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The question of the fast neutron absorption has
been diac.«,sss4 fros fcłia poiirt of visw «£ fcfce e&Utaatioa
of neutron moisture sauses» to approximated m- thod has
beoa proposed for ca£a*uati£t@ the probability that
the aeut^oa of a gi^aa eassgy would asoagę Ska absorp-
tion dui?ios slowinę S&tffl. 1» tfe® me<łima0 Śho roetłiod
has bfeen employed ^os the Bateaf«sat»u»ats©4 saadafeo»Q8lisesfeQnet aoloait© an3 soa^ types of soi ls . I t was
shown that, the probability of noa«oaptujea in slowi
down depeads oa Me ©olafese aamteat of the aoiX
chaages ia the uaoge ovex o 3©E#a peso-art. .'

7 px*acy prsQ<3yskutowaftQ problem p ^
ao« pjjg^kicb. a pwn&%u wićtsenta oeohowania sond neutro-
nowych do pomiaru wilgotnością Sopropoaowaao p a ^ b i i -
aoaą aetodę oblicsasia pj?awt^godobieóstwa,g ż© neutron
o sadaae^ e&QJJgii us&lmie afeaoyps^i podo^as spowalnia-
aŁa w ośrodku. %konaoo tą metodą oołiosenla dla na»
sycoaago wodą piaskowca, wapiesia i dolomitu, a tak.te
dla pewnych typów gruntów* St^ŁearisonOs ż© prawdopo-
dobieństwo uailmięcia absoipeji '«? teakoie spowalniania
zależy od aawastosei wody © gsuacio i zmiata się
w granicach kilkunastu procent*

a ^ ^

Резюке
••мша*.» «дама»

Б работе оберщаеэоя вопрос зшзаяа бые их
нейтронов из точка spesii ашшюшроЕЩия - ' " " г ^ нх
влагомеров • Предодевдвво нрнбшжё^йй gesos расч а
верояявоста-sopo; ^so неввдов е дааюй шершей м«»л'«-
ЯИФ зазсважа во время ашедаешй в еродз* ШЙМ меаодом
выполнено вычиелешя дяя Еасщенно|?о водой' пеочавшса,
18БбС2ня1?а9 долошзга i Ktiof^орш штт Фр^ггов» Полу«
чеао» чю вероятность isdeiass йШйаШ во время 1*ше«
длвкнк вависит от влавноснеи рррша и изменяемся в диа-
пазон© более деояги npoąessoie,



In tUa vast l i terature co&cesaiBg the aeutroa
method tor Beas«3?ios t&e w&tei? eoiiteat- in soi ls
atteutioa i s cLeasa to tbt psebXem' of 1&ę afesasjafcioa of
fast aeutwona. I t i& usually asaustg'$. tjfe&fc tit.fi

in .-s tw^iigiblt way tfto solstes© ©i'aaąiś«iat?s« However
s&eoraticał ps«aiQi?.loBS eoob&^ie^wt^ti ©aistiiig
irauut;al data of t&a fast ^ttts^a'absoyptioa cross

a sujsgast that t&e a"bo%f© s^psiotion should be

fhe

o f tsh.<?
of the aoi
the aquation
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Vtt

fsoas feto point of view
<J«4c*xiiaijaafcio|i.» and the output
^ squreee aiłe seiated by

mi to C%$
;a to « (D

jp i s tfeo pj?o^aMlity of Bon-capture in slowing
i'i'uosJ5S» E^ i s th^(3or£@cfcioB,factor for

acutron aljąosptlo^ 4p the sousce and S„ . i s
fcho siiemai aeutajon ato^orptipji cfoss f^tioji of the. ae«

in 'f|io.ffhuty;b$

mm
\ ^ ^ ^ B f " l i f e ' i d t i tof" oi ex



235 usussmxs usSRQACK mm GALCULASIHG ms
OF SGS-GJffiTUBS IK S1OWIHG MM

exact mtet&jd for calculating the
that a aeutiBoo of a given ©ner^ would GSGC$Q tho ab»

dastag I t s slowing down to the iavestigated
would be fee Mont?a Ca^lo nsethocU Io tbla woi?l£

oultig^oup Bofetod has been adopted whloh though
a certain apgEOxisatjion i s ouoh leas time con-

suming fe&ga Monte Carlo iaet&ocU The multigroup ap-
proach requires tlxe iGaosfiedge of the appsopriate seta
of averaged neutron constants, whioht in this case,
have been takes from t&e wosk by ABAGr̂ H et aX /~2j?e

The Aba^aa's tabXea contaia t-he neutsoa constants for
the ener®f range from 10,5 MeV to 0^213 ©V, This range
has been spl i t into 25 iaterraXa s i.e*'energy groups
/iiee Table I / . The tables contain fehs averaged values
of micro^eopic nsutroi cross sections for different
elements* Among tSie othersB there ara Xisted the fol-
lowing cross sections s

°al( •) ^ "" t J i e e l a s * i c sloping do^a cross soetioa
oat of i«th

i * fe!łe : Ł s e 3 ' a s ^ c scattering-CSOSB soetloa,
o o j - the capture cross sectioa9

oat of i«th group into Sc»tl&
eo(i93r) - the cross e©ctioa of eXas$ie

out of i-th gsou^ iGfeo k

fossa cross sections have bega used fOE"
the cross sections for. resaoviag the BQUteem fsom fc&e I«th
groi^ 0 . t and for slo^izj® doas the aewt.t*GB out of
the i-th group to feto fc^th gs?o«p
to tiis forsaulas s



leiLCl»lc) fe ?*<i»k> * ff

Ł of aoa«as@t^20 of ttw» ueutsoa of
i-fcfc -gj?o\sp esa be ess»esse4 i s tsesas of

csoss &«©tioBS aeooBdłng to tsfe©
/ *

«t t S^ ^ i s tls,© aacaeossopie cross section
tliQ seut^OB tsom the 1-feli S E O ^ 9

^ • i s the macsoBGopie esoss seotioa for
dows, tke seutsoa out of i-fc& s^ow^ to the to-

use of the equation (5) one can calculate
felie pffobabilities of aoa«»eaptus© in slowing domi fo^
the neueroa enesgies eossesponctiag tp th© uppyis Xiaits
of tŁe ••• eB«rge-tio:: ,<iiit9s^ala showed;, ia. ^stble .1*.

aeutron BO\S2§© I&a fol-
a^esagiag operation feae to"b© applied s

S %

^ â- tłie par t ia l beUtron outputs
to the i*»th eaes^f values9 the total lumber of eaergy

beisig equal to m • '



acguaeatatlob prss tate i above establish
the prooedure for salau^atian t&s probabilities p
a aeutros eousee of asy eaessf apectrus. Ftsst the
tual eat^gy distribution tee to be apg&oxis&ted by
a Qua of aaBsenerg&tio neateoa sourcest ®mh. c»* them
baviag the oufefat? ^ aai febo laitŁal en©®^
osa of fefae b-jyada^ ©aesgios given In fable I e

rut»at>iiit£^s pŁ asa to be oalewlatsd ®ad aves-
aeeoffciŁBg to the fesaule, <*) » la tM,o woEte i t

tea baen deoldod teo uoa the followtag set of î© 4sJ.t4.ea.
values t 1O.5| S*5t 4«0^ g a 5 | 1O4| 0»8| O*%

OF 3JIE

p70CQdus« 1ms bees vjsed foi?
probabilities of aQa«eaptur« during slo©ias down

ia satics^-satosatad swidstoaes iimoeftoae aad dolGialte*
^ e clisiee of tb.o aedia have b e ^ stimulated by the fact
that tbey constitute most widely met eftispousuls of soils

2ocka» Th« calculations have been perfosaad foi°
a ueatsroo^ as well as £ox

Ea-B®6 fii-ftss Bo-Be and spoataaeous
3 e c f /tihe actual eaesgf spoctra of thes© iou3?o®s

bate ba^i appsoaEiEtatea ©ith disoseter speotm givea in
fabŁt II/» *fS3&e. results of the calculations are slioim
3n ffig92 os^ ia fables I I I - VIII*

fie oaloulatloas ©ere eai'siod out wifcb the help
©ff* K?Him» psaevcoiB FKOi and FKOJ, the deaesiptioa ©f

©am t>« fo«ad i s the eai?lie^ paper of the
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it> follows from tite obtained j?esults t tbie &©-
of fck© pasiiaetej? p on the m&iatuB© eoatent

s well oogsg&cicma Sis $&« cases of a l l the eaieontned
sad. nsafesca sou£oes<» thus® aegleotias th.o fast

absosptitm will lead to @i?£Q,ffs in esteblishtag
OUTVQ* Kxe increase of

•fell* pEOb^lli 1^ of s,<SE ê̂ toE@ diu*lng slowing &owa. in-
flaeaoeo tha thesasal aęutros £lux in ish® asm® wâ  as
aa isorease of the souroe outputs fh.QEQforet t h i s

pteadeat oa t t e moistuse ooateat stoould be
iato the aalottlatad caiibBatioa vurves as

the 'multiplicative factose Saae„y

»• (5)

i s i?h.e theoretical eusrwe obtainel on
the assumptioa that the fast neutron
absorption can be

OR (m)is the eor^eetod callbsatioB curve,,
i s the pi'o'babilibrj of non-eaptuse in
slovvias doivm ealeulatećt tov the eiven
source and for the inf^stigated type of
soils
I s the probability calculated fos oal i-

to oide^ .tfQ.-. verify, -eiggesfeioa . givoa above9

of ŝ  c&libsat&piŁ p̂ oe-flduEQ published b^
jf\7 ^W"5 i 3 e e a usede Oue to the fact s that"
gifes feŁie ch«mlc«xl compositions of the media9

as s e l l as the t^pe ot fch© neutron source i t ©as pos«



stfele is© cal-uŁatse tae fuaotioa PCBSD* Th&
Lave-beta o&raled out fos tŁwe© types of Baaiali

Bovsia» St*J$adevaA £%„J* iae results
ass atoma i s Fig* 2. GoCTeetifflagi wese iat£Q&i«©4 to

cnurves* te e^aipie fo» t&e eoil of
i s psoaeated in Figs 5 ? who£6 oae eaa ee©

origiaai and eo^aetsed callbrafcios. aułr?@s
polata*

CCHCLUSIOSS

calculations pe^Jfoisasd fos? diff9»ont media
have shown OUTS that the probability of aoa-eeptii??© of
a neutron during i t s slowing doKn depends on tfee aea-*
feron e&er^ as w©ll as on tivs chemical composition of
the mediumt especially on i t a water content* This prob
abilifej? decreases with increasing i n i t i a l energy of

Xts dependence on the taoistm?a content i s
&£ his&as1 i n i t i a l ©n@3Pgiss of nautassins i tms

^ •feh® effdot of tbe fast aoutsaa stbe»Keptios& i s
saalles for ^cCf source taan for (csgn) soa^oeso

I^e effect of fcke .fast neutron abeosptioa on.
tlis Boistu^e content measurements can 2?seeh few
of the measured value«

5S!ae author «o«ld like to extend M.a thanks tc
Di?s J»A»Osubek of tl\e Ins t i tu te of lueleas?
Cuaco©9 for valuable discussions*

s ^
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KREFJ? A* • A gaaeralisaUoii of the multlgxoup
for oalauiating the a^utsoa slowing
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I . Division into the eoergy
used In the ABAGYiffi's tables /*"2jr

i i

•>

5

5
6

?
S

9
10
11

12
13
14

15
16

•\7

1 B

19
20
21
?2

23
24

25

'!.4
0 . 8
0 . 4

0*2
0.1

46.5
21,5

10
4.65
::.15

1
465
215
100

4b.>

21.5
10

4.65
2,15

1
0*465
0,215

«1

- u. 5

l Zl
- 2,5
- U 4
- 0.8

- 0,2
- 100
- 4^.5
- Lł1.5
- 10
- 4.65
- J.15
- 1000
• 465
- 215
- 1U0
- 46.5
- 21,5
- 10
- 4,65
- 2.15
•SM* " I

- 0,465

—v

"QV

ŁIoV
MeV
MeV
«eV
MeY
koV
keV
ksV
keV
keV

keV
eV
eV
sV
oV
eV
eV
eV
eV
eV
eV
eV



JBŁi II* Pieorate approximation of the
speetsa fos diffeseafe aeutroa sources

outputs a»e givea ia

10,5
6.5
4e0
2.5
1*4
0*5
0*4
0,2 *

0,09
0.25
0,51
0*21
0.1 i
0,02
0-01

I

0*12
Q,as
0.2?
0.16
0*09
c«05
0,02
0,01

0.13

o.as
0*23
0*19
0.09
0o03
0.01

Q«Q14
06062
0,140
0,218
0,228
0,1? 1
0,103
0*064

'Discrete spectra have been obtained basing
on fehe actual nsutron source spectra s



TABLK I I I . Probabilities of non-capture during slowing down fee 0..215 oV
in nafcejp-safeurated sandstone / f%%Q - 2.65 g/cs^) calculated
for different; in i t i a l energies of neutrons

in Ms?
Vol % H2O

Oo0O

0.01
0e02

0003
0.05
0.10

osi5
0o20
0*30
0.40
0,50
0*?O

! 1o00

t

1C.5

0.568

C591
0.606

0.616
0,652

0.659
Q«68O

0,699
0.755
0.765
Oa79O
0,358
0oS98

6«5

0.802

0.851
0.848

O.Q59
0.675
0.892
vO.905
0*911
0«924

0.95*
0e942
0,954

0.967

4 . 0

0«S85
0.918

0,93^
0.9^5
0.957
0.971
0.977
0^980
0,984
0.966

0*987
0.989
0.990

2,5

C890
0,921

0*938
0*948
0.960
0.974

0,979
0.982
0*986

0.987
0.988
0.990

O„991

1 .4

0.890
0»921

0,95©
0.948
0«960
0„9?4

0,979
0,982

0.986
Q*9S7
0.988
0*990

0.991

0 . 6

0,890
0,921
0.938
0.948

0.960
0.974
0.979
0.982
O.9&5
0.987
0.988

0.990
0.991

0 . 4

Q*S9Q
0.921
0.933
0.948
0.960
0.974

0*979
0.982
0.986
0.9S7
0*9®

0,990
0.991

0.2

0*690

0*921
0.937
0.948

0.960
0»974

0.979
©•962
0.9S6

Q.9**7

0,988

0*990
0,991
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V« ' ProbaMlifctae of. non-capture during -slowing down to 0.2*15 ©7
ia wstOT-saturafced dolomite ( fcaj* ^
for different initial energileo of
ia wstOT-saturafced dolomite ( fcaj*g/C|) j =2*85 g/ca^) ealcaleted

fferent initial energileo of Eeujfeftes;

^ " ^ ^ - ^ ^ i n Kef

Vol % ^'^^^^^

0.00
0,01
0.02
0,05
o.O5
Go 1 0

0.15
0.20
0.30
0«4Q
0.50

j 0*70
1.00

10.5

0.723
0.7356
0,7*5
0.751
0,761 :

0.776 .
0.788
O»7i)7

0.8/Mr
0*8119

Ó.86S"

6*5

0.855
0.869
0.878
0»885
0*89*
0,908
0,916
0,925
0»952
0*9*0

: : 0*9*6
0*956
0.967

*.o

0.927
0,9*1
0.950
0.957
0,965
0.97*
0.979
0,981
0,98*
0*986
0.987
•.'•*9f9

2.5

0.930
0.945
0.954
0.960
O.9S8
0.977
0.931
0.9&*
0.986
0.988
0.989
0.990
0.9$1

0.930
0.9*5
0.95*
0,960
0,963
0.977
0.981
G«,9S4

_ 0.986
O,98S

0*989
0^990
Oa99i

o.e

0,950
0,9*5
0,95*
0.960
0,968
0.977
0.9Ł1
0,9:84.
0 . 9 ^
0»98S
0.989
O-990

| 0.991

0 . *

O.930
0,9*5
0.95*
0.9*50
0.968
0.977 !
0,981

O»9156

O.9S8
0.989
0.930 |
0*991

0,^5 \

0.960
0,958 |
0.977
0.981
0,98*
0 . 9 8 S ••

0.988
O.9B9
0.990
0.991



f l a . PsotntbiUtiaa off ooa>«oaptttse
elottag SQTO, ta 0*213 eT i n

aaatotoat

0*00
0*01
0*02
0,03
0*05

0*20
0*50
0,40
0,50

' ;'0;70 -.
. >tto© ;. _;

0.838
0*868
0*664-
0*895
0^908
0,924

: 0*932
i 0«953
I y@947

0.953
0*956
0,96?

.; 0.976

o.eas
0*835
o«a?2
0*882
0«896
0.912
0*921
0*938
0.937

0,951
0.961
0,975

BO-BO

0,824

0,854
0*870
0*881
0*894
0,911
0*920
0*926
0e936
0*944
0*950
0*960
0,973

«««

0*879
0*910
0*927
0*937
0.950
0e96^
0^970
0*974
0*978
QO'981

O.9&3
Oe9S5
04988 "



fi le l i a b i l i t i e s of aoa^oapius®
slowing dowa to GB21g ©̂  In water-
-aatuxatad limestone calculated ton

**<^^ Source

0,00
Q9O1
0,02
0*03
0.05
O«1O "
0,15
Q»20

0*50
0*40

1900

R-a-Be

09S46
0,874
0«S91
0,902
0,916
0.954

0*9^5
0*946
0,956
0,961
0«954
0,970

Qe97S

0.858
0,866
0.885
0,894

0*909
0*926
0*936
0,941

0*949
0,955
0.959
0o9|6

0,973

0*858
0/.866
0,883
0e894
0,908
Qe926
0,935
0^941

0,9*9
0o954

0,959
0*965
0*973

0,874

0,920
0*951
0,945
0,961
0*969
0*973
Oo978
0^981
0*983
0o985
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of
©losing etom' to O* 215
«sataiats4 €oloaito calculated for
cŁLtf ©too*

0*00
0,01

o^a
0*05
0*10
0*15
0*20
OaJQ

0*50
0.70

I 1*00

Ea-Be
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