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IV. BENCHMARK PROBLEMS

®

Source Situations

—

ooy

1L,

12.

J 13,

/ 14.
15,

S O 0 g 0 W

Small Spherical Critical Experiment

A High-temperature Gas-cooled Reactor Configuration

An Analytical Two-dimensional Multigroup Diffusion Problem
A Simple Highly Nonseparable Reactor

Two-dimensional Isolated Source in an Absorbing Medium
Infinite Slab Reactor Model

Monoenergetic Point Reactor Model

Two-dimensional (R-z) Reactor Model

Multi-dimensional (Hex-z) HTGR Model

PWR Thermal Hydraulics--Flow Between Two Channels With Dif-
ferent Heat Fluxes

Multi-dimensional (x-y-z) LWR Model

Neutron Transport in a Cylindrical 'Black’ Rod

Neutron Transport in a BWR Rod Bundle ‘)
Multi-dimensional (x-y-z) BWR Model o

Neutronic Depletion Benchmark Problems




_ BENCHMARK SOURCE SITUATION ' i

Identification: 14

Date Submitted: June 1976 By: S. Langenbuch (GRS-Munich)
W. Werner (GRS-Munich)

Date Accepted: June 1977 By: H. L. Dodds, Jr. (U. of Tenn.)
F. N. McDonnell (AECL-CRNL)

Descriptive Title: Multi-dimensional (x-y-z) BWR Model

Suggested Function: Test 2d, 3d Neutron Kinetics Solution,
Especially for Coarse Mesh Methods




; BSS-14 549

N “
cm

165

135

120 3

105

15

/| N

205 3 &

dx
15 3dy_¢ _

15 15 105 120 135 165 cm

=0

Fig. : Quadrant of Reactor Horizontal Cross Section,
Region Assignment ‘




.

cm

165
135

72 |73 |74 175|176 | 77| 78
120

64 | 65 | 66 | 67|68 | 69| 70| 71
105 ~

55 |56 |57 |58} 59| 60) 61 62 63
90

46 | 47 {48 | 49| 50| 51| 52| 53| 54
75

37 |38 |39 | 40| 41| 421} 43| 44| 45
60

28 129 |30 31)32| 33|34} 35} 36
45

19 |20 {2122 23| 24| 25| 26} 27
30

10|11 {12{13} 14} 15| 16| 17} 18
15

1 2 3 4 5 6 7 8 9
—gz—- X
15 30 45 60 75 90 105120 135 165 cm

Fig. 2: Quadrant of Reactor Horizontal Cross Section,
Fuel Assembly Identification




551
z
cmy
360
330
¢g=0
270 /
SLICE 2
240 —
.3.;‘3 /
Ix
180 2 1 2 3 5
120
SLICE 1
90
30
£ X
15 5 105 135 165 CM
Fig. 3:

Vertical Cross Section, y=0, Region Assignment,
Vertical Slice Identification

BOUNDARY CONDITIONS:
External Boundaries:

zero flux
Symmetry Boundaries:

D 3%,
Reflectlon,—a-;‘-? =0
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BENCHMARK PROBLEM

Identification: 14-Al Source Situation ID.1l4

Date Submitted: June 1976 By: S. Langenbuch and W. Werner
(GRS~-Munich)

Date Accepted: June 1977 By: H. L. Dodds, Jr. (U. of Tenn.)

F. N. McDonnell (AECL-CRNL)

Descriptive Title: Super Prompt-critical Transient; Two-
dimensional, Two-group Neutron Diffusion
Problem, with Adiabatic Heatup and Doppler
Feedback in Thermal Reactor

Reduction of Source Situation:

1. Two-dimensional (xy), two-group diffusion theory

2. Two delayed neutron precursor groups.

VD, (&, £)V8, (&, )= (Ta; G, 042, (x, £)8; Gk, ) +0 (1-8) [z, G008, G
> > 2 > 1 a9- >
+Zf2(x,t)¢2(x,t)]+'2 %iCi(x,t) =5 5;—¢l(x,t)

1=1 1

8,(x,t)

[e 3] Re b g
ot

VD, (X, )98, (i, ) ~Ta, (X, )8, (K, 4%, G, )8, (%, ) = ;_‘2.

VB, (BF | (R, )8, G, )435, (%, £)6, G5, £)) 74 ,€; Gy ) = 2 G, im12.

with zero flux boundary conditions on external surfaces,
reflection conditions at symmetry boundaries, and steady

state initial conditions.
3. Adiabatic Heatup

o.[Zfl(;,t)¢‘(;,t)+2f2(;,t)¢2(§,t)} = -3-% T(x,t)

ID.]A-AI




®

Doppler Feedback

fa, X, t) = Ia; Gx,t=0) [(1+7(/I(x, 0)/,)]

Power

PG, 0) = e[Lf, G 06, (K, 0425, (X, )8, &, )]

553
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ID. 14-A1
Data:
Initial Two-Group Constants
! ! -1 -1 -1
- . } -
Reglon{ Material :Group 1 Di(cm) Za;(cm ) | VEE, (cm ) Zl+2(cm )
|
I | Fuel I with | 1 1.255 | 0.008252 | 0.004602
| rod 2 0.211 | 0.1003 0.1091 0.02533
I S N PN Ut bt SN B |27 .
) gFuel | zzzh’ 1 1.268 | 0.007181 | 0.004609
; rod 2 0.1902 | 0.07047 | 0.08675  0.02767
3 . Fuel 2 with I 1.259 | 0.008002 | 0,004663 |
L rod 2 0.2091 | 0.08344 | 0.1021  0.02617
S gizh’ 1 | 1.259 | 0.008002 | 0.004663
, rod 2 0.2091 | 0.073324 §o 1021 £ 0.02617
e e e * : _,m;- —_—— ..
f 1 1.257 | 0.0006034 | O ;
g é Reflector 2 |o.1592/ 0.01911 . 0 1 0.04754
i

Additional Parameters for all Regions:

B2 = 1.0-1074
\’ 4
7
vy = 3.0-10° cm-sec
v, = 3.0-105 cm-sec

Delayed Neutron Data:

Group Bi
1 0.0054
2 0.001087

-1

Ai(sec-1)

0.00654
1.35

2.43 mean number of neutrons per fission

axial buckling for both energy groups

®
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1p.14-Al

Data for Feedback Model

11
O cm3 conversion factor

3 0K1/2

a = 3.83 10

2.034 10 feedback constant

<
1}

e =3.204 10 "

Wsec/p.fission energy conversion factor
The initial configuration is made critical by dividing the
production cross sections by keff’ The initial flux distri-
bution shall be normalized such that the average power den-
sity

P=otr J (2,6, +2£.,8,)aV = 1.0-10° W em™>

core V
core

The initial precursor concentrations are in equilibrium- with

the initial critical flux distribution.
The initial temperature TO = 300 °k.

Initiating Perturbation:

Lay(t) 4 - 0.0606184-¢ £<2
ta, (0) { } N
2 0.8787631 £>2

where t = time (sec).

555
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Expected Primary Results:

1. Maximum eigenvalue for initial flux distribution

2. Normalized Power Densities Pk for initial flux

distribution:

[
P, = S (Zf ,@9,+If.0,)dV, V, =Volume of Fuel Assembly k
k V—P-'V "1 272771 k

k k
k=1,...,78

3. Maximum eigenvalue for configuration of withdrawn rod

for cold reactor (feedback effects neglected)
4. Average Power density P versus time

5. Normalized Power Densities Pk at t=0,4 sec, 0,8 sec,

1,2 sec, 1,4 sec, 2,0 sec, 3,0 sec.

6. Maximum of P, time of occurence

T 1 f T(§,t)dV versus time

7. Average temperature T = g

core V
°© core

8. Number of unknowns in the problem, number of time-steps,

computing time, and computer used.
Possible additional results:
9. Table of temperatures in volumes Vk' k=1,...,78.

10. Dependence of results on spatial and temporal

discretization.

Solutions:

Coarse-mesh finite-difference methods
1. Flux expansion: 14-A1-1
2. Nodal expansion: 14~-A1-2

ID.14-4;
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‘} | . BENCHMARK PROBLEM SOLUTION

Identification: 14-A1-1 Benchmark Problem ID.14-Al

Date Submitted: February 1977 By: S. Langenbuch (GRS-Munich)
W. Werner (GRS-Munich)

Date Accepted: June 1977 By: H. L. Dodds, Jr. (U. of Tenn.)
F. N. McDonnell (AECL-CRNL)

Descriptive Title: Direct 2d-Coarse Mesh Solution with

CUBBOX.1’2’3

Mathematical Model: A 5-point difference operator with coupling
coefficients derived from expansion of neutron flux into local
polynomials 1s used for the approximation of the spatial

1’2’3. Time integration is performed by

5

differential operator,
. . a combined ADE-ADI 'cechniquell with spectral matching”, and

frequency prediction from space-averaged kinetic equations

Computer: IBM-360, Model 91
Code: CUBBOX7 with 6-order nonseparated polynomials
Date Solved: February 1977 at Laboratorium fur

Reaktorregelung und Anlagensicherung (LRA)

References:
1 A. Birkhofer and W. Werner, Efficiency of Various Methods

for the Analysis of Space-~Time Kinetics, Proc. Conf.

Mathematical Models and Computational Techniques for

‘7 ’ Analysis of Nuclear Systems, CONF-730414, Vol. 2,

p. IX-31-41 (1973)




558

ID.14-A1-

A. Birkhofer, S. Langenbuch and W. Werner, Coarse-Mesh .\

Method for Space-Time Kinetics, Trans. Am. Nuc. Soc., 18,

153 (1974)

S. Langenbuch, W. Maurer and W. Werner, High Order Schemes
for Neutron Kinetics Calculations, Based on Local Polynomial

Approximation, to be publ. Nucl. Sci. Eng. Oct. 1977

S. Langenbuch and W. Werner, Implicit Matrix Decomposition

Scheme for Coarse-Mesh Methods, Trans. Am. Nuc. Soc. 21,

224 (1974)

J. Devought and E. Mund, A - Stable Algorithms for

Neutron Kinetics, MRR 145, Proc. of the Joint NEACRP/CSNI

Specialists' Meeting on New Developments in Three-Dimen- .}

sional Neutron Kinetics, 21-71 (1975)

S. Langenbuch and W. Werner, Eine Methode zur Verbesse-
rung der Zeitintegration in 3d Neutronenkinetik-Rechnun-
gen durch eine Form der Periodenfaktorisierung, Proc.

Reaktortangung (1976)

Program Description of the QUABOX/CUBBOX Code, Internal

Report, LRA, D-8046 Garching

r
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‘-)’ Results:

Uniform mesh width Ax=Ay = 15 cm (11 x 11 intervals)

1. Maximum eigenvalue for initial flux distribution:
keff = 0.99633

2. Exhibit A:

Normalized Power Densities Pki for initial flux distri-

bution:
= € ' - v
P = - /. (2f1¢l+zf2¢2)dv, V, = Volume of Fuel
Pvki vV .
ki
Assembly k
k=1, ..., 78
57) ,’ 3. Maximum eigenvalue for configuration of withdrawn rod
\ for cold reactor (feedback effects neglected):
keff = 1.01546

4. Exhibit B:
Average Power density P versus time

5. Exhibit C:
Normalized Power Densities Pk at t = 0.4 sec, 0.8 sec,
1.2 sec, 1.4 sec, 2.0 sec, 3.0 sec.
Maximum of P = 5.73&-103; time of occurrence = 1.421 sec.
Exhibit D:
Average temperature T = L / T(%,t)dv versus time

core V
core

8. Number of unknowns in the problem 121 x (2 prompt neutron
groups + 2 delayed precursor groups + temperature) = 605
Number of time—stéps: 1200
Computing time: 180 sec on IBM-360/91

; 9. Exhibit E:

% ’ Average temperatures in volumes Vk’ k=1,...,78, at

t = 0.4 sec, 0.8 sec, 1.2 sec, 1.4 sec, 2.0 sec, 3.0 sec.

——__
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BENCHMARK PROBLEM SOLUTION

Identification: 14-A1-2 Benchmark Problem ID.14-Al
Date Submitted: June 1976 By: H. Finnemann (XWU)
Date Accepted: June 1977 By: H.L. Dodds, Jr.(U. of Tenn.)

F.N. McDonnell (AECL-CRNL)

Descriptive Title: BWR Kinetics Benchmark Problem:
2-D Nodal Solution: Fifth Order
Polynomial Expansion

Mathematical Model

The IQSBOX program solves the time-dependent two-group neutron
diffusion equation in one, two or three dimensions by the nodal
expansion method (NEM).

NEM is a consistent nodal technique that converges towards the
exact solution of the diffusion equation for small mesh sizes.
Subsidiary 1-D diffusion equations are solved in each box by
polynomial expansion to obtain spatial coupling coefficients.
Polynomials up to fifth order can be used. Time integration is
performed by the backwards-difference algorithm combined with
an exponential transformation technique.

Computers: CDC CYBER 175
Code: IQSBOX
Date Solved: January 1976 at Kraftwerk Union Erlangen
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Results:

‘O Uniform mesh with Ax = Av = 15 cm (11 x 11 intervals)

T

2.

Maximum eigenvalue for initial flux distribution:
keff = .99631

Exhibit A:

Normalized local power densities Py for initial flux
distribution:

P, = = [ (Zfyo, « Zf,0,)dV/P

ki Vk Yy 171 272

Assembly k, V., = Volume of Fuel

k = 1,.'0,78

k

Maximum eigenvalue for configuration of withdrawn rod
for cold reactor (feedback effects neglected):
keff = 1.01531

Exhibit B: _
Average Power densitiy P versus time

Exhibit C:

Normalized Local Power Densities Pk and Average
temperatures in volumes V,, k = 1,...,78, at

t = 0.4 sec, 0.8 sec, 1.27sec, 1.4 sec, 2.0 sec, 3.0 sec.

Maximum of P = 5.451 - 103; time of occurrence
= 1.445 sec.

Exhibit D: _ 1 i (%.4)
Average temperature T = T T(x,t)dV versus time
core core ’

Number of unknowns in the problem: The unknowns are
average node fluxes, average partial currents on the

six surfaces of the node and average delayed precursor
concentrations. The number of unknowns per mesh is given
by (2N+1). G + I, where G is the number of energy groups,
N the spatial deminsion, and I the number of delayed
precursor groups. The number of unknowns is independent
on the degree of the approximating polynomial.

The total number of unknowns for this problem is thus
given by (5+2 + 2) * 121 = 1452

Number of time steps: 522 (automatic time-step selection
such that local power change less than 12 % between

time steps).

Computing time: 255 sec
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