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OZET. — Bu yazida, atom enerjisinin barisgi maksatlar icin kullanilmasi
program dahilinde uygulanan yeralti niikleer patlamalariyla petrol ve tabiil
gaz uretimi konusunda dunyada yapilan muhtelif denemeler ve calismalar
golden gecirilmektedir. ~

ABSTRACT. — Thermonuclear Petroleum.

The rivalry between atomic energy and petroleum is a topical subject
which occupies the minds of many. This, however, does not worry petroleum
producers at all, because the nuclear energy is always at the service of the
ou industry at present. For example: Geophysical prospecting, drilling,
acidizing control, pipe-line transportation, radiotracers and also process
control techniques common to the refining industry. Since 1957, more than 200
underground nuclear explosions have been detonated by the U.S. Atomic
Energy Commission for a variety of experimental programs. Each has contri-
buted data useful in developing nuclear techniques for petroleum recovery.
Explosive effects have been measured in several rock types to record the
benefits (rock fracture and breakage) and the hazards (ground shock and
radioactivity), and predictions for future experiments can be made with great
confidence. The effects of nuclear explosions desirable for petroleum applica-
tions all come from the reaction of rock to the explosive energy. Upon deto-
nation of the explosive, a contained cavity is formed in between 0.1 and 0.3
seconds, and rock fracturing occurs, extending three to five cavity radii from
the detonation point. The cavity collapses, usually between a few seconds and
a few hours after the explosion. Containment of the underground cavity can
be determined by the size of the explosion and its depth required for contain-
ment. The first of three tests of nuclear stimulation in gas reservoirs.
Project Gasbuggy, was fired in December 1967. Drilling into the nuclear-
created cavity is now underway to determine the extent of the radioactivity
in the gas and to check the predictions of Increased productivity. These data
will be useful for on shale applications. Also proposed to the USAEC are
projects such as Keteh (an experiment to determine if a nuclear-created cavity
could be used for gas storage). Project Bianco, an experiment in M-situ
retorting of oil shale is in a state of advanced design and may be executed
in 1970. In this 50-kt experiment, the chimney filled with broken rock will
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be ignited at the top. Downward migration of the heat will retort the shale
and about 108 liters of oil will be pumped from the base of the chimney.
The first underground nuclear exploson redlized at the Nevada Desert, 19th
September 1957, 100 km. north of Las Vegas with the encouragement and
initiative of the United States Atomic Energy Commission. The pioneers
of these trials were two American scientists, Dr. Edward Teller and Dr.
Willard F. Libby. Now with this purpose in mind, and acting upon a sug-
gestion raised at a meeting of about 250 prominent personalities and techni-
cians of the ail industry and scientists who met at Dallas, Texas, sx years
ago under the leadership of the USAEC, the U.S. has been trying to produce
shale oil from rocks through atomic exploson. The quantity of the oil in
those shale rocks is estimated to be about ten times (nearly 250 thousand
milion tons) as large as the oil which has been produced from wells since
the days of Colond Drake, and the latest idea in making use of these sources

is to apply the atomic energy for this purpose. The specialists have called
this type of petroleum to be produced —thanks to the enormous power of
the nuclear energy— "Thermonuclear Petroleum”. The oil brought up through
drilling the ground to-day occupies small pores in the oil-bearing formation
like water occupying small cells in a sponge. QOil is a mobile element. It often
moves from the places where it comes into being to the well where it either
gushes up or is withdrawn with motor pumps. It is assumed that the oil
have migrated to the sponge-like cells from the "reservoir strata". The rock
petroleum, on the other hand is in those cells which we call "reservoir rocks".
Not al such cells, however, contain oil. It is probable that the oil they
contained million of years ago subsequently migrated to the reservoir strata.
There are extremely rich virgin oil-bearing shales in Colorado, Utah and
Wyoming (USA), which are on the surface. Those reserves which contain
150 liters of oil and 70 cubic meters of gas per ton are estimated to be about
250 thousand million tons. Before the petroleum could migrate to the reservoir
strata, their covering layers were worn away and the oil-bearing shales were
exposed. The difference between reservoir cells and reservoir strata is that
the former are of a microscopic size and would not allow the movement of
the oil they contain. Consequently, it is impossible to produce that oil through
drilling even if the shale rocks are on the surface. The only thing to do is
to tear away the rocks using mining methods. Then they can be grinded
and oil can be extracted under heat and pressure. This, however, is a costly
operation and renders the method uneconomica compared with the more
conventional methods. Therefore, such a process in not yet applied on a
commercial scale. It will be used only when expenses would be justified,
ttie experiments and studies, however, continue both from the technical and
economic standpoints. A reserve of this kind was exploited in France some
time ago and during the war (1940-1945) rock oil was produced at Norrtorp
in Sweden with the initiative of a miner named Ljungstrom. In fact the
petroleum extraction installations which the Americans will built a a cost
of 30 million Dollars will be based on the patent of the above-mentioned
Swedish engineer. Among the areas where such petroleum can be produced
are Luxembourg"; Greer River (Canada); Autun, Severac-le-Chateau, Creveney
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(France); Puertollano (Spain); Stanleyville (Congo); Filishun (Manchuria);
Esfbnia (Russia); Scotland; Wurtemberg (Germany). In the production of
petroleum through underground nuclear explosions, use is made of atomic
energy like dynamite. It is expected that the cost will be reduced in time
through better adjustment of the explosive power. After the explosion, the
oil is extracted from the demolished rock pieces. The cost of the petroleum
to be obtained with this method will be as low as $ 1.50 per barrel as opposed
to $ 3.25 per barrel of petroleum obtained through conventional methods. The
shale oil is regarded as the oil reserves of the future at present. However, it
is certain that when the rich reserves exploited with wells are exhausted,
thermonuclear oil production will, no doubt, start at a large scale. The
USAEC and U.S. Burecau of Mines constantly cooperate on the subject of
thermonuclear oil production. Fbr the experiments conducted so far, soft and
porous shales containing clay have been selected. Now, experiments, will be
made on the production of oil from harder shales. $ 1.200.000 of the cost of
$ 2.600.000 of the subsequent atomic explosions suggested by the representa-
tives of the world petroleum industry will be paid by the oil companies. The
expenses incurred so far for this purpose exceed $ 20 million. According to
calculations of the U.S. Bureau of Mines, it will be possible to break and
grind 300.000 tons of rock with a nuclear explosion of 10 kilotons. It is also
estimated that 15-25 gallons of o0il can be extracted from each ton of these
rocks. One kilo tone is equivalent to the energy produced by the explosion
of a thousand tons of TINT. For example, the energy produced by an under-
ground atomic explosion of 20 kilotons is immensely great. One kilogramme
of (Uranium-235) or (Plutonium-239) loses only one gramme of its weight
during fission, i.e., breaking. On the other hand, the energy produced is
equal to the energy produced by the explosion of 20.000 tons of TNT. Likewise,
230 million kilowatt hours of energy is obtained from the explosion of a
normal atomic bomb of 20 kilotons and this equals 30 years working of a
dynamo of 100 h.p. day and night. The project "Oil Sand" of the Americans
which is included in the *FIOwsha>re" programme, which is for the peaceful
use of atomic energy, will be applied in the near future. These projects will
be directed by the specialists of the Lawrence Radiation Laboratory at
Livermore under the USAEC. Depending upon the nuclear explosives to be
used for the production of Thermonuclear Petroleum the cost of the explosion
will be about $ 500.000 for one kt (kilotoné), $ 750.000 for 10 kt, and 1 million
dollars for one megaton, i.e., explosion corresponding to the explosion of a
million tons of TNT. According to the project, 15.900.000 liters of petroleum
and natural gas will be obtained in such an explosion to be realized in Ca-
nada with a charge of 9 kts. In short; atomic energy and petroleum will
not compete, but will rather, complement each other in the years ahead.
Already there is ample evidence of this complementary relationship and one
can confidently say that the Thermonuclear Petroleum to be produces through
underground atomic explosions promises great hopes for the future. The
potential problems in stimulation of oil and gas and the recovery of oil
shale appear to be solvable and it should be possible to harness the energy
of the nuclear explosive for peaceful applications in the very near future.
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GIRIS

Nukleer silahlarin kesfinden Ve 1945 yilinda Japonya uzerinde
kullanilmasindan bu yana, "Atom Cagi'nm yeryuzunu etkilemis
bulundugu herkesce bilinen bir gercektir. (Baris i¢in atom) calig-
malar1 ve uygulamalari, bir yandan saglik alamnda, beri yandan
besinlerin daha mukemmel bir sekilde tUretimini ongoren alanlarda,
endustride kalite gelistirilmesinde ve prodiktiviteyi arttirmada in-
san aklim1 durduracak kadar mukemmel gelecek vadeden yenilikler
getirmistir. Aynca, dunyanin bir¢cok ilkelerinde kurulmus olan
nukleer enerji merkezleri sayesinde, endustri alamnda buyuk gelis-
meler kaydedilmistir. Ancak atom ve hidrojen bombalarinin, insan-
Iik hizmetinde sagladiklar1 en biliyiik basan, yillarca gizlendikten
sonra, yeni olarak ortaya cikmis ve dunyaya yepyeni bir devir ge-
tirmektedir.

Amerika Birlesik Devletleri ile Sovyetler Birligi arasinda, yal-
niz yeralti nukleer denemelerinin uygulanmasi seklinde karsilikli bir
anlasma imzalanmistir. Bu anlagsma, ilk bakista, atmosferi temiz
tutmak, insanlar1 radyasyon tehlikesinden korumak amacim glit-
mekteydi. Zamanla, gerek Amerika, gerekse Sovyet Rusya, nitikleer
enerjinin etkilerini tesbit etmek gayesiyle, ¢ol olan bolgelerde, de-
gisik giucteki atom ve hidrojen bombalarim patattirmislardir. Bu
denemeler, yer altinda, bugun de devam etmektedir... Ancak sim-
diki bu calismalarin gercek amaci, ntikleer glticii olcmek degil, yeral-
tindaki tabii zenginlikleri, insanlik hizmetine sokmaktir. Kaydedi-
len gelismeler, o kadar buyuk ve dehset vericidir ki, gelecegin in-
sanlarinin eline gececek bunca enerji kaynaklan ve zenginliklerin
diinyamizi nereye goturecegini, herkes, kendi kendine sormaya bas-

lamustir.

Niikleer patlamalar sayesinde, yeni petrol kaynaklanmn yani-
sira, dev tabii gaz kaynaklar1 da ortaya cikanlmaktadir. Fakat, bu
durum petrol produktorlerini hi¢ de teldsa dusurmemektedir. Cun-
kii atom - petrol rekabeti diye bir sey yoktur. Bilakis, atom her
an petrol endustrisinin hizmetinde ve yardimcis1 bulunmaktadir,
oyle ki, radyoaktif maddeler gerek isima kaynagi olarak ve ge-
rekse trasor, yani izleyici olarak jeofiziksel prospeksiyon islemle-
rinde, petrol sondajlannda, (pipe-line) toru hatlannin kacak ve
sizint1 deteksiyonlannda» asidite kontrolunda, rafinaj tesislerinde,
petrol kraking'inin takibinde ve petrol Urlinleri teknolojisine ait
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cesitli kimyasal reaksiyonlarin etudinde genis mikyasta kullanil-
maktadir. Bugliin artik genis miktarda petrol ve tabii gaz, ntikleer
patlamalar sayesinde insanlik hizmetine sokulmaktadir.

19 Eylil 1967 tarihinde, Birlesik Amerika'da, Amerikan Atom
Enerjisi Komisyonunun tesebbiisii ile "Las Vegas"in 100 kin. Kku-
zeyinde, (Nevada) c¢olunde gerceklestirilen ilk yeralti niikleer pat-
lamasi, atom bombasinin baris¢ct amaclarla  kullanilmasi yolunda
yapilan buylk bir hamle olmustu. Bu patlama denemesinin hazir-
lanmasinda ve yapilmasinda Dr. Willard F. Libby ve Dr. Edward
Teller oncli olmuslardir. O giinden bugtine ¢esitli proje ve program-
lar geregince 200'den fazla derin ¢ukur acilmistir. Bu c¢esitli test ve
denemeler, petrol ekstraksiyonu ve gaz c¢ikartilmasi icin gerekli
sartlarin tdyin ve tesbitine imkan vermistir.

10 yil kadar evvel Amerika Birlesik Devletleri Atom Einerjisi
Komisyonu Bagkanliginda toplanan petrol endiistrisinin ileri gelen
250 kadar sahsiyeti ile bilim adaminin muzakeresi esnasinda orta-
ya atilan teklif Uzerine Birlesik Amerika bir muddetten beri, "Sist
Yag1" denilen (Kaya Petrolii)'nii niikleer patlama yapmak sure-
tiyle bulundugu tabakalardan ¢ikarmaga c¢alismaktadir. Sistli taba-
kalarda mevcudiyeti bilinen petrol miktarinin simdiye kadar yer-
yuziindeki kuyulardan cekilmis olan petrol miktarindan c¢ok daha
fazla oldugu tahmin edilmektedir. iste bu kaya petrolunu uretmek
yolunda devam edegelmekte olan arastirma ve etudlerin en sonun-
cusunu, atom enerjisinden faydalanmak fikri teskil etmektedir.
Niikleer enerjinin muazzam kudreti sayesinde tlretilecek olan bu
tip petrole, uzmanlar “mmmiMme Petrol" adini vermislerdir.

Bugiin, sondaj kuyular1 vasitasiyle yeraltindan cekilmekte olan
petrol, yeraltinda tipki suyun bir siingeri doldurmasi gibi hiicre-
lerin kiiguk gozeneklerini doldurmaktadir. Petrol, hareket kabiliye-
tine sahiptir. Ekseriya tesekkul ettigi yerde kalmayip, gozenekten
gozenege gecerek, petrol kuyusuna intikal etmekte ve tabi oldugu
sartlara gore ya kendiliginden yuzeye cikmakta veya pompalarla
yukar1 cekilmektedir. Petroliin siingere benzettigimiz bu hiicrelere,
hazne tabakadan hicret etmis oldugu kabul edilmektedir Kaya
petrolii ise, (haze tas1) veya (hazne hiicre) adimi verdigimiz hiicre-
ler icindedir. Fakat petrol icin kaynak kabul edilen bu hucrelerin
hepsi petrol ihtiva etmez. Milyonlarca yil evvel petrol ihtiva etniis
olmasi1 muhtemel olan bu hiuicrelerden petrolun belki normal olarak
yavas yavas hazne tabakalara intikal etmis oldugu da distintlebilir.
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Birlesik Amerika'da Colorado, Utah ve Wyoming eyaletlerin-
de henuiz el surtlmemis zengin petrol ihtiva eden sistli tabakalar
vardir ve bu tabakalar yuzeydedirler. Petrol, bu kaynak tabakalar-
dan hazne tabakaya intikal etmeden veya edemeden, bunlarin us-
tundeki ortu tabakasi yipranmis ve hucreler, iclerindeki petrolu
muhafaza ederek yuzeyde kalmistir. Hazne hicrelerle hazne taba-
kalarinin muthim farki, bu hiicre mesamelerinin son derece kiiguk
olusu ve icindeki petrolin hareketine asla imkan vermeyip, bu
petrolu sizdirmayisidir. Dblayisiyle, ister yuzeyde ister yeraltinda
olsun, bir kuyu agmak suretiyle bu nevi petroliin tretimi mumkuin
degildir. Yapilabilecek yegane sey, madencilik isletme usGllerinden
faydalanarak, bu kayalar1 sokmektir. Bundan sonra ancak bunlar
ufalanarak, hareket ve basin¢g uygulanmasi gibi izabe usulleri uy-
gulanarak, ihtiva ettikleri petrol sizdmlabilir. Fakat ¢ok pahaliya
mal olan izabe isleminin zarureti, bu tabakalardan elde edilecek
petroliin, sondaj vasitasiyle yeraltindan elde edilen ham, petrole ki-
yasen cok daha pahali olmasi sonucunu vermektedir. Onun i¢in de
simdilik sistli kayalardan petrol tretimi yoluna gidilmemektedir.
Ancak, petrol ihtiyacinin masrafi ikinci planda birakacagi hallerde
bunlardan faydalanilacaktir. Fakat gerek teknik ve gerekse eko-
nomik yonden etud ve denemelere sistematik bir sekilde devam
olunmaktadir.

Bir vakitler Fransa'da da bodyle bir petrol madeni isletmesi
vardi, ikinci Dunya Savasi esnasinda da (1940-1945 yillarinda),
Ljungstrom adinda Isvecli bir madencinin tesebbiisii ile Isvec'te
"Norrtorp" bolgesinde kaya petroli Uretimine muvaffak olunmus-
tu! Esasen Amerikalilarin bu cins petrolii uretmek icin kuracaklari
ve 30 milyon dolarlik tahsisati gerektiren tesisler bu Isvecli mii-
hendisin patenti sayesinde gercgeklestirilebilecektir.

Kaya petrolu uretilebilecek havzalardan bugline kadar bilinen-
leri, dunyada su memleketlerde mevcuttur: Green River (Kanada) ;
Liksomburg; Autun, Sévérac-le-Chateau, Creveney (Fransa) ;
Puertollano (Ispanya) ; Stanleyville (Kongo) ; Fushun (Mancurya) ;
Wurtemberg (Almanya); Estonya (Sovyetler Birligi).

Birlesik Amerika'da Utah ve Colorado bolgesinde bulunan ka-
yalarin beher tonunun 150 litre petrol ve 70 metrekup gaz ihtiva
ettigi hesaplanmustir. Buradaki kaya rezervlerinin toplaminin 250
milyar tondan fazla oldugu tahmin edilmektedir. Fransa'da "Cre-
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veney" bolgesinde bulunan sistlerin ise, 500 milyon metrekiip ci-
varinda oldugu hesaplanmistir.

Yeralt1 nukleer patlamasi ile petrol lUretiminde atom enerjisin-
den kudretli bir dinamit gibi faydalanilmaktadir. Yani, atomik pat-
lama yapmak suretiyle buyuk kaya kutlelerinin ufalanmis bir hal-
de sokuilmesini saglamak yoluna gidilmistir. Zamanla, patlama kud-
retinin ayarlanmasi ile, masraflarin mumkin oldugu kadar azalti-
lacag1 da umit edilmektedir. Niikleer patlama ile husule gelen kaya
parcaciklar1 ozel tesislerde ekstraksiyona tabi tutularak, ihtiva et-
tikleri petrol cikarilmaktadir. Boyle atomik yolla tretilen petro-
luin maliyeti, ortalama olarak, varil basina 1.50 dolardir. Halbuki
konvansiyonel metodlarla petrol liretiminde bir varil petroliin ma-
liyeti 3.25 dolardair.

Bugiin Termomkkmr Patrol uretimi hususunda Birlesik Ame-
rika'da, Amerikan Atom Enerjisi Komisyonu ile Amerikan Maden
Birosu devamli olarak bilimsel ve teknik isbirligi yapmaktadirlar.
Simdiye kadar bu gaye ile gerceklestirilen denemeler i¢cin mum-
kiin oldugu kadar yumusak ve gozenekli kiili sist tabakalari secil-
mistir. Bundan sonra daha sert tabakalardan kaya petrolu uretimi
icin denemelere girisilecektir. Birlesik Amerika'da bu nevi petro-
lin niikleer patlamalar ile tretiminde, gereken 2.600.000 dolarin,
1.200.000 dolar1 muhtelif petrol sirketleri tarafindan karsilanmis-
tir. Amerikan Hukimeti bu sahadaki arastirmalar ve denemeler
icin 20 milyon dolar kadar 6zel bir tahsisat ayirmistir.

Amerikan Maden Biuirosunun hesaplarina gore; 10 kilotonluk
bir nukleer patlama ile 300.000 tonluk bir kaya rezervi parcalana-
bilir. Bu kayalarin beher tonundan da 15-20 galon petrol tretilebi-
lir. 1 kilotonluk bir patlamanin verecegi enerji, 1.000 ton TNT (tri-
nitro-toluen)'in verecegi enerjiye bedeldir. Amerikan Atom Ener-
jisi Komisyonunun hesaplarina gore; 1 kilotonluk bir ntikleer pat-
lama 500.000 dolara, 10 kilotonluk bir patlama 750.000 dolara ve
1 megatonluk (yani 1.000 kilotonluk) bir nukleer patlama ise, 1
milyon dolara malolmaktadir. Mesela: Kanada'da 9 kilotonluk bir
nukleer patlama ile 15.900.000 litre petrol ve tabii gaz uretilmistir.
Bu tip denemelere Avustralya'da da girisilmis bulunulmaktadir.

Bugtin, Birlesik Amerika'da, Kaliforniya'da "Lawrence Rad-
yasyonlar Laboratuvari"'nm yonetiminde uzmanlar, bu "TeirooBiiik-
leer Petrol” konusunu teorik ve denel olarak (Plowshare) progra-
mu1 dahilinde incelemektedirler. Mesela, bu programa dahil Gasibuggy
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denemesinde, 1300 metre derinlikte 26 kilotonluk bir niikleer pat-
lama, "Nouveau-Mexique“de (San Juan) bolgesinde sistli tabaka-
lardan tabil gazi rahat¢ca c¢ikarmaga yaramistir. Yine ayni prog-
rama dahil Ketch denemesinde ise yeraltinda genis bir gaz rezer-
vuarinin ag¢ilmasina muvaffak olunmustur. 1970 yilinin ortalarina
dogru gerceklestirilecek olan Bromeo projesinin uygulanmasiyle de
yeraltinda bitiimlii sistlerin destilasyonu ile 10° litre sist yagi bo-
ruyla yerylizine c¢ikarilmig olacaktir. 1969 yilinin sonlarina dog-
ru, Birlesik Amerika'nin Colorado eyaletinin kayalik bdlgesinde,
3000 metre derinlikte yapilan 40 kilotonluk ntkleer patlama ile ta-
bii gaz uretimi mumkun kilinmistir.

Ozet olarak sunu soyliyebiliriz ki; atomik yeralti patlamalari
sayesinde uretilecek Termonilkleer Kaya Petroli ve  Gaja gelecek
icin dinyanin enerji ihtiyacini karsilamaya yardim etmek baki-
mindan buyuk umitler vadetmektedir.
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Sekil: 1 — Niikleer patlayicilarin hazirlanmasi islemlerinden birisinde
uzmanlar test yaparlarken..,

Sekil: 2 — Niikleer patlayicilarin hazirlanmasmda yararlandan bir
izotop iiretici atom reaktorii.
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Sekil: 8 — Nikleer patlayic1 maddelerini ko<aforoll>sé1rik‘ yaplllrkeﬁ>>

SeMls 4 — NiMdleei’® patlayici maddeleirbi hazirlatunia isliemlerifideii diger
bir gortinus«
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Sekil: 5 — Niikleer patlamalarin yapilacagi sahaya gerekli olcii apareyleri
yerlestirilirken.

Sekil: 6 — Yeralti niikleer patlamasi icin acian bir galerinin goriiniisii ve
son hazirlikiar,
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Sekil: 1 +— Bir yeralti niukleer islemi i¢in 100 Idlotonliuik bir teirmonlikleer
patlayict YO ilgili deneme techizati atesleme cukunma indirilirken«

Sekil: 8 — Alivyonlu Mr c¢olde vukubulian 100 kilotonluk bir ntkleer
patlainanin tezahiirii»
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Sekil; 9 — Alivyonlu Mr golde 193 metre derinlikte vukutailan 100 kilotonluk
bir niikleer patlamanin husule getirdigi Mr kraterin gorinusi*

Sekil: 10 — Bir tuz daginda, S kilotonl.uk bir niikleer patlayicinin agtigi kovuk.





