Gemma sualarinin petrol arama ve igletmesine
tatbikinde yeni bir usul

Yazan: Ziya KIRMAN

Petrol cikarmak icin acilan kuyulardan jeofizik metodlarla bazi maliimat alinabilir. Derin-
tik absis olmak lizere grafik olarak gosterilen bu maliimat (Kuyu logu) ismini alir. Acilan ku-
yu istihsale elverigli ise o kuyunun logu, istihsalde kargilagilacak miigkiillerin halline ve kuyu-
dan petrol ¢ikmadigi takdirde o civarda acilacak ve petrol verebilecek yeni kuyularin mevkileri-
ni tayine imkdn vermektedir. Simdiye kadar jeofizigin bu vadisinde taninmig olan (Rézistivité

salarindan faydalanan bir metod bulmak zarureti mevcuttu, Bunun lizerine sahralardaki radyo-
aktif maddelerden ¢ikan ve kuvvetle niifuz edebilen gamma sualarinin kaydi icin bir alet yapil-
mig ise de bu aletin kalibrasyonu yapilmamis oldugundan alinan neticelerin tefsiri kabil ol-
mamakla veya bunlar basma kalip kullanilmakta idi. Iste sahralarin radyoaktivité hassasini esas-
t1 bir sekilde istifade sahasina koyan usul Amerikada Cambridge de Massachusetts Technology
Enstitiistinde yaptig1 arastirmalar neticesinde muellif tarafindan kesfedilmistir.

Petrol jeoloji ve tektonolojisinin bircok miiskiillerini halle yarayan ve petroliin tesekkiilii
hakkinda 6nemli ip uglarinin elde edilmesine imkan verecek olan bu usuliin ana hatlarin1 asa-
gida izah edecegiz. Mecmuanin dar cergevesine sigdirlmasina imkan olmiyan bu usul ileride nes-
redecegimiz bir kitapta mufassal bir sekilde izahedilecektir.

MESELENIN ANALIZ1

Teorik inceleme:

Bir noktadan itibaren (1) mesafesinde (m) gram radyoaktif maddenin hasil edecegi (q) iyo-
nizasyonu,

=3 ° (1

formiiliyle hesaplanir. Burada (K) bir sabit ve: { p)s (1) mesafesini iggal eden ortamin absorp-
siyon katsayisidir.

Genel olarak absorpsiyon katsayisi { g } olan ve radioaktif olmiyan bir madde ile doldurul-
mus (a) yan capinda bir kuyuyu ele alalim. Bu kuyuya (t) kalinliginda, radyoaktif olmiyan ve
absorpsiyon katsayist { ge } olan bir maddeden yapilmis bir sondaj borusu konuldugunu ve bu
borunun diginda, birim kiitlede (@ } gram radyoaktif madde ihtiva eden ve absorpsiyon katsayisi
(zf ) olan bir rusubi sahra bulundugunu farzedelim. (Kuyunun AA eksenine gore alinmis olan
bir yan kesiti sekil 1 de gosterilmistir.)
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(dr. dh) yiizey elemammnmn AA ekseni etrafinda donerek dogurdugu (%r.dr.dh = dmlpa)

hacim eleman igindeki radyoaktif maddenin AA ekseni Uzerinde bulunan bir (P) noktasinda
hasil edecegi iyonizasyon,

— 2nrKapdrdh —#s8 —pc ¢ —m f
d E- ]
1= "Grerer ° ° ° @

dir. Burada (f+c+g)’, denklem 1 deki (I’) ye tekabiil eder. Sekil 1 den,

g=acscP c=tcsc¥P g+cdf=rcscy
f=(r—a—t) csc®  h=rcotg ¥
oldugu goriilmektedir.
(g), (¢), (g + ¢ + f) ve f nin kiymetleriyle (h) nin (&) ye gore tiirevini alarak elde edilen,
dh==—t cac’y¢ d ¢

kiymeti denklem 2 de yerlerine konulursa,

—pgBCSC P ~—potesc P — g (r—a—t) coc ¥

dq=—2nKap e ¢ e de
bulunur.
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Tamamen genel bir hal igin yukaridaki denklem @ = @, fle$ =@, ver = Riler = a4t
kiymetleri (sekil 2 ye bakiniz). arasinda itmam edilebilir.

€

9, R
~—tig 2 €8CY  —pt—cC8CP —pu; (r—a—t)cse @
q,= 2nkag [ e # i f . e dr
- v a

Py —pga CSCP —pcc8C P M {r—a—t) cacy —r=a+t
q,= 2nkap f e e dy € ]
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Qnkap 1—e

put Py cst 9

P ~(uga+puct) csc® [ — gt (R—a—t) csc ?]
e
9 = f de )

Kuyunun eksen diregetinde sonsuz biiyiik bir mesafe icin @, = O @,== 5 olacagindan,

L — (g @+ uc t) cscy f'f —[("; 8 + pc )+ (R - a—1t)cse? ] 4
G o= 22500 | © do— de
£

csc 9 cse 9

bulunur. Ayni zamanda, rusubi sahranin eksenden itibaren ufki olarak sonsuz biiyiik bir mesa-
feye kadar yayildigi kabul edilirse {(R3w=@0 )yapilarak,

= --(pga+ pe t) cse @

2 mag k
b= [ csc ¢ de ©)

elde edilir.

Sondaj borusu bulunmayan bir kuyu igin, (t = O) olacagindan

« j.ﬂ — g d C8C 9
— 2 magk e

ve nihayet, kuyunun, absorpsiyon katsayisi kabili ihmal olacak derecede kiigiik olan bir madde
ile dolu bulundugu en 6zel hal icin,

. JC

at , C5C®
q = 2700k (o qo)] dmk g
Mt 0 I

yazilabilir.

5 ve 6 numarali denklemler, asagidaki genel sekle konulabilir:

. — Z cC8C ¢
__ 2 nap e
1= t o C5C 9 de
Bu denklemde (z) ya {u pga ~ puc t)yi ve yahut (gga) y1 gosterir.
¥ — 7 c8C P Atfo — 7 csc @
[ oo 4
Y e CSC 9 - o c8c & ¥
oldugundan,
. . “s—-zcscfp ny— 2 cac 9
m_, f f e
1= Tesc 9 de W), csc ¢ o7
bulunur.
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s de
o . €9

#fy ~ 2 se §
A;Sf

konulursa,

q=9q, A, ®)
elde edilir. Burada (qg) sabit ve (Az), kuyuya konulan maddelerin absorpsiyon katsayisina gore
degisir oldugundan (Az) ye, (iyonizayon azaltma katsayisi) adi verilebilir. Denklem 4 de.

Z, = pgd + uct

z, = us (R—a—1)
konulursa bu denklem,

qs = 4, (Az;—Az+1z,) )]
seklinde yazilabilir. Ayni sekilde denklem 5,

G = q; Az,
sekline girer.
(q,), (q,) le boliiniirse,
B g A:;-I-:s )
s =1

elde edilir. Yani, kuyudan itibaren (R) mesafesinin 6tesinde bulunan sahralar, mecmu iyonizas-
yonun Az,+Z,/Az, kesrini verir.

Kuyuda sondaji borusu yoksa ve absorpsiyon da olmuyorsa Z, = O olacagindan yukaridaki
kesir (Az,,) ye esit olur.

Sekil 1 deki (P) noktasindan itibaren kuyu ekseni boyunca bilinen bir uzunlugu kaplayan
sahralarin meydana getirecegi iyonizasyon denklem (7) den faydalanarak asagidaki sekilde he-
saplanir:

Q= 2 map k (—ct:-s"i?):lw'qj —4maek cos P==q,co89 (]])
It ¥ I
(h) mesafesinin daha Gtesinde bulunan sahralar,
9% — G = G5 (L = cos @) (12
iyonizasyonunu verir.

(11) ve (12) de gosterilen iyonizasyonlar, mecmu iyonizasyonun birer kesri olarak gosteri-
lirse,

L - cos ¢
G,

q-!—‘j-‘-;.——qﬂ m1— cos ¢ (13)

bulunur.
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Biitiin diger haller icin (Az) kismi iyonizasyonu, { %) acisinin ve (z) nin kiymetlerine go-
re asagidaki formiille hesaplanir:
? —zesc?

i &
A = . oV de (14)

Muhtelif hallere tatbik edilebilecek olan yukaridaki denklemlerle gosterilen iyonizasyon-
larin adedi kiymetlerinin hesaplanabilmesi icin asagidaki miktarlarin bilinmesi 14zimdir:

1 1. {K} : Eve sabiti.
2. % Y. apsorpsiyon katsayisi.
3. {@ ). sahradaki radyoaktif madde miktar

1. EVE SABITI

0° de ve 760 mm. civa basinci altindaki1sm’ hava icinde, 1 cm. mesafedeki 1 gr. radyoaktif
maddeden cikan gama sualarinin dogrudan dogruya ya vasitali olarak 1 saniyede meydana geti-
recegi iyon ciftleri adedine (Eve sabiti) denilir; bu sabit (k) ile gosterilir. Eve (1) parcalanma
mahsulleriyle denge halinde bulunan 1 gr. radyom icin (K) nin kiymetini hesaplamis ve,

k., = 4,00 x 10’ iyon cifti/ saniye X sm’
bulmustur.

Eve den sonra Moseley ve Robinson (2), 4,89 x 10° ve Reitz (3), 4,30 x 10° kiymetlerini
elde etmislerdir. Eve sabiti icin elde edilen bu kiymetler arasindaki farklar, tecriibelerin tiirlii
sartlar altinda yapilmig ve neticelerin farkli sekillerde tefsir edilmis olmasindan ileri gelmistir.

Bu ayriliklari doguran sebepleri géz oniinde tutan Schulze (4), 5,53 0,1 x 10° kiymetini bul-
mustur.

Mc Coyve Henderson (5), nesrettigi gama sualar1 bakimindan | gr. radyomun, 6,9x10° gr.
toryoma muadil oldugunu bulmuslardir. Bundan faydalanarak toryom icin (k Th) sabitinin kiy-
meti hesaplanabilir:

69 X 10 8,9 X 10°

10 == §,0010%

Radyom ve potasyom sualart iyonizasyonlarini mukayese eden Gray ve Tarrant (6), elde ettik-
leri neticelerden 1 gr. potasyomun, gama sualari tesiri bakimindan 1,6 x 10 gr. radyoma muadil
oldugunu bulmuslardir.

Su halde,
k, = 1,6 X 10" X 555 X 10’ =8,8 X 10°
dir. Bu neticelere gore K nin kullanilacak kiymetleri sunlardir:
Kpa = 555 x 100 (iyon cifti/saniye X sm’)
XKp =80 X 100 ( , " )
X =88 X 10° ( , » » )
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I1. ABSORPSIYON KATSAYISI

Tecriibe ile Olgiilebilen ve (p ) ile gosterilen apsorpsiyon katsayisi, 4 apsorpsiyon katsayi-
st toplamina esittir.

1. o, : Compton absorpsiyon katsayisi.

2. o, : Compton dagilma katsayisi.

3. ¢ : fotoelektrik absorpsiyon katsayisi.

4 X : cift meydana getirme (pair production) obsorpsiyon katsayisi.

Bu. 4 katsayinin her biri, absorpsiyon husule getiren madde icinden gecen ve paralel ve ho-
mogen bir gama sualart huzmesinin bir foton kaybetme ihtimalini gosterir. Bu katsayilar, ab-
sorbe eden madde i¢indeki yoriingenin birim uzunlugu basina sunlardir:

A _=_ eg, ZNd/W
\

0,30

o = eog, ZNd/W
v = Ar NdA/W
x = Ay Nd/W

i3

Burada:

o
N
n

eg, : Compon apsorpsiyonu icin bir
elektrona diisen kesit yiizeyi.
(cm’ cinsinden)

eg; : Compon apsorpsiyonu icin bir
elektrona disen Kkesit ylizeyi.
(sm’ cinsinden).

Z : Atom numarasi

N : Avogadro sabiti. 6,02 x 107

atom adedi/atomgr.

d : Yogunluk (gr/cm’ cinsinden)

W : Atom agirligi.

Sekil (3) gama suar enerjisine gore
(Al) icin bu katsayilarin adedi kiymetle-
rini gostermektedir. (fotoelektrik absorpsi-
yon Kkatsayisi grafikteki enerjiler igin ka-
bili ihmal derecede kiiciik oldugundan
gosterilmemistir). Bu grafikte, Comton ab-
sorpsiyon ve dagilma Kkatsayilari toplamu X
da gosterilmistir.  Sekilden anlasilacag: Oo " _'_=5=__ s % 5
tizere kiicik enerjilerde bu toplam, ENERJI{MEY) — ENERGY(M.EY)
biitiin katsayilar toplami olarak alina-
bilir. Bu hal; atom agirliklar1 az ve orta kiymette olan elemanlar igin dogru ola-
cagindan atom agirliklart yogunluklar1 ve atom numaralar1 bilinen bu gibi elemanlarin sekil
(3) yardimiyle absorpsiyon katsayilarini hesaplamak kabildir. Atom agirhigit (W), yogunlugu
(d) ve atom numarasi (Z) olan elemanin absorpsiyon katsayisi,

ABSORPSIYON(CH')
o
ny
0

0
@

\
Ne

—_— .
M
e ——

o
o

ABSORPTION(Ca')

o
o]
ul
7

- z;;“ (eas + €01) (1)
olacaktir. Bu formiil (Al) icin,
Mmm g_Al Ndﬂ (e'. -+ ”.)
Wa

seklini alir.
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{ €0, + eo, y ve (N) nin sabit oldugu g6z 6niinde tutularak, yukaridaki iki denklem taraf
tarafa bolliniirse,

I — ..g.t.i._ _..__...._...ZM du (16)
1AL W Wa
bulunur. (Z,,), (d,) ve (W,,) nin adedt kiymetleri yerlerine konulursa,
#lpn = W1 (17)
w13

bulunur. Verilen bir enerji i¢in { ggas 3 in kiymeti, sekil (3) den elde edilebilir.

Yukaridaki denklem yardimiyle miirekkep bir cismin absorpsiyon katsayisi hesaplanabilir.
Bu takdirde (W) yerine miirekkep cismin molekiil agirligi, (Z) yerine de atom numaralarinin
atom sayilarina carpimlarmin toplami alinmahdir. Mesela: Silisin kimyasal formiilii, (SiO,,) or-
talama yogunlugu, (2,64), ve molekiil agirligi, 60 dir. Silis icin (Z) adedi,

Z=14+2x8=230

olacagindan bu kiymetler, denklem (17) de yerlerine konulursa,

usios/un = 1,32/1,3 = 1,016

yahut,
N80y == 1,015 MAL

bulunur. Meseld 2 milyon elektron - volt icin { pgpe ) nin kiymetini hesaplamak lazimgelir-
se { pat ) nin bu enerjiye tekabiil eden kiymeti sekil 3 den bulunarak yerine konulmalidir.
Boylece,

nsioz = 1,015X0,113 = (,115 em™!

elde edilir.

Bentoit ve sondaj borusu gibi karisiklarin absorpsiyon katsayilari asagida gosterilen bir
usulle bulunur:

Yogunlugu (d ) olan bir karisig1 ele alalim. Bu kangig: teskil eden basit veya miirekkep
cisimlerden birinin hacmi (v), agirligr (k), yogunlugu (d), mecmu atom numarast (Z), mole-
kiil veya atom agirligt (W) olsun. Kargsikta bu miirekkep veya basit cisimden (K/W) molekiil
bulunacagindan karisigin absorpsiyon katsayist {gm ) ile gosterilecek olursa,

LSk
£, _-.__,___“;,_. 18
. 13 5K HAl 18)

bulunur.

Kargigin yogunlugu belli degilse yukaridaki formul kullanilamaz. Fakat,

K
v d
oldugundan bunlar yukarida yerlerine konulursa,
(19)

S~ T

elde edilir.
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Yukaridaki hesaplarda rusubi sahralarin ve Bentonitin mesamiyeti nazari itibara alinma-
mugtir; efer mesamiyet, sahramin birim hacmina diisen (v, ) bosluk hacmi olarak kabul edilirse
mesami bir sahranin absorpsiyon katsayisi, o

up = (I_VP) Mre + v Hw (20)
olacaktir. Burada,  yr ) ve { 4w ) ortalama terkipteki sahrenin ve mesamati dolduran cismin
absorpsiyon katsayisidir.

HI. RUSUBT SAHRALARDAKI RADYOAKTIF MADDELER (*)

Biitlin rusubi sahralar Olciilebilecek miktarda radyoaktif madde ihtiva etmektedir. Bu mik-
tar sahralarin nevine gore degisir. Bunun sebebi rusubi sahralar viicuda getiren sahralarin fark-
It olusu, ve farkli sartlar altinda rusubi sahralar1 viicuda getirmis olmalaridir.. Umumiyetle Se-
yillerde kum taslar1 ve kalkerlerden fazla radyoaktif madde bulunur.

Bir kuyu dahilinde hasil olacak iyonizasyon, kuyunun etrafin1 saran sahralarin terkibinde
bulunan baglica 3 maddeden ileri gelmektedir.

1. Uranyom serisi radyoaktif maddeleri.
2. Toryom serisi radyoaktif maddeleri.
3. Potasyom serisi radyoaktif maddeleri.

Gama suai veren bu maddeler arasinda Uranyom ve toryom, 1/5 e yakin bir nisbette bulunur.
Fakat potasyom miktar1 cok miitehavvildir. Sahralardaki radyoaktif madde miktarim he-
saplamak icin pek ¢ok arastirmalar yapilmigsa da bu alanda calisanlarin aldiklar1 neticeler ara-
sinda buyiik farklar bulundugu gorulmustir.. Bu sebepten bu yazimizda adi gecen sahralarda-
ki radyoaktif madde miktarlarinin adedi kiymetlerini nazan itibara almayacagiz.

Yukanda bahsi gecen gama suai verici maddeler umumiyetle asagidaki birimler cinsinden
ifade edilir:

1. Radyom birimi, (sahramin 1 gramindaki 10 ™ gram radyom miktari)

2. Toyom ,, . ( ., » 10 ° ,,  Toryom »

3. Potasyom ,, . ( ” ” . 10 © ,  Potasyom .,

Bir sahrada a birim radyom, b birim toryom, ve ¢ birim potasyom bulundugunu farzedelim.
Buna gore sahranin her graminda:

@ra = & X 10 ~¥ gr, Radyom,
ap, = b x 10 -5 ,, ‘Toryom,
ap = ¢ ¥ 10 ~* , Palasyom,

bulunuyor demektir. Birinci kistmdaki iyonizasyon denklemlerinde bulunan g, bu denklemlerde
« yerine ag, @&m Ve ar Kkonularak elde edilen qg, , G , & iyonizasyonlarinin
toplami oldugundan: v

¢ = qpa + q9m + %

yazilabilir.

(*) "Sahra,, kelimesi "sahre,, veya tas tabakalari manasindadir.
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A new method of application of Gamma-rays to the
petroleum technology

By: Z. M. Kirman

INTRODUCTION

In the lagt few years there has been devised a technique for recording in wells the
highly penetrating radiation from radioactive dements in sediments. This process is cdled
radioactive or gamma ray well loggin. At the present stage of development it is used in the
cordation of strata and for solving severd problems of practicd importance such as de-
tection of cement. These measurements are done in an empirical way. Quantitative interpere-
tation of the data obtained by this method depends on the cdibration of the instrument
ussd and upon determination or the nature of the factors influencing the radiation.

At present while many messurements have been made in the fidd of gammaray well-
logging, no precise cdibrations of the instruments used have been made. Therefore, results have
only a corrdative and quditative vdue. For this reason the writer thought that a theoreti-
cd anadyss of the problem might be useful in calibration of the Gammaray wdl-logging ins
trument and may lead to a solution of the problem of interpretation of gammaray logs.

As a reault of the research carried out by the author during his studies at the Massachu-
sits Ingtitute of Technology in Cambridge, U.S.A., a new method has been developed. This
method has possihilities of application to various problems of petroleum geology and techno-
logy. In this article a brief outline of the theoretical part of this method is given. A full
discusson of this subject will be published separatdy.

ANALYSIS OF THE PROBLEM (*)
Theoretical Treatment:

lonization (q) produced by (m) grams of radioactive substance at a distance (1) is given
by the equation (1)

Km —gl
D= 7 e
where (K) is a congant and (ft ) is thesbsortion coefficient of the medium occupying the
digance (2).

Let us condder the generd case of a wellof radius (@) filled with a non-radioactive
substance, having an absortion coefficient (g4 ¥ casingof thickneess (t) made of non-radioactive
material of absorptioncoefficient  ( u.} is place in the well. Outside the casing is sedimentary
rock containing ( g ) grams of radioactive subtance per unit mass. The absorption coeffici-
ent of this formation is ( gt }

(A stion of the well taken through the axis AA' is represented by Fg. (1).)

*) For the figures of this aticle see the turkish text.
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The ionization (dg) produced a a point P on AA' by the gammarays from the radioac-
tive substance in a volume element (2srdr.dh=dm/pa}formed by rotating (dr. dh) about
AA', is

—2srKagdrdh ME et CH f

dq = 2
1 f+e4gp @
where: (f+c+g)? corresponds to (1)* in Eq. (2).
g=a csc ¢ c=tcsc o gtctf=rcsc ¢
f=(r—a—t) csc ¢ h=r cetg ¢
differentiating (h) with respect to ( @ ) done.
dh==—r cscipdy
subgtituting these values in Eq. (2)
—jig ACSCP —ptc tesC@p  —py (T~ a—t)csce
dq=—2nKap € ’ e e drdp

For a generd case [se Fig. (2)] the above equation may be integrated between the
limtsg = ¢, top= @, andr = Rter = a ¢ t
e — g 8CSCP  —pu. tcicy R = (r  a—1) csce
qy=2nKag f e dpf dr
?

[ e
) a+t

P1—pgacscp  —p 1Cscp —pr (r—a—t) ¢s r=a+t
q,=2aKag e e dg e cq,]
- —pit CSC
P — (pga+u.these @ ~ 1 (R—a—~t)csee
=t 2 “KM € l—e dw

P ®a cscp

r=R

3

q,

for an infinitely large distance in the vertical direction ¢,=09=u

B —(ug atp. t)cscp ~ [(stg 84-stc )+ gt (R—a—1)]cacy
2nKap [ ’ e dep — /ﬂ e do (9)
e ‘o csc Yo

If in addition the formation extends horizontaly over a large distance from the point P, other
words, R s 3

oo K ™ —(the 8+ ncticscy
q, =2 /" e dp ©
F L o csce

In the case of a wel without casng; (t = Q)

% cscp

— pg CBCEQ
oK) e = de

o o ¢oXe

%
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And findly for the most specidized case in which the well is filled with a materia of ab-
sorption coefficient so smal as to be negligible, we have

q;ﬁzaaexfs 1 de

e g csc @
2 wag K ]u 4nap K
—_— — == 7
9 “ (— cos @) [ p @
Equations (5) and (6) can be written in the general form
& —zcac e
_ 2 mae K j e do
- e o [CSC L’
where (z) represents either (g, a—g. t) or (u. a).
Snce
® — zesce fs = zesce
f ¢ dy = 2 e de
0o GCsCcg o cace
therefore
#ly —zesce Ry — zesce
- 4 aQ K j e _— f d¢
q # o Csce do =4 coce
if we call
foa— ZCSCE
A= i 4
2 o oscp P
then

q=q, A. )]

A in the above equation may be caled thefractional reduction in ionization caused by non
radioactive absorbing layers.

Substituting
Z=pga+act
g,y {R—a=-t)
equation (4) can be writen as

q,=9; (Az,—Az,+12,) ©)
smilarly for equation (5)

9,=q; Aa
dividing op, by gz w« find

S g Ant

W A a0
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In other words formation extending beyond a given distance (R) from a well would contribute
the fraction A_zk"‘_?_‘of the tota ionization.

If there is no :casing and no gppreciable absorption in the well, i.e Z; = 0, this fraction
would be equal to A

lonization produced by the formation extending to a given vertical distance from the point
P in Fg. (1) can be caculated as follows:
For the case to which equation (7) applies

. i o
2magK cos ‘P] _. 4 mag K

Q= Co8 @ = (, cOs @ (11)
#i ]
?
Formation extending beyond the distance (h) would produce
6 95=qs(1—cos @) (12)
expressing these equations as a fraction of the total ionization
Tt - os g
9,
= bl L 1 — cos g (13)
9
For dl the other cases the fractional ionization can be determined by calculating the area un-
der the curve
f‘P — ZC8Cp
¢
A = e de (14)

for a given angle and the quantity represented by (2).

In the preceding discusson equations for ionization applying to various cases were de-
rived. To compute numerical vaues of ionization by means of any of these equations it is
necessary to know the following quantities:

. {(K)!Evesconstant
Il. {s£) the absorption coefficient.
IIl. {ea) the radioactive content of the rock.

I. Eve's Constant

The congtant K, caled Eve's constant, is the number of ion pairs directly or indirectly pro-
duced in one second and in one cubic centimeter of air (at 0° and 760 mm. Hg pressure) by
gamma rays from one gram of radioactive substance at one centimeter distance. Its value for
one gram of radium in equilibrium with its decay products was determined by Eve (1) to be
KRa =,4.00 x 10° (ion pairs per cubic centimeter par second). Later Mosdey and Robinson
(2) obtained the vaue 489 x 10», Reitz (3), 430 x 10°. The variaion among these vaues
aises from different interpretations of the resolution of the method and variation in the experi-
mental conditions. Taking these account Schulzs (4) found (55 + 0l) x 10°.

Eves congtant for thorium may be cdculated from Eves congtant for radium as follows
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one gram radium was found by McCoy and Henderson (5) to be equivdent in gamma ray effect
to 69 x 10° grams of thorium.

Hence,

Ka 5.55x10°
Kn= == =8.0 x 10
T 69x10° 69x10°

Gray and Tarrant (6) compared the gamma ray ionization produced by radium and potas-
sum. According to their data one gram of potassum is equivdent in its gamma ray effect to
16 x 10™ gram radium, thus.

Kg = 1.8 X 10" X 555 x 10°=8.8 X 107
Therefore the following vaues have been chosen for this research:

Kra

555 x 10° (lon pairs per cm® per  second)
Ky = 80 x 107 (ion pairs per cm® per  second)
Kk

88 x 107 (ion pairs per cm® per  second)

[1. The Absorption Coefficient.

The observable absorption coefficient g} is the sum of four dosorption coefficients: (1)
o, Compton absorption coefficient, (2) ¢, Compton scattering coefficient, (3) ¢ photo-
eectric absortion coefficient, (4) ¢ pair production absortion coefficient. Each one of these four
coefficients represents the probability of loss of a photon from a beam of pardle and homoge-
nous gamma rays as a result of colisons in an absorber. For length of path in the absorber
these probabilities are:

0, = ea, ZNd/W
o, = eo, ZNd/W
v == Av N d/W
x = Ay N d/W

where o, == Cross section (in cm?) for Compton absortion
for a dngle eectron.

ee, = Cross section (in cm?) for Compton scaitering for a single eectron.
Z = Atomic number.
X = Avogadro's number (6.02 X 107 atoms per aomic weight).
d = Densty (in grams per cmd).
W= Chemicd aomic weight.

Figure (3) represents numerica vaues of these coefficients for aluminum asplotted againgt
the gammaray energy, (not including photo-dectric absorption which is inggnificant for smdl
energies). In this figure adso is included a curve of the sum of compton absorption and Compton
scattering coefficients. For the lower energies this latter coefficient can praticdly be taken
the tota absorption coefficient. Since thisistrus for dl the lighter dements it is posshle to
cdculate with ad of figure (3) the absorption coefficient of any dement of moderate atomic
weight, provided that atomic weiht, atomic humber, and density of the ement are known.
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An éement having an atomatic weight (W), density (d) and aomic number (Z) would
Have an absorption coefficient,

_ ZNd
&= W {eo, -+ eos) (15)

The absorption coefficient gy, for aluminum, therefore is,

By = 'z'%& (eda“l'e‘s)

Dividing these equations, noting that (e +ee, } and (N) are the same for al dements,
the following expression is obtained

M Zd [Zxdm

_— = 16
w W/ Wy {10
Substituting numerical values for Z,, , da; and W,
Zd 1
= — o 1
g v X 1.3 (17)

ta; for a given energy can be obtained from figure (3).

Absorption coefficients of a chemica compound aso can be calculated from the above equ-
aion by substituting the molecular weight of the compound for the atomic weight W, and
taking the sum of the atomic numbers, each multiplied by the number of aoms in one maolecule.
For example, dlica has the chemica formula (Si0;) the average density 2.64 and the mole-

cular weight 60. Z for slica would be the sum of the atomic number of slicon and twice the
atomic number of oxygen, or

Z= 14 + 2x8 = 30
Subgtituting this in Equation (17)

psios/pa=1,82/1,3=1,015
or

gaoz = 1,015 a1

From Figure 3, ga; for two million electron volts is 0113 per centimeter; zg g2 the same
energy would be

sion = 1,01550,113=0,115 cm—"

For bentonite, stedl, and any other subgtance which is a mixture of severa compounds the
following method may be used:

Let us take a mixture of density dn, . If one of the constituent chemical compounds of this
mixture has a volume v, weight K, density d, total atomic number Z, molecular weight W,
then thers would be K/W moles of this compound in the mixture and the absorption coefficient

forthe mixture would be,

LSk
.., =M w
Ha = W ay (18)
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If the dendgty of the mixture is unknown the above formula cannot be used, but subdtitu-
ting,

_ 2K - K
dn = v and ¥ 3
we have
2d
V w 29
Hm = W #4l

In the above calculations of absorption coefficients of sedimentary rocks and bentonite
porosity was not taken into account. If the porodty defined as a volume Vp of pore space in
unit volume of porous rocks, absorptioncoefficient g, of arock would be

o= (1-Ve) e + V pm (20)

where: g, and g, are respectively the absorption coefficients of these average rocks as a function
of percentage porosity. Pore spaces are consdered filled with water.

I1l. Radioactive Content of Sedimentary Rocks

All sedimentary rocks contain measurabl e quantities of radioactive e ements. This quantity vari-
es to a condderable extent among the different types of such rocks depending on the source
rock from which both sedimentary rock and its radioactive content are derived and on the con-
ditions during the processes of weathering and sedimentation. In general, shaes are believed to
be more radioactive than sandstones and limestones.

Gamma rays which cause the ionization in a well come chiefly from there sources con-
tained in the surrounding rock:

1. Uranium saries of radioactive dements
2. Thorium saries of radioactive dements
3. Potassum szries of radioactive dements.

Among these gamma ray emitters, uranium and thorium tend to exist at a constant ratio of
the order of five to ten. Potassum is very variable.

A great ded of research has been done on the determination of the radioactive content of
rocks, but a wide disagreement exidts in the data given by different workers in this field.

Therefore, no numerical values for radioactive contents of the various sediments have been as
sumed in this report.

It is customary to express the above mentioned gamma ray emitters in the following units:

Potassum in 10 - grams per gram of rock

Thorium in 10-° grams per gram of rock

Radium in 10-? grams per gram of rock
If & b, ¢, denote respectively the number of units of radium, thorium and potassum in a given
rock,

ar, = & X 10~ grams per gram of rock

aTy b % 10—% grams per gram of rock

ar = ¢ X 10—t grams per gram of rock
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Substituting these three values in any of the equations in section (1), we obtain the three com-
ponents of ionization.

If we call the total ionization q, then,

q=4dg, + 49 + 4
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