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# # 5670434121 : MAJOR NUCLEAR TECHNOLOGY

KEYWORDS: FNGT / WASE PAPER BALE / MOISTURE CONTENT
SUTHAMANEE CHAIYAKHAN: DEVELOPMENT OF A TECHNIQUE TO DETERMINE MOISTURE
CONTENT IN  WASTE PAPER BALE USING FAST NEUTRON AND GAMMA-RAY
TRANSMISSION. ADVISOR: SOMBOON RASSAME, Ph.D., 105 pp.

The technique of Fast Neutron and Gamma-ray Transmission, FNGT to measure the
moisture content in the waste paper bale has been developed in this study. Initially, to
investigate the applicability of this technique, the MCNP5 program was applied to simulate the
FNGT measurement setup for moisture meter in the paper bale of 80x90x60 cm’ in size. The
calculated results present that if the moisture content in a paper bale increases by 30% then,
the neutron flux and gamma flux will decrease by 50% and 70 %, respectively. Consequently, it
was represented that the technique of FNGT has a potential to use as the moisture content
measurement in a waste paper bale. To select the optimized condition of paper bale size to
perform the experiments, the MCNP5 simulation is used to simulate the FNGT measurement
system with paper bales of 90x90x90, 30x30x30 and, 15x15x15 cm’ in size. Although, the paper
bale of 90x90x90 cm’ in size gives the highest sensitivity of neutron flux variation to moisture
change, but the paper bale of 15x15x15 cm’ in size is chosen to perform the tests due to the
experimental setup simplicity. The FNGT to measure moisture content in the waste paper bale
was setup with varied test conditions of moisture contents and density of waste paper bale. The
Cs-137 and Am-241/Be isotopes are used as the gamma and neutron source in the experiment.
The intensity of gamma and neutron are measured using the neutron and gamma survey meter
to determine the moisture contents in waste paper bale comparing with the estimated by the
oven-heat technique. The general test results indicate that both moisture and density can affect
to neutron attenuation while the attenuation of gamma depends merely on the density of waste
paper bale. Finally, the equation to represent the relation between the moisture content in the
wasted paper bale and the attenuation term of neutron and gamma ratio is developed in this

study based on the experimental results.
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u%@iBULiﬂﬂ’JUﬂﬂUi\‘]ﬂLLﬂﬂmﬁ 19 Pu-Be Huauniinsed Towmiindsdanssiinae He-3 b

v v a dl

AIENITAUNUWNFIUA NS UIATINTOU waz Nal(T) dnsudasedunuun wiosainluniuy

Y

Aulzide911989019zAnLAvAuTULAB nReTlvua g arendnnisninlalasiaull

o

[

ANAINNTAUNTNUIINAUTINTEU wazANrLITeIRgATinasen1TaANaUSERNLL
WMADATI W NUIENAILTANIAMUTULALAMUAUILUUVDIAIDg19naz T UTEANS Awlunnsg
TIRFARUAMNINYBITAR AR

4. @n1 neadn (1998) smuinsmusinaluduludenyualagldinaianisdein

a 3 a ¥ o a v a a a a = 174 ] = ]

LBNLNDTUIANINTOUINNAUNRASTIADLLUSITN-241/0US LAY TULHULAN LI UL WAL AU
waluseulunisgandumesinatinseuliindeudiefiesutatnseunsaiuludwnedns
Wenyualagliiiamesunatmseusialuseulnsngeslse 2 W nansIdenuindnuiud
Trwsaudunuusunaluiuludiog1e uenaNTuUdINITIANISAINIUSIALNUNINE U 60
AladidnmsaullrananndusidassduiameituiiaUSunAA1ISUNIUIINANUAUIVDIAIDENS
A o v oa | P A ° | Y o a o I
Wevhnsuiuiigunesgrunuitlanaiimelaihludnmsimunnisiamusinaluiule

5. C. Murray Bartle (1996) lfmafianisdesiiudansausnazunuunlunisnsiada
ansazatsnaundanunuindulndreanuunseliaiusanenlalneni1svadinunwyy
NaWEaNBaa/1N, eNaLeanNsaa/Alus, WINLa/u1in way Wtulsaisneni/ainTunay
a5z nuImedanisasiudinseuswazunuunliainulilunisasiaieansazans
walanwadsdodldatlunisnsiaiadssana 10 uilmelviriaugndeensing

6. Bc. Martin Gondar (2012) @nwinsinanuauludaiaunseauaiggunsainig
Infi8%e Emco  Ju AP-500M  Wisuigudumatanislddeu wunuwalduidunsu
ANMUFUNUSTENINNANUT UL UL ALAYN T2 AT YA UAIUTDINALAYNTEATBUSDUNTARNUTUYDS
b A Ao Y ) a O A % ¢ S | | P
Maeunatialidnvaraaieiuuin Snnanaianisldgunsainielniihifinnulsediundu
FulanegiensluegludaaunszavisaunsanzdawendaiaunseauiiUaymnisusvu

Yaslanzaanln
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7. BD. Sowerby #nwinswammaianisiaanutulusuiuazanldnlngld
wadla FNGT  nauniinsed Cf-252 wag Cs-137 1ewinlanseu He-3 wagiiinsed
wnusn Nal(T) wudndledannudulugiufiuaiunsatnnnuduldannnit 1% ludiannnudu
0-16% Tagthmiinuazsisaumunyesiiedie 5-17 s, lusaediideanuiuvesduldn
szansoinldudifiog 0.26% Tasdmin Turrenudiy 1-16% wazanmnsainldlugasmay

1%U1 30-50 @4,



UNi 2

aa a %
‘I/It]ie}{]‘VILﬂEJ’J‘lJm

Wavnluunilazndnfinuaudivessidunuuiuariiinseu nqufntieidesiu
1T nsrUIuMsuauAnslauareSuleAusilawiuieIiun131a09nNIsIARa uIves

aumAnglusunsuteuinisla 11e39u 5 (Monte Carlo N-particle version 5, MCNP5)

2.1 AauENURYaITFINUNN

SdununinainnisUantaeendsnuluguvesaduuivantniivesduaieanogly
v = = wa & a - o § Yo o = = =
annenseau tesndauantiiluaduudivdntuivilasdunuunlidiivae lfiseq &
= o Y 8 1
AnuasalunIggranamazinnulunspdeuivinfuAsuas 3x10° wnsse
it [21,[3]
2.1.1 BunsNTE1vRISIdLNLIN

[ 1

Funsiservessadunusndiddayldun ladidnnin, nsifnnanang waznisnseids
wuuAauUsy [4]

1) Ilndidnn3n Antwiledsdunuuivufveznoundaiinsaommndsany
Tiwndiannsouaunuaviliidnnseungneanainialaas 13031 Iladanasou WA
vasllpdidnaseuasinfundsnuresssdununausendsnuiamismedidnnsou

M

Ejected Photoelectron o

JU 2-1msiialnladénnan

allediannininaiudiaanseudly auindesinlulasgnunuiisiedidnnsouds

uandeazinisuanlaesssdiendeanun (Characteristic X-rays) dnassuewizduivorney
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Laze1aLNITEEMNAIIUTENINTEendiudianasewrinlididnaseunanaintulaes

138177 Auger electron

AAfnYIINTSAallnddnvsnuanedydnval O, wansdslon1anisinduns

'
)=

A381 WBMTUA | ADANUINYDISIALNULINDULARDUIUAINANNLANUNAUILLUY N 9EHDY

AognuIARIUAWNT Aty Wesdunuuidiudinas snsinisiinlnladidnvsnasiindu

[

ING . ASIsEaNUIARRURWAT-IWT Mlniadavansialnladidnninazduiundey

YOISIEUNUL AL LAUDEABUYBIFINA (2]

108 AN

109

10%

K Edge

Op., barns

102

10

01
0.001 0.01 0.1 1 10

Energy, MeV

U 2-2 ANUFLRUSTZNI9NIAEAU 1IN AR N TR B LA NNS NAUNAINUYITIFLANLN

Tuthazia

£
o [y

dy o a a a = Ly d"
YBNANT NARNYINNISNANIABLANNSNTRUNULATBERBY Z UB9INana [2] &9
LARIAIFUNNT
n
Op~Z (1)

Wwe  n ADANAINTITUAUNGNUVDITIARNNLN Aauanslugun 2-3
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E, MeV

JUN 2-3 Anuduiussendnem n Aundsnuvesssdunusn

a a & d‘u = [ = =4
2) nsiinnandng LunseuIunsnsadunundsnugnganaunateiiueg
SLANATOU-INTATOUAATU NAMUVDITIALNNLNALADITIANDENUDELNAU Rest  mass
a <@ = d'* 1 a & a 1 v A
energy VBIABLANATOU Y38 1.02 MeV @eazgnuuslagdianasounazlndnsoumiiiume

0.511 MeV [5]

O
Atomic

Nucleus -

Positive-negative
electron pair
(Mass)

Incident photon g
(Energy) -

S
~——

U7 2-4 m3indidnnsous

3) MsnsziRsuupendiu lunisnsziduuudanguiisanninmeulyuiv

didnasewvesnatnlulumungniseusndndsnuuasluuudy [2] dwuanslugy

Scattered photon

EA

Incident photon

Recoiling electron

JUN 2-5 nsnswidawuupeudsiu
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1N3UN 2-5 WALUANNIENUNAINANAIENANIY  E. WAzAINEIAGY A Hn15anewmn
AU RdUbILABIanATaULANAANIINTREYY 0 wanAnn1snszidsdinouasdl

PAIUVIINY

£ - Ee )
1+ (1-cos6)
0

o mec? Ao rest mass energy I0BLaNATOUNAWYINAY 0.511 MeV

A19N52LRWUUADNTFUTUTUINUILVDIBIANATOUNS DLAVD LA DUV IFINATULD

2.1.2 NNSNLANIUYDISIFLNUL

q

SHAwNULIANNTENUAUTANALARSUATATEINT 3 WUUTNAY ANUTNYRISIENNE

D

9

¥
= [y [ v a

{uAINa19lUlA R UAUNE19IUBI5IE ANULTNYBISIENANNTENU ¥TABLANURUITDS

[y

U o Yal 1 v} d! v d‘ 1 LYl I a
f1nand vinlAigand 1 unilaveasednnuuinaiuisariusinatsesntulalagluifinduns

o o aa

Aselag AnuduiusseniaNuuid@ineariiuinatseenan (1,) fuanudusadnan

nsgnuimnans (1,) Wuluasaunis

I, =1, (3)

1

d‘ I a Q‘ a LY a I 2 dy LY a v
bUD i ﬂamauﬂizawﬁmiamwaulﬂmmamammq ey cm /g TVUNUTUAYBIIAG L

PAMTUVDISIFLNUL AT X ADANUNUIVDIFINANNSIENLANIU

9

—_—
—_— —_—
—

I, — 2 - L

0 — :
—_— N
—_—
X

! ! v
FUN 2-6 LHUNMLEAINITNZANTUIIALALLN
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2.2 aududAvesiinsou

a a wa a 27 a 1Y)

Tanseuluesuniandnuautfilunarmialiin funa 1.67495x10°" Alansu 1lu
auniantdiafeseniiuilinseuniedaeluiiiniea aaneddlveunialusneulaenis
UanUaeeBidnnsounazuoufilmsly Fanszuiumsaaemilazldnaiszuna 12 wiil wile

[

999U3NTBUILTIUNANUNAINUVBIRINTDY [3],[3] A9t

AN N 1 FUAVDININTOULALNAINY

Lo YN
H1msoud (Slow neutron) 0eV-10" eV
wesiiatiinsou (Thermal neutron) 0.01eV-0.3eV
fmseus (Fast neutron) 10 eV - 20 MeV

2.2.1 9UnsN5819090INT0U

P a I A & o | ! a g

Wennniwsaudusymandunarmsliihanunsanfeuiiunguvienddnaseu
LAEYIOUNSNS NN UTILARLALAEATI DUASNILITENINNINTOULAL TIARLANAIY [2]

1) mMsvusuudangu Wunsvuiusenindmseuduindsaudiinisuanildey
Tuuduindulaenliiinisdsunluasseaundsanuuesladed Ginseunvunuieiea

JiiansnIzifseanuwuUBanguiuiuiianisasanusiivy dydnvalvesdunsisenie

(n,n)
/

H ZXA Z:{.-\ ZXA
= v aa A 1
E‘UVI 2-7 BURATNIUINIIVULUVEANY U

2) msvuswuuligangu indudetinseurunaziinlulutinedeavilidondeain
Auldiafesuastuldegluaniensedu damseuszgniantasuaenunviufilnendanures
fnseus1vginiunsetesniineusu luraeniadsaszusuiinganiieiuaiunis

UanUdeeSedunudn nasuaalIuvainIsvuIzanatilosnInnsgaidendenuluns
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UandaesFadunuan nsvuwuuiiiinseusssesdinasnuuinnenznsequluieduatuly

o o L3

agluannenseiu dyanualvesujisende (n,n')

o

¢ —> x 0 X

JUN 2-8 Sumsiseinsvunuulidanguy

3) nMsduiianseu sunsnseliilinseulzgniaeduadulivdianydesedunuun

panumilsirsoninniTiud udunsisernuuaendsu dyanvalvesdunsisenfe

(n,7)

H A . XA
JUT 29 dupsisensduiingeu

4) msvanvdayeuniafiiiusyy inallesaniunfsagaiviiinseundivanidesy

=

aunANiiUsEeanu Yy Yanddesauniauaan (n, ) vsenisuanddesaynialisnou

(n, p) Sunsisetiluligandsnuiasaendasy



(n.p)
o ——
(n.a)
o—> A
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7
X AN

~

o

22X NN\ —
\

JUT 2-10 dunsisensuanudegeuniainiiuseq

5) mnandinseu invndansoundanuguaziludunsiseuugand syl

Watnseuludduannia 167 1w (n,2n) waz (n,3n) lasdunsiseawuy  (n,2n)ay

d' a & a A cdg Yo a o oA aa &, 1 o d'
WUNWﬂIULﬂﬁaﬂUaﬂim‘NQLﬂaﬁﬁ‘mi%u’]%u@VUﬂﬂiﬂL‘U@aLiﬁllLUua']iVu’NWﬁﬂﬂqu LUBDIYIN

H-2 uag Be-9 Husadnseninthnseuiulusneuluiiadsadiiinsouimagaaaninlade

(n,2n)

®e— XA
(1,3n)

H zxA

@
:x»\u

5]

G
B
=]
®

X

P

JUT 2-11 dunsisensuinilinseu

6) NM3AnTsTU LAnlaTinsaultvuledsaLdtin swanseany 2 duiiia

naudadiuvesiiadeasudunsousuiinsauluidn 3 d dunsisentazlindsau
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[y

NMIANR dyanualvesdunsnseife (n, f)  sieniAnsunsnsewtuiuiinseulaun

9

evsiilon-235 wag walaiilew-239

JUN 2-12 dupsisensuaniinseu

2.2.2 AARAYINNUBIDUNTNS8 (Cross Section)

BUMNTN381UD9NINTIUNNANUIUUL LD NZAAV UL DTN T UAADUTNINIURINATS e
AUVl TUUNUTEN1ANTSIANOUNS NS EIMTONIARAYINVDIRINAFAD NI UNTINTOU

% L3

wdeusy mafavnsiuandunmie visu vie 102 msseuiuns Sdydnvel O 13en
NPRAII9ganIA [3] wasenidu

o, = AARAYINAINNITNTLI WUV

o, = MARAYINAINNIINTERMUUlIBAnEY

0, = MAFAYINANNTRANFUTIINTOUY

o, = NARAYINIINNITIVLINTDU

o, = NMARAYINNAINAITHANG

lanalunisiindunsisenluiinaasAnaNNasINaINAINIARAYINTANIARINE

De
De

o, =0,+0,+0,+0; +... (@)
PINNINTUINITAANDUNSIIUVDININTOULAYTINFADTLE LN IUAINANINTINTOULARDUN

HNY ANAARAYINEFUNUSAUANUMUILUUYDIDEAaUTUAINATY L38NAIARAYINIEIN

L2 L4

v Y Yo = 1 ) -1
AMARAVINUANNA Iﬂiﬁﬁ‘gaﬂ‘lﬁm ¥ dvgilu ou

e ¥ =No, (5)

44' 4 1 Y
LD N ﬂ@ﬂ?’lll‘lﬂ‘h!’lLLuu%a&@%maﬂumaﬂmﬂ
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Wothaseundanudn (1) wdsuiidiumnanninuininga (A) lonanaziin
BUNITNTLITUAUAMUNUIVRIIINGTN (X) ANNIARAYINNTANIA (0) WATAUNUILUUYDY

fnane (N) 91uiuduasnseiiinumlaein

UIUBUNTN58T = INGAX (6)
ED) FIUIUTUNTNS819USUINTHBIUT = |2 7
Tnedn AX = USUM5U89A79Na14

| = 9NUIUTINTOUADANT T URUATADIUT
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23 wmallansdernuionsauiuazunuun (Fast  Neutron and  Gamma-ray

Transmission)

TaLderean1sinnnuiulagndnnisnsiadume slatinseutugnitdnnlevaiy
Uadelddnanilu anunuivesiiegeiiinasensmearuvetoyniafionseu,  n1suAn7
sUNUAnINANUrLILLUYasmeg1wvilaen,  arulifiiinannsivisunlasgugil

wazanuliwiudullesnnnsasuwlainududure s Nliann1ARnuINwINNsaAnaY

Umsougs [6]

sruuinenutuildndnnsdeihuimsouduarsdunuinannsauitaymiediin
Yamdnnsanatumediadinseuld Tnensinssvusinannuiuiuazodenisanney
maaﬁmiauﬁaﬁLﬁmmﬂlﬁi@ﬂﬁ]ﬂﬁﬁﬂdﬂﬁﬂ@ﬁﬁ éhEJLwﬁwmﬁﬂmﬁmmidqmuﬁamam%a
war$edunun UsnanisanneuresinnseuiivsuUsiunseiuusinannuiulusiedng
LazUS UM AU B LANLNITTIBULAAITUNIUTIANIINAUAUILULLEL AIUAUIVES

A9819 WATNUINMNALANILTUSEEANTANASIT UL ADE190USUmSWINAY [7] [8]

Meutron and Gamma

Detector

Sample

Neutron collimator

MNeutron Source \

Gamma=ra
Garmma Source S8 Y

Collimator

A ] a < v
EU‘V] 2-13 ANTAIRNIUUINTOULIILLAL TIALLANUN

Tuwatianisdeinued WeszuugninnddudnuaeauaidSediinseundenuied
Mgndsiuitegnilianuvun z wagdanunnuwiy p Wandilmseu ¢, wanaswuuiend

NI YARIFUNTS

$, = B EXP(—4,02) (8)



30

e ¢, fe Wandihwseuiiindsdinlaieludidiaeng

N,-o
A
attenuation coefficient) e cm®/ g

o

A ANAUNUTEANTN15aANDULTINIAVDIF 9819 (Mass

My =

o - MAFRYINgaNIATIY Trelu vy
N, - tava1lnlns
A - 1789899Y
vimueufgatuiuionsou Wandunuun ¢, Aamnsadunaudediu AnduUsEaNanIS
anveudunavesedsdmiuidununaslidydnual 4
Tunsdiiduiiiadiiivanuaseimseuludimdnunine wazdegsfivualng

ibildanunsadnszuuinnale AduUssansnisaaniuiiinsewidauda (Neutron  mass

absorption coefficient, u,, )%Qﬂﬁ?mﬁmimﬂ

Iﬂﬂﬁ Hng = _i In(¢n /¢n0) 9)
pPL

::4' a XA | 2
o pZ=m fig Waneiuf v g/cm

ﬁﬁuﬂaz%m%msgmﬂﬁuﬁ’amam%amaﬁhjLﬁmLwi%%ummmwaaﬁaasm, ATUAULUY,

1
o [y

2IAUTENBUVDIMIBY NUALINAIUVBINUALTATIARST uWAdWuiunisdninsvesszuuingdn
e
fegreiuvenauseninemuiuiunseay mdudssansnisganduiinsouds

1aazUsznoulumie u, War 4, aMTUATUTULAZNTZANYAIUEIRAU amnsaaIuInle

1NAUNIS
Hna = (funal _:unaZ)W+ Hraz (10)
P ml A Y 1 goj CY r-ﬂ’ll
419 w=—7=— fg dadulpgtininuasninuau
m, +m,
way m+m,=m A8 185 UADNUTN

TuvuaaReIny AFUUTEENSNIIANNAUSIAWNNLILTINIE FLANUIANNALNT

Y

Hy = (g1 = Moo )W+ 1y, (11)

FIU NANTTUINTOUBALLNUNILINANNAUNNS

¢n = ¢n0 eXp {_[(:unal - :unaZ)W+ Hnaz ] m} ( 12)
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ey é, =¢goexp{—[(ygl—,ugz)w+yg2}m} (13)
Fndmlnerveinvesaudumldlag (12) + (13) wle

(4152 = t4r0)

W= (14)
I:(:unal - /unaz) - R(/ng - :ugz)]
Lﬁa R = In (¢n /¢n0)/|n(¢g /¢g0)
AAMULUTUTIUTRIERdIuTInTaUS e TR LNLLAUIaleaINALNTS
2 S 2
OR R , i (15)

=— +
P ¢n [(:unal _/unaz)W_'_/unaz] ¢g I:(/ng —/ng)W-l- yg2]

PNNMIUTFAIUATI AIANUAIPLATEUTDY ¢, WAy ¢, ATavapINilaLiyy

[y

1 dl P 1 « o [
UATAITUAATIALATBUINN ¢n el ¢g WBARAIAINARIAARDUTDY R wagw  91Uu

edpdlvientiuinges (9]
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2.4 N52UUNTSNBURATSIA (Monte Carlo Method)

a 6"

wauAA1sla (Monte  Carlo) gnidlun13dnaemaunseuiunIsneas 1wy duns
aa A A su W = ¢ °o w 1% Ao v e a &
nseniluedesiuian dusslevdedrunndmsunmsundymandudeu Usingnmsaliinduag
gnesuremenanvesnndndu Tnevluudilunisdiaesesisuainnisiivuaduay
Wesanduaasieudnduseniseduigusingnisalidnaziivuinlvauing duneunisgu
AIBENNTLUIUNMINERRTUAUNTHUMLaUAR1EN1SlEUgNHI N1931809N15LATOUTIVEY
auNIAMEIsUaUAASIavTUsENaUlUMIY BUNIAIINAUNLTARIUNISANTUASATEIM99
WU NMsgadueyna N1snszidwesennia Wusu anuuiezdudinisnsyateduuuduain

Toyan1siAdeuusazTunauYeteUNIA [10]

Event Log

1. Neutron scatter, photon

production

Fission, photon production Incident neutron
Neutron capture

Neutron leakage

Photon scatter

Photon leakage

Photon capture

NowuewN

Void Fissionable material

JUT 2-14 dunsiseninseuniiadunieian

dl o ﬁl dIQ 1 I 2 dl a U aa a U
E‘U‘Vl 16 "U’la’eNﬂ’]iLF"la’e]‘lWlU’W]i@uLLUUE!&INWU’Jﬁ(’]VIﬁ’]QJWiﬂLﬂ@@umiﬂi%ﬂLLU‘UW‘SUGU'N

o vangia 1 89 7 wansfansiindunsiserdiegianuisaiadulanigluianniungues

Aanduazanuurrziuiletinsauiinisiedousuii

24.1 ﬂ']i%o']a’eNﬂﬁiﬁﬁﬁﬂuﬁ’)ﬂiﬂu&’)LLﬁZ%ﬁ?{LLﬂNN']ﬁ’JEJI‘UiLLﬂiu MCNP5

n1sUaudayavdl (INPUT file)

Tunsimuedeyavidiazannsadeudernulagilaluussiausnvesdoya lneuws

avussinazdiaduiumianuslvlaiiiu 80 fdnws liawnsald Tab Tunisteudeya

[ [y L [d [y [ L3

wanwal “$” (aeaans) Wudydnwal

o

szunsauaansdeudeyaluudazussvinlagfignysi

[

gndsdydnvaliaztedudiesuie Tdussininadandudiduiieowsndeyasenainiu

©
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soilesiuidlefinsfimuadeyaiiu 80 mdnwsluussviniy [11]

Message Block } Optional
Blank Line Delimiter

One-line Problem Title Card
Cell Cards

Blank Line Delimiter
Surface Cards

Blank Line Delimiter
Data Cards

Blank Line Delimiter (optional)

SUN 2-15 feeeinyugnIsinuateayaIid

137991 2 widgilglunsivuadeyavidn

Unit used in MCNP

Length Centimeters (cm)
Energies MeV

Times Shakes (10" sec)
Temperatures MeV (kT)

Atomic densities atoms/barn-cm
Mass densities g/cm3

Cross sections barns (10_24 sz)
Heating numbers MeV/collision

'
0 Y a

33

ganwal “C” Mdllanpin1sasieussinaesuie Tonsesmnie “&” Tun1sitonussiai

(3 ¥ o U v L4 v A
Adaueuaa (Cell Cards) 7\]39]@\‘1ﬂ’]MUQG]’JLasUiz‘U‘L%aaﬂLUQBaNZJLLSﬂ‘U@\‘i‘Uﬁﬁ‘Vlﬂll

'
% =

A1 1 B9 9999 musiediavseyTannldavaewsaiviaiannseuludiumdtayandn

q

agldday 0 wisdasnisiiuuseadtulimduadinulan daavdauiazuandinly
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WLULYDITER LATEANNE (+) MAavRzLEn I TUAUMUILTLTD T ADURBANT 1
a 24 3 lﬂ' ! 1 a 1 U U
WwuRlng (107 atom/cm’)  LASEIINNgAULAAIILIEAUTLLUUEIalumenTuse

a 3 61 ! 1 o U ! U LY ! U
Jumg (g/cm ) waanavaragldmuruadiiiaaunuLly ﬂaammmmauﬁunqummm

a a

& 1Y [ s v P [ v & =2 A ¥
izqwummzﬂizﬂammﬂumaa ﬂ’s’jllﬁ]']LﬁGZJUMﬂWLUUIWVlQU?ﬂLLﬁ%ﬁ‘UWlI']EJﬂQﬂ’]iLﬁEJﬂW]u

YasiuRINazUsenauluwad [11]

c cell cards for sample problem

11 -0.0014 -7

2 2 -7.86 -8

3 3 -1.60 1-2-34-5678
¢ end of cell cards for sample problem
blank line delimiter

JUN 2-16 shegrnsUeudeyadiumdsteuiead

AUAAIRENUNURT (Surface  Cards) TUNISAMNUAAIAIRENUNURIVLLSUAIUH LAY

[
N a 1

seyiuinlunadudusn Trlanaws 1 89 9999 musieddnysnuenisvinvesiui Tunis

Usznauiiuinagefunanvesaunisadinaansuazssuuiinnain X Y Z lunisimun
WIFNTABTAN AN 3

& ° X a v ° v & . =

wan Nl NsimuaNuEvestayaaunsadmualidulugves Macrobodies @

[ a = % & a dgvo ° i = =

Jugunsasuiagin nsidensuuesiuminldinldlaeivunuinuazay S4A1uInmanei

\Wenaufegauluvessn Macrobodies  A1aunngiiaienaufiaguend’ Macrobodies

Foe9Adagne e [11] 1wy

BOX- Arbitrarily oriented orthogonal box REC - Right Elliptical Cylinder

RPP — Rectangular Parallelepiped TRC - Truncated Right Angle Cone
SPH — Sphere ELL — Ellipsoid

RCC — Right Circular Cylinder, Can WED - Wedge

RHP or HEX — Right Hexagonal Prism ARB - Arbitrary Polyhedron



mi’mﬁ 3 MCNP Surface cards

Mnemonic Type Description Equation Card Entries
P Plane General Ax+By+Cz-D=0 ABCD
PX Normal to X-axis x-D=0 D
PY Normal to Y-axis y-b=0 D
PZ Normal to Z-axis zD=0 D
SO Sphere Centered at origin oy’ +2°-R?=0 R
S General (X->_<)2+()/‘>_/)2+(Z—Z)2-R2=0 )_<)_/ Z R

(<X +y”+7°-R?=0 xR
SX Centered on X-axis XX}ty +z2 -R = X
2 =2 202 =
% Centered on Y-axis ><2+(>;—y) +_22_R2_O >_/R
/ X +y“+(z-2z)"-R°=0 zR
SZ Centered on Z-axis
C/X Cylinder Parallel to X-axis (y) +(z-2Y°-R?*=0 yzR
Y Parallel to Y-axis (xx) +(z-2)*-R*=0 xzR
=2 =2 2 -
«/z Parallel to Z-axis (%)™ +{y-y)™-R"=0 xyR
2477 R*=0 R
X On X-axis y
x> +7°-R*=0 R
cy On Y-axis 5 2
X“+y~-R"=0 R
(4 On Z-axis
K/X Cone Parallel to X-axis /(y_—)Z +(Z—E)2—t(x—;):0 Xy zt+l
Parallel to Y-axi I — — Xy zt'+l
K/Y arallel to Y-axis (x—x)2+(z—z)2—t(y—y)=0 y z
K/Z Parallel to Z-axis — . 2 ., — xyztzl
A (=x)"+(y-y) —t(z—z):O X t2a1
KX On X-axis _ -
A/ y2+zz—t(><—><):0 y 21
KY On Y-axis . —
V2 +22t(y)=0 zt'+l
+1 used only
Kz On Z-axis B
/x2+y2—t(z—z)=0 for 1 sheet
cone
SQ Ellipsoid Axis parallel to X-, A(x_;)z+B(y_>7)2+(j(z_2)2 ABCDE
Hyperboloid Y-, or Z-Axis +2D(xx) +2E(y) FGXyz
Paraboloid +2F(Z‘Z)+G:O
GQ Cylinder Axes not parallel | Ax®+By’+Cz*+ Dxy + Eyz ABCDE
Cone to X-, Y-, or Z-axis +Fzx+ Gx+ Hy + )z FGHJK
Ellipsoid +K=0
Hyperboloid
Paraboloid
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Mnemonic Type Description Equation Card Entries
D¢ Elllptlcal or (X-;()Z/BZ +( / y y +(Z Z /C -1=0 Xyz ABC
circular
TY torus. - /— xyzABC
ors (y—y)Z/B2 +Haf (X2 +(z-2) /C -1=0 Y
Axis is
TZ parallel to - — - xyzABC
22V /B +(y) (x07+(yy)* -AF / C?-1=0
X-, Y-, or Z-
axis
XYZP Surfaces defined by points

dufdsfayandn (Data Cards) uwiseanidu 6 Adsgos laun

1) Adefienuviinvesounia (Mode cards) TUsWAsuRE run Adsineniuduiunis

JouAds fadl

MODE N
N
Ungau
P
E

1. mode,

. cell and surface parameter,

. source specification,

. material specification, and

2
3
4. tally specification,
5
6

. problem cutoffs.

MCNP card name

MODE
IMP:N
SDEF
Fn, En
Mn
NPS

- MILATOUNVDIYNIATINTOUMNU (ALTUAL)

P- nsiadeuiiveseunailinseuuazlineuiliinnisivilerdivesaunia

- ANSLAADUNVRINRAULYINTU

- ASLARARUNVDIDLANATOUWINT

‘:{I a a a
NE- NILARBUNUVNDUNTIAUINIBULLATDLANAITDU

N P E-

JIMT9ULAZNSPRDUNVDIBIANATOU

nsindeuiveseunaiinsey, neuiiinannisimiylitiveseynia

Joduna mnkifin13szy mode card fana1i Wsunsuagld mode N Fadulvuaasusiu

2) Masgnuns1iwasadwasiuRl (Cell and Surface Parameter cards) Iﬁi’fiz‘q

AudAyveuTadlngnsimua IMP: aumesunalisaula Amuaiay 1 Wedeensli
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auARGeUNHuwadTaUlY wag 0 WisludeansiveuniAwndouiuegas enfieg1anis

Anuadgymiiwad 4 waduazlifeanisiioynaiimsewnfouiugadgaving
IMP:N 1110

3) AdsfieuAuningsd (Source Specification cards) Usgnaulusmenisiimes

[

e
3_
(02]

GJ
.
=20,

POS = x y z (F L) ANSUAL AR 000

CEL = wadnmunuadusuniinsed

ERG = NAWIUUDIAUNLINSE ANSUEY Fie 14 MeV

WGT = animiiniSus ABudy e 1

TME = a0 ASudY fe 0

PAR = ¥flara99un1A 18U N, NP, NPE;2&W"suP,PE;
3 @MU E

fiagnsiruamduiiinSideuniainsaundiy 14 MeV fsunia (0,-4,-2.5) Tu

wad 1 fal
SDEF pos = 0-4-25CEL=1ERG=14WGT =1TME =0 PAR =1

4) Frdsfienuuszana (Tally cards) Wurdaiszyanudosnisliilusunsudium
ddla Tunsteurmdsanunsaniviun tally lauinnan 1 tally card

Tally Nlalulusunsunmsmuinteudaisla dnseoludl

A13999 4 1558y Tally kagAumng

Tally Mnemonic Description

F1:N or Fl:p or F1:E Surface Current

F2:N or F2:P or F2:E Surface flux

F4:N or F4:P or F4:E Track length estimate of cell flux

F5a:N or F5a:P Flux at a point (point detector)

F6:N or F6:P or F6:N,P Track length estimate of energy deposition

F7:N Track length estimate of fission energy deposition
F8:P or F8:E or F8:P,E Energy distribution of pulses created in a detector
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Y

n1sivuA Tally agseuiiay 1, 2, 4, 5, 6, 7, 8, viseunnnin 10 iasnnnisteuddienadl

yae Tally 7fndeuseiy 1wy FAN, F14N, F104:N arsduuiefanisauliandndves

WaRLIULReNY [11]

5) fdsouviiavesian (Materials cards) ihwihfleSuievinvasianludnumzvos
lolalnuiidussduszneuneluwad
Mm  ZAID, fraction, ZAID, fraction,
Tumsteuddsazusznousemneiay m sxyiagiduiusiuiuanlunedusii 2 vosdow
Mdurad fiav ZAD  azuenisviaveslelalnuvesianmusedadiuszneuiiiu
osrusznavluian Taovhluudnsszy ZAID axeglusuuuy ZZZAAA nnX

Wl ZZZ @9 1avesnauvasinlaan

P

a

AAA A laruiavesiilean anliu IWG\@ULL@%@L’SﬂWi@‘U

A 1

nn  f@ A1 Cross-section Yads19vseilllAan
X Ao Usetnnvestoya Wi C Aendanusaiios; D ABNITUINENIY

WHusingg

6) Mdseuneanisvinieu (Problem  Cut  off) Wufdsduannisiuiuves

TWsunsy MCNP @se1aasidunisimuadiuinveseunia (NPS)
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uni 3

o

79 aunsal uazdsAtunuidy

Weomvesunilesuredadanuazaunsalild A 1dun1side  nsTiaeessuUNg

deiuiinsaudnasSsdLnuuILazn1s Run Tuswnsy MCNP5

3.1 Jaguazaunsal

3.1.1 gunsaldmiuszuuianisdeiuinseusn

U aa

1) AUAEASIETINTIU BelSWWeN-241/13atael (Am-241/Be) AU 30

a a 4a o <
4aaRT MU 3 140

2) AT dLNNNY/TInseu Ludlum U 2363 waviu  M42-41L

PLESCILA

U7 3-1 1Adesdsrasedununn/damsou Ludlum Ju 2363 waggu Ma2-41L PLESCILA
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3) WAULAALIENAUT 0.1 91, 91UIU 1 hHU

U 3-2 usuuAnigamun 0.1 .

4) WEUYNHANIUTOUNUT 0.4 3. U 1 WU

U7 3-3 WNUgRELLUTOUNUN 0.4 @,

@aN
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5) LHUBZASANAUN 1 9. VUM 30 Y. x 30 U, IUIY 2 hHU

JUN 3-4 unueyAIANTU 1 W3,

3.1.2 gunsaldmSussuuianisdaiuadunuin

1) funiadadunuan Glien-137 (Cs-137) aruuss 100 lulases w1 Wi

2) ¥assdunuusiadunaatu loneulalalas Glawdewu)

JUN 3-5 Frinsedunuunvieduiandu ledeulelolns (Hadew)
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3) NIM BIN power supply 5;14 4001C ¥9 ORTEC
4) wrasdelnfindnanas 3u 3002 vas CANBERRA
Q704 51 2022 Y83 CANBERRA

o 9

5) gunsalveudy
AL UUNAIEYDI (MCA) WiouwganLas GENIE-2000

o

6) LASDINATIY

3.1.3 ﬂi%ﬂ’]iﬁ@ﬂﬂuﬂﬂuﬂﬂ 15 @1, x 15 944.

JUN 3-6 nseawaninifalviivwn 15 3. x 15 .

3.1.4 .019ANTEAE

JUN 3-7 1Whdanszany
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3.1.5 1A3998A U HP 100

3.1.6 wiuergiiilouvun 0.2 w3, WA 15 9. x 15 .

JUT 3-9 unuezaiiiilouvun 0.2 vul.



a4q

3.1.7 @gsanandsn

BANDEX

CABLE TIE »

CT-380-7C

JUN 3-10 aneSananadin

3.1.8 ipdoadainin Ju DS-708 w84 TS SCALE waw Ju FEJ-1500A 184 CST

o

Lo

SUTl 3-11 iedpadfauimiin Ju DS-708 w83 TS SCALE



ELECTRONIC BALANCE
o WEULCOUER  CECTRONCERARS

ON/OFF SET ZERO
STABLE ZERO LO-BAT

sUfl 3-12 LAdesdisthmiin Ju FEJ-1500A 993 CST

3.1.9 §8u Heraeus VT5042 EK vacuum oven

g‘dﬁ 3-13 @’a‘u Heraeus VT5042 EK vacuum oven

45
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3.1.10 Lo inPNy Ju MDI16

SUl 3-14 edosinnnuiu fu MD916

3.2 35aHun15398

1) fnw wazAuaitoyaniiediunisnsaiannuduluianiaeldinainged@isee

Y

o %

FALUIUNTUAIMKAEIIARINSIARSURTATE YRS UTan Mg TBuaufaTsla

2) wnudeyafsiumandssunsealdudn nemseaouamnutusiufionisdens
nszaluaseninalssnuiiUssUaslssuENEn

3) $reesmsdsiuinseuiuaridunuuiusiaaunszavdntouruaiiluildly
Tsanugaanvnssuselsunsu MCNP tednwinrndululfuesszuy

1) ponuuusTUUinfimngauiionaaeuanudululdveamaiianisdeiudnsousa
wazSadunuunluieaujuansiaeldlusunsu MCNP

5)  vhnsveaedlegldinainnisdaiuinsewsuassadunuurulinaunsza1uon
FoudiiaudusinegfulneiouiisunanisAunselusunsy MCNP  wazkanisvaaes
Mnmaiamsdaimin

6) WAL havasunanITITY
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3.2.1 n15 Run 1Uswns3 MCNP5

gusuwsnazyinsimuadeyadawdililusunsy Notepad anntuagyinnissen

Toyaleudimuduneunadaluil

1) Waluswnsy MCNP Visual editor

vE MCNP Visual Editor Version 19L - Vised22 = =
File Input UpdatePlots Surface Cell Data Run ParticleDisplay TallyPlots Crosssectionplots 3DView CADimport Read.again Backup View Help
_
v
2 =l w2 e
wise || 2 =]l g g wine || [ oI B[ [eww ] s [mwew o
= | Y (R Ty | == ) VY - ) R e |
e B e 5 &
I~ orgn I~ oran
N O IS O
do do
S - S -
Eent Eent
o @
3 %
¥ Reresh ¥ Renesn
T s [16 I st [16
I cafa I cafw
™ Colar ™ Colar
[ Facets [ Facots
I wtesh I wnwesh
S lReer 5 Reat *
™ taimesh I talmesh
Fotare dout Fotare bout
e [5- il 5
v [£ ] [
o] 6 o] 5~
P i P [0
Readly I T

2) Sunlndlanfdeenis

5U# 3-15 MCNP Visual editor

vE MCNP Visual Editor Version 19L - Vised22 = =
File | Input UpdatePlots Surface Cell Data Run ParticleDisplay TallyPlots Crosssection plots 3D View CADimport Read_again Backup View Help

New View Ctrl+N

.

| Open CtrleQ

Open [do not medify input}

Clear Input v

Save Ctrl+S

Save As

Print. Crl+P

Print Preview

Print Setup...

1 C:\Users\.. AMCNP file\4.1\0%
2 C:\Users\.. AMCNP file\4.1\air
3 C:\Users\.. AMCNP file\4.1\5%
4 C:\Users\.. AMCNP file\d.1115%

Lookin: [ L 21 ~| + @ ef EB~

Name . Date modified ~

5 C:\Users\.. \AMCNP file\4.1\30%

6 C:\Users\.. \MCNP file\4.1\25%

7 C:\Users\.. \MCNP file\4.120%

8 C:\Users\.. \MCNP file\4.1410%

Exit
™ Comn
7 Faces
™ oM
I Reat

I~ taimesh
Fiotate about

Open for Editing

| moisture constant
| normal case output no iren vessel
| normal case output with iron vessel
| weight constant output ne iron vessel
=3

<

07-Apr-16 12:57 PM

14-Apr-16 7:13 PM

O7-Apr-16 1:09 PM

01-Apr-16 2:13 PM

12-Apr-16825 PM
>

Fiename: |

Files of type: [ All Fles () - Cancel

[ o= |

| wnbesh
I~ FReat

I~ taimesn
Fiotate about

s e

[ Nom[

o
[

JUN 3-16 Tumpunisisentndlan



3) Adn input agUTINgTeyalAniainall

¥E MCNP Visual Editor Version 19L - C:\Users\(

A input UNdatePlots Surface Cell Data Run PorticleDisplay Tally Plots Cross section plots 3D View CAD §

Input File
Close Save-- Update Edit

48

G c Cell cards
sl MEMPYISED,COM 1 4  -0.881 -4 -3 & 1 segment of paraffin
% 2 4 $ 2 segment of paraffin
3 4 $ 3 segment of paraffin
4 2 -11.354 -5 -7 & 1 segment of lead
EE— 5 2 -11.355 -6 8 $ 2 segment of lead
(2 C\Ngers\OMMAMM\Desktop\MCNP file\4.15%.txt === 8 1-0.0013 5 -6 -8 % hole for source
7 3 -0.99 § -9 11 -10 % PEB collimator
I d = Ee| 8 1 -0.0013 6 -2 -11 £ air in central hele of BES collimator
=] o 2 L Ut | N e et 0 9 1-0.0013 9 -2 11 -10 % air gap (0.0lcm) below EPEB collimator
Zoomeut t Zeomin 10 1-0.0013 2 -12 -3 ¢ air between shielding "vessel” and sample
| = c 11 5 -7.875 12 -13 -3 & iron sheet
I oign 1 1 -0.0013 12 -13 -3 $ air sheet
c 12 1 -0.0013 13 -14 -3 § air sample
o c 12 6 -0.898207 13 -14 -3 § water
— 12 € -0.374 13 -14 -3 -19 & paper sample 5% moisture
+ 13 1-0.0013 14 -15 -3 $ air sheet
o c 13 5 -7.875 14 -15 -3 § iron sheet
14 1 -0.0013 15 -16 -3 % air between sarple and detector
(st 15 7 -0.0013 16 -17 -18 $ detector = air cylinder
oo 16 1 -0.0013 16 -17 18 -3 # air around detector
o 17 o -1 :17 :3 § void
o 18 1-0.0013 13 -14 -3 13§ air
[V Refresh
I sut [i5 c Surface cards
pz 0 $ base(0)/ top of source shielding
I caiu] 2 Pz 85 § bottom of shielding
I Color 3 cz 45 5 diameter 1
[ Faone 4 pz 64.3 § top of Pb housing
5 pz 65 4 imner top of source hole
I~ meiesh 6 pz 70 $ bottom of source hold
I Rest * 7 cz 2 # outer source housing radius
] cz 1.15 ¢ inner scurce housing radius
[ ez 9 Dz 84.99 § bottom of collimator
[REEDEEED 10 €z 9.9 § outer radius of PEB collimator
Al is 11 cz 1.5  inner radius of PEB collimator
ver | [ c Paper sample between iron sheets
[ 12 pz 95 4 ocuter iron sheet 1
Horiz| [ 13 pz 96 4 inner iron sheet 1
14 Pz 156 # inner iron sheet 2
o sodledT 15 pz 157 % outer ircn sheet 2
Fes a0 19 cz 40 % inner sample 20 cm
Ready

SU7 3-17 MCNP Visual editor %111 Input file

a v

4) M3 Run Fayavinld 2 T5asdl

4.1) Run 9nlUsNTH MCNP Visual editor (ViSed) lngadnitlonau Run agUsing

11 Execute MCNP

VE MCNP Visual Editor Version 19L - C\Users\ON Input File
File Input Update Plots Suface Cell Dffa |Run | Poficle Display Tally Plots Cross sectionplots 3DView CADIM i o g
warning, plot plane coincident with suface 1 r -
creating file inpn.sav Execute MCNP - = -4 -3 & 1 segment of paraffin

creating file inpr.sav

creating fe inpr sav Close Run | -6 7 -3 § 2 seqment of paraffin
5-210 -3 § 3 seqment of paraffin
_stor | \"'s" Er== [ Ovenit outp, metal, runtze fies : :2 ;7_75 ; ;Eg:::nzfn??:m
CA\Users\OMMAM  optens [~ 1m o= [ rumpes [ metate [ name=] i -6 -2 & nole for source
5-911 -10 & PEB collimator
el pz__ [l o srolg= wssam [ mae e [ § -2 -11 $ air in central hole of PEB collimator
=1 o ° ) -2 11 -10 ¢ air gap (0.0lcm) below PEB collimator
Zaom ant ! -12 -3 % air between shielding "vessel” and sample
I~ zoom -3 % iron sheet
F 3 -3 ¢ air sheet
@ | -3 5 air sample
o 14 -3 § water
3 -14 -3 -19 % paper sample 5% moisture
- 4-15 -3 ¢ air sheet
i = -3 & iron sheet
L 5 -16 -3 ¢ air between sample and detector
Extent 6 -17 -18 & detector = air cylinder
ST 6 -17 18 -3 & air around detector
5 void
e 3 -14 -3 19 § air
[V Refresh
I~ sur [i6
base{0)/ top of source shielding
[ cenie i bottom of shielding
I Color i diameter 1
$ top of Fb housing
[V Facets i inner top of source hole
[ welesh i bottem of source hold
I Ret 7 outer source housing radius
4 inner source housing radius
I taimesh ) 4 bettom of cellimator
[FEEeeter: § outer radius of PEB collimator
sl [ $ inner radius of PEB collimator
n iron sheets
ver | [ i outer iron sheet 1
Hare| 5~ i inner iron sheet 1
§ inner iron sheet 2
o soale: - § outer iron sheet 2
fes i inner sample 80 cm

5U# 3-18 Jumeunis Run TWsunsy (1)
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AANNLaABY Run 9NATHADIMIUSHNTUYIINISAIUIUNITINABINITHARDUNUD Y

BUNA

VE MCNP Visual Editor Version 19L - C:\Users\Oh Input File - o
File Input UpdatePlots Suface Cell Data Run ParticleDisplay TallyPlots Crosssectionplots 3DView CADim oo ¢ T —
Close Save-- Update Edit
FOUND: wedi using DATAPATH ENVIRONMENT U ARISRI Egme T\Brnuam Eies [GBRA] SR ATMET AT A% oecte r =
Execute MCNP - =
FOUND: xedir using DATAPATH ENVIRONME!
Clo un | Hel 1
Ol e O [~ Oveirte outz, metsl, unpe fis |
C\Users\OMMAM | cptiens = g [T e [T e[ meme [T mames| 1 9 Sl i SR
5-911 -10 % PEB collimator
oot [x2 =1l g I e T e 5 -2 11 $ air in central hole of EFEB collimator
o g ) -2 11 -10 % air gap (0.0lcm) below FEB collimator
Zoom oat e’ ! -12 -3 $ air between shielding "vessel” and sample
T Zoem e -3 % iron sheet
12 =13 -3 § air sheet
BT | -3 % air sample
o 14 -3 ¢ water
l3 -14 -3 -12 ¢ paper sample 5% moisture
- 4 -15 -3 ¢ air sheet
o -3 4 iron sheet
\5 -16 -3 ¢ air between sample and detector
Estent It 18 $ detector = air cylinder
oo 16 -17 18 -3 & air arcund detector
1 3 ¢ void
i l3 -14 -3 19 5 air
W Retresh
I st [
bage(0)/ top of source shielding
I~ cen [ ; bottem of shielding
I coler ; diameter 1
$ top of Pb housing
o e ; inner top of source hole
I wnbtesh ; bottom of scurce hold
[ Fect outer source housing radius
$ inner source housing radius
I talmesh ) & bottom of collimator
(R DBEr § outer radius of PEB collimator
aia| i~ $ inner radius of PEB collimator
in iren sheets
ven | [ ; outer iron sheet 1
o | [ i inner iron sheet 1
§ imner iron sheet 2
no soale: - § outer iron sheet 2
s [0 ; inner sample 20 cm
Readv = —

SUT 3-19 Junouns Run Tsunsu (2)

4.2) Run meglusinsa Command Prompt

- 1Wa“[ﬁm%a§jﬁ desktop>MCNP file>4.1

. Command Prompt

oft Windows [Uersion 6.3.96881]
13 Hicrosoft Corporation. ALl »ights »

i

- jhts reserved.

AN

Cisllzar

Uzers“ONHARM~Des pAHCHP File

5U# 3-20 Funeunsizenlwdlindelusunsu Command Prompt (1)
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a [

- WU menp5 oy i=Telildlannfesns Run.txt wagRaassylng output lag

N3 o=t lna output.txt

. Command Prompt - B

icrosoft Windows [Uersion 6.3.96801 ~
{c? 2013 Microsoft Corporation. All rights reserved.

sUsers OMMAMM»>cd desktop

sUseprs\OMMAMM Desktop>cd mcnp File

UserssOMMAMM Desktop~MCHP file>cd 4.1
sUszeps~OMMAMM~Desktop~MCHP file“~d_.1>mcnpd i=Nx_txt o=05x_txt

U7l 3-21 TumeunsiBenlwdlfnselusunsy Command Prompt (2)

= Command Prompt - menpS i=5%.txt 0=05%.txt - o IES

r output File

mode n p

comment. photonuclear physics may be needed {phys:p2
nb 26HE8. T =Y. % iron

warning. m 1 iz not used in the problenm.
nil 8016 .58 —-@.80R@381 § a

warning. material B iz not used in the prohlem.

o] Command Prompt - mcnpS i=5%.tit o=05%.txt =
imcn iz done

warning. material 2 has been szet to a conductor.

dump 1 on File runtpe : 5] coll

nen
xact iz done

cpl = a.A4
ing. tally not scored beyond last energy bin.

388617 tal = 14 ery = 1.1424E+81

U1 3-22 WUsunsu Command Prompt ¥dg Run Faya



5) Tna Output ilgr

=]

05 - Notepad

File Edit Format View Help

Thread Name & Version = MCNPS_RSICC, 1.4

o [ I
LI S N O W b}
|
| This program was prepared by the Regents of the University of |
|California at Los Alamos National Laboratory (the University) under |
| contract number W-7485-ENG-36 with the U.S. Department of Energy |
|(DoE). The University has certain rights in the program pursuant to|
| the contract and the program should not be copied or distributed |
| outside your organization. All rights in the program are reserved |
|by the DoE and the University. Neither the U.S. Government nor the |
| University makes any warranty, express or implied, or assumes any |
| liability or responsibility for the use of this softuare.

Lmcnp version 5 1d=11012005 04/12/16 20:29:21

1=5%.txt 0=05.txt

1- € Cell cards
2- 14 -0.888 1 -4 -3 % 1 segment of paraffin
3- 24 -0.880 4 -6 7 -3 $ 2 segment of paraffin
4- 34 -0.880 6 -2 10 -3 $ 3 segment of paraffin
5- 42 -11.35 4 -5 -7 $ 1 segment of lead
6- 52 -11.355 -6 8 -7 $ 2 segment of lead
7- 61 -0.8613 5 -6 -8 $ hole for source
8- 73 -0.99 6 -9 11 -10 $ PEB collimator
9- 81 -0.8013 6 -2 -11 § air in central hole of PEB collimator
10- 91 -0.8913 9 -2 11 -10 § air gap (0.01cm) below PEB collimator
11- 10 1 -0.8@13 2 -12 -3 § air between shielding "vessel" and sample
12- €115 -7.875 12 -13 -3 $ iron sheet
13- 111 -8.8013 12 -13 -3 $ air sheet
14- €121 -0.0013 13 -14 -3 $ air sample
15- €12 6 -0.998207 13 -14 -3 § water
<
Conputer time 1n mores 715,08 alnvtes Bank overflows 1o backp file
Wource particles per winute 109850405
FaNon Msbers genereted S19%00008 WOAT FUNIGE PumDers Wiad wae

range o Lanpled sowrce sl = 1 ASOE 8 o B 00N

sovrce officiency « 10NN In cell L]
Intutros  sctivity bs esth cell

trachs population  colllalons  colifatony

cell  wntering * wight
(por Matory)

1 1 mesn WM MI0LM 6. M3

12 NI N WIS 68170

1 3 asass ISIMIP  MESTBAAM 263400400 2.68330-0)
4 4 awm D aid 1AM S.EN-02 202
3% s MM BRAN 26505001 4,06200-02
. & TnRew 00060011 159402 1.AMSC-08  1.06000-01
? 7 e innd e VeI 4,2M30400  5.0000-03
. s A)aL1005 15220068 im» 75571005 1, VM-
b4 b Tieeee CTIONS 0 D654 .08 &, 9050-00
» 10 18452500 12452 65053 2,49045.04 1604000
" 1n 17864072 11974954 L 25734805 1, 454700
2 12 1o JI67ESA8  MMIZULS  9.6595€.01 2. 8566E.0e
13 1B 1413619 1406 S72 LAE.0 B SMME.M
PL R L) 15990 1385473 G4 1LNETENS B DEN
15 1% s 19102 N St 1 50010
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2 5 0.444244 | 0.067730 | 0.537525
3 10 0.444022 | 0.073296 | 0.581682
a4 0.324 15 0.443800 | 0.078861 | 0.625839
5 20 0.443578 | 0.084427 | 0.669996
6 25 0.443355 | 0.089992 | 0.714152
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#8819 MCNP Code

c cell# mat# density# surface#
11-11.351-3-10 7 $ Pb sheilding
21-11.351-5-7 8 $ Pb housing
31-11.355-7-6 8 $ Pb housing

4 2-0.0013 5-6 -8 $ air in Pb housing
52-0.0013 6 -3 -7 $ air above Pb housing
Cc 63-0.6243-9-10 $ paper sample

6 2-0.0013 3-9-10 $ air

7 2-0.0013 9 -11 -10 $ air above sample
8 5-0.93 14 -16 -17 $ neutron detector

9 2-0.00133-9 -4 10 $ air around sample
101-11.351-5-8 $ $ bottom of Pb shilding
11 2-0.0013 9 -11 -4 10 $ air
121-11351-3-410 S Pb

136 -2.73 12 -13 -4 10 $ boron

14 8-1.19 11 -12-10 $ acrylic

156 -2.73 12 -13 -15 4 $ boron sheet

16 2-0.0013 1 -11 -15 4 $ air

178-1.19 11 -12-4 10 $ acrylic

18 8-1.19 11 -12-15 4 $ acrylic

19 7-8.6513-14-10 17 $ Cd

20 7-8.6513-14-154 $ Cd
217-8.6513-14-410$Cd

22 2-0.0013 14 -2-154 S air

23 6-2.73 12 -13 -10 $ boron sheet

24 7-8.6513-14-17 $ Cd

252-0.0013 14 -16 -10 17 §$ air
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26 2-0.0013 16 -2 -10 $ air

27 2-0.0013 14 -2 -4 10 $ air

28 0-1:15:2 $ void

c surface card

1 pz 0 $ base Pb

2 pz 50 $ bottom of Nal detector

3 pz 10 $ bottom of Pb sheilding

4 cz 9.5 $ radius of Pb sheilding

5 pz 3 S inner of Pb source housing

6 pz 8 $ top of Pb source housing

7 cz 4.5 $ radius of Pb source housing

8 cz 2 $ radius of inner Pb source housing

9 pz 25 $ top of sample

10 cz 7.5 $ radius of sample

11 pz 30 $ bottom of acrylic

12 pz 34 $ top of acrylic

13 pz 34.2 $ boron sheet

14 pz 34.26 $ Cd sheet

15 cz 15 $ radius of acrylic

16 pz 44.76 S top of neutron detector

17 cz 5.25 $ radius of neutron detector

c data card

mode n

m1  82000.50c -11.35 $ Pb

m2  7014.50c -0.000976 $ air
8016.50c -0.000301

m3  6000.50c -0.444467 $ paper sample (0.624 g/cm3)
1001.50c -0.062165
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8016.50c -0.493369
cmd 11000 -0.153373 $ Nal detector
c 53000 -0.846627
m5  1001.50c -0.148605 $ paraffin
6000.50c -0.851395
m6  5010.50c -2.37 $ boron
m7  48000.50c -8.65 $ Cd
m8  1001.50c -0.080538 $ acrylic
6000.50c -0.599848
8016.50c -0.319614
C source specification
sdef cel 4 rad d3 erg d1 pos 0.0 0.0 3.05 vec 0.0 0.0 1.0
ext dd wgt=1 dir=d2 axs 0.0 0.0 1.0
si10020406081.0121416182022
242628303234363840424446438
50525456586.062646668707.27.4
7.6788.08.28486889.09.29.49.69.810.0
10.2 10.4 10.6 10.8 11.0 11.2
spl 0 280 280 280 280 280 280 168 182
178 183 202 202 201 225 286 351 362
324 296 284 277 283 301 286 311 295
265241 216 184 168 169 162 146 134
143 159 166 171 162 134 102 73 48
36 40 53 64 64 58 48 3522 1131
sb2 -31 2
si30.0 1.12
sid 0.250

c Tally card
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Model 42-41L

PRESCILA Neutron Detector

Radiation Detection for a Safer World

Features

+ PRESCILA Proton Recoil Scintillator
* Drop Resistant to 100 g in Three Directions
* Works with a Variety of Instruments
+ Ergonomic Altemative to REM-Ball

Designs for Hand-Held Surveys

: Part Number: 47-3309
Introduction

The Ludlum Model 42-41L PRESCILA Neutron Detector is a viable and
ergonomically superior altemative to traditional REM-ball designs for
handheld radiation surveys, proven through extensive performance and
field testing by the Health, Safety, and Radiation Protection Division of Los
Alamos National Laboratory (LANL). This detector features a low-weight
probe capable of excellent sensitivity of 35 cpm for *'AmBe and extended
energy response fo over 20 MeV. Directional response is uniform (+ 15%)
over a wide range of energies. Response linearity has been characterized
to a dose rate exceeding 20 mSvh” and can be extended to 2 mSvh
when using dynamic gamma compensation. Gamma rejection is effective
in gamma fields up to about 1 mSvh™', and can ba extended to 2 mSvh"
when using dynamic gamma compensation.

Specifications

INDICATED USE: neutron survey and dose measurement
DETECTOR: PRESCILA proton recoil scintillator
PHOTOMULTIPLIER TUBE: 2.9 cm (1.13 in.) diameter
SENSITIVITY: approximately 350 cpm/mrem/hr (*'AmBe)

NEUTRON ENERGY RESPONSE: thermal to 100 MeV /
ANGULAR DEPENDENCE: within 15% over a wide range of energies

GAMMA REJECTION: approximately 400 cpm at 100 mR/h with ('Cs) Model 42-41L with Moded 2383
TYPICAL BACKGROUND: appraximately 12 cpm (0.05 mremii) Neutron Dose Ratemeter
OPERATING VOLTAGE: typically 500 to 700 vos

DETECTOR CONNECTOR: type "C" series (others available)

CONSTRUCTION: aluminum housing with black powder coat finish and foam grip

TEMPERATURE RANGE: temperature dependent

DROP RESISTANCE: survives 100g drops in three orientations

SIZE: 25.7 x10.8 x 108 cm (10.1x4.3x 4.3 in.) (Hx WxL)

WEIGHT: 2.3 kg (5 b)

‘Oou| ‘spusawaianseay wn|pn- E

P.0. Box 810, Sweetwater, Texas 79556 / http://www.ludlums.com
Tel: 800-622-0828 / 325-235-5494 | Fax: 325-235-4672 | Email: ludlum@Iudlums.com Dec 2012
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i3neinaudiulunszany (Paper Moisture Meter) Model MD-916
AMALUR:

FremTURIAl : 0 - 40%
ANNYNABY (Accuracy) : 0.5%
Tdutunszawlsznm - nszawiily, nssanundadeRu, n3EATEaNYN
T¥smudigamad : 0 - 50 ssrnwaldea
Power: 9V battery
YUIA: 129%x64x32 ANTUAALUAT
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