
,. 

.. 

()Battelle 
Pacific Northwest Laboratories 
Richland, Washington 99352 

This report is intended primarily for internal use 
by the sponsoring organization and Battelle. 

MODI Fl CATIONS TO THE FLANGE CODE 
FOR WATER SCATIER lNG KERNELS 

JULY 1972 

BNWL -B-201 

II$T1H8UTION OF THIS DOCUMENT IS UNltM\~ 

OJ 
z 
~ 
r-

1 
OJ 

I 
N 
0 ....... 



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



NOTICE 

This report was prepared as an account of work sponsored by the United States Government. Neither 
the United States nor the United States Atomic Energy Commission , nor any of their employees, makes any 
warr<jnty, express or implied , or assumes any legal liability or responsibility for the accuracy, completeness 
or usefulness of any information, apparatus, product, or process di~dosed , or represents that its use would 
not lnfru'lge prlllately-owhed rights. 

PACIFIC NORTHWEST LABORATORY 

operated by 

BATTELLE 

for the 

U.S. ATOiviiC [t~[RGY COMMI~~ION 

Under Contract AT(45-1 )-1830 

.. 

• 



II 

• 

. , 

•• 

..• 

BNWL-B-201 

MODIFICATIONS TO THE FLANGE CODE FOR 
WATER SCATTERING KERNELS 

by 

D. H. Thomsen 

REACTOR PHYSICS DEPARTMENT 

July 1972 

i .----_;_:__ __ N 0 TIC E -------
j . 
1 .This· report. was prepared as an account of work 
' . sponsored by the United States Government. Neither 
· 'the United States,.nor the United States Atomic Energy 

I' Commission, nor any of. their employees, nor any of 
. their contractors, subcontractors, or their e'mployees, 

makes any warranty, express or implied, or assumes any 
le'gal iiability or responsibility for the accuracy, com­
pieteness or usefulness of any information, apparatus, 
product or process· 'disclosed·, or represents that its use 

·would not infringe privately owned .rights: 

BATTELLE NORTHWEST 
PACIFIC NORTHWEST LABORATORIES 

Richland, Washington 99352 

MASTER 
""~UTtON I)F TH~ OOCUM£NT IS lJNl~ 

.. . . ~ 



\ 

'··· 

-1-

INTRODUCTION AND.SUMMARY 

The FLANGE(l) code is the code approved to process ENDF/B( 2) thermal 

neutron scattering data. It was found that the integration scheme used to 

calculate the scattering cross se~tions for hydrogen in water gives errors 

of up to 1-1/2 percent in the total scattering cross section and up to 

3-1/2 percent in the transport cross section for energies above 0.6 eV. 

The scattering cross section.also has a scatter of approximately one 

percent for different energies. Improvements to the integration were 

.made which reduced the systematic error and scatter in the cross section 

to less than 0.2 percent. Changes were also made in the code which speed 

up the calculation by as much as a factor of three yet giv~ values identi­

cal to those of the slower calculation. 

The FLANGE code was used with ENDF/B data to produce a scattering 

kernel for hydrogen in water for the BMC Monte Carlo code. (3) This kernel 

consistently gave a harder spectrum than calculations using the THERMOS 

code with a kernel also calculated using the FLANGE code with the same 

data. It has been determined that thi.s di_screpan.c.v is exQlained b.v .the inteora­

tion scheme used in the FLANGE code. A new kernel for the BMC code 

has been generated using the improved version of the FLANGE code. 

The modified FLANGE code is designed to give good cross sections for 

hydrogen in water. If other moderators are being calculated,an examination 

of the FLANGE integration scheme should probably be made for that par­

ticular moderator. 

i . 
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Inadequacies in the FLANGE Code 

The FLANGE code is used to compute thermal scattering cross sections 

and kernels for codes such as THERMOS. (4) A 60 energy group kernel for 

hydrogen in water was prepared for the THERMOS code using FLANGE. ·Examina­

tion of the results showed a dip of 1 percent in the scattering cross 

section at the energy of the. 240Pu resonance. The values above 0.6 eV 

are shown in Figure, 1. Notice the scatter in the points as a function 

of energy. The cause of this was traced to two assumptions being made 

in the final integration of the scattering cross section over energy 

in the FLANGE code. First the integration points become farther apart 

at 1m·: energies as the ini t i a 1 energies become higher. Second, the 1 i ne 

shape between points is assumed to be linear in the variables log o(E
0
+E) 

versus E0 • Between the lowest energy point and zero energy, it is assumed 

that the line shape is linear in cross section and energy. 

The reason the energy points become farther apart is that the energy 

points for the cross section integration in FLANGE are picked to correspond 

to the beta values of the S(a,S) data on the ENDF/B data tape and the dis-

tance between beta values becomes larger as beta is increased. This pro­

duces an accurate integration near the initial energy but the points 

become too far apart at low energies. The opposite effect is produced if 

the energy points used for a typical THERMOS kernel are used to integrate 

the scattering cross section as there are usually quite a few points at 

low. energies but the distance between points becomes larger at higher 

energies. Hence," a very accurate integral of the scattering to low 
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energies can be made but the integr~l near the initial energy may be 

very poor. The usual procedure used in FLANGE is to integrate the cross 

section separately and then force the integral of the kernel to agree 

by varying the kernal value at the initial energy. 

The fact that the FLANGE integral should be more accurate for higher 

energies and the k~rnel integral more accurate at low en~rgies was used to provid~ 

checkpoint. A kernel integral was used up to 0.4 eV and FLANGE was used 

below 0.4 eV. The resulting check point is included on Figure L Note 

that the check point is about 1/2 percent above where an upper envelope 

of the unmodified FLANGE points would pass. 

If the correct line shape between integration points is assumed, 

then it does not matter how far the integration points are apart. This 

leaves the line shape used by FLANGE at low energies suspect. The line 

shape assumed by FLANGE is compared to the cor·rect shape shown by the 

points calculated for a kernel in Figure 2. This shows the worst two 

cases, where the 8 value from the library gives an energy point just above or 

just below zero. Note how poorly both a linear line and a line that is 

linear in log cr(Eo+E) versus energy fits the curve at low energies. 

It was suggested by Dr. J. L. Carter, Jr. that a line function 

assuming that cr(E
0

-+E) was linear as a function of IE would give a closer 

fit for low energies as that is the limiting line function for an ideal 

gas at -low energies. The curve resulting from this line shape is also 

shown in Figure 2 . 
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Modified Integration Scheme 

The integration scheme in FLANGE was modified by using the o(E0~E} 

versus I[ line shape at low energies and also including up to two extra 

points for each beta range. The resulting cross sections calculated 

using these modifications are also shown in Figure 1. It can be seen· 

that the scatter has been greatly reduced and the values agree much_better 

with the result obtained usfng a combination. of FLANGE and kernel inte­

grals. ·This modified integration scheme takes very little more computer 

time than the original. 

Calculational Speed Reduction 

The FLANGE code calculates the differential cross sections o(E0~E} 

by integrating S(a,B) over alpha for the beta which would result in the 

energy change E0~E. The a integration is done between the limits a_ and a+ 

where 

E + E -2/EE a± = 0 · 0 

AkT 

The integration over a is made using S(a,~} values obtained by extrapola~ing 

between the B points in the ENDF/B data. Many of these extrapolations are 

needless and repeated as most of the B values used in the cross section 

calculations in FLANGE are values which correspond exactly with the B 

values in the END/B data. 

Also, the S(a,e} integral over a can be done from the minimum to the 

maximum value of a and then when a± is given the integral can be obtained 

by integrating only the panels containing a_ and a+ and subtracting the 

integral just above the a_ panel from the integral just below the a+ panel . 
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When the FLANGE code was modified using the above observations, it was 

found that the time needed to calculate a 60 group kernel dropped from 

602 seconds to 198 seconds, resulting in a factor of three increase in 

calculational speed. It should be noted that_these changes are not 

. based on introducing approximations but give answers identical to those 

of the slower calculation. 

Differences Between the BMC and THERMOS Kernels 

It has been determined that these modifications result in a much.better 

agreement in comparative calculations using the BMC Monte Carlo and the 

THERMOS kernels. The BMC kernel was designed to reproduce the FLANGE line 

shape which resulted in too little scatter into the low energies. The 

modified FLANGE code uses a more nearly correct line shape which should 

improve the BMC kernel. The THERMOS kernel gave the correct amount of 

scattering into the low energy groups but not enough scattering into 

the initial energy group. The modified FLANGE code calculates the cross 

section more accurately so the THERMOS kernel should also be more accurate. 

The net effect of using the modified FLANGE code to calculate the two 

kernels has been to slightly harden the THERMOS calculated spectrum 

while slightly softening the BMC calcuiated flux spectrum. They now 

will agree much better. 

The Effect on the Transport Cross Section 

The calculation of the first moment cross section was also modified 

slightly. A linear representation of the line function was used for 

down scattering. This resulted in a very slight change in the integrated 

first moment cross section. Hence.the transport cross section is changed 

due·to the change in the scattering cross section. The transport cross 
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section can have a change of up to 3 percent due to a 1-1/2 percent change 

in the scattering cross section. This much change may result in a differ­

ence in some calculations using codes such as THERMOS. 

CONCLUSIONS 

It can be argued that the approximately 1 percent increase· in the 

cross sections using the modified FLANGE is not important as this ii with-

,;n the accuracy of the cross section data; however, it seems best not to 

introduce needless uncertainties due to inadequate num~rical integrations 

·of cross sections to the other necessary approximations in reactor physics 

calculations. With these few modifications to the FLANGE· code, the cal-

culational accuracy is increased to a point where the numerical uncer­

tainties in the kernel are not a proble~. Also, the cost of calculating 

new kernels is greatly reduced. 
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EB ARE ENERGIES OF BETAS ON ENDF/B 
DATA TAPE 

THE MODIFIED FLANGE INTEGRATION 
USES UP TO 2 EXTRA POl NTS BETWEEN 
EACH EB POINT WITH A a VERSUS .JE 
Ll NE BETWEEN PO I NTS AT LOW ENERGIES. 
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FIGURE 2- PLOT OF a (E0-+-E) VERSUS E FOR E0 = 1.145 eV. SHOWING HOW 
VARIOUS LINE SHAPES FIT THE DATA AT LOW ENERGIES. 
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