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%mﬁﬂﬂ GF WA @Ekw???%@%ﬁﬂ% @ﬂﬂ?ﬁﬁ By TER &ETE@&

OF IWSUUED ACTIVITY OF SODIUM IN CONDITIONG BNOOUNTEERE
IR PEYEOLECY DEFOSITO OF AREREATBEHAY '
T !

[Failowing fs the travwslation of am mrtiete -
by 8.M, Aksel’rod in YYedesrnsyw Seofinptisi i

(Bualexy Gepubyrice), Hosoow, IOLE, pores IG08- o
1eak ., | : ‘ . s

Under the eopditions of the Agerbaydzhan petroloum |
depostts, the @?@?%ﬁﬁi@“ ef w~“@“ww**wﬁ1@um:@aﬁtﬁ@ﬁ ﬁn '

apecific y&@u&ia?iﬁ;a& wi th@ vww&%@: %hm 1@% uhy &r&l
content of the stratiftiesd wateyr, oud ihe hat@y@g&ﬁaity and’
high elar eontent ef wailar poinkets,
: Mie te the indicated ¢! rberinties @“ the ﬁm@y &yw
dahan petreleun depesits, (he soutron pommasreilod (HOR) :
does not olford a muans for preveniiang water-petroiscn @@mé

<

togt,

At the aews time, ubder the sonditions ¢f the upper
vegion of the tewped layer, whish sontalins sitratifiesd waters
of & g2aliniliy on the order of 131% Be (Beaune) (110 grans/
I1ter), the induced  endiuve &w%ﬁw%%y mﬁ&gmﬁ LHE o= BOYEe
&@nﬁggﬁ<aa?iwu@r P notriyed hes o stromprr effast gt watere
p&¢§@ euw sontanisthan the ﬁ%%aam@ whvan pogitive reeults,

Boraswell prohes by the HA method are perfovmed in
the fellowing munnor: Beach test point ie irrsdiated by
{(8-10312% neutvonsfonsond peutren sgoures for five hovee
the seasursnent of inducsd aetivity i& then “ﬁ%&?@d wad f@r

& nouwrs, . : ‘
_ vhrpleunn aund Simates socerding to inducad &ﬁﬁ
téivity velves ave made 3¢w;$ hoeare' efter the n@?plvti@n of
ivradiation, : _

e ordsr to reduve $he tise nesessary for bore temte .

e

i




ing, throe test peoints are irrsdiated slunlirmnously by
means of threo ssvress of appromivetely ogusi refitonetivity.
Heasured values oi the induced activity ars referred to a
eingle source radicactivity value, _ ' '

The ganra~attivity 4s meagnred by moeans of the stage
frrd vodiometrin apparatus with é¢ischarge counters. The place-
went of the asseubly probs opgosite the irrzdiated peint is
aecomplished roughly by wsand of guide merkings, sad then
refined in the jnttianl meagurensnt in accordance with the
naRiuus neagered Y wradiation, ’

Tenting by the HA of sodiur methad hze provided =
wexng ef astimating the situstion as repardy watsr~petroloum
eontast in o nusber of bore wslle,

For exemple, in bore Hn 521 of the Orvduhoniliczensfi’
Fetroleur Industyy Tustallation Qﬂﬁfﬁﬁﬁ?ﬁmyﬁhl%ﬁﬂﬁyﬁ.ﬂst%*
pevka) whieh Bas s 6% liping eslumn, the IPith fevel of the
Burakbayr guite was studiad; aceording to #legtroneteie nage
surements carried euwt 4n 1933, tha oll-beaaring stratas in the
bore lay in ths intervals af T4L=T42, T44-P4F, apd P5O-753
meters, all having approsimataly the gnme porogity.

The study consisted of irrsdiation st five points
(738.5, 740, 742, 750, 753.5). '

A 1e evident from the induesd radioasctivity curves.
(ses Pigure), obtained frowm the ib-hour measuring period,
the lowsst induced activity cxrvesponds to the upper portien
ef the toepmest laver (740 satersl; the middle portion of the
upper layer exhibited groster induseq radisactivity, The other
peints are eharacterlsad by mazimuzs indused radicastivity
vaiues, : - o
, The effect deternined by the ratie of the diffesrence
betwoen the mazivum and wminfoun values to ths aminimum in-
duced radiocactivity veluss amounts to 300% 4n the givem borse
hole,

} FThus, from the vesults of the neasursnente it ia
pognible to conclude that only the uppsr portion of the top~
nest Iaver 4u sil-bearing, , :

’ Thig was confirmed by here perforations.

A3 wag indiocated above, the fislg ot appnlication for
the HA mothod under the conditions of the Apsheronszkiy Pen-
ineuia is limited to seversl levels of the upper strata.

This maloes Zor additiopal diffievltias in testiagg'this is
connected with the fact that naet of the bere woils tapping
the indicateg #irata have large (£-10%} ¢sging tube diameters,
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| The Resnlie ¢f Industrial Geoohysisel Studies of Bﬂre-ﬂallf
: ‘ o 83) ef the Uxdghonl

: Bicdme 011 Flelds. o
(&= Depth, in meters, - :
i ﬁhmwmeterwmillimeﬁﬁr“ év&lumm resi@ti%itg umits}. :
¢ o= Millivelts. o o
gﬂ'ﬁ In@uﬁ@m B rwﬁsw a%iwityﬁ ' .f‘ oo N
1 = Calibration remistleity log, (Sende Wo aJ$&}.~ ;
2= g,p, {angm?@eu,tﬁozﬁ log. _ o ;
1% = WGH log, o o ¥

: in sush oager, liguid iz purnpsd ouwt of the bsre‘h@l&

in order te ircrsase the effent, snd the teetirg is done iu'

- the enpty bore, When %the removal of iiouid frem 4pe bore im
dmpossihle, the latter (» rvephiaeed by wuter ¢f lowsr salinity
| then thet ocouriazg below tha petroleun level, suck as sem | .

water. Such measures merve to improve logzing sccuraey. o

a It iz neesssary to note that the =ffects obtained 1m

etrate studies usvally do noet exessd 20%: this fact lozpens
the reliablility £f comelusicns baded on gueh studisse, '

: The weak €f{30ts mny be theorotically explained by

cthe prevaliing geciogicel owpditions, sueh as the great

b



quzntities of water found in strate which have been under~
going explcitation tor gseverasl desades, The ressous feor the
ver k effectis cannet be explained solely by geclogical con-
ditienz, howevar, since it is as yet unelear what role 1is
pleved in the production of the effect by other factors
such as bLors diameter, thicknmess ¢f the cement layer surround-
ing the colunn, pogition of the neutron gourse and radiometric
aprsratugs with respect t¢ the bove walle, the cement salt con=
tert, ete. o - ,

Fer this remson, the investipation of the above~

emg i one of the basie tagke whose melution

determines the cervect interpretation of test resulie obiaine
ed by the A ©f sgodium mothod under ¢he eunditione of low
miz eral content for waters cocurriug under the petroleun
las er, ‘ -
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{ﬁ@ L nowing 4% the bvansiation u? em ariicle
by %yﬁ, hﬁ%a%av iv PYedonny &*&m@ii&ﬁkwﬁ CHue
ciasy Geophysienl, Hoveaw, i Kok o
308 |

T Wﬁ“@% ents ip suslesy physiocs ave sw@vﬁﬁimg gesio~
giete wiith novew @ﬁd newer meths of imwéntls s bore-
well profiles and rock leyer sax tep, One ¢f the ney radio-
setivity methode ia the radia analvaie of roék sanples
(tho indaced setivity methedl, whioch ae a rvasull of work
done et the Fatreicgy isstitels nf the USSR lcsdewy Gf Seds
ences apd the speaisi-preject teame eof the Tatnefisgesfizik
truate as woll az other spievprises le alroady being em~
ploved in the petrsleun ladupiey for ihe ciasssification of

vaprious reck structersz asccerdiang te vwater and petroelaun '
@@aﬁ@nt‘éi,E?w ‘ - » S

Tre use oF this mefhed for the zelution of this pare
ticuiny prebiem 19 basged on ﬁ%@wwgﬂi)m the radisntion fronm
the #et? foyued oul of Ha%d sy meutren bombardesent, ia the
veatar-hesarling ~mﬁﬁ@ﬁ@m$8 af hw @mmtarm regions, the Ha con=
teut reaches i% of the véck welisghi, but i %-30 times smellex
in the petroleum-beoaring stvnta. &Mi this vrpassn, the waters
besring iayers are shersoterized by kalghtenoed setivation ip=-
fanﬁ Ltiee && @@wp&?@ﬁ #ilth the p?nﬂ@lﬁﬁﬁ“ﬁ@&?iﬁﬁ strata.

Phere fan bte ne doubt than dn the fuiure this wmethod
«i11 be even more widely used ln dhe patralevse industry, as

well s iz mining gaolegy cspecislly koth fox gualiitative
and qm&&%ﬁt&szﬁ h&?%.“@ﬂa*§ﬂﬁ ofF tho m@ntemt o? = sposciflie
eiencrt in ¥oeck acaples,

iz thie conmeckion, (i would be of pone iptaraest to
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" diseuss the future prospects for the apvlication of fn-
duced radioactiviity (HA =- m&w&&@mmﬁya,&k“*vn@w%‘} t¢ the
study of the chemiocsnl conposition ¢f raeks and the quanti-
tative d@ﬁ&wwﬁn&?imﬁ of umsful wineral coméentas in roeks,
Firzt and forensmt to determinations of the yatraz@umwcenm
tent esefficients in camed bore weils,

The deterninztion of the petroleun-gontent cceffi-
eiant kﬁ with the aid ef the Ke method ie dene indirscily,
It involves measuring the Ha contant in the siratus pores;
then, knowing the Nafl concentration in the residual water,
1t ig possible te deteymine ths quantity of woter per unit
voiune in the roel giructure, and then knowivg the perosity
ef the gtratuw, enz deteraninpes the ceeffliclent ky ¥ water
contont and ths coeffieleont of petroleuu content ke = 1 ~ ky.

The iptensity of raﬂimﬁ&eu_aﬁ&ﬁatiﬁg_fﬁgm the Natd
(Jys? depends not only on the Na content in the sirstum por-
es, but alze on & sumber of other fastors, of whieh the majl~
or ones are the following: a) strength of the neutren source;
b)Y sensitivity of woasuring apparatus; ¢) dismeters of bore,
caging column, and apparatus houesingg d) presence of Ho in
the struscture of the rosk formation and comsnt surrocunding the
casing eclumn, :

The f£irst two ef thess fasfore ean be sonpensated
for by proper equilpmesnt ealibraticn, and tbe third one may
be accountad for by settisg up the funeidion Ty = ﬁ(ﬁga

for eazh speeifie bore gtyucture and heurisng dianmeter,

it ip more difficult to aeccount for the effect pro-
duced by the Fe in the yook structure and comept lining,
Because of this, the first atisupls at & gquantitative deter-
- minstion Bf ki By the KA method by speclsi-projest temm mom-
boar from Ta um@fkég@ fiunike Ye,B, Blaukev (i), and aize ot the
‘Petrology iastituieswere besed on the sssumpition that Na?é
wag found only 4n the etratum waters it woe slee zesuned that
the stratun poresity, mineral comtent in the strastum water,
and escentricity ef fhe selumn wers the sams for hoth the
water~bearing and petrsiesun-bearing intervalis. This made it
possible to dicregard the effeoctsw of all eother factors, and
to uze the method of fnterpretation ascording to rolative
paratetera, .

in dodnyg this, Ye,B. Blankov euployed the formuls (1)

L gy Wy
k?:{ L l A mmﬁ'e‘wmmmrwau?
(Tyady 1%’2‘3




‘where (J d)# and é@w }, gro the Na® %% ysdistion intensities
in the p&tru?@um*bawr ﬂg'an« w;i%“vh@mming'1mﬁwwvals,fres—
pectively ‘ym end W y are the cowlificisnts compenssting for

th&'diffﬁrimm deneitien of thuwmax neuirens in +he petroleun-
and water~beaving intervals which are exhibitﬁﬁ as a reault
¢f theiv differsnt chlerine content, ,

Fobk the 7olul @fayvjﬁﬁ,‘yﬁaﬁﬁ Bilopkey 402k the’ratio
of Ki4? nm&pu‘lﬂfi&ﬂbﬂﬁiti@ﬂg ag induesd in nr hwraﬁum'aud
the cement 2iging, or the Mndl radiation intensities as in-
duced in the casinpg column mea aurcﬁ.aﬁw nat the water= and
petroleun~beariang intoervnin,

In ouw d@t@fm nation of hy, e taak for our’?v/?h

vaiue hﬂw. ratio on thermal poeuwtren mazn-iives in the petro~
- Eeun ,?ﬁ} wand weter-benring Yyl afvatm Rty

‘ t}'.f@ T ‘ 4551 ﬂ:gﬁmv + Hp¥ JN {Hﬂl"e '?,“’V
i1 7 v

we
Aty Amh.  apgticy R

-

. T - \
A?zx"‘ . ‘hv ,iiv:a‘;Mi‘: . :%f'nxb% n + fN "41 ?ﬂi Ji,@

where <£ Wi“} in ﬁhw wliosresaoeple oro aﬁwﬁmaﬂjnn of neutron
&bsarpt on by the vook struciure; N}ﬂ} im the game as the‘"
above for the petroleum at a. given poronity; KpVeg is

azain the mizroscopie erggz-zsctilion of novwrom abgorpiion
for €1 ot a glven mimeral coantent in the st;&i&m matﬁﬂ and
-a given water content coefficient. - :

The walusg of by faor goveral bﬁr@'bmlfﬁ deter ﬂined ,
by this technigue 4iffsrad by 1,6-1,.6 times Feom those obw
tained by the repistivity method, '

Ag wan indicated ameww, in detern 1n*ng k" By the

method degoeribed ahove, it waw ﬁ”"um 2d thot ﬁ«gﬁ ig zﬁﬁuc-
ed only in the sitratun watew, Howaver, this supposition
eapnst be desnaed aufficiently acceptahble, since the layer'
and the coment cspecially both coni 'zin a definite amount of
¥a whioch eauncet be ignored, Foy exanple, according to data
found im ons ©f the referencss (8), Pertland cement contains
from 0,3 te 1.3 Hagd + Yd& by wedght. It 13 obvious that
guch a esnsidarable singunt of Ma and K [ses hsie} in the
adizcent medium will have a L&rgﬁ ¢ffect on the veagurements
im view of the low peastrability of fthe YA &@shnique.[ﬁaté:
Eﬁdiaai@ﬁ tTwon the hga isotons, which has a half-life of
12,5 hours, is very Aivfinuit to distinguish from Na24 radi-
atian hy thz mﬁthwﬁﬁ‘ﬁﬁ%uj




In order to siudy this effent, an ewperiment was

carried out on a 20% poropity sand laysr containing 29&
- grams NaCl per 1 liter of pore li@ﬁia@ The beore im the
m@del keyer had 2 dismeter ef 30 centimeters (119%) ang
was “cased" with o 6% ecklums end ceuent liming. Pha &sgambled
form was irradinted fwom a Je107 neviren/secnnd neutron
ssuree for L6 houws. After the oconpletien of irradiztion, .
'weﬁﬁﬁrém@ﬂt@ ware teken of the timg-dependent decline in
radicedtlvity in the entire model mlong with the column :
and cement lining, as well s in the cemept iining and ¢oke
- uny separately, . .

The derived @%@%ﬂﬁﬂhﬂ@ r@kaﬁianah&p& betweaen radi&w
tion intensity ard tins (scs FPigura) repvemeni %%@ conpesite
eurves of deckining estivitr of m&sﬁ‘QTu = 2,% minutes),
c1 58 (%3 = 38,5 minvien), Cnid {2y = 8,4 mimm%%ﬁ}g and main-
iy ﬁ%”@ €T% = %,8 hours) which is activeted in the soluan,
ag well sy Na24 {T% = 18,3 hours), .

The saparation of the euwrves to determine the int&um
ity of radiztiorn for dndividual is @t@y@ﬁ shaws.  that the '
radiation fese ¥ad? in the cement i1in ng makes up abhoat §0%
¢f the total Facs, f,e,., the reok @arrﬁiﬁna sields only
about 40% of the meszsured ¥a?t rediation,

Even iy dhe ¢rse of cementy sonteining 2«2 ¢imes
less Fa then that veed in 4he present ewperiment, the p%r«
centage of Ha%® radiation frow the cement lining of the
given structure (dypgpg = 33a", Lyinine = 8% wil} constitute
30~45% of the messnred rediftion from  the YNn?d, and the’
effeets at the water-petroleum sontact will sot excsed 150~
2580%. : :

-
&
2

s
5, &
&

It ie pevf@@izy claar that such & strong &nﬁ divern
sified effuet (with various types 4% coment) of the ﬁeigh—
boring zene nust orests cossidevable ﬂﬁf?i@ni@i@s in deter
mining the pétrsleun content seoffieient.

There are two conceivable mathods of wximin&tiﬁg
the effect of Wu containsd in the Loanents
_ 1} The addition to the coment of a M4t$riﬁ1 wsth &
high thermal neutren abgerption eroge~section which wwuld
abgorb the mejor portion of the nautrons in the rasglion of .
the eement liniag, ithus veducing Wa sotivation in the ceme
ent, This, hﬂwpv@%@ glves wisme 40 & number of complications:

' 23 The materizl sust be ehesp, and its addition shoulid
poet affieetl ehamges in the eurrent methods of laning the bore
‘with eement;

k) The presence of 2 bigh-abmorptien material in the

&
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ok offY nesirens from the giratum it-
He activetios 1o the dattsr to such
oyl boooeme dif€i-

comont Lining wiﬁl g3
seif, 'tnuﬁ raduaslng th
£ extent thet rodicactivity asaguren
cult.

By it 4s poszible tu determine the Mu content in the
cement by cavity weapurvenents foy ewsuple, and then to intro-
duse w Loy LoP rgnt Ma osnbent inte the neagure«
ment reoulte., Yhin refulires = Bnowledse of tae wov in which
Fuzdeseuds vpon the Ne content in the cement and ziso on




bere and column diametera, Thieg, Of COUTES, GBLALLE @ﬁﬁ“vL
giderable srrovs, @ﬁ§@f1&1E§ 31?2 the intessity of ihe mea- |
sured podium radiation emmnnting from ths sirat tum is ﬁﬁalﬁ
compared to thet eof the cement rodistien, ;
in additiorn ¢to thieg., such & oonpsnsatien for the Ha
content ipn esnent ig only posgliblie in thosey capes where f&&
¥e content i8 equal when weasured against the esvity and |
the sirstum forwsticn in which we are interested. The ra-y
gults of certdin studiss h&wé cart doubt om whether this is
the maze, however. _ :
Bk in iﬁﬁis 133+ the %aﬁﬁﬁ mf & ﬁ@wuar Leoy of the
cffectys at wvater-ps st 100 Bt eontacts obitained in bors wellg
sond models gonstrusted st the Fa%@@i@gg Ipstitute (3), &
hypothesis wss szprossad repsrding the posgs! bility of c@mﬁnt
lining salination in sress sdjacent to wasfer~beaving strata.
Thig may also acceunt for the high effects observed in max-
gsurenents taken at wateyr-petroleum contast 1@?%33 by the R&
method (effects ¢f up to BO0-T00%). These valuez nre gigzi“
fieantly in evcsss of the 1limit indieatesd above (150-280%)
end obtained on the prenise of @&u&iity betwoeon the comsni
radistion at both the vatere and petrolevia-bearing intere
vale., Euch prenounced effects m&y partizliy be explained
by the ecdsntric poaitioning of the solumn. Phe posaibility
eannot be sverleeoked, however, that another cause fer this
phepononsn Liez do the sodium enrichrent of the cenent 1iﬁ¢
ing 1o the aress sdiscent $¢ the wniey-bhosaying layer.
Unfosrtunadtely, no divent studiss have az yot beon
corried ovt on the bores to investigeite the presence, deg-
res aud mechanism of this phenomesnon, It %8 important to
gtudy 1%t, howsver, in ovder 40 Behke & guentitative intere
pretation not only of {ths HA wethond, but the HEY (neutron=
gamna webthpd) and NHY {v@m%ﬁﬁmmmwznrﬁn'm@ﬁh@d) &ﬁa@rﬁimg to
ih&?ﬁ&i nevtrons ng well.
it the hypothesia relating aﬁ the sailnation of the
eement lining ghoulid £ai1l to be coniirped, then it will be
ressgibie to ewploy the KA method with s low-ewnsrygy neuiren
sourcs {8k + Ko, for emawpliel, This levers the penetrability
¢? the mothod, and the vesults will depend lergely on the
Ha content im the senent, FThe nesgsurements which result from
the HA wmethod when Po + Be and &b + Be scurces sre ussed wiid
depend difterently on the Ha evontent iw the cenent, Making
- combined use sf these two nezgurensute, it Ray be possible
to determive teo uwrkunsen ouantifizag «- the Wz contents in
the stratus and eesent., It ig perfectly ebvieus that due to




reoulre 3 npu

measurenent errorg, the arployment of suek a procedure will
be poagible only in those cuser where the effoot of sodiun

',in the stratun on the measursmerda using Po %+ Be spmurces

eonciitutes not leds than sevevsrl tenthe of ithe total regis-

Aration ef vadiatiown intensity,

. Thos, the problem of determining Mo in the stratum
uncey the eouditions of o cased bore-hols by ths NA wmethod
ent . rie e ‘wﬁvxb?ﬂ ﬂiiﬁi@ultimﬂ due o thw niiset of the
gocius L n vy eswwnt liniug. The ﬁ%usv of thisg niroblem will
< wf comple® tesis on hore~holes, including
the gelention of JixpWQ@ Zrom the cewent iining’éurraunding

_?he cagling tube; bul khe aboveementionséd problem is of suech
'*”?Q?aﬁnﬁﬁ@ Roweror, ttat the completion of thoes axperiment-,
&
fa

al st v, du arw-ﬁw*mﬁmni sbeolutely necsspary €0 finding
buz_im Wy nest fuhuys the eutent of the thaesreiical posgi=
biitties of hﬂmﬁ& thﬁ‘ﬁ%ﬁﬁtiu@ hﬁ'ﬁ?mhﬂiQN”ﬁ for it solu~
tinn, : '

o sildition to testing the existing NA techniques

uging Po + Be gources, it will be necegzary in the future

to inguire inte ihe possibilitien of enmpleying povwerful
high=erergy novtren souvees, sush os neutron gensratora, ,
Thie will aiu ip vetsing the pencirablilty of the NA method

88 wall as ether niutron teshnlounsg,

Completely differsnt ds the sitvatlon as rogards

,ﬁuagp mining bore-holea where There i vw cnsing and cther

factors w teh vomplicate the provadure, such ss the effects
of Na in the cement on neagurements of the petroleun con-
tent. For this reacon, it is posszible in 8ueh casss 4o make
& fairly preelse detervination of the content of a oumber of
¢renantir, The methed of inducgd radivactivity could be uzed

suaémgmﬁuily fer determining the percentuge vantent in the
rock garple f such elanents having & hiph sotivaition crogsge

gextion az Mn, V, A1, Cu, Au, &g, ete, The solution te this
protlem permits the use of the mawne spporatus as is employed
in othey radicactive bore~hole st %y methods, In an undertak-
ing of this gort it im necezsery v emtabiieh th" gugh the

use of wodels the depend ‘
#ity for the pivon isoto
ronk gamp

of various dimmeters. Fivallv, 1t is neccssary to note that
in deterrining the content of eleweants with very hlgh activa-
tion fﬁ"?“ﬂﬁﬂﬂi@“mq it is poessibls to sobtain not only Soint-
by=point L@abmfwwwuxq,'mLt wine a esntiruvel enrve ragictira-
timu»- ‘ : '

auee of the meadsvred radiation intenw
pe on ite percevtagze c2ontent in the

pie, it dsnalfy, and noigture centent for bore~holes




%8 meparaie e

The indusned radise stivity ‘methad has @vcf; prospeet

of esning inte wids use Fovr the ﬁ,fww of they cheniocal eom-

pogition ¢f roek wi fda%mwm@ i bors-holesz snd especlally in
sample fers. The w&”k donn ai the Petrology Instlitute has |
ghown that the ves of pu%@miu@wb@wylxiﬁm souress having a -
powey 6f L~if Curiesz of poleniuw makes 4t possibile to Gefgire
min%-ﬁ&& vanadiuve sontent in srupler bavipe as Littlc ag i
1% of %%é& @E@»'a and alud the indium copfent in sswples
wihich ehnd i 0,058 o BOre é%;&
g*%w~%a?y ﬁ@k@, congiderable intersat i ﬁﬁﬁ@d
By the deterrinsticn of aluminum aontent, sines this peryrits
&% sgﬁéntiw te be wade of one ¢f the imporitant ¢haracterin-
ticn of the eubstanse = 1ts elay eontent. 5172 hag s rather
isrge astivation orasg-gnotian, and ths detexrination of the
aluninuy coentent i reok . ?wuyﬂﬁﬁ presepis no diffisuldy im
view of the umual consentrations of this elemont, The detere
mi”atimﬁ &% the aiuginhm content under boro-helsa Qﬂﬁdiﬁi&ﬁﬁ,
hevevey, requires Lhat certain ﬁﬁﬂpmiavtiﬁﬁ factore bLe taken
inte mavount, suck az the pregense of alumipum ip the Gluyoy
gsiution and ¢lay erust bﬂj cent to the poermeable r¥oek struc—
turaz, the presanes of esvitlen inet gome of $he 1ay@rag

- Up untll) resently, the pozeibilities fowr uedngy the
KA Wmethod in siudying the obenical essxpsaitien of rosks bhad
boen limited by the low ef the Po 4 Be pourcss and the
esneenitant imponsibility of ot gunificawtiy setivating isotop~
ez with gualler astivation owag ﬁ»&@&ﬁ*mmhq At %the present
tiva, powerful neutron sow %z {peniron goneraztors and mulitt-
pliera Loy bora-hols messuresents are in the precens of be~
ing deziguned, vwille muclesyr wooefors arn zlveady available
for the activaticn of rook gampliea by neans of strong neute

ror besmz, The use of smueh powerful BEVLFOR Founraes snd

h*gk ronglving-pover spaotronsters will wake 4% gﬁ@ﬁﬁhi@

t the Yeradintion of lsotoves having small ‘
astivation eresa-sgentinne, In gtudying gamples, furthobmore,
it ie gngwAblﬁ te regioter both the Yo and fevadiation, ALL

fhie will wmnke It puseiblie Yo wmaks raptd @nﬁ‘ﬁuffiaieﬂﬁly

thcraugb gtudies of the chemiosal @Q%ﬁ@%iﬁi&n wf r@@ks.

-1, Blankev, Yo.H,, Blankova, T.H,., Blyurentzey, & Moy Que

bervan, &hah,&,, “Fhe Bffectiveness of Various Kethods

of Ulaseifying Devonian Sandestons Forzations A@&@rding




to Water~ and Petroloun-tentest in the Tatar Q31 Flelds™,

 Xekhn, byull, abPvadinerive Tatngit? "ratarskave neft! Z-

" (Peabnical Bulletin of the Tatnefi® “Tatar C0LLY Joint Enter-

prines?, No 4~8, L9pss,

%, Kukharenmks, N,X,, Shimelevinh, Yu.8., Baspaloev, D.F.,
Tainskevy, V P., “E Hew G@n;hvaio&l M@ﬂhud of Digecovering
patpoleur. and Water~Bearing Strata spd Ddoterrining Water-
padosieut Soutaet in Cased Bore=Wells', Hnrivengyve Sao-
29892 ﬁzﬁﬂat‘ﬁf@um-lﬁdﬂatfy), Wo &, 1986, -

3. Kukhovenks, N.K., Serdiy, 4,G., Odinnkov, V. P., "Demar~

cation of Wstevr- and Pet cvoleun—Eoaring Strata and Deter=-
mination of the State of Water~FPetreleum Contaet Under
the Oondiileons of Coased Hove~¥Wolla by the Hewtron Beta-
SEremos Mebhod With Selatiid s,*.rf;if'“'":z Counter and £Ls Nautron
Hate Hetbeda¥, Sy @& tollesid ¥ pavsrg Boivickod Ohe
VUse -7 Radicacilwe igotopus in Fetreleum lodustry Etu~-
dies™, Gostoepteknismdat, 1087,

4., Leypunikhaya, BN, Gauer, &.¥s,, "Neutron %#%ivizatian
hnalysic of Reck Sanples™, Byuvil, Nauochp.<tekhn. fnfors

L ¢34 (Bulleiln of Techuiscal-Tolontirle Iinformation) of

L &he OHS Fimigtry 68 Geolugy esd Mining Uoamervation,

¥o I, (25, i®5$< ; - ‘ = R

8, Toranow, .h., "Goement Ohomigtey', Tromzirvoyizgdat, Mos=

cow, 1854, o :

Ak
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THE EFFECTIVENESS OF HETHODS OF INDUCED ACTIVIPY OF
BOUDIVN AND CHLOBINE IN THE SHEPARATION OF DEVONIAX
TOHE - ACCORBING 70 OIL CONTENT ’

=Y B

[Fellowing 4% the transiation of zu avtisie
by ¥.¥, Blankewa in "Vadernsys Geefimika®

- {luelear Geophysics), Hossew, 1858, puges
110-120,) - o

: ¥he ezxpavivental-nethodelonicel teswm of t1he Tatnef-~
tegesfizika hne besn werking since L8685 on “improving the
induesed aoltivity eof sodium (HA Ha -~ navedennzya ekilivnest®
- Ha) pethod, suggested in 1954 by the PS81 Asadony of Scien-
e FPetrelogy Inastitute for the elwmzeificasiion of ronk
structures gocovding 1o water and poireleunm enntent. (2.

Ginee Fe8%, thoe tsaw ber bestn divecting ite efforts
toward the develepment of an indueed activity method for
chlovine (HA CL), to be used for the same purpose, but re-
quiring wuch swaller tine expendidturces then the HiA 6f go-
diup method, ’

Over the peried that this work has been going oxn,
the KA Ne meilhod wae ewmployed iu situdying 38 bosre-hoies
(1% ef which wers psricrated), The KA €L method has been
used en 1€ boves {with & total of L8S NA logs takem),

An impertant result of the ef¥feris 1o develon and
perfect the Fi ¥Wa and €1 metheds wae their dntroduction
inte induntry Iv 1958 (largely at the Baviinekiy flelde eof
the Tatar Republic). o .

The integretion of the FA ¥n and ©1 meihsds inte
actual vee was graatly assisted by the soupilatien and
transalssrion €9 the Tatveliegesfisik tyust enterprisces of
instructions on Ithe applicatien of the t&@%&i@uas,'whieh
ireluded directicps en ehisinivg, proceszing, and inter-
proting WA dats, as well e op moking eost estimatss for

14




fer

-

water~petroleun contach (VNE o= vMﬂmuh@ﬁiymn@y kontakt)

tests by the W Ko aud COL amothods, e

’ Of great impovteacse in the «ffort to 1ntrqﬁuaa RA
Ha and CL methods into dindustry war the crestlon wiithin
the frwmawvvh of the ﬂkui*mﬁmx@a”a tuduatrial and Geophy=

. 8iecal expedition of & &P%ﬂiw}A“@ﬁ radionetric teaw assigned

to conduet studisy on VHA by the NOE (neytromnyy gauma-kate
eduyy = gentron gimmpe~beta) and NA methede: an important
role wat ales plisyed by the maintanance of ¢ontiouious cone
tact wiih the gesliogical pewviews of the Bavlynsfi' RPU
(HaZigwPromyablonssya Ustanovka - Fotroleum Industry Faci-
Tity), : -

Positive reculte with the WA Ns and O3 »enaquuea
wars obiained as euvrly the fivet yesy ﬁf indunitrial uee
at the foﬁing“”w Trelds. S

ALl the work pevformed by these m@thmﬂa wt the DRave
linskiy fieldz paveo consistent rosults as to the character
ef Lthe ligeid wontent in the gandstons formations at the
intorvals gtudiod; thess were usad by the fleld workers
' wEly b ﬁ%wﬁm“ the perforvstion dntevval. This
' impor in working with perfo=
rated bBorge I 1l en, wre tha probl uf deteraining this Loca~
tion of the watar-petroileum condeot leveld ﬁ&ﬁﬁ&ﬁw in'many
cases, .9 ﬁ%?v@ﬁ By Gther wanng,

P Lion of the conwidersble hmﬁv of material
obtained in 4 imauﬂtrxal appiication 2f the N& Na and C
metheds nade posgible fhe further 1mpravement of techniques,
and ales alloved the eﬂﬁﬂbxﬁrnmwmﬁ 6f more precise eriteria

e

a8 te the wnigre and potroleun-bearing state of 4the sandstone

formations acsording 4o WA Ko and €1 tests, as well as te
deternine the effoctivensag of thosd methods az a tool in

eclageifying Devonlan sandstones soeording to water and pet=

roleun content.
Lo Buter apd fetrsisum Centent Cyriteris for Bevonien Sand=-
sltenas docerdipne 4o the MWL Na and 1 .

PRIL e ARV N 2

Teaboioues

e a resuvit of an snelysie of the materisls obtaine~
ed frow bore~hole studics by the HA Ra and €} wmethods, it
ir now punsible to present woter and petroleum content erie-
teria for gandstone fornstions according to NA data, It

“would seem that the most spyrepriate eriterion is the mag-

nitude of aksolute intensity valuss fop tha‘{~rmdi&tisnv

L8



‘from the Ns and €1 obtainsed by x@duﬂ&n” the HA ﬁavvaﬁ iﬁt@ *
theiyr conponent Jy, and J#% values {see the srticle by Y@%
B, Bilaukov in the prasent collostion}

C hs: experieénts hos showsn, huﬁ%v~4, thags values are .
pot sufficiently wmaizntained in reveatsd bove-hole pessure~
ments, due te the difficulty of cresting absslutely identi-
eal conditicsz for sach weasursment; metheds for calibra- .
ting the RA @aparwtuwg fur%h&rm&f%s have noet az yet been
gevelaped, ‘ ‘

ha a E@&%Ei of thig, f% was desided that the cri-
“terlon for water and petrulsnu coentent in the rock ferma=-
ticy ahg&Zd be @w#n%i&y '

£ ’ 4&? 'ﬁ.ff-,_ . ’ & o ' :
ws L 3 : é‘ wun ’:‘ »:1 . Y N
f‘j Bm & o vr Ei'm - ; [see Wote
daws ¥ Youm ' , Yoy T F %w &Q :
whish gives tho propertisn of the indisator-slensnt (Ha of
CEY rudiation in the totzl ra diztion vecorded in the Hy
£ Mo s wn iy e g f«» s F 1 - )
meazurenents [goe Hote #2) . Eﬂw’ﬂ #it fﬁaﬁﬁ ﬁaﬁag gwﬁm Bnre

the radiation intensities corvecied for imfinite irradiation
timél [Wete #2: ¥e neoglant the 4128 yadtation which ig im
evidenes ealy during the fired nivutes ¥ m@wghrum%mit In
additiosn to thie, in delerming ﬁ“% it iz poxsible to nege

izot ¢he ﬁisg radiation, and in & @*miﬂ Py %ﬂj; te nogleet
the ¥a®¢ radistion (ihis ¢ perniited 4n desiing with the
practical problem of Leszting the VHE levelll

The eheice of a relstive cuaniity to Berve &s & ori-
teyvion perynidte the oir rounvention of HE data ozlibratien snd
partizily @iﬂumﬂaﬁ@@ vavious Tactors invelved inm obisining
thess data, , ' ' :
Taking inte assocount the feot thet K%ﬁiﬁiﬁﬂﬁﬂ (maxi-

.2 % .
mus value of @ﬁﬁ%s‘% 0,183, it iz poeseible to take

&
- J&my‘

b 42 S waismttramiaty &

) ¥ ot

Thir wos the esotusl eriterien ured im intsrpreting
Ki €1 dats. , :
- In establighivg the varlation interval &59 ik and

g Py for watere zngd petroloun~hearing sendsicaes, -

&




as w&ii ae sandstone in thz intermediate zone, the values
fox gﬁ ﬁ““fSC& cbiained for points @ppﬂaite the strata be~

Iing ntiudied were compared with the ﬁ¢£¢€a loge abtained by
©  the electriecal r&giativity technique, »

f,ﬁ ef od »3 "
| of o2 »3
>
K\‘» J{\" e ' /‘\
V .-_._/' \ \“‘,. ‘ : ! ” TR
s TgE T 630 T 546 B, 6 e i % 14s

‘ Figure &. Rermﬁv:my Power of the MA Nz dHethod in Gxassi£y~
ing F@rmatimws Arumrﬁing to Va*ar and Fetvoleun Content

Unp@rfﬁrat%d bors-holes,
Perforated bove-holes,
Petroleun~bearing sandatone.
Intermediate none, '
Water—-hearing gandstions,

]

it

Q2
it

i

, " For pu?y&ﬁ?“ of anaiyslsg mmt@riala used insiuded
‘data beth on perforated ang vnm@rf@raten bors=holes. In
bore~holes where the witusilion as regards water-petvoleunm
contact chabged in counparigen with date obtalned by the re~
sistiylity method, only thoze giwats whonps lmga'wera undaubt-
edly corrsct were taken ints necount. : '
. .. The tesats were pwxlwrm@d ouly on those bnrewholes
for which a sufficient length of time had elapsed since the
poaring of the esment lining, due to the faot that the
values fere Ha znuz%£& tuprn out to be invrdinetely low

in freahly-bored shafis hecsuse ©f the y&neﬂration of bore
ing fluid filtrate into the adjacent stratsa,

2 A & Z ) £ ] bl

A1l of the analyzed v%;ues f°”’6ﬁa aqﬁ ﬁcx,were odb

v
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taingd by BY proscedlrad . ug s sbandaied w0 Wi ﬁ;g;g;agsééattu&.
with H¥=% counters,

Figures ¥ and 2 show the digtribution of Devonian
gandstones with differeat saturation 2iaiad acecrding to

the E’N and ?ck valuea (the n ex tho graphe etands fer the

pambesr of roints =t whieh ecosrrespendling gmxaaﬂings were ob-
tained, ‘

. Data im@m 2 b@r@mh@E&g wars used in aan@%ructing
Figure 1; 1t turnsd out fe be posuibie inm this case to give
the dietributionsz for both perforated and unperforated
bores, Figure 2 wes conztructed on the basig of weasurenents
from & tetal ¢f LY perforated and unperforated bore-holes
included in the general 2istribution,

A T ATy Ty Aol

Figure 3, Raﬁwlvzwa Power of the MA €1 Mothod 1n ﬁ&aﬂﬂiﬂy“
ing Fersations &rwwrﬁﬁﬁg to Woter and Petroleun Content

ot
3

= Fﬁ%%@i%w&@b@&&ing goandstang,
Intermediate zons.
Hater-baaring sandstons,

B

0o

7]
]

An @aam&naﬁﬁuﬁ‘@f Figuren L and 2 iﬁﬁima%es the Zol~-
lowing 3iwite to the variastion af %h amd ?&R values for

g




sandetones with dirfering €3.id content (ninersl content of
B g ) o -

P e
stratus waters o mmﬁwﬁﬁw grawsfiiters

Tabie 1

Portion of Tl Petvoieum- 1 Internediate Vateprs
indicatar= . . | bezaring B nens and | bhearing
ememmf zéémaw ' mendeiones ater contain~ |gandstones
ton in totad ; TR img sandetonss '
¥rdiation reptee R S
tered by HA '
method i i
. oo - coract
. | . - | :
P Gty 24 | 025040 0, 35=0,45
v 6&1 Q“"'f‘f@ﬂﬂ ; 0%0’@"’{:‘& 11 @gﬁlﬁ“‘ﬂ,lz

b . _ e
The Yimiig f&ws% indicated abhove are the sawe for

: v Ha
both the perinvetsd and unpers farated horo-holes, The meost
probable walne fuwiﬁwﬁ in petroleun-bearing sapdetones is

-gemnewhat higher for povforsted bore-holea {&Ww.cwab = 0,15)
Mg

than for 4he umym# srated ones (&Hﬁ ﬁrmh “ 0,1%, This can

very probably be ey p?aﬁm d by the p@n&tra*imn of salt water
inte the petrolsum~besring W‘?ufaﬁ in the periforation inter=-
val, ‘ ; ’ o

For wvater~bearing sandstones, the limiis of varia=

tian Loy Aiq have been estebiliehed only for the unperforated

*bovnwhasva, since in p@?favu%wﬂ bores WA Na mamﬂvﬁ@mants

were, oy a rule, not carried out asgsinst known wa?@vmbmaring
atr ta,

; tt 4g ﬂwaw ary to 3ﬁﬁﬂg hnw@vmv¢ ﬁhx@’insafar as the
wa%arwmaﬁ$$nm p#TﬁEQ ¢f # layey is not perforated and does
not ecome in dircet contuet with the perforatien interval,

vitg pxuw@rmiem in perforated bmxﬂm%nzew must remaln approxi-

mately the same az in unporiferated bore-holes, For thiz roae
son, it 1o pomoible te sssunms that the Limits of varletion

'fﬁr'ﬁw‘ in perforatsd bores are the saro ag 4in the unperfor-

LI 15
ated ones, . o
Simoe the emaller body of data sbtained from gtudies

ig




by the ¥a €1 wmethod did not allow the construoticn of sepa-

xata'@ai'diﬁtrihutiumg secording to perforated and unper-
forated bore~holes, 4% 4g impossible to draw any conclusions
as yegards any differeunces in ﬁfl values for the two types
of boreg, . S : . '
The 13nite of §. and fn, variation for strata of
] ) 2’&&; i E:.l,‘
d¢iffering flutd content exanmined above are being used by
the enterprisss of the Tatneftogedfinik trust in interpret~
ing ¥A daia, ' : : : S
Fys

. 0.,‘;1'1 =y, g

a3t s
02 ' \
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Bigure 3, The Connection Beltwaen gﬁﬁ and kﬁ

A d& shown iw Table 1, the values fari%wi measured
. . L GRE .

agaipst petroleum~bearing sandstones vary within fairly

wide Jimite . (0-0,24%. Sueh an ipterval of i, values cannot
_ = , it _
ke agcribed to measurement errove, '

An attenpt waz made 4o establish the correlation
botween the values f@vfiﬂa messnred agninest petroleummbear-
ing léy@rm in unporforated hore~holes and ihe petroleun
content coefficient ky, determinsd for thess layers with
the aid of esléeciroweiric data, - S

.- &ines for this oy that reason (hetervgeneiity of gtra-
tum, lack of vertain deta neocssary for deternining ky, @c.)

4t was impossible te determine the value of k., for every

bore~hole for which NA neasurements were savaltlable, the body
of date used for %this particular gtudy vwag net extenzive,
Even thie meager data, howover, indicates the presence

of a single-valuved reistionahip between %Hm and kﬁ s atcord-

N
&




) C"‘X&'"

_pxeﬁahl@ valne fLop Q

ing to eloctricel resmistivity nsspurcscnts (seo Pi gvre 33,
It turnsd eut ¢ be pussible 1o consiruet & ainglaw

;valuéﬁ plot sf the eurve vorrseponding to the Vﬁriatiun nq
ﬂkﬁ Loeon 4472 to 06,83, whiceh illumtrstes the pressnce of aw‘

‘claae corzelation betwaen

?E& sand Ky {‘@”?@&Euaaiﬁg 1ﬂtard
val for walues of #g = 6,03 % 0.36), ‘

i
The poriicn ef the ﬁu?v@ for vaiuse  of kggzﬂesa wals
arwat@d &e%ia%ium&11¢$ ﬁ@r the osse kﬂ_z &, the nost '

1 M wa?@wwbgawiug layerg wag chouson,
The gsnorss - e&mi;gawatﬁa af the ¢unrve inp Figuwre 3

.bar%aapanﬁﬁ to the preveiling concepte ¢n the gh&”mct@x ot

the dependence of values obtained by the ragiomeiric math@&

o the water comtent of the gtrustural trap.

Ky ag doternined by electrowetrio data doos® not coyw
regpand te the actusl petyreleuw: sontent in 4he séructural
trep and iz in sufffelent error %o make the curvas nerely oan

JAlestration which ounnet be presentiy used for practioal

PUrPLBEST., o , :
it is ﬁ@ﬂ@ﬁ%??? to point out thot the emtsblisnaent
of & ¢avrelation betwesen v sael y  for pwvrmiaumwg@aving

*strata in ipvoosibis with prmg&ﬁﬁ namhﬂiﬁm@m and messure~

ment wethods, mince &h@:gﬁ% valuey nesaured agsainst theze
: TR

strata do not exesaed @h& hG&ﬁe1Wy iimite (see the article
by Ye.B., Blankeov in the prezent volwsed.

2. Beselvins Vower of Ahe m,,,wlfsm ,“*pa naand, GE Hethods

&n analyeds of the wmatoriale obisined hy means of
the HA Nz and CL methods perzmitse us to make sons prolimie
nary censlusicns ss to the eff ‘sotiveness ¢f these seshniques
in cluzeifyizng Devonisn f&nﬂwtﬁnw adm@rding to water and
petrolsun oontent, and {o compare i1 with the sffectivensces
6f the NG Qa@aarum pam wwwnathua\ 1m 3&1ving tha same pr@bw'

Chenm,

%uam #ta*ﬁ@mtug the effectivonses of the NA and NG

'meﬂk%ds iv. clsuzaifving woter~ and pelroleun-boenving rocka
can be characterized by introdueing the sancept of the re-

€olving powss for esch mathod, defined aa the ratioc of the i
diff@r&n&@ bat@m@u 1k 2 m@&t nv@bﬁ%1&§%ﬁ and %bﬁl valuesg
.vi

or the relstive NGM mnﬁmmzygtﬁiﬁm&%ﬁ.fmx water~ apd petrow

7 o
“anwity
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" leum-bearing mtrata, to the sum of the half=widths of the
C@istributions for thése strata. The halfewidth of the dis-
" tribution is here definsd az the diffsrence betwsen the most
~ prebable values for g'a? Jatratus  and the vaiues for these
J@&viﬁy : ' -
guantities above whith for the pstreleumsbearing strats and
below whinkh for the wa ﬁar«bwarimg gtrats lle not more than
10% of the pninta {of levels),
‘ With suvebh & definition of the refolving power, & re-
“lieble meparation @f water~ and patrolsum-hsaring strata is
characlerized by ‘a reselving power greater than 1l; with &
resolving power lees than 1, a2 relieble separation of petro-
leum= and water-bhearing strata is imposeible,
Below we have Table 2, representing a comparison bete-
ween the resolving powers of the ei the HA tﬁchntiQ end the
. HGM, The resclving power of NA was in thin instances detar~

_ Table 2
Regolving power
NG JNA Na | HA @2

- B8trate g2pareted

A
St

Uapariorated] Bore«Hole

(o3 ]
Petroleum= and walar~DearitiZ, .. Db I 2
Petroleun=bearing -~= intevnes . ’
diate mone «h watavwbﬂariﬁp.e..»ﬁc? kL1 e
1n+ermedia%& HONGE  we :

Wat’ar‘“beﬂriﬂu«a&ﬁeaao*-&asoe}yeo«p o mma 0.5 . 0,2

Perforated Bbre~Holes

Petreleum~ and ¥ater-bearing... 0.4 e |-
Fetroloun-baaring = interme—

diate zone ~b waterehearingeaes|=-e 1,1 o

4

minsd by means of the distributions zhown in Figures 1 and

%, Data on the resclving power of the NGM were taken from

the materinls obtained by V.I. Gorbunova through an analy-

ziz of the distributionsg of gandstons strata of verying

fluid coptent acdording t¢ the values of Jgﬁﬁﬁﬁ“m {Figure 4)
o _ o Juaw&ty .

a8 presented in the rsport for July 1258 of the rosearch team
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Figure 4. Resolving Power of the WO Nethod,
. {a) = Uaperforated bore-hales, o
{b) = Perferaisd bove~holea,

& = Jgtratum
J&&vity
EFgtrolevyr-haaring gandstone,
Intermadiate zons, '
Yatar-baaving sandgtons,

B
i i

i

e,

It is nscegsary to mots ibat im fhe case of the pew-
toratad bere~heles, the lael of HA Na nessurenenic spainst
wnter-basving eirats did net allow a doterminetion sf the
rerolving pever for the asparction of wabtere and petreleums
beaving Iayarn. Bao e of thig, in order to sowpars the :
effeativensse of the HA and YO methode in perforated bores
holag, the vesslving powsy for ihe ssparation 67 polroleums
besring strata fron the combin

Ao of water~beaving wnd

welirt (of intermediztd) mouss was used a8 given in Table 2.
It foliswe Rrom Table 3 that the resslvieg pevor of

R& ¥a &g& CL in gegerativg petrolsua-beoving strets from

watar~besring laverz or from & combination of wntar-hoaring

and ‘1tternedfnte pono dendntonss ip greater thanm % nth

for porforsted end uoperforatad bBora-helies,

- This eorvempords {0 the fast that the distwibutions
for petrolsum and ¥nterehinaring gtrata, and svan tor petro~
leun=banring layers and intermsdists gones do uot overiap
on Figures i angd 2, aud testifies to the relisble gseparation
of petreleum=bearing layerz by the HA Ba and €1 Rethods
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Ag ragards the rezolving powsy of the N4 Na and Cl

. methods in separating intermcdiste zone sandastones or moist=
 ure-laden gandstones with residual petroleun from water-

- bearving sandstones, 1t 1¢ considerably 1@ g than 1, The

- corresponding digtributicns for %N& mmﬁf c1 overlap signi~

fimmnt;y, The WA Na and €3 methods do not permit an effect~
ive separation of water-bearing sandsztones from internmediate

- gones or noistuve~liaden sandstoBBl,

The resolving power of the HGW in ﬂ&parating petro=
leum~ and water~bearing sandsiongs for unperforated bore-
- holes ig olose to L {the NGM method assures a satisfactory
- geparation of petroloum~ and water~bearing strats in such
 bore=holes}; however, it turms out o be lese than the re=-
- gelving power of the NA Ha and €1 teshpigues.

in perforated bore~holes, the resolving power of the
NGM is comsiderably less then 1, which testifies te the ex=
‘tremely low effecotivenssy of the NGM in logeging euch bore-
" heles, ' : _ . , :
: In examining the problew of ihe effectiveness of Na
: methods for eaﬁimating‘the water and petroleunm content in .
- periorated bore-holes, it ig necessary te take inte azccount
 several peculfarities involwed in working with such bore=.

in partioular, it is necessary to allew foyr the effect
of galty or freah water penetretion inte the stratum being
studied through the perforation interval,

The first phenowmwencn ogcurs in gushey wmlig'quenshed
with galt water before pumping, a& well as in bore~holes
with gmshxny stopped by waiter in-~flow; the second ¢oours
after the bore is washed out with fresh water,

~ Salt-water penetration into the petroleun-beariag
layer in many canesg does not prevent a ecorrect estimate of
the f£luid eontent in the stratum by the NA method. Thus, even
though the diﬁt?ihu%imnﬁ‘ahmwm on Figures 1 and & wers son=-
cetructed on the basis ftdﬁtai@ﬁﬁmiﬁﬁd £xom both.gushing and
water~drenched bore-holes, as well as from beres tapped by
the pumping mathod, overlapping of the 1limits of 5 variation
for peiroleun~ and water-bearing layers duves nat cecur as
a result of thie,

The penstration of freah water isnte a gtratun gatu=-
rated with minsral-containing woter, as has been shown ex~
perimentalily, has =& strﬁng&r influence on WA results: the
@Na,an&-ﬁcl values may be too low, thus giving rise to errors
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igure 5, VEK Determination %y the KA €1 Mathod,

Penth, in meter - -

Gl mwtarmm,li$w tﬂwz (volume resfetivity units),
Amperes/uninuts, ' :
Yater-petrolenn sontaot QVNK}Q‘

Miilivolis, - - -

= Borog~bole We 737 of the Pavievekayva seotor (perforated).
= Bore-hole Ho 876 of the Poviovskayas ﬁactar Cc&ntrot).
Calibration resistivity log.

8.k, {(Self~Faots antial) log.

HGY log. _ y

piot of &, varistion with depth,

L
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m
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Hoser ww I
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The differing effect on Wi resmults produced by the
‘péne*vﬂﬁzmn of fresh water inte o gtratum saturated with
‘nipers im”ﬂﬂfﬁiﬁiﬂg wator iz obviouely delermined by the
difference in the water g@n&trdhility of thc petrolaum- and
water~hbearing law@rm&'
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. bearing by mosns

| BA nethod gave ineorrest results, immﬁﬁn as the trisd re~
cBulte depon

it By the reavits of actunl bore trisis,

ed the a%k@i@ﬁi@ﬁ@ hagod en ¥a Awmruxgwﬁniwﬁ Purthereoes

bt

Tba @”$@¢$ gr@ﬁuwm& Ly tba yﬁma%waﬁ 3] @f fxea% w&éer
into the stratur oan bs eliminsted by baiiing-cut ﬁg@r&timae
pri@? te making the K& spiudisa, - z
What was szid sbove asoncerning the relisble ﬁeﬁaraﬁﬁoﬁ

‘@f vater= and petre 3@%%“%@&?%?5 L@ymyp by the RE Cl1 m@tha&

zn be iilustrated by the plots of §ﬁ£ variztion with ﬁsyﬁh
within the Limite of the etfdtun boing &tvéi@ﬁa o shown in

Figure § for twe bore-holes;lone 6f whioh is the aﬁgtrﬁi§b@re

(unpaerforgted) and the other is y@ﬁﬁarataﬁﬁ Both plets pereit
& sufficliently reliablie detervinaetion of the losation of the
vater-petreleve comtuot level az the lewsr boundery ef th@
potroleus-bearing etratun, whiah- eﬁrr%ﬁ?%%%ﬂ to the p@ﬂi%ﬁan

- of the VEE that is weli deternined im the giv&m cszos by {

unosne 6f the NOM lop (Figure &), b
_ it is negesmary to point sut %n&x &h@ dﬂ?arminatzeﬁ
¢f the wnierepetroleun eontast level by noans ef NA €1 émﬁa
ebtained frem Bors-FHoele Ho 787 was noet binderad by the fa £
that it bad been gusnched by eanlt w&tﬁf p?i@ﬁ ta the &u&tf
tion o we mr%m%ai g@wﬁtﬁ@mﬁa

E, B Cornaviran of ﬁ:@u!%@ ﬁ*%a%mﬁ@ &ga&hv %& % mgggmgl

NP R bk

Kethods. Witk lndnatrial Bat

SR R KNS

Unent the %@@% ﬁigmifﬁm&mt esriteria for the effesct~
iveness of thisc oy ¢that pethod fer the enpavation of rock |
etructures sseerding o water or petreleny content 18 2he |
confirmetion of eousliipiohsn dvave fyoh’ dute dhtained from

& hnve st eur dispopal the rosults of trisls en
ii bore-wells whioch had heon etudied by the HA method,
In eigkt of {thensz, the trigk remulie fully eantirm~

four walis eut of thess eight yislded wrter-fres LULY %Eﬁuﬁ
28 wad expeeted on the bBasis of KA dsiws, 6ne yvielded fresh
wat@ﬁ, and the reat turped owl %6 Le *ﬁf%i crahad with salt
vater,

Tares w

il with mie ata eharacterigsed se y&ﬁymkaﬁmw 
af Ba, vielded p@%%%ﬁ@nm mixed with water
banig for mssuming thet in these cases. the

¥et there fmonm

Cmot enly on the 2iuid £4iiipy the layer in the

: pazﬁ&zaﬁi@m WaﬁﬁrvUt, but wlen on the ﬂuaigaw af ﬁﬁ@f%lviﬁé
Cwnter insuleticn,. wa%%ﬂﬁaﬁ P %ﬂhi?iiy of tb@ mt&a&&m@ @%QG
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In partiﬂﬁlar,mf the thres bore-~wells in which tye
-trial results d%d mot confirm the conclusions based on NA,

one has a perforation intervel odiscent ﬁm'the'waterwbearing
stratue boundary, another has artaslous water infiltration
aléng gemﬁaahlﬁ 1ntﬁré&ratiﬁimatimns {with the top ahd bottom
of the stratum infiltrated) which ocomplicates insulation, and
the third bere had a certein percentiage of water fyom the
vary stort ol its expleitaticn despite the great distance
from the perferation interval to the YHNK; thisg, apparently,
bae te do with poor semanting.,

Tne extent of tests so far is wholly inadeguate for
making a €innl evaluation of the effantivensss of NA in
periorated bore~holes, : , -

Bven at this point, however, 4t im already clear that
the HA method im praﬁtimally applicable for determining the
VHK lewsl dn unperforatad bores, :

Ancther important confirmation of tho geslogieal

‘effectiveness of the NA wethod znd the chjectivity of the
infornation obtained through £t may be bad hy coxmparing the
work done by the NA method with dota from chemical analysis
of waters oceuriang undor the petroleum layer, A

Avcording to chemieal analyeis data, ¢he ratio of
the pumbers of chlorine and sodium ions g?: in the stratum
waters of the Devenian formatioms in the goutheastern part
of the Tater Republie fluctuates from 0.62 4o 0,67 (13},

Aecording to NA Mo and €1 data, the setivity ratio

Joo
Eﬁﬁé- varies for water-bearing strata within the interval
oNa ‘ :

from 0,13 to €,15, which values, taking into account the.
relationahip e¢f effesetive orezu-gestlons, percentape of
‘activated isotopes. in the natural winture, emanation of
Y~quanta, ete, yield as estivatses for the ratio of sodiunm
and ehlorine atons values from 0.8 to 0,7. Thig 1g suffi=~
ciently slosme to the results sbtained with the ai¢ of echemi=
cal anslvais, :

{
ﬂihliaq&amhy

Lo Kazmine, T,I., "Geochemianl Conditions of the Formation
of Devonian and Earlier Depogites in the Volge~Ural *skaya
Oblast® », In the ecilection “Op the Conditions of Petro=-
leum Formation®™, edited by %.L. MNaymin, Gostoptekhizdat,
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Bhimelevich, Yu.Z,, “Setivation Asziyeie of Liﬁiiﬁg E&aakf

Btructures Within the Bore-Hole and $te ¥Wge in B@%e%mimw
JAng the Loestion wf Petroleum~ and Water-Bssring Lagera”

Pissertnticn Fund ef:tha Petrology Imstitute ot the vesh
beadeny of Saleneven, EQQ?Q i :

i
s
l
i

|
B .
i
1 i
D ;
! :
| H
i 1
i
i
i
%
{
!
i
!
:
'




- METHOD OF DISTINGUISHING BETUYEEN WATER AND OIL S8ATURATED
- STRATA PASED OW THE APPLICATION OF A PULBES '
REUTRON SCURCE o

~UGH R
fFa11QWing ig the ﬁr&ﬁ&iation of an_arﬁicl&
by V.G, Yerogolimekiy and A.8, Shkeél‘*nikoy

in "Yadergaya Geoflmika™ iNuctfgv Gaaphygicf),
Moseaw, L858, pages 237-345.]

Cintroduction

“The nevtron wethod of petrsleunm bore-well logpging,
beihg used extenzively in the Soviet Union, as 1s kuown,
permite one to determins the tenation of hydrogen-filled
(porous) layerz., In order ts5 judgs am to the productiveness
o? & given siratum, bhowever, it iz necsssary to know what
sort of flulid iz found in the porovs spaces of the rock
gtyuoature, d.e,, whoethar 4these spacezs contain water or pet-

Troleum, in a nunber of cames this oan be doae by conparing

loge ohtsined hy the neutren and electrometric methaods, As
a rule, a nwore or lass clear intorpretation can be had only
for sandstones; with limestons or delomite strats such a
comparison is practically Jluncseible. It should also be

pointed out that, as is known, 1% is impossible to take

eloctrometric meoasuronents for dazed bere~holes; for this -

. reasopr, the method cannot be used to Lollow changes in the
" levele 5f the stratas=filling fiuid durimg exploitation.

Hany attempte have been made over the last few years
to develop the metheod of detéermining the location of the
vatexy=petroleun contant level iun cased borve-holes with the
aid of radicactivity techniumes, Up to the present time,
thare hes been wignifimamt progrega in this direction (3,7)

- although the problsr as a whole has not ag yet been solved,

Sucessy han beoen aﬂhi@vaﬂ in making astlisfactory domarcations
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‘& homogenesus sitratusm In CaBes Where Lhs wy

| ag=inst those for the vetraletn. bearing leyers on the neub
: & i b R

7

3

level within the limits of |
: ter escurvisg
under the petroleur laover kas m:hig% wineral ocontent, The ;
techuique makes use of @edius ehloride present in the mimek
ral-contsinisg wxter and sbeent frem the petreieun, The prée~
sente of chiorine im the wekey lesds to higher readings
agafngt the water~containisy portiens of the stratum as

of the vatere-pstrolounm contaet

g T

| ron~gumme 1og. The eppusite i observed to beld for the |
P rostron-neutron nethod loge, | ' o o
: . Laboratery end imdustrial studics havs shown fthat |
@even in caser 6f hizh-mimersl eontent im the water. (2006

Cgrane/iiter), howsved, the differences inm She deviations
C0f pevlronsgann
cEhe vy o
de not exoesd 20-30% in o Gated bLoro-hole {13, The sffesat
' ean be incressed to BO% by means ef = geintiilsiion eounter

# and nentvop~veutron wothed loge agsinmet |
ring poritions of the stvatunm

14

¥

i
i
| | 1
Significantly grester effoals cawm be hed osnly by the
vBethod o¢f messuring the ivdussa radicsetivity of sodiuve,

{73,

 ¥hieh i35 ome of the salts disselisd in the stratum weters, |

by means of s Y~spoestrometer (8), ¥ith sueh & teshnigue, |

and with water bavimg & wineral content of 200 grome/ifter;

the meter imdicaticns for poeints in the reglon of wntepe

! o e , > i
Cpetvoleun esntant 4iffer by peversi timag, This mathad, !

fend weeeurenents st esad pointi this makes 4% highly incon
cveniont under ladustrisl conditions, - ‘

' hovever, reguires an iryvediation ¢yele issting suveral hourae
£

' metheds of fetarn

One dyvavbael sonmon to 411 of 4the sbove-mentionsd ;
ning the Igsention of the wvater«petroleun

3
‘eontact Levsl is thelr ineignifiocsnt “ponetrabliity™, The
c ¥esulin of the wessurements aro glgnificantly affooted by
bore perazeters {(diwmensicng, thiekness of semwent Lining,

remains tiumely. B

~&zit content in cangnt, presense of horimy Fivid, ete, y éﬁ?,
CIn addition te thiw, in many ons :
®il1 pemstrate inte £he porous parte of tho
cwrter paturation aoner sve ofisn fo
RLL Ehis 3imits the practieal poasibilitics of the abovew ;
-meutioned wathade, - ‘ ' :

v% the flushing solution
#tratun and

wwd under explioliation)

Frow what has besen sails, 44
coneluslon thet the problom of wa

fer deternining ve of the

- effestive methods
the straiunm porss
methods wust sermit the determinaticn ef

e e B 4
BEELTN




contant laver with both high and low miueral aontent. in the
waters aecarr“%m beiow fhe petroleun layer, It ls necésaary,
"1ikewise to broach the prablem of QU$ntitativ@ petroleum
centant d@terminaiian. ,

IThe Pu%ﬁﬁﬁ Heutron Boaurcae and tbe Theory Underiging Puxseg
Mensuring Apparatus

A method based on the measurement of the porameters
of & pon-stationary thermal neutron f£ield using a pulsed
neutron source {4,7) seema to hold high promise for the
goluticn of & number of problems iisted above,

Efforis have been initilated just recently at the
Petrology Inmtitute of the USSR Acadeny of Sciences toward
the developmont of & gmpll bore-hole sneuiron gensrator
fonetioning in a pulsed range [Bee Notel. Without examining
in the pregeni article the design of such & genarator, let
ng ipsk into the theoretical baskground of pulsed measure-
ment syatens in ganerﬁl.[ﬁﬁt@t & &a%swiption,af a small
neutron tube for {the hore-hole goncralor i piven in the
Varﬁjﬂla by B.G. Yerozolimekiy, L,¥, Bondaranke, et al., en-
titled *A Mz%iatvr& Sexled Neutronm Tuhe™ found in the pre~:
sent volumel. o

- - Buch &ywﬁ@mw Unﬂﬁ? 14 of 8 pulieesd reutron generator,
recsrding aprvw“fu and control elreuits, The regording
device can be any &vpe of tharmal aesutron indicator: a pro-
portional counter filled wiih Bﬁg; a photonmultiplier with

a boron comuound c¢sated seintillator, or a Geiger counter
regiztering the \'raww enitted in the absorption of the
thernmel neutrons by the rook, :

. Tae neutren genasrator ‘and the recording syatem are
regpulated by a spesial cireonit in sueh a way that neutrons
are emdtied during a period T, and recorde over an inter=
val Td'uhich stavriz after walting period T,. Such maaaure-l
‘ment ayeles folliow eone another mauy times each gecond, and
the reqording apparatue thus accunulazates information about
the internsgity o¢f the thermsl neutron sitream B in the loca=-
tion of the indicator over a time interval T3 fellowing the
end ¢f the radiation poeriod Tl,.Varying the length of Tz,

it is possible {10 obiain the time-~dependent funcﬁian for
the aﬁnsﬂty of thermal usuirouns in the rook,

L2
Bk



form (eec wefersuce source 2):

described by mesne ¢F on agm%aﬂﬁmaﬁ® thesretionl an&ivaig

s

; “@m@ ?g@ﬁﬁhﬁlaiﬁ@m of. @ﬂﬁ ﬁ“ﬁ%ﬁﬁ‘
Eaw Bab L el ‘

Let us exswins the ﬁﬁ@@i%’iw@?ﬁﬁ 5% the mothed Jﬁﬁﬁ

¢f the prm@@sﬁag imvolved,

i

1f we demignate by nfﬁ@t} the nentrom density st =
peiat with ra@iwgmvmrtaﬁ w ﬂﬁ%&ﬁ & tize ¢ following the
enission of neutrons, thew the differantiasl egquation &&gay'hw

ing the distribution of gonte &?iﬁ? tharngl nﬁﬁt?@ﬁb hasn t~

e v mr———. ﬁ..

| Q’l = PAy g = .ﬁ» - (X}

at

gwh@xs B iz the neutron uiffuwiﬁm ﬁ%&f&iﬂﬁ%ﬁ? Aoie the 13@L
i laee operater; ¢ is the pumbay af nevirons ariging in the

i Bediue pay L ﬁmﬁfaw@f@rﬁjmaﬁan@ and T is $he mesnm life @i‘

. the rneutyenz iz the mediun,

Since the puleed ssurce éw{@ﬁ mwvtr&n@ during =« w&lé_

s tively bris? time intevrval {?Eﬂgﬁz)ﬁ,amd grmwﬁiaazlv 1l the

- fast neutrong decelisvnie over the pame time peoried tﬂ, it i

g oE O, and @m&@ﬁiﬁn £1) takes on thm forp

- ¢ivm appeares in @ha ﬁarw ‘ ‘

- where u{¥°.0) is tho inmttial digtribution ef thermal aeatué

tien g, o
in sphervieal « fﬁzﬂ*ma%ﬁﬁ f@#W%K& €3y ean ba written
in the form a‘? S P y e A!’
= @ﬁi @%yﬁgﬁ, M‘?é?ﬁ ﬁ teip o
h(t)= T : 8 ) «

3
way be asstumed that the fwhﬁ%iﬁm @f the &i?t?i%uﬁiaﬁ‘ﬁf thé
& sourass d*ﬁf@xw trom mere duly during = small ting iﬁf&f”
v&l egual to Ty in duwation. %&k@? & ftlime ?i o tg fuﬁ@ticﬁ

n " : L
e = Dan— & R
ot T .
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The solution to this ﬁquﬂﬁiﬂm fay 8 haw@weﬁ@aﬁg mo-
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rons in the we diuw, propertionzl iz our sazes to the funo-
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‘and amiﬁfinm @ neutrong pex pulpe, fﬁ Qgﬁﬂf‘ﬂ- . W8 now

LR psE

BOUTCe

gocunt the Ffaot thet for a poiat

34 %h@gmﬁi m@nix%hw dsezted a2t %hﬁAnwﬁgim of the coordinates

' V
P have fvow {ﬁ} that

, . : ";Aﬂszw m‘,g-é‘

B A e 4bt . ; Y

_ Tuk tug the first derivative of the @xp?ﬂﬂﬁﬁﬁu €5y
Cand getiing 1t equnl to zery, we doteraine the tise of
Carrival of the therusl asutron weve maxinur nt the point r%
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2 »“ww e @g : -_ 5
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oy

For a fart neutron point ydlge gouesz, the initiald ?

distriboticn of thormal nautrons hos % eufflelentiy good

esrreapondents e ths eistribution of pupsrthersal n@u%fﬁnﬂ
S {8) and oan be veprecsnted in the follawl: B way (i&iiial

energy ¢f the fzet couvivens is~8 Moy &m?ii*nn elestron Z
voite) awnd r?&Lja where 1% i the daniw3M&2aﬁ pgr@Mﬁtar3°j

P ' . H
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K, o et
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o the one given in refers
cence (8}, vhile formula (11) iz gimilarivy #elated to those.
 found in references (6 ame {16}, ' ﬁ
: Formuls (L0} becomes formuls (§) for time ¢ suffie |
~elently lavge s th&t’iﬁ,%§ : Usioeg the asymptotic con-

Poraula (10} i1s anslogous

. cept enbodied in the [1 « apg im)jjfnmﬁﬁﬁmm@:wﬁ?ﬁ@nuﬁh@ﬁa;
‘that formulae (LX)} and £12) likewise baeome formula (8) for
L& Bt . - s _
' Thne, rough eptimntes of thoe behaviey of the timp= ;
cependent nsutron distribution funotion for large % can be:
obtained witk the sid sf formulasm (63 and €8), S
&5 i evident from forwula €€}, the time of arrivsl’
of the thearmal neutron wave mazimun depends both en the :
hydrogen eontent in the @a@k_(%hwmmgﬁ parneter B} and the
mineral econtent of the fluid £411ing the sirvatum (Lhrough |
peraretsr Vi, Formuls (5) shows that as ¢ increagses, the
decline of the curve praetically ceases to tepend on U and.
wiil bagically be deternined by the exponentisl fa@t@x'Qf%f
which depends only on T, : S :
betermining 3 nceording to the deeline of the nir,t)
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eurve, snd haviag moasurad & w3 it is possible to determine
%.' : . .

:parameter b from - formula 16)@‘

Thus, this muethed affords » umeans of datermining b
&né‘j’separa&&lg -« gomething which is impossibls to do
by means of stotiomary neutron sources,

4 Eecalling that -the coefficient of neutron diffusion
bas*callv 6ap@nﬂs on the hydrogen content of the rveek (i.e,
on the petroleum or water content of the stratum), while
the nean 1ife of the thermal neutrons is the layer is deter=
wmined by the hydrogen content, and, to & much greater extent,
by the mineralization of the stratum water due to its chlor=
ine content, then this method will obviously provide a tech~
nigue of solving problems on the determination of hydrogen-
content {(porosity) of the sgivatum and the nature of the
fluid filling the layer (petroleum ox wanter).

¥or purpoges of illusération, Figure 2L shows the
ni{r,t) corves constructed by neans of formula {(5) for » =
15 centimeters in & homogeneocus zandstone mediun of 20%
porosity filled wiih petroleunm (ourve 1) or water ontainw
ing 200 grans/liter of NaCl (eurve 23,

A5 car be exsily ﬁaam"ﬁ&yirpetrmxevm = 5,7 X104

seconds aﬂd‘:water = H.8 X 16™% goconds {i‘e¢,'di££ering

by one~half) the diffe¢rence in the thermal neutran dengitles
in the rocks will bs on the order of 10 after 10  gecond,

- *
e

TR W A TR T 5D f«u@ .

Figure 1, Calculated curves showing the depandanﬁe ot ther»

mnal neutron density on time 1iIn a homogan&ouq sandstone medi-
ut of 20% porosity.
A = relative unite; B = midroseconds,

Yl = Water~filled sandstone,

% = Sandstone filzaﬁ with m*n@ral-cnntaining water (200,
grawwfliﬁar).

€
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Thug, the pulsed method will permit. ue; accordiing to all
G?@eetaﬁicnﬂ te deternine the location of the water«pe»ro-
leum contact level by means of greater effects (reauhing
several hundred percent) in cadesn iavolving gtratum waters
with a high mineral econtent, am well as to solve this probe
lem with leme acsuracy under conditionz of medium and low
mineral eomtanﬁ in the watera 0n¢urrﬁng helow the petroleum
layer,

Algo of great importance is the faoct that as time t
inereases, the total mumber of weutrony striking the indi-
cator will bs constituted to an ever greater extent by neutw
rons emerging Lrom the more distant depths of the medium,
Congeguently, the glops of the n(r t) curve with increasing
t corresponde to the param@t@z“w for Iayerﬁ iying an ever
greater distance from the inal@atmr, Thie meaws that by in=~
creagling t, 4t iz poszaible to increase ﬁmﬁsider&bly the peng-
trability of the method, and perhaps to a great oxtent eli-
minate the hindering effect of the paraméﬁﬁra for the adja~
coent nmedia (the eteel column and fluid in the bore and cement

ining), This is further aided by the fact that the mesan
1ife of thermal slectrons Y in the neighboring medin {and in
the bore-hole 1tself) iz sonaiderably gnaller than iu the
rook struatuvre, ‘ '

Ernerimental Pata

In order 1o test the validity of the above suppoegi~
tions, a series of exporiments was conducted on rock strata:
models. The wodele used ave described in €63, '

The model comstructed sut of a mizxture of zand and
pareffin corresponded to sandstone of 20% pmraéity gaturated
with petroleun; the model consipling of a mixture of gand,
parafifin, and sodiuw chivsride soryvsponded to sandstone of
the game porowity filled with water eontaining 200 gramg of
salt pexr liter, The axial opening of ench model was fitted
with a stesl casing &ﬁlﬁ&ﬁ and cement Lining; the coment
lining for the water-haayrd J@ gandetons woadsl cantaiﬁ%d salts
Juet az 4p astual praectice (6},

An atcelerating deuteron ftube with a tritiam target
waz uBed ag the neutron source, Periodically == 300 timen
sath gecond ~= the tube %wi%?@ﬁ ghort (5 % 10~% geecona)
burste of neuwtrons of 14,1 militon-elactron-volt energles,
The thernmal meutronz were regigtered by meang ¢f s propor-
tional counter with BF ¢ Fulses from the counter were fed

a¢é




into n i¢O-channel tine analyser [aaa N@tel, The gimensions
-of the modals, ineluding torget and cﬂuntwr poaitions are

showa in Figure 2, [Note: The emperiments were conducted at.
the Physice Institute imeni Lshedev of the USSR Acadeny of
‘sclences,.] : : ‘ :

o P ey

' f//// ///////////// v

igure 2, Diawram af the Fmaarim&nfal 3ﬁthp..
.= Stesl ecaning column., - . . -
Cemaznt lining. '
Reek duplication meﬁjum,

= Thermal neuiron esunter,

'=.T§rge%. '

H

F
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The resulie of wmeasurements of the dependence of
thermal neutron dewnsity on time £ are shown in Figure 3,
From thesme data it follows that for t = 800 microseconds,
the indicator readings for the petroleum- and water~contain-
"ing strata intersected by a fdry bore~hule differ fron each’
other by a factor of 10. Alihough the absolute values for
jfpetrogﬁum ané(f@aﬁ@r obtained ir this experiment (approxi-

mately 25¢ and 150 nicroseconds, r@mp@ctively} differ from
~the caleulated values (570 and 250 microseconds), apparently
due to the relatively small eize of the models and the con~
gequent neutroen leakage through the walle, and also because
of the effecte of the sement tining and steel casing tube,
these data are fully adeguate for wmaking estimates of rela-
tive effects under actual vonditions by means of tha

Tpetroleun and mﬂQtEﬁﬁﬂﬁw ratios,
T water - DPwater o
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. The counting speed in the salt-free sandstone model
(at a mean intensity affV163 neutrons//esdceond for the gireanm
of fast neutrons emitted by the accslerator—-tube) after
t = 80¢ microseconds amounied %o-ambout 5 counts per minute
at & reaording channel width of 10 microseconds. Such a
counting speed wmakes 1t possible to make continuous measuros-
ments in bore~holes,

i

O SO WU

ST

Ag%:%

Figure 3, Experimental Curves Showiang the Dependence of

Thermal HNeutron Denzities on Time, Obtained From the Models

of Water= and Petroleun-~Boaring Sandeotones Intersected by

Cagsed Bore-~Holes., '

A = Relative units; B = Mieroseconds,

1 = Petroleunm~=filied mandstone. :

2 = Sandztone £illed with minsral-containing water (200
grame/liter), ' A

Copelusion

The resulis of prelimimary enperinents presented in
the pregent article phow, first of all that the theorseticall:
predicted differences in indicator readings as taken against
water— and peitroleum-containing strata can actusnlly be ob-
tained under bore~hole measurewment conditions, ‘

- Secondly, the ansnlysis of the remulie providez a
means of detevminisg the magnpitudes of the basic pulsed
Rl E, L 2 Gllewing: the mean noutron smissisn
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"is not lese ﬁﬁmh iaﬁAhﬁutfgnﬁﬁﬁmc@nﬁ for pulses lasting

T 100-200 microszeconds and ssguence frequsnoy not excesding
‘400 cyecles per second,. _ ‘

: Tn ordey to oktain preciss quantitative dats on the.
poeeibilitles of independently determining the rook para=
‘meters I and Jeag examined in the present article, and zleo
to seeure a counsiderable incroase in the penetrability ef
“the tests, detalled experiments arve prezently bejang conduct-
Ced &t the Petrology Institute of the USHER Accdemy of Bcien~
Coem, using the iaboratory neutron generator designed &t this
CInstitute.[see Notel ,[Note: The deseripition of the lebora=

- tory gemerator is given in the artiecle entitled ™A Labora~
“fory Neuiron Generator" by B,O. Yerozolimskiy and L,P, Vey=~
teil in the present volums,
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A 100XV HIGH-VOLTAGE POWER 5UPPLY POR
A EORE-WELL NEUGTRON GENERATOR

~USH R
(FPoliswing 12 the trensliatien of an article
by D.F, Bespaloy and A.X. Zhaustoy in “Yader-

nayn Geofizika™ (Nuslear Goophysics), Mossow,
1950, puges $46-350.]

The operation of the bore-well neuiron gonerator

-aceelevator-tube requires a power supply capable of provid-

ing a L0O0-kv {kilowolt) voliage at ourvents of up to 150-
200 wicroamperas, _ . . A
. in view of the conditions under which it ie to funee-
tion, the power supply nmust couform to definite regulrements
ap regards its dimensicnsy the device nmust be encloszed in
a tube with an outside diasmeter net aw¢ead$ng 100 milliimeters
and azboout 1 nmeter in X&ﬁg&h.

Using low-frequency alterssting eurrent (50-400 cycles

. per seoosnd) to feed the tranzformer of the high veltage reo~
I tifier, it is practically impossible to consfruct a nighe=

i voltage power supply of the required dimensiong, gince beoth
" the transformsr and the filteridg capaclitors would have to

be large.
For this rezson it would be expedient to employ a
cireaﬁﬁ with & high~freguency (20~50 kilooycle) gencrator
giving & voltage of about 10~15 kilevolis on the high~fre-
guzney tranformer secondayry, which is then rectified and
vadergoees voltoge multiplication,

This type of eircuit would allow the use of gmalles

capacitance miniature condenzers and miniature kenotrons,

he drawbaeks of asuwch a circeult are ite relative complexity

and comparatively low efficienecy. When constructed of high-

guality components, however, such a power supply operates
with full reliability, without ipordipate power consunption,
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Figuye 1 reprezents a schematle dilagyem for sueh a
pewer supply, conesived and itssted by the anthors at the
nuelear genliopy and gemghyaica iabeorateory of the USSR Aca-
demy of 3clences Institute of Petrology.

The bigh~freqguency power gupply unit is z resonance
power amplifier with external excitation fsoe Notel. Such &
ginusoidal voltage gensrator is more efficient than a pulse
generator, The anode e¢ircuit of thé povwer supply includes
a high~fregquensy transformer wiih beth windings adjusted to
the working freguenacy; the capscitance of the secondary
cireunit couslsts of the capaeitante of the winding itself
and that of the multiplier~ecircuit component arxavglﬁst@“
External excitation is employed in order to fasilitate the
adjustment and reguiation of the gupply unit; a self~sxcits
ing <¢ireuit could have been uged, however. '
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A = Yolts,.

B = High-frequency trensformer, t'WW5 '

C = 18-kilovalt capacitora at 380 fgiﬁ: 39@ microfarads ]
b = Kilovolts, N

E = Eight 17878 kenstrons. -

Figure 1, Schenstie Diagram of High~Voltage Powar Supply.
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The ah.wqe of 0pﬁrat7r rang&a for the powsy supply
is based on the foilowing considerations, In order to reaw

‘duee the number of wultiplier sixges in the yeoctifier Cire-

cuit, 3t is ueseassary to mwake the woliage on the transforme
or seocondary #3 high as pegsible, Ths maximon fapdback wol~-
tapge for industyialliy-produced minlatuvre kenstrens, however,
does not exocosd 30 kv (kilovelts), and besauss of this,

the sectified voltage cannot be grester than 13 kv. Ie eddi~
tiou to this, ihe ratio of the voliage over the ﬁ“”ﬁﬂ@ary
edrenit 1o the ansde vmltag@ of the geg«rataw is prawu1£ianm
al t¢ thw ratle of the capacjtan#eﬂ of the primary and gecw=
ondary circuits. The scapacitance of the secondary ciroult

is the the capacitance of the nampenent array and caunnet be
made am.zier than ths ovrder of tens of nigspoiicrofsrads
Cin this instscce not less than 60 mmf); furthermore, the
equivaleaut resistense of the secendary eircuit falle a8 the
capraitonce of the primary circeuit rises. Thus, to obtain a
large cutnut voltage, it ls necessary te ilower the equivalent
repistanse of the anode cireult and to enploy low internal

repietance tubes in the amplifier {(sueb as the GHSG-typs

tubes) capabie of operating on low plate resistances.

The capacitance of the primaxry circult likewise
affecte the c¢hoice of the operating frefguency. It is exped-
dent to make the operating freguency of the generator as.
high ar possible, since this will allow the use of lower~
aapaai tance condensers of commensurately snmaller size ln
the reciifier, But eguivalent registance drops as the frequ-~
ency increages at a given c¢irouit copaoitance., In the pre-
sent cirouit, a 20-kiloeyecle sperating {vedquency was choaan
tor the generator,

The ~eonnection between the circuvite was advisably
made as sirong as possible, For this purpoge, the anode
winding carries & large number of windings, only a part of
vhieh‘(.%-) ware included in the anode circuit of the gene-

rator. The equivalent load resistance in this case is about
409 ohns. *

' At an a%term&tinw voltage anplliud@ of 15 kv, 8 multi-
plior ptages are suffielent in the vsotifier,

- The adjustnent of the power supply unit is accomplisgh~
ed aconrding to the minimum plate current in the output cag-
“eade, lIn doing this, ithe cepacitance of the plate {anode)
feiranit ism chosen to nbfaan thé greatest officiency.
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& = High~voltape winding. :
Figure 2, Stamdmrd H&&tifier'ﬁ@ﬁkmp,.

' Th@ stamd“rd vml%age«multxpliwr regtifier cirouit
(Figure 2) is of 1itile use in the present case, since the
component~array eapaaﬁﬁanc@ is that of the sscondarv cir-
cuit which carries the entire current of this circult, thus
ereating a large veltage drop on the rectlfier capacitors.
For thig reasen the voliape provided by the last palr of y
kenctronz comprigses about half of ¢hat provided by the fivet
pzir, and instead of an.eight-fold voliage rige, we have
only a gix-fold voltage increane. More effective would be
the counecticn of the secondary high-voltapge transicrier
winding to the fourth meltiplier stage rather than the first,
as shown on Figure 3., In thig ease, the voltages provided
by the two boundary kenctroen psilrs differ kittle from {those
provided by the intermediate pairs, One drawback of the eixy-
cuit 18 the necessity for insulating the ancode winding faon
the high~voltage windiag which ie under a 50~kvy volitsge ra-
lative to the chasgis frawe, But sueh 2 degree of insulation
ig guite ensily achieved wiith the adid of a H-~mililwmeter
laverof plexiglas. ' o

The rectifier uses LTs78-type kenstreng, for which
the mazimam feodbaokvoltage ig 30 ky. The kenotron filanents
are gupplied with a 400=cyels wvoltags from the distribution
transfornery, The highey freguency aliowsd e reduction of
filament transformer dimensions,

The circeult g mounted on plewiglas giser in a stack-
ed configuvation and separated by plexiglaz posis. Since the
diztances between the cireuit components are guite amall,
the possibility of spark-pvers through the air is eliminated
by placing the entire asszembly im & vinyiite jJacket filled
with transforgzer oil, The bhottom of the j?ﬁk?t hag an out-
put binding strip. The high-voltage transforner windings
are placed in a soliid glusd carcass maé@ of pleziglas, Ths
secondary windings of the kenotron heater digitribution {trans-
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The entire arzgembly im enclesed in a steel tube whieh

' 4ncrensen the azpembly capscitanse and introduces glgnifi-~
- ¢ant igsses inte the high=freguaney transformer, To »educe
- thess iozses, the traonsformer windings are positloned with

their awie perpendicular to that of the tubey A copper screen
4m the place wvhere the windings ars mounted alse affords

- gone 4xrvoveﬁﬁntﬂ

The highevoltage %ﬁw@? supply develope 100 kv with

a2 €00 mugohm load, l.,e., has a powor of about X7 watts.,

0p$raﬁiuﬁ at t iﬁ 3%?8&; i& uges about 200-=280 mililianperee




at 370 wvolte =znd ie approvimately 20% efficient. The in-
ternal resietance of the powey supply unii lg relatively
iow; because of thig, the eutput voltags depends 1litile on
the load, while the efficiency rises with decreasing load
resistance (Figure 3). ' '

The output volltage varieg in direot proportion to the
plate wvoltage {(Fipure 4}, Thiw permits easy regulation of
the high ovtputl voliage; to obviste changes in the ouiput
voltage a8 a roegsult of arbiirary fluctuations in the plate
voltage, however, it is nesessary to atebilige Lthe latter.

The eircuit can algo be medified to include a nNegas
tive feedbaok hobkuw to stabllise the eutput volitags.,

In the future, the dimensions of the power Bupply
unit may be reduced. : S

This highevoltage power supply can be used success-
fully for driving accelerator tubes for both bhore-well and
small-pize loboratory neutron generators,
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{¥ollnwing is the translstion of an articie
Ly B.G, Yerozolimekiy, L.N, Bondarenke, L.7,
Vaytelk, ¥Yu.8, Shiwmelevich, and LeX, Wudinp

in "¥oadernays Geofizika™ (Mucleay Geaphy@ie 3,
Moscow, 1952, pagea 351355, :

i Ewperimental studies condueted for the purposze of
cexaminiag the nmamibﬁlii%ea of degignins a miniature neutron
generatsyr intended for use in bure~well leggping were ini-
~tiated st the Petrology Institute of the URER Acadeny of
‘Beiensrus in 1857, :

The sentrsl vwmpeﬂont in a ﬂ@ut?@ﬂ geanerator iﬁ the
“dlonie aconlorotar tube, A eholce of design for this device
basically deternines the solutiens to a whale sefles of

- technical problems Invelved in the developunent of a minia=.

- ture bors-hole nﬂu*ran generator,
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Figure 1, &chematig ni&gram nf Miniature Sealed ﬁeutron Tube.

A smohenatie diagranm of the. daaaribﬂd tube is shown in
Figure 1,
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Eijpvtrons enitted by the Lested tangsten ¢atheoeds 1
are accelerated by the eyiindriesl anode 2 and move through
it along spiral pathe am s result ef the longitudinal map-
netic field H set up by eo6il 4 which carvies direct current.

If a nepative potential V, relative to the sathode

iz applied to slectrode 3, then prisr te reaching cyiinder
2, the eiectrons will be reflectad, thusz vibrating within
the eylinder and thereby lonimisg the gas which fills the
tube. The positively-charged ionm, pulled in by the field o1
electrode 3 and sccelerated up to energy Vg, strike & tay-
get lozated within eleatrode 2,

Tnua, the design shown on Filgure 1 represents a
gimple combination ¢f a vihratwﬂg Blectron~8issharge ion
source with an aceslerater tube having a ginpe acscelevation
gap. | :

A careful exzamination ef the design revesled, howvevaed
that 1t waz capable of performing yet another functinn =
pamely, that ¢f a high-voeltage kenotroen which could e used
te double the accelerating voltage, '
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Filpure 2., Schenatis Diagram of Voltage-Doubling Circuit in
Sealed Youtron Tulbe
= High~voltage mx&nsfﬁrm@r,
= Cireuit wvoltage.
= Heated tungsten cathode,
Cyilindrical ansde,
Electrede with target, , ’
Coll which sets up lengitudinal wmagnetic field.

Cylindrienl ancde potentisld current EOUYCT,

g

.
11

n

.= Tungstern c¢athode hesting-surrent source,

G o e ot e
B

= Capacitance,

Actualily, even if jugt a small pesitive voltoge ig
applied to electrode 3, then the electrone wiil sozxse te be
refiscted, the vibrational scharacter of their moatlion will
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’Sfé?ﬂ'%wﬂ ire wlesiren surroot will flmw fouap Loeiectrode 3,
-~ whieh iz thiz come will play the role of anocde, as in the
fﬂfaﬁﬁzfﬂ,kﬁ~t ' .
tmoiest electronic ecirsuit employiung Lkt above-
mentita 7 spantion of jonie acceleration tuke and high=-
Cwoltame kesotron funotienst iz i1llustrated in Figurs 2,
. %hie ds the ugual voltage-doubling civeuls making

g o cﬂﬁzﬁixamé@ ¢ and the kenstron; the role of the latier
ig pLieyed by ochs tube fteelf. If the magnitude of the foenic
cuvryent T . in the tube (w;t% slestrede 3 regative) la

x

gmallizsy thsrn the sieotion carrent J at electrode 3 {with

el
Legtrnde 3 wonlitivéed, then the capsciitance ¢ will receive

a2 ¢harzs prostically egual to the ampllitudizel value of the

osg the secondsry winding of the high-volitage

voliogs U 2Gx
traoaforpeyr {@ s axul the voltagre aoress eleatrods 2 will
pulse Loy

v e Bmell pozitive, dewn to an alnost double nega-
5

Ctive witus (¥ gure 23,
.y
s
\ w2y
«73
-t

- Figure 3, Plot of Yetltentlals and Currents Acrses Flecirode
aﬂd Targetl 3 ag Thay Dorend on Time.

sz thig heppens, ag can be seen from the diagran for
current 53 floewing toward elentroede 23, the ionic current

" will flew slwost ﬂﬁntmnz&u ly, while the eleotrern current
will flew only during thomo ralatively short time intervals
when potential Va iz posltliive.
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It iy inadvisable, however, to have the l1oniec current
flowing toward the target whlle potential V. is considerably
smaller than naxiwom, since this will net ineressge the emig=
gion of peutronm and will creste &n @%@egﬁivé lozd both '
aeress the transformey and the target. For this r@&aaﬁ, the
Girect-current voltage supply ﬂg (Figure 2) is roplaced in

the eircuit with & special pulse gentator whieh is gynehroe
nized with the alternatingscurréent voltage acrnss the frangs
Lfermer-in suchk o way that ite positive pulges fed to oeylin-
der 2 induee the appearvance of electiresn and fonic flow only
during short 4tine intervsis cloze to the moments of nmexims
for voltape Vg (Figure 43,
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Figure 4, Plot of Peteriialsm and Currents Azraesze EBlectrode
arnd Target § Againet Tise With the Inclusion 4n fthe Cireuit
of a Pulse Gensrater Across the Cviindrical Anode,

A = Telsetzon: P = Tion.

_ As may be peoen Fyrow Fipure 4, the isonic current flows
only at such times when ¢he voltage acressz electvode 3 4w
close 2o fte maximum negative vaiue {and g praecticalily
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‘eéugl-ﬁa ﬁ{ﬁi&h'th&'ﬁﬁy%iﬁumimal Vﬁltﬂg&'&ﬁiﬂﬁﬁ whe trans-

G formerk. ' ‘ o :

; e tehe J%&ign Just deseribed is e”t ‘gnely convan=

S font fuv thoe purncse of construetiag a bo vamnwh@ BEINEGR

frvrw°ra'w, irvafar ag ths birhwvv tage sourde, the Lisahge
¥ e e 1?n0ut 24 ﬁepﬁrata Pﬂf$ﬁf@h for doaygble

’ﬁxam thﬂvdeﬁmwiytivn§'ﬁh&‘ﬂner&tfﬁﬁ'ﬁyﬁiﬁ
”aknrwfnbe'ia wf & puise typ2 grlse
armiﬁpd by the pulise generator; = Faguen=

raguansy of tha ﬁul&?ﬂ is sgual to the freguency of
sxpatlup-euryent volisge across the ¢ransformer.

: in tha prototype of the tube which wos actually con-
Cgtiusteod, the working woltage was chosen as 100-120 kv, The
oreration of the tube conssguently refulres a trancformer

" with a 60 kv pesk voltage. Sueh a transformner was construat-
“ed te £it iunto a tube hevivg s diameter ~ 100 millinmeters.

. The target im ihe tube was made of tritium-impreg-
Cnzted mirconiumy the tube ¢$ntain@d deuteriun under 2 pres-
L pure of £.107% miillimeters of meraury,

_ Under gsuch a pressure the gep between cylin&er 2 and
;&le@tr@d& 3, which iz~ G the order of suvvrml oentimedters,’

. 48 able to withagtan? a voliage of up 1@ 15¢ kv,

The magnitude ef the fonie current, whlch may be ob=
tained in a tube of the desnribed design at a pressure of
88 X 10% millimeters of wmercury, reaches ssveral milli-~
canmperez: the nzutvoen osuiput may be ay high as 107 nautrbns/
Cgenoud, '

_ Cptimuu &urr@nt values were obtalned by a‘proper
cheice of Aength and dd&ﬂ@fﬁ‘ for cylinder 2, as well as of
& powar supply operatiag renge, l.e., the magnitude cf the
" magpetic field H, the cathode emission ourrent, and the
puise veltape anpiitude Vz sorogs the eylindar,

. : One of the iwportant problems involved in deplgning

. @& bore-hole nadtron generator ig that of maintaining the
 proper pressure in the fube,

%5 0 the initial siage of work on the project, A.S.

. 8hkol'nikov, rerenrch Tellow (ampirant) at the Pelrology
institute completed a de tailed study of ithe various possible
. evacuation systeng whioh caujd be used in a deepn bare-hole,
apparatus, v

In partieular, good regulte were obtdinad with a amall
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diffuelon punp featuring a trap and semiconducter cooling.
The main attentien in this study was devoted, howsver, to
rarefaction with the aid of heated titanium wire sanples,

It is also necessary to point out that the tube . .
design degoribed above incorporater an. egual gas presgsre al
2ll interior points in the tuke (both in the aecceleration

_gap apd the ion sgource}; this eliminates the leakade of . .
gas iz the tube, which nwﬁeﬁmawiiv oeeurs in standard ﬁéut?@ﬁ
genoratore where gas pressure at the gonrce must be 107
~ 1072 millimeters of mereury, to 2 significant degres,

The abzonce of intense gas leakage naturally simpli-
fies the problem of maintainiag the correet pressure in the
tube. ' :

It turnag out that in a well-svaduated and sezled gas
tube in which all electrodes, except, of courge, the target,
are also well degasified, the vacuum gya ndually dmproves dur-
ing operation (i,e,, the tube beaomes "tinBhed") a5 & result
of the ionic evacuation mechanism,

Even pressure depends on the working temperature of
the tube, as well as on the operating range (the moan mag .
nitude of the lenle current and the ensrgy of the aa&alarat~

Ced iﬁns), althovgh as a rule it iz severasl fi%@g'ﬁmallerl
than 18 required, Thig fv whv & titanium wire ‘spiral impreg-
nated with deuterium is welded on inside the tube (labzled
5 in Figure L1}, ' ‘ . - v

 Hezting the spiral to s given temperature (by adjuste
ing the current passed threugh 1t), it iz possible to mainme:
tain the required deuterium pressurs in the int@r;er of the
tube,.

" The methoed here ampimymﬁ i# analegons 1o the method

of maintaining the working ga& pregsure in ﬁyd?mgen %ayr~~
tfeﬁwe :
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