
r=,-- i ..-----        .41 .  1  1i.---LLI----J--             - .-1_   _.
A     :r  1

IUNCLASSIFIED H /  1-           -' /'-4---

1- „,

4    -r     --7

If
4.

CRITICAL MASS CALCULATION

FOR Photostat Price $    1' '    0

APPR-1 CRITICAL EXPERIMENT Microfilm Price $   /.  8  b

Available from the
Office of Technical Services
Department of Commerce
Washington 25, D. C.

by

GALLAGHER, J. G.
GIESIER,           H. W. --------#--.. -

CLASSIFICATION
CANCELLED.  -. 

JOHNSONe   W. Ro
44

DATE    FEB 23 1957    *Ju,1
For The Atomic Energy Commission i

I -/rt ,9,  (LU -UL
| Chief, Deciassification Branch
L------.*-- -

ALCO PRODUCTS, INC.
POST OFFICE BOX 414
SCHENECTADY, NEW YORK

LEGAL NOTICE
This report was prepared as an account of Government sponsored work. Neither the

United States, nor the Commission, nor any person acting on behalf of the Commission:
A. Makes any warranty or representation, express or implied, with respect to the ac-

curocy, completeness, or usefulness of the information contained in this report, or that the
use of any information, apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to  the use of, or for damages resulting from the
use of any information, apparatus, method, or process disclosed in this report.

As used in the above, "person acting on behalf of the Commission" includes any em-ployee or contractor of the Commission to the extent that such employee or contractor
prepares, handles or distributes, or provides access to, any information pursuant to his em-
ployment or contract with the Commission. .

Al/7-/

1 .-1-k ...
':. .-.,-- -I-

..4

UNCLASSIFIEDI f -             1             2 4 g#
2.4....                                                                                                                                                    „. .fi  =«P .1



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.



\1

-----/--I.----I.-

91, -.....I---*-#------SEtRET-
-I.../9....*lilli--- ..Ill.-Il.Z

CRITICAL MASS CALCULATION
for

APPR CRITICAL EXPERIMENT

I.  INTRODUCTION

In order to check previous calculations, and to provide a tool for future

analytical work on APPR type reactors, a calculation to predict the critical mass

of the APPR critical experiment(l  has been performed. The particular cases in-

vestigated were for the cold, unpoisoned critical assembly, with and without the

stainless steel end boxes.  The inclusion of the end boxes changed the axial re-

flactor from water. to 60% water  ·and 40% stainle ss steel. An infinite radial   re=

flector was assumed at all times.· The critical mass was found to be 8068 £ .02 Kg

of U235 in both cases.

II. GENERAL METHOD

The basic two group method for cylindrical geometry, described in WAPD-RM-167(2)

was used, with modifications to allow absorption and fissioning in the fast group e

The modified diffusion equations for the core were written ase
).. --

Dfg'  0     -    1&49*,    +       (1- P.91<4£496,        +     _Ks  £*  0          -        0           -

11£92* - 3'45 +   rs*'= 0                          '
..

A self-shielding factor was included to account for the thermal flux depression in

the uranium foil.  The effect of flux hardening within the fuel was investigated,

using a multigroup model and was found to be insignificant.

Th* critical mass was computed first using an infinite radial reflector, and

an assumed axial reflector savings.  From this calculation a radial reflecter savings

2.
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was determined and used to solve the axially reflected case.  A new axial reflector

savings found by this second calculation was used to solve the radial case again,

and the procedure was repeated until the same critical mass was calculated for both

the axially and radially reflected cases.

Before coosidering the APPR critical assembly, an attempt was made to check

a stainless stael-water critical experiment performed at Argonne National Laboratory(32

A critical mass of 7.8 Kg was calculated, compared to the experimental value of 8.087 Kgo

This agreement was considered good for the method of calculation, and may be fortuitous

in light of the fact that the Argonne critical experiment seemed to have a large percent

of epithermal fissions, and the geometry of the assembly-made the·.assumption of homo-

geneity erroneous.

III.  THE EVALUATION OF CONSTANTS

The core of the APPR critical assembly was assumed to be a homogen*#ims cylinder

of radius 28.19 ca and 55.89 am high, with 79.6 volume percent of water and 20.4 volums

percent of stainless steel( 1J The addition  o f fuel caused a negligible change in these

concentrations.  Nuclear constants were evaluated at 68' Fo, and determined from Cross

sections data found in AECU-2040, BNL-250 and the Reactor Handbook Vol. 1.  The mathods

of finding group constants were generally the same as in ORNL=1613, although with
(4)

some variations. Included  here  are only those constants whose method of determination

was    different    from   that   in   ORNL=1613.

Ao  FERMI-AGE

The Fermi-Age in water, of 31.4 cm was used.  For the core and stainless

steel=water end reflector, data weste taken from NACA.RM/E54HO4(5) adjust*d t* the
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age of fission neutrons to thermal energy.  (See Fig. 1).  Inelastic scattering in

iron is accounted for automatically by using experimental values of the age in iron-

water mixtureso

Bo  FAST DIFFUSION LENGTH

u.= 14.8              0(k) ellI Where   0, (u) is calculated
.d 3 [V"Zit *v *0 11,07

D                                                   4. J as a proton moderated fluxe
4           r.=#98

004 44 (See Fig. 2),
W. 0

Co  RESONANCE ESCAPE PROBABILITY

-- u.=15.8 Since essentially all modera=
(„

e  =  exp    -     iN'Z:   +  v     4  1       .8 u tion was achieved by water,
., 55 -5 S \

J Fcv.Z: 'v.A.*v„© the assumption   f ef T  = '
- cH

_Wo 1 0                                                                                             1 was madeo

D.  FAST MULTIPLICATION
U- =  9·S

V,4.0,9 d.1/
4                         rte. 19,8

g,/0

j C V.'©  .. , 0/r9#Z*)   6"      Clt.„
Vqm

thTo find P · and Kf' numerical integration was employed using lethargy incre-

ments of   u = .2.  Cross sections for U235 and U238 were found in BNL.250,  Stain-

less steel was assumed to have a -1 absorption cross section„ The scattering
V       -        ··

croas  section of hydrogen in water .was taken  from RH Vol.  1(6).    The  fast  neutron

flux front lethargy 10 to lethargy 19.8 was considered to be constant, as found from
'.

the calculation of a proton moderated fission neutron sourceo

The values of the conetants are listed in Table I.
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TABLE I

CONSTANTS USED AT 8.68 Kg

REFLECTOR
CONSTANT CO#E H20 REFLECTOR W/END BOX

D.1                 1.21
cm 1.37 cm 1.11 am

2              36 c=2 31.4 em2 40.5  cm2

.0336 cm-1 .0436 cm .0274 cm
-1                     -1

+

K 1.270 -

f

Plh 0803 - -

DS                   .1805 cm .1588 cm .2082 am

C                 1.194 022 8.12 cm  2.10

Es                .1512 cm-i .01955 „0991

KS                                                            1. 253 - -

.

Note%  Subscripts f and s refer to the fast and thermal group.

IV. RESULTS

The results of these calculations give an estimated critical mass of 8.68 Kgo

somewhat larger than those predicted in ORNL-1613(4), and Supplement  1(7),  for  the

cold, clean APPR-1 core.  The value used for Kf'in this calculation is smaller than

those plotted   in   ORNL-1613,    due   to the inclusion   of   a -1 stainless steel absorpt ion
V

cross section in the determination of Kf.  There may be some question as to the validity
H--     rr                                                                                    thof the assumption that     -   i   = |      in the calculation of P    ,  but  it was  felt  that

the error introduced 49 this assumption would be smallo

Included are radial and axial   plot s   of   the   fast and
thermal   flux   (Figs.   3   &   4) p   

indicating the.normal peak in the thermal flux in the reflector.
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