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EBR-I1 IN-VESSEL NATURAL-CIRCULATION ANALYSIS

by

W. L. Baumann, H. M. Domanus, D. Mohr, W. T. Sha,
Re Co Schmitt, and J. E. Sullivan

ABSTRACT

The 1in-vessel thermal-hydraulic analysis of the EBR-II Pool
Reactor for Transient Test No. 10, Phase 2, has been performed
using the COMMIX-1lA computer code. The analysis includes all
reactor components inside the reactor vessel.

COMMIX—-1A employs the porous—media formulation in which the con-
cepts of volume porosity, surface permeability, and distributed
resistance and heat source are used to model the internal struc-
tures. The governing equations of conservation of mass, momentum,
and energy are solved as a boundary problem in space and as an
initial-value problem in time.

This report presents the steady—state and transient in-vessel
thermal-hydraulic results of the EBR-II natural-circulation
silmulation. Comparisons show close agreement between computa-
tional and experimental data. The phenomenon of reversed flow in
the low-pressure plenum, which was observed during the EBR-II
transient test, is confirmed by the simulation.

FIN No. ' Title
A2045 3-D Time-dependent Code Development -
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EXECUTIVE SUMMARY

A two-dimensional in-~vessel thermal-hydraulic simulation of the EBR-II
Pool Reactor Transient Test No. 10, Phase 2, has been performed using the
implicit formulation of the COMMIX-1lA computer code. This simulation includes
all reactor components inside the reactor vessel. The test was initiated
under reactor shut-down conditions, and consists of a severe flow and a minor
power transient.

The geometry of the EBR-II components, including subassemblies, two lower
plena, an upper plenum, and inlet and outlet pipes, was modeled in detail on
the basis of volume porosity and surface permeability. Resistances due to the
presence of structures and thermal interactions between coolant and structures
are explicitly taken into account in the analysis.

The computational results presented here are steady-state and a 200-s
transient. Comparisons of transient temperatures and flow measurements show a
close agreement between the simulation and the experiment. The phenomenon of
reversed flow in the low~pressure plenum, which was observed during the EBR~II
transient test, is confirmed by the simulation. Further numerical investiga-
tions indicate that this reversed flow is caused by a buoyancy effect within
the core region.



1. INTRODUCTION

This report describes the steady-state and transient in-vessel thermal-
hydraulic simulation of the EBR-II" Pool Reactor for Transient Test No. 10
Phase 2, which was carried out at the EBR-II Project, Idaho Falls, Idaho.i
The test was initiated under reactor shut-down conditions, the power level
being about 1.5% of nominal power generation. During the test, the flow was
reduced from 100% nominal value to less than 1% within 45 s, whereas the power
slowly decreased due to fission-product decay. Experimental measurements,
including flow and temperature data at various locations, were taken to verify
and understand the transient system behavior.2

2. EXPERIMENTAL BACKGROUND

The test was done in an effort to verify that natural circulation in the
reactor is capable of removing fission—-product-decay heat following a complete
loss of primary pumping power, which is of great importance in safety and
licensing of liquid-metal fast breeder reactors (LMFBRs). In the course of
the investigation, reversed flow in the low pressure plenum was observed.2

Sodium mass flow was always entering the reactor inlet pipes, which
branch out into high- and low-pressure pipes. These pipes are feeding into
the high-pressure plenum and driver zone, and into the low-pressure plenum,
reflector, and blanket zones (Fig. 1). During a certain time of the
experiment, it was observed that the flow was entering only the high-pressure
plenum (HPP) and passing the driver subassemblies (Fig. 2). On the low
pressure side, a stagnating or even reversed flow was observed, from the outer
rows of subassemblies returning to the low-pressure plenum (LPP), moving back
to the pipe junction and feeding into the HPP. The phenomenon of reversed
flow observed in this experiment 1is somewhat surprising, but it 1is not
completely unexpected.

Since the reactor core consists of three main regions, i.e., driver,
reflector, and blanket, each region having a different power level, hydraulic
resistance, and heat capacity, the local flow stagnation, flow reversal, or
flow recirculation occurring in any part of these regions 1is possible.

Previous calculations employing a one-dimensional model indicated that
the flow reversal in the blanket region is primarily caused by thermal-
buoyancy forces. To provide more insight into this problem a two-dimensional
simulation_ of the experiment wusing the COMMIX-1lA computer code was

performed.3’4

3. MODELING

With regard to the complexity of the EBR-II reactor (Fig. 3) and to the
long transient time, efforts were made to create a computer—cost effective
numerical model. This model will not lose details that are considered to be
essential for the simulation.

*Experimental Breeder Reactor No. II



3.1 Geometry
3.1.1 Grid Arrangement

In the sense of saving computer running time, a two~-
dimensional approach was taken using a grid system of 24 axial x 14 radial
cells (Fig. 4), the azimuthal section corresponding to 1/16th of the total
circumference.

3.1.2 Components

The main components to be modeled are the subassemblies
including driver, reflector and blanket region, the lower plena (HPP and LPP),
the upper plenum, and the inlet and outlet pipes.

3.1.2.1 Subassemblies

In total, the EBR-II reactor consists of 127 driver,
144 reflector, and 366 blanket subassemblies; control and safety rods are not
being taken into consideration (Fig. 4). The center subassembly and the six
adjacent rods of the driver region were lumped together into one radial grid
element. The remaining five rows of driver subassemblies were modeled using
one radial grid element for each.

The reflector and blanket regions with three and six
rows of rods, respectively, were modeled using two radial grid elements for
each zone (Fig. 4).

Detailed axial subassembly flow cross sections were
modeled by using the appropriate porosities and permeabilities in different
axial levels (Fig. 5, App. A.6).

3.1.2.2 Lower Plena and Inlet

The geometry of the EBR-II lower plena 1s very
complicated because high- and low-pressure mass flows enter separate lower
plena in the radial direction and flow through a mixing region before entering
the subassemblies, however, remaining separated by adapter tubes (Fig. 6).

Modeling this complex geometry in two dimensions
according to its physical design would not have been possible. Therefore, the
geometry for numerical simulation was set up in a slightly different way. The
inlet mass flow was changed from the -R to the +R direction, allowing high-
pressure flow to enter the HPP, and low-pressure flow to pass into the LPP,
without having to model the high pressure piping that passes through the LPP
(Fig. 4). The various baffles and grid plates of the HPP and LPP were taken
into account using the appropriate values of volume porosity and surface per-
meability within the numerical model (Figs. 5 and 6). To tune mass flow and
velocities, inlet surface areas and inlet cell volumes were adjusted to the
physical cross—sections of HPP and LPP inlet pipes (Fig. 5 and 6). A junction
between high— and low-pressure flow was established at the boundary between
the two inlet cells representing the throttle valve between the high-pressure
and low-pressure piping which connects the primary pump and the inlet plena.
This provides the possiblity of flow redistribution within the configuration.
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3.1.2.3 Upper Plenum and Outlet

The main features of the upper plenum that affect
flow and flow velocities are the top end fixtures of the subassemblies
pointing into the upper plenum, the finger holders to keep HPP subassemblies
in place, and the flow-distribution baffle (skirt), which is designed to
eliminate the effect of asymmetric flow conditions being induced by the outlet
pipe. Both top end fixtures and finger holders were modeled by setting the
equivalent volume porosities (not shown in Fig. 5). In the flow-distribution-
baffle, an averaged permeability of the total circumference was used for the
simulation. The surface areas and volumes of the outlet cells were adjusted
to the physical outlet pipe cross sections and to the mass flow of the 1/16th
size of the model.

3.2 Structures
Both the resistance due to the presence of structure and the thermal
interactions between coolant and structures were modeled and have a profound
effect on the system behavior. For simplicity, these two effects are denoted

as force structures and thermal structures.

3.2.1 Force Structures

The coolant mass flow of the EBR-II reactor, which is
separated into high- and low-pressure flow, is based on the pressure-drop
scheme shown in Fig. 7. These pressures and pressure drops were verified in
the numerical model using the equations presented below.

Axial Direction, Subassemblies:

F=Kzx R™™, (1)

where F is the friction factor, Re is the Reynolds number based on the
hydraulic diameter, and K and m have the following values:®

K m

Driver 0.1922 0.072

Reflector 6 .48 0.03

Blanket 2.574 0.269

Driver 26.33 0.85

Re < 557.5

Pressure Loss at Baffles:
AP =1 p w2 ez, (2)

2
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where p is the fluid density, w is the velocity normal to the baffle, and ¢ is
the loss coefficient

= e(e - 1)2 x 7, (3)

based on the average permeability of the baffle:
€ = 1 - avg. permeability (4)

Equation 3 is a modified correlation originally developed from measurements in
rod bundles with grid spacers.6 This modification was done because COMMIX
uses the local velocity instead of the undisturbed flow velocity which was
used to evaluate the original equation.

Inlet of HPP®

¢=0.a )

Inlet of LPP®

t = 27.0. (6)

Transverse Direction:

Flow resistance in the transverse direction caused by the
lower adapter tubes in the HPP, and by the finger holders and top end fixtures
in the upper plenum, was simulated using

F =122, Re < 202.5, )
for laminar flow, and
F=—L32_ g 202.5, (8)
145
Re

for turbulent flow.’

3.2.2 Thermal Structures

To account for the interaction between coolant flow and solid
structures (especially during a transient), so-called thermal structures were
introduced into the simulation. Thermal structures are cylindrical elements
dimensioned to have the same volumes and surface areas as the simulated solid
structures. A total of 32 thermal structures were used to model density, heat
capacity, and heat conductivity of the EBR-II subassemblies including driver
fuel, blanket fuel, cladding, and shroud. For each of the radial grid elements
of the subassembly regions, two thermal structures representing pins and
shrouds were used. The core zone, however, was modeled separately. The sub-
assembly regions were the driver (Fig. 8), reflector (Fig. 9), and blanket
zone (Fig. 10). The properties used for modeling the thermal structures are



listed in Fig. 1l.

The power and local power distribution are simulated by using
volumetric heat sources, which are given in Appendices A.4 and A.5.

The axial power shapes of driver, reflector, and blanket
regions are not identical with each other (Appendix A5). The power shape of
the driver region was wused to calculate the normalized axial power
distribution QK (Appendix A5). The factor QK is obtained from the equation

leoc L

K= x —, (9)
thot Dz

where

Q41oc = local power-generation rate in one node of the driver region,

Q4tot = total power of the driver region,

=
]

total length of the subassemblies = 1.6695 ,

and

DZ local node length in the axial direction.

The following equations were used to model thermal structure heat transfer:

h = 10,000 ¥ _ (10)
m2K

accounting for the interaction in the gap between fuel and cladding,8 and

Nu = 4.5 + 0.0052 x Re0°3, (11)
which is a modified equation accounting for the interaction between subassem—
blies and coolant.? Here, h 1is the heat-transfer coefficient, Nu is the
Nusselt number, and Re is the Reynolds number based on the hydraulic-flow

channel diameter.

3.3 Operating Conditions

3.3.1 Steady State

The EBR-II Natural Circulation Test No. 10, Phase 2, was
initiated under reactor shut—-down conditions, the total decay power level
being about 1.5% of nominal power generation. The power distribution within
each of the radial subassembly regions, driver, reflector, and blanket,
respectively, was specified at an appropriate value and assumed to be uniform
over each region. The operating conditions at the beginning of the test
(steady state) are presented in Appendix A.2; a detailed pressure drop scheme
for the initial test values is shown in Fig. 7.



3.3.2 Transient

Two transient functions were used for the simulation, a flow
transient providing the total reactor inlet mass flow, and a power transient
providing the total reactor power generation (Fige. 12). During the transient
calculation, inlet temperature and outlet pressure were kept constant.

4. SOLUTION PROCEDURE

The simulation was performed using COMMIX-1A, Version 8.0, with the
capability of a new implemented implicit formulation. COMMIX-1A is a steady/
unsteady, three—dimensional single-phase computer code developed for thermal-
hydraulic analysis of reactor components.3’“ The solution procedure is a
cell-by-cell iterative procedure with mass rebalancing (Fig. 13). The
conservation equations of mass, momentum, and energy were solved as a
boundary-value problem in space, and as an initial-value problem in time. The
forward marching in time was continued until an asymptotic steady-state
solution was obtained, i.e., when maximum local changes in velocity and
temperature fields are less than the present convergence criterion (1.E-5).
The computer running time to achieve steady state was 43 s. The transient
calculation using the implicit formulation was carried on up to 200 s of
transient time, the time-step size being 2s. The computer time to complete
the transient calculation was 57 min.

5. RESULTS

5.1 Steady-State Solution

The steady-state results of the simulation are shown in the form of
a velocity vector and an isotherm plot (Figs. 14 and 15). As can be seen from
Fig. 14, both inlet vectors are pointing in a horizontal direction, which
means that the mass flow splits off correctly according to the boundary condi-
tions. The flow velocity within the driver region is observed to be much
higher than within the reflector and blanket subassemblies, and there is flow
recirculation in the upper plenum. The isotherm plot (Fig. 15) shows that the
highest temperature rise is in the reflector subassemblies, a fact that had
been expected from analyzing the power-to—flow ratios across the reactor
subassemblies (Appendix A.2).

5.2 Transient Solution

Velocity vector and isotherm plots have been generated to display
the 200~-s transient in time intervals of 10 s. These plots, which give
insight into transient changes of flow pattern and temperature fields, are
presented in Figs. 20-61.

Low-pressure flow is moving upwards in both the reflector and
blanket region until about 40s (Figs. 20-24). At that time the blanket flow
reverses, which means it enters the blanket region from the upper plenum,
moves down toward the LPP and passes through the junction to the HPP and the
core region. This flow pattern is maintained up to 160s (Figs. 25-36). After
that time the reversed flow disappears (Figs. 37-40). The isotherm plots show
that the transient mass flow rundown causes a high temperature rise within the
core region and parts of the reflector while the temperatures of the outlet
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blanket remain comparatively unchanged (Figs. 46-61). Due to these high core
temperatures a strong buoyancy effect is observed in the core region.

Computational and experimental results are compared using coolant
temperatures and mass flow rates. The temperatures were measured in the
instrumented driver subassembly XX08 (Fig. 16) at the outlet (OTC) and at the
top-of-core (TTC) positions; the mass flow rates were evaluated from flow
meters at the inlet of the LPP. The comparisons shown in Figs. 17-19 indicate
a close agreement when thermal structure is used for the simulation. The
decay heat data available from the test is not a measured quantity, and its
uncertainty is estimated to be of the order of 10%.

In the same figures, results are also shown from additional simula-
tions that have been performed one by not using the thermal-structure option
(this basically means that the heat capacity of the reactor structures was not
taken into account), and another one by by-passing the energy equations
(isothermal run). As can be seen from Figs. 17 and 18, the temperatures
calculated without using thermal structures show a large discrepancy from the
experimental data, and the reversed flow of the LPP turns out to be more
severe (Fig. 19), but covers a shorter range of transient time. In the
isothermal calculation, no reversed flow is observed at all (Fig. 19).

6. CONCLUSION

The natural-circulation simulation of EBR-II reveals that a strong inter-
action is taking place between the reactor components of the EBR-II primary
system, l.e., the inlet and outlet plena and the various reactor subassembly
types. This means that the components cannot be modeled separately from each
other., In fact, a multicomponent analysis is required to simulate this
natural-circulation problem. Though the heat-source input is not based on
direct measurements in the reactor, and may include an error of the order of
10%Z, the results appear in close agreement with the experimental data. From
detailed investigations in the course of the simulation, it is concluded that
the reversed flow in the LPP 1is caused by a considerable buoyancy effect
within the core region and sustained by the heat capacity of the reactor
structures.



APPENDIX

EBR-II Geometric and Operating Characteristics
A.l Dimensions

Vessel Radius 1.164 m
Vessel Height 3.07l m
Inlet Flow Cross Section
~ HPP 2 x 510 cm?
- LPP 2 x 82.2 cm?
Outlet Flow Cross Section 856.3 cm?

Number of Subassemblies

= Driver 127
- Reflector 144
- Blanket 366
Subassembly Details
- Driver 91 pins, 0.442 cm ¢
- Reflector no pins, annular hex geometry
- Blanket 19 pins, 1.252 cm ¢

A.2 Initial Operating Conditions

Total Power 0.895 MW
Total Inlet Flow 0.507 m3/s
Inlet Velocity 4.25 m/s
Inlet Temperature 365°C
Average Temperature Increase ~ 1°C
Inlet Pressure 4,265 bars
Outlet Pressure 1.709 bars

Power and Flow Distribution:

DRIVER REFLECTOR BLANKET
Power (%) 7645 7.8 15.7
Flow (%) 86 .5 2 11.5
Power/Flow 0.88 3.9 1.36
A3 Boundary Conditions
Inlet Prescribed velocity and temperature
Outlet Zero gradients on outlet velocity and temperature

Walls Adiabatic
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A4 Reactor Region Power and Volumetric Heat Sources

Power per Structure Volumetric
Rod Length Volume Heat Sources
Power W 3 3
Reactor Region (Watis) g %%‘ W/m
Driver fuel 670405 401560 0.098847 4062440
struc 13682 8195 0.11762 69673.5
Reflector 69746 41776.6 0.3705 112757 .35
Blanket fuel 139480 83546 0.66086 126420.12
struc 1409 844 0.26755 3154 .55
TOTAL 894722
A.5 Local Power Distribution
(QK = normalized axial power distribution)
Power Distribution (Watts)
Node DZ Driver Refl. Blanket
# (m) Fuel Structure | Structure] Fuel Structure QK
0.0559 41.5 0.84 4.3 8.6 0.09 0.00185
0.2840 450.5 9.2 46 .9 93.7 0.095 0.00395
0.2840 3444 70.3 358.3 716.5 0.95 0.0302
10 | 0.0857 | 158158 3227.7 16454 32905 332.4 4,596
11 | 0.1029 211735 4321 22028 44052 445 5.124
12 | 0.1029 1202884 4140 21107 42211 426 .4 4.910
13 0.1029 | 93165.4 | 1901 9692.5 19383 195.8 2.255
14 | 0.2178 35 0.7 3.6 7.3 0.07 0.0004
15 [ 0.1793 439,2 0.9 45,7 91.4 0.92 0.0061
16 10.0485 41 0.8 4.3 8.5 0.09 0.0021
17 §0.1508 4 0.08 4,2 0.8 0.09 0.000066
18 |0.0548 1.3 0.03 0.14 0.3 0.03 0.000061




- 11 -

A6 Flow Cross sections and Calculated Porosities of Reactor Subassemblies
Driver Reflector Blanket
Node| DZ Af - Porosity Af Porosity Af Porosity
(m) (cm?) (cm?) (cm?)

7 10.0559 { 10.89 0.3627 27.29 0.9090 27.29 0.9090
8 10.2840 | 10.89 0.3627 3.533 0.1177 3.280 0.1093
9 10.2840 ] 10.89 0.3627 3.533 0.1177 3.280 0.,1093
10 10.0857 [ 10.20 0.3398 3.533 0.1177 3.280 0.1093
11 ]0.1029 | 10.20 0.3398 3.533 0.1177 3.280 0.1093
12 10.1029 | 10,20 0.3398 3.533 0.1177 3.280 0.1093
13 }0.1029 | 10.20 0.3398 3.533 0.1177 3.280 0.1093
14 ]0.2178 | 10.20 0.3398 3.533 0.1177 3.280 0.1093
15 [0.1793{ 9.935 0.3309 3.533 0.1177 3.280 0.1093
16 [0.0485 {11,774 0.3922 3.533 0.1177 3.280 0.1093
17 [0.1508 § 11.774 0.3922 3.533 0.1177 27.29 0.9090
18 ]0.0548 | 27.29 0.9090 27.29 0.9090 27 29 00,9090
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A. 7. Input Data

FILE: EBR2I2 DATA A ANL VM/CMS LEVEL 102

SGEOM
IFREB=1,
ISTRUC=1, NADJCC=240, NMATRG=40, NPAR=40, NSTREL=240, NELPAR=283,
Nit1=257, NL1=5%8,
IFITEN=3, ISYMCH=3,
NFCRCE=12,
IGECH=-1,
IMAX=14, JMAX=1, KMAX=2%,
NSURF=9, IFRES=1, LMPRNT=0,
DX=.08179, 5%.053316, 2%.08026, 2%.13565, .0598, 3%.1619,
0Y=1%.3927,
DZ=.165, .200, .100, 2%.138, .090, .0559, 2%.2840,
.0857, 3%.1029%, .2178, )
. 1793, .0485, .1508, .0548, 2%x.072, 46,1065,
XNCRML= 0, 0, 1, 0, 0, 1,-1,-1, 1,
YHCEML= 8, O, 0, 1,-1, 0, O, 2, 0,
ZNORML= 1)'1) 0, 0, 0, 0, 0) 0, 0,

&END
REG .. 1 4 1 1 & 6 1 +2
REG .. 4 11 1 1 1 1 1
REG 1. 1111 1 1 19 19 1
REG -1, 12 13 1 1 17 17
REG 1. 1% 1% 1 1 19 19 1
REG -1, 113 1 1 26 2 2 -Z
REG .11 1 1 2 2 2
REG -1, 1% 1% 1 1 21 21 2
REG 1. ¢ 4 1 1 2 2 2
REG .001028 4 ¢ 1 1 1 1 3 +X  INLET
REG 006375 4 ¢ 1 1 2 2 3
REG -4 1111 1 2 4 +Y
REG 1.1t ¢ 1 1 6 2¢ ¢
REG 1. 510 1 1 3 26 ¢4
REG 1.1 1 1 19 2% ¢
REG -1, 12 13 1 1 17 26 4
REG -1, 1% 1% 1 1 19 21 4
REG . 4 11 1 1 1 2 5 -Y
REG -1, T 4 1 1 6 264 5
REG -1. 5 1 1 1 3 2¢ 5
REG .11 1 1 19 26 5
REG -1, 12 13 1 1 17 26 5
REG -1, 1% 1% 1 1 19 21 5
REG 7. 5 5 1 1 3 3 6 +X
REG -1, 12 12 1 1 17 18 6
REG .1 1T 1t 1 2 7 -X
REG 1. 10 1% 1t 1 3 18 7
REG -1, 13 13 1 1 17 8 7
REG =1, 13 13 1 1 22 26 7
REG .001538 14 14 1 1 19 20 8 -X OUTLET
REG .002275 14 14 1 1 21 21 8
REG 1.1 1 1 1 46 26 9 +X  ORIGIN
END
8DATA

VELOC=2x%0. » 6.280, 6x0.,
KFLOW=2%3, 1, 4*3’ -5, ‘3,
TEMP=9%365.0,
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DATA A ANL VM/CMS LEVEL 102

ISTATE=Q, IFENER=3,
KTELP=2%400, 1, 6%400,
HT“CON=1)213,5)8,15»‘20,
IT=1, ITIBUG=0, TREST=20.,
0:'ZGA=1.9, CHEGAV=0.8, ITMAXP=200,
EFS1=1.E-5, IDTIME=1, RDTINE=1000.0, DTENER=1.,
EFP35=2.E-6, DDDHMX=0., OMEGAE=0.8, ITHMAXE=100,
TENPD=365.0, PRES0=1.450E5, ZFRES0=2.6085,
GRAVZ=-9.8, NTPRHNT=-999%9, NTHMAX=10000,
I1sTPR=1201, 3201, 5201, 8201, 15201,
NTHFR=1201, 3201, 5201, 8201, 15201, 90108, 90608,
IREBIT=9,
NHEATC=1,
HEATC1=4.5,
HEATC2=0.0052,

HEATC3=0.3,

HMATER=3,

COK= 23.36, 14.176, 31.15,
CIK= 0.0, 0.0137, 0.0,

C2K= 0.0, 8.0, 0.9,

COCP= 188.41, 504. 4%, 188.41,
C1CP= 0.0, 0.1130, 0.0,

C2CP= 0-0; 0-0) 0.0,

CORO= 15506.0, 8041.3, 17940.7,

C1RO= 0.0, -0.4636, 0.0,

C2RO= 0.9, 8.0, 8.0,

QK= 6%0, 0.00185, 0.00355, ©.00302, 4.596, 5.124,
0.000%4, 0.00615, 0.00207, 0.000066, 0.000061,

NREBRT=8, NREBM=18, 4%, 10, 230, 40, 66, 16,
NREBX=1, 5%0, 5, 3, NREBZ=6, 5x10, 20,
CLENTH= ‘1.) -1 -1., '1-) .03161 .182’
.0c29, .0036, .0014, -1, =t -1,
REYLEN= .138, .1024, .16508, .5000, .1700, .270,
.0029, .0025, .0014, .2548, .1024%, .0083,
ICORR = 1,2,3,4,5,5,6,7,8,9,10,11,
FORCEF=12x.5,
NCORR =11,
ACORRL= 8., 0., 0., 6., 180.,
26.33, 6.48, 2.574, 61.75, 0., 0.,
BCORRL= 1. 1o 1., Y., -1,
-.85’ '-039 -u269) '.2) 1.’ '1.,
CCORRL= .370, .312, .16%, .2500, 0.,
0., 0., 0., 0., 27., 1.646,
ACORRT= 0., 0., 0., g., 1.92)
.1922, 6.48, 2.574, 61.75, 0. .,
BCORRT= 1.% 1., 1. 1., -.145,
'.072) ‘.03’ - 269, ‘.2; 1.’ '1.5
CCORRT= .370, .312, .16%, .2500, 0.,
0., 0., 0., 0., 27., 1.46,
REYTRN= 1.E9, 1.9, 1.E9, 1.E9, 202.5,
557.6, 1.9, 1.9, 1.E9, 1.E9, 1.E9,
&END
1 1 6 1 1 & 5 REB FOR CELLS
*t 5 6 1 1 2 3
1 4 4 1 1 1 2

4.910, 2.255,
6x0,
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FILE: EBR2I2 DATA A ANL VM/CHMS LEVEL 102

2 511 1 1 1 1
2 72711 1 1 2 2
2 7 1 1 1 3 7
2 1 6 1t 1 6 7
3 110 1 1 &8 8
$ 1186 1 1 9 N
5 110 1 1 12 1%
6 1 10 1 1 15 18
7 111 1 1 19 2
& 12 13 1 1 17 2%
1 4 4 1 1 1 1 X-SURS
7 11 11 1 1 20 2%
g 13 13 1 1 19 21
11 6 1 1 5 5 Z-SURS
2 1 1 1 1 7 7
3 116 1 1 8 8
4 1 10 1 1 11 N
5 110 1 1 1% 14
6 1 10 1 1 18 18
FORC
ZFOR 1 1 6 1 1 & ¢4 HPP BAFFLE 40 HOLES
XFOR 2 6 6 1 1 1 1 LPP BAFFLE 50 HOLES
ZFOR 3 7 11 1 1 1 1 LPP BAFFLE 552 HOLES
XFOR 4 11 11 1 1 20 24 SKIRT RADIAL
XFOR 5 1 5 1 1 4 5 TRANSV. RESIST. LOWER ADPTR
XFGRR 6 1 6 1 1 19 24 TOP END S/A
XFOR 6 7 10 1 1 19 20
ZFOR 7 1 6 1 1 7 15 DRIVER
ZFCR 8 7 8 1 1 7 15 REFLECTOR
ZFGR % 9 10 1 1 7 15 BLANKET
XFCR 10 5 4 1 1 2 2 HP - INLET
XFOR 11 & ¢ 1 1 1 1 LP - INLET
XFOR 12 13 13 1 1 19 21 OUTLET - RESIST.
END
&STRUCT
NSTRUC=32,

NTSEL=12%4, 12x8, 8x12,

NTSMAT=

6*296*1)12*1)4*1;2*2;2*1’

OUTR= 6%0.00186, 6%0.002032, 6x%0.02640, 6x0.002032,

2%0.0262, 2x0.002032, 2x0.00626, 2x0.002032,
RODFR= 60.59, 103.86, 155.80, 207.70, 259.60, 311.60,
6.66, 11.42, 17.13, 22.81, 23.55, 34.25,
0.33, 0.565, 0.848, 1.13, 1.41, 1.70,
3.33, 5.71, 8.56, 11.42, 14.28, 17.13,

IHTSTR=
HYORAD=
IXyZ=

NTSADJ=
HATERL=

NHPAR=
ORPAR=

%.48, 5.44, 61.86, 75.18,
191.2, 243.4, 153.2, 195.1,

32x1,

12*%.00365; 12%0.0192, 4#0.00365, 4*0.00165,
32%3,

12%1, 12%1, 8%1,

L2422, L2, L,2, 1

22%2, 25 35 2, 3, 2%2,

40%1,

.0005225, .0013375, .0005225, .0013375, .0005225,
.0005225, .0013375, .0005225, .0013375, .0005225,

.0013375,
.0013375,
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FILE: EBR2I2 DATA A ANL VM/CMS LEVEL 102

6%0.002032, 6#0.0264, 6x0.002032,
2%0.0262, 2x0.002032, 0.00076, 0.0055, 0.00076, 0.0055,
2%0.0062032,

QSPAR= 66673.5, 4062440.0, 69673.5, 64062440.0, 69673.5, 4062640.0,
69673.5, 4062440.0, 69673.5, 4062440.0, 69673.5, 4062440.0,
18%59673.5, 4%112757.3, 315%.6, 126421.0, 3154.6, 126421.0,

2x3154.6,

NGAPTY=1,
S6AP=0.0,
HGAP=10000.0,

IGAP=8x%1,
&END

L R B 1T 10 13
2 2 2 1 11 13
3 3 3 1 1 10 13
¢ 4 ¢ 1 1 10 13
5 5 5 1 1 16 13
6 6 6 1 1 16 13
7 1 1 1 1 10 13
& 2 2 1 1 10 13
9 3 3 1 1 10 13
1 & 6 1 17 10 13
11 5 5 1 1T 10 13
12 6 6 1 1 10 13
3 1 1 1 1 7 8
3 1 1 1 1 16 18
% 2 2 1 1 7 9
% 2 2 1 1 1% 18
B 3 3 1 1 7 9
5 3 3 1 1 1% 18
% ¢ 4 1 1T 7 9
% 4 4 1 1 1% 18
7 5 5 1 1 7 9
7 5 5 1 1 16 18
18 6 6 1 17 9
18 6 6 1 1 14 18
9 1 1 1 1 7 9
9 1 1 1 1 16 18
20 2 2 1 1 7 9
20 2 2 1 1 1% 18
21 3 3 1 1 7 9
2T 3 3 1 1 1% 18
2 ¢ 4 1 1 7 9
2 ¢ 4 1 1 14 18
23 5 5 1 1 7 9
23 5 5 1 1 16 18
26 6 6 1V 1 7 9
2 6 6 1 1 16 18
25 7 7 1 1 7 18
26 &8 &8 1 1 7 18
27 7 7 1 1 7 18
28 8 8 1 1 7 18
29 9 9 1 1 7 18
30 10 10 1 1 7 18
1T 9 9 1 1 7 18
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32

END
ALX
ALX
ALX
ALX
ALX
ALZ
AL
AL
AL
AL
AL
AL
AL
AL
AL
AL
AL
ALZ
ALZ
ALZ
ALz
ALZ
ALZ
ALZ
ALZ
ALZ
ALz
ALZ
ALX
Al
AlLZ
AL
Al
ALX
ALX
ALZ
ALX
ALZ
Al
AL

EBR2I2.DATA

10 10

0.
0.
0.
.254
0.
0.
.3627
.3398
.3309
.3922
.$090
.5090
L1177
.90%0
.5090
. 1093
.90590
.3627
.3398
.3309
.3922
.5090
.50%0
L1177
.9090
.90%0
. 1093
.5090

.04675
.04371

.0
.07375
. 3774
.06563
. 33530
1.000
.8593
.2069
.$050
.6261
.9050
.9050
.5050
.6261
.5050
.9050
.0829
.0829
.082%
L3191
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DATA A ANL VM/CMS LEVEL 102

t 1 7 18

1 9 1 1 6 18 S/A
7 9 1 1 3 5

1M 1 1 1 1919 LOHER SKIRT

11 11 1 1 20 26 UPPER SKIRT
6 6 1 1 2 5 LOKER PLENUM
5 6 1 1 1 1
1 6 1 1 7 9 CORE S7A
T 6 1 1 10 14
1 6 1 1 15 15
T 6 1 1 16 7
16 1 1 18 18
7 8 1 1 7 7 REFL S7A
7 8 1 1 8 17
7 8 1 1 18 18
9 1 1 1 7 7 BLANKET S/A
9 10 1 1 8 16
9 10 1 1 17 18
1 6 1 1 6 8 CORE S/A
1 6 1 1 9 13
1 6 1 1 16 14
1 6 1 1 15 16
1t 6 1 1 17 77
7 8 1 1 6 6 REFL S/A
7 8 1 1 7 16
7 8 1 1 17 17
9 10 1 1 6 6 BLANKET S/A
9 10 1 1 7 15
$ 1 1 1 16 17

B3 13 1 1 19 21 QUTLET

% 1% 1 1 19 21

% 1% 1 1 1% 20
¢ 4 1 1 1 1 INLET LOWER TUBE
¢ 4 1 1 2 2 INLET UPPER TUBE
4 ¢ 1 1 1 1 INLET LOKER TUBE
4 4 1 1 2 2 INLET UPPER TUBE
1 6 1 1 4 4 HPP VERT. BAFFLE 40 HOLES
6 6 1 1 1 1 LPP VERT. BAFFLE 50 HOLES
710 1 1 1 1 LPP HORIZ. BAFFLE 592 HOLES
13 1 1 19 24 TOP END FIXTURE S/A,
4 4 1 1 19 26 RETAIN. PINS
5 6 1 1 19 24
7 10 1 1 19 20
1 3 1 1 19 23

4 4 1 1 19 23
5 6 1 1 19 23

7 10 1 1 19 20
7 10 1 1 3 3 LPP LOKER GRID, REFL & BLANK
7 10 1 1 6 6 LPP UPPER GRID, REFL & BLANK
71 1 1 2 5 LPP
1 6 1 1 4 5 HPP CORE S/A

END OF DATA ==z=====z==z===z=z=z=====:=
MAR 19/82 (LOW POWER, THERM.STR.)

E B R - IT NATURAL CONVECTION TEST #10, PHASE 2
~=== ONE-SIXTEENTH MODEL --~- IMPLICIT METHOD
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Co G
P 15506. 0.
Cp 188.41 0.
K 23.36 0.
p 17940.7 0.
Ce 188.41 0.
K 31.15 0.
P 8041.3 ~-0.4634
Cp 504.4 0.113
K 14.176 0.0137
p Ke/M3
Cp  Ws/(ke-k)
K W/ (MeK)

F = + °
CO Cle( C)

Properties of Thermal Structure
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C = Control rod
D = Driver fuel

Kewe .=

SS dummy -
P = 1/2 driver fuel, 1/2 SS

R = SS reflector

S = Safety rod
X--- = Experimental subassembly

YY07 = INCOT experiment

Loading Configuration for Run 93B

Fig., 16.
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Fig. 52, Temperature Distribution at Time = 110 s
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Fig. 53. Temperature Distribution at Time = 120 s
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Fig. 54. Temperature Distribution at Time = 130 s
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Fig. 56. Temperature Distribution at Time = 150 s
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Fig. 59. Temperature Distribution at Time = 180 s
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