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ABSTRACT

The FIX-I1 guillotine break experiment No. 5061 has
been analyzed using the RELAP5/Mod2 code. The code
version used, Cycle 36.04, is a frozen version
of the code.

Four different calculations were carried out
to study the sensitivity of initial coolant
mass, junction options and break discharge
line .nodalization. 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 experiment.

The break mass flows were generally underpredic-
ted at the same time as the depressurization rate
was overpredicted.
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1. INTRODUCTION

An International Thermal-Hydraulic Code Assess-

ment and Applications Program (ICAP) is during
the present years being conducted by several

countries under the coordination of the USNRC
(1). The goal of the program is to make quanti-

tive statements regarding the prediction capa-
bilities of current best-estimate thermal-

hydraulic computer codes. Such codes have been
used for many years as state-of-the-art instru-

ments to study and verify numerical and
correlative computation models against results

obtained in experiment. Some of those codes
have reached a high degree of sofisti-

cation and do comprise models for mainly all
processes which are essential to thermal-

hydraulic scenarios in nuclear reactor appli-

cation. So far, however, those codes did not
achieve the status as reactor licensing tools,

such as fulfilling the Appendix K rules (2),

although they are often applied for other cal-

culations. The present ICAP aims to quantify
uncertainties of the codes to allow their use

for licensing purposes.

Sweden's countributions to ICAP encompass assess-

ment calculations using the two thermal-hydraulic

codes TRAC-PWR (3) and RELAP5/MOD2 (4). The assess-

ment calculations are conducted by Studsvik Energi-
teknik AB sponsored by the Swedish Nuclear Power

Inspectorate.

The calculation presented in this report con-

cerns a FIX-II experiment for a 200 % double-

ended guillotine break. This experiment,

Test No. 5061, was conducted during the

second experimental period. Table 1 gives a

short information about experiments done during

that period.
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A description of the test facility and this par-

ticular test is provided in Chapter 2. A descrip-
tion of the input model is given in Chapter 3.

The base case and sensitivity calculations 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 data package on magnetic tape pre-
pared for use on the ICAP evaluation work.
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2. FACILITY AND TEST DESCRIPTION

The FIX-I integral test facility was completed

at the end of 1981. It has been run by Studsvik

Energiteknik AB under contract to the Swedish
Nuclear Power Inspectorate. The experimental

program comprises investigations of the fuel-to-

coolant heat transfer. Various blowdown and pump

trip situations conceivable in Swedish BIWR's are

simulated.

2.1 Test facility

The test facility itself is shown in Figure 1.

The 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-Il test facility may be obtained

from Ref (5), which also provides additional refer

ences where various problems pertaining to the
construction period are discussed. Therefore, on)y

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 electri-

cally 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. The water surrounding

the fillers is externally recirculated and cooled

by 200 to 250 kW.
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The upper part of the pressure vessel, 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 into the

upper part of the downcomer. The flow rate in

the two branches with cooled water is adjusted

to control the pressure and the inlet subcooling.
The remaining downcomer flow, representing the

recirculation coolant flow in the reference

reactor, splits at the lower downcomer end into

two loops. One loop represents three of the in-

tact recirculation lines of the reference reactor,
while the other loop, representing a fourth re-

circulation line, incorporates the break devices.

Both loops have a recirculation pump. The intact

loop pump speed is regulated according to a pre-
determined speed history.

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

external bypass simulator through which about

12 % of the recirculation mass flow is diverted

through a control valve. This bypass is

heated separately to represent the channel wall

heat transfer. At the lower end of the bypass,

Figure 3c, there is a stagnant water volume to
simulate the reference reactor space for the

control rod guide tubes.

Since the FIX-II facility has been designed for

blowdown experiments only, no emergency core

cooling equipment is installed.
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The data collection system is constructed around

a signal processor controlling 192 measurement

channels. The selection of measurements is made

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

the desired tables and plots from an experiment.

The data acquisition system includes measurements

to obtain:

- pressures (PT)

- differential pressures (dPT)

- temperatures of fluids (TE)

- mass flows (dPT, PT, TE)

- electric currents (I) and voltages (U)

- pump speeds (nT)

- water level positions (CE)

- valve positions

at places shown in the instrumentation diagram,

Figure 4.

For recording clad temperatures there were about

100 thermocouples engaged at 16 axial levels of

the heated length in the 36-rod bundle.

2.2 The experiment

The preparation of the experiment is initiated

several hours before the actual blowdown. For

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

is involved for a period lasting about 5 h. The

recirculation pumps are running during this period

too. Initial conditions are then established by

switching the power supplies to the bundle and
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to the bypass with the 6 MW cooler and the condenser
spray in operation. The preheater is now dis-

connected. For about 10 to 30 minutes, the

electric power to the rod bundle and the bypass

heating is gradually increased until the initial
test conditions are reached. Necessary calibra-

tions are made, and once the equilibrium conditions

are finally approved, the sequency control

equipment is activated for break opening, valve
manoeuvres, power reduction, pump speed changes

and so forth, according to a programmed scheme

for the test. For the guillontine break test

No. 5061, the transient ends 27.3 s after opening

of the break.

In the present FIX-I experiment, the speed of

the pump in the intact recirculation line de-

creased 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

explicitly controlled.

The break flow escaping through the fast opening

break valves, Figure 1, are discharged into the

receiving tanks, T2 and T3. Initially, the tanks

are partly filled with cold water for efficient

pool condensation of the break flows.

The guillotine break assembly consists of one

connection to the line from pump P2 and one

connection to the lower plenum. Break flow

limiting orifices, downstream of the break

isolation valves, consist of an exchangeable

conical inlet part followed by a restriction

pipe. In experiment No. 5061, each restriction

pipe and flange diameter were 21.6 mnm corre-

sponding to a 100 % area of one recirculation

line. The total break area for both connections

is thus 200%.
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Apart from the heat removal from the filler body

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 (6) in

Table 4. The test performance chronology, related

to the programming of the sequence control equip-

ment, is given in Table 5.

Experimental raw data were collected for the

whole period of the transient. However, internal
flows were then only evaluated until about 7 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.

2.3 Measurement uncertainty

To obtain estimates for the accuracy of the mea-

sured data, test procedures were adapted within
the experimental program. Probable errors and

errors corresponding 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.
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3. CODE AND MODEL DESCRIPTIONS

The assessment calculation for the FIX-Il

experiment No. 5061 was done using the

RELAPS/Mod2, Cycle 36.04 code received at the
beginning of February 1985. The code was imple-
mented in June 1986 on a CDC 170-810 computer.

The descriptive document available for this code

at the time of preparing the calculation input
was the rather detailed code manual (4) also

explicitly containing an input data requirements

manual. The code features are discussed in
Chapter 3.1.

The calculation model is closely related to the

two previous ICAP calculations for the FIX-I!
experiments No. 3027 Ref (7) and No. 3051
Ref (8). The main differences in the input

concern the double-ended break geometry. Details

of the input are discussed in Chapter 3.2.

3.1 The Code Features

An extensive code description for the RELAP5/Mod2

is given in the Ref 4. The main characteristics

of the code are summarized in Table 3.

Since the RELAP5/Mod2 code is primarily developed
for PWR application, the question arises whether
some important features are missing in the code

for a BWR-type application like the present
FIX-II experiment. One such feature could be

deficient modeling of droplet flow in RELAP5/MOD2
for reflood and core top spray. The FIX-Il

facility does not have a core top spray cooling
as the facility is designed for experiments until

end of blowdown only. The steady state cooling,

however, is accomplished by a cold water injection
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at the top of an internal condenser space above

the core and the steam separator. The condenser

space is voluminous; and it is assumed that the
condenser spray partly vaporizes while the rest,

reaching saturation, has no impact on the core
behaviour. Modelling of droplet flows is therefore

in actuality not addressed in this study.

3.2 The Input Model

The model geometry used in the present calcu-

lations is closely related to geometries used in
several previous calculations for FIX-I1 experi-

ments using previous RELAP5/Modl code versions
(7 and 8). The nodalization diagram for the

geometric modelling used is shown in Figure 5.

Figures 6 and 7 depict the modelling of the

geometry of the test facility.

To reproduce fundamental measured steady state

quantities, see Table 4, the input for the steady
state runs was modified by some additional

components and control systems:

I To obtain the steady state dome pressure,
a time dependent volume outside the opened
steam relief valve was added. This volume
had the experimentally measured dome
pressure.

II The speed of the pumps P1 and P2 were
controlled using the RELAP5 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, the opening of that valve was
controlled to give the experimental bypass
mass flow. When entering into the
transient calculation, the valve setting
was fixed.
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IV The measured steam separator collapsed
level was satisfied by connecting an
auxiliary time dependent volume to the
top of the steam separator. The connect-
ing junction was modelled to adjust
the collapsed level by water addition
depending on the level offset.

V To eliminate the mass flow of the
pressurizer discussed under item I the
common temperature of the condenser spray
water and the feedwater was adjusted
within a span of 2K from the measured
temperature. The level control flow, item
IV, then also became negligible.

For the condenser spray water and the feedwater

temperature control (item V) had not been

applied for any previous FIX-I1 calculation. For

the present experiment this was necessary
because of an inconsistency in the heat balance

in the measured initial conditions, Table 4. The

temperature of the coolants, had to be increased

by 1.8 K to match the heat balance. This is,

within the measurement error limits for fluid
temperatures, Table 2a.

Another difference from the previous FIX-II

calculations is the lower fluid temperature in

the two break flow lines Plot B.34. The experi-

mental temperature on the plot obtained at the
T-piece measures the recirculated water tempera-

ture under steady state. The first calculations

indicated too low break flows during the first

one or two seconds. By the lower fluid tempera-

ture in the discharge lines, the initial break

discharge was better predicted. For temperature

stability in the initial steady state the

boundary heat structures of the discharge pipes
were assumed to have insulated outer boundary

conditions.
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The input of the steady state was in the present

calculation made as complete as possible to also

cover the transient actions. The steady state

controls were disconnected by a first trip and
the remaining trips followed to simulate the

system actions. In the transient restart the

first trip is set at zero time with a new

initiation of the time scale. Until the second

trip, which is the one initiating the physical

transient, the transient calculation is run at
the initial state as test for stability. The

sensitivity calculations also start with steady

state calculations from inputs having complete

sensitivity updates.

The discharge flow from the downcomer side break

did in the first test calculations give rise to

some doubt about the pump P2 head curve dependence

of the volume flow (9). From the initial single-

phase discharge flows of some split break FIX-I1

experiments (Nos 3025, 3027, 3031, 3051 and 3061

at lower flow rates) the accuracy of the most
important parts of the single-phase head curves

were confirmed.
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4. THE BASE CASE CALCULATION

The transient calculation of the base case

(called Case A) was based on the restart file

obtained from the steady state calculation. To
verify the quality of the steady state, the

opening of the break was delayed by 5 s.

The calculation of the transient was carried out

without any particular problems. The smooth lapse

of the CPU-time, Plot B.37 and of the computation

mass error, Plot B.39, indicate that.

A set of results from the base case calculation

and the sensitivity calculations were selected

to fulfil the requirement on assessment para-
meters given in Table 3 of Ref 1. Those parameters

are listed in Table 8 and the comparison plots are

reproduced in Appendix B. Since some of the

parameters are not available from the experimental

data, only comparisons between different

calculations are shown in some of the plots. For

the internal mass flow comparisons, it should be

emphasized that the experimental data are not

reliable after voiding has begun which for most

measurements occurs about 7 s after the break

opening.

The spray flow and the feedwater valves, were

closed immediately after the break, see Table 5.

The break signal also initiates closure of the

valve in the broken recirculation line (V103).

There is a good agreement between calculation and

experiment of the mass flow rate through the

steam relief valve, plot B.28. However, the break

mass flows which in the experiment are measured

by the increasing content of flow receiving

tanks, plots B.32 and B.33, have obviously been

underestimated in the base case calculation.
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A problem with the determination of break flow
should be noted. The discharge flows enter two
collection tanks filled with a large amount of

cold water. The discharged mass is evaluated
using the pressure difference from the bottom to

the water level in the tanks. The discharge
pipes also include perforated tubes inside the
collecting tanks. The volumes of these pipes

amount about .037 m3 for the downcomer side and

about .042 m3 for the vessel side tubes. These
volumes are probably steam-filled and small steam

jets may even occur outside of the perforated

parts during the blowdown. The actual level fall

back at end of the transient when the break
valves close, is less than the volumes of the

perforated tubes. Consequently, at the end of

the transient same water was present in each of

the discharge pipes.

It can be concluded that the bias in the break

mass loss must have varied during the transient.
However, the initial bias, was apparently nearly
the same as the bias near the end of the test.

The mass flow rates which are obtained from the
differentiated mass inventory history may contain

large errors in instantaneous values.

The calculated system pressure, Plots B.21, B.22
and B.36, is in the base case decreasing too

rapidly. The depressurization rate responds on the
break mass flow and quality, on the continued
system heating and on the initial fluid mass as

the main quantities. The entalpy increase comes
partly from the core and partly from the by-pass

heating. The filler body space cooling is also

rather well defind during the transient becuase
of the know intitial cooling capability. Least
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well known is the heat from passive structures.

Plot B.3 shows that this heating is considerable
and is even larger than the decay heat after

13 s. The heat structure modelling has been

developed based on previous FIX-I1 calculations

for smaller break areas. From the results of

these calculations the heat structure modelling

can be assumed to be adequate. Therefore, errors

in the initial system mass content is suspected

to be responsible for the underpredicted system

pressure. The first sensitivity calculation is
devoted to this question.

The predicted core inlet temperature, Plot B.11,

and the core outlet temperature are close to
saturation temperatures. The same applies for

other system fluid temperatures, Plots B.19,

B.20 and B.34. The core inlet temperatures show,

Plot B.11, larger initial subcooling in the

experiment than is predicted. A minor part of

the discrepancy is a consequence of the slight
overtemperature of the feedwater necessary to

maintain the initial heat balance, see Chapter 3.2.

As the core inlet mass flow reverses immediately

after break, Plot B.2, a faster core inlet

temperature rise in the experiment had been

expected than Plot B.11 shows.

Plots B.1, B.14 and B.29 show calculated fluid

densities at the core bottom, at the reactor

vessel bottom and upstream of the break. Fluid

densities were not directly measured in the

experiment.

The fluid inventories of the core, Plot B.13,

the upper plenum, Plot B.17, the downcomer,

Plot B.15, and of the lower plenum, Plot B.16,

are compared as differential pressures which are

directly measured in the experiment.



STUDSVIK ENERGITSKNIK AB STUDSVIK/NP-86/109 17
1986-10-28

Notable is the discrepancy in the lower plenum
pressure difference in the time interval up to
5 s, Plot B.16. This, together with the discre-
pancy in the differential pressure over the core

inlet restriction, Plot B.2, verifies that the
vessel inlet mass flow, Plot B.26, is larger

than predicted for this time interval. The mass
flow escaping from the lower plenum towards the
break appears in the experiment not to be

completely consistent with the break flow
(compare with Plot B.33).

The comparisons of the rod clad temperatures are
done at the clad inner surface which is closest
to the thermocouple positions of the electrically
heated rods in the experiment. Above the core
midplane, levels 7, 9, 12 and 15, the dryouts
are predicted to occur later than in the experi-

ment. Actually, the calculated dryout of all
levels was delayed until the void was .985 or
higher. In RELAP5/Mod2 the critical heat flux is
calculated according to a correlation using 1-a

(a is the steam void) as a factor. This should
be compared with the corresponding RELAP5/Modl
correlation using .96-a as a factor in the
critical heat flux expression. The latter gave
better agreement with FIX-data. The delay in the

calculated dryouts is probably a result of the
critical heat flux correlation rather than of

core voids.
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5 SENSITIVITY RESULTS AND DISCUSSIONS

By variation of the calculation model from the
base case, Case A, three additional calculations
were carried out. These sensitivity calculations

are characterized by the following changes:

Case B Increased initial liquid mass

Case C As Case B and changes in the pumps out-
let restriction modelling

Case D As Case B and a denser nodalization on
the downcomer side main break flow path

5.1 Case B

The base case calculation failed to predict

several parameters reasonably well. The
depressurization did proceed too fast while the

fluid mass discharged through the breaks was
underpredicted. The reason could be an under-

estimate of the initial fluid mass which corre-

sponded to the measured downcomer collapsed

liquid level. The same problem had previously
been recognized for the FIX-II split break

No. 3027, Ref (7).

The underestimate of the initial mass is mainly

a consequence of the calculated droplet content

in the spray condenser. The condenser constitutes

about three quarters of the total system volume.

The water droplets entering the condenser before

experiment are formed by injection nozzles

giving droplet diameters smaller than assumed by

the code which uses a fixed Weber-number for the

annular mist flow regime. For the FIX-I experi-

ment No. 3027 an underestimate of the condenser
water mass by 26 kg had followed from an estimated

difference in the droplet falling velocity

Ref (7).
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The total loss of mass through the two guillotine
breaks and the steam relief valve was estimated

to have been 298 kg in the experiment Ref (6).

The remaining mass in the system after test end

is not accurately known. The lower plenum

volume, however, contains no water after test

termination. No water could be identified
elsewhere in the system. Thus, assunting saturated

steam in the system implies additionally 12.5 kg
which added to the total transient mass discharge

gives an initial system mass of 310 kg.

In the split break calculation for the FIX-II
experiment No. 3027 water had been added by

assuming a higher initial water level in the

downcomer than measured in the experiment. For

the present calculation it was assumed that the
higher water content in the condenser was a

consequence of a lower droplet velocity in the

experiment as compared to the water velocity

predicted by the code. This means that the water

transit time through the condenser volumes
should be extended. Therefore the lengths of the

condenser volumes 11 and 12, see Figure 5, were

increased by a common factor while retaining
their volumes. A length factor of 4.8 gave an

initial mass of about 314 kg. The factor 4.8 was
just a little less than that factor by which the

code would start water accumulation in the

condenser.

The results from the Case B calculation did

generally compare better with the experiment

than the base case results. The depressurization,
Plot B.22, was fairly well predicted. The vessel

side break flow, Plot B.33, turned out quite

well while the downcomer side break flow, Plot

B.32, still was underestimated.
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5.2 Case C

The break discharge from the vessel side compared

well in the Case B with the experiment, Plot

B.33, while that from the downcomer side, Plot
B.32, still was underestimated. There were no

obvious reasons to introduce additional discharge

coefficients since piping geometries close to the
two break regions were very similar.

From the downcomer to the break the fluid passes
the pump P2 outlet restriction. A pressure loss

of more than .5 MPa is caused by the restrictions

during the transient. An increased flashing in

the pipes downstream of the restriction could

produce different discharge conditions compared
to the vessel side break opening.

The outlet restriction at the pump P2 has a dia-

meter of 22 mm which is nearly the same as the

diameter of the break opening. The junction

options used at the previous two calculations

had been choked flow, smooth area change and
unequal phase velocities. In addition a flow

loss coefficient also used in some previous

applications had been utilized. With this

modelling of the flow restriction the pressure

drop had been slightly overpredicted during the

first part of the transient in previous calcula-

tions.

The pressure loss of the pump P2 outlet restric-

tions had been measured at various flow conditions

during the running-in experiment Ref (9). A best

fit loss coefficient was determined as:

= 347 x Re 0 5 6
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Assuming a water flow of 12 kg/s to be represen-

tative for the first part of the transient a

loss coefficient of 165 was calculated. A test

calculation showed that assuming abrupt area

change with choked flow, and no explicit extra

loss coefficient, gave just that loss coefficient.

For the Case C calculations these junction

options, also assuming homogeneous .two phase

flow and the restriction areas as in the experi-

ment, were used at the outlet restrictious of
both recirculation pumps.

5.3 Case D

The Case D sensitivity calculation addresses the

nodalization density. The steam separator
(vol 21), the downcomer (vol 71), and broken

line (vols 95 and 96) volumes were on the
downcomer side further divided to give about the

double amount of nodes. These model changes were

done to the Case B input data deck.

5.4 Discussion

The experimental rod temperatures in the plots

B.4 through B.10 are mean values of all available

temperature measurements at the individual core

levels. The absolute maxima of the rod tempera-

tures measured at each level are indiciated on

the plots. The individual temperature maxima at

a level do distribute over ranges of even more

than 100 K. Plots of the individual rod tempera-

ture measured in the experiment are found in Ref

(6).
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In view of the temperature distribution in the
experiment the predicitions obtained from the

calculations Cases A, B and C are acceptable at
the high peak temperature levels. At the lowest

core level, Plot'B.4, all the predictions failed
with the exception of the very early temperature

rise. Actually, one rod close to the box shows a

similar level 1 temperature behaviour as the
predictions. The reason for the disagreement to

the other rod temperatures at the lowest core
level may be due to three-dimensional flow

effects or to the erronesously early core inlet
flow reversal.

The quite different core temperature predictions

in the Case D calculation, using a denser
nodalization in the downcomer side discharge
path, is remarkable. The depressurization rate

of that calculation was most badly predicted

during the later half of the transient but
rather good during the times of high clad
temperatures. No core data like the fluid

density at the bottom, Plot B.1, the boundary

fluid temperatures, Plots B.11 and B.12, or the
core pressure difference, Plot B.13, are in the

Case D results significantly different from the

previous calculation cases. Typical of the

Case D calculations are lower break flow fluid

densities, compare Plots B.14 and B.29, causing
a larger amount of remaining water in the core

although the break flow was similar to that of

the previous calculations.
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6. RUN STATISTICS

The transient calculation model used with the

base case RELAP5/Mod2 prediction for the FIX-II

test No. 5061 was modelled by:

60 volumes

62 junctions

70 heat structures

The volumes number includes two pump components

and six time dependent volumes and among the

junctions there are three valve components and
four time dependent junctions.

The computer efficiency is summarized in Table 7

from the Major Edit printouts, see also Plot
B.37. The table also gives the number of time
step reductions from requested time steps forced

by the code internal stability control.

The transient calculation needs were:

computer time CPU = 1 289 s

number of time steps DT = 726
number of volumes C = 60
transient real time RT = 28 s

from which also a code efficiency factor (3) of

CPU x 103 = 29.6 C x DT

is obtained. The computer used was a Cyber

170-810.
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7 CONCLUSIONS

A double ended quillotine break in the FIX-I1

facility was assessed in the present calcula-
tions using the RELAP5/Mod2 code. Four calcula-
tions were carried out; one base case and three

sensitivity calculations with variations in

initial mass content and nodalization.

In the steady state a small inconsistency with

the heat balance appeared using the initial

conditions from the experiment. Using previosly

evaluated data for the heat losses, a 1.8 K

hotter feedwater temperature had to be assumed.
This is within the experimental uncertainty.

Concerns about the system total mass and pressure

behaviour arose in all the calculations. For the

base case the measured initial water level was

used. The calculated system pressure decreased

significantly faster than in the experiment. The

reason was that the base case calculation had a

too low initial fluid mass. By using more

elongated spray condenser volume a realistic

droplet veloccity could be simulated. This

increased the mass content by about 16 kg. The

true initial mass of the experiment is uncertain.

The two last sensitivity calculations were

conducted to achieve better agreement in the

discharge mass flow and distribution of the flow

contributions from the two sides. None of these

calculations actually gave a better prediction

than Case B. Particularly the reduction in

prediction quality of the calculations using

smaller control volumes along one discharge flow

path (Case D) was unexpected.
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As for previous FIX-I calculations the

predicted dryout was delayed at the higher core
levels as a consequence of the void dependence
of the RELAP5/Mod2 dryout correlation.
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General view of the FIX-II facility.



C,)
0-I
C

C,)

'-4

gq

cli
'2
0

.1
~12
'C
2
'-4
'C

~1

estlet end

mooted length

m
a'

0

S

CD

part

01)

m

S.,t. ea"d

S InQA

Fiqure 2.a

Cross section of pressure vessel
and rod bundle.

Fiqure 2.b 4

Design of a fuel rod simulator.



Spray
1|letsSteam

separator

Bee. line
Conn.

tT?

z
Cin

C)j

Steam
outlet

Bypass
Conn. t

Rod bundle

Bypass

Bypass
conn. Heater

rods

Condenser

Bypass
Conn.

Test
section

Feed Water
Rec. line Inlet

Bypass

conn.

Stcam
separa' or

Rec. line
conn.

0,
0o

q%

ODJ

Co

Cl)

Ito

Figure 3.a Figure 3.b

Lower plenum and core
region.

Figure 3.c

The external
core bypass.

Steam separator and
steam condenser.

W
C)i



STUDSVIK ENERGITEKNIK AB STUDSVIK/NP-86/109

1986-10-28

31

E9
Spray water

Figure 4

Instrumentation diagram for FIX-II experiment No. 5061.
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Table 1

The test matrix for the first FIX-II LOCA experimental
period. Test No. 3027 is one matrix No. 2 experiment.

Breek classiflcation Split break@ Cu•llotine

Trpe of simulation

(a fi Igure 13) A

Itelativ. break area (M) 10 31 40 100 150 200 ISS 200

Breeks Z.D. (ian) 6.5 12.0 15.0 21.6 26.4 30.5 16.0+ 21.6+

21.0 21.6

Inital bui•del power ("iW)

-hot channel 3.35 3.35 3.35

-everaqe 2.35 2.35 2.35 2.35 2.35 2.3S 2.3S

LO. test ld4nt. Ho. 3051 3013 3024 3031 3061 3071 3041 4011 S001 SOS1

3025 5052

3026

3027

aremi ttvn. A
SpItt break

Break twee B

SLaplirlea
guillotine
break

Break tvve C
Guillotine
break

131
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Table 2.a

Evaluated measurement errors.

36

Quantity Probable Error corresponding

error to 95 % confidence
level

Pressures 0.014 M!a 0.04 MPa

Fluid temperatures l°c 20C

Cladding temperatures 1.60C 3.2°C

Small range differential
pressures
(S to 7.5 kPa) 0.13 kPa 0.3 kPa

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

Righ range differential
pressures
(100 to 700 kPa) 0.26 kPa 0.65 k-a

Table 2.b

Errors in derived quantities.

Quantity

Mass flow rate in orifice
meter K1 (PI)

Mass flow rate in orifice
meter K2 (P2)

Mass flow rate in orifice
meter K6 (steam flow)

Mass flow rate in orifice
meter K7 (Bypass)

Break mass flow rate

Probable error

0.2 kg/s

0.14 kg/s

-10 % of actual
value

-10 % of actual
value

-10 X of actual
value

I % of max value
Electric power to bundle
and bypass heaters
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Table 3

RELAPS/Mod 2 code features.

COMPUTATION PROCESSING FEATURES

- Several problem type and execution control options as

a. steady state Initialization using fictitious structure heat
capacities for faster convergence

b. transient calculation

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

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

e. ability to delete or add hydrodynamic components, struc-
ture components and control variables at a restart of
calculation.

CL-ASSIFICATION OF HYDRODYNAMIC MODEL

- One-dimensional, with provisions for

a. choked flow model

b. abrupt area change model

c. cross flow Junctions.

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

- flow regime oriented field characteristics depending on mass
flux and void fraction for

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

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

c. high mixing flow with bubbly and mist fields (for pumps).
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Table 3 cont'd

HYDRODYNAMIC COMPONENENTS (Input yastematics)

- Volume 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 state

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

e. pump, characterized by rated values for flow, head, torque,
density and moment of inertia. The single phase homologous
curve. two-phase multipliers 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 whLth 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 characteristics available for
check valve, trip valve, Inertial valve and relief valve.

.NTERPHASE CONSTI-UTIVE EQUATIONS

- 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 temperatur& differences
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Table 3 cont'd

FLUID TO WALL CONSTITUTIVE EQUATIONS

- Wall friction due to wall shear effects formulated for flow
regimes and based on a two-phase multiplier approach.

- Wall heat transfer depending on flow characteristics defined

for

a. single-phase forced convection (Dittus-Boelter)

b. saturated nucleate boiling (hen)

c. subcooled nucleate boiling (modified Chen)

d. critical heat flux (Blasi or modified Zuber)

e. transition film boiling (Chen)

f. film boiling (Bromley-Pomeranz and Dougall-Rohsenow)

g. condensation (partly Dittus-Boelter).

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

and saturation temperatures for

a. subcooled and saturated boiling

b. transition film and film boiling

c. condensation.

HEAT STRUCTURES

These may be rectangular, cylindrical or spherical in shape.
The structure position is defined through component numbers of
left and right hand side hydraulic components. A structure is
physically defined by the geometry and the temperature dependent
conductivity and volumetric heat capacity data. The structure
model is further specified by the number of internal mesh points
in the direction of heat flow.

CONTROL COMPONENTS

By these new (control) variables are defined from calculated
parameters using algebra, standard functions, trip type ope-
rands or integrals.
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Table 4

Initial conditions for test No. 5061.

Predicted
Quantity Measured Case A Case a Case C Case V

Pressure in the steam dome Impel 6.97 4.97 6.97 6.97 6.97
Power to the 36-rod bundle (mncl connections) [MVI 2.37 2.37 2.37 2.37 2.37
Power to the bypass heaters (kW) 60.4 60.4 60.4 60.4 60.4
Cooling power in the tiller body space (kW) 234. 232. 233. 233. 233.

Mass flow rate through pump P1 (kg/&) 4.74 4.74 4.74 4.74 4.74

Mass flow rate through pump P2 (kg/al 1.53 1.53 1.33 1.53 1.53

Mass flow rate in the bypass (kg/sI .67 .67 .67 .67 .67

Mass flow rate In the 36-rod bundle IWg/OI 5.60 5.60 5.60 5.60 5.60

Mamass flow rate in the spray Line (kg/al 3.35 3.35 3.35 3.35 3.3S

Masa flow rate Ln the feed water line (kg/a) 1.80 1.80 1.80 1.80 1.80

Tmpecature of water at the bundle inlet (C) 266. 269.9 269.9 269.8 269.6
Temperature of feed end spray water (C) 181. 181.8 182.5 182.4 182.6
Water level in the spray coadenser (i) .898 .897 .892 .895 .098

Rotational speed of pump P1 C/a) 23.72 24.97 24.98 23.40 24.97

Rotational speed of pump P2 C/sl 31.93 32.48 32.50 30.58 32.48

Read of pump P1 (W~e) 112.3 118.3 118.4 103.7 118.3

Table 5

List of events in test No. 5061.

Time (a)

Event Imposed System Predicted

action reaction Case A Case a Case C Case 0

The break valve V1I7 starts to open .0 .0 .0 .0 .0

Start Of cooast doa of pump P1 .0 .. 0 .0 .0

Start at power decay in the cad bundle .0 .0 .0 .0

now reversal in the and bypass Lets .0 .0 .0 .0 .0

The break valve V120 starts to open .1 .1 .1 .1 .1

The valve V103 In the broken RC. is closed .3 .3 .3 .3 .3

Start ot power decay In the bypass heaters .3 .3 .3 .3 .3

The Sly starts to open .7 .7 .7 .7 .7

tryout occurs .9 1. .5 .5 1.

The SRV is fully open 1.2-27.4 1.2- 1.2- 1.2- 1.2-

FlashLag starts in the LP (at saturstion) * 1.8 5.6 6.3 5.7 6.3

The spray flow is closed 2.2 2.2 2.2 2.2 2.2

The teed water flow is closed 2.3 2.3 2.3 2.3 2.3

Valve V104 to the evaporation cooler is closed 2.3 2.3 2.3 2.3 2.3

Cavitation in pump P1 6.5 5.8 6.7 5.4 7.3

The downcomer is depleted Of water (two-phase) 9. 7.9 9.2 8.7 6.9

Flashing starts In the bypass guide tubes volume 10.8 9.5 10.4 10.1 9.5

Core uncovery begins 23. 24. 26. 25. 23.

Test stop signal 27.3 - "

• Determined from exp. temperature curves end.from
predicted changes to positive vapor generation.

Abrevationa: LP * Lower plenum
UP Upper plenum
xCL ;Ree~rculation line
SAV * Steam relief valve
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Table 6

Summary of the main results in test No. 5061.

Measured Predicted

Case A Case 3 Case C Case 0

Total time Of traniLent (breok discharge) (a) 27.8 - - -

Time to initial dryout (s) .9 1.0 .S .5 1.0

Time to beginning ot bundle uncovery (a) 23. 24. 26. 25. 23.

Drank mUoo flow I a utter the break * (kg/s) 33. 30. 31. 35. 34.

Max. break flow rate trom lower plenum (kg/s) 19. 22. 22. 24. 26.

Max. break flow rate tram the downcomer (kg/si 14. - - 14. 11.

Doame pressure at the end at test (27.4 *) (Mpa) 2.0 12.6 1.7 1.4 1.3

Max. rod dzyout tempeture (C) 460. (526.)@e 467. 463. 489. 408.

Mao. rod temersture. end of blomdown (C) 276. (431.)ee 244. 227. 227. 234.

Integrated break msa tClow (kg) 290. 256. 277. 286. 286.

Integrated steam reliet mass tflow (kg) 8. 0.6 9.1 8.6 8.4

0 Approx. at the maximu, break Clow at the test

00 Max. compared mean temperature. Moo. ot all exp.
measurements put in bracaets.

Table 7

Run statistics data (Case C).

Time to) Campater
CPU time (a)

No. ot time

steps
No. ot tLme step reductions in Interval

quality extrap. mess propty. Courant

-20. -493. -220

O.e 0. 0 0 0 • 0 0

10. 322. 170 0 0 3 0 0

20. 1103. 586 32 0 16 is 149

28. 1562. 656 7 0 a 1 124

*Time ot break opening
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Table 8

Parameters used in the assessment comparisons for
FIX-Il No. 5061.

COPONENT €0INTINOUS PAAMETER a EXPERIMENT
(ZDENTIFIER)

PREDICTION(MINOR EDIT)
PLOT ZIDENTIF. PLOT
EXP. CALC. NO.

CORE FLUID

MASS

NCATD

CLAD

DENSITY. 80orro see

FLOW RATE. INLET a OPT 4

SPOWER X 01a

TDEMPRATURE. LEVEL I TE I51, Ti 206.
TE 211. TE 246

* LEVEL 3 TE IC8. TV 183.
Ti 243. T[ 244

SLEVEL S TV 202. TV 227.
T" 232. TE 237.
Ti 252

- LEVEL 7 TE 101. TV IS0.
TE 114. Ti 136.
Ti 171. TE 186.
Ti 196. Ti 204.
TE 210. Ti 215.
Ti 220. Ti 232.
TE 24S. Ti 250.
Ti 2S9. TE 271

- LEVEL I Ti 102. Ti 137.
T1 1S7. TV 172.
Ti 137, Ti 197.
Ti 272

- LEVEL 12 Ti 11. TI 123.
Ti 128. Ti 146.
Ti 223

- LEVEL IS TE 175. Ti 190.

TE 275

TEMPERATURE TE 3

r. EtRATUR1 Ti 14

IW4[NTOAY a OPT 5 * OPT 6 .
OPT 7 * OPT 8 *
OPT 9 * OPT 10 .
OPT II * OPT 12

RHO 04.01

P 33.01 - P04.01

CHTRLVAR 57

HTTEMP 4.2IOO010S

Nf'EMP 4.03000105

HTTDMP 4.04000105

HTTEMP 4.SO0OI05

TT"D 4.06000105

NTrTEV 4.07000105

NTTWMP 4.10000105

TDMPF 33.01

TE.PF 51.01

P 04.01- P 51.01 a.

RmO 31.01

P 71.03 - P 72.01 so

P 31.01 - P 32.01 .

P S1.01 - P 52.01 55

P 52.01 - P 52.02

T9EP 71.08

TDOP 52.01

P 31.01

P 52.01

WLOWJ 117

0 4

xBo0

TC I

TC 3

7rC s

R"I?

P047

Hot1?

*4T1 7

14T27

HT37

a.
U.

8.

9.

U.

U.

2

3

TC 7 HT47 B. 7

TC I MTS? B. 8

TC12 H"T7 8. 9

TCIS NT?? 1.10

T 3 TFI? 6.11

T 14 TFZ? 8.12

0 Co POC? 0.13

INLET

OUTLr`

CORE[

V[SSEL • FLUID DemStTy. boTTOP

0001IOMR MASS1 ZWWdTOm'

LOWR PLVIUM MASS IW#VT0TRY a

UPPER PLENM WASS INVENTORY *

PRESSURE LOSS. S.5. ORIFICZ

DOCOE TDIERATUR. BOTTO

UPPER PLENUM TUPERATURIE

Lawn PLENEUM PRESSURE

UPPER PLENUM PRESSURE

MASS FLOW RATE. BYPASS

gas

OPT 27 . OPT 20 .
OPT 20 . OPT 30

OP 2 * OP3 -

OP I
IP 13 * OP 14

0P is
11[ 31

PT 3

PT 4

X 602

O DO

0LP

0 UP

O 56

T 31
T IS

P 3

P 4

X602

6142?

POt.?

POUt

PCs?

TF3?

TF47

P I?

P 2?

M.117

8.14

8.15

B.16

8.17

8.11

S.1,

3.20

B.21

3.22

6.23

RECIRCULATION MASS FLOW RATE. 1. L. PUPW
LIN•E (ORIFICE K)

MASS FLOW RATE. I. L. PUMP
(ORIFICt K22

MASS FLOW RATE. 6. L. VESSEL
INLET CSPOOL PIECE KIOl

x 602

X 604

I £10

"00

X 607

a"e

WLOWJ 201.02

WLOWJ 202.02

WFLOWJ 97.02

Th'ASS

MPLOKJ 404

CNTALVAA 53

X603 MF2? 8.24

X604 WF3?7 3.25

XG10 MF4? 3.26

MAT? 8.27

X507 MAS? 8.28

HLI7 8. 3

. SYSTEM MASS INVENTORY

MASS FLOW RATE. STEAM RELIEF

HEAT OISS. PASSIV[S
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Table 8 cont'd

CN(PNT CONTINOUS PARAWTtR e EXPER lMENT
(IDENTIFIER)

PREIOZCTION
(MINOR EDIT)

PLOT WD[NTIF. PLOT
ExP. CALC. NO.

FLUID ODNSTry

MASS FIL.OW RATE TO T2

MASS FLOW RATE TO T3

MASS FLOW RATE. INTICA.

MAsS FLOW RATE. ZNTEGR.

ZNLET TIDACRATURE

INLET SUSCOOLIN

T2

T3

X 639
e*a

TI 34

ase

PT S

me k.o

WFLOWJ I12

WLOWJ 151

CXTRLVAR 95

CNTRLVAfR 9O

TD0PF 26.01

TEMAC 90.01-
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STUDSVIK ENERGITEKNI-K AB

APPENDIX B

Data comparison plots

STUDSVIK/NP 86/109 Appendix B.1(21)
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STUDSVIK EYERGITEKNIK AB STUDSVIK/NP-86/109 Appendix B'.2(21)

1986-10-28
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APPENDIX C

Calculations to experiment data uncertainties
Case A
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0.1.. 13 0.o0 - .000 * 4.000 * ?.0O - 10.00 - 14.00 * 20.00 - 27 00

SIA. P 3 -. 10S
-.201*-01.4441-05

Po3a- 4 -.T3?-0

*.3431-06

3.24

pow 0 4 -. 727

606.4.1.4 -. 84

•W 0 OC *1.13

-,:.17I,.31)

- 0 40 -f.3.

1.53

6.15

-.112

6464

-6.,02
4.04

604* - 0 14 -6.43

* 43 .1441-C

.. 137 -*170
*.1|S -. I1

.114 .1144

:Its5 .643
54.6 -.143

.7?441-c *.121

.477 .749

.476 .484

-. 723 2.44*I.6.1 .4143

1.60 t1.7

M a.7 -.160

1.41 *.12131

3.I0 1.67

.2001-03 -. 342

.411-43

.89T .41

31.4 1.40
4.08 5.•4I

-. 144 -7?20

•.244 .L2S

•.4444. 01 . 114
.341I1-Cl .104
.34i-•0I •113

OIIA - 3403 -.122 .. 14I.6I *.473

(.40 .&$1

I•t- a40 4.14 6.71

3.42• 2. 74

IMA - 340? .4ILI*of .4009-0l
.1004-01 .107
• 117 .112

l14A . 34(I0 *2.37 4.42
-3.1 ': .L"

4.?4 1..43
w44 * 3434 .63,1 .2.d4

.7:08 -4.A0

1454 . T 3 6.34 5,2
5.41 1.54
4. 4 1.60

7434A - T Is -3.04 -3.741444 * I. 54 .,30 -. 1.2
1.412 2.13
6,.34 I.34-3.41 *7.0t

1.O3 3.74-141* * 1 14 -. 10 -,6.141

.2 ,3101

TA - T M1 2.17 ,-2.4

V - T4 -4.71 -I34M

3.4 (4.1. ,
W T ,S (.47 -0.31

3.11 0.73

MA.7TC 3 .1 1.14

• .722 -13.1

KM614 TC I 7 4.4 -4.71

HITAA . TC 7 4,1 I16.7
20.2 24.4
34.3 33.0

668 - TICS as.3 125.4
24.0 a 17.1
34.2 •1.1,

W • - TC11 23.2 44.A
2•.3 44.7
33.4 44.3

SI17A * Ms1 -. •001-01 -4.31
( .44 -3.43

ULIA - MIS .4.44 -10.1
14.2 .7.10
20.0 7.96

-. 323

.. 1,41

71-4

3.424

3.23

1.43-2.77

1.47

,-7T.11

,1441-.01

.470
3.40

1.4-

-6.13

.INl

-2.14

3.31

-2.44
"I.L

3.44
-. •00
- .3113

-. ,31

'. 371
0.74.

-41.0

-- 4.4

-44.2
41*1

.l00
3.36

,4.4

1.33

43.0
432.0

-3.13

4*. 24'
-64.6
-1.41

-64.4

:. 2 a-. 224

-. 234

.19%

.119.IOl

.541

I 7O
3.10
3.50

**27
.224

.a lt

3134

-. 672

.641

-. 3340

-3.41
2.041
3.34

*.131

3.619

-.480

.531

.64,

.U4$

3.37

.341

-4.141
-1 *30
3.14

-3 IO a",

S?001-2
14. -0

00.17

-I .I 67

*I.IA

5.20
- .440

.317

.173

*1.41

MS.S

1.30

3I.43

11.4 S

74.0

3|4.6
34.07
3,.4
(4NI.4

-67.3

44.3

37.14,

241.1

43.3

1.20.

20.32

2)0.2

-.77 -.24
-. :242 -.27

.243 .294

-. 2%2 -. 336
.. 217 -. 211

.231 .211

.A36 .231

.146 .404

4.94 1.37
4.57 4.51

.441.01 .I4S

.2431-02 .111

.1311-OS .548

-. 424 -3,21
-. 103 -l.48
3.14 2.01

-. 267 -. 102
* .441 .8T22-01

.131 ,27s

.o12-0*l .39l

.4472-05 .200
1.17 ,341

1.24 -. 0W
.alt-of .315
1.41 .32

,.4,4 .541

,373 ,.244
-:.11 -. 236

" 41 -6.33
.741 1.41

-2.04 .4.49
.3.S -3.47
3.44 3.44

.5441-03 -. 121-C01

.40!4-02 -. 2701-02
.64111-02 .I32-02

*.3•4

-. 396

.132
1 70

TAS

117,

.447

.214

.170

7247
.. 44

.324-01

.617

-. 122101*4

.102

.270
,22S.244

.J34

.217

*1.47
*1.37
1.42

1.3$4

•4. 8l

- .1071.03

".14411-0
.1411-01

6.31 7.44 7.44
i4.7 ..15 7.11

4.4 ? 17.4 7.13

-. 793 -. 442 W!.5
-.,I4 -.123 -. 211

.434 ,111 1.3,

-2.04 -4.11 -a.$#
.:I13 -3.8 -4.24
.171 2.73 a.37

-3.S4 -4.44 -60.4
-S.:7 -4.44 -?.14

3.24 4.14 7.64

-2.74 -4.4l .4.15
.I.3 -3.*11 -4.44

1.77 ,3.1 7.04

-4.40 -13.2 .68.6
-7.24 *6(.I -61.7
7.34 16.3 l1.4

-4., .4.40 -,1.6

,4.01 -1..3 -11.4
4.:4 7.27 12.2

-00.1 .- 4.1 -21.,
-log. -44.I -14.,

I01. 93.S 11.3

-.04. -68.2 -42.2
-03.8 -71.0 -"4.3

119.2 73.1 19.5

30.0 -6.64 3.03
44.2 27.4 4.44

4T.0 .346. 2 6.4
112. 2.04 -21.7
43.7 31.0 22.1

2.12 .40 :-32.
40.4 .471, -24.4
13.2 13.0 21.1

3.01 -*.3 -4.7
43.3 o.f.0 -4.46
44. 1 3.224 41s5

-2.46 -4.72 .636,
-M410 .-.41 -.7.4

1.A 3.53 1114

-3.3 -24.0 -24.4
-22. 4.1 -27.3
23. 24.4, 27.3

-.9071-02 -.2371-02 -.5(21-02
-. 3161-32 .2L71-02 -.5361-02
.23L4-02 .$411t-0 .24s1-02

OWIA - 1405 .62211-05 -3611-41, -.7131-42 -. 746C-42
.71-02 .3621-02 -.3351-02 .3243-02
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STUflSVIK MTERGITEEM1IK AB STIJDSVIX/NP-86/109 Appendix C.2(4)

1986-10-28

Case B

O~l.ULA ~0tO.18f6~NtOATA LDkC2Ttt4:'rv ANALYSIS ?OR *RVCJIAP.

FIRST LINE D681610001 BETWE1N CALCULATtO AM £V8GO 1A1RC D) EVC 0t&NA&. OATA ATth2 OF til Io4ICRVAi
Sir~dO0 61, EA 1 o P.6 Oluat "CE OVER1 ?m( ZI*IVAI.
IN:PO LINE ULAN SIGM OVER TH4, INTER6VAL (800? MLA0 3LASSd OF ThE 05'ZIM49MCS

0*1.C. 118. 0.0 - 2.000

0168 2 -. 2129-01
.19141.02

.46010
* 26 * 6 6 .1661-01

.0 22-0

• is * 6 .$So.139

P0ac - 0 O .1.20* 71.5

IN.1

POIG - 0 LP .1.2.
.1.16

0.34.

800I -0€0 .. 721
4.,'
:1.0

POR - 0 U, .1041
.5741-01
.502

8006 o 0 00 .1410

3.02

M - 0 $6 -. 402
4.17

win * 1602 .1221-01
.312
.:"4

Win - A503 -. 113
,:31.11.25

I120 - RA0M 6.36
3.31

2.22:[O4.0'

M516 - FR1401 .704.0
.2=9-01

T496- 1610 .2.02
-. 27

4.65

W168 - T143 -02.2

-.06.

IN&

?FIG - 1 3 2.01
6.77

EI.;-6.06

7626.16 11.:

TY21 - C 31 2.2.

01 ,S

2.52

?Via• - ?€ 34 -41.

-41.

].56

176:8

"?•Il - TC 1 40.10
tG - ?C 36 14.1.

2S.•

3.46.

HIS* -TC 7 71.6

211.

NTH - 7U 1 46.10
.0.36

.3-0 26.

2.54
ff~l - -I2 7.26

1 tO 7 0.
06.1

KT79 - ?C2S.34

5766 * 10 2 20.
2:13

0tol - t~oll .6260-
2. 7312,1

. Tug INTERVAL -. -

- A.0 * 7.000 - 10.00' - 16.00 - 20.00 * 27.00

.. 1113101 -.,701o02 -. 6971-01 .6271.01 -. 6921-0T -.1&$
S.1011-01 0,171-01 -*4581-00 .171|*01 .6741-02 -. 123.26811-01 .0861-02 .I141-00 .5121-01 .811-101 .1227

•212:-02 .1111-01 -. 401.-1 .J391-01 -,6711-00 -. 117

.2?:1-02 .2011.01 -. t11SI-0 .4236101 .2:61*02 *,201
.2111-01 .a111-02 .11- , - .S1 a .7- c 0

.740 .114 .II9 .J22 .443 .200

.725 .737 .723 .621 .11 .341

.722 .721 .777 .112 .16" .365

-1.32 1.?0 1.71 4.62 2.40 7.27-.0.7 -. 101 2.12 4.50 6,.S 5.71

0.71 .7&A 2.54 6.20 6.12 6.04

-1.00 .172 .217 .101o-01 .226 .416
-0.61 -. 226 .211 .2331.402 ,14 .208

2.13 ,496 .211 .9561-31 .175 .216

1.46 .114 .227 -. 42 -. 243 1.127
2.E0 .673 .416 .1741-02 .0.10 .4063.66 .776 .154 3.17 2.60 .673

.243 .. 444 -. 230 .75S .110 -. 11S1t02
0.0. -. $16 -. 367 0.2 .27 3 -. 311-l01
2.22 .312 .7&6 2.12 .Silo .100

0.20 -1.02 -. 241 .0.12 - . 0.0 -. 226
2.68 -0.71 -4.30 1 -2.1 so.37 -.10&
I.36 2.19 6.15 3.32 0.35 .646

1.6,0 --. 24 .1.17 .1.7 -. 213
,32. -. 111 -1.12 .1.41 .197 -. 121

.164 .6ll .156 2.22 M.02 .:22

.i729-01 .124 .167 .276 .121 .205.162 .6441.02 .161 .215 .242 .232

.265 .6711.00 .161 .2:2 .2211 232

-. 12, ".640101 . .31A1-0s 01.63 . S1.21 -0.26
-. 132 -. 404 .716 -. 127.-00 .0.1 -01.4

.526 .339 .642 .761 0.20 a.36

2.01 2.12 1.1 .-4.79 -1.07 .S.Al
2.16 .. 2 . M -1:.41 -. 11, -. 312
3.07 0.64 I.64 .2 3 .13 3 .26

.1640-01 .2819-0' .11111-41 .2361-02 .1111.01 .M121-02

.211 ,4&01.-0 .201.00 .271[-00 .2221-02 .11.02

.2l .647{1-0 .3271-01 .2541-02 .2341-02 .1140-02

4.52 .711 2.11 G.22 7.37 7.37
2.82 3.76 1.66 3.46 6.21 .t2
2.76 3.36 1.65 6.72 6.71 7.24

-3.05 -..a" .0.22 .jol11-l -. 147 IS.1
-6.11 -2.22 -. 501 .120 -. 13we-.222

6.13 2.32 .i2 2.20 .232 1.30

2.11 3.00 1." 21.00 1.25 .11So
2.72 2.57 2.6L 2.5 2.82 i.4 7
2.74 2.51 2,•6 2.64 14 1.0d

-. •0. -. ow -. 620 1.11 -. 130 -2.50
.0.1 .. 77 -0.2 224 .265 .7.IT 1. 1 1 1i,1 ,:9 1 3i "19 2.292.62 2.22 1.25 .i76 .Il6 2.26

1.21 10.0 .350 2.34 .I60 -2.22

2.37 1.32 0.05 1.26 . -. 10

2.91 1.23 2.94 -4.613 -7.71 .01.3
S4.06 .6l1 *.07 "2,61 -4.04 -4.18

6.J13 i.2 _2.2 113. 6.05 10.0

-7.70 1.63 .210 -. 430 .4.04 f i
-2.76 -7001 *,347 - .41. -2.2l -4.262.72 .702 I.n 2.27 2.41. 6.4.

-21.9 .71.S .011.1. -as.7 .23.6 .16.2
-2.56 .42.2 -47.6 01t. .64.2 1 .64

2.0 .64.0 07.6 100. 66.2 00.0

10.1 -68.0 -22.7 -46.5 -60.5 -40.2
26.1 *ll.0 -41.1 77.31 -42.8 -63.4
"1.8 23.0 61.0 44.0 86.8 S3.1

011.2 .34.1 $4.6 16.3 .2.17 -04.7
7.11 -U6.6- 2.06 66.0 7.l7 -5,71

7.51 22.0 27.2 1&. 7 7.60 5.23

2.64 -32.6 • .01 12.5 .24.3 -30.2
28.6 -21.4 -22.0 29.3 .14 -23.3
22.2 28.6 26.1 30.5 20. 23.6

3.47 -1.8 &0.& -4.06 -47.2 -24.7
32.0 -01.2 02.2 34.7 -10.6 .25.7
6.2 :7.37 22.1 32.0 13.0 27.I

-3.41 -l.42 1.6. 4.85 .1T0 -G.tl
02.2 -.6.2 30.6 26.7 2.26 -2.52
26.2 20.1 31.7 37.2 2.4 33.70

-7.21 1.32 22.6 2.12 .4"0 -4.91
-2.21 -2.26 20 2 7.23 2.42 -2.10

4.11 3.4 122.3 10.3 1.63 3.-1

.10.4 .l4.5 l27.7 -01.1 016.2 -1@.?
-. 76 .0-14:1 *6,2 .2.: 17 * 11 7 :1*0

7.46 24.5 4A.2 25.0 2.a7 17.0

-. 2S11-0I .. 713C-07 -. 761-02 -. 907!-C0 -. 2271-02 -. 111-.02
.101-02 -. 3221102 .3211-02 -. 3641-02 .61-f02 -. 2C6F102
.1361-02 ... 710 .7631-02 .7311-0, .2S21-02 .:161-02



STUDSVIK ENERCITEKNIX AB STUDSVIK/NP-8&/109 Appendix C.3(4)

1986-10-28

Case C

9cauWt IO.?u.-42"1100111 0*76 yfti3?*ltu1Y 44*8.7661 t0oo4lO

F261 :.1. D03761NS14 WWI-' CAA.CU1 MO I1*V"16401 UP491MI-uIft 0*7* A? M* 01 1-t 36?66V&'.
US01 13. 84 O3PFROME6~~t ~ OV,

lulft 1.104 I 4 Mumato 046 W 01 644"" 4~ 3 6M0 am "W 0, 'm1 0ZI#16111C4

.11... 78 IU~t3IN&. ...

CAL.61 186. 0.0 - 1.000 - 4.000 - 7.000 - 10.00 - .0 * 10.20 - 17 00

63I4. 03 4 14.211:.02
.3U1-0'I

a63c . 6 .814

6040*0 6 .. 334
to.A

OM 0 yo -. 964
.6An2

Pm 0 cc6 .930

3.61

Wit0 - V402 .2044.41

W" - am .383

862 - 1W0 6.06

'. so
Wu6 -00 1302

I.1"

6.41

"tc - 1.66

I *1

TM - .104 .1.42
.46.

1.710.61 1.76

3 .16

41.

1.12.6 64.Ma

31.

T670 is61 .460

3.10 1kV 66l 3.011

Wit0 - JIM .6112-1.
.001-41
:318040 1

,.16S1-01 -. 6171-Of -.116-. 01.VI- -.:11`1.' -. 101
.3I061.01 .66f1.01 .110

- 1711.01 -.134,01 .176
-. 8914-02 -. 140101 - ?14.6.01

.1161101 166W-01 .2161.01
.1It .611 .310
.U9? .146 .416.66 .76 •?0 .466

-I .1| 1.61 .640
.1 "4.1

.163-1t-01.11..,1-0
1 .611 :3 1004,.41

'.n6 1.0? -.. 6?
1.36tl.11 i!31

.103 -. 411 -. 171

.414 -. 33? -. 313
.316 .344 .314

I .6.II I. -4.21
4.14 2.411 ,4.4

3.0

3.11 .110 is 6.

-. 1 -. 13461 .110

8141.01 .4 0 .11-01
to1 .I 1 .- I4 10

.110 .4126401 .114

1.36 .36 *332

is1 1.36 .148

,11410 .411-0•1 ,IM1-0
.11l .4601 -I .l661-0l

.1-.116 •.4260 -. 64.01

.III III 1041

4.| * 36-.7

3.26
..30

6.16 3 .26 -773

2.11,4 11-41 .6601-4

.1.60 .1.49 .1.

'All 111 :,

.620 I.71 IIlt
1.00 -. 6| I.
6.0 .63

6.13.•J .326 -. 1.4

4.63 1."I .6s

1.10 .2.1 .14.6

-*3. 0 .3642 .4.41

.8.0 -.11 -. 11

,.:, .4. .46.

31.1 .43
.4.6 .11 I•. I.II

3.0 -6.10 60.1

3i 4.6 3 "

4.4 l 1.6 112

10.6 -. 4 as.2$.1 .--. 3 "42.6

31 .29 33.6

s.3 14.1 64.1

36. 16. 47.1'l:

-1.41 .62 11

41.0 3.76 6.6?

43.4 1.1 .3.1
3,1. -6I411

IS. 36:,1 41.

.11.7 .II1 21.

-V,4R -0 ,1a -:1 1,I4 .l " ,I 9.1 -T,

-. 164 -. 206
.I14 .364

-. I170 -. 361
-. 14 3

.134 .260o

.Ii0 .I11

.613 .I06

.11? .636

3.40 1 1.3
1.34 l.l?

.3770-41 .201
.41-1.01 .142

.. 6 .144,
-I ,31 -I,31

-.366I ,111-411
.811 .116
13.0 A 1P4
1.34 7.20
11.3 6.61

,%44 -.636141-,377 -. 111
Mo30 .360

.300 .161
,311 .213
.260 .360

*1.3 *1.43

1.43 S.03
.111141 -I,2101I.113 II

.1461101 ., 111-01

.1344-01 .464 -0,

6.32 1.71

3.63 a."61
-. I664-01 -. 1461141

.901 ,

-.680 -6.04
.414

.663 2.71

-1.24 .4.71

.1.47 -6.66I. 11111, It
-.6S61 -3.1'1
.344 3.13

-3.A? -14.3
-4.23 -21.0
6.34 11.3

0. -2.23

3.33 3.15

4031. .63 .I
71. 0 3.1

. 806. -. 6.
-11. 4..

lII. 73-.37'

11.0 -1.3

711 .130.1

-4310 -. 064.
1.63 .71.4
43.6 71.3

33.3 .7.06

3.%.1 2I.63

4.3I -1.I6
7.63 3.16

-10.,7 .10.6,
-I3.7 .ioI
13.1 10,4

- 411
4ll

-. 3I0
-. 4,,

.460

.. ZIA,4161*01

I.27

4.26
6.II
.401
.236

.3ll

.666

.104

73111-01

.16
.,1401

- ??II-01

.241

.231

.293
.1.40
-I .6I

-6.38

-4*,11-1
-,4111-1

,3411-01

?.04.

72.32

1.1 ,:I
10.6314
93.4I

1.31

-14.1

el4,

.16.1
.10.'11.0

-14.6
.6.63I

10.3

-14.3

U6.6

-II.0
.13.1

-1l.8
-I1,I
.43.4

.11.7
.13.0

3.I0,

I16,2
.30.6
3.3I•

II3.3

.,1411142 -. 71I1.0I ,.766-.1 -.3071-01 .2I71-02 -1101
.1161-42 .336602 •1117"01 ,.43l6-0 .67I-03 .1161-0



STUDSVIK ENZERGITE}WIK AB STUDSVIK/NP-86/109 Appendix C.4(4)

1986-10-28

Case D

CA€CULATIOe*T0.-CPtRIlaff 0t* U8.SCtARU30 ApOkLYSIS #OR NM4JCAc.

P21ST LINI OIUI[I..el 6f4Ir•| CA4LC"3TCt "90 (AVI6A010) 93lCM[luINTAL DATA AT tN0 OFr T• tw0 .
560.0 LINI( WEAP IPPI C%3t *VIAI Tb, IPeT[MVAk,

733360 M( WI mX ! W M CV I W( 1t*VAL (MOT MEA SOuat OF p CIP 11P,14t~)

* C0S - - - - - T 1 UIPMAL - -....

CALO. axe 0.0 - :.000 * 6.000 * 7.00 - 10.00 * 15.00 * 20.00 *27.0

P 10 0 3 -. *301-02 -. 271 *.0- *.21.410 1.630 * 702.1221-C? -*2l8(.03 *.1321-01 -.316 o.295 - 102 * S65

.3016-01 .2621-0• .164*-03 .136 .291 .10? .1:6

P 20 P 4 .21t-.01 .311300( -. 221 .. 312 -.588 -.67A
.3I131-0 .21.03 ** I ".*1.*, -.326 :.32 - .*a -. 646
.1726.01 .3-J.3 01 .N101-C .360 .26O .6W4 .64

P 30 - • .370 .346 .266 -. 040O-02 -. 132E-01 -. 328 -4.34
3.62 :,14 .1 .36 .36 ..6 .-I

2.62 .3?7 .330 .113 .138 .211 .332

004* 0 4 -2.64 .2.8 .all, .813 5.37 2.84 7 1
21.6 *3.21 .2.62 2.:. .119 7.70 1.67
3?.1 .32 360 3.21 1.36 8.62 .3:

P0 0 LO -2.0• 1.13 :.:11 -. 2291-0l• .317 .422el3.63 *31 -. 6*,07 -. 6216.03 -. 213 1.03 .312l .2i0

.s 3.91 .444 .7604-03 .6447903 .173 .377

P=* 0 CO 3.37 -2.82 .11 -.234 .. !.13 1.17 .8123.74 -. 603 -. 632 -. 116 -2.62 -3.00 -. 326

4.31 2,73 I.63 .135 2.l3 3.86 .111

PC * 0 to .732 -.16•2 .4617 -. 121 .40S *..I1 -.326
.331 .11.3 -.13**l0 -. :312 .722 -. 5701901 -.326
•.41l .82 .132 .34u .:o? .124 .3Il

PM - 0 00 * 427 -.2606.03 -3.23 -2.13 .212 .. 32A .Its
-3.62 2.63 -3D.03 -. 02 -. 196 .468 -. 27d

3.68 3.06 6.33 3.18 3.36 3.36 .i1s

P0O0 * 0 16 1.111 -3.92 -. O6 -. 4110 -. ll -. 160 -. 217
.631 -.62 -.612 -. 111 -.6147 -. 301 222
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-. 16 -. 7 -AN".22, .4036-0•3 -.327 .46 31.66.78l .378 .3J71 .343 .593 3.66 3.67

W30 * SS0W 6.93
4.92
8.62

.367*d.214?

- 5430 -2.32
.7,86

1.08

:60 . P4M -11.0

32.2

TVID - T is .960
112~r0 * 1 36 .2.3

TV$0 . T 35 .963

rplo TC 11 3.67
3.78

6.07

1150 . t 34 4.514
"-35.0

3.13

n3•r - ?C 5 I.T3

M5so
,Ia

WAD - 107 ..360
2.&A

HS0 - IC 1 25.0it%

20.3

3T60 - Te1l 6.52

WT70 - Tell .100

2.36

MI.l - 3473 -3.?7

20.?

3.29

.5381-01

.336

.322

-1 .904.13

IVU325

.3.8
3.8

-6.28

1.164

1 .37

.4.30

-24.3
--vs'.$

,.4. 86

.6*3

-4.8
132.0

-29.1*:90

2 7.6
29.1

-95.8
.60.6

87.6

.10.1

17.6

-2.66
30.8

32.8

-4.36

2.01 *."s' -*.33
2.61 3.03 -.o.682.65 3.31 13.53

.56.03 * .1831-01 .401-47

.6436.01 .1411-01 .6800-02

-3.35 -1.276.00 .. 37

".30•f-0a -.*218-03
.281-061 .3813-01

l.35
2.613.23

.179
-. 814

70101.01
3.30

2.1

2.30

2.60

1&:4
3.73

-. 1%

.320

13.34

-4.111
.4.as

6.69

-,20.1

-43 * 0

62.3•
-.870
33.$2

-64,4
-25.6

3.42 5.13 7.53 7.60
3.2 613 .52 7.612.20 4.1, 6.1U 7.12

-3.66 -.1" .56 3.
.M716-02 .636 -,637 -.33e
.639 3.06 .IS0 1.33

-. 380 -6.30 -4.12 -35.2
3.36 -3.6 -4.23 .13.3
3.68 3.76 6.6i 12.8

-2.68 -4.51 -30.3 .20.1
NO.6 -.3 .431, 42.85 3.98I 9.67 36.3

.3.$4 ..4.0 -0.71 -13.7
-.~26 -23 .717 1-6.I.116 2.68 7.37 '6.3

-6.3 -33.5 .30.2 -2.3
-. 264 37.43 -36.0 -22.6
3.•6 61.3 16.3 23.0

-12.6 -36.3 -241. -12.6
-4.44 -.1.3 .20. 3 -21.6.33 14.3 20.6 3,.3

.47.7 .81.7 -22.0 -30.1
-47.8 .309. -42.3 .2

58.3 305. 64k.2 33.8

13.1 -89.8 -41.0 .63.t
7.66 -. 0.4 -71.0 -41.3
10.3 "6.: 72.7 63.4

34.0 -70.6 134.9 -4.12
.37.2 -27.2 .26.1 .33.,

64.8 16.4 2I.3 133.

-116. 0118.3 -. 3 :2.3

-306. 30 -41. -23.5:3051. 333. 52.3.: 35.6

42.2 -2.80 -0.62 6.46
27.6 3.13 4.S.0 .4.00
33.7 30.1 6.74 5.03

8.63 39 0.7 367.72 -. 68S -4.,t0 -3.33

9,47 3.6 6.6.2 6.73

-4.82 -i.37 -4.92 -4.41
-4.21 -735 .1 $.88 ?.7.6

9.3s 7.45 $.92 7.82

-. 7951-02 -. 3071-02 -. 2171.02 -. 331-0
.2231-02 -. 431f-02 .2571-02 -.3123-12
.?73 1-02 .0632-02 .1636-02 .2431-02

310 * 3303 . -22f.03 -.251t.01 -.7139-02
.30O0-01 .1691-02 -. 3216-02
.12606-03 .1711-03 .3311-031
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Appendix D.1(1)

APPENDIX D

Description of the accompanyiAq data package

STUOSVIK
THIS TAPE CONTAINS DATA FROM THE ICAP PREDICTION CALCULATION
WITH THE RELAP5/MOO2/36.04 FOR THE FIX-Il EXPERIMENT NO. 5061.

CONTENTS. FILE I .
2.
3.
4.
5.
6.

7.
8.
9.

10.
11.

THIS DESCRIPTIVE TEXT
INPUT CASE A. STEADY STATE

- "- A. TRANSIENT
- B. STEADY STATE

DATA. EXPERIMENT
- CASE A
- CASE 8
. CASE C
" CASE D

CYBER 170-810
60

9
1600 BPI
80
64
EBCDIC
NO

I. COMPUTER
NAME

WORD SIZE

1I. TAPE FORMAT
NUMBER OF TRACKS
PACKING DENSITY
RECORD SIZE
BLOCKING FACTOR
CODED

.CONTROL WORDS

III. DATA FORMAT. FOR EACH OF THE FILES 5 THROUGH 8

TITLE RECORD(S), (FORMAT 15.A75)
FIELD 1. THE NUMBER OF DATA CHANNELS ON THE FILE
FIELD 2. PROBLEM IDENTIFICATION

UP TO FIVE ADDITIONAL IDENTIFICATION RECORDS
MAY BE ADDED BY 'C' IN COLLUMN 1 OF FIELD I

DATA SET RECORD 1. (FORMAT 215.A60)
FIELD 1. NUMBER OF DATA POINTS
FIELD 2. THE ENGINEERING UNIT CODE CEUC) FOR THE

VARIABLE
FIELD 3. IDENTIFYING TEXT OF THE DATA

REIAINING DATA SET RECORDS FORMAT 5CE16.9)

EACH DATA CHANNEL SUBMITTED IS GIVEN THROUGH TWO DATA
SETS. THE FIRST OF WHICH IS THE TIME DATA SET.
THE TWO SETS HAVE THE SAME NUMBER OF DATA POINTS.
THE TIME DATA SET IS IDENTIFIED BY EUCw77 (FIELD 2)
AND THE IDENTIFYING TEXT 'TIME' (FIELD 3).
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