NUREG/CR-2281, Yol. 4
LA-9305-PR

Progress Renort

Nuclear Reactor Safety

October 1—December 31, 1981




{ rece reports in thus series, unclassified, are NUREG/CR-2266.
5-PR NUREG/CR-2281. Vol. 1. LA 8945 -PR: NUREG/CR-2281

ol. 3, LA-9229-PR

|

LA-9209-PR: and NUREG/CR-2881. V




NUREG/CR-2281, Voi. 4
LA-9305-PR
Progress Report

R4, R7, and RS

Nuclear Reactor Safety

October 1—December 31, 1981

Ci mpiled by‘
Michael G. Stevenson

\(@ Los Alamos National Laboratory

/o2) Los Alamos. New Mexico 87545




NUCLEAR REACTOR SAFETY
October 1 - December 31, 1981

Compiled by

Michael G, Stevenson

ABSTRACT

The work that is highlighted here represents accom-
plishments for the period October 1 - December 31, 1981 by
the groups at Los Alamos involved in reactor safety
research for the Division of Accident Evaluation, Office
of Nuclear Regulatory Research of the US Nuclear Regula-
tory Commission. Presented are brief overviews compiled
by project, along with a bibliography of Technical Notes
and publications written during this quarter.



TRAC CODE DEVELOPMENT
FIN A7016

TRAC-PF1 DEVELOPMENT (J. H. Mahaffy)

During the fourth quarter we completed the documentation for the Transient
Reactor Analysis Code (TRAC)-PF1 and prepared for the TRAC-PF1 workshop, which
was conducted on November 17-19. We have completed a draft of the code manua’,
and the editing process is under way. We also have completed a large rcart of
the TRAC-PF1 develcpmental assessment manual and initiated the editing.
Additionally, we have generated supplemental notes for the workshop
participants.

Since the workshop, we have concentrated on the code improvements for
TRAC-PF1/MOD1, scheduled for release by November 30, 1982, A detailed study of
the code change: necessary to implement the improvements requested by the
Nuclear Regulatory Commission indicated that substantial additions to the
TRAC-PF1 steam-generator model are required. The turbine model has been
developed to the point where FORTRAN coding could begin.

At the time of the workshop, Los Alamos changed the method of implementing
changes in TRAC, Previously, a text editor available only through the
Livermore Time-Sharing System (LTSS) incorporated changes in the code. The
limited availability of this text editor made Los Alamos error corrections
difficult to implen nt on other computer systems. We have switched TRAC
maintenance and d... pment at Los Alamos to the Control Data Corporation (CDC)
Update, a standar' vtility for the majority of the external users and available
to users with non CDC equipment through a commercial software package. The coc
Update greatly simplifies code error corrections and modificaticns for the
external users, However, the conversion to the CDC Update was inconsistent
with the automated code maintenance utilities at Los Alamos, and a substantial
effort is required to modify these utilities,
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THERMAL -HYDRAULIC ANALYSIS FOR REACTOR SAFETY RESEARCH
FIN A7027

INTRODUCTION (B. J. Daly)

Research efforts during the past quarter were concentrated on three proj-
ects: the pressurized thermal shock study, the hydrogen migration study, and the
Slab Core Test Facility (SCTF) upper-plenum de-entrainment study for the 20/3D
program. These investigations are all at the stage of model refinement, prepara-
tory to engineering application. The pressurized-thermal-shock and hydrogen-
migration studies require three-dimensional algorithms in their solutions.

PRESSURIZED THERMAL SHock (B« J. Daly, F. H, Harlow, B, A, ¥ashiwa, and M, D.
Torrey)

The SOLA-20 codel was mdified extensively vo analyze the mixing of vent
valve and "igh-pressure injection (HPI) flows in the cold leq and downcomer for
comparison with Creare experiments. The computational capability of the code was
extended by the addition of an enerqy equation, an internal obstacle formulation,
a variable mesh capability, an extended boundary condition treatment, a more com-
plete input/output package, and a restart facility. Two-dimensional computations
have been made in the planes of the cold leg and downcomer, and the results of
these calculations have been compared with the Creare measurements. Progress
also was made during this quarter in extending the SOLA-3D code2 for application
to the Creace studies and for the analysis of thermal mixing in the cold leg and
downcomer of the Babcock and Wilcox Oconee reactor.

HYDROGEN MIGRATION IN LIGHT-WATER REACTOR CONTAINMENTS (L. R, Stein and J. R.
Travis)

The multidimensional fluid dynamics code K-FIX (Ref. 3) has been modified
and extended to form a new code, HMS (Hydrogen Migration Studies),4 for calculat-
ing the details of multispecies gas transport through containment structures. A
two-dimensional version of the code, HMS(2D), can calculate the transport of air,
hydrogen, and steam on a nonuniform gril in a Cartesian or axisymmetric coordi-
nate system; and a three-dimensional version, HMS(3D), is under development.
Both codes employ an interpo’ated-donor-cell convective scheme for improved

accuracy.



HMS(20) has been used to calculate the relative motion of air and hy4rogen
in multichambered regions for comparison with results of experiments performed
at Battelle (Frankfurt).5 These calculations show good agreement with the exper-
imental measurements.

20/ 3D WORK: DE-ENTRAINMENT IN THE SCTF UPPER PLENUM (B. J. Daly and F. H.
Harlow)

Two-dimensional calculations were performed with the SAM code6 to analyze
upper-plenum de-entrainment relative to the SCTF experiments. A second liquid
field was added to the code to represent liquid film motion on the control rod
quide tubes and support columns, and a model was developed to account for mass
exchange bhetween the droplet field and this liquid film. This mass exchange
model was based on droplet de-entrainment studies performed at Los Alamos and
elsewhere,

At the present time we are refining the liquid film model for a more accu-
rate accounting of liquid drainage from the upper-plenum structure and of poo!
formation at the upper-core support plate.

REFERENCES
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TRAC INDEPENDENT ASSESSMENT
FIN A7053

INTRODUCTION (T. D. Knight)

During fiscal year 1982 the Transient Reactor Analysis Code (TRAC)
independent assessment program is working both on TRAC-PD2 and TRAC-PFl. The
TRAC-PD2 work concentrates on large-break loss-of-coolant (LOCA) analyses. We
have started all of the TRAC-PD2 related subtasks. The TRAC-PF1 work involves
the analyses of tests related to small-break LOCA and non-LOCA transients.

TRAC-PD2 ANALYSIS OF SEMISCALE fEST 5-07-6 (C. P. Booker)

Semiscale Mod-3 test S-07-6 exhibited long period oscillations during
reflood and remains an unresolved analysis problem.1 This test simulated a
200% double-en<i~d offset-shear break. Downcomer heat-transfer effects have
been hypotnesized as the cause of the reflood oscillations. We have modified
the TRAC-PD2 vessel component to include the multiple-material, one-dimensional
heat-conduction structures from TRAC-P¥1. This additional detail in the wall-
conduction solution for the vessel and downcomer regions is necessary to model
the complex heat-transfer processes. The input decks are complete and are
being adjusted to provide the correct steady-state and boundary conditions.

TRAC-PD2 ANALYSES FOR BATTELLE COLUMBUS LABORATORY DOWNCOMER TESTS
(J. K. Meier)

The TRAC-PD2 code has produced flooding curves corresponding to three
experimentally derived flooding curves from the Battelle Columbus Laboratory
(BCL) 2/15-scale steam-water plenum-filling tests. These curves are
characterized by high inlet 1liquid flow with low subcooling (case 1), high
inlet liquid flow with high subcocling (case 2), and low inlet liquid flow with
high subcooling (case 3). The flooding curves were produced by varying the
stoam flow. TRAC predicted well the flooding curve for case 1, with the
calculated steam flow at complete bypass ~10% lowcr than the data show.
However, for cases 2 and 3 the steam flow was 30% to 35% lower than in the
data. The impact of this underprediction on pressurized-water-reactor analyses



is obscured because the steam flow varies rapidly during the time bypass
0CCUrs.

TRAC-PF1 ANALYSIS OF SEMISCALE TEST S-uT-7 (B. E. Boyack)

Semiscale Mod-2A test S-UT-7 simulated a 5% communicative cold-leg break
with upper-head injection. The preliminary TRAC-PFl calculation compares well
with the test data in most respects. The code calculated both the timing and
maqnitude of phenomena occurring in the intact and broken loops; also, the
calculated break flow compared favcrably with the data. However, the
calculated core liquid inventory was low and resulted in an unrealistic core
dryout. Parametric studics are in progress to investigate the dryout.

REFERENCES

1. R. J. Mattson, "Status of Semiscale Test $-07-6," MNuclear Regulatory
Commission memorandum to 0. Bassett (October 27, 1981).



TRAC APPLICATIONS TO 2D/3D
FIN A7049

INTRODUCTION (K. Williams)

A systematic comparison of the Transient Reactor Analysis Code
(TRAC-PD2/MOD1) w.th the :lab Core Test Facility (SCTF) pressure-effects tests
was made this quarter. Good agreement with data and correct prediction of
parametric trends, as in the Cylindrical Core Test Facility (CCTF)
calculations, were obtained. An independent review of these results by Yukio
Sudo, visiting scientist from the Japan Atomic Energy Research Institute
(JAERI), corroborated these conclusions and also indicated areas for future
code model improvement (particularly entrainment and de-entrainment).

UPPER PLENUM TEST FACII ITY (M. Cappiello)

TRAC-PF1 design/evaluation studies have been completed for the German
proposed modifications to the !pper Plenum Test Facility (UPTF). This study
included evaluation of the possible use of steam injection directly into the
steam-water separator to force the emergency core coolant (ECC) into the
reactor vessel. Also investigated was a feedvack-controlled steam injection
system. Yhe final results from this study will be presented tc 20/30D
personnel early next quarter. Technical Not2s also will be prepared.

SLAB CORE TEST FACILITY (S. Smith and Y. Sudo)

A blind posttest calculation of SCTF Run 506, a high-pressure test, was
completed with TRAC-PD2/MOD1 using initial conditions provided Dy JACRI. The
~omparison was good between the calculation and the data for rod temperatures,
turnaround times, quench envelopes, core differential pressures, mass
inventories, and loop velocities. The comparison was not as good for absolute
pressures, upper plenum pool formation and fluid temperatures, and mass
accumulation in the steam-water separator. Some evident discrepancies can be
explained by code anomalies or def.cizncies, such as the nonphysical wide-band



pressure surges experienced during the calculation, the omission of raaiation
between rods and walls, the irregular liguid entrainment from the core to the
upper plenum, and the lack of a de-entrainment model specifically for the
upper plenum, In ygeneral, however, the recently revised calculational model
and TRAC-PD2/MOD1 give good agreement with the test data.

A blind posttest calculation of SCTF Run 507, the base-case test, was
completed with TRAC-PD2/MOD1. The Run 507 calculation compared well with the
data for rod temperatures, turnaround times, quench envelopes, core
differential pressures, mass inventories, and loop velocities. The comparison
was fair for absolute pressures, upper plenum pool formation, fluid
temperatures, and mass accumulation in the steam-water separator. Figure |
compares SCTF Test 507 heater rod surface temperatures and the TRAC-PD?
predictions at six axial elevations in Bundle 2. The predicted rod surface
temperature histories are in good agreement with the experiment at all axial
elevations. Similar agreement was obtained ‘n the other bundles.

A blind posttest calcu’ation of SCTF Run 508, the low-pressure test, was
also completed with TRAC-PD2/MOD1. The calculation and the data compared well
for core differential pressures, pressure-vessel mass inventories, pressure-
vessel absolute pressures, temperature turnaround times, and temperature
histories in lower core elevations. The comparison was fair for upper plenum
pool formaticn., fluid temperatures, mass accumulation ia the steam-water
separator, rod temperatures and turnaround times, and quench envelopes in
higher core elevations.

The TRAC and the SCTF results have been compared by Y. Sudo of JAERI for
these forced-flooding, system pressure-effects tests /Runs 506, 507, and
508). The results show that the TRAC can predict well the overall transients
of core rod temperatures (see Fig. 2), core differentia! pressure, and liquid
carryover into the hot leg, as well as in the upper plenum -- effects that are
strongly dependent or the system pressure. However, these comparisons also
show differences between the SCTF test and the TRAC results that should be
improved in the future.



CYLINDRICAL CORE TEST FACILITY (R. Fujita, F. Motley, and T. Okubo)

Both the coarse-node and the fine-node input models for CCTF have been
converted to the TRAC-PFl format. Analysis of the Core-I base case (Run 14)
is in progress. Preliminary results indicate that the core-to-downcomer
oscillations that were calculated with TRAC-PD2 at bottom-of-core recovery
(BOCREC) are still a problem with TRAC-PF1,

20/3D PROGRAM TECHNICAL NOTES

“TRAC Analysis of the SCTF Hign Pressure Shakedown Test (Run 506)," Suzanne T,
Smith (LA-2D/3D-TN-81-22).

“TRAC Analysis of the SCTF Base Case Test (Run £07)," Suzanne T. Smith
(LA-2D/3D-TN-81-23).

"TRAC Analysis of the SCTF Low Pressure Test (508)," Suzanne T. Smith
(LA-2D/3D-TN-81-24).

"Analysis of TRAC ana SCTF Results for System Pressure Effects Tests Under
Forced Flooding (Runs 506, 507, and 508)," Yukio Sudo (LA-2D/3D-TN-81-33).
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analysis indicated that small-scale fuel-sodium interactions in the lower axial
blankets resulted in sufficient sodium streaming through the core regions to
keep the liquid fuel in a dispersed, subcritical state.

CODE IMPROVEMENT EFFORTS (L. B. Luck)

In early SIMMER-II trans'‘ion-phase calculations, cladding blockages forimed
during the initiating phase were treated as steel particles with constrained
mobility. Study of the effect of blockages upon core fuel removal and
fuel-sodium interactions in the axial blankets, however, required a structure
representation of frozen relocated cladding. Modifications both to SASSIM and
to SIMMER-II accomplished this change. Other problems resolved include the
treatment of differences between the SAS3D and SIMMER-II axial mesh and the
effects of inconsistencies between the SAS3D and SIMMER-1I pressure
calculations where multicomponent effects are significant. Because of the
increasing complexity and size of SASSIH. a stand-alone version of the code was
created.

Nuclear cross-section processing is required both for SAS3D and for
SIMMER-TI. The processing treatments used should be consistent in cases where
the accident calculation is transferred froz SAS3D to SIMMER-II. To ensure
consistency and to minimize the potential for errors in procedure, a new
processing code has been developed tc perform the separate functions of energy
group collapse, cross-section shielding, and file mode conversions.

SIMMER CODE DEVELOPMENT (V. Martinez)

The new SIMMER postprocessor, T6POST, is now about 90% complete and testing
of its various options has started. A Control Data 7600 version has been made
available to users who are willing to help test it. Versions for other
computers have yet to be written.

In addition to the combined capabilities of its two predecessors, *36POST
and NEUTRONICS, T6POST has the following capabilities.

13






ADVANCED CONVERTER SAFETY RESEARCH
FIN A7014

STRUCTURAL INVESTIGATION TASK (C. A. Anderson)

[n the structural analysis of Prestressed Concret. Reinforced Vessels
(PCRVS) we are running the NONSAP-C code on a posttensioned concrete
containment shell with a large reinforced penetration. This is a large problem
with a large stiffness matrix (~2 x 106 entries) and a matrix bandwidth of
~2000. Analyses of the problem using NONSAP-C on the CRAY computer gave
unacceptable running times caused, we believe, by disk reads and writes., We
have modified NONSAP-C to ~inimize the disk input/output (1/0), which we hope
will reduce running time on the CRAY. Also, we are evalnating a cuicrete
crack ‘ng model based on the theoretical work of Budiansky and 5'Connell! that
predicts concrete stiffness as a function of crack density. Model predictions
are being compared with experimental data on concrete inelastic behavior under
conditions of uniform uniaxial, biaxial, and triaxial stress.

Wwe are developing graphite failure criteria that account both for primary
and secondary (thermal) stress effects as well as the observed wide scatter in
tensile and compressive strength of graphite test specimens. For ductile
metals, less emphasis is given to secondary stresses in failure criteria
according to American Society of Mechanical Engineers (ASME) code rules.
However, because of the brittle nature of graphite, it 1{is not clear that
primary and secondary stresses shouldn’t be added directly and used in failure
criteria. This issue 1s of considerable {importance to the field of
High-Temperature Gas-Cooled Reactors (HTGRs) because large graphite structural
components (for example, the core support block) are subjected both to primary
and to signiticant secondary stresses during operation and under certain
accident conditiors. After a review of work done at General Atomic 1Inc., Oak
Ridge National Lidoratory, and the Franklin Institute on graphite failure
criteria, we are developing a program plan to identitiy new graphite failure
criteria that reflect

e the brittle nature of graphite,

e the statistical nature of graphite properties, and

® the presence of secondary (thermal) stresses.

15






TRAC CALCULATIONAL ASSISTANCE AND USER LIAISON
FIN A7212

INTRODUCTION (N. S. DeMuth)

In this program we apply the Transient Reactor Analysis Code (TRAC) to a
va: iety of transients and postulated accident scenarios for answers to
important light-water-reactor (LWR) safety issues. These applications include
quick-response calculations, more detailed analyses for safety issues such as
the effects of terminating reactor coolant pump operation during small-break
loss-of-coolant accidents (S3LOCAs), and eventual application of TRAC to
anticipated transients without scram -(ATWS) and boiling-water-reactor (BWR)
transients. Other work includes liaison with outside users of TRPAC to assist
them in applying the code to problems of interest.

EFFECTS OF THE REACTOR COOLANT PUMPS ON A SMALL-BREAK LOSS-OF-COOLANT ACCIDENT
(Jan L. Elliott)

The optimum mode of pump operation during a SBLOCA became an important
issue as a result of the accident at Three Mile Island. It is believed that
tripping the last two (of four) reactor coolant pumps during the accident led
to core damage. A series of calculations modeling a SBLCCA in a Westinghouse
pressurized water reactor (PWR) has been performed to aid in determining
whether it is preferable to trip the pumps at high-pressure injection (HPI)
initiation (the present operator directive), at some later time in the
transient, or whether it is preferable to leave the pumps running indefinitely.

Many of the major events in the pumps on/off calcu’ations are similar. The
break, located downstream of the pump between the emergency core coolant (ECC)
injection point and the vessel, initiated the transient at time zero. The
system rapidly depressurized, reaching saturation conditions at 7.7 MPa. The
reactor tripped on a low-pressure signal in the pressurizer (13.16 MPa) at
10.7 s. Automatic safety systems isolated the secondary side of the steam
generator by tripping the main feedwater and by closing the main-steam-line
valve. High-pressure injection also began at this time. The auxiliary
feedwater flow was initiated 60 s after the reactor trip signal, allowing time

17
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SEVERE ACCIDENT SEQUENCE ANALYSIS PROGRAM
FIN A7228

INTRODUCTION (J. E. Wing)

The objective of Severe Accident Sequence Analysis (SASA) research is to
improve light-water-reactor (LWR) safety through further understanding of
severe accident phenomena and the man-machine interface during accidents.

UNMITIGATED BORON DILUTION EVENTS (R. J. Henninger)

The consequences of unmitigated boron dilution events in a pressurized
water reactor (PWR) have been investigated with TRAC-PF1. When a PWR is shut
down for refueling. a high boron concentration in the primary coolant (for
example, 1200 ppm by weigkt for the Zion-1 plant) is necessary to maintain
subcriticality. The boron concentration is normally well above that required
for subcriticality (for example, 2000 ppm for Zion-1). Inadvertant startup of
a punp and an opened valve could lead to the addition of unborated water to the
primary system. This, in turn, could lead to dilution of boron in the core, to
criticality, and to a subsequent power excursion unless the operator acts to
terminate the dilution process.

The analysis was performed using a TRAC-PF1 model of the Zion-1 plant.
Calculations assumed that refueling was complete (that is, the core was at a
beginning-of-cquilibrium-cycle state with all of the control rods inseited).
T. configurations of the system were considered. In the first, the vessel was
closed and the system was filled to the normel operating level, but the system
was still at atmospheric pressure. In the second, the vessel was open and
filled to the head flange. If unborated water enters the system at the maximum
rate and the volume of the primary coolant being diluted is that of the vessel
excluding the upper head, criticality is reached in 75 min. With these
assumptions, only the coolant in the vessel has been diluted; the remainder of
the primary system is at the original (higher) concentration. TRAC-PF]
calculations started with the reactor at low power (10 kW) and just critical.
The nositive reactivity associated with continued dilution of the coolant in
the reactor vessel was computed and used as input to the calculation. The
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performed for several break sizes that spanned the range of design-basis events

for breaks in cold-leg piping. Calculations for one "snall" break (1.01 x
1073 mz) showed that flow from the HPI would equilibrate with the leakage
flow to keep the core covered. For another small break (4.05 x 10'3 52?),
the rupture caused depressurization of the primary to the set point of the
low-pressure injection (LPI) system. 1In this case the combined flow from the
HP! and L¥l systems equilibrated with the leakage flow to keep the core

covered. For a 1.0 x 10'2 m2

rupture, the combined HPI and LPI flows ier«
still sufficient to prevent core uncovery. The rupture flow, along with the
total LPI and HFI flow, is shown in Fig. 3 for this case.

A rupture equivalent to a double-ended cold-leg break (0.794 mz) at the
core midplane then was assumed to be an upper bound for determining the ability
of the ECC to prevent core damage. Because the primary liquid was far
subconled at the time of vessel rupture, little vaporization occurred in the
system durina blowdown. About 18000 kg of water (16%) remained in the vessel
at the end of blowdown. ECC injection, including HPI, accumulator, and LPI,
began refilling the vessel almost immediately. Liquid volume fractions ir the
core and lawer plenum are shown in Fig. 4. The vessel filled to the l2vel of
the break so the lower half of the core was covered with liquid, while the
upper half was filled with steam. Vapor generation in the lower half of the
core, however, produced upward steam flows with velocities of about 7-8 m/s.
These high velocities persistcd throughout the transient because the vent
valves in the upper plenum opened and provided a flow path to the downcomer and
break. The high steam flow, together with entrained droplets, cooled the
uncovered portion of the core.

Further investigation of this cooling, however, led to the discovery of a
modeling deficiency in the heat-transfer package. The Biasi correlation, used
in TRAC for calculating the critical heat flux temperature (TCHF), overpredicts
TCHF at high values of the vapor fraction. TRAC, therefore, determined that
heat transfer was in the nucleate boiling regime, which yielded unreasonably
high values for the heat-transfer coefficients. The problem was alleviated bv
limiting TCHF. This modification inhibited nucleate boiling, and the uncovered
portion of the core was no longer cooled effectively by the steam flow. Heat
transfer was by transition boiling of entrained droplets and forced convection
to vapor, so rod temperatures at the top of the core began to rise at about 0.6
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UPPER STRUCTURE DYNAMIC EXPERIMENTS
Fin A7235

UPPER STRUCTURE DYNAMICS EXPERIMENTS (L. Meyer, KFK)

The Upper Structure Dynamics (USD) experiments have been continued with
the test section containing the SNR (German breeder reactor) upper axial
blanket pin array and SNR mixing head. The pin bundle (Fig. 1) consists of
169 pins each having a length of 172 mm and a diameter of 2.4 mm with a
pitch/diameter (P/D) = 1.317. The pins are held by three honeycomb spacer
grids (Fig. 2). Figure 3 shows the mixing head that is downstream of the pin
bundle. The test section (Fig. 4) has been equipped with five pressure
transducers [xKulite Miniature Metal Diaphragm Pressure Transducers, HEM-375,
1.72 MPa (250 psi) and 0.69 MPa (100 psi) f.11 scale] and three thermocouples
(NANMAC Pencil Probe Thermocouple, E-12-2-K, Chromel vs Alumel, 10-us response
time). Figure 5 shows a schematic of the USD apparatus and its representation
by a ore-dimensional noding in the Sn Implicit Multifield, Multicomponent
Fulerian Recriticality (SIMMLR) code.

Some mudifications of the apparatus had to be made to simulate the SNR
conditions and to improve the performance of the experiment. A new piston
track, longer (1200 mm), and with a more accurate inner diameter, has been
build. The piston weight has been reduced to 0.35 kg for similarity with the
SNR sodium pool. To reduce the distance from the flashing source to the pin
bundle, the spacer behind the rupture disk was reduced to 8 mm (from 52 mm)
and was made of insulating material to minimize heat conduction between the
heated core and the test section. A further reduction of the distance between
the flashing source and the pins was obtained by using metal inserts in the
core. These inserts (not shown in Fig. 5) lift the liquid level up to a
distance of 1 cm from the rupture disk and maintain the same propanol mass
inventory as before. A certain vapor volume below the rupture disk has to be
kept to achieve fast opening and fully opened rupture disk padals.

Table 1 lists the geometrical data that are necessary to define the test
section in SIMMER. The component fractions (a) and the ratios of surface area
to total volume were calculated with a node radius of r = 2.86 cm. Table II
lists the tests performed with the SNR test section in 1981. The first two
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its representation in SIMMER.
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Fig. 7. Pressure in the pin bundle in Tests 1 and 4.
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