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Y 

m%  ?EWF.MTIS>.B  OF   W&?ER~PXFJE&LEUH GQWtMi'S  B¥ TtfS  HBTBA1» 
OF   1M35ICEÖ- ACTXV-m   ©F 30D1UB'  XH  GQN&XTKmg   SMCaUMTS&KSr 

IK  ?E?BQ£.£'0K BS&0SIT8   03? &E&WtiX*2MiW 

[F*ll0wiag Is -flw  tra«:*?lati^» of  am etf"tie#„«\ : 

C^eteraa? ■ <%<&&■$$<.? %.$.&®.$9 Hease^jf   |^Si# ..fgfpi« &C®* 

lf»d®r t&<? «s©Ktditi«M5ß- ©f tit« te«^foi&y*Jarhaa p#is?öli«m i 

<£.fmm& bm-Jt® wells- pem%m ®®T±mxe p»'^>1»i&me: e«?a©st«d witfe t&4 

content M th» «.tsratirEi*d i?et i <»,,■■'äasd tha hates-ögßsftity asxd ;' 

&t&®  i©  *fc# Ifflsdl b&t<MS tSfta:^s.©t««'i8tie.a  ©f  th© 'Ajserbay« 

*«&«?»- n«t  a.ffor*  SD p*;aa© f»r p*<r-@T#Bflag w«:.t#r*»P'©ti"W@«K ©©»* 
ta«t#   ■ 

At  t'he m&jsss'iisä® „   usd«?:? th* e»Biliti®nis  &f ' the np^&r. 
ye-gfioa @f;  4fc*  ttspped .fay®»»   '&fti«te ©eatsls»  Etratt.tie^ «at»*» 
er m. salinity oit the'ord*»' ©1   II® IS«  Classes® }   <Uto' grass/ 
lit«r>s 'tfe®   i»tee<sd    . Bfi&iMm. a.@'iiv$ij »©t&^d   <SW*  —«• stew» 

p#tyei:«fö.z ©©ftta^tsifea» th«  HOT* assd ?jiT«Mr positive results«,-; 
Eoro^weli pycfbas  fey t&« Hit method' aa*& g«r£©yuj«M! In 

tii* fellewlmg «aasisrs.  &su§fe t®st point  1*?' l*»y&di».t«*S few ar     -, 
{5~10}X$e  ikeutros&/ffii»0ei4d »#«.»»» e«mre» fssr fi^e ft#ms«j 
the «easui?«m«at ©f  ifidmeisd  activity i*  tie«' esrx-lfed «mi  f@y 
1£* hottsra* 

&®$T®%«nm assist  ««tijsstaa  sae©j*^tng' to ' tadsse««  ao4' 
tlvity ts&tx«®  are »3j.e  1.4«IS  Ix&ars' aftet»  tit.® ' ß&i&pletloa  of 
trradlatlaa.  • 

Iß order't» resims*© itw tAaa* n«ss©8»«jpy- for bor© t««t«* • 

I ■     ' 



TO 

ißg»   ths©®  taat  palata  ar*  irradiated  sisiroltiMaausly by    '' 
aeaas  ®f  tfaraa sear«©»  öf   &»$re>x:lsLataly  mqu&l  r&jiia&ativlty« 
liaaaurad valuta af the  isdaead' activity ara  rsf«s*r»d to  &. 
aingl© «oure'e radioactivity vaX.ua« 

Tha i'aasa^aetiirity-  Is  »aaattrad by aaaas  ©f  tha  st^g*» 
«er«  radia»atrl« appsrataa  with discharge eovnters..  Tha pXaaa- 
»ant  öf  th* «asattbly proba  opyaait« tha  lrradaatad point   is 
aecoRpll.shvd raugbly by jaaa&s.-.«*-gulda awurkiiiffe,   «a* th©a 
refine«  Is th« initial  naaauratoant  lto Moordanee  with th« 
-asi».um usaasured    y-»radiation. 

t*»tl»3 by the  IfA of Badiwn »etaae &s®  provided  a 
mean»  »f  aatiaatiag th*  aittiation aa  regards  vatar~patrala«a 
oantaat   in a »unbar »f  bor©:  walla» 

Fer aarampla,   in bor« Ho   321  ©f  th© Ordabo&tkid&aaaft* 
Fatraiau*   Imhmttf   inetallasfcien   (Haf ta»ro»y«blaamava Ba ta- 
na v lea >  «fcioh 1ms  a  6* lining aaluan,   the   IVth lavai  of th®. 
Suraka&a suit«  «as  stadlad;   aeeardlag to aleatreaatrle *&©&«- 
auranaat«  ca**i«d  out  In  1*35,   tfca  *l*«b»*riag atiwrta. la tfaa 
bß3?e  A»y  1»  th«   intar?ala   of  740-742,   744-74?*   as« 75S-753 
matarn,   all having apprexistataly  th«  esae -poroalty. 

Th®  atttdy eenalatad of Irvadlatioa'Wt  flv«*points' 
(738.6,   740,   742»   ?00s   733.5). 

äS  ig  evldant tram  th«  iaduead vadieaetlvity euriras- 
<*§«■»© Flgura),   obtalnad  fr©a  th»  15-heu* naaaa*ing period/ 
tfco Iowast   iföd*ae©d  aetivity  aarraapanda  to   the» «pg^jr partlaa 
at  the  topmost   layer  <7'40 aatara);   th® aiddla  aartlaa'af   th* 
uppar layer  axhibitatf gra&tar  laauaad radiaaetlvlty»  Tha  ath'a* 
palnta  are  eh&raetarisad by aaxlatia iaduaa«  radiaaetivlty 
values« ■ *      : 

Tha  effect  dataralaad by taa ratio at  tb,® 'dmaranea 
bataaan the  mmmtranm  &ad Mlnlau». valuaa  ta tha minimum  in- 
d*ag©d radiaaetlvlty  valuaa  anaanta  to   sooft in th©  givaa bars 
hala. 

Thva,   fro* tha  faatrtta  af tha aaaauraaaata  It  la 
paaalbta  ta eaaalada that  ealy tba  appar portion of   tha   top- 
mast  layer is  ail««b®arlB|r<» ' 

Th.i»  w»&  aaafiraad by ba*a aarfaratiaaa. 
As  was  l&dlaatad ab©'/®,   tha  field 6f  &pBlieati@a far 

taa  HA method uadar tha  aoadltia&a  ©f  tba Apaharonaklv Pan- 
iasala.   is  liaitad  to  several  lavela   of  tba  uppar  strata. 
Thla  aakaa  far- addlt lana.t   dlffieultiaa   in  taatlagf   this  is 
aanaaetsd  with   the  faot   that  tmmt   of   tha  bore  walls   tappiag 
the  isdicat^d strata hava lavva  CS-10-) .easing tuba  diametars, 
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738 S&-' ■ 
_. *•— ~ Ha8em*»im 

The Itesitlt«   of   Ißüißstfial  G*©£hysi«*ül  Studie« .€■£  B©re-W#ll I 
Sto  SSI of th<&  Ösfclglsaaikidiss Oil  Fields. j 

B = 0b,st«»aet©r*jsl.lliffieit.äjr'i'i  Ctolw.®  resistivity waits). '   • j 
C K Millivolts.,'                                                        '       ■   '' '!' 
» '«  Iad«©ed H&. ra.dU.oeefAvlty« I 
1 = Calibration yesietiwity  log»   tS»&4&'No  @II24:).- j 

2 •= S«P.   C8»]lf-Pot«?itial>  log,    ■'■■'■                   ■     : '     i 
■3 «. NGM leg* !. 

u'rMuMnMK'nMW *J 

2a *wc.fc oas.s»a,  liquid  i». ^u^po*!'©wt: »2 the b©re-:höl4 
Is order.i«* iB©r«a£«  the  «sf£««t*   and tfee ts-atirg  i&  done- ii ' . 
th« 'empty bor®-*.' When  the  removal  of  iienid  f^es: t£*  bor» Is 
impossible,   the  latter i»  rep.'iae©<t  fey mct«r ef  lots-f&r salinity 
than tfestt ©eeuriag below th* petrblfftim l«?«l,  «uftfe as east.  | 
water.  Such laet&sHrea  serve to  Improve; legging »csouraey.        i 

St is neesesary to act« that the «Jfeeis ob'taie«d ill. 
etrata studies usually de not. ®«<&©d' ?©&?. this fact 1«SJB#»B 
t&e  r^uf-isfclSllty sf  eotmluei&ns  baaed ©a sueh studi»s, • 

Th«  wa.&  «sff'&ets  »i©y.bei  thö6r<jtic«tlly  ttsepXained' by   ; 
tfee-  prevailing gsclogioel  cmditicm«,   a ».eh &s   thm   g-r®at        i    ' 



qtu »titles of water found In strata which have been under* 
g©3 &g exploitation for several docades. The reasons f©r the 
wests: effects c&nnot fe«> explala«d jsoiely by geological, con- 
dilions» hoover, slixoe it i» as yet uselear what role is 
pis yea in the production of the effect, by other factors 
&uc h a« bor« diameter,» thicknosa q>£ the cement layer surround- 
ing the column» position'of the neutr&n  scarce asd radioaetrie 
apparatus with respect' tö the bor'0 walls, the ees&ent Salt con-. 
tart$ -«tc, 

For this reasons the investigation, of the above- 
jaertionad problems |$ os© ©f the hasle task© whose solution 
determines the correct interpretation of test results obtain- 
ed by the Mfc-  cf sodiuta mothoü nml&r th®  ««aditlone of .low 
mir feral content for waters ©c<mrri»g under the petroleum 



'poTiWi!aü'>:ss3 FOR THK INDUCED AcrxvviT S^IK-P FOB THB 
QtfaMSTMuZVE   ESTIMATE OF  OZ£- SAITOH-U'IOK  Ä^D CfüSB* 

CEARACTEftiSTXCS   Off   SfcBATA'    ■■ 

-V&&&~       .■'■■. 

f£-o3l2L©wi».g is the tiraasietl©» ©£ es» artlel«    • ;.. 
■   %>^  K*A,   ItesEsraof  in   ^^äasi&ya ß®»*i&SJc*«**'   <K!,i" 

. •   ©l««r Gaopfeygiaa),   l&ewaaw,-  1850,   »ä3«W   ICiS- 
1-00.] 

-Bovalopnonta  ia aue-l«av »hy»ioa  &»• prövltf*»© *•»*•"* 
glate  wj/tlrn«ir©r aaä «*«»«r »»thorf*  ©*  äsrm^tigattiag bera- 
«•11  profila*  «atf  roe*  l&r« «aispl«*.   C*n* e* the  now radio- 
activity aetaods  3s  the ra#l«rtioi:  analyst i*  ©f ' ro*k sais^X©» : 
<tfc© in«S*©e«:  aetlrit? «*th©ii>,   w*5.ieh a#  & «aault  ©f  ©er* 
«-*&© a-t  tb© J-atroiOffy   Isetitut» nf  tfc« IlSSE Acadeasty ©* Sei- 
eae*s  R»«fi  tha  ©paoloi-prod*.:'-!:  taa»«  e* tha T&tuttftagaofissik 
trusts  a*-.*»li  sas  ©th*r «ß**rpria«e  iß  already being «»- 
ployaft in tu»  patrol©»» ltta*w«try for the eX.asaifleatloa of 
various   s-oefc gfrssttiffes  acoe^sliag  to w&tar an«  petreXaum 
eostont' €S.jÄ>» 

Tfta us® oss t'aiis jaath»« for tha s*©3;«tion c*  this gar» 
tieuLa? probiaa  is  bassd  ©n <i«ter».*ains the radiation from 
tha Wa£* fo«ae>S i>ut  of  N**8 S>y aaatrori boabardaeat«   Ka tha 
wa^ar-baarl^s »an«st*äe»  ®« the eaatera regions* -tha Ka OOH- 

teafc   re&efc««" 2Ä »f  tb» r*ck  walgbt»   btif   is   3-10  time» «»«11« 
la tha patrolawu-feearlagf «trsuta*  fror thl«  raaaa»,   the  watar- 
bearing" lay««   ara aharaetariaad by fcalght«ae4  activation la- 
fasaitiaa  n»  «ostgaraä wit» tfea  petr©lew&"fee&ri»&' atratau 

Thara  ea» £■«& no «outet  tha»  ia tfee itfiura  thla  aathod 
will ba «»«n sore  wisely uaad  la the patrolaaa  ladaatry,  a# 

■'*©11  as  ia öiiii'Äg  ff©©l»sy' «*p-««i*lly teoth' for- qualitativ« 
aatf*qu«atit«tiv«  äetarwlaatiaM  off  the eeatäat  of  a epaeifle 
«lawoßt  is  rsak ßfc-«50l«3. 

Xs thia  «OB^aätiö-Bt,   it  «auId 1»® ef ©öS»  iater«a-t t© . 



disetsss  th© future pm>&p®Gta for the apglic&tle® of   ta~ 
dueed radiofteiivity  <S& *«*» a&¥«ö«tmaya aktivnost*5)  t© :tks . 
etudy ©f  the ch«»i©&£' dump©» it i em '©f r«s«ks  atu!'the .quanti- 
t&tiv« d®t©ra?iö&tl®ß 61 u««fül miäersi  e©Bt«ats  in" reeks, 
first and  f©r«ja®st  ta ds-tewaiaftticns  @f  th# p>etrG»£4>tt!»«eon~ 
teat  e©ef iieieats-  in eased bore «ullau 

1&© .determia&tioa &f  the p^^ol.eu%«eo»t«nt  e«s©ffi~ 
ei©stt  fcK with ifee aid  ®f t&e ».»ethsd iß  der*®  iadlrftetly. 
It  iBvoXi?« is ©amir Sag th®  Ha feoatftöt IK  th®  atr«tuta pare®! 
thft»,   &»©%"! &f? th®  fed  c»ae«ata,»t'i©a' 1» tbe   real dual  *&i®r, 
.It  i«  possible  t© determine the   quantity ©f  water per «ait 
veltwa® in tfe®  r©e& »truetar*»  »ad  t&es &nöwl»g th® poresity 
ef  i&e «-tr&tuja,   ©as deterainee  t&© coefficient k^ &£ water 
oeaiemt aad the e©ef£i©ieat ©1  petr&lewst ©«mt^Rt fe~ « 1 - &¥. 

Tin» intensity, of radiation. «ja&natJlng .f yea t&fe  He.24 

C*TKa>  depends  sot ©aly ©a the  Ha eoistest  in .t&e stratum p©r- 
es,   bvEt »läse  ©B  a. atssber ©i  other  fa«tttrB%   ©f  which t&» sst&J«- 
©r «»ess  are the   foliewisg'i  a>  «strength ©f the-, netztroa source; 
b)  sensitivity  ©f measuring apparatus {   c)  di&seters  of b©re» 
eaalag- coltt&a,   aaii apparatus  &©issiag|   d>  &».«r<3exte« of S?&; i» 
the structure  of  the  r@ek formation &ad eese'ist  eurroundiag  tl» 
casing eoluEa, 

The- first two ef  these  faetere  «an fee ooiaps&e&ted .'■ 
for fey proper eqttipsssmt calibration,   aad  th«   third ene nay 
be  aecouated  for 'fey «ettlag up  th«  ftmciioa  «T™    » £<€« > 
for «ash tspeeifie bor« gf-metar« &SM£ Ä«@«isf' 'diameter. 

It  Is  »esre difficult  t©  aeeount  f©r the. «ff«et pr©~ 
duced .by the  K«r .in th© reek -structure and e©s«»t  lining« 
Bee&use of  this,   the  first &tt»i&fjts  at-a qii&atit&titfe dater« ' 
'ttinatioa 'of k^ toy  tls  Hä saethed  fey s;F*eiaI«pyojee-t- teasa mem- 
ber frees T&taeftegeefi»ifc&:-Ye^B,,   Bismkev  (i)f and a-lso adfc'th* 

-Petrology  lastitute*were teased  «a the' RSBuaptioa that  Naa* 
tra®   found ©nif  in tfe© strat»«*  water f' it  was  alee aeaumsd tlMtt 
the str&tta» por&sity,  miaeral  ©oHteRt ,ia tfe® stratum  ©ater»' 
and  eßCöistrieity  ©f  the  ©©Xtm»  we*c   the  «äste   far  b©t& th© 
water«b©ariag. asMä. peti*ol»w«i»beariög iiatertrala.   Thie'«ade  it 
possible to  disregard the   effeets  ef all  other  faetors,  &nd 
t© 138© the method  of  interpretatio» according  to  relative 
psra.met#rs» . 

la d©isg thi®,   Ys-,,1*   Biankov «»ployed the  forstala Ci> 



where'<JHa>j, and   CJBö>v  «ro  tho'Ka24  radiatloa' lnt«nsiti«p 
in  the  petroleuw"1>©ariag' &ad   wat$r"b«ariRg'intervals, >'res- 
pectively $ Y« &n<*  ^ v lU>*  the   coefficients  compensating"for 
the  differing  densities' ©f 'thermal  aeutron»   Iß the petroleum- 
atjd  water^b^as-lag   Intervals   which  are  exhibited  as   a  result 
of   their  different  chlorine   content, 

Fos«   ± *-><*-  ?alu»   ©f '^v/4-"H, ^ Y<ft,B,   B3.aiair.ey   t*-?*i  the  ratio 
of AS^?;   ^iiei-iv.tioT} '■iut«©itios.l   ae   induead   in   the  .stratum  and 
the- ösihertt  ItJöiag.,   or the  Jfe^ß  radiation.  int«tteit'.t«3  as   in- 
duced if?  the''easing column aseasureö .a;galast the  water» and 
petroleuH-beariag:  S.at;®!irvat3te • 

Is ■our dete-rmln&tloa  of  l«K,' we tool  for our f f/f8 

value  ih*.ratio  ©£   th©ratal   jjoutroa Bteirlives ■ is  th«  petro- 
leus«  CT'ti> 'ami   we.-M-jr~feea.riKg  <"TyJ  stoats, ■i#e^<! 

*  V   w,    v$f   *«*     a. -      . . 

■where <£. S^*^ i.&  th© microscopic öros#~saetlon of neutron 

absorption by'the rock «tructurej NjjC^ is the same as the ' 

above for the petroleira at a. gi^ea poronityi NgjS^ is 

agala th®. microscopic crass-section of nefrtrca absorption'■ 
for CJ, at a. given mineral contest in the stratum water and 

--a vgiven water content' e©#£ i'l etetvi * 
■ Th© values of fc„. for several 'foere-hole's' determined' 

hj  thia .-technique -jiff «red by-l.»5-X»6 times from those ob- 
tained by the resistivity method, 

As was indicated above,' in determining k.. .hy the 

method described above» it was a-rssumed thart Fa.1"* is' Induc- 
ed only in tl.e atratusn water. Hoover, this supposition 
cannot be doomed sufficiently .acceptable, since th© layer 
ana 'the''cement especially both ee,?st&iß a' definite .amount of 
Ka 'which cassnot fee- ignored. For example, according to data 
fcund Ja on» of the refcrencss (8 >,,' Portland cement contains 
frosa 0,5 te I.# 3f; ISagO +''KgO by'weight. It Is obvious that.. 
such a considerable amount' of Ha and K [ßes Kot©]' in the 
adjacent medium will bar® a largo rffeet on the neasurenenta 
"in view sf the lo" penetrability of the.  KA technique.fNote: 

■Radiation fross the K^ isotope» which has a half-life of 
12e5 houtra, is very difficult to dietingutsh from ?fa24 radi- 
ation by th« methods -wsedJ 
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In order tc study this   efieetj   a» exgerlfessoi was 
earrle«! out  ©& a- ^0% peroelty easel l&.y®r eont&ini&g 20© 

■ grams  N&C1  peri  liter ©f por® liquid»  Tfe®  bar©  ia the 
B»d«l  layer had  a  clls-meter- of   S0  ««mtiaeters   Cllü*8)  a»,^ 
was**eäßedM"■ wit Ist a 0s*  esiusia ■&»«!■ ©eweaf lis&i&g^Tfct aatteabled- 
£©=m -was  Srra-di&t*«! fsrem a g*-X0T a«tr©3»/8a©sad! »«utron-     ; 
a^ure* Z&T 15 hours.  After 'th* oottpletiea  of  Irradiation,  ! 
K«a»«r«saeBte  were  take» ©£...tk® tia?«ä«p«ö«i«fit  ö«elia®  la • 
r&dio&titlvity  is  th«  en'tlr* iiod*l mi&ng with  th«~ OOIUMH      I 
and ce««mt  llniag:,   a©  umll  ®s. la th© eessetit  iiaiag and  eoi» 
usa separately, 

Ths   derive«! -te^md©»«® r«iati@8.ship&'  foetwsea  radian 
tl-on latcnielty aed tine  («*o Figur«)  *ei»r*0»nt tfce o«nB«*lt« 
earv««' o*  4«cl:ixi2Bg aetfv£ty of Al48 (T$ * a*S Bleute«), 
Cl**1   <T|  «  SSe 5 slsw, tea),   ea49   (^   «8,5. aimttea),   aad main- 
ly Mä**'(T$ a 2,6  hour«)  vhicih  is ''ttetivated im the eolvram,' 
as   well  as   H*24   <T|  »  Ifs.j,. hours). 

TIM*  separatlea  ©f  th« etsrires  to d«te:Mls«s  the  iatea!.» 
«ity  ©«   radiation*  for-individual  Isotope«  »hews.,    that  th© • 
radiation  fuss feä€   ija  the  eea@Bt   lisisäg ;e,akes   Uf- ab ©at  80% 
of  tb«  total Wa-a*f   *«©.,   th«( reek .for&fction' fields  ©sly 
about. 40% ®f  the raeasttred  Ma2^     radiation. 

Even  i»  th©  esuse  of  ««meat»   eoataising  2-3'tlss«>a   '". 
l#ss  RäT t&aa that ue®&:. in the ■p?©s«mfc experiment,   th© per« 
oentage of Ila^4  radiation from  th» «©meat lining of the 
glvea Btx-uotare   iübFjr& = Xi&*%   <lllnin    a 0**}  win  constitute 

-36-45% of . the  aeuand »«rtittloir fr"o» th« mß^t.&mä th®' 
etteets  at  the  wa.te>r~petrel©u*s  so at east  will  set  «scsett 18&- 

It  ia  perfectly ei#ar that  suoh a strong aaö diver- 
sified  effect   («lth  v&rlou*  types  *f  e«aeat>  ©f  th« B©lgh» 
boring sen« must  ere&t* considerable difficulties .in d®t©^~ 
raining the- g*fet;?©l«ms  content  c©>ef f ieleai*' 

¥h®r® as?» . two  goagdlvahXa methods  off eliminating 
the ©ffeet  ef ;'lf&  contained  isa th® e®iaejst« 

I>  Th© additie»,  t@ tlse- eejaeist  of a »aterlal   with a, 
■high thermal  »»tttroa abäserptioti csyess-seetioa which   would 
absorb  th« major pörtiss  ef  th© neutrons' in th®  region of ■ 
the  eeraeist' li&lng»   thus   r«dueiisg Is. aotlvatloß  in   the  e®«- 
eat.   This,   however,   gives  rise® to  a  Bumbas-"of eoispll cat Ions: 

a) The material  »tust  b©  eh««p,   &nd  its  addition  should 
a©t  affect  oheasea   In th© eurr«»t methods  ©f linlas th® bore 

'-with eeiaesiti 
b) The p.re*«ac«  of  a. felgh-absorpti©» -Material  ia th® 
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R&die'aefcive  ö&eay  Curves   for  an. Activated Mod«!   of  a  Water- 
Beaming; 3aBd   Layer 

A -"fiadi&tieR   ist^sli;*,   An  rerrresentaiive units'. 
B ~-  TXISSJ   irs  iioui'.s* 
1 »   Radiation  from   entire aicdel; 
S ~   BadlatlOK  frolfs  oercenrt   lining  and  column« 

e«SCT©nt   lining  will   "suck  off"  neutron«   frorat the  stratum  it- 
self,   thus   rosucing  the  Ma' acti.vat ion   if?  the  latter tö  auch 
«m  ©x£«mt   that   radioactivity ma as «reis sat a   ?.•&?,? 2d   bSä«jome   diffi- 
cult« 

£>   It  is  ■p?>»B±h%&  tö  dötes-mine  tlss?  Ka content   in the 
cement,   by   cavity  Eeaet-XMesätü   for  «xaiapJe,   and  then  to  intro- 
duce a  v-orx fivtS.on  *o# X« e^s'ont  Ma cent ant  into the aeasure- 
went  results.   This   requites  ~. tertc-wj.edgü  of  tiie  way  in which 
Jjj3d«peada   «pen  the  He-., content   in  th«  cement  and  also   on 
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sider&hi® errs»f «specially if t&e i»t®asity ©IT ffee a'tta- | 
s?ar©«l eodiua ractiaii©», «assjafis.gh fye» th® «straits« 1® ©"sail! 
es-mpa^eö  to  tfe&t  ©f  th©  c«*»sit  raät&tl©»«. I 

Iss. addition  to   this,   su©h & ettspeas&tiesi for th«  M^ 
eont«mt   iß ©esse at  Is   ©alf po#@ibl«  its  those eases  wh©-*«  tfcfe 
la esst©®t  is  equal  whe» iseagured against  the e&vitgr &ad    I 
the stratus  format!©»  i». sfeif'i w® &r®  interested*  Th«..:»e^rr 
suits- ©£ e-@ttäin «studies  hai?4 east  «Iswfet ©a whether this  lb 
the eae«,  h©?s?erB ' 

Back lit If55,   o» t.fcs basier  &f  a eosparigo& ef   iis.« 
«ffeets  &t wat®r"~]3®trsI»aH eontaets. obtal&ed  is &©r® w®IIs; . 
and models' eoastrtiet©d at  the  tetfology  Institut«  C3),   & 
hypothesis was  express@d regserctiBg the ps>e»ife-i!ity ®f c®ß©fat 
lining saii&atiss  is areas  ml$&c®nt  t© waut'»p«b®arifflg  strata« 
This  may also  aec©utst  for  the  feigii ©ffeet*  observed  ia :m©8i~ 
Bureaents  t&kea at  wate¥<*p6tx>ol«uffli  eoat»et  lev®!«-by. the Rfifc 
method   (effects  of  up   to  SOO-706%)«   These  values   aje-e  sig&lr* 
fie&ntly ia exeats of .the limit  indicated '&b©ve   (15G~ä§G%V 
aec!  obtai&ftd ©a th© pjr«tstise of  equ&lit^ fe«siw@®a th®   eeisat 
radiation  at  both tfee   water-- and  p©tr©l«imHb«as*iisg  inter- 
val®,  Suoh  pr©»©tme®«I effects may  partially b® explained 
fcy. tb«  ee*«ßtrio peeitiosi&g ©f   the  column,  fee possibility 
e&*moi  fc® giverloofeetäj   how®tf«x',   that  &n.@tk®r eauss fer tfels. 
ph«ffiöffiöß»&. It®®   ia the  sedins  ©•ariehaeat  ©f the eetsest lia* 
ing   ia th»  area st!jae<ast   to  th©  wafcer-foawiag  layer« 

üitfept-öFiaiölf j   a©  direct  ©twiti©®  ha^e a«   yot   b*@e 
east'srisMi  «rat  era. tli® ber^ss  to  iiwestig&tet th® pre®«»©«,   <tdgH 
re®  ajs<I m^ch&Bism  ©f   tfels  phea©s©&&».   It   is   isspertaist  to 
©tudf  it,   how^ssv ia  eydeir to ssek® as quaatitativ®  iater- - 
'prstatiofö aot  only of  t&a 'H&' method»   but  the  NGSS  (jteutroa-» 
gaisisa-is'ethod)  and MSM  (»eut^öa-tteutrea" ja«thod)  &e&erdia£* to 
thermal   n«&uts*o&@- as   wisli« 

If  th® hypothesis   relatlag  to   the.saliaatioa  ©f   the   . 
eesaeat   Using '.ahould   fail,  to fee  ecsstiraed»   th®a  it   will fe«s 
possible  t© ©asploip t!i© KA method Vith a lew-eaergf  n@utx>oa 
seurcs   <§b * B'«s-a   for  essa&pi©}*  This  lowrs  th« pesetra-Mlity 
et  the «tsthodlj   «ssd  th®  jraswlts  will  depe-a^  largely  e-a t&@ - 
Ha content  i». th«  &®m.&n.t»  "She Et®sr?tare-?s«-»t«  whlefe result  from 
th®  KA mfttfcCäd  %*h€-a  Pe  4- E# a.K.d Sfo  ^  E©  s&a?ess  ajf* ss.si  wiiä. 
dep#nS cliffereatly e«  th®  Ha eoateat  iß. tl>«  c®m«at«   MaM&g 
coabiasd vis®  «sf   th©s©   tm> »,#s«ur»iR©tit8»   it'»ay be .p^ossibl© 
t© detejpmia« twö tiE.kKö«a qwantitias   -*»  the Ma. feoateat»-..ia. 
the  stratum 'a&d essest*   It  ig  p©f't®ct3,y obvious  tha^t  öu#  to 
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measurement errors, the ©niploysuint' of'sueh a' procedure will 
be possible only in those cases where the effect of sodium 
iß' the stratttft ©'» the-' measurements: ueiag  Po * Be sources 
eons?fitutas .not leas than s«rv©?:n2' tenth«! of the "total regis- 
tration of radiations intensity» ■■  . 

Tho.3, the problem'of deter«fni».E Na in the stratum 
uat'or the eondition.® of a cased bore-hele by the NA method 
o»t,.\lß. .^;-;.'iutt»3. .*.ble tUfgleultles due ira the s.;:vJ:sot of the 
•s';ira '-' * "=> eea?*f*t lining* The study of tins problem will 
require a number öf. complex ieetsren bore-holes, including ' 
the seiootSo» of sovples fro», the e*w.»at lining surrounding 
ih©-casing tubej but the" above-tneatlonisd probleu is of such' 
'intportanee, however, that the completion'of thoi»»' experiment- 
al test.-! in,   in on/' .■ cpitsf on $ absolut el:;,? nee'ea^ayy to finding 
e»ut. i» vba 5i«3s.r .futurci the'e^teiift .of the.'tht-ovets-cal-possi- 
bilities'of using; the ■ existiug KA'techniques for its solu- 
tion» 

- in addition to testing the existing MA-.techniques' 
using- 3Po + Be eourcegj it will foe necessary in the' future 
to inquire into' thw pos-ssiMlitiesi of employing? powerful' 
high-energy »seiron sources» much  as neutron generators,' 
This wiXl aid in r&ising the penetrability of the NA method 
as well as other- nratroa teohniquse, 

Completely .different is the si tys.tiers, as -regard«' 
.those saining- bore «hole,* where there'is no'casing'and ether 
factors which-complicate the procedure, such as the ©fleets 
of Na in the 'cement OK raeaÄtureraents of the petroleum con- 
tent. For this reason, it is-possible in -auch cases to make 
a fairly precis© deterwinaties of the content of a number of 
elements*'The method of laducod radioactivity could be used 
suooesBsuIly for determining -the percsnla'ge'content, in  the 
.rook sample of such el extent« having a high' activation cross- 
■cation as Kn,   v, Al.' Cu, A«, Ag» etc. The solution to this 
problem pewnfts' the use of the- same apparatus a® is employed 
in other radioactive bore-hole sf-fdy ia et hods. In an undertak- 
ing of tbls sort it is. necessary TO establish through the ' 
usse of models the oenendsace of the measured radiation inten- 
sity for the srivon isotope on' its percentage content in the 
rook »ampl», -its ds-nssity, &nä  raole-ture content for bore-holes 
of various diameter® , Finally,.it is necessary to not© that 
in deters-lain«? the content of eleaisjst© with very high activa- 
tion eressf^ecjotione* it is pe-seibls to obtain hot only $oint- 
by-p-oial •weaciui'ements, - bv;t aiao a «ontir.ual curve segistra- 
tioa. 
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Thtäs iisöuöerd ^a<SS.e&:"istivitf "t:#tbsi. fegis *ve-3fy"'p2,©spÄet 
of eoiEijsg ist© wife ua® for th« stttdf ©f tte efe«aieal cos» 
pogitioa @f reek ®-tr?xe1:as*®g in feo«*aHhal#g &JS$ ©»pee i ally In 
»aiaple fe», Tb« work eis»© at tit©'Petrologf Xxt@ti'tut.e &as i 
«hews ttmtthm -».©#, ef K*l©Blu®«b»3?yllitm ß'ouree« having a : 
power of Ä-10 Curies of polottiua *■&&& it £aä*£J»£e to d***>~ 
ssitse th» vsaaxliteg. e©atesat is,isM8fa.#^ fe&viiag as little &* j 
0*1% ©f title  «i«m©af,   a&tf .alaö «*©■ India» 09f^ast. i*''-e«K&lttr 

1B K »«Li tatet ay y r««ke, ■Gmmiä^T&hlm  isste.r®st' is  ®»e«d 
fey the dtttttrmiastieik of  ftluslima.content,   alae* this  peraits 
as #siimat« to fc^-mad« <s£"est« et  th«&  Ispertaat efearaet®ris'~ 
tics  of  the  s-tt!jsts.rs®#  «•«■  it»  eiay eöateai«   Mgs' fca«  & r&tber 
large aetivatlon eress-tfeatleK,  and th«   d*t«vrcluatlon  of  th+ 
ztlvmimm ©©attest iß *>»©&. ®,ar*pl#e pr®®»ats ao difficulty ia: 

view ©f tlse usual o^ae®r»ts*&tioai; ©f this #I«s@;st* Th& d#te:r- 
K±ua.ti©a ©f th© aiusiamas e©ater*t «ad-sr fcoy©»h©'l© ooadltieas» 
homer, requires tut o«rtadtt eospllo&tl&g faster» be taken 
lato aaöoHEt, saefe as tft& pr^n^m®.® of «a «mi mm le th® «laysy 
«»itttiea ariifl elajr eregt ».djse@js.t to th© persteafcl® 3»©ek strrae- 
tusrss,   tb#  presastft©  ssf  ©settles  s-gs,iast  se^e  ©£  tliß  layers;, 

-    ... Up until   ff©e«ßtly„   tfee  po®nlMliti«sf   £©r- mclsg  tto# ■ 
MA las then!   I» studying  tit«;  e&m&ie&l  e®ag@0ft±©fi  ef  re-eks  'fca;d 
bse»  lijßStßfl fey «i®  lew g»wr ef ti»   go  4 1© BOUST^S  aiwJ  t&® 
e@s<s©sitnat  Impossibility of »ig-sif least ly «etiTatiag  isotop- 
es  with, sssalles- aetivatSött oresä-s^se'ötloas«  Ät  tfe® px«»«mt 
tin«,   powerful  neutron sourees   (neutron s«u«rfttoy«s an'd *til;tl~ 

. pii«:r®>  fsr fc©r@~»hol& stesinara&eats  are  in i&e pro©©Sä  of to®« 
iag  d&stg&sHi*   walls  K«cl#ar  x-tsaet'os*®'' axe  &tr®&dy available 
f©r  the  &et£v&tie» ©f yÄfök sam^i««. fey IKSSSMI  efitrssg aeTit- 
rsm fe©a»»,  Th«-us© ©f -»»eh pswerfisl  si*qity©.n' ©o-arc©«; ■ asd 
higSi  rssölvlEg^owar Epseti^seters- will tas.&®  It  pessifei.® 
.tö separate cut  tfefe ■Y~radi&ti»js  of .iöetopes  h&vlag sis all 
aetivätion osfcs«a=-e«etiss®.   la stadytag sättpiM.   f^rt&©E-a«>r©, 
it"  i«   possible t«  r«gi8te*  both  th* Y-  an* ^-radiatlos«  All 
.thia   will  »nice  it  posslbl«  to safe®  rapid msk swffleiestly ' 
thor@«g|i  g-tiidies   ef .th®  ohsm'ieal  competition et  reeks. 

.1,   BXankov, '7«*B«t   Bi.aB.koTa,   r.N.'t   Bl.yun«nts«vv   AvMM   Ou- ' 
,      b©rssa.m.  Rbeh*&#,   »TJis  Äffestivette-s»  of Various  »«thods ' 

of Class® if flag Bevoaiaa Saadstoae ».oraatioas Aeeordiag' 
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to Wat«r- and Petrö.X#uffi~Conte-ö.t iß tfeß Tatar Oil .Fieida**« 

<T«cbnfcal Bullet!» of th« Tatu»«t* "Tatar Oil" Joint E»t«r- 
priae»),   Ko  4**5»   1058» 
2*   Xttfcharenfc».   H.K,,  Shlneleviefe,   Xu«S.,   Besp&lov,   D.F.» 

Qdlnokov,  V*P.,   **A N«w Goophyslottl Method of  discovering 
PM'roXeunj, amr Wat®a;i»B®axiag Strata asuJ: »etorr.inAag Wat«r- 
F-*tLV-.:i;«u»t-'Cto*,itÄet'in Cased Bore-leiX^'"» JiSvlSÄÄS^iSaL-SäSC, 
iEISXS.£,*;At *-^*tr'oi«SUB Tadusfry),   Wo  33   1956« 

3. KukWrenkb,   N,X»,   Serdly,  A-*G. t   Gdlinakov,   V..P,,   "Demar- 
cation of  Water« and F*trol«ma~,33«'8.ring Strata- and  »©ter- 
mination' of the  State of ■ Water-Set'role«« -Contact .Under 
the C«Kntf?.f,S<m8   ?*£  Case«*  Bor«~W"©ll« .by the   Neutron Beta- 
■Vf,ns,%- TiiG*th<:«<a  With  Se5öti.ll atira  Co'Jicter. an-3 ■ £1:,^   Nöntr-sm 

■Seta   stet*-.**"-.   In  a- f.olleoUon  tff  ps?-*rtä   »;-,*, i «led ;*Th* 
Us<?  .vf  RacU ©active   Jeotop&s   la Petroleum  ludiistry Etu- 
'dies."{   C-osfcspt^'khlsdat,   .1057* 

4. X»«sy»un3fc&ya,   »(K»,   Gauer.   !T*X«*.»   "Neutron  Activixation  : 
' Analysis   of   Roofe Sanple*",   B2«3J.^XSL«ly^C.t£ÄMA^Ä^Xr 

."aate.il  (Baileiia  e*f T-ech¥sioal-'>?-cientiÄl©   Inferwatio»)  of 
..'.j the   C?BS& tfialsstry  f^   Geology  erf«  Mining  tfcmserYation,-    • 

Ho   1»   <S),   195Ö. ■ 
■8,   Toropqv,   >!»&♦.»'   '*S@K&at  Cfcesiistrf•% .trojsstroyi«dat,   Mos- 

cow,   i0Pe„ 
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THE  EFFECTIVENESS   OF   METHODS   ÖT   INDUCE» ACTIVITY  OF 
SODIUM AKD CKKOBINS   IM  TB* 6&PA3AT1QK  OF'OBVGKXAK 

s-AHMTCis'. .ACCQSMNG TO ©ii* CONTENT 

-USSR« 

[fellewlag is  the tK-a-nal&tlon of. em artiel®   ■■ 
fey T'^M«.  BX&»k©w i»  «ra^öaMsayst Geafiaei&a** 

iie~iao»3 

fls» ■ e3Epastim©ata-l-«SÄ«tbed©l©gIföal   t«Ms®  ©f  tb® fataef« 
teg©ftfi&ik&. :haa  fesss  w«ss?fei»g  ©lac1;®  X.&SS  »isl •':.tmp*@.^iBg t&® L 
i&dueed etstlvlty e>f  soti&uia   {HÄ Ma *»»<  »&i?©&®aa®ya o&tivnost' 

■ ■Hat) »ethed« . eegg«£t©il  1»  1054 fcjr the 1SS.1 fe&d©ssy' ®f  ,f;eiea- 
0€&s  l^tre-Iog^  Institut«'  «os the  elsss-ifieatios ©f  r®©k 
0t«t©tU3P«s aecos'diag. t» water-■  aad t>@i.s>®l«Hwa ©*mt«mi,.<S)# 

ßiu»e I.tS7f   tb.«  te&BS he»- be©& directing its  &tf&Ttm 
toward tit©  <£©v®l-«*pffi»iii  of as  induced  activity mot hod for 
ehlorin®   <M. €1),   to  be t»«sö  £©r t-h©  gaas  purpose»   but   re-*. 
quiring  BBsueh asmller  tins®  ©^sefidit^rcs   ihm» tfc®.. ISA  ©1  «©«• 
tiittci method. 

Over  th@   pei-lestt  that   this  work  has  b«»a' g©±Bg  oa, 
th«  MA- Ma ififethcsrd  wa#   «mploye'a   is  studying-  3S  b®r«-.feele» 
CIS  c-f   which  vier©  perforate«? >*  X*fe@  KÄ Cl .ro©th.©d'ha»  bees' 
as®d  ©a  I.S boras   <wUh   &  total   ©f   IS8  KA-'-Iogss 'taken)« 

Am Important  result  of  th®  effort«  to  äevelep  &&d 
perfect   th®  Kä  Na  &nd Ü1 mstheds   «as   ftoir-.-istrod«©tloss 
iat»  induefx-y  1st  X.9S8   (lai-gsiy at   the  Jfäavil&s&iy  field«  of 
the  Tatar  Republic}# 

Tlrfs  ißt©g'rcti0ia of  tfe© KA Ka aad  Cl »»thods.  ist© 
actual ws® was  greatly agsssissiect. fey  t&© e©iapilatle-is -and 
tra,rasaiis»i«m to th®  Sataaftogesfiasifc tragt  entmTprismm  of 
Instructions  or, th«  application *f  the techniques,. ' which 
ineltu?«^  cUjp^atteam-      OR  sbi&iBiug,,   proems ing,   aaet  ifli®r*- 
psfstißg HÄ fia-ta,   as  w®13t  as  o» ssaitisiif eest  «stiasat»®  for 



water-pet rolei«*  contact   <?HK  «*«• vode-afcftyfency  kontakt) 
tests   by the   M.- Na  aßt? Cl   methods,.- 

Of  great  isBp©*t&ac©  in the- effort  to  introduce  HA' 
Ha and Cl methods   Into   Industry  was   tha  creation within 

■the franowsrk of the Etosgul ®sd»skaya  Xndnatrlai-and  Geophy- 
sical  expedition of  a spaelalSaed ra-dl «metric teas?  assigned 
to conduct  fliu&äes .on'TJIK  by. the KCIK  C&eytrnasyy gaiama-kat- 
odijyy «—■  »0ttt.tr-en nrarama»*b-&te}  a-aä " N&' »lothod« $   a»-    important 
role was   also  jr>X*M?e€S  by  the mat»t®saEce  of  c-sntijccaous  coß« 
tact with  the. geological   Bewies  ol  t'h<©  Bavlynef't*  HPU 
<Hsftft^F»r.aijiy3h3.#ti»a:ya- Ustaaovka  •—  Petrel««»  Industry Faci- 
lity)., 

Positive results   with,   the 'Hä- Ka   and  Cl   techniques 
»®r» obtained  as  early  as   the  fix-st   year  of  iari^strlal   use 
at  the  Bavliaefciy  fields,. 

Ail   the   wrfe pearf©rmetf.  by  these methods   at  the   Bav-   ■ 
liiisfciy  tfields  gavo consistent  results' as  to  the  character 
of 'the  1ä?£«I id content  in the sandstone  formations  at  the- 
intervals   »tudS^iij   these  were asad   by   the  field   wr&ers 
.for  ,1'ad'l elotssly  aisotfsing;   ift«   perforation  interval.   This 
was   ©>f   ervs'eclal'ly-g-reat   i»perto.noe   iss   ^ßrklssg;  with ■ perfo- 
rated   bore**ho2eB„   wiiere   the   j.'robl*s»  of   aetenairslag  the   loca- 
tion  of . ths   water»-s.>®tro'Xetira  contact  level   cannot*   In many 
cases»   h«j»  sso;8vi&d   by' ether  «sans» 

■'A'. gsipeTallscatlon  of   the' cons-idC'rahl© body, of  material 
obtain«^   in  the   Industrial   application  of  the   N& Na  and  Cl 
isethods wade possible  the  further  improvement  of  techniques, 
and also  allowed tha  e@tÄblish)3.eBt  of more' precis?® criteria 
SB   to  the water«-  and   petroleujaHOeartng:  state of   the sandstone 
formations  according- to -HA K'a and-Cl   tests,   as  veil-as'to 
detertaiaio  the- effociivenes.a' of  those »aethod» as  a .tool  la 
classifying-  Devonian .sands tones'   according  te  water  and   pst- 
rolenta  coBtejitt 

1«  Ss^XJJÄÖwfÄt^^iv'1!1'  CfBtfßt Criteria for devonian Sand-' ' 

A®   a  result   of   aß  analysis   of  the  materials   obtain- 
ed fro» bore-hole studies  by the  MA Na and Cl saethods,   It 
is.  no« passible to  press ©-at  water and  petrolmns content  cri- 
teria  for  sandstone  formation©  according  to  HA data.   It 
would seejs  that   the   most  appropriate  criterion  is  the mag- 
nitude of  absolut©'intensity rallies  for the >f-radiation 
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from,  the $?a atid'CI   obtained by y««Su6iag the  M c«yves--'.:.inte.    v 

th«l? c®mp®fi®nt  JT^Ä aftc!  J^„   values   Cs«# the article toy ¥«* 
B.*  BlaakOf I» th« present  eöi'l©etiöa)a 

As »Sf.©s?i#ae» has shown, faewäHms*.» th»®»valtses are ; 

sot sufficiently laaiÄtalaed ia repeated; to©r©*»b,©I© Keaßtii?«« 
s^asts, «It?,© t© the difficulty ©£ erciatiiig- absolutely identi- 
cal ©oRditieas £&r ®aeh fflMs:ii?8settt«, ia«ihödö fer ealibra* ■ 
tlag the KÄ: s,fip&.i5&t«ss fttrth@«ss^®s. k&v® n&t &s yet feaea ■ : 

developed« '. 
As  a sreeail  ©f'thiss»   It  was   «S»siet@«i that  th© «srl~ 

torlos  £es* safes'. aad  pet2"'öi@tm cemt&ni  ia th® r©«k fens an- 
tics sfecmld b© epiantitf 

A       ' ^ü»Ha ' • ft Jf©ci ' 

tsrhieh  glv^j?  t.tiS  propo^ties. of  tisa  iE«fi4i&taf-«'sl€:m#»t   <ffa e># 
61}   radiates  1»  th.« t»ta,i   radiatiers x*©eö3*«l«d   isa tl» WJv 
asasurcflttnto   {>«»  Hot»  «&] ♦ [Not©  #i»   ^3Cal JoHa,   J^ a« " 
tlie radlaiioft  Sst©s®iti#s  serrtett«! for isflsit©  ±3>:r&<i£&ticm ' 
tiu^fNete #2s   »e sieglest  t&ss &ig;S; ratliatism  wlsiefe is  la 
«viä#a©«? tshXy  dttri-ag the  flies t  stint* toss  e:f measuy^ißÄat:«   la : 
a«Mitii%s to  this,   in. d©t«iraini«ig ^ ., .it  i«  passtibl«  to  n»g~ 

leet the  G1A0  radiation,   aad   is- «fe.fes*&£»i&g j^ ,   ts> is®gl*e:t 
.the n®ß% radlatlsm  {this  ie pei-sitted i» deslfäg «iili   the*' 
practical grablesa of  toaati^g  tJi«?' ¥11?  1©T«1$L 

Th®   ehtict  of-  a  relati« ..quantity t©  s®rts ®s  m, eri?» 
teriem permit«  tfeft  eis*ött»!V®at-l©ß sf  M& «3a-fc& ealitoratie» asi* 
partiaily  #ii2iit&a.i©si  various   iaetmrn   iüv©lv®d   ia obtaining 
thee« ä&ts.9 

Taking  Into aeooaat   the  *a«t  that JoCi^ Jolft»  <ffl«i-; 

mus value  ef ^SSi. . ss ©*lS->»   It   is  possible  to   tak# 
! 0&S.& 

This  was   th'B  actual  eyit«'i*;i©K ae«ä  i»  iat®rpr-©tiK| 
HA  Crl   data* 

In «mtfefoiisMttg th«j  variatios. lßt*.rval  ©f ft  . .   and 
r ä 

I CJ  feff' ^Ät®r»  and   petrol, &His»'»feeaislsg esra*Sstoa©s»' - 
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a« «rail as sandstone la the intermediate sso-ae* the values 
for j^jj and & Cl obtained for points opposite the strata be« 

lag studied «ror© compared with the st.ya.ta logs obtained by 
the electrical resistivity technique. 

A (  »2  »- 

\   © 

V /\x-   V.../ .L.„._x_ 
0       qeo    §tm    0.3C    046    Q#osK: 

f  *2  *3 

0       0,16      O.W     OßC      VA9  ,;Vj 

Figure 1„ Resolving' 'Power of the NA Ha Method in Classify'-' 
Ang Formations /ieeorsliag' to Water an«! Petroleum» Content 

B  ä 

1     K 

TJnperf orated  bbre<-h'oles. 
Perforated.bore-holes» 
Fetroletra~bear£ng sandstone, 
1 nt araediate «©Re« 
Water-bearing' sandstone» 

n-nHVwsrtriDoxn.'ievM «■-flira.')i»»UM(«wi>«»B. svutö»iH*».w»s*»aw*>»t 

For "purposes of analysis, materials used included 
data both on perforated and tmperforated bsre~hoi.es. In 
boremholes where tte'situation as regards water-petroleua 
contact changed in  comparison with data obtained by the re- 
sistivity method» only those strata' «races log© were undoubt- 
edly correct «'ere 'taker, into account« 

The tests were performed only on these bore»hoies 
for wh'ieh a sufficient length of time had elapsed Bine®  the 
pouring of the cement lining,, dxie to the fast that the 
values' for ß Ra and % C1 turn out to be inordinately low 

la freshly-bored, »hafts- because of the penetration of bor- 
ing fluid filtrate into the adjacent strata. 

All of the analysed values for &       and A-    were ob- 
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with K8>© eounters .■ ' 
Fignros X and 2 show the distribution of Devonian 

sandstones with different saturation fluid according to 
th®  $Ka "^ f Cl value0 **h* a OSi -tfeiS- g>a*h»-stand» for the. 

number ©f point«'. at whieh eoriresnonolng ■ p^reaaiingB; were ob- 
tained«, ' '■    ■ ' 

Data f»oia Ä8. »ore«hole® traja used is constructing : 
Figure 3Lj it turned ont to be pe-sisibl« in this ease to give 
the distributions for both nerforatod and unperferated 
bores* Figure 2 was ednatrueted ©a the basis of is©as«resents 
from?, a total ©f If perforated «tad ^»perforates«. bore~holes . 
included is th® -general distribution. 

0,02    W-      GM     0,88     B.IB      ßJZßtl 

Figure  2,   Resolving  P©w«r @f  the  Sir €1  Method  in Classify« 
'in« fonations fccoo-rdiftg to  Water' and Petroleua Contest 

1- ~ Petrel ens. "»bearing «ands-to-a»» - 
U  ss   Ißt err* sadists "«SB«,   ■ 
.8 ~  Water~fesariag  sandstone,, ■ 

■•« *»'-»«>r*»a<i«»*e>aafa"n^M»*ai!ftw^ r*«*^ 

An •xaaiha.tl'on ©f Figures 1 and 2' indleet»« th« *©l.« 
lowing- limits to th© variation ©£ B^e »id &C1 ' values ' for 
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sandstones  wtt.li dlfferJag fl«id-' coat«at   (mineral  contest  of 
et?at«»  waters  »  2C-0-3C«?  graras?/!;!. te.r) j ■'.■ 

■»WH>«r.'»i frrjKi '«".m ti"wu»«daiBi»!'«wj>.a? u*,*»*(rf-Kri "«i «^^n»S[f««i n»WW!»ys(i .-«j. i«tVwi«>i>v>f'rtv.-iMrji«ifi.ii>< Tafele- I 
S*&rtio» of 
indicator«' 
element vaöia- 
i*on in total' 

■   s r a -:1 i a t i© a' r e ?r Is.* 
tereö  bf  HA | 
»etfeed I 

'bearing 
se.ad.8ts»B©s 

2 nte stated late 
»em©  and 

master .eonta-in** 
ing" saxs da tones 

Water- 
bearing 
sandstones 

'Wntl&at» ■zW"-J*afMt*Bffii#?Virlwir: 
I**»** «wt**u9««i imiWv*«i<**» «*».«.* tttM('ffV,wa*ftiUMw,iiit 

THtt 

rci 

'0-0,24 

0-0,03 

0,25-0,40 

0,04»0»11 

.0, 93-0,45 

0«06»0.12: 

'f •<«««i™BKBf*»lt*K-.IB<MH;I*-W*ll(,f#, *$r»*IW*SJ^^Wfti«,»»rilj, 

0«1S) 

can 

Tlie  limits   fc» |^K     Indicated  abo<re  are  the   saas»  far 

bötfe-the  p@ri'or&ted  and  msperforeied bore-holes,  T,te  meet 
pr©foa/M..e  valite  for .^^  in  petrol^uis-foearing  sandstones   äs 

• somewhat, highar  £er perforated  i>are-hol*ia   (fL  ' ■ s 
V Ha  preb* 

than  £o-r the  umperJerated 'ones   CJL ' ■'  '   io.l),   This 

very prohably  fee «xplalni»<!  by  the  penetration .of »alt  water 
.into the 'pet'roSouK-bear'ing stratum ia the -perforation inter- 
val,» 

'For  »ateir-bcaring«an<jBtonM,   the   limits' of varia- 
tion  £or-j$Na .have  been  establish««!  only   for  the  nnperforated 

■boro-holee,   slnoe   i»  perforated  bores   HA  Ha >eMnt>«nentf 
.wer©, as a rule, not carried out against known wat«r-boarin« 
strata» 

.It  is  »eoessary to not©,,   however*  that 'iasefsr as  the 
water-bearing-  portion  of  a l«.ye*  ±e   ttot   perforated  a&d  does 

.not  com«  in; direet  contact  witb' the  perforation interval, 
its  properties'  in perforated  bore-hole,«? mast  remain approxi- 
mately 'the   san«.ae   i*i «uperfovat«« -bore-holes# 'For this "rea- 
son.   It   1«   pOMoibl«  to assuno that   the  liatits   of   Variation 
t<iT P»a ■■in P*r-forat8d.-borÄ8   ar®  the  »am® a.s   in  the   uaperfo**- 
ated  ones, •' 

Sinoe' the  «aHer body  of  data   obtained  fro»' studies 
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by tfc© Sä' SI saethöd did not allow the construction of'sepa- 
rate '^g^' distributions according to perforated aRcJ tmper- 

f orated boreholes, it Is Impossible to draw' a»y conclusions 
as regards any ö.Ifferences la $«*" values for the two types 
of bores« "       ."'■'' 

The limits of pK? and f!^ 'Variation for strata of 

.differing fluid eoetent e»aminftd'«tbove &r® feeing us©«t by 
the enterprises ef the Tataefteg@«ffIgils truet in interpret- 
ing MA- data. 

ft2/>     0,40      ft«/? •   £S0fy 

Figure 3S The Connection ■ Between $„  ant f «a H 

'As   is  show  Is >le  If   the  values  for Measured 

against petroleums-bearing 0andstos.es vary within fairly 
• wide limits •. (0-0*24)« Such aa interval of &   values cannot 

. V • a 
be ascriteed to üieaswrensefct .errors, 

Aa attempt was made t© establish'the correlation ' 
between the values for & Ma iseasiared against pet role us-bear« 

lag layers is unporforated'teore'-feoles and the petrolfeusi 
conteat «©efficient kK, determined for these layer» with ' 
the aid of eleetJTOW-Strie #'&ta« '  ■ 1 ' 

.• Sine® for this or th&t reason (heterogeneity of stra- 
ttia, lack of certala data 'necessary for determining k«, etc.) 

■ •it was imp0@Bible to determine the value ef le«. for e^ery 
bore-hole for which MA measuresaeate were available, the body 
of date used for this particular study was not extensive. 

.Eves this »eager data* howfiver, indieateai the presence 
of a. si&.gl6~-valued' relationship between ft  aad k 

ftja """-"N 
aceord- 

SO 



lag-- to eloota-ioal   r»-»iistivitj?  vm&.Buremistkiu- <s»@ Figyr©  3)#1 
. It  turn-%&. ©'at. i«s  b« possible  to eocstruot  a «lagl»~| 

value«! plot af  the  cur«'« corr^&p&ndlng: i® th®  variation-©fj 
,k|j &&sm. «*?0 t©.0#.S8,   wfcieh .ilXimtjr&toö. tfc* gj?os»e» of «,.j ' 
'ol©8® «or^siatiOB b»t%*««js 'A^    a.»?I- kg. (mofermap&nAlng isstosH 
val ,f or  *alu*e   of-p^  »0,03 ~  $a£®>* ! 

.'  Tfeo portiea of tbo  o«,fv#--ior valuee  of  k^S«?» waiflj 
■ constructed eoftdltloaally«  Ffr th«  ease &    » o    tit®- »oat    ! 
prebabls valwe fpr.pIfe t»' wat®3f«b*a.?l»g Xaysre  was  olios«»*:- 

. Tfco  UCSKJITSI - eüafig'ö^atio'a c£ t&e cawe  ia Figur« '-3 . 
osrWpMto  to tbd  prevailing  coaoopt«  »ft tho - character of 
the   depe»d«nee  of  val/uos   obtained by ta® rasiioseiyle ttotboid 

. o».ta«  wator eoEtent  of ths ©trts.otuaral   tra^«- 
...  kjj -.as   dat«»tnS,n«4  fejr • ©&®etroiaotrS.o  data doos -cot  Oor> 

rospsmd to tho actual  patroiems-ooatasst  i» 'ike■-structural :' 
trap a».di  iß   1» fsa*£'ielor»i  «i»»r to siako tho eurv» mosroly am 
illustration .wfetefc. «annet  b® proßotitly «scds  for praot&oal ■ 

■    It  in  RBeesg&rj te  polst  oat  that  tlso  »stablishaeat 
of a correlation .b^twsafi'Ä       ».-»<$  &    for petrolera-boarlag 

strata i»   iKgosBibl^  with  prs's^iit tochniq«.'®»' aad measure» 
taent method»,   oiaee  tho'ft,^.  valttOä saaaaayofi aeraix.©!.  thoss» 
strata do not  eare®««! tfa* -ftouadary limits   (soe thos article 
'by Ye,B*   BlaafeoY  is the p^osoat  vsOhmo). .--, : 

2«  äi&jUXtÄS^^ ■ ■ 

An  a»a2.yg?i»   of  thcs matariais  ©btßißOfä   fey mo aas   of 
tae  HA Ma and  Cl Kot&ods  »«estate -ua  to make sose p-relliai« 
rtary coaeinsiojss  as  to  tb of f©etireaos»  of  tb.es*' *$6hai<fues 
ia ol£.3ssifySEg';öfe?oBiaa aaadeteaaa  äocordittg- to wator aadf 
patrols?«- ooateat,   and to -©©«par«  it  witb' 'f&o  effectiveness 
of  in»  HGSS  <n©utron gamma-method)' in solving  t&e f&ae  prot>-' 

. Quantltativol.5?, ..th« ,o£f®otlv«a©»8  of  the KfÄ-and NGSI 
'Bothods.  in ola@fiify.isg- «a-isr« and $>®tr©Iouia««fe®ax,ing -rooks : 

ea.ft'b« character* god by  intx-ottaa&ag the  eonoapt  ©f tho r»« 
B'oXviKg; 'pover for  oaoh »ethotS«   daifined aa' the. ratio of  tho- 
d±ffer*no© bfttA?ean the most  pyobefcl.0 fi>       aad   ft    --value*   ■ 

■ ; - f »«.. r Cl 

or  the  relative  HGM anoitöly, ^Lt£&taSL for  wat«*- ssd   »-etsro« 



leusf-be&rlng ätrata» to the SOT of the hal.f«*widtbs of the : 

distributions for th^st strata»' Th® half-width of th© dis- 
tribution is her«! defined a.s "the difference between the sost 
probable values, for p 'o# isSSSs&BM..    B,nd  the values for these 

quantities above which for the petroletiKi "bearing strata and 
below which for th«s wa,t»r«bearlag strata lie not saore than 
10% of th© points <©&' level'!*)'*1 " . 

With »weh -a'definition of thi  reiolving power« a re- 
liable separation of water«* and 'petroleum«>bear'itig strata Is 
characterised by a reseifiag pöwr greateir than 1} with a 
reeolvittg-power less than 1, a reliable separation of'petro- 
leum» and; water-bearing strata is'Impossible« 

Below we have Table 2, representing a comparison bet- 
ween the resolving;' po wo re of th» of. the' NA technique asd th® 
HGM, Th« resolving1 power of NA $as is this instance' deter- 

TabZe 2 

Strata1, stpars 
NGM 

Resolving power 

MA Ha     HA Cl 
WiU^KMKnWjWW*™»»!« 

U&perforated 

Fetrolew- as«| water-hearing1«»» 
Petrel@ura~b®ariftg — intern*©^..v 
diät® ss©&© «|- wates-'bearing, » , , 
Intermediate sowf?.«?*» 
water-beari ng *.♦*♦,,♦..♦'.,,♦*...♦ 

Perforated Bore-Holes 

Petroleum«» and '«•ater-bearinj?»», 0*4 
Petrolouffi-boariag — interm«- ,| 
diate aone •4s*-' water-bearing*««»» —~- 

B©re<-Hol©8 

■0.7 

2. e 5 

•£# 1 

0,5 

«A» £ •*- 

0«2 

mined by  means of the distributions shown in Figures I aad? 
2# Data oa. th© resolving power of th® NGM wore taken froa 
th® materials 'obtained' by ¥*!*, Gorbonova through a'h analy- 
sis: of th® distributions' of sandstone strata- of varying 
fluid oostoat acdordiftg.to the values ©f £s,l£lLtSE (Figure 4) 

Teavity 
as presented in the report for July' 'IföS of the research teaia 
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et th» Tm-tnmti®g;«&©£ iseik  trui 

#f 

»/'   '0*  *J 

ij./ in ur/   u 
■     • ■   <#> , .. fe 

•Figur* 4«   B#ßoItPlag-' Köwer ©£ the mu M.®th:&&* 
(&>  ä Bapes*f©ra.t<&ö  b©r®«»ho3ies-, 

A  a  £&&£&&(& 

1 ss £etff©ieu®Kte©strJ.Rgf e&ß «Es ferne* 

'3 «  Watasf-beariag e&ntJstö».®* 
-• • «i»<»-'>i«,w*»iiP,**!'i''K.n"-,itV^ ''JWi^.TS.^l^^r.v.HJ.cirt^rt^^^.y^^i^^MS^^^JipB^^, «£-i.V »rei4s»K5*^.^y it*«a»wft»u^.^fiiWrfWM^ 

2t  1st  R#S89eaj?|  to set© its&i- ia*. th© eas© &f  th* pe*«- 
feratsd  bes"*-feöX»0 *   th«f  laefe &£  Kit Sä fö@amir«ffi©»ts  agalßst' 
wat©r«>fees-.3Hßg strata  dlst a at  allow a dsterssination- »f tfe© ! 
're-eolviag  pewes? for   th®  separati cm ©f imt«^** »act p«tr@i®tam»* 
bfeaVlag l&f®tm.s. ü««;*,«»®.  »f  this*   ia  OTüQT  to «.©smar«   th.« 
eff@<stlv@s#ss   of  t!ä#   KA  a&«f KQM m®th&m   ia p*-rfojfateö teere« 

bftariag strata fsf'eum th& e^abin-stiesi ©f  watfer-beasf-iag a.a4 
»oiß't' <©£ ittt«sFm#«liat-i&)  ätsnt«*®  ws,?s  u«<aä  as  given  i» fable 2;. 

It'folia»-ss  ft-©» TabJL*  S that 'th®  vmtolrlng psrzt ©f 
Eft Ha  a»d Cl  in s&pi&r&tiis.g p&tfelaas^fcsarisg as trat a fr©a 
wat©:r«beariBg- layer»  ot .tr&m s. eomfcinatiöa■«£  waterbearing 
and "ifet#s?f„i®äiat#--' gas© '^»SSstösw ■ 1B  ^rmvlmr 'th«uv X bot.h 
t&z p®rl®r&t«$ü and ttföp®rf&?st«Nt ,&ore«ii&l«gw 

Tki®   G&TT<b®p®nt2®  t© 'th®  fast' tfcai   tfee  distribution«' 
for petre3«m-asd wat©;r-b©a.rlag- strata,   as.d  ®ir«a for petr©-- 
lf>üBt<-b«a-*-!ag iay«re   and  iiitejna»<llat«  gsaes ■ de  ßöt. overlap- 
es'Flg'uM#  laad 2*   asü  testifl®«  t© th® reliable sepa.ra.tloa 
of; petreiena-bft&rl&g  ikyera  by tb*  Hik Ha. and Cl Ketfcod« 
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'"both "for "pe-r'f ©rated" and waperfo'ra.t©'?!' bor ©'"»holes »' 
A« regards the resolving power of the NA Ka and Cl 

methods In separating intermediate ssone sandstones or moist- 
are»lad6B sandstoaea with residual petroleum from water« 
bearing sanSetonee, it. is considerably less than 1» The 
corresponding distributions for ft^, and6 -, overlap slgni- 

tieantly* The KA'- Ka- aa.i Cl methods do not permit an effect- 
ive separation of wa$er*fo©a3fiag «andstonea from intermediate ■ 
ssones or tnoisture»laden sandstoh^ä-» 

The resolving power of the NGM in separating -petro« 
l««m-» and wat©r«bearing aaadstoaes for unperforated bore- 
holes ig .close to 1 (the NGM method assures a satisfactory 
separation of petroleum«' and waterbearing strata in such 
bore-holes)| however. It tarns out to be lass than the re- 
solving power of the MA. Ka and Cl techniques,- 

In perforates! bore-hole©» the resolving power of the 
MOM is considerably lese than 1, which testifies to the ex- 

' trestely low effectiveness of the NGM in .logging euch bore- 
holes« 

.In examining the problem of the effeotiveness of KA 
methods for estimating'the water and petroleum content in 
perforated! bore-holes, it is necessary to take into account 
several peculiarities involved i» working with such bore-.:; 
holes. 

In particular* it is necessary to allow for the effect 
of salty or fresh water penetration: into the stratum being- 
studied through the perforation interval. 

The first phenomenon occurs in gusher wells quenched: 
with salt water before pumping* as well as in bore-holes ■ 
with gushing stopped by-water in-flowj the second occurs 
after the .toore 1B  washed out with fresh water« 

Salt-water penetration Into the petroleum-bearing 
layer in many cases does not prevent a. correct estimate of 
the fluid content in tbe stratus» 'by the NA method. Thus, even 
though the distributions shown on Figures'! and 2 were 'con-' ■' 
etr-ucted on the basis of ■i&tkta. 'obtained from bothvgushing and 
"water«dr*ncfc©# bore-holess ' as well as frora bores tapped by 
the pimping method, overlapping of the limits'of 3 variation 

■for petroleum- and'water-bearing layers does not occur as 
a result of this« 

The penetration of fresh water into a-stratum satu- 
rated with mineral-containing water, as has been shown ex- 
perimentally, has a stronger influence on M&. results? the 
$Na amJ ßci- va*u®s miJ  b® too lew, thus giving rise to errors 



in 'interpret at i on * 

ff3Ü 

t7&> 

.'. ..? .../^'••;:'i.^L..^:'^^ 
7^ */" js   '?. """";£*. 

°""^ 
i1   r.K a,?)8! 

t — ■*■ ^*~"^~z*Z , few? i    v' ' _ 

,7£?' 1.  .y". 

m  C 

I 

■  ' ! 

f^ä  V 
* ■ 

i   .   '; ■ 

■ LJL 
T 'C"~f~ 

!   I J5CLI 

Figure  5.   VKK  Determination  by  tfc«  HA CI   Method,    ' 
■ A  K  Depth*   S.» isetes's,- , 
E «s Oh*.-3setes'-i8iiIäKOtß^g   (volume  resistivity'units). 
C r~ Aisn^res/minuts» 
I> »  Wat€*r»pe-trol«u8i  cOBtäot   (VNK)»' 
B ~ Millivolts, 
'(a)  » 3oro'~hol©  No  ?S7 of  the  Pa-vlovslsaya sector (perforated), 
(.&)  "■ Bore-hoi©  Ho  876  of  th®   Pavio-e-sk&ya sector  (control). 
1   ä  Calibration  resistivity  log« 
£'« S».P*   <S©lf-'Potaatial)   log. 
3 = KGfM log«. 
4 ~ Plot of $.,,„'■'variation 'with depth* ■■ ■ 

The differing effect' otr'MM:  results produced by the 
penetration of fresh water into . a stratum saturated with 
'aiöeral«•containing'w&tcr is obviously ■determined by the 
'difference in"th* water penetrability -of the petroleum- and 
w&tcr—bearixssj layers» 
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' Tfce ©ff«set pT&>&:ne®& by fcte© psaetsfatlea @f fr-@®h wa^®2* 
;.   into the stT&tun ®&n fe* «ll»ia&t®«S. by baiMag-out '©p«*i&ti«jn* 
|   pries? t© staging1 tie  ES; »t««S.i«8, .    j 
| What, was  said eb©v» «a>se«raaias£ tl»  »-©lialsl,« segar&tEäoa 
f •©£ wat®»« aad  |setff©l,^tiB'«l»®E.i»iisg lajrars  tey thft  HJB Cl m^tfe®^ ■ 
;   «as .be 4XX«sta?&t«r<S  by thm  plvtm  ®-f |ß ^atfi&ttsst wit& <äf©rtk 
i .«rithia the llKlt®  ©f  tit® «i*&iü» to «j lag «tabled,  &s «feoir» i'a 

■j  #i grists § f©r t*o fe©r®«&©x««r»4©tt®' ®£ wbieh is  i&e .eoutrei H»v& 
\   '(ti£p<&r£©s-8t®<!>  and 'tii© ©t&©a?!ig  geifffimtei«   B@th g»S.öt® ■ geaalt- 
|  * exittlQtently $>$l&&bt& c3©t©»iaati©B ©f tu«  l©®ati©a ®f -«fee 
|  waf@r*»g©tK'c*l«m« ©s»&t©©i  t»v«l  aa  tk® i©w®:r ■teousd&fcy ©f -t&« 
j  p-ötrolöUK'-fee&rifög etr&tms&j   wMela ■ G®*x®sp&n&®. t© the pssitloa 
I- ©f th» fill tfeaf  tm  w»3.1. -defeifsiis««?. is tie giv®a ©»■©« by' 
| *oa&s »f the KGH 2eg {Fiats** ■ §>* 
I It  ist  »««tessasary'te'-poSat ■ ettt' th&t  th«  d®t®minmti&n 
[ ©f the w&ter^p®tsrol#aK eeat&et  le^el fey nm&afg ■©£■ M' Cl ■<§»$.& ' 
1  etet&iassg Sr»n Bar®-Bale- Me  ?8?  w&® a©t M&äe*>«ä by t&®  £a*jt- 
i  tkat  it  had b««m «$.t<.®aeha«l by »aXt  wst#T 'pjpies1 t® the  laitdfas- 
;  tloa of K#a«nr#B#at ©$®#!rt:i©asu [    ■ 

! 
} Oxi©et: th@ «6®*l «Igaif iegEsit «s?if@iriMs f@sr th# «*£»<st-[. 
;  iv»a®8» ©f tliifö  oy that sethei  f#r ttm sspajpstisa ©f y©©k' I 
j BtJttjetu*®«  «eeee-3r«Sias^ to wsiber #:r p@t:rei«mit 'es&sstesasV.lB ths ! 

|  it toy tfe® r®sa£t®  ©f s.®tuaX  h»T® trtmle* : : 

j ' We fc&v«  st  «tar di»po©&X  th© r©«-ults ;©f  triaeS.«  ©»' 
i  11 feö^««»w©i3üi whloh hatö'te®©s t?tnM±®ä fey tfe®- 1,& metisCKT« 

; la ©l^tt  of the«*,   th# tfl&l  ^«'Sttlte  fully easii«- 
4 .«d th« eaael«»!©»» hm®§. ea KÄ ?u©fifmraiasat».  Tnrihmrm&Tt-® t 

j f©ttr w®liffl  ©tit  ©f  tte«© »iglit   fi©i«J#« «gf;f®s,-fr*® p#tr©l®tii 
s &e ^a#  ©sp@©t*äl ©K tti® tea®i»  öf  ISA d&.fc.&, 'ea#  fi#l€eä f^©sb 
j wa.t«T,  «tai th« rest t«rB«d. ©et  t© ?>«s  isf iitrated 'witB, salt 
^ »ai«?, ( 

I1s3f"#« r©ll« wltlx m.t.T&t& ©läaraeterl»«3 »« .petr©!®«»«».'. 
: bft&yisg fey »©as*® *f »:? yi*iö'@«S p©trr©i®uE »lx»e with w&*er8 

: Y@t.th*re i^>»©.«-tea3§.£® fsr gssuiltf t&»t in tfe»ß®■.©»««»■ tSt». 
; HA iaetho«! ira'## isee^yeet r©»«Xt*». IßSöfay ss tfe® trial' r®» 
! suits. dföp#EüS- »et esl'f ©;a t&© ttöid fUiißg..tfea l&y®r la tb» 
: f4©yf@yatior5 iteterv-a.l, teat ■&!«© ©s tb.e qsallt|? @f Kfed®rlyiefe 
■ water  ißS5tiXati©n$. vertical  p^rgs^a&ility ©f. tM@' »tratet», ' «t|s. 



I» particular, of .the three bor»-wells in which the 
„trial results -did not' eohf ia ' the conclusions base« on NA, 
one has a perforation interval etijeeent to the' water-bearing 

■stratus» boundary,, another ha© -aceiaalous water infiltration 
along permeable 1nteretratifications (with the ton and bottom 
of the stratum infiltrated) which eonplioates insulation, and 
the third bore had a certain percentage of wates- tv&w.  the 
very start of its exploitation despite the great distance 
fro» the perforation interval to the ?KKj this» apparently, 
has to do with poor cementing1«. 

The extent of tests so far iß wholly inadequate for 
making a final evaluation of the effectiveness of HA in 
perforated bore-hole». 

Even at this pointr however, it In   already clear that 
the NA method la practically applicable for deteratnlug the 
VNK level in tmnetftfora-ted bore;®. 

Another important confirmation of the geological 
' effectiveness of the MA. ntetho* and- the objectivity of the 
information obtained through it may be had by comparing the 
.work done by the KA method with data fro»-chemical analysis 
of waters occuring ander the- petroleum layer. 

According to eheraical analysis data, the ratio of 

the numbers of chlorine and »odium Ions, ml  in the stratuta 
Cl- - 

waters of the Devonian formations in the southeastern part 
of the Tatar Republic' fluctuates «row 0SS3 to  0,67 (1), 
JoCl   AocordJltt5 t« NA Na and Cl data* the activity ratio 
^j- varies for water-bearing; strata within the interval 

fro® 0,13 to 0,15» which values, taking into account the 
relationship of effective eposn-eoetione, percentage of 
activated isotopes, in. the natural «ixture, emanation of 
y-qtiaat&( ttc,' yield a® entjuatee for the ratio of sodium 
and chlorine atoms values from 0.6 to 0#T. This is suffi» 
ciently oloee to the reault» obtained with the aid of chemi- 
cal analysis. ' 

1. Kaxraioe;, T* I, t "Geoehewioal Conditions of the Formation 
of Devenien and Earlier Deposits in the Volga-Ural»skaya 
©blast* »% I« tlio collection »On the Conditions of Petro- 
leum AorMatlon.% editft<l by 2^ Kaynla# G®stoptekhi2dat, 
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.METHOD--Of   DISTINGUISHING .BBTQESH   WATER AN» OIL  SATURATED 
' STRATA   EASED OK  THE APPLICATION  OF  A   PUL8ED 

RSUTBOK'SOUBCE 

-USSR-' 

[Following is tfcs translation of an article 
by V..G.. Yerossolijaekiy and A*S, S'hköi*aikov 
in "Y&dereaya. GeefiKika** (Nuclear Geophysics)', 
MOSCOW,, 1059, pages 337-348.] 

introduction 

■ The neutron method of petroleum bore-well loggings 
fe»i»gr used extensively 1» the Soviet Union, as Is known, 
permits one» to determine the Iccatloa'of hydrogeis-Üilled 
(porous) layers«'in erde? to jadg« as to the p-rodüet iveness 
of & given stratum» however, it is aecessary to know what 
sort of fluid is found in the porous space« of the rock 
structure» !»«■„» whether these spaces contain water' or pet- 
rol©«®» In a fiuaber of cases this can be done by comparing 
log® obtained by the snautren and; electrossetric methods. As 
a rule» a more or less 'clear-interpretation ©an be had only 
for sandstones? with limestone or dolomite strata such a 
comparison is practically .impossible. It should also b© 
pointed out that» as iS'knovm, it is impossible'to' take 
electroaetrie laeasuroaaents' for dased bore-holes; for this •' 
reasosi, the- method cannot be used to follow'changes in the 
levels of th® strata.*»;!'tiling fluid during exploitation. 

Many attempts'have been made e?6T the' last few years 
to develop'the method of determining the location of the 
water-petroleum contact level in cased "bore-holes with the 
aid of- radioactivity techniques* Up to the present time, 
•there has been significant progress in this . direction (3,7) 
although the problem as a whole has. not as yet been solved« 
Success has been achieved in sakijsg satisfactory demarcations' 

2S> 



®£ the mzt®r**p®trQlmm. .-eoat&et lei?®! wltliin tW'limits of. .: 
; & &©»©g#s&#us »treturn f»i eajsg wfe^g1« t.h# water ©eo.u?rIgg : 
> wiid^r th« p«tr«l«uK layer Has  a h&sh Bise«!  «oateat,  The   | 
; t#©-feBl^«e »©.fess  u«'e-®f »©«titus  «!il,©s%id© gre-«©st  is 'the «leaf 
| ^al«e©at&l»J^g  m-rt-ss' &nä  Atemmmt' imm  ihm petar&lmiau  llie  gg4- 

; Against  th«   watej*-«e»ata.iiiiag portions  **  th®  tftratua as       ! 
I against those for th«  B«t&ad«jam fes&riteg' lay®»  on th« ami!» 
; Jf©a-gasea- X©g.»   TSi® ©pp-eslt©  i^  ©fei^y-red' t©  &ea,«t f©r tfee       i 
i nms,tvmf"nmn.tT@t% «fc&ifeod. iögß« ; '  ' ' .1 

X.ab»r&t6ry wad industrial «tudles -ha*» »heva 'that ■ ! 
j e^@a is cas»g ©£ Mglt-säila«rai @©fit«st 1B its« mt«*. C.t©d- : 

; gva»e/lltAr)t Jhov«v«$, tlis' dtf formem» in tfa«r devlfctlaiM I 
; ■«* aetttroa**g««m«: &»d a«utro»-<ii*tttroi) a*thod log» agaiaat i'. 
: th® water- and p@tr©X«t»-!»sa^fsg portion« of the stra.tutt ' 
; tfo not «xo'«*d 20-30% ia K-e«k©©c! ber»~höle CD*. Th« «fftet I 
; e&a  b#  inore&s»«  to  SSfs by seaas  e-f  a «olntil3iatlOfi counted' 

| Significantly greater .»ff «etc  ©as fe# fea*;only -by th« 
: method e-1 me&smjflsg th© txttoesä r&diössetivlt-j? @f 8 «Mt i um, > ■ 
| which is oae of th« »alte dlseoltrcd in th©' atxatua v&t*xs,i 
■by ne&na o* a Y~*p*etroaet*r <8). Wit* s'tteh ft.'-teelmKiä«*» 1 
■'■«ad with water having a vl&i»r&l eontsat ©f 200 ffrsBft/llttrl 
j th« m©t«i? indi0*.tlotxusi ■««►* point« ia th« reglon of wa.te**» ! 
; pfttYoleu» ©«fast d£ff«r fey B«var«& tlnett« ~?M@ a*th64, i 
: hovavex», rcqtilrw as Irradiation e;el« lasting «»wral hou^s 
i and Kft&t.uresentc at e%eh point} this na&es -It Mghiy mooftl 
ve»i©st usdsr ia<*uei3fi&i  ce-ssäiilem«, '   '    . .   | 

Oae drft«b&ek eoMaaa to All of the abov*Hs«atlea«d" ! 

»ethcds &f det«rt»lnlng th» loea'tio» of th* vater»petn*l«un; 
oontftct levftl is. th*ir Inale&lfle&at "^«»«trabilit^« Tb» ! 
r©g«itfr of th» aeu«rea«ntc ax-© «i£nif&*&ntly alfoetvd by ! 
box-« parameters Cdineaaloa«., thlak&eae of-- e«»-ftnt 'Xi&i»g, i 
«Rlt oont«nt in saa«tit, »re»one« of ber-iag fluid; *te#> (eL 
I» aidltles to- tfcia, i» msjsy sseeg tlie .-flushing »olntiöii .- 
»ill pea»t:r»te iat* fh» porous p«rt« o* the strata» »eatf' '! 

vster saturation tto&es a?e- oftBn fovsned und«r «xploltfttloni 
All  this   limit«   th®  praetlc&l   possibilities   0f  t'h«  aJ»©«®«   ! 

.     Fr«sa  wfeat  has fe«a «ttJ.d,   it  Is  posslbl"« "t©. dr&-w the S 
coRel««ie»  th&t  the  probl«« of  vftrkiitgr owt  effeotivettothoAs 
for d»t«vniai»s the  natu*» of  the  fluid  i& t&«  stv&tun p©3 
rssgaitts  tl^ftljr,   M0^ u^thms  trust  »enttt  th« -determination- 
product!** stoats; ann: .the locatlo*-.©* th©- «ftter*p«troZ«»a 

»reg 



contact leyel -with ■.'botI». Mgfe.. es* äoar-niae.ral ctontent. i» -the 
waters occ«r3H>?5g below the petroleum layer, Jt is necessary, 
likewise to' broach the problem öf quantitative petroleum 
content determination» 

,A ■Method based, on the me&sureiaent of the parameters 
of a con-stationary thermal neutron field using a pulsed 
neutron source <4,7) seems to 'hold  high promise for the 
solution of a number of problems listed above. 

Efforts have bee» initiated Just recently at the 
Petrology Institute of the'US&B Academy of Science© toward 
the developaiont of a SMäII bore-hole neutron generator 
functioning in a ..pulsed •■range [©fee Note.]. Without examining 
in-'the present article .the design ©f such a generator» let 
us look into the .theoretical background of pulsed gisasure- 
Bient systems in general» [ilot® i   A description .of a small, 
neutron tube for the bore-hole generator Is given in the 
article, by B,G* Yerossoliiasfeiy» L„,N* Boaclarsalo, et al», en- 
titled'*^ Miniature Sealed Neutron .Tube'* .found-in the pre- 

sent ' VGlUI&e^ e . 
Such systems consist.of .a'pulsed neutron generator, 

recording apparatus', 'and control circuits. The-recording 
device can be any"type'of thermal neutron indicator; a pro- 
portional counter- filled with BF,^; a photesmltlplier -with 

a boron, compound coated seintillator, or a Geiger counter , 
registering the ^~-r&y&   emitted in the absorption of the 
thermal neutrons by the rook. 

The neutron generator' and the recording system are 
regulated by a .special circuit is euch a way that neutrons 
are emitted during a period T_ ar»d recorded over an inter- 
val t13-which starts', after waiting period T , Such measure- 

ment cycles follow'one another-many times each second, and 
the recording apparatus thus accumulates information about 
the intensity of the thermal neutron stream 31 in the loca- 
tion of the indicator over a-time interval T^ following the 
end of the radiation • period Tj,. Varying the length of T&, 

it Is possible to obtain the time-dependent function for 
the density of thermal neutrons in the rook« 
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: ^let u»'«xattia« th« peasiblilti«*. trf  tue ««thed Jttet| 
| -desörlbttd by K.e&i»  ©f &n .approxitt*t« thedretle«!  analysis   ! 

. | of the  processes . involved!,«, ; 

| ,     -If. we-d*Kignat« by n(fLt) :th*'nebtston d'«n«ity at a j 
; poiat  with  raaiua-ve-ötof ^-Äljtnry * tlst» t following tfae   'M 
; e&lssl-on. ©f aeutrth«, 'thn. thle 'd£f£**entl&l  «qtsati^u  desev^b« 
; iag tii@ «»tributiea ef ao-att'«rlng  thersei neutron«  has 'tfe4 

h 

j »hear« & i«   th« neutron  diffusion coefficient;A i«; the  Lapi 
! laee operator;   4 is  the  nuaber  ef  newt rone  arising  in  th©   :' 

.: n«diuB per  X, e«t&tl««t»rVeeoondt} -«ad T  is  th* atea» lif« of! 
. the neutvsns   in the issjiSnia, 1 

Bince  the  »ul««* B®ur&® «site  nftutro&e  «u*iug a- r@lL- 
« ttwly   brief   tls*  istwwl   (Tj^T^.and   prkcfie&lly  all   tfi® 
, Jfast n«ntroa«  d«e«l«rat«  bv«r 'the  esse  tiue period  t*,-   it   j 
;»ay  fesas»«  that  th«  function «*  the   <ti«tributloa*ef tfei 
. 4. »onreeg  differs   fro»  *a?o tfaiy during  a, »sell  time  inter*- 
; vftl  »qual  t©  Tj In duration«  Aft«r a ti»« Tx 4 t8 function? 
•q - 0,-and!  e^mtiea  Cl)  tak&ts <m'th@  feana ' < 

:rt«S*^' )A.n ~~" -fr * (ay i 

Th» solution to thin «qn&tlos «or a ho»offen«oua' «e« 
din® appears la th© form: .   - 

-•* ^/i*»- 

"^ "Ä^ / «ft^^'fLr «s> 

«Iwre &€$«,0) is the initial di«t*±butlon of thermal nat- 
rons is th®  mediae, proportional is our aas« t© th» func- 
tion «;«      . . '! 

Xa «pherieal e-oox-Äinate» «onami« <3> ess fo© written' 
in the farm       ^  ^.t. m ^,x 
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Tek,-txt&  's?:ts  aeeou'nt   th«   faßt   tkat   for  a  £*?l.ai  »®ufc# - 
ef  thermal  E&wts^a«   issö&t^d &t   th.® . .origls ©f  the   «o©rdiaat** 

and emitting «I »eut arona  pw pulse,   ?riff\Q)&+**€> ,   »• BOW
1 

■ ■ K ; 
&ava  frets'  <S>   tfeat :   ' 

# <*> 

T*i:kJ.af th.® first d©yitratlv<s of the «xpsresaloa' C6>   '; 
ansS eettlsg It  equal -to %mr&f   w® äo'töyföia« tfec- tiss« erf ; 
arrival  of  th# fkmrmm,!  nmxt-t&n «mra saaxiaum at  tfe©  point s>b 

**** —   '"/?"" Tit/1 4   "*A-*f™    —  IV» .      C'6> tt 

F&r a.' fast nmxtTnn polat  jmlee eoues,   the  initial 
dlstrlbtt'tioftof  theraal aaatrons'h&«t a ©mffie.l6BtIy.faeo 
G®T%°®sp®-&mt,M<,®  i& tlm mBtrrbnti&n of supßy?thermit, nemtrom 
CS>  and  oas fce reps*es©at«d  Is th*  following-way '{initial' j 
eEes-^f ef the  feast  emit «■©»«?  .te'—'S Mw  <silM«*a e?.«©trsm       ; 
volt«)  assf  r>L  t ■wfe$r«&  L    1«  the dee;«i@ratic»s parameters« 

a>   fö:r h$$,r®g®m™tice« isteaia. (sees  tef<&rc*ne# S> 

^ 
f a 

i'    . 
b) for water- <TO« re.fer«ae© 2) 

(?) 

"f' 

Ü)  for h5?€t«jg*a«*oo»taiaii»f m®ifS =a Cs©«« x>»fer&so< 

rt (*,' 4) = w e   7T 

€6) 

Substituting- thee® tomki  ist© «xprcsfrioa  <4>, W 
obtain,,   r«®p®©tt^«lvt ..' ~ ■■• 

t T 

^m-wmiqm^ \ *>M$ > «•> 
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b) n(T,t)«- 
t , 3>t 

<s) 

n{*,t) 

x 

IT" * L 
T 

!4 
3£   ( $   ( \ t A 

X / 

-f 
Li S ' «fc «Bt 

a Li __ JL.. \ v / 
ev 

A L   e   v t,.    IM J % £j&} : 

Fesramla  CiO)  A*  asa&logouB  to the oa© give» ia s?®£@x>f 
■•ace  C8>s   .while  formula  (11)  IK  eluil&rly  related  to  those' 
found  fa  3f«f©r@E<s®@   (§)   aaö  (16), 

ForsmlR  € 10>  b®9&m®g  formula-   ($).£«? time t  «smiti»' 
elertly large  g®  tfca.f Lj ^   /M .    Ö***K the  asynptotle  e®ai 

eopt  enbodled  1B tho   [x - «rf   (x)] ,f «action p**.6aa '«he«,-. / 
that  fonral&s   (lX)-a»d  CIS), likewise te-seome fonrai* C8>  fei 

Thus, rough «Btlsat«« of tha behavior of the tia«~ > 
dependent neutron distribution faneties for large t can fc®: 

obtained  with the aid  of  feratula«   (5)   and -(6). 
AB is rcidaat fron f OOTMS La C6), tbe time Of arrival! 

of the thertaal aautroa mwe nmximm 4ep«uds both »a th* 
hydrogen eon teat is th« voefc (througb parameter ft) &ad th©' 
«la«ral. eontent of th« fluid fillip th« »tratua {through - 
paTa»et«-<p« Foriaul« (fi) shows tha-t as t increases, the ■ 
deelln« of the cttrirs practically e«ase« t© dsp©sd ©a B aad 
will  basically b« detox-alned by  the  expoawtial  faetej? C^. 
Which   ä®p%ne$B   OKSly   OK  *£, 

öetermlöiaff'J*according  to  th«  d*eli»»  of  the  a<r,t5 
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curve» avid fcat?Iög measured t„.. _ it is possible to determine 

'parameter D faro® -formula (©}« 
Thus» "this aetfcod affords >. means of determining D 

»laß *y separately —- something' which is impossible to do 
by means of sttatloaary neutron -sources. 

Recalling, that-the ' coefficient of neutron diffusion 
basically depends en the hydrogen content of the rock <i»e« 
on the.petroJewra or water content of the stratum), while 
.the nea» life of the thermal-neutrons in the layer is deter- 
allied by the hydrogen content j. and, to a much greater extent» 
by the mineralisation of the'stratum water due to its chlor- 
ine content» then this method will obviously provide a tech- 
nique of solving problems OR the determination of hydrogen- 
contest (poro0.lty) of th» stratum and the nature of the 
fluid filling th® layer'(petroleum or water)* 

For purpog-es of illustration, Figure 1 shows the 
n(r,t> carves constructed by means of formula (5) for r = 
15 centimeter® in a homogeneous sandstone medium of 20% 
porosity filled with petroleum (curve 1) or water contain- 
ing 200 grans/liter ©£.NaCl (curve 2>„ 

•As can hm  easily seen, ferr- - '5-7- X-10""* ■■ 
- J.petroleiuii 

seconds and -x    ,   s 2«5 X 10~4 seconds (i«e4( differing -water • " *        . 
by one-half) the difference in the thermal neutron densities 
in the rocks will be on the order of 10 after 10~*s second» 

imr ■ •■ - 

Figure 1. Calculated curves showing the dependence of ther- 
mal neutron density on time in a homogeneous sandstone medi- 
um of 20% porosity» 
A -  relative units; B = microseconds. 
1.« Va-ter-filled sandstone, 
2 ss Sandstone filled with mineral-containing water (200 

'grams/liter). 
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Thus, the pulsest method will pe»it,«ef attcovdihg to all 
expectations, t© determine the location of the water-petro- 
leum contact level by means of greater effects (reaching 
several hundred percent) in cages involving stratus waters 
with a high mi»eraI content* as well as to solve this prob- 
lem with less accuracy ander conditions of medium and low 
mineral content iß the water© occurring below the petroleum 
layer« 

. Also of great importance is the fact that as time t 
increases, the total »umber of neutrons «striking the indi- 
cator will be constituted to an ever greater extent by neut- 
ron® «merging tr&n  the »ore» distant depths of the medium* 
Consequently, the «slope of the n(v,t) curve with increasing 
t corresponds to the parameter-r* for layers lying an ever 
greater distance? from the 'in«, eat or. This means that by in- 
creasing t, it is possible t© increase considerably the pene- 
trability of the method, and perhaps to a great extent eli- 
minate the hindering effect' of the parameters for the adja- 
cent media (the steel ooltmh and fluid in the bore and cement 
lining). This is further aided by  the fact that the si©an 
life of thermal electrons y  in the neighboring sedia {and in 
the feore»hole itself) la considerably smaller than in the 
rock structure. 

In order to test the validity of the above supposi- 
tions, a series of experiments was conducted on rock strata-, 
models. The needele used are described, in <e),  ' 

The model constructed out of a Klariere of sand and 
paraffin corresponded to sandstone of 20%  porosity saturated 
with petroleum?, the model consisting of a mixture of sand, 
paraffin9 

&**«i sodium chloride corresponded to sandstone of 
the same porosity filled with'water -containing 200 grams of 
salt per liter« The axial opening of each model was fitted 
with a steel casing column and cement 'lining; the cement 
lining for the water-bearlag sandstone model contained salts 
.■fust as in actual practice i&}„ 

As accelerating d©uteron-tube- with a,: tritiua target 
was used as the neutron source. Periodically — 300 times 
each second — the tube emitted «short (5 X  lo~6 second) 
bursts of neutrons of 14.1 ffiillion~el*etaron~volt energies* 
The thermal neutrons were registered by Hieans ©f a propor- 
tional counter with BF3* Pulses from the counter were fed 
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into  a- lCO--öhan»el  tiae  analyser   [see   Kote],  The  distensions 
of  the nodsla,   including  taugst  and  counter  positions   are 
shown   in Figure 2. [Not et   Tim  expo Timen t&   were conducted at 
the  Physics   Institute  iineni   Lsbedey of   the USSR Academy  of! 

'"ST" 
JC"'' 

äJMJL 

yVZ777777777777777,        -. ■ 

Figure 2, '.Diagram of'the Experimental Set«Up, 
1 = Steal easing column» 
2 = Cement lining. 
3'=; Bock  duplication medium« 
4 = Th.ei.raal   neutron  counter* 
5 ».Target, 

The results of measurements of the' dependence of 
theraal' neutron density on time t are shown, in Figure 3» 
From these data it follows that for t «■ 800' microseconds, 
the indicator readings for the petroleum« and water-contain- 

; ing strata intersected by a dry bore-hole differ fror* each'' 
other by a factor of 10. Although the absolute values for : 

Tpetroleura aBÖ Jwater obtained in  this experiment (approxi- 

mately 250 and 150 microseconds» respectively) differ from 
.the calculated! values (570 and 250 microseconds)f apparently 
due to the relatively small siss© of the models and tfce: con- 
sequent neutron leakage through the walls, and also because 
of the effects of the cement lining and steel casing tube, 
these data are fully adequate for soaking estimates of rela- 
tive effects under actual conditions by means of -the 

TaSt£»igm and SSSMXSXSSSL    ratios, 
"t" water        ^v/ater - ■ 
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The counting speed In. the salt-fire«* sandstone model 
(at a mean intensity of «^10s neutrons/HOCend for the stream 
of fast neutrons emitted by the accelerator-tube) after 
t = 800 microseconds amounted to^bont 5 counts per minute 
at a recording channel width of lö'microsecondss Such a 
counting speed makes It possible to »make continuous measure* 
meats in bore-holes«;, 

,-_        T..._  - 

tt5Sc:::™^Eiz™;j -\K .4 A™. 

'-.^""^"■rri7riz'-.r"i. ~i ' ^Fr5~^rv;--^_ „„  

:.::::: :...:xr;.r^Q-- ' - 
 -\ -j- 

^ t : ,._ ..., ?.v.<A„ 

_J 1—i—: ,—j. .;._..., i..lb,.-i i*tSf§n 
- 160      320      t&O      Hü.     iOD      9K 

Figure 3. Experimental Curves Showing the.Dependence of ' 
Thermal Neutron Densities on Time,, Obtained .Frosi the Models 
of Water- and Petraleura~Be&rl»g- Sandstones Intersected hy 
Cased Bore-Holes« 
A- = Relative units j E =s Microseconds, 
1 = Petroleum-filled sandstone. 
2 = Sandstone filled with mineral-containing water (200 

grams/liter)« 

Cone1usion 

The result«? of preliminary experiments presented in 
the present article «shew, first of all that the theoreticall; 
predicted differences in indicator readings as taken against 
water- and petroleum-containing strata ean actually be ob- 
tained under bore—bole measurement conditions« 

Secondly, the «nalysis of the results provides a 

„s©d 

measurement*, as the following: the   ' ~° "UCh 

-_„,   »«»«.jBio .»j, me resHiw provides 
means of determining -the aagr«itud«8 of the basic pm, 
neutron generator parameters, n—*a*ry  for »«klug su- 

mean noutron .emission 
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is not Icjss v;haa 10s nentrone/second for pulses lasting 
100-200 microseconds and sequence frequency sot exceeding 
400 cycles, per second*. 

J.n  order to obtain precis© quantitative data on the. 
possibilities''of independently determining the rock »era- 
«letere B and "fas examined In the present article, and aleo 
to secure s,  considerable increase in the penetrability of • 
the tests» detailed experiments arc presently being etmduct- 
©ri at'the Metrology Institute of the USSÄ Academy of Scien- 
ces e, using the laboratory neutron generator designed at this 
Institute«[see Note] #[Note: The description of the labora- 
tory' generator is given in the article entitled MA Labora- 
tory Keutron Generator" by B,G, Yerosollmskiy and L + I>»' Vey- 
tsils irc the present volime,! 
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■A   100-KV   HIGH™ VOLTAGE  PÜ If HS  SUPPLY  POS 
A BOBE-WBLI,   NEUTRON  GENERATOR 

-USSR- 

[Following Is the  translation -of an article 
by B'„:F'.. Bespalov an®  A*I,. Khaustov in *'Yader- 
naya Geof Jts&ika** (Nuclear Geophysics), -Moscow.,- 
.1950/ pages 348-350.3 

The operation of the bore-well neutron generator 
accolerator-tufoe requires a power supply capable of provid- 
ing a l00'"Äif (kilovelt) voltage at currents ■ of. up to 3.50- 
2.00 EicrcaKperss, 

IG view of the conditions under which it ±&  to func- 
tion f   the power supply must conform to definite requirements 
as regards its dimensions* the device must be'enclosed in 
a tube with an outside'diameter not exceeding 100 millimeter« 
asd about 1 meter in  length, 

using low-frequency alternating current (50-400 cycles 
per second) to feed the transformer of the high voltage rec- 
tifier, it is practically impossible to construct a high- 
voltage power supply of' the required dimension», since both 
the transformer and .th© filtering capacitors would have to 
be large«. 

For this reason it would be expedient to employ a 
circuit with a high-frequency (20-50 kilocycle) generator ' 
giving a voltage of about 10-15 Eilovolts on the^ high-fre- 
quency tranfonaer secondary» which is then rectified and 
undergoes voltage multiplication* ■ 

This type of circuit would allow the use of small- 
capacitance tsiniature condensers aad miniature kenotrons« ; 
the  drawbacks of flach a circuit are its' -relative complexity 
and comparatively low efficiency* When constructed of high- 
quality components,.. however, such a power supply operates 
with full reliability, .without.Inordinate power consumption* 
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Figure 1 represents a, schestatic diagram for such a . 
power supply, concsivsd and tested fey the* authors at the 
nuclear geology and geophysics laboratory of the USSR Aea~ 
deay of Sciences Institut«' of Metrology« 

The hlgfc~frequeney power supply unit is a, resonance 
power amplifier with external ©»citation |S«J© Hotel. Sueh a 
sinusoidal voltage generator .is to ore efficient tfcaa a pulse 
generator, l"he anode circuit of the po^er supply includes 
a hSgh~frsqueney transformer with both wiadir&gs adjusted to 
the workiBg frequencyj the capacitance of the» secondary 
circuit consists of the capacitance of the winding itself 
and that of th© multiplier-circuit component array»[Motes 
External excitation is employed in  order to facilitate the 
adjustment and regulation of the supply unitj a self-exoit** 
ing circuit could have been ug@<2, however,) 

A ~ Volts. 
B » High~f requeney t raus former f ^fnWxi 
C - 15-kilovolt' capacitors at 300 [sic: 300 micro farads ?J 
D = Kilovolts. 
E ~ light 1TS7S kenotroBS, 
Figure 1. Schematic Diagram ©f High-Voltage Power Supply. 
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■" ' Th« chc.;i«e'of operating ranges for the pon"? supply 
is based on the following considerations. In order to re- 
duce the jjMber of multiplier stages in the rectifier -cir- 
cuit, it is necessary -to oak® the voltage OK the transfers- 
or «aeoncary as high as possible. £he maximum feedback vol- 
tag« for industrially-produced miniature keaotrofts, however, 
does not exceed SO kv'Ckilovelts)» -and because of this, 
the rectified voltage cannot :be greater than 15 kv, la addi- 
tion %-i  this, the ratio of the voltage over the secondary ■ 
circuit to the anode voltage of the generator is proportion- 
al te thö -ratio'of the capacitances. of the primary an« sec- 
ondary circuits. The capacitance of the secondary circuit. 
is the tli© capacitance of -'the component array and cannot be 
aadc- smaller than the order of tens of Bicronierofarads - 
<irrt!ii& instance'not less than 60 miaf); furthermore, the 
equivalent resiste*10® of the secondary circuit falls as the 
eap&eitaace of the primary circuit rises. Thus, te obtain a ■ 
large output voltage, it is necessary to lower the- equivalent 
resistance of the anode circuit and to employ low internal. 
resletam»© tubes in -the amplifies- (such as the ©NSS-type 
tubes) capabSe of operating on lew plate resistances. 

The capacitance of the primary circuit likewise 
affects the choice of the operating frequency« It is exped- 
ient to .-sake the operating: frequency of the generator as ■ 
high ar possible„ since this will allow the use -of lower- •; 
eapacitance condensers of cowsuensurately' smaller eiste in 
the rectifier. But equivalent resistance drop© a® the frequ- 
ency increases at a given circuit capacitanc«. In the pre-: 
seat circuit» a go-kilocycle operating frequency was chosen 
for the generator« 

The-connection between the circuits was' advisably 
made as strong as possible« For this purpose » the anode 
winding carries is; large number of windings, only a part of 
which' C ~- )  wre included in the' anode circuit of the gene- 

.' S 
rator. The equivalent'load resistance in this case is about 
400 ohsas« v 

■ At .an alternating voltage amplitude of 15 kv,' 8 multi- 
plier stages are sufficient in the rectifier. 

The adjustment of the power supply unit is accomplish- 
ed according to the minimum plate current in the output cas- 
cade« in doing thi-s, the capacitance of the plate (anode) ; 

I Circuit iss chosen to 'obtain the1 greatest efficiency. 
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A ~ High-voltage winding«' 
Figure 2» Standard Rectifier ' Bsokap.*, 

' The standard voltage-multiplier rectifier circuit . 
(Figure 2) is of little use in the present case«, since the 
component-array capacitance is that of the secondary elr~ . 
cult which carries ' the. esitirs current of this circuit, thus 
creating a large voitag® drop.cn the rectifier capacitors. . 
For- this reason the volt&ge provided by the last pair of  ■. 
kenotrons comprises about half of that provided by the first 
pair, and instead' of as. ®ight-f old voltage rise, t?e have 
only a six-fold voltage increase«, More effective would bm 
the connect4en of the secondary high-voltage transformer 
winding to the fourth multiplier stage rather than the first, 
as shown OR Figur© 1. 1» this case, the voltages provided 
by the' two boundary kenotrcn pairs differ littlfe from those 
provided by the intermediate pairs« One drawback of the cir- 
cuit is the necessity for insulating the anode winding: from 
the high-voltage wiMding which' is un««Jf a 50-kv voltage re«- 
.lativ© to the chassis fr&mcu But such a, d&gsre© of insolation 
iß quite easily achieved with the aid of a S-süM-iiaeter 
layer-of plexiglass« 

The rectifier UBBB   lT&7S-typ© kenotrons, for which 
the am«* mam- feedback voltage Is SO &v» 'file kenotrcn filaments 
are supplied, with a 400-eyele voltage from the distribution 
transformers .■ The higher frequency allowed a reduction of 
filament transformer' dlffiensionts. 

The circuit is mounted OB plexiglass' discs In a stack- 
ed coaf i.guratio» aad separated tej  plexiglass posts. Since the 
distances between the circuit coBiporsentÄ arc quite small, 
th® possibility of spark-overs through the air is ."eliminated 
by placing th© entire .assembly In a viaylite jacket filled 
with transformer oil« The bottom of the jacket has a» out-' 
put binding st?*ip« The high-voltage transformer windings 
arc placed in a solid gltwä carcass ja&.de of plexiglas, Th© 
»©eoadary wladiugs of tM kezmtron heater distribution trans- 
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~f ernies-V are  sSraiiarly  protected, 
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» Figure   3.Dependence  of-Output   Voltage  a»d   Efficiency or». 
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:■  ä " Plate voltage» in volts» - 
l Figur© 4« Dependence of Output ?«ltag© on  Plate Veltage, 

The «ntlre assembly Is enclosed 1» a steel ttib© which 
increases; the assembly capacitance aad introduces slgnifi-: 
cant losses into the high-froquenoy'transformer, To reduce 
these losses, the transferaser windings are positioned with 
their axle perpendicular to that of the tub®-» A copper screen 
in the place where the windings are.mounted also affords 
seas iraproveiaent* 

The high-'veJ tage power supply develops 100 fcv arlth 
a 600 »egoha load, i,e. , has a power vef about 17 vr&tt«. 
Operating at this level, It uses about 200-250 milliataperes 
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at 370 volts -aid is apptfoxiatatoly 20% efficient. The in- 
ternal fsssistanc© of tho powe? supply un$,t   Is relatively 
lowj because ©f this» the output voltag*® depends little OB 
the load, while the efficiency rises with decreasing load 
resistance {Figure 3>« 

The output voltage varies in direct proportion to the 
plate voltage (Figusre 4)* Th'i'e permits easy regulation of • 
the Jbtigh output voltage; to ©bvifete changftö in the output 
i^oltag-© .as a result of arbitrary fiüöt-u&iio&s in the plate 
voltage * how&Ver, it is neesessari' to stabiliss© the latter» 

The circuit can also be modified to include a nega- 
tive £«©dfeaek ho&kup' to stabilise tho output voltage* 

la. the future» the dimensions of the power smpply 
unit may bo reduced. 

This high*»voltag© p-ow«y supply can. be used suecoss« 
fully foi? driving accelerator tubes for- both .bore-well and 
sm&Xl<=&±%M  laboratory neutron gar*©ratea*®. 



A  MINIATURE 'S EAt;EO . NEUTROH TUBE 

«USSR- 

{Foilowing is the translation of an article 
fey B«-&. Yerossolisatskly, I..N» Bondarenkc* L«P„ 
Voytaik, Yu.S, 3hia«.teviob, and L.I. Yiidlr, 
In "y&darnaya Geof issika" <Mtaclear G*ophygles>, 
Moscow, X$3$,' pages 3S1-3S5.1 

Sxperlment&l'studies 'ca&dve'tftd for' the purpose of 
«xaninin? the possibilities of designinjj a<&iniature neutron 
.generator intend«» |cr' uss In. bore~well logging were ini- ■ 
tiateti at the Potroiogry Institut« of  the USSR Academy of 
Seiendes in' 1057» 

The oeatral compenont .In a neutron generator is' the 
tonic accelerator tub*. A choice of design for this device 
basically deteraiaes tJs© . soluti ona ' to a whole series of 
technical probless Involved in th© development of a minia- 
ture be>3*»~hele .neutron generator. 

y-. . __ 
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Figure l# Soheaati.e Biagraia of Miniature Sealed Neutron Tube. 

A  schematic diagram of the.described tube is shown in 
Figure ■!,  ■ 
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Electrons «laitted by  the h@at»d ttmgtstem 'cathode 1 
are accelerated fay the cylindrical aa©d# 2 and aofe through 
it along spiral paths as a result of th® longitudinal iaag-» 
notie field H set up by «soil 4  which carries direct current. 

If a negativ© potential V« relative tö th© cathode :■ 
is applied to eleetrode•3, then prior to reaching ejfliader' 
2, th© electrons will b<& reflected, thus vibrating within 
the cylinder aad thereby ionift-iiaig the gas which fills the -'.. 
tub©« The positively-charged 'ions* palled la by %h®'field ®i 
electrode 3 and accelerated tip to energy ? » strike a. tar« 
get located within ©Isetrod© 3„ 

Thus s- the design shews on  Figure 1 r«spr©s©ats a 
simple combination.of a iribifatlng'.-feleetroB-ßisöharg©'iea 
source with au accelerator tube having a «lags» acceleration 
gap* 

A careful examination ©f the design revealed» höwevej 
that it was capable of performing; ycjt another function — ' 
namely,   that of a. high-voltage fe©Botros which could bf used 
to double the accelerating voltage, 

..£—!   / f 2 

"4 ^  
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; ~H5®"'' 
Figur©  2.   Schematic  Diagram   ©f   Voltagtt-Doubllng' Circuit   in 
Sealed  %utroa  Tub®, 
A  ~  High.™-volt age  transformer. 
B  ~ Circuit  vsltage» 
1 -  Heated  tungsten  cathode* 
2 - Cylindrical   aaset®* 
3 = . Electrode»  with  target. 
4 ~ Coil   vhlch  sets   up  lossgituditsal  saagaetie field. 
%a Cylindrical' aaodft po'tsntial.  ctsrreat  source* 
Ugss Tungsten  eathod©  heatlng-eurrent .source. 
C ~ Capacitance* 

Actually, ©v©n if just a. small positiv© voltage is" 
applied tö electrode 3, the» th® electrons will cease to be 
reflected» th© vibrational character of their motion will 



stox},' &tt.C t>t   ®l<*ezrmi o-u rrc.it   will  flo# tos-,.u-d  «;>ectroöe  3, 
«hioh  is.  tbls.   öasue-   will   play  the  vote  of  anode,   as   in  the 
stands.rti .k&notron« 

Vh3  # lisplest  electronic  circuit  employing   i!*t   above- 
'n?estie\,'i$u  --eul^'is «it ion of  ionic  acceleration,  tufre  a&& iilgh- 
v©lt>*.£e  k«j>.i?ts%>tst fti act ions', is   illustrate«!  ia Figure  2» 

l^his»   i:,ä  the  usual  voltage-doubling  els-emit, waking 
s:v!3*).!'..t*nri®- C and the -kämestremj   the  role-  of  the   latter 
*'i  by   c:,tB   tub»  Itself»   If the magnitude of the  ionic 
J ia the  tub» "(with  electrode   3  negative)   La - 

•'.er, 
maaXla*--   th'ax  the  electro»  currant  JT  .,   at   eleetroa®   3  (with 
electr^o  S ycsiti'S'e),   then   th.m capacitance C  will   receive 
a «shp.rge  praotlcall^  equal   to  the  amp 11 tudlftai  value  of  the 
volte.-g-   u   efc^ass   the secondary  winding  of   the-  high-voltage 
tmn&tc-rv&QV (ÄJ*- &K* *^e  voltage  across  electrode   3  will 
ptilee  fr-zm. a smell   positive, down  to   aß  alraost  double  nega- 
tive  vtiue  (Figure   3)«, 

Figure   3,   Plot  of  Potentials  and Currents  teroas, Electrode 
and  Target' 3 e»  They    I>@|:ead   o» Time* 

As   this'happensf   as   ea»  be seen  froKthe   diagrass  for 
curre»t   J«  flowing toward  electrode   3,   the   Ionic  current 

«111  flew almost '-eontiaiiously»   while  the   electros- current 
will   flow only  durittg  those  relatively  short   time  interval» 
yt'h&n potential   v"g  is  positive« 
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It is iisadvi-aable, however,, to have the ionic "current 
•flowing toward the target while potential Vg is considerably 
«nailer than naxlaua, eino« this will not increase the emis- 
sion ©f neutrons  and will create &« «ceessiTft load botÄ   ; 

across the transformer and the target. For this reason, the 
tilreot-eurrexit voltage supply u2 (Figure 2) is replaced In 

the circuit-with a special fnslee genrater .which ' Is synchro* 
ni%e<! with the alteraating<*eurrent voltage across the"tvans~ 
«ermer-in such »■ way that its positive pulses fed? to cylin- 
der 2 induce the appearance of electron and ionic flow'only 
during short tine intervals close to the noBonts of maselsaa 
for voltage ¥  (Figur© 4}, 

--V«"™-*fc-"» 8 

»-s*»-jf 

.-8-™^»-^ 

Figure 4. Plot of Potentials and Currents Across Electrode 
and Target 3 Against Tiae With the Inclusion la'the Circuit 
ff„VP*dlS0 Generator Across the Cylindrical Anode« 
" ~" l ©leet areas ■ B -Tie a» 

"vni*r.«~^m»Oa^>*a C 

A* »ay be seen frem Figure *, the ionic eurrent flows 
only et such times when the voltage acres» electrode 3 i® 
©lose to its naxltatim negative value (and 1« practically 
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■ equal :lö  tit uVIa"'t^»: oMVf itüdinal  voltage  ae^ofi   nW 'tran»- 

T-ii'S  tr.bf>  d^isigsi Juat   described  is   extremely conven— 
; lost  .«"ov  tb*  ptirpeiBe  of   eons true ting  a ' bore-hole'  -.üenvu-on 
■ gen«^?tr^   -rh-oXar  a®  the  high "-voltage  source,   the   t*-a'ns:~ 

farM^r^   etui  t;:'   us? eel  without   a'separata  kenctrcE.  IOJ*  doubl» 
ittg  t*->e   v".^It>tg:&. 

.'.;r-   lrü.t©*v;;:   I'roiis 'the- öageriptlouv 'the co^raii^ 'cycle 
f«v t-v.c^   *'i Hti.c«Xerafcor-*tiibe is  of  a pulse 'type ?'ith  praise 
dttrat£<r-;''%V   . •  determined  by   the   pulse  generator*   tli-   s^queir- 

■ ti&l   f.-föqv,®H'-,-y  of   the puls©«   ie   equal   to  the  frequency  of 
tho   al'ttfrr-at'ftft-ettrrent  voltage .acwsB   the   transformer« ■ 

?-&  t'^y  prototype  of   the  tub©  which  was?   actually  eon- 
'.Bt'^wited»   the, worhiag voltage  was ©hose» as   1£>0~12© lev. .'£he 
ore-ration  of  the   tuts«  consequently  requires   a. transformer 

: with a 60  k\'  peak voltage,   Such a  transformer  was  construct- 
:'ed. to  fit   into  a   tube  ha.vlsg  a  diameter   ^100  railliraeters« 

The  target  iß the  tub«  was  mad©  of   tritium*impreg~ 
: ».sited  sirconiuia?   the  tub©  contained, deuterfira under e.  pres- 
; Si?re- öf  5*10*°'^ .millimeter©   of  mercury, 

■   Unöer  such  a pressure' the  gap  between  cylinder  2  and 
; electrode -3,   which  iss .on the-ojfder of  several   centimeters,: 

is  able  to   withstand a'voltage  of  up  to   ISO  fev. 
The  magnitude of  the   ionic  current,   which may be ob- 

tained  iß  a tub© of  the  described design at  a pressure  of 
B-5  X 10*""^ millimeters-  of  mercury»   reaches   several mill!-. 

.amperes*,   the  neutron output  may  be.as   high  as   107  neutrons/ 
■' second, 

Cptiwura current values were obtained by a 'proper 
choice of length and diameter for. cylinder 2, as' well as of 
a power.supply operating range, i.e., the magnitude of the 

• magnetic field K, the cathode emission current, and the 
pulse voltage amplitude Yr across the cylinder« 

One of the Important' pröfclens involved in designing 
■; a bore-hole neutron generator is thai of maintaining the 
■ proper pressure in the tube«. 

Isi •■ the initial stage of work on the project, A.S. • 
.. Shkol'nJkov, research fellow (a@pirant) at the- Petrology 
Institute completed a detailed study ©f the various possible 

. evacuation (systems which could be used in a deep bore-hole 
apparattss* 

la particular, good result© were obtained with a aaall 
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diffusion pump featuring a trap and semiconductor cooling." 
The ffiaia attention in this study was devoted» however, to ' 
rarefaction with the ale! of heated titanium wir© eaapJ'ea, 

It is also, necessary to point out that *.Ivte' tub«. '. 
design described above incorporate a-», ©qua! gas pj»es»tsr* *& 
all interior points in tbe tube (both in the acceleration 
gap and the ton  source}} this.: eliminates the 2«aSaff#.'

:of=: :■ •.•^■.-. 
gas. in the tube, which fieöÄsamrily o-cevtrsg- la standard ne-atrsn 
generators where gas pressure; at the source must foe 1.0*" * 
~ 10**3 millimeters of mercury, to a significant dagr@©s 

^h© absence of intense gas leakage naturally simpli- 
fies the; problem of maintaining- the- correct pressure in the 
tube. 

It turn®*? out that in- a' well-evaen&ted and. sealed...-gas 
tub© in which all electrodes» except„ of course, the target, 
are'- also well de-gasified» the vacuum gradually improves dur- 
ing operation <i.e,, the tub© becomes "tinned''9) as a result 
of the ionic evacuation stechanism« 

Even pressure depends on the working temperature of 
the tube, as well as on- the operating range (the raean aag- 
nitude of the ionic current and the energy &t   the accelerat- 
ed ions), although'as a rule it" ie several ' tiroes" smaller 
than lä required* Thla'ia why e titanitua «ire spiral impreg- 
nated! with deuterium is welded os inside the tube (labeled 
5 in Figure 1}» . 

Heating- the spiral to a. gives temperature '(by adjust» 
ing the current passed through it)g it is possible to raais%:: 
tain the required denterium pressure in the interior of the 
tubee    . 

The icethod here employed is analogous to ' the method 
of maintaining'the Pricing gas pressure in hydrogen thyra- 
trons. 

10,106 -END» 
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