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June 16, 1980

'> Mr. R. E. Tiller, Director

.' Reactor Operations & Programs Division
Idaho Operations Office - DOE

* Idaho falls, ID 83401

EXPERif1ENT PREDICTION FOR LOFT t.JE L3-7 - Kau-137-80

Dear Mr. Tiller:

This letter transmits the Experiment Prediction (EP) for the Loss-of-Fluid Test
(LOFT) Loss-of-CoolantExperimentL3-7.

LOCE L3-7 is the fourth experiment to be performed in the LOFT Nuclear Small
Break Test Series (Test Series L3). The primary objectives of test L3-7 are to
impose a break flow equal to HPIS flow at an intermediate pressure during the
transient, to establish conditions for steam generator reflux cooling, to
isolate the break and recover the plant to cold shutdown, and to analyze the
data obtained to investigate associated phenomena.

,

( 8

! l The EP analyses provides data for evaluating the EP modeling techniques and
specified operating conditions to ensure the experiment will meet its stated''

objectives without jeopardizing the safe operation of the LOFT facility. This
EP was performed using RELAP5/M000 computer code.

The RELAP5 calculation simulated the thennal-hydraulic response from break
initiation to system recovery and refill to a solid plant condition. The
calculation indicates the test will achieve its stated objectives.

Very truly yours, '

,I ' ' [/ '

/

'N. C. Kaufma'n
Director,1.0FT

EJK:sem

Enclosure:
Experiment Prediction Report

7s
[ l

_



R. E. Tiller o
*

June 16,1980
Kau-137-80

Page 2

cc: M. Akimoto, JAERI
H. D. Axtell, EW&EB
5. Banerjee, McMaster Univ. -

R. W. Barber, DSE, DOE-flQ (2)

.~C. H. Berlinger, NRC-HQ
W. Binner, IfR (4)
J. Block, Creare
K. J. Brinkmann, ECN (4)
G. F. Brockett, ITI (3)
D. M. Chapin, MPR
R. Denning, BCL
S. Fabic, NRC-HQ
W. Farmer, NRC
T. Fernandez, EPRI
M. Firnhaber, GfR
R. F. Fraley, ACRS
K. P. Galbraith, NSE
G. Geissler, B&W
D. Coddard, ODE
P. Griffith, MIT
D. C. Groeneveld, AECL
J. Guttman, NRC
H. Hellstrand, SEAB
H. Holmstrom, VIT/YDI
J. Jackson, LASL
W. V. Johnston, NRC-HQ
W. Kato, BNL
S. Kellman, W
T. D. Knight, LASL
G. W. Knighton, NRC
N. N. Kondic, NRC-HQ
R. T. Lahey, RPI
R. R. Landry, NRC-HQ
A. J. Levine, GE
W. Loewenstein, EPRI
P. A. Lottes, ANL
D. Lummerzheim, BfFut
D. Malnes, IfA
G. Markoczy, SflfFR (4)
R. J. Mattson, NRC-HQ
F. Mayinger, tulfV
G. D. McPherson, RSR, NRC-HQ (5)
M. Meerbaum, B&W
G. Menzel, CE
C. Moser, El
T. E. Murley, NRC-HQ

O



-~ . . . . . - .-. .. ... . . . - ._ - ---___ _

| .

* ' R. E.1 Tiller,

June 16,1980<

* Kau-137-80-

-Page 3

H.-Nakamura,LJAERI'(4)cc:
'

P. E..Norian, NRC-HQ,
.

A. Olsen, Riso (4)
.G. . F, - Owsley, Exxon :
'Dr. Pfeiffer, GfR (10)-,

D. Primeau, AECL ;

0 ;F. Ross,.NRC,
_

1Z.-R. Rosztoczy, NRC-HQ
L. S._Rubenstein, NRC
F. Schroeder, NRC
S. Shannon,-BAPL'4

i M. Shiba,'JAERI
J. M. Sicilian, LASL

_R. Smith, Jr.,-NRC-ID |
.

>

'

J. E. Solecki, DOE-ID (4)
T. P. Speis,'NRC
R. L. Tedesco, NRC-HQ

: B. Teitiman,_KAPL
! |3. G. Thomas,-0RNL

!L. S. Tong, NRC-HQ
. O |D.'Trent,.PNL
'

J..Voglewede, NRC-HQ;

D. Vreeland, LLL j
'

; B. Washburn, 00E-HQ.

} 'B._ Woods, NUS
Public ' Document: Room, NRC-HQ
R. W. Kiehn, EG&G Idaho (w/o Enc).

,

8

1

i

1

4

4

+

.

:

1

4

W

-a-s - - - , , ,. , e n| . - - - - . , ,, ,,, . - - .n - - - --. - -----n n- q., - , - r-,--w----,-e.,ry- r- vJ



-_

e

EGG-LOFT-5172
''

PROJECT NO. P 394

June 1980

-BEST ESTIMATE PREDICTION FOR LOFT NUCLEAR

EXPERIMENT L3-7
.

.

Ernest J. Kee Keith G. Condie
Glen A. Taylor

.

U.S. Department of Energy
Idaho Operations Office * Idaho National Engineering Laboratory

''},W4%15 ~
' '

^

. _ _ , _

NJ . .

ts

ens
, . ,. _ .g4--

|
'

; _ y 7 .]; .C * ***'% .W'emme, em .,
. , _

*
,g m.g ime S pame, % , m emme,

#
'[jg,__j .2

M;"N{p' ' '4~ 'summus . . . .. . smuur'ammer

T* Mis %%m -g)hidLT"DEsas *ggi*" ;
,

_ .,g ,

?$. . A 1 Aa'.
+g . yc-- ' " ' -

.a - y _ .? -

ge= = - m eggf,

; - =- -

. . ,

_

'%

4

This is an informal report intended for use as a preliminary or working document

.
g

" V' '
, ..

B,d\V.Poc9~arCil300!OCIUM
[ :h~

k3$ 3IdIice ,090dPrepared for the~
U.S. Nuclear Regulatory Commission ~~

Under DOE Contract No. DE-AC07-761D01570 0 g g g g ld8hFIN'No. A6048 yD
,

_ . . -- .. . . . . . _ _ . _ _ . . _ _ - . _ _ . _ -

.



. _ _ _ _ __ ._ . _ _ _ - - . _ _ _ _

4

e

O

.

.

DISCLAIMER

This book was prepared as an account of work sponsored by an agency of the United
States Government. Neither the United States Government nor any agency thereof,

nor any of their employees. makes any warrantg, express or implied, or assumes any
legal liabihty or responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product or process disclosed, or represents that its use would

not intnnge pnvately owned nghts References herein to any specific commercial
product, process, or service by trade name, trademark. manufacturer, or otherwise,
does not necessanly constitute or imply its endorsement, recommendation, or f avonng

by the United States Govemment or any agency thereof. The views and opinions of
authors expressed herein do not necessanly state or reflect those of the United States

Government or any agency thereof.
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ABSTRACT

A two-fluid, trarstent analysis, digital computer code RELAP5/M00"0"
was used to simulate a small break in the cold leg of the Loss-of-Fluid
Test (LOFT) facility, a large pressurized water reactor scale model test -

facility. The entire transient was simulated from break opening to
recovery to a liquid-full condition. The simulation indicates that energy

,

generated in the nuclear core and not leaving through the break can be
adequately removed in the steam generator.

O
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DFFINITIONS

|
Best estimate-type calculation - a t int similation using nominal plant
values (for example, standard decay heat and nominal relief valve

l

setpoints) with no conservative assumptions made with respect to engineered -

safety systems.
l

1

Natural loop circulation - loop circulation (flow) caused by density
gradients, induced by heat generation in the core a?d sustained by
concomitant heat removal.

Reflux flow - condensation in steam generator primary tubes with

concomitant fallback of condensed liquid film into the intact loop hot leg
and vessel upper plenum.

I
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1, j SUMMARY
u/

This document contains the prediction of the coupled system

thermal-hydraulic response for the Loss-of-Fi11d Test (LOFT) system during. .

Loss-of-Coolant Experiment (LOCE) L3-7. LOCE L3-7 is the third experiment
to be performed in the LOFT Nuclear Small Break Test Series (Test Series

,

L3). The primary objectives of LOCE L3-7 are to impose a break flow equal
.

to HPIS flow 'at an intermediate pressure during the transient, to establish
a-conditions for steam generator reflux flow , to isolate the break and

recover the plant to cold shutdown, and to analyze the data obtained to
investigate associated phenomena.

Experiment prediction (EP) analyses provide data for evaluating the EP
modeling techniques and specified operating conditions to ensure the
experiment will meet its stated objectives without jeopardizing the safe
operation of the LOFT f acility.,,

V- )
''''

The RELAP5 computer code was used to perform this EP analysis. Since

the initial conditions and the conditions for the first 1600 s of the
transient for LOCE L3-7 will be the same as those conditions for LOCE L3-2
(the preceding LOFT small break experiment), results of the RELAP4 EP

analysis for LOCE L3-2 are presented for this time period for comparison.

The results of the analysis indicate that natural loop circulation
will persist throughout.the LOCE L3-7 transient, with some time periods
when reflux flow may occur as well. The plant is predicted to be liquid
full at about 11 000 s after experiment initiation. Significant events
during LOCE L3-7 are calculated to occur at the following times into the-

.
' transient:

.

:a. The objectives stated here for LOCE L3-7- are as -stated in the
f s, Experiment Operating Specification, except the term " reflux flow" was
jv) . changed from " reflux cooling."

'

vii
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1. The reactor will scram and the primary coolant pumps will trip at 34 s

2. The high-pressure injection system (HPIS) will start injecting
emergency core coolant (ECC) into the intact loop at 62 s

.

3. The secondary coolant system auxiliary feed pump will start initial
steam generator fill at 94 s

.

4. The pressurizer will be empty at 400 s

5. The upper plenum fluid will reach saturation temperature at 450 s

6. The HPIS flow rate will be higher than or equal to the flow rate out
the break at 1500 s

7. The HPIS will be turned off at 1800 s

8. The secondary coolant systen auxiliary feed pumps will trip, ending
initial steam generator fill at 1894 s

9. The secondary coolant system steam bleed will start at 3600 s

10. The HPIS will again start injecting ECC at 5400 s

11. The accumulator will start injecting ECC at 6080 s

12. The quick-opening blowdown valve isolation valve will close at 7200 s

13. The primary systen fluid will be subcooled at 11000 s. .

.

O
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-; 1. INTRODUCTION

As part of the experiment anal' sis effort performed by they

Loss-of-Fluid Test (LOFT) Program, a best estimate-type experiment..

prediction (EP) of the' thermal-hydraulic response of the LOFT system during
an experiment .is' performed prior to the experiment using computer,

calculations. These predictions are performed using the best calculational
techniques available to the program and provide data for:

1. Determining whether an experiment will meet its stated objectives
.

2. Evaluating parameters that affect the safety of the LOFT facility
during the intended experiment

3. Determining event times for incorporation into the operating
procedure:

] )
4. Determining possible instrument range adjustments

5. Evaluating-the capability of the modeling techniques employed in
EP' analysis.

This document describes how the RELAP5 computer code was used to

- simulate the LOFT system response for Loss-of-Coolant Experiment .(LOCE)
L3-7. Results from this analysis and, because of the similarity between
LOCEs L3-7 and L3-2, the first 1800 s of the LOCE L3-2 RELAP4 analysis are
presented to illustrate the overall system response and to provide
assurance that the experiment objectives will be met.-

Sections 1.1 and 1.2 of.this' introduction discuss the LOCE L3-7.

objectives. and-provide a brief description of LOCE L3-7 and of the LOFT
facility. Section 2 contains a description of the modeling techniques
employed in the EP analyses. Section 3 contains discussions of the

v

1
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calculated results. Comparisons and conclusions of the analytical results
are included in Section 4. References discussed are listed in Section 5.
Appendices provide detailed calculational results (Appendix A), algorithms
for generation of the EP data in the data bank (Appendix B), listings of
source deck changes (Appendix C), and listings of the code inputs

.

(Appendix 0).

.

1.1 LOCE L3-7 Objectives and Description

LOCE L3-7 is the third powered experiment to be conducted as part of
the LOFT Nuclear Small Break Test Series L3. The experiment objectives and
descriptions for Test Series L3 are discussed in detail in Reference 1.
The' objectives for LOCE L3-7 are given in Section 1.1.1. LOCE L3-7 is
described in Section 1.1.2.

1.1.1 LOCE L3-7 Objectives

The primary objectives of LOCE L3-7 are to impose a break flow equal
to HPIS flow at an intennediate pressure during the transient, to establish

aconditions for steam generator reflux flow , to isolate the break and
recover the plant to cold shutdown, and to analyze the data obtained to
investigate associated phenomena.

1.1.2 LOCE L3-7 Description

LOCE L3-7 will represent a 0.16% break in a cold leg of a pressurized
water reactor (PWR) primary coolant pipe. The periods of interest are from
break initiation to plant depressurization and long-term cooldown. When
operator action is required to effect depressurization, a secondary heat -

removal method recommended by large PWR vendors will be used.

.

The objectives stated here for LOCE L3-7 are as stated in Reference 1,a.

except the term " reflux flow" was changed from " reflux cooling."

2
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( / .l.1.2.1 Initial Experiment Conditions. The following major initial-v
conditions were selected for LOCE L3-7 to simulate the conditions expected

. at the start ^of _ a small break loss-of-coolant acc.ident (LOCA) in a-typi. il-

large PWR:
f-

l. The reactor has been operating at steady state 100% power long
enough to establish equilibrium fission product. concentrations.

,

.

2. There has not been a loss of site power coincident with the LOCA
which requires the emergency core coolant (ECC) injection to be
activated by automatic signals and not be delayed until af ter the
emergency diesel is delivering power.

3. The minimum emergency core cooling system (ECCS) action takes

-place requiring the high-pressure injection system (HPIS) and the
low-pressure injection system (LPIS) flow' rates to be scaled to
represent only one of the two pumps available for each system.
The accumulator volume was scaled to represent the fourv
accumulator tanks available on a typical large PWR.

Initial conditions specified for the LOFT system at the initiation of
LOCE L3-7 are: calculated core power - 50 MW, primary system pressure -
'14.86 MPa, intact loop cold leg temperature - 556.8 K, and primary coolant
flow rate - 478.8 kg/s.

1.l'.2.2 Experiment Op? ration. The reactor will be taken critical and
operated at 100% power _(50 MW)-for a period long enough to establish

sufficient fission product concent ations to provide decay heat levels
- ' corresponding to 86% of 1-year irradiation time at 100 s af ter shutdown and

67% of 1-year irradiation time at l'h after shutdown.
.

- Af ter all of the spec'ified initial conditions 'have been established,
'

the' blowdown system isolation valve on the vessel side of the broken. loop

O- ,

3

s 4
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cold leg quick-opening blowdown valve (QOBV) will be opened. The

experiment will then be initiated by opening the corresponding downstream
QOBV.

The control rods will be scrammed by the reactor shutdown system when -

a low system pressure (14.11 MPa) is indicated. Power to the primary
coolant pumps ,will be tripped when the lights indicating the control rods

.

have reached bottom are lighted on the control panel, approximitely 2 s
after the scram signal is received. The pumps will then coast down at a
rate representative of a typical large PWR.

The blowdown effluent from the primary coolant system will be directed
to the pressure suppression tank. Back pressures in the pressure
suppression tank are calculated to not have enough influence on small break
experiments to require using a programed back oressure.

Upon receipt of a low system pressure signal of 13.16 MPa, a mass

scaled amount of borated liquid will be injected into the primary coolant
system cold leg from the HPIS pump. The HPIS will be shut nff at 1800
af ter experiment initiation. The LOFT system is expected to stabilize at
about 7.5 MPa, when the HPIS flow will be nearly equal to the flow out the
break. After 1 h of operation, the steam generator will be cooled at the
rate of 39 to 50 K/h by bleeding steam from the steam generator while
adding auxiliary feedwater to maintain steam generator water level. The

HPIS will be turned on at 5400 s into the transient. One accumulator and
one LPIS pump will also be available to inject mass scaled amounts of
borated water into the primary system when the primary pressure is lower
than the pressure maintained by these ECCSs.

.

At 7200 s into the transient, the cold leg QOBV and isolation valve
will be closed. Again the steam generator bleeding operations will be -

performed. When primary system pressure is lgs than 2.41 MPa and hot leg
subcooling is greater than 27.8 K, purification flow will be initiated
through the nonregenerative heat exchanger to cool the plant at < 55.6 K/h
when primary coolant temperature is > 449.8 K, and at <l7.8 K/h when
primary coolant temperature is <449.8 K.

4
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The accumulator will.be; isolated from the. primary coolant' system when
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Figure 1. LOFT intact loop thermo-fluid instrumantation.
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Figure 2. LOFT broken loop thermo-fluid instrumentation.
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\ * Station numbers are a dimensionless measure of
relative elevation within the reactor vessel. They
are assigned ir, increments of 25.4 mm with
Station 300.00 defined at the core barrel support
ledge inside the reactor vessel flange.
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Figure 6. LOFT reactor vessel upper plenum drag disc-turbine and coolant
level transducers and temperature element elevations.
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TABLE 1. N0MENCLATURE FOR LOFT INSTRUMENTATION

The designations for the different types of transducers:

TE Temperature element-

TT - Temperature transmitter
'

PE Pressure transducer-

PT Pressure transmitter-

PdE Differential pressure element-

PdT Differential pressure transducer --

LE Coolant level transducer-

LT - Level transmitter
FE Coolant flow transducer-

FT - Flow transmitter
die - Displacement transducer
ME Momentum flux transducer-

RPE - Pump speed transducer
DE Densitometer-

LIT Level indicating transmitter-

CV - Control valve
PCP Pump frequency transducer-

TTE Transit time element-

The designations for the different systems:a

Primary coolant intact loopPC -

BL - Broken loop
SG Steam generator-

RV Reactor vessel-

Suppression tankSV -

UP - Upper plenum
LP - Lower plenum
ST - Downcomer stalk

a. For in-core transducers, the system designation is replaced by a
fuel assembly number, column and row designations, followed by the ele-
vation (in inch increments from lover grid plate), where applicable.

.
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j j 2. ' COMPUTER SIMULATION
v

aThe RELAPS/ MOD"0" computer code was used to simulate the transient ,

thermal-hydraulic response for the LOFT system during LOCE L3-7. The first
1800 s of data from the EP analysis for LOCE L3-2 that are used for
comparison in this EP analysis were obtained using the RELAP4/M00G computer *

code.b The RELAPS code uses a two-fluid, thermal nonequilibrium ;2

'

hydraulic model. The specific application of the code to the LOCE L3-7
simulation is discussed in this section.'

.

2.1 Nodalization*
;

The nodalization used for the LOCF L3-7 RELAPS calculation is i

presented in this section. This nodalization is a proposed standard
nodalization for LOFT suitable for use in RELAP5. It uses more nodes than
the RELAPS calculation for LOCE L3-2 and is based on the most recent LOFT

'description data. The nodalization scheme is shown on Figure 7. A brief
O description of each node is given in Table 2.

,

There are several bypass flow paths in the LOFT system. These bypass
flow paths are shown on Figure 8 with the arrows showing the flow direction
at test initiation. The pressurizer continuous spray bypass is considered
minor and was not simulated in this calculation. The other three, lower

,
.

plenum to upper plenum bypass, inlet annulus to upper plenum bypass, and '

reflood assist bypass valve (RABV) leakage bypass, were simulated. In the
current simulation, the inlet annulus to upper plenum bypass represents 2%
of the full t_ntact loop flow and the RABV leakage, 3% of full flow. The

.

a. RELAPS/M00"0" is filed under Idaho National Engineering Laboratory
Configuration Control Number H0123818...

i b. . RELAP4/MODG, an experimental . version of RELAP4/M007, is filed under
Idaho National Engineering Laboratory Configuration Control Number H007188; '

the new object deck, which included changes required for LOCE L3-2, was
RLP4G92LFT04 and is filed under Idaho National. Engineering Laboratory

(qV) Configuration Control Number H0116818.
.

J13 -

_ _ _, __ ._ ___ _ _ _



g _

.

.

TABLE 2. DESCRIPTION OF N00ALIZATION COMP 0NENTS

Number
Component Component Volume of

Number Type Number Junctions Composition

100 Branch -1 3 Core barrel nozzle, vessel*

nozzle, and half of flow
device.

.

105 Branch 1 1 Half of flow device, 45-degree
elbow, and pipe to pressurizer
connection.

110 3 ranch- 'l 1 Pipe from pressurizer connec-
tion and venturi.

115 Pipe 1 12 90-degree elbow, pipe section,
and half of reducer.

2 4alf of reducer, 38-degree
e; bow, and pipe section.

3 Steam generator inlet plenum.

4 Vertical steam generator tubes.

5 Vertical steam generator tubes.

6 90-degree elbow of steam
generator tubes.

[ 7 90-degree elbow of steam
generator tubes.

8 Vertical steam generator tubes.

9 Vertical st,eam generator tubes.

10 Steam generator outlet plenum.

: 11 52-degree elbow and half.of
.

reducer.

!. .12 Half of reducer and pipe
f * section.

13 90-degree elbow.

OV
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TABLE 2. (continued)

Number
Component Component Volume of

Number Type Number Junctions Composition
.

120 Branch 1 3 Pipe section and inlet pipe of
pump suction tee.

125 Branch 1 2 Half of pump suction tee, *

90-degree elbow, and half of
reducer.

130 SNGLVOL 1 0 Half of reducer and Pump 1
inlet pipe.

135 Pump 1 2 Primary coolant Pump 1.

140 SNGLVOL 1 0 Pump 1 outlet pipe and
45-degree elbow.

145 Branch 1 2 Pipe section, reducer, and
half of pump outlet tee.

150 Branch 1 2 Half of pump outlet tee and
pipe section.

155 Branch 1 1 Half of pump suction tee,
90-degree elbow, and half of
reduccr.

160 SNGLVOL 1 0 Half of reducer and Pump 2
inlet pipe.

165 Pump 1 2 Primary coolant Pump 2.

170 Branch 1 1 90-degree elbow and inlet of
pump outlet tee.

175 Pipe 1 1 90-degree elbow.

2 Pipe section and 45-degree -

elbow.

180 Branch 1 1 Pipe section to ECC connection. -

185 Branch 1 3 Pipe section from ECC connec-
tion, vessel nozzle, and vessel
filler.

O
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'T'ABLE 2. . continued)(

Number
Component Component volume of

Number Type . Number -Junctions Composition
~

200 Branch 1 2 Upper part of inlet annulus
distributor.

*
205 Branch 1 l' Lower part of inlet annulus

distributor.

210 Pipe 1 3 Downcomer.

2 Downcomer.

3 Downcomer.

4 Downcomer.

215 Branch 1 3 Upper part of the lower plenum.

220- 'SNGLVOL 1 0 Lower part of the lower plenum.

225 Branch 1 2 Lower core support structure.
'

'230 Pipe 1 2 Active core lower part.

2 Active core central part.

3 Active core upper part.

235 Pipe 1 2 Core bypass.

2 Core bypass.
i

| 3 Core bypass.
;

240 Branch 1- 2 Upper core support structure.

245 -Branch' 1 1 Upper flow skirt region.
..

''

246 Branch. I 1 Dead end of fuel modules.
L

[.. 1250' Branch 1 2 Nozzle region of upper plenum.
!'
'

1255 SNGLVOL 1 0 Upper part of upper plenum.

| -300 Branch 1 3 Core barrel nozzle and vessel
- nozzle.-

k

o
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TABLE 2. (continued)

Number
Component Component Volume of

Number Type Number Junctions Composition
'

305 Branch 1 1 45-degree elbow and half of
reflood assist bypass system
(RABS) tee hot leg.

,

310 Branch 1 2 Half of RABS tee hot leg, pipe
section, Flange 1, and half of
Orifice XRO-85.

315 Pipe 1 11 Half of Orifice xR0-85,
Flange 11, and 90-degree elbow.

2 Pipe section and Flange 10.

3 Fiange 9.r

4 Flange 9.

5 90-degree elbow and half of
pipe section.

6 Half of pipe section and
90-degree elbow.

7 Flange 8.

8 Flange 8.

9 Flange 7, pipe section, and
half of reducer.

10 tialf of reducer, 90-degree
elbow, and pump simulator
Flange 14.

11 Flange 13, 90-degree elbow,
pipe section, 90-degree elbow, -

Flange 6, 0,ifice XR0-81, and
Flange 4.

.

12 Half of isolation valve.

O
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. TABLE 2. |(continued)

-

'Q , .
,

Number
Component ' Component Volume of

Number Type Number Junctions Composition
..

325= SNGLVOL - 1 0 Half of isolation valve and
,

half of QOBV. |

335 Branch 1 3 Vessel filler and
vessel nozzle.

340 Branch 1 1 45-degree elbow and half of
RABS tee cold leg.

345 Branch 1 2 Half of RABS tee cold leg and
flow device.

--350 Pipe 1 1 Flange 5.

2 Orifice XR0-88, Flange 2, pipe
section, Flange 3, Orifice
XR0-86, Flange 12, and half of
isolation valve cold leg.

O. 360 SNGLVOL 1 0 Half of isolation valve cold
leg and half of QOBV cold leg.

370- Branch 1 - 1 RABS hot leg single pipe.

375 SNGLVOL 1 0 RABS hot leg parallel pipes.

-380 SNGLVOL 1- 0 RABS cold leg parallel pipes.

385 Branch 1 1 RABS cold leg single pipe.

400 Branch 1 2 Pressurizer surge line, primary
system side.

,

405 SNGLVOL 1 0 Pressurizer surge line,
pressurizer side.

415 Pipe 1 Pressurizer inlet.;.
t

,

2 Pressurizer vessel water space.s-

'

3 Pressurizer vessel water space.
.

4 Pressurizer vessel vapor space.

.
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TABLE 2. (continued)

Number
Component Component Volume of

Number Type Number Junetions Composition
.

5 Pressurizer vessel vapor space.

6 Pressurizer outlet.'

,

500 Branch 1 3 Outlet of primary separator,
top of volume is at top of
shroud.

505 SNGLVOL 1 Volume between bottom of--

Component 500 and top of feed
ring.

510 Branch 1 2 Top of volume is feed ring
elevation; bottom of volume
is at narrow portion of
downcomer.

515 Pipe 1 7 Narrow section of downcomer.

2 Narrow section of downcomer.

3 Narrow section of downcomer.

4 Vclume between shroud and
cubes.

5 Volume between shroud and'

tubes.

6 Volume between shroud and
tubes.

7 Volume between shroud and
tubes.

8 Lower part of riser. -

520 Branch 1 1 Top of riser, inlet to primary
separator. .

525 Branch 1 1 Bottom of steam dome between
primary separator outlet
and mist extractor inlet.

9
20
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| TABLE-2. (continued)

Number
Component ~ Component Volume of-

Number Type' Number Junctions Composition

'
530 Pipe 1 1 Top of steam dome between mist

extractor and outlet pipe.

*
2 Outlet pipe to steam flow--

control valve.

535 SNGLVOL 1 Steam generator outlet pipe--

between steam flow control
valve and air-cooled condenser.

540 TMOPVOL 1 -- Air-cooled condenser.

545 TMDPVOL 1
'

Demineralized water storage--

tanks.

600 Branch 1 -- Pipe between cold leg and low-
pressure injection pump tee.,

605 Branch 1 Half of piping between low--

pressure injection ~ pump tee and4

; accumulator. '

; 610 SNGLVOL 1 Pipe between accumulator out---

let and Component 605.

615- SNGLVOL 1 Accumulator.--

620 Tm PVOL 1 -- Borated water storage tank.

] 625 TMDPV0L 1 Borated water storage tank.--

.

t

i

I'
-

:
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O
Pressurizer spray line

Pressurizer -

Pressurizer continuous
spray bypass () .

.Surgeline Reflood assist
.

O bypass valve
ii Small break orifice leakage

; 1 r Steam bypassColdleg warmupline
J L generator u2

y , -

=|=NDowncomer

Hotleg
Lower plenum to upper ;e9

plenum bypass Upper a
plenum 3 y 3yIntactloop ~

( Lower / J L J L Broken loop-

\ plenum --

Coldleg Hot m
leg @

| = j|
g2 m2

gj . .-,

inlet annulus to I

upper plenum bypass

Steam generator simulator
and pump simulator

| Hotleg warmup line 2
r ,

71 7 ', Supprossion tank
Drain and vent line

N Valve open for LOCE INEL A 15 424

N Valve closed for LOCE
|

f Figure 8. LOFT system schematic showing bypass flow paths.
'

i
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(j lower . plenum to upper plenum 5ypass was simulated as having 5% of full
'

intact 11oop flow at experiment . initiation. The total core bypass,
therefore, -is 10%:of- full flow which is the bypass calculated to exist in

~ previous LOCEs L2-3, L3-1, and L3-2.

-

2.2 Special Models

.

Special models were installed in the RELAP5 code for this calculation
a '

by updating the MOD"0" version of the code. These models are discussed
below.

2.2.1 Separator

The primary separator and mist extractor in the steam generator were
.modeled by modifying the donor formulation of the convective terms for
Conponent 500 in Figure 7. The separator was assumed to be 100% efficient
when in nonnal operation. An efficiency factor could be included in this

f )_ model for fabnonnal operation, such as, flooded; however, since this
condition is not expected to occur in the LOCE L3-7 transient, it was not
included in this analysis.

1
I

2.2.2 Motor-0perated Valve

1
'

-The steam flow control valve in the steam generator outlet piping was
designed to operate as a pressure regulator. Since this pressure
regulating function is expected to be used during LOCE L3-7, a model was
developed to simulate a constant speed, motor-driven valve.- The flow area

in the valve was assumed'to change linearly as the stem position changed
and.the driver was assaned 'to have no inertia.-

.-

t a. . The update input deck, which includes these changes, is filed under
Idaho National Engineering Laboratory Configuration Control Number H0066858.

o
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2.2.3 Accumulator

An experimental accumulator model was used for this calculation to
represent ECCS Accumulator A. The accumulator gas space is assumed to be
nitrogen filed and act as an ideal gas. Tank wall-to-gas and water-to-gas .

heat transfer was assumed, allowing for a polytropic-type gas expansion.

.

2.2.4 Pump

The HPIS Pump A is a variable speed, positive displacement-type pump
with flow controlled by the operator as a function of primary system hot
leg pressure for LOCE L3-7. This pump was modeled by explicitly varying
flow from Component 620 as a function of press,re in Component 100
according to the operator's schedule.

2.2.5 Heat Transfer

The current version of RELAPS/M00"0" uses a Dittus-Boelter-type
correlation for heat transfer from the fluid to the wall. Because

LOCE L3-7 is intended to achieve the reflux flow mode of decay heat
removal, a condensation heat transfer model was installed in the code for

the heat transfer calculation of single-phase steam or two-phase fluid to
the wall at wall surface temperatures less than gas-phase saturation
temperature. The saturated nucleate boiling in the shell side of the steam
generator was changed to use Thom's correlation because the tubes are in
cross flow.

.

.

9
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! ) 3. CALCULATIONAL RESULTSV

This section gives a general overview of the transient simulation and
summarizes the calculational results on natural loop circulation, reflux*

flow operation, and the steam generator feed and bleed operation..

i 3.1 General,

The LOCE L3-7 transient simulation was characterized by the upper-

plenum pressure history shown on Figure 9. The experiment will be
initiated by opening the cold leg Q0BV. As the pressurizer begins to
empty, the system pressure will decrease until the scram pressure setpoint
is reached at about 34 s. The resulting transient will cause pressure to
decrease even more rapidly, and the HPIS will trip on at about 62 s due to
low primary system pressure. The break flow will be larger than the HPIS
flow, allowing further depressurization and eventual pressurizer emptying
at about 400 s. As the pressurizer empties and is no longer the componentg
with the highest pressure in the primary system, the fluid in the reactor
vessel upper plenum and hot leg will be no longer subcooled, thus the fluid
will begin boiling and can be said to be controiling system pressure. At
.'1800 s into the transient, HPIS will be turned off by the operator and the
boiling in the hot leg will have progressed to the steam generator tubing.

'

The steam flow control valve operation will be reflected in the primary
system pressure fluctuations as a result of the two-phase mixture appearing
in the tubes.

'

.

At' 3600 s, a 44.5-K/h steam generator cooldown will be initiated by
opening the steam flow control valve' bypass valve. After 5400 s, the-
operator will~ restart HPIS flow, and the primary system will begin-

Jrefilling while pressure will continue to decrease. By 6080 s, pressure
-

will have decreased sufficiently to allow accumulator flow to start. At.

7000-s into the transient, the liquid in the primary loop will begin to
.subcool and the pressure will cease to drop rapidly, even though the steam
. generator -cooldown will be continuing. At 7200's, the break will be[- )s.

v
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Figure 9. Pressure in reactor vessel upper plenum.
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).~ isolated and the system will rapidly refill._ Shortly af ter 11000 s, the
system will become liquid full and pressure control can be effected by the
operator.

The'b'reak flow is shown on Figure 10, indicating the magnitude of the
,

break.- Voids appearing upstream of the break orifice caused the variations
seen in the 2500- to 3600-s time interval.

.

3.2 Natural Circulation

Natural loop circulation is a flow mode by which energy is transferred
from the nuclear' core to the steam generator in a PWR. Energy addition

from the core and removal in the steam generator combined with the
elevation difference between them will provide the thermal driving head for
this flow. Figure 11 shows the total hydrostatic head in the intact loop.

'

This positive head will drive the flow, see Figure 12, through the primary
loop.

U 3.3 Reflux Flow

Energy can be removed from the core of a PWR by evaporating liquid in
the core region, allowing it to rise to the steam generator and be

.

condensed. When the condensate returns by counter-current flow to the core |

'via the hot leg, the-system-is said to be in the reflux flow mode of decay |
heat removal. .The code, as currently configured, cannot predict reflux in |

the. horizontal hot leg. As can be seen on Figure 13, however, low liquid
~

;

velocities are predicted to- occur in the hot leg during the 3000- to 4000-s ,

I

and 5500- tu 6000-s time periods. This could indicate that reflux could
: possibly occur during this traitsient; however, the major energy renioval..

; mechanism appears to bc 24 natura', loop circulation in this simulation.
Figure.14 shows the fluid densities in the steam generator inlet and

.

routlet. LThese densities indicate that the two-phase mixture leaving the
core will-be condensed in.the. steam generator.

b<

a.
|
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3.4 Steam Generator Feed and Bleed Operation

To proceed more rapidly .towards a cold shutdown condition, steam will
be removed from the steam generator secondary at a rate which will produce
a prescribed cooldown rate in the steam generator secondary. If heat,

transfer between the primary and secondary sides of the steam generator is
sufficient, the primary coolant system will cool down more rapidly. As can

.

be seen on Figure 15, the primary cooldown rate (starting at 3600 s) is
approximately 45 K/h, which is the same cooldown rate imposed in the steam '

generator secondary. ,

.

I
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; 4. CONCLUSIONS

e
^

. The primary system is predicted to be refilled to a solid condition at
~

. about 11 000 s after experiment initiation. Natural loop circulation is
predicted to be sustained throughout the transient and be the major decay,

heat- removai mechanism. The system could possibly enter the reflux flow !

mode' during the '3000- to 4000-s and 5500 to 6000-s time periods. :
; ,
: LOCE L3-7 is expected to achieve its stated objectives based on the results

of this' prediction analysis.
,
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DETAILED TEST PREDICTION DATA FOR LOFT LOCE L3-7
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) APPENDIX A*

.

- v
OETAILED TEST PREDICTION DATA FOR LOFT LOCE L3-7

Detailed test prediction data for Loss-of-Coolant Experiment (LOCE)
L3-7 are provided in Figures A-1 through A-37 in this appendix. These
figures are computer plots of the variables calculated for LOCE L3-7 usingo

RELAPS. The RELAP4 calculations from the experiment prediction for the
first 1800 s of LOCE L3-2 are included on each plot for comparison. The
calculated variables and figure numbers are as follows:

,

Figure A-1. Average density - broken loop cold leg.

Figure A-2. Average density - broken loop hot leg.

Figure A-3. Average density - intact loop cold leg.

Figure A-4. Average density - intact loop hot leg.

Figure A-5. Average density - intact loop steam generator outlet.

Figure A-6. Mass flow rate at Measurement Station BL-1.

Figure A-7. Flow rate - steam flow, condenser inlet.
,m

Figure A-8. Flow rate - secondary coolant system feedwater.
(v)

Figure A-9. Flow rate - accumulator A discharge, low range.

Figure A-10. Flow rate - HPIS Pump A discharge.

Figure A-11. Collapsed liquid level - upper plenum.

Figure A-12. Liquid level - secondary coolant system secondary, wide
range.

Figure A-13. Liquid level - pressurizer Channel B.

Figure A-14. Pressure - broken loop cold leg.

Figure A-15. Pressure - broken loop hot leg.

Figure A-16. Pressure - intact loop cold leg.*

Figure A-17. Pressure - intact loop hot leg.
.

Figure A-18. Pressure - ECCS Accumulator A.

Figure A-19. Pressure - intact loop pressurizer.

(~'T Figure A-20. Pressure - Fuel Assembly 1 above upper end box, high

Q range.

39
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Figure A-21. Pressure - steam generator secondary 10-inch line from
steam generator.

Figure A-22. Differential pressure - primary coolant pump.

Figure A-23 Differential pressure - intact loop staam generator.
'

Figure A-24. Differential pressure - reactor vessel intact loop cold
leg to hot leg.

Figure A-25. Coolant temperature - broken loop cold leg, middle. '

Figure A-26. Coolant temperature - broken loop hot leg.

Figure A-27. Fluid temperature - pressurizer liquid.

Figure A-28. Liquid temperature - secondary coolant system, steam
generator downcomer.

Figure A-29. Coolant temperature - reactor vessel ! mtr aenc Stalk 1,
downcomer.

Figure A-30. Coolant temperature - reactor vessel Instrument Stalk 1,
lower plenum.

Figure A-31. Coolant temperature - lower end oox.

Figure A-32. Temperature - intact loop hot leg, middle.

Figure A-33. Cladding temperature'- Fuel Assembly 2, Rod G14 at 11
inches up from bottom of fuel rod.

Figure A-34. Cladding temperature - Fuel Assembly 2, Rod G14 at 30
inches up from bottom of fuel rod.

Figure A-35. Cladding temperature - Fuel Assembly 2, Rod G14 at 45
inches up from bottom of fuel rod.

Figure A-36. Coolant temperature - upper end box.

Figure A-37. Coolant temperature - liquid level transducer above Fuel
Assembly 3.
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APPENDIX B

I UNITS LsNVERSION OF RELAPS DATA
t

| This appendix describes in detail'how the data output from the RELAP5
p. computer code are converted to an SI units prediction for a specific

instrument. This allows the~ reader to associate the predicted SI units |,a

L data to the computer code model which is utilized in making the prediction.
\ .

.

|The algorithms that are used to calculate the predictions are provided..
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( - APPENDIX C-

j . RELAP5 UPDATE INPUT DATA
r. ,

A listing of the-input data for updating RELAPS is provided on
-microfiche in the pouch on the inside of the report back cover. The Idaho

! ; .3 National Engineering Laboratory configuration control num*uers for the
RELAPS source deck and update input data deck used in this prediction!

: analysis are as follows:

11. The RELAP5/ MOD"0" source deck is stored.under Configuration
Control Number H01238IB.

. 2. 1The'RELAP5/M00"0" update input data deck'is stored under |

| Configuration Control Nwnber H0066858. ,

3. The RELAPS input-deck is stored under Configuration Control
Number H0068858.
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APPENDIX D-

!. -RELAP5 INPUT DATA -

!' _

j

|-The inputIdeck listing 'for- the RELAPS model is provided on microfiche
Lin the pouch on the:inside of the report back cover.
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