint.

.

S

O
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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

i
f(x) = ax + b (2)* -

-
.

I If this linear function is defined to pass through the origin of
~ the coordinate system, and if f(x) takes on the constant value c

for a specific, reference value of x = x , thenr
-

f(x ) = c.r

b=0
- a = c/xr

andEquation(2)becomes

f(x)=(h)x (3)
r

Nowconsidertwolinearfunctionsofx,f(x)andf(x),bothj 2
passing through the origin of the coordinate system, with

(4)f)(x ) " C1
'

r

(5)f I*r) " C22

These functions may be written as

.

$

e
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|

{ f (x) = ( )x (6)j
and g

f I*) * ( )* (7)2.,

r

'

Both functions f) and f2 are graphically depicted in Figure 4.3.1.
In solving Equations (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 )

r
values for the two functions, or

c
f I*) " # I*) * (8)2 1

1

This analytic technique for the determination of one linear func-
tion from a known second linear function through the use of a

'

multiplication factor is extended to the development of interpola-
tive factors for the generic mass input study.

.( 4.3.2 Development of Application Factors

1. Fy - RCS Volume Factor
-

Consider the setpoint overshoot-mass input rate correlation
3shown in Figure 4.3.2 for V = 6000 (6K) ft and reliefRCS

,

I valve setpoint = 600 psig. If this curve is linearized from
! thepoint(aP,massrate)=(155 psi,113lb/sec)through

the origin (0 psi, O lb/sec), the resultant linear function
as shown in Figure 4.3.3 exhibits the same characteristics
as the linear analytic function f (x) described earlier,j
namely

-

.

'

C
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( I](x)=AP6K/600(*) " ( )* (9),

r

where:..

~ 6K/600(x) linearized reference setpoint overshoot, psiAP =

mass input rate, Ib/secx =

reference mass input rate, Ib/secx =
p

AP6K/600(*r)' PSIc)
=

For the reference conditions of 6000 ft3 RCS volume and 600
psigreliefvalvesetpoint, Equation (9)maybewritten

,

6K/600(*)*Ill3 b/s c) x = APREF(x) (10)A

Further, assume that the setpoint overshcot for the same
3600 psig setpoint but for a 13,000 ft RCS volume, or

AP13K/600, may also be represented by a second linear func-
tion (Figure 4.3.4),namely,

'b
c

f(x)=AP13K/600(*)" )* (II)2
r

where:

AP
13K/600

linearized setpoint overshoot for the second=

linear function, psi

2 13K/600 I*r), psiAPC =

For V = 13,000 f t3 (and S = 600 psig) Equation (11) may be
written:

AP I*)*I ec)* (II}13K/600 ll 1

;

.

O

I

|
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.

,( where:

AP13K/600 (113 lb/sec) = 75 psic =
2

-
.

~

From Equation (8), Equations (10) and (12) may be combined-

3to give the setpoint overshoot for a 13,000 ft RCS volume

in terms of an overshoot determined for the reference 6000'
3

, ft volume, and a ratio of overshoots (c /C ) determined at
2 1

the reference mass input rate, or x = 113 lb/sec. This
r

relationship, for which setpoint remains unchanged at 600
3 psig, may be written

C'

AP13X/600(x)=AP6K/600I*)*

= APREF(*)*

= 0.484 APREF(*} II3)

'( 3 3For RCS volumes intennediate to 6000 ft and 13,000 ft ,
values of c will vary between

2
.

75 psi s c 1 155 psi
2

and the c /c; ratio will vary between2

0.484 11 c /c; 1 00
2

If the c /C1 ratio is set equal to F , the RCS volume appli-2 y
cation factor, its variation with RCS volume would be as

shown in Figure 4.3.5, and the setpoint overshoot at 600 psig
3 3relief valve setpoint for any 6000 ft S V 1 13,000 ft would

be obtained from the relationship,

.

.
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,( APV/600(x)=APREF (x) * F (14)y

where:.,

-
V/600(x) setpoint overshoot at mass input rate x for .AP =

RCS volume V and S = 600 psig, psi

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

F RCS volume factor=
y

-

2. F3 - Relief Valve Setpoint Factor

Just as the AP6K/600 (x) and AP13K/600(x)functionswere
linearized in Figure 4.3.4 for a change in RCS volume from

3 36K ft to 13K ft , 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 Equation (8) was utilized
to relate one linear function to another for RCS volume

3 3variation from 6K ft to 13K ft , it may also be applied
.( to the situation where setpcint is varied. In this case,

to obtain the setpoint overshoot AP at 400 psig for a 6000
3

ft plant knowing AP at 600 psig, Equation (8) is utilized-

to obtain

AP6K/400(X)=APREFI*)*

= AP6K/600(*)*I )

= 1.25 AP6K/600(x) (15)

.

e

C
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3,{ For a RCS volume of 13K ft , this relationship (for a set-
point change from 600,psig to 400 psig) would be

*

AP13K/400(x)=AP13K/600 (*) * I )

= 1.27 AP13K/600(x) (16)

To ensure a conservative determination of setpoint overshoot
for a setpoint variation at any RCS volume, the maximum co- -

efficient (1.27) in Equations (15) and (16) is utilized in
the development of the appitcation factor for the generalized

,,
correlation for setpoint variation. In this correlation, for,

.' any relief valve setpoint between 400 psig and 600 psig, the
setpoint overshoot for RCS volume V from Equation (15) is
given by

APyj3(x)=APV/600(x)*F3 (17)
(,-

where:

F
'-

3 relief valve setpoint factor as defined in Figure=

i 4.3.7
S relief valve setpoint 400 psig 5 S 1 600 psig=

| , .

I Incorporating :the volume variation effect from Equation (14),
Equation (17)becomes ,

.

APyjg(x)=APV/600,(x)*FS
|

= APREF (x) * Fy 3
*F (18)

"

t
,

r

C
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( To this point in the development, the effects of relief
,

valve setpoint and RCS volume variations on setpoint over-
shoothavebeenaccountedforinEquathn(18). The-

,

. -
effect of relief valve opening time remains to be considered. .

3. FZ - Relief Valve Opening Time Factor

Figure 4.3.8 describes the variation in setpoint overshoot
y AP with relief valve opening time, which includes a time

) delay (for air accumulation prior to valve stem motion)
equal to 20% of the total opening time. Correlations are

) presentedfor400psigand606psigreliefvalvesetpoints
3 3) 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 linearized by drawing a line, tangent to each
'( curve at the reference condition (reitef valve opening time =

f 3 seconds), and intersecting the abscissa at a point to the
'~

lift of the origin.

Figure 4.3.9 illustrates this procedure for the reference
3case (600psigsetpoint,6000ft RCSvolume). If the new

origin defined by the linear approximation is designated as
O', 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 tems of the original abscissa Z'
(where: Oseconds5,Z'5,3 seconds)andthedisplacement
AZ', or

Z = Z' + AZ' (19).

.
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For any relief valve opening time, Z', therefore, the

setpoint overshoot AP may be obtained from the linear rela-
tionship ,,

yjg(x,Z')=(f,*3f')*APyj3(x) (20)AP

=F * APyjg (x) (21)Z

The F factor was optimized from a linearization of all the'

Z
correlations in Figure 4.3.9. It was determined that both

3setpoint parametrics for 6000 ft RCS volume produced the
largest abscissa displacement (aZ' = 0.75 seconds). This

factor to ensure a conservativedisplacement maximizes the FZ
setpoint overshoot. A plot of the F factor with valve

Z
opening time, Z', is 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. -

factor, considerBy way of illustration of the use of the FZ
a relief valve opening time of 2.0 seconds. The reference

setpoint overshoot APREF(=AP6K/600) w uld be detennined as
follows. From Figure 4.3.10, for Z' = 2.0 seconds,

.

FZ = 0.73

from Equation (21),
.

:
.

.

.
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AP6K/600 (x. ' = 2.0) = 0.73 * APREF (*) ("-

= 0.73 * 155 psi
= 113 psi

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 Equation (21) into the expression (Equation 18)
which reflects the effect of relief valve setpoint and RCS
volume interpolation, the following expression is derived:

.

APyjg (x, Z') = APyj3(x)*FZ

= APREF(x)*Fy 3 Z
*F *F IN

or

AP(V,S.Z,x)=APREF(x)*Fy 3 Z
*F *F

which is the simplified interpolating equation (Equation 1)
used in the algorithm for setpoint determination for the mass
input transient.

~

.
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SECTION 5.
,

CONSERVATISMS IN STUDY .
.

The analyses presented in this report were conducted such that certain para-
meters provided a 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 in a conservatively high calculated value of the
peak transient pressure.

5.1 RELIEF VALVE STROKE TIME

The reference relief valve selected for use in this study was considered
to have a total opening time of 3.0 seconds from the instant the signal
to open is received 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 SI pump
into 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
is, no delay time to fill the air system) in 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 is 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.

.
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The effect of the stroke time on pressure overshoot for two valves is also
shown on Figure 5.1.
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5.2 EFFECT OF METAL EXPANSION

The coolant pressure transients 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 the 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
calculation and the other portions of the pressure boundary; reactor
vessel upper head and nozzle course, pump casing, steam generator inlet
and outlet plentms and miscellaneous connecting piping were assumed to

be inelastic.

Table 5.2 summarizes the results of the calculation to detennine 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 psi internal pressure.
The last two columns are listed to show which sections 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.f t. 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 po'rtion of the mass input supplied by the pump is used to fill and
pressurize the additional volume made available by the metal expansion.
For the particular case evaluated, i.e., the reference SI pump and 6000
cu.ft. volume plant, it 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 fill and pressurize the expansion volume.

Figure 5.2 describes the reduction in the peak pressure reached in the
cycle when the pressure boundary expansion is taken into consideration.
The figure shows the pressure overshoot above the setpoint calculated
for the inelastic case is 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 input cases,
the system was assumed to be isothermal at 100*F so for these cases

there would be no dimensional change. However, in the heat input 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.

.

e
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-

TABLE 5.2

RCS VOLUME

SIM4ARY

;

3Total, ft AV/1000 psi %

4 Loop 2 Loop 4 Loop 2 Loop 4 Loop 2 Loop
;

REACTOR VESSEL 3775 2089 2.37 1.32 42.0 43.9
(lower shell and head)

PRESSURIZER 1800 1000 1.34 0.73 23.8 24.2

Y'

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)

E 5.63 3.01

. .
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5.3 EFFECT OF REACTOR COOLANT AND INJECTION WATER TEMPERATURES - MASS INPUT

CASES

All 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 is at its 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 is 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 is 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

;

'1when 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 if the mixture is 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.

|

.
|

S.

|

.
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( 5.4 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
is dependent on the mass of water in the steam generator secondary and
its temperature. In the LOFTRAN program, the entire steam generator
secondary water mass is considered to be active in the heat transfer
process. Since it is unlikely that free convection circulation will

occur between the steam generator secondary mass in the tube bundle and

the warmer mass above it 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 input analyses, however, the entire steam generator

|- secondary water mass of 215,000 lb. was input for the heat input study.
This large mass provided a degree of conservatism in the setpoint over-

| shoot data obtained.
i

|
'

The free convective secondary si4 heat transfer coefficient, hsec, can
be shown to control the primary w 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 h can constitute up

sec
to 90 percent of the total resistance. For this reason, the overall
heat transfer coefficient, U, used in the heat input LOFTRAN model was

*
,

t
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l

assumed to be equal to h This assumption also provides conservatism ,!sec.
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 input models used for the assessment utilized the following
assumptions in their input development.

LOFTRAN Model
Parameter Conservative Realistic

Steam Generator Secondary Entire mass cor- Mass correspond-
Water Mass, Ib responding to ing to tube bundle

no-load steam coverage only
generator water
level

Equal to h Includes bU, Overall Heat Transf r
Coefficient, BTU /hr ft! 'F only h andsee PII,

.

sec
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 th'e particular case of a pump startup in one loop of a two

3loop, 6000 ft plant with a RCS/SG temperature difference equal to 100'F
and initial RCS temperature equal to 180*F.

.

e

4
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t[ It should be noted that this dramatic reduction in overshoot is based,

partly on consideration of a heat transfer model for which only a very
low flow of reactor coolant through the steam generator tubes was as-.

sumed, resulting in a significant hpri contribution. The magnitude of .

coolant flow, which will be in effect to influence h and heat trans-pri
fer at any time following pump startup, is a function of the pump
startup transient. 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 model
in Figure 5.4 would be realistic.

b

.

|

!

.

,.

|
'

.

.
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, 5.5
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, is 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 Westinghouse 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 is faster than the startup
rate nonnally considerec' as representative of the 93A pump.

4

All of the pressure transients and corresponding setpoint overshoots ob-
-

tained with the LOFTRAN program for the heet input studies reflect this
~

flow startup conservatism.

'

.

e
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SECTION 6-
.

OTHER CONSIDERATIONS
.

6.1 EFFECT OF PRESSURIZER WATER TEMPERATURE

In a water solid reactor coolant system, the compressibility of the
coolant is related to its temperature. For the mass input studies, the
analyses were to be performed for an isothermal coolant temperature
equal to 100*F. However, for LOFTRAN to maintain a prescribed initial

coolant pressure, P,, the pressurizer must be maintained at the satura-

tion temperature Tsat, corresponding to P,. In the analyses, Tsat
for the range of P, considered (50 psig to 450 psig) varies between
approximately 300'F and 460*F which is several times higher than the
isothermal (100*F) temperature required. Thus, the pressurizer water

volume at Tsat > 100*F introduces into the model additional compressi-
bility, which would reduce the setpoint pressure overshoot for the mass-

ing t transient.
.

The amount of overshoot defect is dependent on the volume of the wann-
er compressible mass, i.e., pressurizer water volume. Figure 6.1

) illustrates this effect. Fromthisfigure,areductioninhot(approxi-
'

mately 300'F) pressurizer water volume from 1021 ft3(pressurizervolume
I plus surge line volume for the 6000 ft volume, 2 loop LOFTRAN model) to3

3100 f t produces a corresponding increase in setpoint overshoot of 22
psi (133 psi to 155 psi), or about 15 percent. Further reduction in

3 3pressurizer volume from 100 ft to 10 ft produces an increase in over-
shoot of only 3 psi (155 psi to 158 psi), or less than 2 percent.

|

|
.

|
.
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To avoid problems with internal LOFTRAN computations associated with
3the use of a very small pressurizer, and since the 100 f t model pro-

3duces only a negligible compressibility effect, the 100 ft pressurizer
water volume was selected for use throughout the mass input and heat
input analyses.

.
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4

6.2 EFFECT OF BACKPRESSURE ON RELIEF VALVE

The reference relief valve was considered to discharge into the pres-
surizer relief tank against a small backpressure caused by the nitrogen
pressure in the tank. Nonnally this gas pressure will be less than 5
psig, but for this study the backpressure was considered to be 10 psig,
which is above the typical high pressure alann.

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
in 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 is
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 is 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
(limiting mass input case) with both a 10 psig and 100 psig backpressure.

For the first relief valve lift cycle, the peak pressure due to an
overshoot of 154 psi above the 600 psig setpoint was found to be 754
psig. Then if the injection into the reactor coolant system continues,
the backpressure will increase with each subsequent relief valve lift

,

3 .

e
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9

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 159 psi.

above the setpoint, resulting in a peak. pressure of 759 psig. Subse-

quent relief valve cycles after the rel'ief tank has vented through the
rupture disk will result in lower peak pressures.

If the reference case described above is considered to be typical of
~

a 2 loop 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 fill and pressurize in about 1-1/2 minutes. Therefore,
it is concluded that, for this example limiting 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 lift cycle.

.s

e

@
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6.3 CAPACITY OF MULTIPLE RELIEF VALVES

The analyses presented in this study considered the use of a single
air-operated relief valve, i.e., the reference 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.

d

To evaluate the effect of a change in relief valve capacity, a few
cases were studied in which the relieving 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 input from the charging / letdown flow mis-
match case, the effect of the increased capacity on setpoint over-
shoot is insignificant; but there is a substantial effect on the rate
of pressure decrease while the valves are relieving, which is 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, i.e., from about 155 to 119 psi.
However, since the pressure increase is 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.

.

e
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( The results of a typical study of the effects of multiple valves for'

a 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 is mitigated earlier and that.the pressure overshoot is re-
.

duced, e.g., for the 600 psig setpoint case the overshoot is 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
sufficient and additional capacity is no't required.

~
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! 6.4 RELIEF VALVE CYCLING
.

The -reference relief valve has a unique characteristic of operation in.

that its 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 solenoid valve which is positioned by an
electric signal to either admit air into the valve operator or to vent ;

the air from the operator to the atmosphere. If the solenoid is quick-
ly signalled to change position (cycled), the air may not be capable of
moving the diaphragm through a' full valve stroke, i.e., the valve could
theoretically float on a cushion of air.

In some of the analyses of this study it was found that the relief
valve had excess capacity such that the relief valve did not reach the
full open position before it was signalled to close. For these cases,
the valve actually floated on the motive air as it 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.

i
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4

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 if the injection flow is about 120 gpm

L and every 42 seconds if the flow is 40 gpm. This valve cycling will
l continue until the operator intervenes to restore letdown or to stop

the mass input. For an extreme case of a his,h 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 seconds 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 is almost doubled. However, since there is a minimum coo' int pres-i

1

sure required to protect the reactor coolant pump seals from possibleI

l damage, it would not be acceptable to allow the pressure to decrease
,

below about 300 psig. This is an economic consideration which must be
included in the overall system design. Some plants, however, have clos-
ing times equivalent to the opening times (less than 3 seconds) and
"undershoot" is not a problem.

Another consideration regarding relief valve cycling is the effect of
I two valves relieving simultaneously, which is a likely event. When the

two valves are signalled to open, the effective capacity is double and
neither valve has to lift as far for the pressure transient to be miti-
gated and the valves signalled to close. Figure 6.4.3 illustrates the

-

e

e
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'

( characteristics of the pressure response for both the credible charging /,

letdown flow mismatch case and the extreme mass injection case represent-
ed by the reference SI pump injection. As would be expected, the setpoint

|
.

overshoot is reduced, but due to the high relief capacity during the valve- 1
clos'ing 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 relief
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 censideration of the pump seals would not be applicable.

.
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6.5 RELIEF VALVE CAPACITY CHANGE WITH FLASHING
*

.

The reference relief valve for this study is assumed to be located on,

the pressurizer (i.e., the power operated relief valve) and therefore
.

the p'roperties 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

likely 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 period of time when the pressurizer is 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 lift at this time, there would be flashing of the fluid as
it passed through the valve, with a consequent decrease in mass relief
capacity.-

|* To evaluate the effect of the reduced mass flow on a typical pressure
. transient, a reference SI pump mass input case was evaluated both with
a cold pressurizer and with a relatively hot pressurizer. The cold pres-
surizer case is presented in other parts of the report and involves a
pressuricor with a water temperature of 100'F (equal to reactor coolant
temperature). For the hot pressurizer cases, the temperature of the
weter is considered to be at saturation for a pressure of either 415
psia (448'F) or 615 psia (489'F).

|

.

.
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The mass flows of fluid through the relief valve for the saturated water
flow cases were based on homogeneous, thennal-equilibrium, isentropic,

*expansion flow evaluated as follows:,

where h, is the enthalpy at the

G = h 2g J (h, - h ) upstream (saturated) condition and
c c

c y and h are evaluated for the
e e

2= lb/sec - ft conditions at the exit plane.

The conditions of pressure and quality at the exit plane are found im-
plicitly for.ea'ch particular upstream condition and Figure 6.5.1
describes the mass flow through the valve at various upstream pressures

for both the subcooled and saturated flow modes. As can be 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 either 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 lines and valve operator with motive air.

~

t ANS proposed standard N-661. Evaluation of Anticipated Transients Without Trip'

for Pressurized Water Reactors .
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i From an inspection of the results of the pressure transients for the
*

cases of one and two relief valves, it can be deterinined that the pres-
sure overshoot during the time the valve (s) are relieving is 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), it is found the overshoot during the stroke
time is 140 psi, giving a peak pressure of. 415 + 81 + 140 = 636 psia.
This peak pressure is about 30 psi higher than that pressure reacht.i
with one relief valve relieving subcooled water flow. Figure 6.5.2
shows graphically the difference in 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 limiting mass input case
and a relief valve setpoint of 615 psia (see Figure 6.5.3).

.

At lesser mass input rates relative to the system volume, the difference
fn 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 htcause, at lesser mass input rates, the rate of
change of coolant pressure is lower, and, hence, for any given valve stroke
time, the prestare 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 whe"e the relief valve capacity exceeds the input
flow rate.

.

.

.
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4

The pressure transient versus time in the example case with a hot pres- ,

surizer is unrealistically conservative because it is based on the entire
reactor coolant volume including the pressurizer being 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 fluid 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-
cussion.) 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

SUPMARY TABLE - MASS INPUT RESULTS
-

,
RCS VOLUME = 6000 CU.FT.

.

' SULTSRELIEF VALVE MASS INPUT MECHANISM RE

u a O
90 5 8 Es

s.3 8 OM ~ "z 3 >-
INITIAL RCS S 7 $%S 2 4o 5 Appendix Bc= "

PRESSURE (psig) d% N b d8 g 33 { FigureNumber(s)
^

"
%

T- E s. E RO &S a5U J W*
o3 %4 23 .3 g E3 g !* 8a *
AE $5 5E 4g 3" " .E S gS 3S~ E "E f" 5 Gv" 8 M a

m
*

>
5 4, 50 400 1 L 3.0 0 SI 592 192 M18, M23, M27, M4--- ---

50 400 2 L 3.0 0 SI 544 144 M27--- ---
'

50 400 1 NL 3.0 0/C SI 566 166 M31--- ---

50 400 2 NL 3.0 0/C SI 543 143 M33--- ---

50 400 1 L 1.5 0 SI 485 85 M27--- ---

50 400 2 L 1.5 0 SI 449 49 M27--- ---

50 600 1 L 3.0 0/C C/LI CCP 2 610 10 M6, M9, M10 3
a50 600 2 L 3.0 0/C C/LI CCP 2 610 10 M6, M10

50 600 1 L 3.0 0 C/LI ' CCP 10 610 10 M8
.

50 600 1 L 3.0 0/C C/LI PDP 2 605 5 M7, M9 N
N

450 600 1 L 3.0 0/C C/LI CCP 2 610 10 M6, Y50 500 1 L 3. 0 0/C C/LI PDP 2 505 5 M7 o
'

50 400 1 L 3.0 0/C C/LI CCP 2 405 5 M6 f50 400 1 L 4.0 0 C/LI CCP 10 410 10 M8 o
o

- - - -
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APPENDIX A

StsNutY TABLE - HEAT INPUT RESULTS,

RCS VOLUME = 6000 CU.FT.

INITIAL SYSTEM REFERENCE
SG MODEL RESULTSTEMPERATURES (*F) RELIEF VALVE -

=
i.S S '

!;;, - -
E Conservative (C)or E 5- Appendix 8

'

[ Less Conservative (LC)' @ FigureNumber(s)
~

.5 e- ~
w = a a g -

5 M= =

$ 20 180 200 500 1 C- 515 15 H19
;

50 100 150 500 1 C 531 31 Hl. H4, H6
'

50 140 190 500 1 C 562' 62 H1, H4, H6.

50 180 230 500 1 C 598 98 Hl. H4, H6, H19
'

'

50 250 300 500 1 C 657 157 H1, H6 *

| 100 100 200 600 1 C 745 145 H20 H22 H25
100 100 200 600 2 C .'710 110' H2O

100 100 200 600 1 LC 650 50 H22 .

100 140 240 600 1 C 845 245 H23
'

'

100 140 240 600 2- C 775 'l75 H23
-

100 180 280 600 1 C 935 335 H24. H25. H27. H28. H36,'H37
100 180 280 600 2 C 825 225 H24

100 180 280 600 1 LC 775 175 H27 h
1

.
. . ..



- - v -e c- e e, -e- e_ _ - _- -

- . ..

. - -. . ~

f P'

APPENDIX A A. _ _ _ .

i

SIM ERY TABLE - HEAT INPUT RESULTS

i

RCS VOLUME = 6000 CU.FT.

INITIAL SYSTEM REFERENCE
TEMPERATURES (*F) RELIEF VALVE K MDEL RESULTS.

-

3'

.a- -'O 3 Ws

'E Conservative (C)of E y- Appendix B
'

! Less Conservative (LC)'
~

g FigureNumber(s)
,ki 5 ' m"e

- g g g g 2 e

d E $ iN

4 100 100 200 500 1 C- 640 140 H4, H2O
! 100 100 200 500 2 C 61 0 110 H2O

I
~

100 140 240 500 1 C 730' 230 H4, H23-

| 100 140 240 500 2 C 655 155 H23
; 100 180 280 500 1 C 780 280 H4, H24, H37
I

.

100 180 280 500 2 C 665 165 H24
i "

! 100 100 200 400 1 C '540 140 H20, H21
100 100 200 400 2 C 5.10 110 H2O E

. O; 100 100 200 400 1 LC 460 60 H21

100 140 240 400 1 C 545 145 H23 H
-

,

100 140 240 400 2 C 485 85 H23
100 180 280 400 1 C 665 265 H24 H26, H37 u

! 100 180 280 400 2 C 515 115 H24 y
100 180 280 400 1 LC 547 147 H26 u

,

; I.

: O,

o

_ _ - - _ - .
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APPENDIX A

SLBMARY TABLE - HEAT INPUT RESULTS
,

RCS VOLUME = 13,000 CU.FT.

! INITIAL SYSTEM REFERENCE
SG MOEL RESULTS.TEMPERATURES (*F) RELIEF _ VALVE

'
.

,

3
59 % $s - - z
~E Conservative (C) or E g- Appendix B

'

! Less Conservativo (LC)'
~

g FigureNumber(s)

g g g g . 5S u m
"

e
a. m.

3 0 E= as a.

$ 50, 100 '150 500 1 C- 527 27 HS

50 140 190 500 1- C 550 50 HS
~

'

50 180 230 500 1 C . 569' 69 H5

100 100 200 600 1 C 710 110 H29. H31
100 .100 200 600 2 C 68'O 80 H29

;100 100 200 600 1 LC 650 50 H31

100 140 240 600 1 C '775 175' H32

100 140 240 600 2 C 725 125 H32

100 180 280 600 1 C 908 308 H33. H36. H37
'-

100 180 '280 600 2 C 765 165 H33
-

100 180 280 600 'l ' LC 725 125 H34

100 100 200 500 1 C 608 108 H5, H29
100 100 200 500 2 C 575 75 H29 9

'
. -.
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*.. - -
.

a

_

l APPENDIX A
1

SLM ERY TABLE - HEAT INPUT RESULTS.

,

i RCS VOLUME = 13,000 CU.FT. .'
INITIAL SYSTEM REFERENCE SG M EL RESULTS) TEMPERATURES (*F) RELIEF VALVE -

,

i -
! *
j ,S-

,8 S M: s
'

4 ' E Conservative (C)or E Appendix B
' ~

; ! Less Conservative (LC)' h- FigureNumber(s)
~

''h5 ' *= m4 W N & 3
'gg a+>

E W* a,
,

$ 100 140 -240 500 1 C- 667 167 H5, H32

| 100 140 240 500 2 C 615 115 H32
'

100 180 280 500 1 C 855' 355 H5, H33. H37-

100 180 280 500 2 C 650 150 H33

| 100 100 200 400 1 C 495 95 H29, H30
,

! 100 100 200 400 2 C 465 65 H29
1

100 100 200 400 1 LC '435 35" H30 m'

O100 140 240 400 1 C 577 177 H32

100 140 240 400 2 C 490 90 H32 g

100 180 280 400. 1- C 793 7 93 H33. H37 fu |-
,

100 180 280 400 2 C 500 100 H33

100 180 280 400 1 LC 505 105 H35 *

O ,

.t .

; O
_

O 'i
! :

|
i
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PRESSURE TECH TIME TO REACH
TRANSIENT SPEC PEAK PRESSURE.

'

INCIDENT (Date) CAUSE DESCRIPTION FROM (PSIG) TO LIMIT (PSIG) (minutes)
.

1. Beaver Valley Operator error in transferring electrical 400- 1000 440 Note 1

Unit No. I buses caused instrument spike isolating (130 F)*
(2/24/76) letdown from RHR System

2. Indian Point Unknown 420 670 500
(140 F)* 2Unit No. 2

'

(2/16/72)

3. Indian Point
Unit No. 2
(2/17/72) Operator isolated letdown without verifying

availability of letdown thru RHR system 420 650 500
(180 F)* 2

4. Indian Point
Reactor coolant pump starting swept cold

UnitNo)2 water thru hot steam generator-pressuren
(3/8/72A,

increase due to thennal 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 line. 440 575 500

(130 F)* Note 1

$

.
, ..
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PRESSURE TECH TIME TO
TRANSIENT SPEC REACH PEAK O

; 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
(1/23/74) 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<

(2/22/74) An inadvertent safety injection signal was'

generated which, by design, caused the,

' accumulator discharge stop valves to open. 150 560 500
| (115 F)* Note 1

9. Oconee Nuclear ,n Station Unit 2 d
i

"
(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 pmcedure " CAUTION" statement was not
'(9/1/74) rigorously adhered to while performing a .

primary coolant system leak test 960 Requires 160 F--- --- g
to pressurize
above 885 N
(150 F)* N

u
j .

O
W
3 .

O
O

.

t

__ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _
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URE TECH TIME TO
i IENT SPEC REACH PEAK'

i INCIDENT (Date) CAUSE DESCRIPTION FROM (PSIG) TO LIMIT (PSIG). PRESSURE
.

(min.)
! .

U*
| 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

i isolated from injecting into the reactor
: coolant system. Pressure. transient caused
;

i by starting of SI pump. 345 1400 615
(850) 30

| (170F)* Seconds
,

!

'.

i 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

400 830 615pressure increase- (168 F)*- Note 1! n

j 1
i

! 13. Prairie Island
Unit No. 1

| (10/31/73) Reactor coolant pump starting swept cold,

water thru hot steam generator-pressure
i increase due to thermal expansion 420 1100 720

(132F)* Note 1J
'

!

l
,

| 14. - Prairie Island
Unit No. 1'

While conducting Safeguards Logic Train A(1/16/74) -

monthly surveillance test, a SI signal was
j initiated when a step which puts Train A-'

in TEST was inadvertently missed. The SI'

signal opened No,11 accumulator outlet<

i
isolation valve. .RHR System isolation
occurred as designed at 600 psig. 395 840 610 Note 1 Oi

(90 F)*
:

|
'

- -.
. .

_ _ _
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PRESSURE TECH 1._.e ts
IRANS [ENT SPEC Reach Peak k

*

INCIDENT (Date) CAUSE DESCRIPTION FROM (psig) TO LIMIT (Psig) Pressure
(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*

I&C personnel removed cover from sealing
relay associated with letdown isolation
valve, Whenrelay cover was removed, broken
wires on relay became disconnected causing
letdown valve to close. 210 600 520

(660) (105 F)* Note 1n
u,

17. Surry
Unit No. 1
(1/28/73) During process of filling and venting the

RCS, "A" accumulator motor operated dis- S
charge isolation valve was opened to sweep #
any air trapped in accumulator discharge *

line into RCS. The opening of the valve M
caused the accumulator to cause the in-
crease in RCS pressure. '450 590 500 N

(80 F)* 1 N

4

o
18. Trojan (3J

(7/22/75) The RHR suction valve from the RCS was Iclosed by an unknown person (i.e., this 520 oisolated letdown) while the positive
400 3326 (between 100 Odisplacement charging pump was operating. and 105 F)* 10 to 12

;

_ _ - _ _ _ _ _ _ _ _ _ _ _ _
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I PRESSURE TECH ' Time to
I ';ENT SPEC Reach Peak

INCIDENT (Date) CAUSE DESCRIPTION F LPsig) TO LIMIT (Psig) Pressure
(9. ):

19. Turkey Point' -

Unit No. 3
: (12/3/74) In preparation for starting a reactor

coolant pump, the operator placed the
! letdown control valve in automatic
! in order to increase reactor coolant
|

pressure. At 455 psig the RHR system
loop suction isolation valve automati-

i

j cally closed isolating letdown. 50 800 510
' (105 F)* Note 1

!

20. Zion
Unit No. 1

i (6/13/73) Charging pump 1A, with suction from *

RWST, was started to increase reactor
j

system pressure. Normal pressure control
of continuous charging and letdown was
not being used since VCT was unavailable t

Operator was distracted by a telephone. n
4 call and left the area of the pump

4

I
control switch. Unattended pump

s

!
continued to pressurize system. RHR
suction relief valve failed to lift
and RHR system later isolated automatic-

,

#

ally at 600 psig. 110 1290 460
(105F)* Note 1|

_ _ _

| _

I 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

4 . .

] valve. When the RHR system was secured, 480 ,

! letdown was also secured. 100 1100 (115 F)* 10

2

.
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PRESSURE TECH nme to|
TRANSIENT SPEC Reach Peak k

-

'

INCIDENT (date) CAUSE DESCRIPTION FROM (Psig) TO LIMIT (Psig) Pressure
(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 The NSSS vendor has indicated that this!

plant has had an overpressure incident. -

24* Point Beach Further investigation is in progre s.Units 1 & 2
25. Surry Unit No. 1

--

'

n 26. D. C. Cook
O Unit No. 1 See item # 26 on next page

27. Peach Bottom
Unit No. 2 Following a main steam line isolationj

(3/6/74) test, portions of the reactor vessel'

shell temperatures decayed to 125 F
while reactor pressure remained at

400 250 gapproximately 400 psig. ---

(125 F)* D
,

W
28.- Beaver Valley Instrument Technician tripped wrong

Unit No. 1 B/S during MSP. then OPS placed in-
(3/5/76) verter in service with output breaker y

open, deenergizing #1 vital bus. .

causing SIS which isolated letdown 400 1150 Note 1 O
w

I
O
O,

- - - _ -
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PRESSURE TECH TIME TO.

TRANSIENT SPEC REACH PEAK
*

FROM(Pstg)TO LIMIT (Psig) PRESSURE
(min.).

INCIDENT (date) CAUSE DESCRIPTION.

Note 1040 470 Note 1
During RPS testing, inadvertent letdown (110F)*26.- D.C. Cook . 1

Unit No. 1 isolation was initiated.
(4/14/76)

With Shutdown Cooling System secured. 300 820 520 1

(90 - 100*F)29. St. Lucie a reactor coolant pump was started and approx.Unit No. 1
(6/17/76) RCS temperature rose to 140*F - reason

unknown as of 6/22/76

es,

03'

. .

'
,
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NOTE 1 - The available abno w l occurrence report does not provide;this inforn.ation.
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Attached are three revised figures which should be substituted for the
corresponding figures to be found in Aopendix B of Referenca,

1 The
revisions accommodate modifications niace to the letdown isolation

3

;l
transients represented in these figures to upgrade the analytical basisI 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

j modified in several of the letdown isolation transients. In every case,
the modification has resulted in an improvement in (i.e., smaller) set-

.

point pressure undershoot.
.

j
In both Figures MS and M10, the common transient exhibiting RCS setpoint
pressure undershoot response for two relief valve operation at a setpointi
of 600 psig has been replotted to reflect valve closure at a reset pressurei 20 psi below the setpoint. The original transient depicted in Figure M6
and Figure M10 of Reference 1 (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 .

i
extent that riolation nf the RCS oump seal pressure limit is no longer a[. consideration for this transient. ~

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

:

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

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

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

'.
-

Very truly yours,

k.&.C w
c .

H. W. Gu zman, Project Engineer.

Projects & Regional Support

.(
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