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ABSTRACT. J

|

The FIX-II split break experiment No. 3051 has 1

been analyzed using the RELAPS/ MOD 2 code. The 1

code version used, Cycle 36.04, is the frozen j
version of the code.

l

Three calculations were carried out to study the I
sensitivity of various parameters to the change ;

of break discharge and passive heat structures. i
The differences between the calculations and the 1

experiment have been quantified over intervals j

in real time for a number of variables available
from the measurements during the experiment. '
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1 INTRODUCTION j
A .

,

There is a growing interest in modifying existing )
rules for reactor licensing and safety thermal-

hydraulic calculation away from those stated-in !
Appendix K (Ref 1) towards procedures based on 5

best estimate types of calculations. A)though 1

Appendix K furnishes a set of skillfully and

simply phrased rules, its present conservatism

on safety.is regarded as being in growing I<

contradiction to the increasing knowledge gained

from experimental programs. The many advanced
best estimate thermal-hydraulic reactor codes in

existence today also demonstrate this. j

1

When the simply formulated older calculation j
rules are replaced by best estimate type cal- ]
culation procedures another measure of relia- l

bility has to be established to ensure con-

servatism. Plans for conducting code assessments

for the purpose of determining the accuracy and :

i
the validity of advanced LWR system codes were

proposed some years ago (Ref 2). Today the

L
International Code Assessment Program (ICAP)

| with this goal is being carried out under the

auspices of the USNRC (Ref 3).

Thenc calcu3ations are presented as a Swedish l

contribution to the ICAP. The contribution is

funded by the Swedish Nuclear Power Inspectorate.

In the present study the RELAPS/ MOD 2 version 36.04
i *

is assessed against LOCA experiment No. 3051'

carried out in the FIX-II test facility at

Studsvik. The experiment in one from the second

test series.

IBMIRD EA
|
:
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gb Test No. 3051 is a split break simulation and I

had the smallest break area of all the PIX-II. j

tests, see Table 1. The break area was 10 per cent

of the scaled down area of a recirculation line
,

'
in the reactor.

t

IA description of the test facility and this

particular test is provided in Chapter 2. A ;

description of the input model is given in
,

Chapter 3. The base case and sensitivity cal-
*

culations are discussed in Chapters 4 and 5. Run

statistics are given in Chapter 6. General

conclusions are drawn in Chapter 7.
,

Appendix A contains the complete input lists.

The data comparison plots are included in
,

'

Appendix B. Results of the statistical analyses

of differences between experiment and predictions ,

for discrete time intervals are included in [

Appendix C. Finally Appendix D describes the
idata package on magnetic tape, prepared-for use

in the ICAP evaluation work.
t

f

.
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2 FACILITY AND TEST DESCRIPTION

The FIX-II integral test facility was completed ;
at the end of 1981. It has been run by Studsvik

Energiteknik AB under contract with the Swedish 3

Nuclear Power Inspectorate. The experimental ,

program comprises investigations of the fuel-to-

coolant heat transfer. Various blowdown and pump
;

trip situations conceivable in Swedish BWR's are >

[simulated.

2.1 Test facility
l i

The test. facility is shown in Figure 1. The
~

e

volume scaling is 1 777 of the Oskarshamn-II
'

reactor, which is of the ASEA-ATOM external re-
,

circulation pump design. An exhaustive descrip-

tion of the FIX-II test facility may be obtained
,

l- from Ref (4), which also provides additional i

references where various problems pertaining to

the construction period are discussed. Therefore,

L only some fundamental aspects of the facility
!

will be presented here.
.

The core model involves a full length rod
,

'
bundle, which in the geometry is closely related

to a fuel element of the ASEA-ATOM design and

which is electrically heated by DC. Here,

however, there are only 6 x 6 rod simulators

instead of the 8 x 8 rods in a fuel element.

Figures 2 and 3a show details from the core

simulator design. As seen, filler bodies are

placed between the square-section fuel channel

and the circular-section pressure vessel to

reduce the water-filled volume, which otherwise

may influence the test by the leakage of steam

to the upper plenum during depressurization. The

water surrounding the fillers is externally

recirculated and cooled by 200 to 250 kW.

IBMIRD EA
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The upper part of the pressure sessel, Figure 3b,

holds the steam separator and the steam condenser
volume with its three sprinklers. During steady |
state power operation the steam outlet is ;

closed. The turbine power is modelled by the }
partial circulation of water from the downcomer

through an external 6 MW cooler with feedback to ,

the sprinklers of the steam condenser and to the I

upper part of the downcomer. The flow rate in
ithe two branches with cooled water is adjusted

to control the pressure and'the inlet subcooling.

The remaining downcomer flue, representing the

recirculation coolant flow in the reference ,

reactor, splits at the lowar downcomer end into

two loops. One loop repretents three of the in-

. tact recirculation lines of the reference

reactor, while the other loop, representing a
Ifourth recirculation line, incorporates the

break devices. Both loops have its own recircu-

lation pump. The intact loop pump speed is

controlled according to a predetermined speed

history.
,

;

The FIX-II has, as part of the core model, an ;

external bypass simulator, Figure 30, through

which about 12 % of the recirculation mass flow

is diverted through a control valve. This bypass

is heated separately to represent the channel

vall heat transfer. At the lower end of the

bypass there is a stagnant water volume to

simulate the reference reactor space for the t

control rod guide tubes.

Since the FIX-II facility has been designed for

blowdown experiments only, no emergency core
cooling equipment is installed.

IBMIRD EA
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The data collection system is constructed around

a signal processor controlling 192 measurement j

channels. The selection.of measurements is made |
1

in a signal exchange terminal. A multipurpose
minicomputer transfers the raw-data of measured

parameters to a magnetic tape. From this tape,
'

the final analysis at the central computer gives a

the desired tables and plots from an experiment. |

The data acquisition system includes measurements |

i to obtain

pressures (PT) .]
-

differential pressures (dPT)-

temperatures of fluids (TE)-

mass flows (dPT, PT, TE)-

4

electric currents (I) and voltages (U) i-

|

pump speeds (nT)-

water level positions (CE)-

valve positions-

I
at places shown in the instrumentation diagram,

|

| Figure 4.

| |

For recording clad temperatures thers were about

100 thermocouples engaged at 16 axial levels of

the heated length in the 36-rod bundle. l

<

1

2.2 The experiment

I
The preparation of the experiment is initiated

i

several hours before the actucl experiment. For

the heat-up of the facility, a 200 kW preheater

is involved for a period lasting about 5 h. The

recirculation pumps are also running during this

L period. Initial conditions are then established

by switching the power supplies to the bundle and
,

IBMIRD EA
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|

to the bypass with the 6 MW cooler and the
,

condenser spray in operation. The preheater is

now disconnected. For about 10 to 30 minutes,

the electric power to the rod bundle and the i
bypass heating is gradually increased until the :

initial test conditions are reached. Necessary

calibrations are made, and once the equilibrium
.

conditions are approved, the sequence control

equipment is activated for break opening, valve
'

manoeuvres, power reduction, pump speed changes
I

i
and so forth, according to a programmed scheme

L for the test. For the split break test 1

| . No. 3051, the transient ends 137 s after opening
- of the break. -

| |

In the present FIX-II experiment, the speed of ;

the pump in the intact recirculation line de- q

crecsed from the break time to about 20 % of the

initial speed at end of the transient. The speed -

of the broken recirculation line pump was not t

explicitly controlled,

i

The break flow escaping through the fast opening

break valve, Figure 1, is discharged into the I

receiving tank, T2. Initially, the tank is

partly filled with cold water for efficient pool

condensation of the break flow.

The split break assembly consists of a T-piece

on the line from pump P2 to the lower plenum. A

break flow limiting orifice, downstream of the

break isolation valve, consists of an exhangeable

conical inlet part followed by a restriction

pipe. In experiment No. 3051, the restriction

pipe diameter was 6.8 mm corresponding to a 10 %

area of one recirculation line.

|

IBMIRD EA
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l

Apart from the heat removal from the filler body
,

i space, see Chapter 2.1, some 100 kW are also
|

lost by the non-perfect insulation encapsulating
'

the recirculation lines and the pressure vessel.

The magnitude of the steady state heat losses

was one argument for not performing experiments

with very small break areas at FIX-II.

The main measured parameters for the steady

state before break are reproduced from Ref (5)
'

3- in Table 4. The test performance chronology, I

related to the programming of the sequence

control equipment, is given in Table 5. |
|

Experimental raw data were collected for the
'

whole period of the transient. However, internal

flows were then only qualified until about 50 s

due to uncertainties in the two-phase flow rate

measurements.

A summary of the main results (including event

times, maximum cladding temperatures and some '

peak mass flows) is given in Table 6.
i

2.3 Measurement uncertainty

l To obtain estimates for the accuracy of the mea-
r

1 sured data, test procedures were adapted within '

the experimental program Probable errors and

errors corresjonding to a 95 % confidence level

as derived from these tests are summarized in

Table 2a. The probable errors of derived quanti-

ties, mostly mass flows, are given in Table 2b.
'The pump speeds are measured using a tachometer

of a 1 r/s accuracy. The pump characteristics

were verified against the manufacturer's data

for cold water single phase operation.

IBMIRD EA
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) 3 CODE AND MODEL DESCRIPTIONS
j

4 The assessment calculation for the FIX-II experi-,
,

ment No. 3051 was done using RELAPS/ MOD 2,- >

Cycle 36.04. The code was implemented in June [
1986 on a CDC computer at the. Stockholm Comsource- |

Centre where the calculations were carried ;

through,. The descriptive. document available'for
this code at the time of preparing the calculation

' input was the rather detailed code manual . :

(Ref 7) which also contained an input data
,

manual. The code features are discussed in L

Chapter 3.1.
|

Existing FIX-II input for RELAPS/ MOD 2 (Ref 6) ,

and a previous RELAP5/ MOD 2 ' calculation (Ref 8) ,
formed the basis for'the present RELAPS/ MOD 2
input. Details of the input are discussed in |

Chapter 3.2.
[

3.1 The Code Features

An extensive code description for the RELAPS/ MOD 2
is given in (Ref 7). The main characteristics of t

the code are summarized in Table 3.
i

Since the RELAPS/ MOD 2 code is primarily developed
for PWR application, the question arises whether

the code fails to predict some important features

for a BWR-type application like the present
FIX-II experiment.

,

Key questions are, for instance, the behaviour

of droplets under top spray cooling, the effects '

of lower plenum and guide tube flashing on the
water distribution in the system, dryout and
post dryout phenomena. For experiment 3051 only
the effects of mass distribution could be

addressed since no dryout was observed 'in the
experiment.

,

IBMIRD EA
,
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3.0 The Input Model

( .

;

The model geometry used in the present calculations

is closely related~to geometries used in several

previous calculations for FIX-II experiments
'using previous RELAP5/ MOD 1' code versions (Re f s 6

and 8). The noda11 ration diagram for the geometric ;
imodelling used is shown in Figure 5. Figures 6

and 7 depict the modelling in the geometry of

the test facility.

To reproduce fundamental messured steady state
quantities, see Table 4, the input for the 4

steady state search run got some additional

components and control systems:
t.

I To obtain the steady state dome pressure, ,

a time dependent volume outside of the
opened steam relief valve was added. This
volume had the experimentally measured
dome pressure.

II The speed of the pumps P1 and P2 was
regulated using the RELAPS control system
to reproduce the measured mass flows.

III To divert the correct mass flow into the
core bypass, the junction from the lower

,

plenum was modelled as a motor valve. By
trip logic that valve was regulated to

I give the experimental bypass mass flow.
When entering into the transient calculation,
the valve setting was fixed.

|
( IV The measured steam separator collapsed
i level was satisfied by connecting an
i auxiliary time dependent volume to the *

i top of the steam separator. The connecting
junction was modelled to regulate theL

collapsed level by water exchange depend-
ing of the level offset.

l

IBMIRD EA
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i

Evidently, some non-zero flows (points'I and IV) )
will remain at the junctions from the pressure- i

and level regulating time dependent volumes.
;

These flows are quite small and are influenced {
by the system heat balance.

The input for the steady state calculation is

given in the Appendix A.*
,

.

.-7-1

,g' /Y
r

I

$

.

T

k

?

6

IBMIRD EA
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4 THE BASE CACE CALCULATION-

The transient calculation of the base case

(called Case A) was continued from the restart-
plot file obtained from the steady state cal-

culation. To verify the quality of the steady

state, the opening of the breck~was delayed by

30 s.

l

The calculation of the transient itself was !

carried out without any particular problems. The

smooth lapse of the CPU-time, Plot B.34 and of-
-

6 the computation mass error, Plot B.35 indicate

that.

!

A set of results from'the base case calculation I

and the sensitivity calculations were selected

to-satisfy the requirement en assessment para- -j

meters given in Table 3 of Ref 3. Those para- |
1

meters are listed in the Table 8 and the corre- !

J

sponding plots reproduced in Appendix B. Since
'

some of the parametorc are not available from
|

the measurements, only comparisons between the i

different calculations are shown in some of the I

plots. For the mass flow comparisons, it should |
| be pointed out that the experimental data are |

(, not reliable efter voiding has begun which for !
most measurements occur 40 to 50 s after break i

opening time, i

| The total mass inventory is dependent on the
'

feed and spray water flow, the flow through the
,

relief valve and the break flow. The spray flow !

and the feed water valves are closed about two

seconds after the break. There is a good agreement

between calculation and experiment of the mass

flow rate through the steam relief valve,

Plot B.27. The break mass flow, Plot B.29, which

in the experiment is derived from the increasing

IBMIRD EA

L i

L $
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Icontent of a flow receiving tank, Plot B.30, was ,

overpredicted in the base' case calculation, !

particularly up to 45 s. The measured mass flow I

shows a pronounced peak during the very first |
seconds after the break. This peak is not' f
realistic and is caused by steam replacing water

in the tube leading from the break to the',

receiving tank. This results in an apparent

volume increase equivalent to a water mass of

about 37 kg from about 3 s until the end of the ;,

test. At the end of the test, the break valve is i

closed causing refill of the break line. Taking ;

this into account the base case calculation-
overestimated the mass loss through the break by ,

about 23 kg. -

The thermal-hydraulic conditions in the system

are also influenced by heat exchange with the

core and other boundary structures. Plot B.3

shows the calculated heat exchange with all the

passive wall structures in the loop except for i

the separate filler body space with a knwon *

cooling power of about 256 kW. The heat returning
from the passive structures exceeds the core j

decay heat from about 50 s onwards. The structural
wall material thickness of the components was

generally modelled as 0.09 times the tube inner
diameter.

>

" ' The system pressure, Plots B.20, B.21 and B.33, ;

was well predicted until 40 s. Afterwards the

predictions decreased faster than in the experi-
ment. The cycling of the steam relief valve

dominates the behaviour of the system pressure.

Flow rates are measured at the bypass inlet, at

the discharge sides of the two main pumps and
also in the broken loop between break and vessel

inlet; these flow rates are depicted in Plots B.22

through B.25. Two additional measurements of
IBMIRD EA
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in-loop mass flows are the differential pressures

( over the orifice in the steam separator, Plot B.17"'

and over the core inlet restriction, Plot B.2.

The mass flows uvaluated from the experiment,

i.e. Plots B.22 through B.25, are not reliable
'

after the formation of steam has started at the

respective location. The times'for the first

[' steam formation range between 40 and 50 s and

are indicated by increasing flow oscillations.

Up to that time the predicted base case flow

rates compare well with the measurements. The

flows in the broken loop from the pump side and

the lower plenum side, Plots B.24 and B.25, are

in agreement with the break flow behaviuor.

Plots B.1, B.13 and B.28 show calculated fluid 1

densities at the core bottom, at the reactor

vessel bottom and upstream of the break. Fluid

densities were not directly measured in the

experiment.

-At the downcomer bottom, Plot B.18, the first

steam is formed at about 40 s when the steam

relief valve is opened. The calculation predicts

saturation before this point in time. Notice j

that the thermocouple response may have been

affected by structural material. Shortly after

40 s the loop conditions are saturated and the

fluid temperatures continue strongly coup, led
with the pressure. !

!

The fluid inventories of the core, Plot B.12,'

the upper plenum, Plot B.16, the downcomer,

Plot B.14, and of the lower plenum, Plot B.15, |
are compared as differential pressures which are y

directly measured in the experiment. The differ-

ential pressure over the core is generally i

|

I

IBMIRD EA
!
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L underpredicted which means that the mass of .

'water in the core was larger than calculated. ;

IUnderprediction of-the friction losses could

; also have contributed to the discrepancy. !
,

:
,

The differential pressure in the lower plenum, !
e

Plot B.15, is initially slightly high but is i
-

after opening of the steam relief valve reasonably
fwell predicted.

;

?The comparisons of the rod clad temperatures are

done at the clad inner surface which is closest

to the thermocouple positions of the heated rods

in the experiment. The calculated temperatures,
t

Plots B.4 through B.9, agree reasonably well at L

various levels of the core with the measurements [
in the experiment except for early and late in ,

the transient. No dryout was ever measured or

calculated and heat transfer coefficients
.

L typical for two phase cooling provided a strong

( link between the clad and f).uid temperatures.

The discrepancies late in the transient were

I therefore a result of the pressure (and fluid

temperature) prediction.
|

During the steady state and early in the transient

the clad temperntures in the experiment appear
,

! higher than the predicted temperatures by as

u much as 10 K. This disagreement is too large to [

L be explained by the thermocouple location in the

| calculation model. !

I

f Heat transfer coefficients (HTC) evaluated from f
the measurements and calculated HTC are compared
in Figure 8. The calculated HTC show a larger

variatf.on with time than those obtained from the
.

!

I

IBMIRD EA .
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g. measurements. Since the temperature. differences' ;

h[ are small the measurement uncertainty could be

significant..No definite explanation could be '

identified for the discrepancy.- ;
,
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5 .SENSITIV7TY-CALCULATIONS {
s
"Although the results from the base case calculation

(Case A)' compared well with the experiment for

many parameters an improved prediction quality
. ;

could obviously be obtained by adequate input j
updates. (

)

Case B
;

The moCelling of the present 10 % split break
'

had used a motor valve applying an opening time

of 1.2 s known from the experiment. The junction !

characteristics of that break valve had been a 1

choking model combined with and abrupt area

change option. The default value of unity had

been applied for the break discharge coefficient. '

Case B was run with a break discharge coefficient

of.0.76 for subcooled upstream conditions. This

value was determined from several sensitivity

studies. A discharge coefficient of unity was

retained for saturated upstream conditions.

The overall results were generally improved by

this change. In particular differential pressures

over the core, Plot B.12, over the downcomer,

Plot B.14, over the upper plenum, Plot B.16, and ;

over the steam separator, Plot B.17, were in a ;
!better agreement with the experiment. Improvements

in temperature predictions were also obtained as

a consequence of a slightly lower depressurization

[rate.

, Case C

Case C was devoted to modelling of heat exchange

with the surroundings. Since this was the <

smallest break size ever tested in FIX-II it'

could be expected that the heat exchange could

affect the results. Case C used the break

discharge coefficients as in the Case B.

IBMIRD EA
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The previously used heat transfer had been )g

determined from steady state conditions. It had i
'

been noted that the exact core inlet subcooling 1
,

'

was difficult to r-oroduce.,The offset was 2 to

3 K.
,

To obtain a cooler fluid entering the core the

outer-surface heat transfer coefficient was I

split into three coefficients in the ration of q,,

1:3:9 such that most structures had about'the !''

same heat transfer coefficient as earlier. Some-
'

structures in the flow path from the feed water

inlet.to the core inlet, like the pumps and the )
vessel bottom volume, got the high outer surface

heat transfer coefficient. The low heat transfer

coefficient was applied on the steam dor.e )
structures. q

As it turned out this rather large change in the

e outer surface heat transfer coefficients had a '

very limited influence on the predicted core

inlet subcooling. The steady state fluid tempera-

ture decreaue down to the core inlet is con-

sequently still not fully explained. The results,

were nearly identical to that of Case B.

|

|
t

IBMIRD EA
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6 RUN STATISTICS

The transient calculation model used with the

base case RELAP5/ MOD 2 prediction for the FIX-II-

test No. 3051 was modelled by:

58 volumes
60 junctions

69 heat structures

The volumes namber includes two pump components

and five time dependent volumes and among the

junctions there are two valve components and-

four time dependent junctions.

The computer efficiency is summarized in Table 7

from the major edit printouts, see also Plot.B.34.

The table also gives the number of time step

reductions from requested time steps forced by

the current transport limit in the interval from

the previous major edit.

The transient calculation needa were: |
'

Computer time CPU = 2113. s

Number of time steps DT = 1278 )

Number of volumes C = 58
'

Transient real time RT = 145.s

I

A code efficiency factor of !

3CPU x 10
8.5=

C x DT ,

,!

| 1s obtained, compare Ref 3. The computer used !

was a Cyber 170-810.

IBMIRD EA
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7 CONCLUSIONS''

The present calculation for the FIX-II test

f, No. 3051, a 10 t split break, was the latest out ]
of a series of RELAPS calculations performed.for <

experiments done with the FIX-II facf.lity. That E^
'

means that improvements on earlier calculation 1
'

inpute were incorporated in the input used for 1

the present calculations. The code version used .

was RELAP5/ MOD 2, Cycle 36.04. |

As in the experiment the calculations showed no

f]dryout during the transient. Comparison of clad

temperatures are therefore less meaningful since
1

these are linked to the fluid temperature by
'

large heat transfer coefficients. The major

-cause for the temperature discrepancies is the

slight underprediction of the' pressure and
thereby the fluid temperatures which are near

saturation temperatures towards the end of the

}Itest.

The sensitivity studies addressed the discharge

coefficient and heat exchange with the surround- !
ings. Changing the discharge coefficient from .|
unity to 0.76 for subcooled blowdown improved 'l
the prediction of mass inventory in the core,

downcomer, and upper and lower plenum. The i

sensitivity of the heat exchange with tho ,

surroundings.did not significantly affect the

results.

The mass inventories in the core and downcomer
were generally underpredicted in the calculations.

The redistribution of mass caused by flashing inr

lower plenum and guide tubes were correctly
;

predicted by the code. I

s

IBMIRD EA
1
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Table 1 ;

Test matrix of reported F2x-!! LocA tests |
1
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!
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i |
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Table 2.

Evaluated measurement errors

Quantity Probable Error corresponding
error to 95 % confidence

level

Pressures 0.014 MPa 0.04 MPa

Fluid temperatures l'c 2'C

Cladding temperatures 1.6'c 3.2'c

small range differential
pressures
($ to 7.5 kPa) 0.13 kPa 0.3 kPa

Medium range differential
pressures
(25 to 50 kPa) 0.22 kPa 0.5 kPa

High range differential
pressures
(100 to 700 kPa) 0.26 kPa 0.65 kPa

_

Table 2.3

Errors in derived quantities

Quantity Probable error

Mass flow rate in orifice
meter K1 (P1) 0.2 kg/s

Mass flow rate in orifice
meter K2 (P2) 0.14 kg/s

Mass flow rate in orifice ~10 % of actual
meter K6 (steam flow) value

Mass flow rate in orifice -lo % of actual
meter K7 (Bypass) value

Break mass flow rate ~10 % of actual
value

Electric power to bundle
and bypass heaters 1 % of max value

L
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Mle 3,

RELAP5/ Mod 2 code features

I
!

I

coMPUTAT!oN PROCESSING FEATURES J
:
,

- severat probles type and esecution control optiones as j
a. steady stato initialisation using fictitious otracture host )

capacities for faster convergence Ii

b. transient esloulation

c. strip type esecution, to select requested parameters from a
restart file j,

d. trip system, to decide on actione during calculation due !
to reaching specified conditions in calculation parameters. ;

e. ability to delete or add hydrodynamic componente, strue- f
ture components and control variables at a restart of ,

calculation. '

!
|
6

CLASSIFICATION OF NYDROPYNAMIC MODEL i

!

- one-dimensional, with provisions for

i

a. choked flow model ,

i

b. abrupt area change model f
r

c. cross flow , junctions. f
:
i

Two-fluid, six equation, space-time numerical solution scheme.-
,

f
flow regime oriented field characteristics depending on mass L-

flux and void fraction for j

a. horizontal flow with bubbly, slug, mist and stratified
'

fields

b. vertical flow with bubbly, slug, annular-mist (and strati- :
flod) fields !

bubbly and mist fields (for pumps). |c. high mixing i -

|

|

, - . ,- . - _ _ - - . _ - -_. - .-
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Table 3 con't

NYDRODYMAM!C COMPONENEWTS (!nDut eyatOmatiea)

- Volueno type components

a. single volume

b. pipe and annulus, for condensed input of several similar
single volumes

c. time dependent volume, for defining a boundary source with
a time dependent fluid stato

d. branch, a volume capable of two or more connecting junc-
tions at either end

e. pump, characterimod by rated values for flow, head, torque,
density and moment of inertia. Yhe single phase homologous
curve, two-phase'aultipliers and phase difference tables to
model the dynamic pump behaviour

f. special system components for steam separator, jetmixer,
turbine and accumulator.

- Junction type components

a. single junction

b. time dependent junction, for a time dependent junction
flow whith a time dependent or controlled flow state

c. cross-flow junction, to model a small cross flow, a tee
branch or a small leak flow

d. valve, various operation characteristice available for
check valve, trip valve, inertial valve and relief valve.

INTERPMASE CONSTITUTIVE EDUATIONS

- Interphase drag

a. steady drag due to viscous shear depending on flow regime.
Semi-empirical mechanisms to describe flow regime tran-
sitions

b. dynamic drag due to virtual mass effect.

- Interphase mass and heat transfer depending on flow regime and
the fluid fields to saturation temperature differences

_ _ _ _ _ _ _ _ _ _ _ _ _ _ . . _ . _ . . _ _ _ _ _ _ . _ - _-. . _..
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Table 3 con't ;
I

1

i
i

FLUID TO WALL CONST1WTIVE BOUATIONS

)- Wall friction due to well shear eff6 cts fornutoted for flow
regimes and based on a two-phase multiplier opproach. |

- Wall heat transfer depending on flow characteristics defined *
for

a. single-phase forced convection (Dittus-Boolter)
b. saturated nuclosto boilig (Chen)

c. subcooled nucioats bo11&n2 (modified Chen) ]
d. critical heat flux (Biasi or modified tuber)
e. transition film boiling (Chen)

i f. film boiling (Bromley-Pomerans and Dougall-Rohsenow) f
'

I g. condensation (partly Dittus-Soeiter).
,

- Interfacial mass transfer at the wall depending on wall, fluid ,

and saturation temperatures for :
i

a. subcooled and saturated boiling |

b. transition film and film boiling
t

c. condensation.
.

HEAT STRUCTURES i

|

These may be rectangular, cylindrical or spherical in shape.
The structure position is defined through component numbers of ,

!loft and right hand side hydraulic components. A structur6 is
, physically defined by the geometry and the temperature dependent 'i

I
conductivity and volumetric host capacity data. The structure
model is further specified by the number of internal mesh pointa

! in the direction of heat flow. ,

- t

CONTROL COMPONENTS

By these new (control) variables are defined from calculated ,

parameters using algebra, standard functions, trip type ope- ;
1rands or integrals.
1

1

1

$

'
.,. - . , . - . - - , , . _,_._ ___ -,. - .,___... ._. ____,._ .._~ ~._ ..,.,_. - - _ - . -
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Table 4 |
Initial conditions, for test No. 3051

i
nesoured predict ed

0==atity Cese Caso e Case c

pressure la the steen e m (Ire) 6.99 4.99 6.99 6.99 |
poser to the 86.r04 bumele (inct connectione) (sat) 2.30 2.30 2.30 2.36 ,

power to the bypees bestore (hW) 61.1 61.1 61.1 61.1 {Costing peser in the filler boey space thW) 256. 265. 255. all.
*

Mose flow rete through pump P1 (kg/s) 4.95 4.45 4.85 4.90 |
Nees flow rete through pung P2 (kg/s) 1.59 1.59 1.69 1.62 *

Rese flaw rete in the bypees thg/s) .69 .69 .69 71 ;
Mese flow rete la the 36 red bustle (hp/s) 5.75 5.75 S.76 6.81
Moos flow rete La the sprey line th0/s) 3.00 3.04 3.04 3.03 *

Mese flow reto la the feed water line (kg/s) 1.H 1.95 1.95 1.95
Temperature of water et the bunale inlet (C) 267. 268. 260. 260.
Temperature of feed and enroy weter (C) 179. 179. 179. 179. !
Weter level An the sprey condeneer (a) .835 .036 .436 .634
notettonal speed of pump P1 (/s) 24.63 29.44 25.44 25.43
Rotettonal speed of pump P2 t/e! 31.68 33.39 33.39 33.36
Boed of pump P1 (kre) 118.6 123.6 123.6 123.3

,

r

Table 5 f
;

List of events in test No 3051
;

Time (e) +

tvoet leposed Systen Predicted
action reaction Case A Case B Case C

The break occure (valve V120 starte to open) .0 .0 .0 .0 f
Start of coset eown of pump P1 .0 .0 .0 .0 f$ tert of power decey (rod bundle and bypees) .0 .0 .0 .0

'

The SRV etorts to open .5 .5 .6 .5 '

The SRV to fully open 1.1 1.1 1.1 1.1
The tRY oterte to close 1.5 1.5 1.5 1.5 -

Minimum is steen done pressure occurs 1.9 2. 2. 2.
The sprey flow to closed 2.0 2.0 2.0 2.0
The feed water flow to closed 2.1 2.1 2.1 2.1
volve V104 to the evs,poration cooler is closed 2.2 2.2 2.2 2.2 -

I

The SRV le cleoed 2.0 2.0 2.0 2.0
twtimum of steen emme pressure 0.9 8.5 9.0 0.5
Plow reverosi 14 the 1steet HCL 20. 10.6 19.5 19.5 ;The SRV starts to open 39.6 39.6 39.6 39.6 i

The BRV is fully open 40.3 137.2 40.3 40.3 40.3
Cavittien in the broken KCL pump P2 45. 44. 45. 46.

,

Tieshin0 starts in the LP (et saturation) 45. 45. 45. 45. i

Level ovell (recovery) in the eowncomer 45, 44. 45. 46. ,

Plost.ing eterte in the bypese putee tubes volume 49.6 52. 53. 63
'

Peak in the bypees flow into the UP $1. $$. 55. 56.
Test stop signal 136.1 . . .

Abbrevettones LP e Ecwor plenum
UP e Upper plenum
RCL e Decirculation line
SRV e Steen relief velve
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Lable 6
Suunnary of the main results in test No 3051

getesured Freelcted
Case A Case t Case C

Total time of transteet (break discharge) (e) 136.1 * * *

1ettial eryout mone * * Mone * *

Deadle secover7 Wot ockieved * * Not ockieved * *

Brook mese flow 2 e af ter the break * (kg/s) 2.7 2. 2.0 2.0

Res brok flow tete from lower plenum (kg/s) (1. .6 4.0 (.0

staa. brsel. flow through pump P2 (kg/s) 2.7 2.5 2.5 2.5

34ea. done preneure efter break time (MPs) 7.10 7.14 7.17 7.10

Dame propeure et the end of test (Mpe) (2.04) 1.81 1.97 1.92

stem, rod temperature. end of blowdown (C) 227, 229, 216, 219.

2etegrated brook mese flow (kg) 110. 138. 119. 121.

Ietegrated steen relief mese flow (kg) 52, 50. 52. 51.

e Approx. et the monimum break flow of the test

Table 7

Run statistics data (Case A)

Time (a) Computer no. of time No. of time stop reductione in interval

Cru time (e) etops p lity estrop. mese propty. Courent

30. *679. *480 * * * * *

*
0. 0. 0 0 0 0 0 0

10. 234. 160 0 0 0 0 0

30. 572. 393 1 0 1 0 0

60. 1182. 776 2 0 2 0 0

100. 1663. 1030 18 0 3 12 71

145. 2113, 127e 3 0 5 0 65

*
Time of break opening



8TUDsVIK ENERGITEKNIK AB STUDSVIK/NP-86/108 36,

1946-09-17

I.Rbl.t 1
Parameters plotted and used in t.he assessment
comparisono

eBommt emeine - * soommer noisna mas namne. ner (
48005T1735) (mant ODITI mP. ShLC . NO.

.... ... . . . ... ....... ... .... .. ..... ............... ..........

k
eens owns omsen. ostem *** nmo N.en este n.

Rhtt PLM thTS. IIILST * DPT 4 9 88.01 . P64.94 D 4 PDet S. t

unhT884 peam 8 901 CNTtLWee St Seet kPlt D. 3

SAD TWDMAfst. &SWEL & 18 191. M 944. OTTWW 4.91M M& WT11 D. 4
M 311. Tt See

.'* . L8v5L 4 TS SM. Tt'.88. WTTWP 4.4300 TC 3 5T31 6. 6
TS 848. Tt See

e'. . LavuL 6 ft 303. 18 337 Uffue 4.6460 TC S NT39 8. 6
ft 334. 15 887
Tt all

.** . 12 VEL 9 ft 143. TS 137 37799 4.h00 TC 9 FT41 9. 9
M not. TS &f t.
78 147. 78 897
78 til

.'. . LavEt 43 ft all. Tl 833. NTTWW 4.6706 TV43 ptSt 9. 4
18 134. Tt not.
78 all

.*. . LEvtt 46 ft til. 78 490. NTTWW 4.4000 ftll NT4 9 t, t

11 til

tulit TuesmATVkt TS 8 TWet 35.61 T 3 TFl1 8.34

OtettT TWeehA14ht Tt le 1999 84.61 7 84 ft3? 6.38

Emas RWWWrr00T * DPT S e DPT 6e P N.04. P St.pg es e to P9Ct 6.43
t#T t e DPT to
DPT 9 e DPt 16.
DPT 11 e BPt 12

WesteL PWie 851617T. Sprta *** Rh8 $1.01 tatt 0.13

- 9thSS 85Warf0Rt * DFT 37e DPT H e p 11.64 p 13.04 ** D BC Pact 4.44
' trT M e DPT M

&muus PLeasi sInst asWurrent * DP 3 e SP3 . p 34.06 . p 33.et es a tp patt 3.36
99 1

wpm PLeast 8%A418NWrT9BT * DP 18 e DP 14 P 88.91 e p 63.01 ** 3 UP psyt 3.86

Pesasunt 1884. 8.4. Sh1FICt DP H p $3.93 * P $8.93 D le PDtt 6.4?

" . - _ _ -- . DDffWI 18 81 feet 98.04 T 91 ft31 3.40

UPPm PLemps TWrelAmat TE 48 Tu rt $3.9n T 33 gget 6.3%

kmm PLensi pastet PT 8 p 34.04 p 3 p 39 g .3g

Urren PLemst POS88Uh8 PT 4 7 63.98 p 4 p 31 8 33

emst PLOW h4TE. DTP488 8 483 8F18dJ 11? 8663 IWit 6.33

I

.

. .

. .. . ..
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EMP4mpt SElframBWB Pfemf5TE * BRPmlampt fam!!?84N PLet lagrrtp. PLOT

48 BENT 1P35) 48Wue8 SDIt) EP . CALC. 1s0.

........ ....... ............................................. ....................................................

REClasthattem ImM PLaw IATE. 3. L. Map 3 603 spLSWJ M1.63 3643 IF3? t,33

L85 453P305 Mi

emM Plait thT5. 9. L. PWF 8 6De spunsJ M3.03 MM esp 3t 3,34

th1P8t* Mi

em M PL4W uhTE. 6. L. Ytt65L 8 619 synapJ 97.64 Mit syst 3,33

88EST ttP90L Pitot AIDI

D?tTm smet 8sperrenf ne gemag emit 6.84

8268 PlaW hhTE. ST94M R2L18F & 60? syLauJ 494 3609 IF61 0.39

WEAT LMS. PAS &lVE8 ese gorygvaa g3 ggg, g, 3

N PkU3D MITT "o tm0 M.41 huat 3.34

Im&S % hkts 3 634 sytaWJ 143 4486 8tF69 9.39

IE45 PLOW hAtt. WTEchAftD 8 661 CarfRLVAR ll 3661 Alt 6.30

IM TNN TC 34 ftprP M.01 ? as Tr$1 g,33

IM 8NL1880 He TsPFC M .81 * 75V1 0.33
TWEPP M.98

1NLif Puttukt FT 6 P M.04 P 6 P 3? 9.33

MLAPlheDD2 CtsPVrh30c CPU ties ese gPVT188 CPV1 9.34

89tPVIAfIen emSS gamDe eee gagg g, ,,gg

* TIIR CQupAh3DEIR P4h4fETBS hh8 TuC68 hEPomTED M DIA8tTLT 9WhSmBD
'

Ok M CeWVND 20$VLtf P904 TWE BRPWL18Estf.

Pastems DIPPWests 18W19h0 0F 8248 Punt hAFB St OP ImSS 1sNUsrNRT.

" teamatTlent hPPL100 T9 hases fut 000asCT Psessung geget LawsLS.

'" 110 DATA AmtLAhtL Ptem Tut SEPaisesrt.
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Description'for the accontpanine date package |

J> ' ,

STUDSVIR

TNIS TAFE CONTAINS DATA FROM THE ICAF FREDICTION CALCU1ATION
|WITN THE RELAFS/n002/36.04 FOR Tut FIE.II EEPERIsWrf 800. 30$1.

CONTSNTS. FILE 1. TWIS DESCRIFTIVE TEET

2. INFUT CRSE A. STEADT STATE j'
,

"*3. *** B. ;

4. C. STRADY STATE |
'' *

S. DATA. REFERIfWir )

6. ' ' . CASE A

7. *** . CASE B
S. . CASE C**'

.

'
I. COMPUTE

NAME CYBER 170 810

WORD SIZE 60

,

II. TAFE FORMAT ,

hNUMBER OF TRACKS 9

FACKING DDSITY 1600 SFI
RECORD SIZE 80

BLOCKING FACTOR 64

CODED EBCDIC

CONTROL WORDS 31 0

!

III. DATA FORMAT. FOR EACH OF THE FILES S TEROUGIt S

TITLE RECORD (S). (F0 NEAT IS.A75)
FIELD 1. TItt IRNSER OF DATA CEAIEIELS 018 THE FILE
FIELD 2. FR00LDI IDENTIFICATI0Il

UF TO FIVE ADDITICIIAL IDENTIFICATICII RECORDS
MAY BE ADDED BY 'C' IN (XMIEI I 0F FIELD 2

,

| ,

DATA SET RECORD 1, (FORMAT 215,A60)

FIELD 1. IlUMBE OF DATA FOINTS
.

FIELD 2. THE ENGINEER 1810 IStIT CODE (EUC) FOR TIIE
VARIABLE

FIELD 3. IDDrrIFYIIIG TEXT OF TME DATA
REMAINING DATA 157 RECORDS FORMAT 5(E16.9)

i

1

EACH DATA CHANNEL SUBMITTED IS CIVEN TIIROUGIl TWO DATA

SETS. THE FIRST OF WHICll IS THE TIls DATA SET.
| THE TWO SETS HMVE THE SAFE NUMBER OF DATA FOINTS.

THE TIME DATA SET IS IDENTIFIED BY EUC=77 (FIELD 2)
AND THE IDENTIFYING TEXT ' TIME' (FIELD 3).

I'

_ __ _ . . _ _ _ . _ . _ _ . _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ ____ _ . . _ _ . . . _ _ . - _ _ _ _ _ _ _ . _ _ . , . . . . _ _ _ . . ._
_ _



_

p # f

I

NAC PDRM 336 U.$, NUCLI AR ?.! sUL ATO A Y COMMIS$10N t. REFOAT NUMBt H'

kab 1102,- h M fuma v7t

a.m BIBLIOGRAPHIC DATA SHEET
is-e <mtwer,p, en tr ,e-ni NUREG/IA-0029

STUDSVIK/NP-86/108r, tatt AND suainto

Assessment of RELAP5/M002, Cycle 36.04' Against FIX-II
3 DATE REPORT eVetitHED. Split Break Experiment No. 3051*

|
uo~in . ..

October -1989
4. f IN OR GR ANT NUMBE R

6, AUTHOR (51 6. TYPE OF REPORT

'. John Eriksson
7, PE RIOD COV E H t D rearsverve onws#

8. P F RMING NIZ AT ION - N AME AND ADDH L $5 in Nac provaar 0,veen, parere er meinen, us anmer neyosero,y ces,w.swon, ena menene errareas, se renerector, pro,w

Swedish Nuclear Power Inspectorate
S-61182 Nykoping, Sweden

e. gONsgRgo,gGANIZ ATION - N AM E AND ADDRES5 in sec, type %,eiv es eauve", # rorittame. prer* 44c D*4sm, pein es #evesi, M& Nwher asymrery co,irm<s.en,

' Office of Nuclear Regulatory Research
U. S. Nuclear Regulatory Commission

.

Washington, DC 20555

10. $UPPLEMENT ARY NOTES

11, ABST RACT (100 woras er meu

LThe FIX-II split break experiment No. 3051 has been analyzed using the RELAP5/ MOD 2
code. The code version used, Cycle 36.04, is the frozen version of the code.

Th'ree calculations were carried out to study the sensitivity of various parameters to
the change of break discharge and cassive heat structures.' The differences between
the calculations and the experiment have been quantified over intervals in real, time
for a number of variables available from the measurements during the efperiment.

I

l
!,

u avA,6 Assui v bl AltMtNI
12, KL Y WQHDS/D6 SCP'P10HS t& ser woras orphreses tae, was samt ressegners en swe,my sne arporr #

Unlinited -

RELAP, ICAP Program, Split Break , s .. w,,, , , u.3,, , , w ,0~ ,

ifhos peeet

Unclassified l
t v,. ne so

Unclassified
Ib. NUMtlLH Of PAOLb

16. PHICL

N7.c p onM 3M (2 a91
,

|
'



r"'*f (i[>-:,
'

y,p, ,y .
< . . ;,

: '
,

.

,

7 UNITED STATES< ,,, c,,, , oo, m e, ,,, ,,,,
t/i NUCLEAR CEOULATORY COMMISSION

'Posi m atswo-
" ~ " " * 'd:~ - WASHINGTON, D.C. 20Ni6 '

y >
.p<. nan u. s v ., ;

,

. .' GFftCl**,tV5tNESS '

,

- PENALTY IVM PRWATE USE, *12 0 55513 95 31'l 1AN1R4"
* .. '

-

'~

US NRC-0ADM.
.k: $fDR-Nukh S SVCS

'

-P-209 . |.- ;
WASHINGTON

' ?;V DC 2055S
.

,

I+
>

,, .

I $

i q

4

t,

,

.

1

g
'I

Ii
,s,

'a
".

%

'. ,

h

52 '-
ys -

,
s

di ;

u ,

- &3'

,

f

I.
'

1. (.

t.',

i,

i

I

i!
.

1
'

. - ,


