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BENCHMARK SOURCE SITUATION

Identification: 15
Date Submitted: July 1976 By: M. V. Gregory (SRL)
Date Adopted: June 1977 By: H. L. Dodds, Jr. (U. of Tenn.)

R. R. Lee (CF)
Descriptive Title

Neutronic Depletion Benchmark Problems

Suggested Function

Test solutions of the neutronic depletion equations.

Configuration
An infinite homogeneous medium with the isotopic concentrations '’ .

given below., At time zero, the neutron flux becomes nonzero.

Details
Concentration,
Isotope atom/ (barn-cm)
23%y 0.74003E-4*
238y 0.69360H-2
All others 0
* B-X = 10°%
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BENCHMARK PROBLEM

Identification: 15-A1 Source Situation ID.15
Date Submitted: July 1976 By: M. V. Gregory (SRL)
Date Accepted:  June 1977 By: H. L. Dodds, Jr. (U. of Tenn.)

R. R. Lee (CE)
Descriptive Title

Two-Group Constant Parameter Point Depletion Problem

Reduction from Source Situation
1. Solution of isotopic depletion equations at a point with con-

stant flux and cross sections.

4+ N(t) = A N(E)
where
N = vector of isotopic concentrations
A = net production matrix coupling the isotopes

The general ijth entry in A (i.e., the production rate of isotope
1 from isotope j) is

g 48 g 48
Ay = Y35 202.6° + 4.+ Y o8
i) 1] g £j 1] 2 cij

where

g = energy group index
Y.. = fission yield of isotope i from the fissioning of
isotope j (Yii is defined as -1.0)
ij = microscopic fission cross section of isotope j in
group g
¢g = flux in group g
Aij = decay constant for production of isotope i from the

decay of isotope j (Aii is the negative of the decay

constant)

591
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c

Og = microscopic capture cross section in group g for iso-
ij

tope j that produces 1 (Og is the negative of the
ii
capture cross section)

2. Constant two-group flux:
Group 1 = 6.1374E+14 n/(cmz—sec)

2.5078E+14 n/ (cm®-sec)

Group 2
3. Fission product yields are defined in Table B.1.
4. Decay constants are defined in Table B.Z.
5. Microscopic cross sections are defined in Table B.3.
6. Depletion chains are defined in Figure B.l where the dashed
line processes (o-, B*-decay) are excluded, resulting in a tri-

angular matrix for A. (

Expected Primary Results
1. Variation of isotopic concentrations with time; 50-day
concentrations.

2. Calculational statistics.

Solutions Available

1. Fourth-order Runge-Kutta integration of depletion equations,

various time-step sizes: 15-Al-1

2. Analytical and finite-difference solutions for various time-step sizes:

15-A1-2, 15-A1-3

T
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TABLE B.1. Fission Product Yield, %
Fissioning Isotope

Fission Product 233y 238y 23%py 24 Ipy,
1357 6.17 5.78 6.93 6.26
135 e 0.24 0.22 0.27 0.24
14%3pp 1.13 2.10 1.30 1.20
1%7Nd 2.36 2.80 2.05 2.20
Long-Lived

Fission Products 90.10 89.10 89.45 90.10

593
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‘

)

TABLE B.2. Decay Constants

Isotope Emitted Particle Decay Constant, sec”

1357 g- 2.874E-5*

135ye B™ 2.093E-5

147Nd 8- 7.228E-7

147py B- 8.289E-9

148py R~ 1.488E-6 ‘
148mpy, B~ 1.976E-7 :
149pp B™ 3.626E-6 ,
237y R" 1.190E-6 ‘ll/ ;(
e B8~ 4.915E-4 :
238Np B~ 3.820E-6

239Np B~ 3.410E-6 |
24 O0Np B” 1.583E-3 {
241py B- 1.680E-9 ;
243py g™ 3.886E-5

2420 g 9,930E-6

24%Am B~ 4 .440E-4

X
* E-X = 107
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’ TABLE B.3. Microscopic Cross Sections, barns-
m m
(o} [s]
Isotope ccl oc2 0fl Ufz (n’Y)l (n'Y)z
234y 33.575 26,368 0.42744 0 0 v
235y 5.9872 26.420 12,370 148.18 0 0
238 16.859 1.4399 0.16664 0 0 U
237y 16.991 132,12 0.17139 0.55512 0 U
238 0.53258 0.73141 0.081338 0 0 b
233y 0.40015 6.1613 0.27283 4.2009 0 0
237Np 24,072 71.864 0.41867 0.0094250 0 0
230Np 5,2648 55.512 47,412 555.12 0 0
2%9Np 26.341 16.654 0 0 0 0
24 O0Np 0 0 0 0 0 0
: 238py, 7.3125 119.91 1.5815 3.5496 0 0
23%py 9.8658 196.77 14,403 348,89 0 0
' 240py, 366.09 96.479 0.54033 0.016744 0 0
hlpy 8.0305 152,24 29.986 352,73 0 0
2*2py 51.820 5.1903 0.43460 0 0 0
: 243py 11.030 21.649 28.382 49.960 0 0
!
i 241 am 50,633 392.68 1.1130 2.3817 6.7486 39.543
| 242 am 2.3381 0 31.137 693.90 0 0
i 242 20,016 444 .0y 108.79 1776.4 0 0
243am 91,056 24980 0.30784 0 0 0
Zhkan 0 n 26.192 403,29 0 0
4
{ 2%2cn 3.1202 i.7185 0 0.83267 0 0
i 2%3cn 9.9059 69,389 92,299 194,29 0 0
245 Cm 32.129 3.6915 1.5663 0.33307 0 0
2%Scn 4.8993 82.972 37.165 537.15 0 0
SEL| 0 0 0 0 0 0
135xe 243.47 1064780.0 0 0 0 0
187y 0 0 0 0 Y 0
147py 248.78 65.814 0 0 117.44 31.087
188py 3368.4 420.09 0 0 0 0
14 émpy, 2921.0 7561.6 0 0 0 0
149pn 0 0 0 0 0 ]
1496y 105.85 23387.4 0 0 0 0
Fission
Products 10.376 19,429 0 0 0 0
*
0., = capture in Group 1 [all captures except fission and (n,2n); includes (n,Y) to excited
! state, if any].
Gc, = capture in Group 2.
cf = fission in Group 1.
1
ofz = fission in Group 2.

i
) ;’ /5 ol’fn,y)l = (n,y) to first excited state, Group 1.

m
o(n,Y), = (n,y) to first excited state, Group 2.

i
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BENCHMARK PROBLEM SOLUTION

Identification: 15-A1-1 Benchmark Problem ID.15-Al
Date Submitted: July 1976 By: M. V. Gregory (SRL)
Date Accepted: June 1977 By: H. L. Dodds, Jr. (U. of Tenn.)

R. R. Lee (CE)
Descriptive Title

Two-Group Constant Parameter Point Depletion Problem

Technique Used
1. Fourth-order Runge-Kutta-Gill numerical integration technique
(Reference 1).
2. Time-step selection may be automatic or user defined. Auto- (

matic time-step selection is defined by

where the denominator is the maximum absolute columnar sum in the

max

A matrix. Some isotopes have very large time constants (e.g.,
decay very rapidly) and are excluded from the time-step determina-

tion and defined in equilibrium:

The criterion is that for > 1.0E-5, the isotope j

<ZA..>
1]
i

is defined to be in equilibrium. Solutions will be presented both

max

with and without the use of defined equilibrium.

¢

i'
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Computer

IBM 360/195

Program

BURGR

References

1. The JOSHUA System, Volume 10.1 Generalized Reactor Analysis
Subsystem: Physics. (draft) DPSTM-500 (1975).

2. M. M. Anderson et al., "Three-Dimensional Coupled Neutronics
and Engineering Calculation of Savannah River Reactors,!" CONF-

750413, Vol. II., p. VI-123.

Primary Results
Isotopic concentrations at 50 days are summarized in Table

C.1 for a range of time-step sizes. The "At = 1 min'" and "At =

10 min" results make no assumptions about equilibrium. The

"At = 1 hr" solution uses the standard equilibrium condition.

The "At v6.09 hr'" solution uses automatic time-step selection

and the standard equilibrium condition to set At to 21923 seconds.
Computational statistics are summarized at the end of the

table.

599
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TABLE C.1. SRL Solutions to Constant-Parameter Problem, .
atoms /(barn-cm) at 50 days !
At Integration Time Step !
Isotope 1 min, 10 mina 1 hour 6. 09 hoursa i
235y 0.583393L-4 0.583393E-4 0.583391E-4
238y 0.286054E-5 0.286054E-5 0.286059E-5
237y 0.206091E-7 0.206091E-7 0.206095E-7
238y 0.691915E-2 0.691915E-2 0.691915E-2
238y 0.718357E-8 0.718356E-8 0.718356E-8 !
237p 0.450818E-7 0.450818E-7 0.450837E-7
238p 0.324870E-9 0.324870E-9 0.324885E-9
23%p 0.102943E-5 0.102943E-5 0.102943E-5
2404y 0.132291E-10 0.132291E-10 0.132291E-10
238py 0.147272E-8 0.147272E-8 0.147282E-8
23%y 0.105746E-4 0.105774E-4 0.105717E-4
240py 0.995886k -6 0.996402E-6 U.995317E-6
2ulpy 0.334194E-6 0.334479E-6 0. 333869E-6
242py 0.163642E-7 0.163842E-7 0.163404E-7
243py 0.136270E-10 0.139428E-10 0.139055E-10
2% 0.586414E-9 0.587114E-9 0.585583E-9
242y 0.617228E-11 0.669732E-11 0.667986E-11
zu2lpy 0.504837E-11 0.505566E-11 0.503955E-11
243am 0.456826E-9 0.470206E-9 0.467301E-9 .
2% Am 0.637702E-13 0.658008E-13 0.653939E-13
242cp 0.549962E-10 0.610962E-10 0.607208E-10
2%3cpy 0.115382E-12 0.130911E-12 0.129927E-12
2% cm 0.206820E-10 0.214767E-10 0.212434E-10
243cp 0.243404E-12 0.254329E-12 6.251092E-12
BEby | 0.882735E-8 0.883435E-8 0.883286E-8 %
[
135%e 0.914750E-9 0.915483E-9 0.915350E-9 i
i
1%7Nd 0.121154E-6 0.121163E-6 0.121144E-6
147pp 0.201810E-6 0.201826E-6 0.201795E-6
1%8pgy 0.457029E-8 0.457067E-8 0.456997E-8
1u8lpy 0.386726E-8 0.386758E-8 0.3B6699E-8
14%pp 0.199678E-7 0.199694E-7 0.199662E-7
1e%gp 0.119776E-7 0.119786E-7 0.119766E-7
Fission
Products 0.145224E-4 0.145238E-4 0.145212E-4
CPU time, sec 429.8 7.0 1.2
(At = 1 min)
IBM 360/195 43.2

.

(At = 10 min)

a. No equilibrium assumption.

b. Equilibrium assumed.

e. Equilibrium assumed and time step automatically selected. .
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BENCHMARK PROBLEM SOLUTION

Identification: 15-A1-2 Benchmark Problem ID.15-Al
Date Submitted: July 1976 By: B. A. Weate (GA)
Date Accepted: June 1977 By: H. L. Dodds, Jr. (U. of Tenn.)

R. R. Lee (CE)
Descriptive Title

Two-Group Constant Parameter Point Depletion Problem

Technique Used
1. In solving the nuclide depletion equation over a time-step,

the flux and reaction rate cross sections are assumed constant.

2. Both analytic and difference solutions are defined. The dif-
ference solution is used when the nuclide and all chain nuclides

above or below it have a removal rate [(\A + 0¢)At] less than a

2-a
2+a

(where e - = € {error criterion}). Otherwise, the analytic

solution is used. For the present solution, a = 0.05 and e= 10~ %,

Computer

Univac 1110

Program

BURNUP

Reference
1. M. R. Wagner, GAUGE, A Two-Dimensional Few Group Neutron
Diffusion-Depletion Program for a Uniform Triangular Mesh.

GA-8307, "Chapter 4 - Nuclear Depletion Calculation" (1968).

601
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Primary Results

Fifty-day isotopic concentrations are described in Table C.5

for time-step sizes ranging from 2 days to 10 minutes.

Computational statistics are defined in the table by SUP

time, which is a combination of CPU time and I/ time.

PR

hame o S IR
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AP 4

¥
t
[3
¥
5 TABLE C.5. GA Solutions to Constant Parameter Problem.
8 atoms/{barn-cm) at 50 days
E GA Small Time Step
. Isotope 10 min 1 hr 2 days
3%y 5.83386-5 5.83387-5 5.83393-5
23y 2.86058-6 2.86058-6 2.86060-6
1 237y 2.06103-8 2.06103-8 2.05937-8
i z38y 6.91924-3 6.91938-3 6.91923-3
P 239y 7.18270-9 7.18385-9 7.18404-9
237Np 4.50845-8 4.50846-8 4.50933-8
23%p 3.24895-10 3.24895-10 3.25098-10
233Np 1.02945-6 1.02947-6 1.02946-6
240p 1.32294-11 1.32297-11 1.32295-11
230y 1.47281-9 1.47284-9 1.47573-9
3%y 1.05749-5 1.05747-5 1.05744-5
240y 9.95921-7 9.95925-7 9.95900-7
28 1py 3.34194-7 3.34204-7 3.34495-7
] 2u2py 1.63649-8 1.63651-5 1.64266-8
’ "ff'l?. 2% 3py 1.36278-11 1.36274-11 1.30074-11
2%1Am 5.86427-10 5.86434-10 5.88396-10
242pm 6.17245-12 6.17252-12 6.07897-12
202y, 5.04845-12 5.04856-12 5.07729-12
: 243m 4.56845-10 4.56857-10 4.61643-10
i Zhvam 6.37716-14 6.37420-14 5.89385-14
! 2 5.49980-11 5.49992-11 5.56397-11
¥
4 243Cm 1.15385-13 1.15390-13 1.17834-13
24%Cm 2.06829-11 2.06835-11 2.11112-11
24%5¢cm 2.43419-13 2.43427-13 2.51613-13
18y 8.82753-9 8.82752-9 8.81797-9
135%e 9.14759-10 9.14758-10 9.13807-10
1% 7Ng 1.21159-7 1.21157-7 1.21155-7
Y 7pm 2.01810-7 2.01815-7 2.01813-7
148pp 4.57034-9 4.57045-9 4.55895-9
el 3.86715-9 3.86724-9 3.85696-9
Ye%pp 1.99681-8 1.99682-8 1.99655-8
195 1.19776-8 1.19777-8 1.19778-8
Fission
Products 1.45224-5 1.45228-5 1.45235-5
' (i@ SUP 45.16 9.41 2.14 (seconds)
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BENCHMARK PROBLEM SOLUTION ' :
Identification: 15-Al1-3 Benchmark Problem ID.15-A1
Date Submitted: June 1976 By: M. R. Wagner (KWU)
Date Accepted: June 1977 By: H. L. Dodds, Jr. (U. of Tenn.)

R. R. Lee (CE)

Descriptive Title: Two-group Constant Parameter Point
Depletion Problem

Mathematical Model

For each time-step the reaction rates, which are
the entries of the nuclide depletion matrix A are assumed
constant. Furthermore, the matrix A is assumed to be a
lower triangular matrix which can be decomposed into

1. a number of lower triangular submatrices corres- ‘E"‘
ponding to independent heavy nuclide and fission product )

chains,

2. a rectangular matrix which provides the coup-
ling of the fission product chains to the heavy nuclide

chains.

Both analytic and third-order difference solu-

tions are defined.

Pertinent Features of Solution Method

The code automatically investigates the structure
of the depletion matrix and separates the independent fuel
and fission product chains. The depletion equations for
the fuel chains are solved first. A constant fission
product source vector S is then computed
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Muel
Si = XYy N Dlof ¢
i=! 9
where Si is the component for fission product i, to re-
place the actual time-dependent rates Si(t) of fission
product formation. Finally the decoupled fission product
depletion chains are solved for that source.

In solving the depletion chains the code decides
internally for every time-step and each nuclide whether
the analytic solution or difference approximation will be
applied. An input error criterion € is used and by solving
the eqguation

—a 2 -a
€ T2 +a

|
m

a critical value o for the magnitude of the removal term
IAiil At is determined. If
*Aiil At > ¢
an analytic solution is requested for nuclide i.
Table 1 shows that the analytic solution (& -»0) deterio-

rates with reduced time-step lengths due to buildup of
round-off errors for very long depletion chains.

Table 2 illustrates that the error buildup is reduced
when using a combination of analytic and difference solu-
tions.

Table 3 shows the dependence of the solution on the para-
meter € for a time step length of At = 2 days

Column 1 of Table 2 is considered the best solution of
this series.
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Computer: CYBER 175 Date Solved: May 1976
at: KWU
Program: MEDIUM-Z2

Type of Program: Multidimensional LWR depletion code

References

1. M.R. Wagner, GAUGE, A Two-Dimensional Few-
Group Neutron Diffusion-Depletion Program for a Uniform
Triangular Mesh, GA 8307, Gulf General Atomic (1968)

2. M.R. Wagner, MEDIUM, ein mehrdimensionales Ab-
brandprogramm filir Druckwasserreaktoren, Reaktortagung 1972
des Deutschen Atomforums/KTG, Hamburg, April 1972, Pro-
ceedings p. 161
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Table 1. MEDIUM-2 Solutions to Constant-Parameter Problem
atoms/ (barn-cm) at 50 days
Analytic Solutions, €= 10

-20

Time Steps

1 hour

«58339L4E~04
. 286058E-05
.206103E-07
.691924E-02
.718370E-08

2 days

.583394E-04
. 286058E-05
. 206103E-07
.691924E-02
. 718370E-08

.450845E~-07
. 324894E~09
. 102945E-05
. 132294E-10

.450845E-07
. 324894E-~09
. 102945E-05
.132294E~10

. 147283E-08
. 105747E-04L
.995928E-06
. 334206E-06
.163651E-07
. 136280E-10

. 147283E-08
. 105747E-04
.995928E~06
. 334205E-06
.163651E-07
. 136280E-10

.586437E-09
.617255E-11
. 504860E-11
.456855E~09
.637740E-13

.586433E-09
.617251E~11
.504854LE~11
.456858E-09
637743E-13

«115114E-12
.206754E-10
L 241771E-12

.5493984E-10
.115372E-12
.206821E-10
. 243340E-12

.882757E-08
.914763E-09
.121157E-06
.201815E-06
.4570L4LE-08
.199683E-07
L19777E-07

.881793E-08
+913803E-09
. 121154E-06
. 201816E-06
.457048E-08
. 386727E-08
.199657E-07
.119776E-07

10 min.
U 235 .583394E~04
U 236 . 286058E~05
U 237 .206103E-07
U 238 .691924E-02
U 239 .718370E-08
Np 237 .4508L5E-07
Np 238 . 324894E~09
Np 239 .102945E-05
Np 240 .132294E-10
Pu 238 .1L7282E-08
Pu 239 10574 7E-04
Pu 240 .995928E~06
Pu 241 .334210E-06
Pu 242 .163653E-07
Pu 243 .136281E-10
Am 241 . 586454E~09
Am 242 617274LE-11
Am 242m .504883E-11
Am 243 L456904E~09
Am 244 .637807E-13
Cm 242 .550017E-10
Cm 243 .113558E-12
Cm 244 .203962E-10
Cm 245 .199554E-12
I 135 .882757E-08
Xe 135 L914763E-09
Nd 147 .121157E-06
Pm 147 .201815E-06
Pm 148 45704LE-08
Pm 148m .386724LE-08
Pm 149 .199683E-07
Sm 149 JA19777E-07
Fission . 1L5228E-04L

Products

CPU time, sec 88.94
CYBER 175

145228E~-04

15.74

. 145228E-04

0.39

607



608 ID.15-A1-3

Table 2. MEDIUM-2 Solutions to Constant Parameter Problem
atoms/ (barn-cm) at 50 days
Combination of Analytic and Difference Solutions £=10""

Time Steps
10 min. 1 hour 2 days

U 235 .583394E~0k .583394E-04 .583393E-04
U 236 . 286058E-05 . 286058E~05 .286059E-05
U 237 .206103E-07 .206103E-07 . 205936E-07
U 238 .691924E~02 .691924E-02 .691924E-02
U_ 239 .718370E-08 .718371E-08 .718404E-08
Np 237 .L508L5E-07 .45084L5E-07 .450929E~07
Np 238 .324894E-09 . 324894L4E-09 .325096E-09
Np 239 .102945E~05 .102945E-05 .102946E-05
Np 240 .132294E-10 .132294E-10 .132295E-10
Pu 238 L AL7283E-08 .14728LE-08 . 1477572E-08
Pu 239 .105747E-04 10574 7E-04 .10574LE~0O4L
Pu 240 .995928E-06 .995929E-06 .995900E~06
Pu 241 .334205E-06 . 334206E~06 . 33L44L96E-06
Pu 242 .163651E-07 .163652E-07 L164L267E-07
Pu 243 .136280E-10 .136275E=10 .130075E-10
Am 241 .5864L3%3E-09 .586435E-09 .588397E-09
Am 242 .617251E-11 .617253E-11 .607898E-11
Am 242m .504854E-11 .504857E~11 .507732E-11
Am 243 .456858E-09 A456861E-09 LAU61644E-09
Am 244 b637734LE-13 H37TL26E-13 .580387E-13
Cm 242 .540083E-10 .549993E-10 .556398E-10
Cm 243 .115387E-12 .115390E-12 A17634E-12
Cm 244 .206834E-10 .206836E-10 .211114E-10
cm 245 L24L3424E-12 L2L3428E-12 .251615E=-12
I 135 .882757E~-08 .882757E-08 .881797E-08
Xe 135 .914763E-09 .914763E-09 .913807E-09
Nd 147 .121157E-06 .121157E-06 .121155E-06
Pm 147 .201815E-06 .201815E-06 .201813E-06
Pm 148 LA45T704L44LE-08 45704L4LE-08 .455895E-08
Pm 148m .386724LE-08 . 386724E-08 . 385697E~-08
Pm 149 .199683E-07 .199683E-07 . 199655E-07
Sm_ 149 .119777E-07 LA19777E-07 .119778E-07
Fission . 145228E-04 . 145228E-04 .145234E-04
Products

CPU time, sec 36.40 7.26 0.23%

CYBER 175
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Table 3. MEDIUM-2 Solutions to Constant Parameter Problem

Combination of Analytic and Difference Solutions, AT=2 days

atoms/ (barn-cm) at 50 days

€ = 107° € = 10‘6 e = 10~/
o = 0,050 a = 0.023 a= 0.0106
U 235 . 583393E-04 .583393E-04 .583393E-04
U 236 . 286059E-05 . 286059E-05 . 286059E-05
U 237 . 205936E-07 . 205936E-07 . 205936E-07
U 238 .691924E-02 .691924LE~02 .691924E-02
U 239 .7184L0O4E-08 .7184L404E~08 . 718404LE~08
Np 237 .450929E-07 .450929E~07 .450929E~07
Np 238 . 325096E-09 . 325096E-09 . 325096E-09
Np 239 . 102946E-05 . 102946E-05 .102946E~05
Np 240 .132295E~-10 .132295E-10 .132295E~-10
Pu 238 . 147572E-08 .147582E-08 . 147582E-08
Pu 239 10574 4E-04 .105747E-04 . 105747E-04
Pu 240 .995900E-06 .995927E-06 .995927E~-06
Pu 241 . 33L44L96E-06 . 334205E-06 .334205E-06
Pu 242 LA6L267E~-07 .16364L0E~07 .163651E-07
Pu 243 . 130075E=-10 . 129556E-~10 .136280E-10
Am 241 . 588397E-09 . 586297E-09 .586432E~09
Am 242 .607898E-11 .605585E-11 .617250E-11
Am 242m .507732E-11 . 504976E-11 .504853E-11
Am 243 LL46164L4E-09 L458475E-09 .456857E-09
Am 244 . 589387F-13 «585170E=13 B37742E-13
Cm 242 .556398E-10 .552501E-10 . 549979E-10
Cm 243 .117834E-12 .116581E-12 +115757E-12
Cm 244 L211114E-10 .208856E-10 .206816E-10
Cm 245 .251615E-12 .2L7885E-12 J2LL501E-12
I 135 .881797E-08 .881792E-08 .881792E-08
Xe 135 .913807E~-09 .913802E-09 .913802E-09
Nd 147 .121155E-06 .121154E-06 .121154E-06
Pm 147 .201813E-06 .201816E-06 .201816E-06
Pm 148 .455895E-08 L45704L8E-08 J457048E-08
Pm 148m . 385697E-08 . 386727E~08 . 386727E-08
Pm 149 . 199655E~-07 . 199657E-07 . 199657E-07
Sm 149 .119778E-07 .119776E-07 .119776E-07
Fission C145234E-04 C145228E-04 L145228E-04
Products

CPU time, sec 0.23
CYBER 175

0.237

0.279
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BENCHMARK PROBLEM SOLUTION

Identification: 15-Al1-4 Benchmark Problem ID.15-Al

Date Submitted: January 1977 By: G. W. Cunningham and D. R.
Vondy (ORNL)

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

Descriptive Title: Two-Group Constant Parameter Point Depletion Problem

Computer: IBM-360/91

Code: BURNER module of the system containing the VENTURE neutronics

code (Report ORNL-5180)

Date Solved: Dec. 1976 at ORNL

Results: Primary results are shown in Table 1 for benchmark quality
calculations applying the matrix exponential method and the
difference solution using average generation rates, to the
linear chain equations. Other results have been obtained, as
to test the explicit chain solution and criteria on series
termination and dependence of the results on steps taken, which
could be made available. These calculations were done with
minimum computer memory use; only the direct coupling terms were
stored, not the matrices, a procedure of calculation which is not
directed toward minimizing processor time. No assumptions about
equilibrium were used in obtaining the results. Calculations

were done in double-precision (IBM long word).



ORNL, 80
AT

UTIONS TO CONSTANTeDARAMETER DRNABLEMe

MS/{BARNSCM)

AT 50 DAYS

AVERAGE GENERATION RATE

(24 STERS)

2+8BHOBI=0H
2:.05921=08
6031923=023
7. 18404-0(9
4.5016be0&
Je22611=10
1.02951=06
1632307=11
1,46092=00
1.03801=05
D.60185«07
3.,10777=07
1050“33"03
1185171
5.39966=10
5:.55259=«12
4457492=) 2
3:8367R=10
4,859b60=14
4,B81328=11
F.,88914=14a
1e449807~11
1.69228=13
8,76837«09
9G.06Q947T=10
7Te397B1mQR
1:20533«07
2.,00596=07
4.52948=09
3.83199=09
1.98139=08
1+18613w0OR
1:44349=05

(768 STEPRS)

5,83394=05
2+BHOSBmNG
2.06102=08
6.91923=03
7,18369=09
4.,50842=08
3,24891=10
1,02945=06
1,32294w1 1
1e47281=09
1.,05725=05
9,95490m=07
3.33954=07
1,63467=08
1436113=11
5.,.85792=10
6.,16540e12
5.04189-12
6,35565~14
5469124=11
1¢15162=13
2.06116-11
2242425-13
B.,B2697«09
9«146R8«10
Te71478=08
1421150=07
2,01801=07
4.57012=09
3.8B6695=09
1.99669=08
1¢19760«08
1445217%05

(1536 STEPS)

5.,83394=05
2sB6058m06
2.06102=08
£.91923=03
7.12369m=09
4,50843=08
3.248B92=10
193?294-11
1.47282=09
1,05741=05
G .95B05=07
3.34134=07
1,63599=08
1436232=11
5.86249«10
A, 17045=)2
Se046T4=12
4.56645=10
6,37245=14
5.49732=~11
115321+13
2.06631=11

2+43141~13
8,82740=09
De14743w10
7.7163%9=08
1¢21155=07
2,01811=07
4457035=09
3+BET|IS5=0Q
1.99679=08

119775=08
1.45225=05

'--"-"-..---‘--------------‘--'--'--------------------ﬂ---ﬂ-

ID.15-A1-4
TARLE 1,

NUCL 10K MATRI X

EXPONENTT AL

(370 STEDS)
v 235 S5,833G4=05
1 236 CeBHEOKER=0A
u 237 2,06102«(18
U 238 6,91923=03
iy 239 7.18369=049
NR237 4.50B43=08
NP238 3.24893=10
NP239 1+402945-06
NR2a4D 1,322%4e1)
PU23s 1.,47282=09
D239 1.,05747=05
pUR24 0 9.95824=07
PuU24l 3:34204«07
pU2ag 1.63650=08
pU2a3 13627G=11
AM2a S:sRAA430n=10
AM24a2 6,172448w12
Amz2azw 560487 =l
AM24 3 4,5685%4=]1p
AM244 B,37737=104
cM24p2 564997851
CM24a3 1¢1538B5m13
CM244 24s06R031=11
cM2a5 2e83421=13
I 13% B,82755=049
XE135 Q1476310
Cs135 Te71695a(R
ND1a7 1421187=07
pPM14ay 2.018148m=07
PM148 45700409
DHMygBM J.B86722=09
PMiag 1.499682=08
SM149 141977708
FOLL 164522805
18M 360/91
CPy TIME

(SEC) 14,19

4,79

Q.87

14,04

611
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BENCHMARK PROBLEM

Identification: 15-A2 Source Situation ID.15
Date Submitted: July 1976 By: M. V. Gregory (SRL)
Date Accepted: June 1977 By: H. L. Dodds, Jr. (U. of Tenn.)

R. R. Lee (CE)

Descriptive Title

Two-Group Comstant Parameter Point Depletion Problem with Feedback

Reduction from Source Situation
1. Identical to Problem 15-Al with the exception that a-decay and f-decay are

NOT excluded, thus matrix A is not simply triangular.

2. The additional data required for the problem with feedback are given in

Table C.2a. Remaining data same as in Problem 15-Al.

Expected Primary Results

1. 50-day concentrations

2. Calculational statistics

Solutions Available
1. Fourth-order Runge-Kutta integration of depletion equations: 15-A2-1

2. Matrix exponential method and finite difference solution: 15-A2-2

The above two solutions are identical to four significant places with the

smallest time-step.
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BENCHMARK PROBLEM SOLUTION

Identification: 15-A2-1 Benchmark Problem ID 15-A2
Date Submitted: July 1976 By: M. V. Gregory (SRL)
Date Accepted: June 1977 By: H. L. Dodds, Jr. (U. of Tenn.)

R. R. Lee (CE)

Descriptive Title

Two-Group Constant Parameter Point Depletion Problem with Feedback

Technique Used
Identical to solution of Problem ID 15-Al without feedback, using

atypically small integration time-step of 1 minute.

Computer

IBM-360/195

Program

BURGR
References

1. The JOSHUA System, Volume 10.1 Generalized Reactor Analysis Subsystem:

Physics. (Draft) DPSTM-500 (1975)

2, M. M. Anderson et al,, "Three-Dimensional Coupled Neutronics and Engineering

Calculation of Savannah River Reactors," CONF-750413, Vol. II., p. VI-123,

Primary Results

The isotopic inventory at 50 days is given in Table C.2b. A fixed time-step

of 1 minute was used for the Runge-Kutta integration. The CPU time required

was 430 seconds. BURGR was constrained to such a small time-step size for the
specific purpose of obtaining a benchmark-quality solution, thus the long running

time should not be considered typical of production runs.
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TABLE C.2a. Extra Data Required for Full-Chain Problem

Decay Constants

=1

Isotope Emitted Particle Constant, sec
238py a 2.550E-10
2%1am a 5.090E-11
2%2pm g+ 2.030E-6
2420p a 4.910E-8
243cm a 6.860E-10
24%Cm a 1.250E-9

(n,2n) Microscopic Cross Sections

(Group 1 only)

, Isotope o, barns
235y 0.002603
238y 0.0043972

237Np 0.00020144

ID.15-A2-1
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\V.

TABLE C.2b. SRL Solution to Full-Chain Constant Parameter Point
Depletion Problem, atoms/barn-cm at 50 days,

Integration Time-Step of 1 minute

I R R S Py T

o e

-

’ T e s man 2T T TS e e vt e i i e = % m v aames me v 1 n % ———

Isotoge Concentration Isotoge Concentration
234 0.428817E-9 2%1am 0.586390E-9
235 0.583393E-4 242 pm 0.520984E-11
236 0.286054E-5 24 2Mpm 0.504819E-11
237y 0.356768E-7 243 am 0.457037E-9
z;: 0.691916E-2 2%4am 0.637996E-13
v 0.718357E-8 2420y 0.449667E-10
237Np 0.104736E-6 243 0.950949E-13
238Np 0.780485E-9 24%%Cm 0.206737E-10
zzsz 0.102944E-5 245cm 0.243318E-12
A 238 )
Pu 0.441854E-8 135
239p, 0.105748E-4 Xe 0.914753E-9
itgPu 0.995892E-6 147Nd 0.121154E-6
Pu 0.334195E-6 147
242 0.163736E-7 lkapm 0.201810E-6
243p, 0.136348E-10 Pm 0.457029E-8
: 148mpp 0.386727E-8
149pnm 0.199679E-7
149 gm 0.119776E-7
Fission
Products 0.145225E-4
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BENCHMARK PROBLEM SOLUTION '
Identification: 15-A2-2 Benchmark Problem ID.15-A2
Date Submitted: January 1977 By: G. W. Cunningham and D. R.

Vondy (ORNL)

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

Descriptive Title: Solutions for the Constant Parameter Depletion
Problem with Feedback

Computer: IBM-360/91
Code:  BURNER module of the system containing the VENTURE neutronics
code (Report ORNL-5180)

Date Solved: December 1976 at ORNL

Results: Primary results are shown in Table 1 for benchmark quality
calculations applying the matrix exponential method and the (
difference solution using average generation rates, to the
linear chain equations with feedback. Other results have beep
obtained, as to test the explicit chain solution and criterja
on series termination and dependence of the results on steps
taken, which could be made available. These calculations
were done with minimum computer memory use; only the direct
~coupling terms were stored, not the matrices, a procedure of
calculation which is not directed toward minimizing processor
time. Calculations were done in double-precision (IBM long

word).
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Table 1. Nuclide Concentrations for the Constant Parameter

-

R R T e

DA S R A

e o

e S e e AR

‘ ’ Point Depletion Problem with Feedback
gi;g;;(ntia] Average Generation Rate

Nuclide (570 steps) (24 steps) (768 steps) (1536 steps)
234y .428821-9 .43280-9 .42895-9 .42888-9
235y .583390-4 .58339-4 .58339-4 .58339-4
236y .286057-5 .28606-5 .28606-5 .28606-5
237y .356780-7 .35661-7 .35678-7 .35678-7
238y .691915-2 .69191-2 .69191-2 .69191-2
239y .718360-8 .71840-8 .71836-8 .71836-8
237Np .104739-6 .10462-6 .10474-6 .10474-6
238Np .780515-9 .77641-9 .78051-9 .78052-9
239Np .102944-5 .10295-5 .10294-5 .10294-5
240N .132292-10 .13231-10 .13229-10 .13229-10
238py, .441870-8 .43857-8 .44187-8 .44187-8
239py .105747-4 .10386-4 .10573-4 .10574-4
240py .995926-6 .96019-6 .99549-6 .99580-6
241py .334204-6 .31478-6 .33395-6 .33413-6
242py .163743-7 .15050-7 .16356-7 .16369-7
243py .136356-10 .11857-10 .13619-10 .13631-10
2% am .586404-9 .53994-9 .58577-9 .58622-9
252 pm .520999-11 .46704-11 .52040-11 .52083-11
2t 2Mpy .504831-11 .45746-11 .50415-11 .50464-11
243 Am .457064-9 .38380-9 .45632-9 .45685-9
2% Am .638030-13 .48611-13 .63625-13 .63754-13
2*20m .449681-10 .39205-10 .44899-10 .44948-10
2430 .950979-13 .81087-13 .94915-13 .95045-13
244 Cm .206748-10 .14973-10 .20603-10 .20655-10
245Cm .243334-12 .16915-12 .24234-12 .24305-12
1357 .882752-8 .87683-8 .88269-8 .88274-8
13%%e .914759-9 .90694-9 .91468-9 .91474-9
135¢s .771693-7 .73978-7 .77148-7 .77164-7
1 7Nd .121156-6 .12053-6 .12115-6 .12115-6
14 7pp .201814-6 .20060-6 .20180-6 .20181-6




618 ID.15-A2-2

-

Table 1 (continued)

gi;g;:ntia] Average Generation Rate
Nuclide (570 steps) (24 steps) (768 steps) (1536 steps)
1%8pm .457042-8 .45295-8 .45701-8 .45703-8
14 8Mpp, .386722-8 .38320-8 .38669-8 .38671-8
1%9pnm .199682-7 .19814-8 .19967-7 .19968-7
1499y .119776-7 .11861-7 .11977-7 .11977-7
F.P. .145227-4 .14435-4 .14522-4 .14522-4
Processor
Time {min) 0.18 0.02 0.11 0.19






