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ABSTQK7

Nuclear rnasura~nts that prov Lda data tol-cod co
#Oopnvslcal ~ra~cora hevo bean uaod for many
ymrs IR uoll-lo~gLn~, surfaco survoy9, ●nd
la~oracory ‘or. stualos. mti maaaurm-nc procosm
can ba cons!. d~rod in cw prca: 1) cha crana~rt
of nuclear radlaclon fr~ mxmco co doteccor, ●nd
2) Ctlo lntcrnctlon of cha trarmporcod radiaclon
●ICI’I cho dcctccor. For cortaln ~suro~nt prob-
la,n , Cho radlacLon Craaaprt nf ●top 1) la not
Stranaly ●ffaccad by chc proaonca of cho dacactor
Ln Stap 2). For mch prrbl~s ● ~l=ulatLon
●pproach chatdocouplon radi.atlon “ranoporc frm
dat-clon sugaamta lcamlf. *ny nkclear saopnyn-
LCal ~aaurmntt can ba mdolod Ln thin wy.
Ttlls wChotf .aa flraC utliiZad to slmuhto aarlal
radawtrlc murvoys ●nd boroholm loan for
pOCaSalU9. urnnl~, ●nd chorl~. A ~--d~wn.
s.onal datorslnlac~c cechnlquo ns tired to mdsl
Cha g-m-my tranaport from ~round aourcoa ●nd
cha stolcham ic %nca Carlo tochrr Lqua to 091
tho aoLactor roaponaa. fio romil La of ch~ two
Mparacr smulmclona ● ro convolved co mdol ●

~lwgn ●aurcc ●fid dacector camblnac Len. Ttm

_tnod lS ● n ●ffl=Lmt -y crJ dol cabLnntlonm
of war Loua radtatLnn Crtinsport grntrloo utch
dLffer Ing docector types ●nd •L~~9.

zyrncry ●bout on. ●xia. In partlc:lar, tw
wdml LS u9@d m this work co dgter~lna tno
rosponsa of nuclear Beasuremnc ●ystana Jurlna
[ha process of drllllng a UO1l.

In orier to ●ffaclontly dol ● wida varlocv of

WUICC. d~cactor. bOr9n019, drLllLn~ fl~ld, gnd
forutlon condLclona, Chm phlloaoph~ of cho
sL~u]a CLsn sdol LS to daeoupl~ Cho S~-ray
tranaporc procoaa fr- ma docactaon procoas. [t
rsqulr-a cftc ●a%umptlon chat tha praamca of cha
dacoccor Mcmrlnl has ● no~ll~Lbl@ ●ffocc an
~~-ray Crm!nporc w Clla d.t.ctor ~urfac..

ntls MdOILn~ approach wa orlglrbelly dOv@loped
for uee tich orro-d Lrnnaloml ●yat~a by q. Evma t
●t ctto ka AIUa Nacaorml bbor~cory.

Tha preaant work .Iconda thLa -dalLng ●pproach

co cuo-dlmannlon~l ayoc-. ~ tW-dLmarr-lona~

dlat-roco-ordln.ates rmutral ~rtlclo transport

coda ~’ !- ueed to ■aulato cne tranaporc of

noutlrn or gm radlat Lon ●nd cha,knaio~ Aonto

Grlo dccactor roaFonea cod- GAFIR= La used CO

cranaform tho ~ cmputad rad LaClon Clald CO a

dac~r:od pulse hoL@c ●peccru9. G~ES can ba
ueod for ●cintillatora. such ●n aodl- lodido.
casirm Lodtdo. ●nd bLmrLclt ~aramrac-. m- coda
can ●lao ba 90d LfLs6 to ■LmuLata tho rosponaa of
~ cubm ●nd solid scaca dacoccora such ● #@r-

mniu9. An ●fficlorrt mdml ronulcs LhaC can

COUP1O _ny rad~at Lon Cranaport calcula CLona co ●

●in-ka dotaccor raapoime lLbrarv. In tnta wGv.

trla -[O coacly dacactor rooponae calc~lacionm

ualn~ G~CS ● ra Hrfor- JUSC onca.

ThLa ~dalLng approach -a first JMd for

rnnur@nnt -whll@-drllltn~ calculaCL3ns Ln ..>r*

rcport~d by Utlron, EaLzuAL and ban’. ~o
~ol uaa ono-dlmennlonnl ●nd .aa ●ppll-d co ?W
probl- nf natural ~am-ray ma~urmen”~ in ~le

drllllnS ●nvlrownt.
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Figurg 1. Block Oim ram Of
8Tho Mojor Softwwo omonmts

Of TM Simlation bdsl

T’rto Cw-dlmnmlonal smulacton mod-l lS ●ry af -

ficl.rrc. permLttln~ axcorrsluo pnymcs ●d choun
stud lam of nuciamr lo~tm~ cools ●t r,aaonabl-

cont. TYw mod-l ham Do-n ●xcorrmtvalv bane-rkad
wltll ●xpormencs ●nd WLcfr Y%nro Carlo cm Acills -

clonm. tlt9 rndol nam hen ln~LtllCd on ●n

cn~lmmrlng worm staclon. and pralmom Ln tha

fucuro co be n iow cost •lcornaci’~ :nd WVlo-
mrrc co CM we of ●mperlutrtatLon wlch pny9.cal

mllcls.

k .aes of cho sLmuiaclon mdwl end tfra romulcs
obcalnod ●rc proaanccd LII latar Oectlonm of [ho
paver. ma next sactlons dOMCrlbM tn. ●LMttlaClon
mdal Ln -rc dota Ll ●nd praaetrt tn. roaulcs of
berrchmru crmparlsonn that cmtal!llsh chr ~dol’a
valldl Lf.

SIMfl!!TIM YfDEL

The neuLron !rorogicy and ge~-gamu denskc~

geometry -y lac~ the requlrea cyl Lmlrlcai
Svmmecry, depemlLnrj m .nere Cne point So.rce 13
located 3nd .necner the CCIO i iS cerrLr3iizeo
-ltntn ctw .-cil. Althoqm tnm ilececcor Is noc
accually preselc rhrrlng cne racf:aLlon cranaporc
porclon of tnc slmulaclon and nerrce does nOL
aescroy cm cyl:narlcal symecrv, a polrrc source
of raalacion locaced off che Dorenole cmncerllno,
alonS Che cool housing ●dge, C1-arly de5CrOY9 che
cvllnarkcal symecry of tne m?msur-menc geoaacr-.
Ho*over, Chla Slfflculcy naa been avoided for
such uaaa by represantlnt che neutron or
~m-ray eourco aa ● ring-shapad dLatrlbuclon
‘wrapped ●rol,na “ che houalrr~ edge. Thla source
raprcaencaclon La ●n approkmeclon buc h~a been
wtown co be acc~rate by compartaon co pnyslcal
rnaaure-nca dalrrg accual polrrc mourcea. Of
course. lf tn9 pmnc eource realdes a(#rg cfta
borohole cencerllna, Chere M no dtff~c~lcy In
reprsaentlng cne point -urc~ aa such Ln cne
s.mrlacaon modal.

Th* ●tmulatlon ●gproach ueed an th~~ *rk
●chlawen lts ~reatesc ●fflclancy when che
radiation CranapOrC portlOn >f tft. CalCulmC:On 19

performed asmlrf ●nd ●gain for dtfferlrr~ aourcaa.
Logains Seometrlas, ●nd mac-rlal Crnpoalclona but
m ●acn <aae :a convolw:d wLMt the mz dataccor
raaponsw UP. Such la ofcerv tha cau Wren
~rform~n~ CZOI deol~rr ●lmulaclutra. For ●xample,
the dotecto - ~~ have been Flxad by cool ftoua Lng
●nd performance corrwralnca MO that Lta ●lmulacod
reaponae nmod be dotmrmtntd only once. Thotr
●vlronmancal peramcora, ●rrch aa ‘he fluld
amnulua ch:ckrroaa, can be characterized in cerme
of toGl perfor~mce by repeacLrr# tha radlacion
crcrrsport calculaclon for ●ach thlckrmam ●nd
convolving ●ach tlm with tho ee~. prmvmualf
compucad. dccactor rooponae llbrary. fits then
becouq a coac ●ffactive UMY to dctermtna
●frvirorrmencal ●ffects, •lrtimlzin~ the need for
●8pmr merrcal data. T’fra dstsctor reaponaa up
requlrea several hor.ra of compucor clam co
produca ouc chaa La dons Juac once for I glvorr
detmccor. Tha crarrmpolc calculatloma roqulra
batmort 2 ● r ~ hours of capucer ctem for -ach
cam. fiea. omputarion tima ar9 for rrta SfM
mdel 11160 rnSlrrr.crm~ work station.
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. able [0[31 runnln~ t lme on [he compucer. For

Banmu-ray c.slculatlons, comparlsdns were made 10

the analvtlcal, lntlnlce med lure, point source

calculations of Coldstetn and Ullklnse to test

the adequacy of che dlscrece mesh.

The dl.screce meshes emplovcd in the Ml (.JlculA-

clons for che several measurement cvpes are:

1. Xeutron-leucron. 37 enerqv groups, 48
radlaL points, AZ axial polncs, 16 dlrecLlon
angles

-1 Neutron -(;ansna.. . 58 energy groups, 48 radial
points, 42 axial points, 16 dLrecLlon angles

3. Canuma-Gasme. 29 ●nerey groups, b2 radial
poLncs, 60 axial points, J) direcclon

ansles.

A finer mesh in space and direction wan necessary
for che Be-gaEo calculaciorrs boctiuse of the
Senerally larger attenuation mefficlenca for
gamma raya Lhan for neutrons and be:musa of cha
larger anisocropy axhiblted by tho Compcon
sca LcerinE process than for elastic nautron

scactrring. The ltrger nubar of enersy groups

for neutron-neutron calculations is necmseary
becauae the neutron cross sections ●xhLbit ●

finer atruccura than do g--ray cross socciona.
The couplod neutron-garna problem producca tha

secondary B- rays as ● tranmfar proc8aa froa

the 37 neutron groups to 21 added g--ray
Broups, hance che 58 enarsy groups for neutron—

game probleme.

The nuaarical solution to tha tw-dimenaionel
radiation transport equation producas ● lsr~a

●mount of hiahly difformntial flux tic.. TIIa

parcicla flux is provided ao a discrotm funcc ion
of energy, radisl md axial pomlrion, ●nd direc-
tion. It 1s called the angular flux function ●nd
phyalcally ia the rata ●t which the naucral

particlea croaa unit ●rga oriencad normlly to
on. of tha diacrot, direction at the point in

spaca corraapondina to ● particular radiml and
axial position sud co one of the several discrete
●neroy groups. If che ●n~ular flux ia tocalad
over all poaalbla diroctiona ●t this location,
the result le called the acrlar flux. Figure 2.

ahowm ● typical geoaecry with ● eourcs puoitioned
for a g~-gz daneity aaaurernnt, Fi@ure 3.
c-parae cho ●ncrsy dependant ●alar flux spectrm
at two locationa, one on the houning ●dmo, where
the rfoteccor ●ight be locatad, grid ●nether in cha
silica formclon re~lon. The eourc~ in CS-137.
Notico the dainanco of ■ultiply acactmred Sam
rays and tha differnnca in photoal-ctric ●bsorp-
Lton ●t tho 10U ●nargien. Variaclonm in the 10II

●nortiy absorption with diffarin~ formation Lyp@a

Iiven riao to .he well-known lltholoay respons~

O( tho litho-donr+ity tool in wireline lo~cing.

The simulation 1s ctiplmtad whan rho dateccor
re~ponme funct LOn ic convolvad with the mnflul. r

f~L1eE coeput-d by WT ●t apacifi~d rfmtoctor
Iocaclonm. Tha anslofl !lonto (~arlo ioda (;AMRES lm

.
..’ -,1./... ,>

,-,.

.

,, \._

EARTH .’/

FORMATION
---

., .\’

(’: :, “;:, ‘<
. .,- k -’F

-.. .. .- , ,\

\ .\.-
-1 .
A.

‘L-- ; , f -
)

,- :’ :- :

< BOREHOLE

7 FLUID

/-sOUFiCE ,’

Figure 2.
Ma*mm8mmt 6oomctry.

~- 137 SOURCE
15X POFloslTY W40

I

.07

FWIMATION

I-KWSING

1 a 1

.2 .4 .6

ENEFIGY (MEV)

figuro 3. Gama-fray Flux
~.ctra For Locations
Within Tha (homtry



used to ccmpuce the detector response. CAHRES
was modified for use b’LCh the discrete direct ~ons

chosen for the MT calculaclons, GAMRFS produces
a simulated pulse-h eLght 9peccrum [or each speci-
fied lnclderrc garsna-rdy energy and each discrete
direction measured relaclve co the detector axis.
For example, when used for a CS-137 gamma-ray
source. pulse-height spectra are computed at 10
keV intervals Erom O to 0.t17 ?leV and Eor six
Lncldenc ansles for a total of 67 x 6 or L02

spectra. This library of spectra, the detector
response map, is then convolved with the WT
compuced angular fluxes, ac a particular loca -
cion, co produce the total pulse-height response
of the detector. Fi8ure k. is a pulse height
9paccrtLu for such a ccnvulucion calculation. It
represents che counc rnte per ,01 f4eV wide
channel for a scintillation detector placed along

che housing ●dpe AC a particular spacing from the
Ba~-ray source. The source peak at .66 FleV is
lost bumwe of che rolacively poor ●nargy
resolution of the dacactor ●nd because che peak
lma a very mall componcrrc of che total spectrum
sc this source-detector spacinB.

BENCHMARK COMPARISONS

The two-dLmenslonal simulation model can be

~pplted co bOCh neutron and ga~a-rav measurement

systems as W@~~ dS CO coupled neutron-gamma
systems where gamma rays are produced by neutron
Interactions. The model hos been ver~f ied for
such measurement problems by comparison to both
experlmencal data and to calculations chac
utilize the Honte Carlo technique.

The benchmark experiments utilize a te~t assembly
that may represent either wireline or mee.9urem-
ent-while-drilling geOneLrie9 and yet provides
the close control of material composition an’
dimensions required for an nccurate simulation.
An ●xperimental arrangement 1s shown in Figure 5.
The fluid annulus is represented by a variable
thickness of lucice pipe with an inner diameter
of 6.5-inches. me tank is filled with either
water-saturated Otcowa sand or with pure water.

CS- i37 SOURCE

LONG-SPACED
SCINTILL.ATION
OETECTOFI

mERGY (MEv)

Figure 4. Pulse f+Qi Rt Raaponsa
BOf A Scintlllmtion ●tector

PISCOII within m. Goomtry

#-

I I
Fiouro 5. Tgmt A,somly fOP tho

BonchmSrk Exporimmts.

A SeCLiOll Of accai piFe 1s louarod Lntt, thm

luc:ta ●nnulus. The pipe is Instrumented with

varitlum aennorrn. depondinfl on the meamuremenc .

●nd thP radioac Live ●ource is aoun~ed inside che

pipe 01 tl)a mdol cent.erllrre or ncmr the @dR?.

For neutron-nautron -Osurements 8 hel~um-1

dececcor 1s umed mnd for neutron-Rame or Qama-

-s~ maosurmments ● sclnrillacor 1s uowd. Borh

●ro ~untad alomI cha pipe ed~e ●nd (an be movod
;lcn~ ● (hann~l PO verv the *OurrP-d*teC1[’r

n, D, Ulll(lll



.
spaclnq. For gamrus-gamn.s backscatcer measure-
ments, che scin LLlld L1On deteCLOr poslclon 19

fixed and Lhe source Is moved amonq three pos L-

[lOfls LO provide dlftering source-detector

spac Lng9. The pipe has a 3-inch Inside diameter
and 6.5-inch oucslde dlamecer. The Lnner core,

which could contain tluld and various components,

was filled to vary~nR levels with lead shot or

polyethylene LO provide shleldlng.

T%e simulation model was used LO compute deteccor
response versus source -detector spacing for the
neuLron-neutron, neutron -flamma, and ganna-ganmta
measurements. FiSure 6. 1s representaclve of
the agreement obcalned between the simulation
model and ●xperlmenc. It shows the tor.al or
gross count gamma-ray respon=e of the gama-ganmia
measurement as a funcclorr of spacing for a pure
water formation, and for a water-saturated silica

formation. The g~-ga- simulations were also
benchtaarked by comparison co a ccuplecely
independent simulation utilizing the tfonce Carlo
cechniaue. The code ,!+31Pr was used far Lhe Honte
Carlo 91mulacion9.
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F\wro 6. Comwism Of E)mchfn.rk
Enperimmt9 To TM Simulation Hod-l,

The comparisons are absolute and generallv qul[e

good . Thcv lndlcace the model IS .accurace co

w~chln 15 percenc for the range of spacings, ,mea-
9uremenc9, and f6rma Lions studied.

APPLICATION OF THE :kJL)EL

The simulation model has been used extensively in
a contlnuln% effort to evaluate variou9 nuclear

measurement concepts for deturminlng formation

p0r091Ly and density in a well bore. Figure 1.

showed earlier a typical arrangement in which

such measurement systems might be located. The

mjor features are the thick steel pi?e, the
inner and outer fiuid annull, and the formation

reaion surrounding the Well. Various source

enerBiee hnve been considered for both the ‘

neutron porosity and game-game density systems.
‘he ?orosity ●eaeuremnt waa evaluated for source
locations inside the pipe on the pipe axis, and

near the outer edge of che pipe. The simulations
provide detector response for a ranfte of forma-
tion porosicies and densities. far ~ny fluid

anuulus conditions and ae a function of source-

-dececcor spacing. Scintillation detectors used

for game-ray detection are mieled with che
CM’fREScode. Neutron detectors, such aa the

helium-3 proportional coun~er, are mdeied asaum-
ing each thermal neutron or epichermal neutron

within rhe detection VCIUM produces a count

●ccording co the ●nergy dapendenc neutron-proton
r~accion cross sacclon. All radiation transport

celculacionm ware perforwd with the WT coda.

whether neutrons or p- rsys.

A neut ‘on-g~ na?urmnt haa been chosen to
illustrate the application of the aimulatlon

mdel. TIIis tiaaureunc ie potentially a
technique for determining for~tlon porosity
through detection of hydroSon capture q- rays.
A scinLillacion do:ector ie placed at ● partic-
ular spacin~ fro9 a .leutron source. The scin-
t!llaror rmeponds to thermal neutron capture
S- radiation, principally frm tha elemantm
hydrogen, silicon, and iron. [f the counts ●re
totaled mcroes the ●nrire spactrum, the so-called
total s- or grosm-cnunc a- response
obcaicac Fisure 7. is ● plot of the cocal count
rocponaa of the detector -n ● funccion of

source-dot,eccor gpcing. The figure shows -urteo

for cwo different formation porositiee and for
Cw diffcrenc fluid ●rnulus thicknemas. Such
curves can b- de.elopad for othar CIl,id annulus
thicknesaea ●nd c~positlonm [o •mm~se the cffecc
of ch~ drilling fluid on cha ~asureuanc.

hlculaclon~ liko thmee hevo bon umod to select
detsct~r spacings, !O ●scabl i:+ sourco stren~ch.
●r,d to davelop dmcu roduct lo,, snd calibration
proc~duros. ~e8Ur_nt sys Lams ch.lc do noL
display ●n ●xis of ●y-try must be slmul~{ed
uslns ● three-di~msiorral model. The Mont* f“.lrlu

code KM? hac b-an Lnscmllod on an englnvrr I,IM

5
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,“ work station for this purpose. It has not yet

been used for nuclear tool design hut has

successfully provided ~enchmmrk data against

which the KIT simulation model has been compared.

The Hence Carlo model is che model of “last
resort” in the sense chat it is a very tlrn?

consuming calculation and is subject to statlsct-
cal fluctuations because of the sto Lchasclc
nature of thi~ simulation approach.
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The tw-dinnmionml l~~ing cool simulation -dnl
developad in thin work hms prowod to b. ●ccuiace,

afficienc aod qLIiLfl Uaoful in Luul design

problems. The implementation of cho simulation

model on the newest CLJSS of very powerful

englneerlnq work SLaClons has tremendously

Lncreased che usefulness of the slmulatLon model
because of the modest cost of the computations.

Present efforts to install Monte Carlo simulation
models on the engineering workscatio,~ have been
very successful and the future of t.tree-dlmen-
sional and tlrne-dependent modeling with Monte
Carlo techniques appears bright.
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