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ABSTRACT

The FIX-II guilliotine break experiment No. 5061 has
been analyzed using the RELAPS5/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 opticns and break discharge
line nocdalization. The differences between the
calculations and the experiment have been
gquantified over intervals in real time for a
number of variables available £rom 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 Thefmal-Hydraulic Code Aséess-
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 gquanti-
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 cften applied for other cal-
culations. The present ICAP aims to quanfify
uncertainties of the codes to allow their use
for licensing purposes.

Sweden's countributions to ICAP encompass assess-~
ment calculaticns 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-II 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 BWR'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-II test facility may be obtained
frem Ref (5), which also provides additional refer-
ences where various problems pertaining to the
construction period are discussed. Therefore, only
some fundamental aspects of the facility will be
presented here. .

The core model involves a full length rodé 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

reds in a fuel element. Figures 2 and 3a show
details from the core simulator design. As seen,
filler bodies are placed between the sgquare-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
minicomguter 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 acgquisition 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)

- vaive 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 macde, and once the equilibrium conditions
re finally approved, the secuency control
ecuipment is activated for break opening, valve

manoceuvres, 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-II experiment, the speed 6f
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
exglicitly controclled.

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

poocl 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 mm 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 aata were collected for the
whole period of the transient. However, internal
£lows 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-II
experiment No. 5061 was done using the
RELAP5/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-II
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 RELAPS5/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 guestion arises whether
‘some important featufes are missing in the ccde
for a BWR-type application like the present
FIX-II experiment. One such feature could be
deficient modeling of droplet flow in RELAPS[MODZ
for reflocod and core top spray. The FIX-II '
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 abcve
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-II experi-
ments using previous RELAP5/Moédl code versions
(7 and 8). The nodalization diagram for the
geometric mocdelling 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
guantities, see Table 4, the input for the steady
state runs was modified by some additional
ccmponents and centrol systems:

I To cbtain the steady state dome pressure,
a time dependent volume cutside the cpened
steam relief valve was added. This volume
had the experimentally measured dome
pressure.

II The speed of the pumps Pl and P2 were
controlled 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, 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.



STUDSVIK ENERGITEKNIK AB STUDSVIK/NP-86/109 12

1986-10-~28

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 contreol 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-II calculation. For
the present experiment this was necessary
because of an inconéistency 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 discharce 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 initiatinc the physical
transient, the transient calculaticn 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 dependencs
of the volume flow (9). From the initial single-
phase discharge flows of some split break FiX-II
experiments (Nos 3025, 3027, 3031, 3051 and 3061
at lower fiow 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 guality 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, cnly 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 alsc include perforated tubes inside the
collecting tanks. The volumes of these pipes

3 for the downcomer side andé

amount abcut .037 m
about .042 m3 for the vessel side tubes. These
volumes are probably steam-fillecd and small steam
jets may even occur cutside 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 initiai 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
ancd is even larger than the decay heat after

13 s. The heat structure modelling has been
dcveloped based on previcus FIX-II 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 calculatiorn is
devoted to this question.

The predicted core inlet temperature, Plot E.1ll,
and the core outlet temperature are close to
saturation temperatures. The same applies for
other system fluid temperatures, Plots B.139,
B.20 and B.34. The core inlet temperatures show,
Plot B.11l, larger initial subcooling in the
experiment than is predicted. A minor part of
the discrepancy is a consequence of the slight
ovettemperature of the feedwater necessary to
maintain the initial heat balance, see Chapter 3.2.
As the core inlet mass flow reverses iﬁmediately
after break, Plot B.2, a faster core inlet
temperature rise in the experiment had been
expected than Plot B.1ll shows.

Plots B.l, 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 wexre 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, anéd of the lower plenum, Plot B.16,
are compared as differential pressures which are
directly measured in the expeiiment.

.
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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 flcw, 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 drvouts
are predicted to occur later than in the experi-
ment. Actually, the calculated dryout of all
levels was delayed until the void was .585 or
higher. In RELAP5/Mod2 the critical heat flux is
calculated according to a correlation using l-c
(a is the steam void) as a factor. This should
be compared with the corresponding RELAPS5/Modl
correlation using .96-a as a factor in the
critical heat filux 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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S 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 reascnably 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-II 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 nct accurately known. The lower plenum

volume, however, contains no water after test
terminaticn. No water could be identified
elsewhere in the system. Thus, assuming 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 irn 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 £luid 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
£it loss coefficient was determined as:

r = 347 x Re 076

.
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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
nocalization density. The steam separator

(vol 21), the downcemer (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 3 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 ftom 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 eariy 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.l, the boundary
fluid temperatures, Plots B.1ll and B.1l2, 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
frem 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 wvolumes 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-II
facility was assessed in the present calcula-
tions using the RELAPS5/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 X
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-II calculations the
predicted dryout was delayed at the higher core
levels as a consegquence of the void dependence
of the RELAP5/Mod2 dryout correlation.
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Nodalization of the recirculation lines
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Table 1

The test matrix for the first FIX-I1I LOCA experimental
period. Test No. 3027 is one matrix No. 2 experiment.
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Sresks 1.D. (sm)| 6.8 12.0 183.0 | 23.6 | 26.4 | 30.5 | 16.0¢ 21.5¢
21.6 21.6
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=hot channel : 3.28 {3.38 3.38
~average 2.35 {2.38 2.35 [ 2,35 1 2.3%] 2.38 |2.38
LOCA test ident No. 3081 [ 3013 | 302¢ | 3031 | 3061 | 3071 | 3041 | 4031 | SO61 | 5081
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Quantity Probable Erzor correspondingi
error to 95 ¥ confidence

level

Presgures 0.014 MPa 0.04 MPa

Fluid temperatures 1°C 2°C

Cladding temperatures 1.6°C 3.2°C

Small range differential

pressures .

(5 to 7.5 kra) 0.13 kPa 0.3 kPa

Medium range differential

pressures

{25 to SO0 kPa) 0.22 kPa 0.5 kPa

HEigh range differential

pressures .

(100 to 700.kPa) 0.26 kPa 0.65 kPa

Table 2.b

Errors in derived quantities.

Quantity

Probable error

meter K1 (Pl)

meter K2 (P2)

meter K& (steam flow)

nmeter K7 (Bypass)

Break mass flow rate

and bypass heaters

Mass flow rate in orifice

Mass flow rate in orifice

Mass flow rate in orifice

Mass flow rate in orifice

Electric power to bundle

0.2 kg/s

0.14 kg/s .

~10 ¥ of actual
value

~10 % of actual
value

~10 ¥ of actual
value

1 % of max value
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Table 3

RELAPS/Mod 2 code features.

COMPUTATION PROCESSING FEATURES

- Several problem type and execution control options as

b.

C.

steady state initilalisation using fictitious structure heat
capacities for faster convergsncs .

transient calculation

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

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

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

CLASSIFICATION OF HYDRODYNAMIC MODEL

- One-dimensional, with provisions for

a.
b.

c.

choked flow model
abrupt aresa change model

cross flow junctions.

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

- flow
flux
..

b.

Ce

ragime oriented field characterigtics depending on mass
and void fraction for

horizontal flow with bubbly, slug, mist and stratified
fields

vertical flow with bubbly, slug, annular-mist {and strati-
fied) fields

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

HYDRODYNAMIC COMPONENENTS (Input systematics)

- Volume type components

b.

:Q

single volume

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

time dependent volume, for defining a boundary source with
a time dependent fluid state

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

pump, characterized by rated values for flow, head, torgue,
density and moment of inertia. The single phase homologous
curve, two-phase multipliers and phase difference tables to
model the dynamic pump behaviour

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

- Junction Lype components

b.

single juncticn

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

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

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

NTERPHASE: CONSTITUTIVE EQUATIONS

- Interphase drag

b.

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

dynamic drag due to virtual mass effect.

= Interphase mass and heat transfer depending on flow regime and
the fluid fields to saturation temperaturs 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.

- :all heat transfer depending on flow characteristics defined -
or .
a. single-phase forced convection (Dittus-Boelter)
b. saturated nucleate boiling (Chen)
c. subcooled nucleate boiling (modified Chen)
d. eritical heat flux (Biasi or modified Zuber)
e. transition £ilm boiling (Chen)
€. 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 £4ilm and film boiling

c. condensation.

HEAT STRUCTURES

These may be rectangular, cylindrical or spherical in shape.

The structure position (g defined through component numbers of
left and right hand side hydraulic coaponents. A structure is
physically defined by the geocmetry and the temperature dependent
conductivity and volumetric heat capacity data. The structure
modal 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 Messured Case A Case 3 Case C Case D
Pressure in the steam dome {MPa) 6.97 £.97 6.97 6.97 6.97
Power to the 36-rod bundle (incl connections)  (MW) 2.37 2.37 2.37 2.37 2.37
- Power to the bypass heaters (kW) 60.4 60.¢ 60.4 60.4 60.4
Cooling power in the filler body space (ki) 234. 232. 233. 233. 231.
Mass {low rate through pump Pl (kg/s) 4.74 .74 4.74 4.74 4.74
Mass flow rate tfrough pump P2 tkg/s) 1.53 1.53 1.8 1.53 1.8
Mass flow rate in the bypass (kg/s) .67 .67 .67 .67 .67
Mass flow rate in the Jé~-rod buadle {kg/s} 5.60 5.60 5.60 5.60 $.60
Mass flow vate in the spray line (kg/s) 3.35 3.35 3.33% 3.38 3.35
Mass flow rate in the feed water line (kg/s) ©1.80 1.80 1.80 1.80 1.80
Temperature of water at the bundle inlet (C) 266. 260%.9 269.9 269.8 269.6
Tempecature of feed and spray water (C) .181. 181.8 182.8 182.4 182.6
Hater level {n the spray coadenser {m) .898 -897 892 .895 098
Rotational speed of pump P (/s) 23.72 24.97 24.98 23.40 24.97
Rotational speed of pump P2 (/s) 31.93 32.48 32.50 30.58 J2.48
Kead of pusp P1 (kPa) 112.3 118.3 118.4 103.7 118.1
Table S
List of events. in test No. 5061.
Tine (s)
Tveat laposed System Predicted
action reaction Case A Case B Case C Case D
The break valve V117 starts to open .0 . .9 .0 .0 .0
Start of coast down of pusp PL .0 .0 .0 .0 .0
Start of power decay in the rod bundle .0 .0 .0 .0 .0
Plow ceversal in the tundle and bypass inlets . 0 0 c .0 .0 0
The break vaslve V120 starts to open .1 .1 .3 .1 1
The velve V103 {n the broken RCL is closed 3 3 3 .3 .3
Start of power decay in the bypsss heaters .3 3 -3 .3 .3
The SRV starts to open .7 .7 .7 .7 .7
Dryout occurs .9 1. .5 .5 1.
The SRV is fully open 1.3-27.4 1.23- 1.2- 1.2- 1.2«
Flashing starts in the LP (st saturation) * 1.8 s.6 6.3 $.7 6.2
The spray flow ia closed 2.2 2.2 2.2 2.2 2.2
The fewd water Llow is closed 2.3 2.3 2.3 2.3 2.3
Valve V104 to the evaporation coolsr is claosed 2.3 2.3 2.3 2.3 2.3
Cavitation in pump Pl 6.5 5.8 6.7 S.4 7.3
The downcomer is depleted of watsr (two-phase) 9. 7.9 9.2 8.7 6.9
. Flashing starts in the bypess guide tubes voluse 10.8 9.5 10.4 10.1 9.5
Core uncovery begins ' 23. 4. a6, 25, 23,
27.3 - - - -

¢ Determined from
predicted changes

Abgevations: [P o

14
RCL
SRV

-t

temperature cutves and f{rom
positive Vapor gensration.

fower plenum
Upper plenum
Recirculstion line
Steam reliel valve

-y
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Table 6

Summary of the main results in test No. 5061.

Measured Predicted

Case A Case B -Case C Case D
Total time of transient (break discharge) (s) 27.8 - - - -’
Tise to initial dryout (s) B | 1.0 .5 .S 1.0
Time to beginaing of bundls uncovery (s) 23. 2. 26, 2s. 23.
Break mass {low 1 s after the bresk * (kg/s) 33, 30. at. 3s. 3.
Max. break flow rate [rom lower Dlenua (kg/e} 19. 22. 22. 2¢. 26,
Max. bresk flow rate from the downcomer (kg/s) 14. ' - - 14. 11.
Dome pressure at the end of test (27.4 s) (Mpa) 2.0 12.6 1.7 1.4 1.3
Max. rod dryout temperture ) 460, (926.)* 487, 463, 409. 408,
Rax. rod temperature., snd of blowdown {C) 278, (4S1.)°° 244. 227. 227. 234.
Integrated break masas flow (kg) 290, - 250. 277. 286. 2086,
Iategrated steam reliel mass flow (kg) 8. 8.6 2.1 8.6 3.4

¢ Approx. st the msaximum bresk (low of the test

%¢ Mag. compared mesn temperature. Max. of all exp.
seasurements put 1ia brackecs.

Table 7

Run statistics data (Case C).

Time (») Computer No. of time No. of time step reductions in interval
CPU time (8) steps quality extrap. mass propty. Courant

-20, -498, =320 - - - - -

0. 0. -] [} ] ° [} o

10. J2a. 170 0 (] 3 (] ]

20, 1103, s8¢ 2 -] 16 13 149

28, . 1562. (11} k4 [} S b 12¢

¢ Time of bresk opening
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Table 8
Parameters used in the assessment comparisons for
FIX-II No. 5061.
COMPONENT CONTINOUS PARMMETER o EXPERIMENT PREDICTION PLOY JOENTIF, PLOT
(IDENTIFLER) (MINOR EDIT) Exp CALC. NO.,
CORE FLUID DENSITY, 8OTTOM ses RO Q4.00 RH12 8.1
MASS FLOW RATE, INLET e OPT 4 P 33.0t ~ PO4.O1 0 4 PO4? 8. 2
KEATING POWER X 80t CNTRLVAR S7 X801 He? 8.3
CLAD TEMPERATURE, LEVEL 1 JE 191, TE 208, HTYTEMP 4.21000108 TC 1 KT1? 8. 4
TE 211, TE 246
s o LEVEL 3 TE 108, TE 183, HTTEW 4.03000108 IC 3 HT2? B8, §
TE 243, TE 248
e o LEVEL § TE 202, TE 227, NTTD® 4.04000108 IS WT3? 8. &
TE 232, TE 237,
TE 252
-t . LEVEL 7 TE 101, TE 110, HTTEW 4.08000108 I 7?7 nT4? 8. 7
TE 114, TE 136,
TE 171, TE 186,
TE 196, TE 204,
JE 210, TE 18,
TE 220, TE 239,
TE 245, TE 2%0,
TE 289, TE
¥ . LEVEL S TE 102, 137, NTTO® 4.08000108 7C 9 HTS? 8. 8
TE 167, YE 172,
TE 187, TE t97,
T 272
-t o LEVEL 12 IE 118, TE 123, MTTEW® 4.07C00108 TC12 K767 8. 9
YE 128, TE 148
TE 223
fe . LEVEL 1S ;E ;;g. 190, NTTOW 4.10000108 R{3} ] HT?? 8.10
INLET TEMPERATURE TE 3 TEMPF 23.01 T3 TF1? B8.11
QUTLET TDMPERATURE TE 14 TEMPF 31,01 T 14 TF2? 8.12
CORE [MVENTORY = OPT S « DPT € » P 04.01= P 51,01 s 0 ¢co POC? 8.13
OPT 7 o OPY § o
OPT 9 « DPT 10 o
OPT 11 « OPT 12
VESSEL FLULD DENSLITY, BOTTOM ose R0 31,01 RH2? B.14
OOMMCOMER WASS [MVENTORY @ DAT 27 ¢ OPT 20 #7103« P 72.01 os o oc roD? 8.15
PPT 28 « DPT X0
LOWER PLDGAM MASS INVENTORY o 8:30003- P 3N.01 « P 32,001 o¢ oL roL? 8.18
UPPER PLEMM MASS INVENTORY o DP 1] ¢ OPF 14 P S1.0t « P $52.01 ee o v pPOU? 8.17
PRESSURE LOSS, 3.8, ORIFICE - 2 1 ] P 52.01 - P 52,02 0 s POS? 3.18
DOWNCOMER TEMPERATURE, BOTTOM TE 31 TEWPF 71,08 T3 TFI? 8.19
UPPER MLERM TEWPCRATURE TE 18 TOWPF §2.01 TS TF4? 8.20
LOWER PLEMAM PRESSURE rT 3 P 1.0t P 3 P17 B8.23
UPPER PLENUM PRESSURE PT 4 P $2.01 P 4 P22 8.22
WASS FLOW RATE, BYPASS X 802 MFLong 117 X802 MFI1T 8.23
RECIMCULATION MASS FLOW RATE, I. L. PUP X $03 WFLOWS 201.02 X803 NF27 8.2¢
LINE (ORIFICE X1)
3 FLOW RATE, B. L. PUWP X 804 wLowJ 202.02 X804 w37 8.28
(oau'lct x2)
MASS FLOW RATE, 8. (. VESSEL X 810 MFLOW) 97.02 x610 ura? 8.28
INLET (3POOL PIECE Ki0)
T SYSTEM MASS INVENTORY ose TWASS MAT? 8.27
WASS FLOW RATE, STEAM RELIEF X 607 MFLOWS 404 X837 ws? B.28
WEATY LOSS, PASSIVES sss CNTRLVAR $3 HL1? 8.3

Peed
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Table 8 cont'd
COMPONENT CONTINOUS PARAMETER o EXPERIMENT PREDICTION PLOT IDENTLF. PLOT
CIDENTIFLER) (MINOA EDIT) ExP, CALC. NO.

SREAX FLUIO DENSITY see N0 96,0t ™37 B.2%
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[ M COMPARISON PARMMETERS ARE TWOSE l!NM’ED AS DIRECTLY MEASURED
OR AS COMPUTED RESULTS FROM THE EXPERIME
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se CORRECTIONS APPLIED TO RESUME THE CORAECT PRESSURE SENSOR LEVELS.
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STUDSVIK ENERGITEKNIK AB STUDSVIK/NF 86/109 Appendix B.1(21)

APPENDIX B

Data comparison plots

PLOT IDENT. QUANTITY (EXPERIMENT)

NO. {CALCULATICONS)

8. 2 cnee e o e n o eeeoa
RH1? FLUID DENSITY. CORE BOTTOM (RHO C401) CASE ?

8. 2 D 4 DIFF. PRESSURE, cpxt INLET RESTRICTION (DPT 4) « EXPERIMENT
PD4? DIFF PRESSURE. CORE INLET RESTRICTION (P 3301 - P 401) Casg ?

B. 3 X801 FLECTRIC POWER, CORE - EXPERIMENT
HPL1? CORE HEATING POWER (CNTRLVAR 87) CASE ?
Hli? HEAT LOSS FROM PASSIVES (OVTRLVAR $3) CASE ?

. 4 2 MEAN CTAD TDMP.. LEVEL 1 (T191 T206 T213 T246) - EXPERIMENT
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3. 7 T ? MEAM CIAD TEMP.. LEVEL 7 (7101 TO T271. 16 RODS) « EXPERIMENT
KT4? MEAN CIAD TDTUIRATURE. LIVIEL S (HTTDMP 405000108) CASE ?

3. 8 ce MEAN CIAD TEMP.. LIVIL 9 (7203 T137 T167 Ti72 T187 T197 T272) = EXPERIMENT
ys? MEAN CLAD TIMPERATURE. LXVEL 9 (HTTEMP 40600010S) CASE ?

». 9 i KIZAN CLAD TRXO’.. LIVEL 12 (T118 T12] T128 Ti48 T22)) - IXPERIMENT
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xT7? KEAN CTAD TEMPERATURE. LEVEL 15 (XTTIMP 41000010S5) CASE ?

9.3 T 3 FLUID TDPIRATURE. CORE INLET (TT 3) - IXPERIMENT
rL? TLUID TDMPERATURE, CORE INLET (TDMOPF 3301) CASE ?

3.12 T 34 FLUID TDPIRATURE, CORE OUTLET (IT 14) « IXPERIMENT
Tra? FLUID TDMPERATURE. CORE OUTLET (TIMPF 5101) CASEK ?

9.3 D €0 DIFY. PRESSURE, CORE (DPFT 3 ¢ DPT 6 » .... » DPT 12) - EXPERIMENT
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3.4 ———— e e eecoe-e
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3.6 oLy ‘DIFY. PRESSURL. LOWIR PLIDNUM (DPT 2 « DPT 3 = DPT 1) « EXPERIMENT
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rnour DIFF PRISSURE, UPPER PLENUM (FROM P 5101 - P S201) CasSE ?

B.18 D 56 D177. PRISSURI. STEAM SEPARATOR ORIPICE (DPT 56) - IXPIRIMENT
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3.29 TN FLUID TDTPERATURE., DOWN COMER BOTTOM (TE ﬁl) - EXPERIMENT
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PLCT IDENT. QUANTITY (EXPERIMENT)
NO. (CALCULATIONS )
3.20 T 1S FLUID TEMPERATURE. UPPER PLENUM (TE 15) < EXPERIMENT
TF4? FLUID TEMPERTURE. UPPER PLENUM (TEMPF S5201) CASE ?
8.22 P 3 PRESSURE, LOWER PLENUM (PT 3) - EXPERIMENT
P12 PRESSURE LOWER PLENUM (P JICL) CASE ?
5.22 P 4 PRESSURE. UPPER PLENUM (PT 4) - EXPERIMENT
P22 PRESSURE. UPPER PLENUM (P $201) CASE ?
5.23 X602 MASS FLOW RATE. BYPASS - EXPERIMENT
nri? RASS FLOW RATE. BYPASS (MFLOWJ 117) CASE ?
5.2¢ 2603 RASS FLOMW RATE. I.L. PUMP - IXPERIMENT
nra? MASS TLOW RATE. l.L. PUMP (MFLOWJI 20102) CASE ?
9.2% X604 MASS FLOW RATE. 3.L. PUMP - IXPERIMENT
"rir MASS FLOW RATE. B.L. PUMP (MFLOMJ 20202) CASK ?
B.26 X610 MASS FLOM RATZ. B.L. VESSEI INLET (SPOOL PIICE K10) - EXPERIMENT
“re? MASS TLOW RATE, B.L. VESSEL INLET (PFLOWS 9902) CASE ?
.27 RO, ceccooceeae
PAT? TOTAL MASS, IN SYSTEM CASKE ?
3.28 X607 MASS FLOW RATE. STIAM RLLILY - EXPERIMENT
nrs? PASS YIOW RATE, STEAM. RELILY (MFLOWJ 404) CASC ?
3.29 coce e eceeccecese
37 FLUID DIMSITY. BREAK (RRO 9601) CASE ?
8.30 X836 RASS FLOW RATE. BREAK FROM T2 INVENTORY - EXPIRIMINT
"ré? MASS FLOW BATE. RREAX (MFLCWJ 152) CASE ?
.32 coce ceecocecmeee
xr7? PASS FLOW RATZ, BREAX (MFLOWJ 1S1) CASE ?
3.32 2672 MASS LOSS. BREAXK FLOW RICIEVEIR T2 - IXPERIMENT
wa? SREAX TOTAL MASS LOSS (CNTRLVAR 5S) CASE ?
.33 cove csceceensece
0a? BREAK TOTAL MASS LOSS (CNTRLVAR 60) CASE ?
3.34 T TLUID TDMPERATURE, BREAK INLET (TT 34) - EXPIRIMENT
k144 FLUID TIMPIRTURE, BREAK INLET (TIMPF 9%601) CASE ?
.38 conn cecesmessces
? SUBCOOLING. EREAX INLET (TEMPC 9101 - TDMPF 9301) CASE ?
8.36 ? 6 PRESSURE, BREAK INLET (PT §é) - EXPIRIMINT
b I b4 FRESSURE, BREAX INLET (P 9601) CASE ?
».37 U meececeses
cru? CPUTIME CASE ?
3.38 cooe e s e ccscoes

MAR?

MASS IRROR CASE ?
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APPENDIX C

Calculations to experiment data uncertainties
Case A

————
CALCULAT{ONe TOEXPERIMINT OATA UNCERTAINTY AMALYSIS FOR NAC/1CAP,

;}&Ll:‘ : .o‘!'n;}ﬁ:.:g:!;:‘?%\:uzﬁm (AVERAGED) TXPERIMINTAL DATA AT TM0 OF TwE INTTAVAL
L : wlAM i L
THIRD LInE @ MEAN 310MA OVER TeE XI'(M;N. (ROOT MEAN SQUARE OF TME DIFFERENCE)

- COOLS - . e oo o TIME INTERVAL = = o «
CALE. Ixm 0.0 « 2.000 - 4.000 - 7.000 - 10.00 - 15.00 - 20.00 - 27 00
PilALP 3 e.108 . 137 - 184 -.277 -.38) . 3%
«.205£-01 .. 118 ., 224 -.243 -.297 -, 30
N 118 .327 .343 .299 .30
PIA-P 4 -, 800801 .. 108 -, 238 -.292 -,330 .. 388
..377€-01 .. 134€-9 198 .. 217 .20 - 384
.303(-01 . 784E-91 199 210 288 364
»3Mer 8 .328 877 304 438 .2%1 -, 119
L0 .68 189 .$33 2132
.7 478 .368 N1y 408
44 o 0 4 . 737 -. 783 178 8.9 1.3?7 7.48
39.9 1.2 3.08 .87 8.5% $.49
4.0 1.10 3.1 $.38 1.47
POLA « -l -.978 .93 L1688 491801 L1898 .447
o -|.” -I?" -.ﬁu 227 .$43€-02 128 .270
1.3 "0 .32% 329 «8218+0Y L1408 %1}
POCA = D €O 3.8 008 ’.73 .829 -.826 -2.21 .979
4.56 Nt . 183~ taz -.103 .48 .324€-01
. 117 1.40 3.3 2.0t 87
UL - D UP . 989 2001-02 -.393 .10 -.2607 -.922€-01
.. 181 X -.432 -.340 .48 .973€-Q1 -.103
.838 (L1 .48 Je4 .038 .
POOA - O OC 1.13 2.27 2.7 *3.48 ,282€-01 392 .259
1,07 3.34 V.40 2.00 487801 L300 .228
4.08 4.00 1.88 3.34 t.17 J2a7 L2448
ORA - 3 34 t.83 .30 - 730 -.439 1.24 -.200 -.407C-02
.12 .. 298 . 799 - 290 988C~01 .313 -.2C62
..87 19 NI 838 1.6 1.32 .33e
wia - 3802 . 388801 496801 J184 1) .344 189 .22
.39 .948€+01 .108 197 .332 .278 .282
.68 +398€~01 B1t) 187 373 284 L340
WA - 203 .. 122 -, 371801 -1 -1, 31
LIl 874801 - 481 -1.33
. 249 10 1.4
W3A - 2804 4.8 -4.14 «3.08 .49
3.24 1,30 3.8 -3.87
3.92 2.14 3.49 3.69
WA - 2807 .8880+01 =, 100€-02 .5488-02 «.121€-01 -, 187€-01
106801 »700€-02 808802 «.370€-02 8€-01
19? . 9488-02 L 6898-02 .3031-02
WA - 2810 -2.79 2.81 8.33
. 3.18 2.7 a.78
4.7 3.43 4.98
WeA - 2838 12,8 -l.08. -.703
NI} 1,17 -, 144
17.0 1.20 838
™.t 3 1.18 -.480 «2.04
. 8.47 317 . 883
s.04 V2 a7
TFIA » T 18 -3.04 2,83 =3.34
3.3 3,34 -3.37 .
3.0 .38 3.20 4
1964 = T 18 120 -t .49 2.7 1"
] 1,1 -, 1 ”
1.3 . t. os
TP =T N 2.97 8,41 9,80 []
1.48 3.88 7,28 ' ?
1.722 4.09 7.38 1 $.8
TFSA « T 34 4.8 =3.4¢ -4,.98 «-$.40 -19.9
~$8.9 2.74 -4,01 2.3 11,8
7%.8 2.8 P 1.37 12.2
wTiA = TC Y 2.07 «548.9 -00.1% 3 -12.8
2,12 9.9 108, [ “14.9
3.42 0.1 108. $ 3.3
M - TC 3 -1.39 -dd, 2 104, «$8.2 -42.2
.. 722 -4a.7 «93.9 «71.0 -$9.9
2.10 0.8 .2 3.4 89.3
NTIA - TC S 14.4 .7 30.0 =5.18 .93
3.%0 2.1 6.3 1.3 3,04
6.7 3.0 ".2 27.4 s.a0
HT4A - TC 7 468.8 .8 42.0 -28.2 - it .4
0.7 14.9 32.9 2.0 21,7
8.2 17.3 n.? .0 2.1
WiSA « 1S 9 ‘a8.3 4.2 3.13 -80.9 -33.9
23.9 37.8 40.8 4.1 6.4
9.3 4.7 3.2 2.8 2.9
wTeA - TCI12 29.2 112, 3.00 -2.93 -4.72
21.3 ?2.8 43.3 -1.09 4.8
3.8 3.9 .. 2.38 6.7
NTTA = TC18 -, 400¢+01 3.2 4.7 .}
1.9 2.1 «3.43 -1.93
2.00 .88 3.8 8.9
HWIA - X8 -4.98 *20.4 «26.0 «29.4
14.2 «20.2 3.8 -22.3
0.0 30.2 4.8 7.3
1A = x8301 822201 . 281001 -.713€-02 . 7482-02 «.907€-02 «,237€-02 «.1830-02
-, 141€+02 .350£+02 =.3388-02 379832 . 366032 287632 -.188£-02

«3731-01 +1388-3) 138001 «7838-02 .138€-02 .$810-02 .2488-02
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STUDSVIK ENERGITEXNIX AB

Case B

CALCULAT{ONe TO- IXPEATMENT CATA UNCEIRTAINTY ANALYSIS FOR NaC/ICAP,

-

FIRST LINE  : OIFPEAENCE BETWEEN CALCULATED ANO (AVERAGED) CXPERIMENTAL DATA AT EMO OF THE INTERVAL
SECCNO LIvC : MEAN OIFFEAENCE OVER Ta€ INTEAVAL
THISO LINE : MEAM 3IGMA OVER TeE INTEAVAL (RGOT WMLAW SGUAAT OF THE DIFFEATNCE)
- C2018 - oo o TIME INTERVAL = = = =
AL, Oxo, 2.0 - 7.000 - 4,200 - 7.000 - 10,08 - 15.00 - 20.90 - 27.00
»19 -0 3 -.252801 193001 =.970€-02 97€-01 L627€-01 <. 6926-01 . 148
J194€-01 .101€=01 -, 178801 88€ 01 A70€=01 .874€=02 -, 123
L 493C<01 L184€-01 1184601 LBeag-a1 583€-01 RITIET 37
s 4 188201 .123€+01 JNSES0T . 408801 98601 eante0l -
22801 +279¢=31 +301E-0F -, 198£-01 .439€-0" €2 -, 108
1134€-01 J1%8c-01 J31sEedt 1310€-01 .633€-01 ittt Rir
P & .$8%1 780 313 .493 -.300
1.8) 79 922 .88 .341
2.7 12 929 it 7]
’048 -0 o -1.40 .1.33 4.62 2.40 7.27
39,8 1.7 4.50 §.°s 3.2
[+ 94 1,78 810 s.9 $.04
L8 - 0 LP a1 .1.00 .300€-01 220 .48
el '8 -l. 8 .333€-28 184 il
1.3¢ 1.84 RIIILL]] A73 «399
’Cs - 0 O - N 1.48 -.342 -,383 1.7
$.98 2.80 .974€-01 1,80 . 409
1.0 369 3.0 2.30 il
ous - O U 243 . 788 180 -, 989E-0"
137e¢-01 J18 .i.27 1] -1336€-01
301 1.32 1.3 380 1o
»008 - 0 OC .380 1.20 .1.17 -1.08 -.238
et 17 2.68 «2.29 -1,37 -, 591
4.03 3.39 3.33 1.38 N 21
38 -0 88 -.401 .. 611 1.50 -.197 ..ty
i.34 318 «t.48 .36 .13
o357 T3k 2 i.03 i
wis - 2607 823201 .3728-01 128 .278 181 .208
33} a2 Issac-at 3s 1241 gt
. Rt L978E-01 34 By 237
wis - 2803 -.193 -.831 ©.4808-01  «.4) 701 .84 . -1.31 -1.38
-l 11 - Bt) =,.303 784 -,127C=0" ol 14 -1.24
1.3 Nt St [se2 T 130 1.3
wis - xe04 3.0t 3.12 .58 4,29 -$.07 o8.41
2.98 .42 -.173 =, 48 -4.93 -§.26
3.0 V.46 .66 313 @9 8.3
wis - 2807 548201 .2008.0¢ .136€-01 .336¢-01 118801 .3322-92
ST 480€431 I318E-01 1278601 1223E- 1819E-02
BIH rret Y 1223101 128a¢-01 133ag-0 1680£-02
wes - 2810 4.9) .37 .37
. 1,82 6.8 7.13
2.74 [ P4l N8
wes - 2838 -12.3 -3.09 ..147
-ts,? 8,19 -, 221
8.9 5.92 338
e -1 3 2.07 313 1.23
83 .07 2.03
s.18 2.4 53 2.3%8
1928 « T 14 .27 -, 48 1.93 -,%330
-2.30 NN .33 389
Nt " it T
1es - T 18 .880 1.20 7.3¢ .s80
1,61 1.37 1.82 1.58
1,88 V.37 1.9 1.40
™.t 1.9 2.98 .53 -7.79
[F%4] 4.0 3,61 -$.08
1.8 13 3.8 6.8
LTI -8.18 -.%0 -.430 4,08
-46.8 2,34 .48 3,28
"8 b 31?7 2,64
uTip « TC 4.10 «3%.9 «98.7 -13.8
.38 3,08 101, 84,1
388 13.0 P> 102, 9.3
wrIs - TC 3 15.4 0.8 «68.9 -22.7 -80.8 -81.8
2.54 5.8 «18.0 sl -37.9 2.8
718 13.8 8.9 438 8.0 [>9¢1
wr3s - TC 3 18,0 -11.8 .34.8 4.8 15,3 -2.17
3.88 1.8% =29.9 3.00 $5.0 .87
WY 7.9 3.0 7. 4.7 1.0
WTag - TC 7 .t 1.88 -38.4 .01 12.9 -24.3
18,8 18,9 =1%5.4 1.3 0.3 34,8
23.3 20 0.8 2423 0. 30.4
wTss - 1C 8 2.1 s.47 -13.8 0.8 -4,08
FI ) 2.8 1803 1.2 34.7
3007 .2 1.7 228 3.0
wTee - TC12 17.8 -3.41 -1,42 .8 .01
17.4 12,9 -0.34 0.8 .7
1902 1403 8.3 37 37.2
wtTe - te1s .340 -7.18 1.34 22.9 218
.18 -1n -2.2¢ 0.2 7.03
.12 a@n lea 12.3 18.3
s - x871 .93 -10.4 .17.7 5.8
4.2 -7.38 -103 7.3
2.8 780 18.3 16,0
wis - 1801 L827€<Q1  =.331€-01 <. 713€=07  «.766£-02  .907€-02
- 141002 . 350202 O.JSS(-OI .373€=02 388E-22 H
.373€-01 RETTEN 1138€-01 1363607 .734€-32 isie-02 236€-01
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Cagse C

CALCULATI0M= TO-{XPEATMENT OATA UNCIRTAIATY ANALYSIS FOR NaC/ICAD.

TIONT LINg : BISFEADNCE BUTWITW CALCULATID A0 (AVESASLD) DXUALWENTAL DATA AT 40 OF Tog InTLRVAL
LUCON0 LING | WA DIFFEACRCE OVER Twd INTiRvaL
TMIN0 LINE i MEAR DiGMA GVER TWg IATERVAL (RGOT MEAN SGUARL OF TwE OLIPERENCE)
Ll -+14 § I v een TIME INTEINAL = » & »
eME. P, 0.0 - 1.000 - 4,000 . 7.000 - 18.00 - 13,00 -2708
s1ces 3 o I o Mt =188 ™ . 399
04738207  <len7qe01  =.4806=0r = 108 <16 < a8
Leadgad BTttt 880800 Rit iee Rt
s 4 . 3008e37  « INED  &.33400) .10 .78 -.338
10T I 11 6 B 171 0 A L LI 2B
118t ‘Yasd-at ‘3esk-at 12188401 RE 1
s 8 . .22 an .30 080 .14
it et N Rt 1] REITET
1.8 R H] e k11 i
%4 0 4 .33 1.0 840 3.40 W1
0.4 ..atg jig 1.3 b3t
HHE i s IR1 a2
oL - B LD ot.84 182 - 112801 377801 .a08
1.8 -y 1831T-81  ela13M=0t 1
1R H ¢ H $ 900841 ity 111
i ¥R Y 3 1 on 311090
. . -, -, .
LR it i.08 .48 ¥t
PR Y™ T ..l1g ] «. 9828+t . 108
-. 118 -. 33 -3 -, 308 - 179C-01
g1t 3+ an e j11e Rt
s0c - 0 0C .903 1,83 -4.23 12.0 .333
11 - i8? - s34 i1
82 3. 4.44 1,3 4.80
0K -+ 008 .188 .4 bt 148 " '
* <133 '.;oi Sale -377 RN
3.0 i i.02 .0 an
wig - 202 .3088+21 13 183 .300 .243
180 es e 111 1]
e g1 1] %111
Wt « 103 . .8818e01 837801 1,7 o134
leariedn .l402 .37 oty
Rt b+ i IR
wie - reos 1. .1.%4 o -8.38
34 < in -
) N Jda2 o
W - 2807 0 14001 33918 .. 218801
dfatear  lug J1aste0t =I341¢-01
e s R+ § rtt et
we « 210 -8 a3 3 1.0
4 1,78 Rt 1.2
1] 1.5 it .. % 1]
we - x3 o8 -2.84 -t it 1901 .0a88-01 18,0
=t W se3? <. 1 T . 888001
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Case D

CALCULAT 10M=TO=ERPERIMENT DATA UNCIRTAINTY AMALYSIS FOR NAC/ICAS.

FINSY LInC : DIFFEAENCE SETWLEN CALCULATED ANO (AVERAGED) EXPERIMENTAL DATA AT EMO OF TE INTERVAL
SECONO LInC : MEAN DIFFEAENCE OVER T INTERVAL
THIRD LIMC  : MEAN S10MA OVEA Tw{ INTEAVAL (RGOT MEAN SOUARE OF TWE DIFFERENCE)
- S00tS - o oo ® TIME INTERVAL © » « o
CALC. €xe 0.0 « 2.000 - 4.000 - 7.000 - 10.00 - 15,00 - 27.C0
PIded 3 .. 710802 -.881£-01 -, 258 - 792
+.323€-C2 «.392€-01 -.136 - $86
«J03€-01 9848204 168 "?
P o 31900 «.830€-C2 -.388¢-0! .28 -.874
L881L-01 L 218£01 o 178§<01 128 .. 840
2173601 .3438-01 -190E=01 140 (2] ]
*WV-r g 349 .2688 =-. 940802 «, 132€-08 .. 434
.32 .304 . 141 142 - 180 . =218
377 <10 Ja8 218 .33
040 - 0 o $.37 2.84 78
883 7.70 5.68
2.3% 4.34 $.583 .39
D - O P -.220€-020 2183801 .197 .422
«.838£-0) -, 291801 .13 «368
188800 ~447E~0) AN 227
D - b CO -.334 -1,13 -1.1? .03
-.134 3.4} =1.00 .. 134
.838 .93 1.5 .588
MU0 - D e -2 -.408 - 118 12¢
-.282 -.732 -.870£-08 -, 124
388 97 124 128
000 - D B¢ 2.13 .282 .32 1%
. -.802 - 400 -.274
t.18 [ 1 1.18 418
30 -« D 3¢ -, 488 -, 82 -.190 -.212
-.09% -. 847 «,308 -, 332
s 1 820 .32 1.84 37 372
W0 « X882 477801 112 203 349 202 268
. .384£-01 A97E=-01 174 324 301
«B13€-Q1 L738L-01 A28 340 «10 .290
20 - 2803 -1.38 -1, 47
-84 -t, 04
1,49 1.47
W3O . 2804 -4.28 -8.43
-3.9% -$.37
4.00 .
W0 « 2807 -,3308-01 . 419¢-01
- ,2008-01 -,382L-C1
. 216801 383801
wWed « 2810 -3.12 7.0
-?.34 $.82
9.08 6.58
wed - g3 11,0 -, 34
-tt.? -.417
12.2 .
Dt 3 1.08 -8.12
e.38 -4,23
8.72 t.a8
70« T 18 -2.18 -10.9
-3.82 N
2.38 8.47
1940 = T 13 . 980 -8.78
V.87 7,17
1.78% 1.7
MWW et N 7.18 -19.2
3.82 -ta.0
4.07 4.9
TP80 - T 34 -4.83 -a,08 =24.3
‘38,0 -4 ,30 «20.3
2.1 4.2% 20.¢
“T10 - ¢ t.87 -38.3 «23.0
=3.00 -4, 00 -43.1
3.80 8.83 4.3
"I -3 $.98 16.8 41.0
1.3¢ 1.8 -71.0
4.34 12.0 2.7
Lat IR (N ) -1. 7 -39.8 14,9
.838 «37.4 24,8
1.80 38.3 .4 3.3
w740 - TC 7 «.380 -95.8 3 =39.3
2.04 «$0.8 -132. -44.9
3.42 $7.8 133. .8
W30 - YC 9 29.0 «30.8 107, -4t .8
13,9 547 «918. -41.8
20.3 17.8 1"2. 2.3
W70 - TE12 $.82 -2.99 -3.80 -9.82
10.% 10.8 . -4.30
12.7 12.9 10.8 8.74
nT0 - TCts . 800 -?.468 320 8.61 -3.94 -8.07
2.32 =3.38% -2.42 1.73 -.488 -b.40
1.34 4.3% 3.0 9.47 3.60 8.62
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APPENDIX D

Description of the accompanyiﬁg data package

STUOSVIK
THIS TAPE CONTAINS DATA FROM THE 1CAP PREDICTION CALCULATION
WITH THE RELAPS/M0D2/36.04 FOR THE FIX-I1 EXPERIMENT NO. 5061.

CONTENTS, FILE

1.

1. THIS DESCRIPTIVE TEXT
2. INPUT CASE A, STEADY STATE
3. - " = A, TRANSIENT
4. - ® -« B, STEADY STATE
5. -"a g ="-
6. -"e D, ="
7. DATA, EXPERIMENT
8. ="= , CASE A
9. -"~ , CASE B
10. -"= , CASE C
1. ~"= , CASE D
COMPUTER
NAME CYBER 170-810
WORD SIZE 60

II. TAPE FORMAT

NUMBER OF TRACKS 9
PACKING DENSITY 1600 BPI
RECORD SIZE 80
BLOCKING FACTOR 64
CODED - £8CDIC
_CONTROL WORDS NO

I111. 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 COLUMN 1! OF FIELD 1

DATA SET RECORD 1, (FORMAT 215,A60)
FIELD 1, NUMBER OF DATA POINTS
FIELD 2, THE ENGINEERING UNIT CODE (EUC) FOR THE
VARIABLE
FIELD 3, IDENTIFYING TEXT OF THE DATA
REMAINING DATA SET RECORDS FORMAT 5(E16.9)

EACH DATA CHANNEL SUBMITTED 1S5 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 EUCe77 (FIELD 2)
AND THE IDENTIFYING TEXT °'TIME' (FIELD 3). .

Appendix D.1(1l)
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