APPROVED FOR PUBLI C RELEASE

UNCLASSIFIED  UNCLASSIFIED

O‘EEBEPS?)'&OC%&ON CIC-14 REPORT COLLECTION
COPY REPRODUCTION
COPY

LA REPORT 160 . &
St ——————— . 0
|}

Cotober 21, 19y, This document contains 10 pages

EXPERTNEUTAL DETERMINATION OF THE DIFFUSION LENGTH FOR ¢ HEUTRONS IN BeQ

HORK DOSE BYs

REPORT WRITTEM BYs

Jo Hinten

Jo Hinton

L. D. P. Riag PUBLICLY RELEASABLE

Por (4. fDrun FSS-16 Date: 4.2 23
B’M%ay CIC-14 Date: 2-25-9¢

(

| N

I

Il

|

i

ll

N <
8 o
2 ~
=0
3 <
=28
E o)
3 0!
=29
™,
8 Sl
1 |

-

APPROVED FOR PUBLI C RELEASE



ABOUT THIS REPORT
This official electronic version was created by scanning
the best available paper or microfiche copy of the 
original report at a 300 dpi resolution.  Original 
color illustrations appear as black and white images.

For additional information or comments, contact: 
Library Without Walls Project 
Los Alamos National Laboratory Research Library
Los Alamos, NM 87544 
Phone: (505)667-4448 
E-mail: lwwp@lanl.gov



APPROVED FOR PUBLI C RELEASE

T, = UNCLASSIFIED

ABSTRACT

The diffusion length for € neutrons in Be0 is determined ezperimeatolly
to be 29.4 cm. The experiment consists of inserting a 69 layer of BeQ in a sigsma

pile. The saturated activities of Indium folls placed in & 8lot vbove the BeO layar

are compared with tho activities of folls plasced in the same s8lot, the BseD haring

been replaced by graphite. After determining the diffusion length in graphniie the

diffusion length in Be0 is oalculated from this ratio.
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EXPFRIMENTAL DETERMINATION OF THE DIFFUSION LENGTH FOR C NEUTROLUS IV BeO

Becauso the diffusion lengthl) of thermal neutrons in BeO (the tempor
naterial of the water boilera)) enters into the theoretical calculations for the
oritioal mass of the boiler, it wae considered of interest to determine this quan-
tity experimentally. The'measuremen£ was made by comparing, in a sigsa plle. the
saturated acﬁivities of indium foils with and without a layer of Be0. Sirce ths
walue obtained for BeO by this method depends directly on the diffusion lengih in
the pérticular graphite used, it was necessery first to determine the daiffusion
lengta in the AGOT pile graphite. Thieg also smerved as a useful check cn the expori-
ment since it iz known that the diffusion length in AGOT graphite should be spproxi-

rmately 50 cni.

Graphite

The graphite measurement was made in essentially the ususl way {(report
Cl=573, Fige 2), by inserting a layer of cadmium across the pile at s level 2he3 cm
above & 200 mc RaBe source placed at the center of s planc 15-3/8% above the bottom
of the pile. Other pile dimensions are listed at the end of this report. The gatu-
rated activities of indium foila placed vertically above the gource in slotg %is 277
TIIT> respectively 55.8 cm, 77.17 om, and 120,48 om above the source were detsimined

with and without the Cd layer. In esach slot the difference of the two activities

1) Diffusion length is defined as the distance at which ths neutron intemsity falls
of £ by a factor 1/e in an infinite medium with & plane source or qualitatively
dezcribed as the shortest distence from birth to capture of a therman neutron.

2) LA-13l
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meagures the density et that point without Cd, of those nentreons which would pe
captur=d in the cadmium lgy er. In this way the plane of the layer acts sssentially
o2 a sicw-neuntron "source®; actually, the diffusion lemgth measured is that of ¢
neutrons.

The calculations were complicated considerably by the placing of the RaEe
source in the center of the source pleme (i.e., at coordinates x 2 0, y = 0) instead
5f at a point half-way betwoen the center and one sdge of ths piie (i.€0, = = afh,

y =0). 8ince the harmonic corrections are very large in this case, the dorts func-
“lon approximation to thé thermal source (as used in CL-573) is not sufficiently sc-="
curate., Instend it was found neceassary to take for the actual thermal density at the
cadmiun layer the exact solution of the neutron diffusion equation given by Fermi in
reportns A=21, and A=6. Using this solution at the ¢d layer as & source function fov
the neutrons measvred, and astuming that they diftuse exponentially to the top of tha
pile at vhich point the density is zero, the following equation is obtained for the
neutron density at eny point 2 alkeag the Pile axis above the Cd leyer:

. 1 = 2 S IN
n{e) ® L. B%a,, AR AP {{ame =2 *5-%;)}9220/ Am

i (1)

i 3 g/ =g/
R P

vhere sz, = the distance from source to Cd layer

ngm::rslaxation distance, i.e.; distance in which the intemsity drops off by a
factor 1/e
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N = number of impects before capture

r = the average distance from the RaBe source to the point at which the neuiti
becomes theimml

The velues of f; and ry were taken from report A4-6 (Eq. 7) ass

1 o3 27.1
2 653 29.8

3 0202 58.9

Ba. (1) neglects a very emall additional term dus to the finite height of the pile,

If the density fell off with distance from the source as a single expcuesn-

tial, then the densitly at any two points would be given by

/

ny = Ae~2l 011

A
oA = Ae""’zZ/cll
[

gokvini; for cj; one would obtain

1 1

———— ” lgg -El‘.

c1) T 22ezy ~ C np
in ordor to correct this equation for the actual case in which there ig more then onme

hermonic, each density must be multinlizd by the ratic of the first harmonic te the

sum oi all the harmonics, i.e.,

o e =34 .(;‘gm zE(z)

The aquation for €33 conbiring any two slots g I and 21y then btecomes

! . PN
L - log .({‘:ﬂ_l:!o cd) = As(Cd)_)_E_]u_' l-.(zl)j

°31  2iyTE (Fs(ro ca) = As(ca))z2 E(22)

were A= saturated activity of the indium foils. Kmowing 634, the diffusinn length

L canr be calculated by the relation
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APPROVED FOR PUBLI C RELEASE

Y — e

1. 3 zF
B
waere a = width of the pile.
Since the large harmonic corrsétion applied to slot I seemed less relianie
then those applied to slots two and three, only data combining slots II end III wera

used to determine the final value of cqy. The value so obtained was @8.4L om ghvwing

a corresponding diffusion length ot 48.4 em for the particular graphite used.

Be0

in order to determine ths diffusion length in BeO, & 6" layer cof BeC wos
placed between slote II end ITI. Simce BeD has better neutrorn reflecting properties

then graphite, the change in neutron distribution as a function of distance from the.

source looks qualitatively somewhat like Fig. 1.

grapaite

Region I ‘4_;\: !_"“'a\x , Graphite alecne

Neuvfron Density

" /| Region III
2 Y {rorroen ¥ el Al
® slot I Slot IX Slot III

distancs from BOUrCS mmeme————p

Fig. }
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Christy derived equations for a similar sandwich arrangement., These equetions give

al any point the ratio of the neutron density with thse sandwich layer to that witi-~
out it. Z#mowing This ratio, the diffusion lengiéh cen be caleulated since the ratlo
ies a funotion of the relaxation distance in the sandwich material.

As by far the largest effecot is observed above the Bed lsyer, the calcu.
lated ratio for this region only was used; however, with more accurate date i% mighS
bs possible to distinguich between absorption and ssattering cross eection by compars
ing the ratios below to those above the BeC layer. The general equations for ths
threo regions of the sandwich are:

R=1 n=ZX Am(e°2/°£m + Bgn o2/ O&n)

R=if vz ¥ Cp (ea"’z/bi?'-'fi + gy f‘5/‘:"@“1')

8-1I11 n3s £ E (e‘“’/'”m +F Z/%n)
where O.é-m is the relaxation distance in cartor and b,zm i3 the relaxration cigtense in
BeO. “Isiwng the boundary oonditions that both tlow and dengity are comtinuous at the
boundaries betweer graphite end BeD, that the density is zero at 23 and equal to soma
source function N{o)&n &t 2z , all the constants can be evaluated in terms of

H(o)gmo o bﬁm’ 235 82, 23, ’“BaO; AQ
On taking the ratio of Pe0 o carbon ths source function drops out leaving bg, &s the

only unlrown.

Intunaityy;7Be0 _ sinh (z;/cm) e°zl/°lm =(z2~%1)/bgnm (A+0) (1 =)
Inepsityy:C " *sinh [(85 - 22)/0.2111](1 = ok 0-2(22=21)/Dn)(1 + 3 ecd?l/@?m)

where

[1 - (po0/*c)(gntten ) tanhd(n5os0)opn ) s .1488
- L+ (hgeofre)(eg em)“‘“h{:(‘ﬂ}“”a °:2m]
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(”M*Beo)(JM°m)[(l Y N zl)/b""")/(l rou o %27 zl)ﬂfm)j = A.0.u08
£ (AC/ABw)(bzm/om)l(l - °¢e=2\22azl)/bzm)/(l oL e~2(~2=31.)/b£m)] s 1

¥With thiz equation and the experimental ratio

(LntenaityIIIBeO)/KIntsnsl 1“079 by use of only the first harmonic, by, can be ob-

‘I
faired by the method oif susoceasive approximation. Since slot II] vas 1=-3/L" higher
vith BeQ thean without it, the grephite data were multipliod by an exponential fector
making the twe intPlsities correspond to the sams position. The final result obtaizsc
for by, was 22,5 en giving & diffusion lenmgth of &9.4 .cma The calculated v.klue from
the equation L = 1/(¥/30,0%) using the most recent cross sections given by Uchiymrbs
({oec, Up = 8.2, 63 =,0015) is 29.0 cm. The excellent agrevment must be aousidercd
fortuitous.

The indiue foils used for this cxperiment were of the standard Chicago Uype
S mile thick, 4 x 6.5 em. Dabta obtained with these folls were reproducible Lo within
2%. To dotermine Ag three Pb-shielded Geiger counters with scales of &4 were used.
The set factors between the units were determined by counting the same foil in each

count:r and comparing ths saturated activities obteined. In the experiment nll
foils v-ore counted to 20,000 counts, at least three foils being taken in each position.,

&n &% correction was epplied to all cadmium agtivities to asccouat for the
absorption in G4 of neutrons in the indlum resonmsnce energy region.

IT the graphite velue is assumed correct the Be0 should bs corzrsct wo within
sporoximately %%3 however, en estimate of the errors in the graphite value ia hard %o
make as it depsnds mainly on the calculated harmonic correction, The maximma sproad
in %he values ot L obtained from the three possible combinations of data using all
thres slots is ~»7%3; however, increasing the harmonic correction to sleot 1 from the

calculated valus of 9% up to 11% decrcases the maximun spread to less then 4%. Por

’
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large harmonic corrcctions aspplied to points near the sourno such as slot i i{ iz

conceivable thet the calculations may not be sufficiently aceuratls. For cxari=, e
considarable orror might be introduced by the fact that tho values of rgy used waro
not those measured for the particular scurce and graphite used. As already sgtacec

1% vmg for this roasson that slots II and III only were uged to determine O3,
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PILE DIMENSIONS

Be0 Graphite
%2 = 3.3 em 2 = ZLh.3 em
%y = 5598 2. = 55,58
sgp = T1.17 237 =2 17.17
Brqp *325.00 21y =120.48
2y z 88.38 23 = 208,01
% 156,0

5 =103.68 a
53 = 212,53 ' with 2)\/{/9 correetiom

Tiensity 800 = 2,69 Density of graphite == 1.6}

. ]

DATA Valves for Lg using differeat
= slot ccmbinations
, A Graphito| Ag FeD
Slot I I +IIT =48.4y,
3 Q
wo ¢ ; e873 I + 317 = 47.7
ca 1768
Ca GifP | 5103 I +1 =L5.2
Slot 11 4
no Ga 3186 {
ga o3 . Y ]
Gé. giff 221
Slot II7
o Cd 68201 LL93014
ca 205.6 6.4
¢d diff 476.5 T
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