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A REVIEW OF SOVIET DATA ON THE
PEACEFUL USES OF NUCLEAR EXPLOSIONS

Introduction

Over the last several years through a
series of -internatio_nal meetings sponsored
by ‘the International Atomic Energy
Agency (IAEA) and a number of publica-

tions,1

"4 the Soviet Union has disclosed
that they have a very active'program for
developing peaceful uses of nuclear ex-
plosions (PNE) in their national economy.
They have described the results of 14
experimental and industrial explosions
designed to develop nine different'applica—
tions in the petroleum, gas, and minerals
industries as well as for water resources

development, However, when one con-

siders the large number of large uniden-
tified seismic events that have been reported
over the last seven years in areas of the
Soviet Union outside the normal nuclear-
weapon test areas, it is obvious that they
have an even more active program than
they have publicly described, one that
must be approaching a routine industrial
technology in some areas, In this paper,
the PNE program that the Soviets have
publicly discussed in various reports and
at various meetings is summarized and,
when appropriate, compared to data from

the US Plowshare Program.

The Soviet PNE Program

Tables 1 and 2 list 14 nuclear explo-
sions fhat the .Soviets have publicly de-
scribed as having been carried out as part
of their PNE program. Table 1 is for
excavation applications and Table 2 is for
contained applications. Also shown in
Tables 1 and 2 are a number of applica-
tions or projects they are planning to

carry out in the future.

EXCAVATION EXPERIMENTS AND
APPLICATIONS

Water Resource Development

Crater Lip Dams—Two nuclear explo-

sions have been carried out that were
directed toward the development of water
storage reservoirs through the use of

crater lip dams.




Table 1. Soviet excavation PNE applications.

Application

Explosives Comments
Water Resource Development:
1003 1.1-kt Cratering shot in siltstone
1004 125-kt Crater in river produced two lakes,
: 13,000 acre-ft-""Proven Technology"
Proposed Reservoir Two 150-kt To form 24,000 acre-ft reservoir
T-1 N 0.2-kt Cratering shot in sandstone
calibration for T-2
T-2 _ Three 0.2-kt Row charge cratering shot ""model

Pr0p0-5 ed Pechora-Kama
Canal :

Oyerburden Removal:

Proposed Mining Project
charge

250 explosives

~1-Mt row

of Pechora-Kama''

Divert Pechora River into Kama
River and thence to Caspian Sea

Will remove 900,000,000 m° of
overburden at 5 k/m

"1003"~This was a 1.1-kt cratering
explosion carried out in a siltstone-type
rock which was overlaid with a layer of
clay about 20 meters thick and a surface
layer of loam 3.7 meters thick, The
explosive was emplaced at a depth of
48 meters., An artesian water table
existed at a depth of about 14-20 meters.
The crater initially had an apparent depth
of 31 meters and an apparent radius of
53.5 meters. As a result of sluffing
under. the action of the artesian water
flowing into the crater, the apparent
crater depth had decreased to 20 meters
and the apparent radius had increased to
62 meters within two years., Figure 1
presents a topographic plan and Fig. 2 a
cross section of ""1003" as it existed two
years after the detonation. Of particular
_interest is a low point or trench through
the lip in the southwestern quadrant which
was created by burying a row of high

explosive (HE) charges along a radial

line before the nuclear shot. Two hours
after the nuclear shot, these HE row
charges were detonated, excavating the
trench through the lip, which could have
served as an "inlet canal' had the crater

been made near a river bed.

"1004"—This was a nuclear cratering
event with a yield of "over 100-kt."" The
depth of burst is quoted as being "about
200 meters." The medium is character-
ised as being interbedded layers of sand-
stone, siltstone, shale, and conglomer-
ates of the Del'begetay suite, with a
moisture content of 12%. Immediately
after the shot, the ""1004" crater had an
apparent crater radius of 204 meters
and an apparent crater depth of
100 meters. These dimensions com-
pare fairly well with the 100-kt Sedan

crater (194-meter depth of burst,

185-meter apparent radius, and 98-meter

apparent depth).



Table 2. Soviet contained PNE applications,
Application Explosives Comments

Control of Runaway Wells:

Urtabulak 30-kt $75M lost over 3 years

Nearby Gas Field 40-kt "Proven Technology"
Oil Stimulation:

Field A Two 2.3-kt + 26% internal rate of return in US

one 8-kt
Field B Two 8-kt "Proven Technology"

Proposed Field C

Gas Stimulation:

Undescribed -

Proposed Gas Condensate
Field

U‘nderground Storage of Oil or Gas:

Salt Dome A 1.1-kt
Salt Dofne B 25-kt
Unidentified Cavity -
Proposed—Layered Salt Two 35-kt
Proposed—Tuff Under Three 40-kt
Permafrost
Mineral Development:
- "Granddaddy Shot" 1-kt
Proposed Ore Breaking 1.8-kt

Three 20-30 kt

Three 40-kt

Designed to break barrier so under-
lying water will push oil out

Statement that such an application
was carried out

Expect increase from 7.5 MMCF/,/D
to 100 MMCF /D

Salt dome—leaked water and radio-
activity :

106 bbl storage at 1/6 surface gas
Storage and 1/3 washed cavities
cost

Tested with oil and gas at 60 atm.

Require 2 X 108 bbl storage for
gas condensate

Require 2.5 BCF storage for gas
at 70 atm

Granite shot similar to Hardhat

Will break ~ 106 m3 of ore in-situ

-

The "1004" event was placed imme-
diately adjacent to d river bed in order
that the lip of the crater would block the

river and a large water reservoir would

be formed. Figure 3 is a winter view of
the general area of ''1004", showing the
river on the left and the outcropping
Del'begetay suite of rock on the right,

Based on the animation sequence in the

Soviet movie® about "1004" from which
Fig. 3 was taken, the ground zero loca-
tion was probably close to the dark spot
on the left bank of the river just to the
left of the center of the picture. Fig. 4
is a composite photograph showing the
crater filled with 7 X 106 m3 (5675 acre-
ft) of water and a reservoir backed up

behind the lip of the crater containing
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| Fig. 1. Topographic plan view of ''1003"

107 m3 (BiOO acre-ft). Of special note
.is the channel that was dug through the
lip to flood the crater and interconnect
the two reservoirs, Figure 5 shows this

channel in detail with the two men in a

| boat giving scale.

Filling of the crater with water resulted
in substantial readjustment of some of
- the slopes of the crater. Figure 6 shows

- one of the side slopes where the results

Y b2y

Sy ocin

project crater two years after detonation,

of this readjustment are quite apparent
in the small escarpment. The changes
in the side slopes during the three to five

years following filling are as follows:

North South East West
30° 55° 40° 35°
30° 40° 30° 20°

Initial
Final (+ 3-5 years)

Some 1,700,000 m3 of rock slid into
the crater, mostly from the south side,



Shaft 3
Hole 2 Section I-|
Shaft 2 \\.\ Original free s Shaft 7
Hole l\ \ \ surface before explosi?n / Shati @
Boundary of - f/ /
. apparent crater i / Shaft 9
Rock piled on s Runos | 4
lip of crater LA / ey

\\

\\\

" \\\\\\ \\\\\ \ .
80 \‘\ \\\.\\\\ \\\\\\\\\\\Q_\\\ w ‘.
.\-_\.. A \\\\&_\\\ WAL :

k) SRR AN d
Hole 4
Hole 5
Hole 6

Legend
® Holes bored, preshot
e Holes bored, postshot
2 Shafts
-+ Datum marks to study subsidence

Boundary of fallback of ejected rock
- Clay
Soil and planf layer with loam
Grey~-green and brown clay
Grey-green clay

E= Brown clay

Fig. 2,

AR e

\\\\\ i
k .\ WAL ."‘.‘-‘., \\

W \\\\\ \\\ \\ \\\\‘\\ d 3

Siltstone
D Diabasic porphyrites

—— Clay with chips of siltstone (more than 30%)

K23 Fractured siltstone

y Crushed zone

—=—— Lower limit of zone of intense fracturing

Lower limit of zone of block fracturing

Scale
0 20 & 60 80 100 m

Cross section of "1003" project two years after detonation,



Fig. 3. Winter view in general area of "
outcropping of Del'begetay suite of rock on the right,

1004" project showing river on the left and

Fig. 4. Aerial photomontage showing
crater lip dam of "'1004"
project.



Fig. 5.

Fig. 6.

Ground view of interconnecting channel through crater lip dam.

View of slopes of crater '"1004", in which slumping is apparent.
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reducing the apparent crater depth by depth of burst for 1004 of 50 rn/k'f:l/a"1

17 meters to 83 meters and the apparent in Fig. 5 of Ref. 8. For a depth of burst
! crater volume by 22% from 6.4 X 106 to of 178 meters, this corresponds to a
5.7 X 10" m”, The crater is reported to yield of 75-kt which is very much too
have stabilized in this configuration6 and low. A scaled depth of burial of
continues to stand as a useful crater 50 rn/ktlfs‘4 does, in fact, correspond
reservoir at last report, to 111-kt at 200 meters which is the
‘Figure 7 is a cross section of the approximate emplacement depth given in
"1004" crater showing the complicated Refs. 3, 7, and 8. Averaging these three
- geological structure and the various zones possible yields we have a value of about
around the crater as defined by the 125 £ 15 kt for ''1004",

i extens_ivé postshot exploratory drilling | Figure 8 is modified from Fig. 5 of
 and shafts. This figure indicates that ~Ref. 8 to include the US curves for scaled
the depth of burial was about 178 meters. radius vs scaled depth of burst for NTS
“Izrael in Ref. 7 states the scaled de;:th desert alluvium and hard dry rock from

of burial as 41 nn/l»«:tl/‘r:"4 which would Tonrlze).n.9 Curve 1 is described by
indicate a yield of about 147-kt. In Myasnikov as representing explosions in
Fig. 5 of Ref. 8 Myasnikov indicates the rocks "containing a significant amount
. scaled apparent radius is 51 m/ktlls'4 of easily vaporized constituents' such as
q which, for an apparent crater radius of water, while Curve 2 is for rocks "iacking
E' 204 meters, would give a yield of in easily vaporized components, contain-
111-kt. Myasnikov also uses a scaled ing less than 1% water." The US and
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Fig. 8. Scaled apparent crater radius, vs scaled depth of burst for Soviet and US shots,

Soviet curves appear to be very similar.
Also shown in Fig., 8 are the data points
1 “for "1003" and "1004" and the 0.2-kt
crater T-1 which will be discussed later.

The data point for ""1004" has been re-

plotted using depth of burst of 178 meters,
a radius of 204 meters, and a yield of
125-kt, Thus, the radii of "1003" and
"1004" appear to be quite consistent with
previous US and Soviet data for weak
rocks that have a significant quantity of
\}apo'r-forming constituents (e.g., 6-10%

- H,0).

Figure 9 is a similar plot showing

scaled depth vs depth of burst. We do

" not have the Soviet curves for comparison
and only the US curves are shown. The
initial depth of "1004" falls a little below

the US alluvium curve, whereas the
initial depth of "1003" is considerably
above the alluvium curve., Similar scatter
in crater depths on such a plot is not

unusual.

Proposed Crater Lip Dam—Fig-

ure 10 shows a proposed crater lip dam
described by the Soviets involving the

detonation of two 150-kt explosives at a
depth of 185 meters (42.4 m /kt!/ 3+

porphyrite medium,

)in a
The expected radii
and depths of the two craters are 180
meters and 105 meters, respectively.
These correspond to scaled dimensions of
41 m/kt1/3'4 and 24 m/’ktlf’s'al.
parison of these scaled dimensions with

Figs. 8 and 9 show that the scaled radius

Com-




for comparison.

is significantly smaller than ""1004",
indicating that this material is expected

to be similar to the hard, dry rock curve
and the US craters Cabriolet and Danny

. . Boy. The scaled depths are in good

agreement with those of "'1004" which fall
approximately on the US hard rock curve.

The crater lips that are expected to

form the twin dams are predicted to be
31.5 meters high. However, it is
indicated that the lake behind the lip dams
is only expected to be 10 meters deep with

6 3
m

a maximum capacity of 30 X 10
(24,000 acre-ft). Anadditional 14X 108 m®
(11,000 acre-ft) of storage would be avail-

able inside the craters.

- Canal Construction—Over the last

30 years the Soviets have developed a
large body of experience and have con-

structed many major canals with rows

=10=

Fig. 9. Scaled apparent crater depth vs scaled depth of burst.
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US curves are shown

of cratering explosions. For example,

in 1963-64 they used over 25-kt of
chemical explosives to excavate a 37-km
sector of the Amu-Bukhara Canal. There-
fore, when they developed plans for the
construction of a major canal to divert

the waters of the Pechora River to flow
into the Volga-Kama System, explosive
excavation was considered one of the
primary tools. To provide experimental
data on which to base their plans for
future canal construction, a series of
chemical explosive row charges involving
five or six charges with charge weights
of 600-650 kg were fired,

two nuclear cratering experiments were

In addition,

carried out,

T-1-The T-1 event was a single
0.2-kt nuclear cratering explosion

carried out in a quartzone sandstone




Summary of construction operations

Type of Operation Unit Quantity
1 Excavation (inlet and main irrigation canal, trench for core wall and
discharge outlet, foundations for dam and embankment, spillway):
Soft earth material 10 m* 133.0
Hard material 10 m* 30.5
2 Placing of earth and stone fill:
argillaceous (body of dam, core wall, filling of interstices) 10 m* 87.3
" sandy gravel (preparation for dumped-rock fill and B
masonry, protective layer of outside slope) 10 m® 8.5
stone (stone fill and masonry) 10 m® 14.7
B Concrete construction (spillway and base of discharge outlet) m* 865
4 Reinforced concrete construction (containing walls of spillway,
’ reinforced concrete components of discharge outlet, cascade steps) m* 80O
5 Steel pipes; diam = 600 mm ' running :
thickness = 12 mm (for discharge outlet) meters 140
8. Valves (type 30 ch, 25 br.) diam = 600 mm 2

560 7
55 '
552

w=30x10%m>.

w=5.3%10°m?

- = 0 30 40 50 60
weighd 102
62 1 2 3 4 5 6

w=10"m

Curves of the reservoir volume and area

Crater lip parameters

Height (in m) 31,5| 256 | 20 | 15 10 5 4 3 2 1 0

Distance from
epicenter of 230 | 300 | 320 | 360 | 380 | 450 | 500 | 550 | 600 | 650 | 915
explosion (in m)

Fig. 10. Plan for proposed crater lip dam. Numbers in figure indicate the principal
components of the project (1) earth-fill dam 1; (2) earth-fill dam 2; (3) earth-
fill dam 3; (4) discharge output; (5) inlet canal; (6) main irrigation canal;

(7) spillway; (8) embankment; (9) existing irrigation canal.
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interstratified with argillite and siltstone
containing cohsiderable organic residue,
- The gasforming material in the rock was
about 12.8%, although the moisture con-
tent was only about 5.2%. The water table

nNnAMH B OP

was at a depth of about 2 meters. The
depth of burst was 31.4 meters (50.4
m/ktl/3'4).

Figure 11 is a topographic contour

map of the crater. Myasnikov gives the

0 H K |

Plan of the Crater
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Topographic contour map of T-1 crater.



apparent crater radius as 34-40 meters
(55-64 m/kt1/3'4) and uses a value of
35 meters (56 m/ktlls'4
our Fig. 8, This latter value is some-
{fhat above ''1003" and the curve for

) for plotting in

weak, gas-forming materials. However,
from Fig. 11 the average radius would

appear to actually be more like 40 meters
(64 m/kt!/3-4

data point far above the curves in Fig. 8.

) which would put the radius

The depth of the apparent crater is given
as 21 meters (34 m/kt1/3'4) which is
also significantly above all the other

corresponding data in Fig. 9. Mpyasnikov

5 states that the crater turned out to be

40% deeper and 25% wider than they had
'expected. Because of the shallow water
table, the crater filled with water within

several days.

T¥2—The T-2 event was a row-

charge cratering shot involving three
-0,2-kt nuclear explosives spaced 40
meters apart. The geology was similar
"~ to T-1 except that the water table was at
The

depth of burst for the three shots was

a depth of about 5.6-6.9 meters,

31.4 meters, the same as for T-1, giving
a ratio of spacing/depth of burst (S/Z) of
1.3, Based on the results of T-1 this
“would COrré’.spond to a ratio of spacing/
crater radius (S/R) of 1-1.14 depending
on whéther one uses a radius for T-1 of
According to both the
criteria described by Myasnikov using
'S/Z or the US criteria based on S/R,

this spacing would be expected to lead to

35 or 40 meters,

about 10% enhancement of crater radius
and no enhancement of crater depth.

Figure 12 is a topographic contour map
. of the T-2 crater. The width of the row

crater ranged between 61 and 69 meters,

-13-

averaging about 65 meters, The depth

was about 16 meters., Thus, the crater
was 20-30% narrower and about 25%
shallower than expected on the basis of
the T-1 crater. When judged relative to
"1003", however, the T-2 crater has

about the expected dimensions.

Proposed Pechora-Kama Canal—As

a result of climatic anomalies and alternate
beneficial uses of the water in the Volga-
Kama River System, the Caspian Sea has
dropped over 2.5 meters in the last 35
years. Ih order to halt this drop in the
level of the Caspian by 6-7 cm/yr as well
as to meet the increasing demands for
water in the European portion of the
country, an additional source of water
must be found (see Fig. 13). The prime
candidates for this source are the north-
ward-flowing rivers that presently flow
to the Barents and Kara Seas. Specifi-
cally, the Soviets have proposed to divert
the flow of the upper portion of the
Pechora River into the Kama River and
thence to the Volga River through a
112-km canal and a series of four dams
and reservoirs. The location of this

canal is shown in Fig. 13, and a map
showing the canal and reservoirs in more
detail is given in Fig. 14,

The northern 65 km of the canal is
planned for construction by nuclear excava-
tion. The geology of this section is
generally composed of sandstone, silt-
stone, anhydrites, and gypsum. The
desired canal cross section is 5000 rn2.

It is envisaged that about 250 explosives,
emplaced at depths ranging from 150 to

If a scaled
1/3:4 Jike "1004"

are used, these depths of burial imply

285 meters will be required.
depths of burst of 43 m/kt
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Fig, 12. Topographic contour map of the T-2 crater,

yields of 70-600 kt. If scaled depths of 3.5 times cheaper than by conventional
burst of 50 m/kt'/3-4 Jike T-1 and -9 earthmoving methods.
 are used, yields would be in the range of

40-400 kt. The maximum yield for any Overburden Removal—The Soviets

~ one salvo of charges will be 3 Mt, the have described a very large overburden
maximum number of charges in a salvo removal project for the mining of a large

~ will be 20, The Soviets have estimated nonferrous metal deposit which they are
that the cost of this canal, if constructed considering for nuclear excavation, The
with nuclear excavation, will be 3 to climate and economic geography of the

S |
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Volga River and the Caspian Sea.
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ea are described as being similar to of megaton sized explosives will be
ie far north but with a high seismicity required.

d frequent earthquakes, Figure 15 is

: an illu_stration of this major project CONTAINED EXPERIMENTS AND

. showing a comparison between conven- APPLICATIONS (Table 2)

tional and nuclear eéxcavation. The host

rock is described as being siltstone, Sealing of Runaway Wells

, and calcareous sandstone, A The sealing of two runaway gas wells
otal of 2,300,000,000 rn3 of overburden in the Soviet Union has been carried out
must be removed to uncover the area, with the aid of nuclear explosions.

f {vhich the Soviets feel 900,000,000 m3 Although the two gas wells were in de-
a.n bé_-removed by nuclear excavation at ' Posits that were in cloge proximity and
ccsf_ of about 5 kbpecks (0.05 rubles) involved similar geologic structures,
er .m3 for a savings of over one billion the methodsl of failure and the problems
ubles. (By way of comparison, the of effecting a seal were quite different,

ennecott mine near Bingham, Utah,

nvolved the excavation of 1,000,000,000 rn3 Field 1 - Urtabulak—0On 1 December
qf overburden over the last 65 years, ) 1963, while drilling gas Well No. 11 in
Considering the depthg involved in the the Urtabulak gas field in Southern

oviet project, it seems clear that rows Uzbekistan, control of the well was lost

"Cross section through mine

[Z33 Owoite somchrane
Shotum of wate

=, Outl f b
ine of mine o« sug by
saturated sondytone it i
conventianol means

Quartrite sandstone

[ i Quitline of crater and
EZ28 Siltstone V thiowout rubble procuced by

nuclear cratering explosions

Fig. 15, Comparison of stripping operations conducted in the conventional manner with
; those using nuclear cratering explosions to remove overburden,
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at a depth of 2450 meters, resulting in
uncontrolled release of over 12 X 106 m3
(420 MMCF) per day through the 8-inch
ca{s"ing.7 Figure 16 shows the location of
the Urtabulak gas-condensate field
together with several other gas and gas-
condensate fields in the central, northern,
and eastern portion of Turkmenisten and
Western Uzbekisten. Figure 17 is a

cross section of the Urtabulak field in

thé area of Hole No. 11 showing the
producing formation, a fissured carbonate
rock at "ho;:;izon XV." Formation pres-

sures in this area afe about 270-300

atmospheres. 10,11

(The appendix contains
a more detailed description of the
Urtabulak Gas Deposit.) Figure 18 is a
structural map of the Urtabulak field along
the top of the XVth horizon®:

location of Hole 11,

showing the
the runaway well, as
2, and 10. At the time
of the blc;wout, Hole 11 had been cased
with 8-inch casing to the top of the

well as Holes 1,

Kimmeridge-Tithonian salt layer, at a
depth of about 2000 meters. However,
only the portion from the salt to the
Aptian Clays-at 1500 meters had been
cemented.
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42 Urtabulak

Location of Urtabulak gas-condensate field.
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Many attempts were made during the attempts led to diversion of the gas into
. ensuing three years to cap the well at other nearby wells and to serious personnel
the surface or to reduce the flow and safety problems because of the high H25
extinguish the flame, However, such content of the gas (7.9% by weight). Over
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2.8 million rubles were lost by the sufficient to contain the 300-atmosphere
runaway well and the remedial measures formation pressure., Although the dis-
taken to seal it in this first year, not tance from the closure well to the runaway
. counting the loss of gas, which remained well was calculated to be not more than
3 at about 12 X 106 .m3 per day. Sealing 80 meters, measurements made after the
the hole from an adjacent hole by means well was drilled using electromagnetic
- of cement injection or high explosives detection of the steel casing and acoustic
was not regarded as being feasible detection of the escaping gasl3 led to the
because Hole No. 11 had not been surveyed belief that the distance was only 35 + 5
. before it got away from control. t‘ne’u—?n:'s.4 A 30-kt explosive was emplaced
-:- Finally, in the fall of 1966,12 it was in the slant well and detonated. Twenty-
decided to use a nuclear explosive to six seconds later the flare went out and
seal the well shut. A slant well was the well was sealed. No radioactivity
4 drilled as shown in Fig. 19 to come as above background was detected at the
clbse as possible to Hole No. 11 at a surface of the ground during postshot

depth of about 1500 meters within a surveys.
200 meter thick Aptian clay zone, imme-

. diately above the XIIth producing horizon Second Field—Also during the fall of
in the lower Cretaceous series (see 1966, a second runaway gas well (Hole
Fig. 17). This depth was considered No. 2-R) occurred in a "nearby' gas
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e field with a similar geologic structure depth of 2748 meters before the XV pro-

.- resulting in the loss of 1-1.5 X 108 mS/ duction horizon was penetrated (see

E day (35-50 MMCF/D). In this case, Fig. 20) and significantly higher pressures
* however, drilling had progressed to a were encountered (580 atm)., A month
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and a half after the runaway well started,

it blocked itself at a depth of about 800-
1000 meters, A 12-inch casing was
mcemented to a depth of 700 meters and
the hole was cleaned out to the top of the

producing horizon, surveyed, and a

5-3/4 inch drilling string was cemented

in the hole. Four months later, gas

started to appear in surrounding wells
.-and even penetrated‘directly to the surface

indicating that the cement job was im-
perfect and that gas was leaking outside

the drill string cemented in the hole.

_ ~ After unsuccessful attempts to seal
‘the well by hydraulic fracturing from a
slant-drilled well, a new slant-drilled

well (Hole 10-N) was drilled to intersect

Hole 2-R at a depth of 2440 meters in the

Kimeridgian-Tithonian'salt formation that

overlies production horizon XV. (See

Figs. 17 and 20.) Measurements made

after the slant-well was 30 + 5 meters

éway from Hole 2-R. A 40-kt nuclear
explosive was placed in Hole 10-N and
detonated. Because of the large amount
of gas that had been released into the
overlying strata during the preceding two
- years, the flow continued for seven days
. before it finally died out and the seal was
: corﬁplete. Again, radiation surveys
showed no radiation above background in
the area. Thus, in the late spring or
early summer of 1968,12 the second
runaway gas well was sealed by nuclear
- explosions and the Soviets "concluded
with certainty that the method has passed
' industrial testing and can be recommended

in practice."4

. 0Oil Stimulation

Experience has shown that the efficiency

of recovery of oil from carbonate-type

-23-

oil deposits is, in general, fairlv low
(€40%). Thus, over half the oil is left in
the ground. A number of secondary
recovery techniques are practiced with
varying degrees of success, depending
on the nature of the deposit and the
character of the oil. These methods
include water and gas injection. fire or
hot-water flooding, hydro-fracturing to
increase the permeability of the forma-

tion, and introduction of gas into the oil

to reduce the viscosity, However, many

fields resist such conventional techniques
and, in an effort to increase the recover-
able reserves, the Soviets have used
nuclear explosions for stimulation on a
large-scale in at least two different
fields.

Field A—The first cil fiels is =hown
in plan and in section in Fig., 21. This
has been described as a soluticn gas drive
reservoir in which ultimate recovery had
been projected at ~25% of the in-place

reser\n:es.z‘s’(l‘14

The reservoir is a
limestone reef at a depth of 1000-1500
meters overlain by interbedded anhydrite
and halite layers. Underneath, e
deposit is isolated from a pressurized
water zone by a bitumenized or vxidized
layer 25-50 meters thick.

Figure 22 shows the total production
from this field as a function of time.
Production, Q, increased rapidlv as new
holes were drilled during the first three
years but then decreased equally rapidly,
One reason for this rapid depletion may
be the behavior of the gas/oil ratic also
shown in Fig. 22, Althougt: initially in
the range of ~100 mS,fton, it rapudly grew
to 400-500 ms/ton as channeling developed

and the dissolved gas escaped rom the
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deposit, leaving the oil behind. A similar
picture is shown by the plot of formation

! pressure versus oil recovery factor

shown in Fig. 23.

In order to reverse these.trends,

: during the eighth year of production, the
Soviets decided to try nuclear stimulation
of this field, _The first stage involved the
detonation of two 2.3-kt nuclear explosives,
1 200 meters apart at depths of 1378 meters
. and 1348 meters as shown in Fig. 21.

The explosions were not simultaneous

4 but fired close in time. The second stage
involved the detonation of a single 8-kt

| nuclear explosive 3-1/2 months later,

350 meters from one of the two 2.3-kt
charges at a depth of 1350 meters. Pro-
duction holes in the vicinity of the shots

-95-
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Fig. 22. Production of Field A deposit.

were sealed during the nuclear operation
but were re-opened after the shots and
production resumed at the increased rate
shown in Figs. 22 and 23. The average
rate of production increased 34% and the
projected recovery factor for the field,
based on six years postshot data, has
been increased by almost 50% from 25
to 35%. Perhaps most significant is the
drop in the gas/oil ratio to ~ 150 ms,’ton
immediately after the shots and its per-
sistence at that level throughout the
ensuing five and a half years.

A recent economic analysis of this
project by Lawrence Livermore Labora-
tory,15 based on the data provided by the
Soviets, using US-type oil drilling and

nuclear explosive costs, and assuming
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that this project was one of a series of
such projects, shows that the internal

ra;ce of return would be about 30%.
'Alternatively, if such a project were
financed at an interest rate of 10%, profits
over the life of the project would be about
180% of the invested capital. A similar
economic analysis by Jean Charlon of
Geonuclear Nobel -Pasolﬁ has shown

similar results.

Increased production was reported by
the Soviets for 20 wells within 300-470
meters of the shot points., The general

area of increased production is identified

in Fig. 21 by the crosshatched area.
Based on these data showing increased
production and the detection of radio-
activity in wells, the Soviets believe the

general area of fracturing extends as far

Qil recovery factor — %

Formation pressure vs reservoir pressure,
stimulation and without stimulation.
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18 20 22 24 26 28 30 32 34 36 L

with projected curves for with

as 300-400 meters from the shot points,
with some individual fractures extending
as far as 800 meters. Distances of 300-
400 meters would correspond to 20-40
times the cavity radii. This corresponds
to many times the 4-7 cavity radii
generally reported in the US17 and the
3.7 cavity radii reported by the French
for the Hoggar granite.18 However, it
should be pointed out that the only US
experience in a carbonate medium was
the Handcar Event!? in a dry, fractured
in contrast to the saturated
We

would not expect the geologic differences

dolomite,

limestone in the Field A deposit.

to have that great an effect, but we do
not have the appropriate experience.
The Soviets have put forward no

specific explanation for the observed




increase in production other than to point
to areas of increased production (see

Fig. 21) and infer that it was the result
{of a wi.despread set of fractures. We
have considered the four possible mecha-
nisms following as possibly contributing

to the observed increase in production:

1. Increased permeability due to wide-
spread fractures induced by the
nuclear explosions.

2. Reduction of the viscosity of the
petroleurn as a result of dissolving
Co, generated by the explosion in
the petroleum.

3. P;ssible maintenance of the reservoir
pressure as a result of fracturing
through the bitumenized zone below
the oil with subsequent encroach-
ment by ihe high-pressﬁr‘e water
underlying the formation,

4. Action of the shock wéve in breaking
up or disruption of channels
developed by the gas which had
developed over the years and had
permitted the gas to escape from
the formation without pushing the

oil to the production holes.

The first mechanism would.be suffi-
cient but it is hard to believe the great
distance inferred for the fractures. With
regard to the second possible mechanism
mentioned above, analysis by Howard??
has shown that insufficient amounts of
CO2 would be available to explain the
increased production on this basis,
| Further, this would not explain the change
in the slope of the pressure vs production
curve shown in Fig. 23 nor the sharp drop
in the gas/oil ratio in Fig. 23, The third
mechanism, use of explosions to fracture

the barrier below the reservoir and re-
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pressurization by the underlying water,
is discussed in an article by Babalyan
and OVELnESOVZI as a possible method for
secondary recovery of fields of this type,
Such a mechanism would well explain the
change in the pressure vs production
curve in Fig. 23 but it would not appear
to have any influence on the gas oil ratio.

The fourth mechanism has been shown

2
in laboratory experiments to be effective"z

and could well extend to the wide area
over which increaéed production has been
reported. It also would appear to explain
both the change in slopes of the pressure
vs production curve and the gas/oil ratio
curve, Unfortunately, there is insuffi-
cient data on individual well performance
to conclusively confirm or deny the role
of any of the above four mechanisms,
Figures 22 and 23, presented at the
8th World Petroleum Congress in Moscow
in June 1971, show about five and a half
years of data following the nuclear ex-
plosions. Correlation with Fig. 3 in
Ref. 4 leads to the conclusion that the
two 2.3-kt explosions were fired in
March-April and the 8-kt explosion in
July, 1965, or possibly the same
dates in 1964 or earlier. Since that time,
oil has continued to be produced from the
field, has been analyzed to assure that it
does not contain harmful amounts of
radioactivity, and has been in routine use

in the Soviet Union.

Field B—At the World Petroleum
Congress, Orudjin, L&\l.,lhL also
described a second oil stimulation project
in a carbonate reef deposit similar to
the Field A deposit but located at a depth
of 1000-1200 meters (see Fig. 24). The

oil reservoir is made up of a series of

i
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{— ] 0il-Water Contact

Water was being pumped into

mites up to 110 meters thick. It is under-
lain by a water-bearing formation with

the oil-water contact at an elevation of
about 1015 meters (depth ~1115 meters).
Immediately overlying the deposit is a

cap rock consisting of siliceous and
argilléceous limestones and siltstones.
Porosities of the oil formation range

from 0.5 to 24% with permeabilities

being in the range of 0.1 to 600 millidarcies.
Effective thickness of the producing
sections is about 50% of the total section.
Oil densities ranged from 0.860 to

0.889 g/cms.

" This reservoir, however, is signif-
icantly different from the Field A deposit

in that it was being produced by water

L

three rows of wells in the north and south
sides of this deposit, driving the oil to
the rows of production holes in the center
of the field. Initial reservoir pressures
were 118 atm but had declined to 50-60
atm due to depletion of the field. Bottom-
hole pressures had declined to only 22-
35 atm and oil was being pumped from the
holes.

In an attempt to stimulate the produc-
tion from this field, two 8-kt nuclear
explosions were detonated in the middle
of the field as shown in Fig., 24, The
first explosive was detonated at a depth
of 1212 meters which put it in the lime-
stone and dolomite layers about 140-144

meters below the top of the oil reservoir



and about 30 meters below the oil-water
contact. Although not discussed, it is
presumed that the chimney extended
upWérd into the oil-bearing formation,
The second explosion was detonated some
time later at a depth of 1208 meters,

also below the oil-water contact, some
1200 meters away from the first shot,
The first shot was 150 meters from the

nearest producing well while the second

was 300 meters from the nearest producer,

Although no production data have been
published by the Soviets, they have stated
their conclusion, after a year or more of
postshot production, that the seven pro-
ducing wells in the range from 150 to
800 meters from the explosions increased
their p’foduction by 30 to 60%, There is
also evidence to indicate that the rate of
water flow within the formation has also
been increased. There was no increase
in pressure in the field nor was there any
escape of radioactivity to the atmosphere,
The radioactivity appearing in the oil was
insignificant and the oil was put into
general use several days after the
. explosions. Here again, extraordinary
fracture radii are reported and credited
with stimulating the flow of oil, Un-
fortunately, insufficient data is available
to make any kind of evaluation of the
Soviet clﬁims. .

For their part, the Soviets feel that
these two industrial scale experimental
tests have 1) provided valuable technical
data on the effects of nuclear explosions
in carbonate hydrocarbon reservoirs,

2) demonstrated that such explosions can

be carried out safely and with minimal
seismic damage, and 3) confirmed the
ability of nuclear explosions to fracture

large areas of such carbonaceous reser-
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voirs with a subsequent significant in-

crease in production.

Proposed Field C—The Soviets have

also discussed a proposal for an addi-
tional oil stimulation project as shown in
Fig. 25. .In this formation is another

carbonate reef about 100 meters thick

lying at a depth of about 1400-1520 meters.

The deposit overlies a high pressure
limestone water zone which is screened
from the oil formation by dense inter-
calations. Although the nature of the
screen is different than those considered
by Babalyan and L’)vanesov21 and those
encountered at Field A, the solution
proposed is similar: three nuclear explo-
sions in the range of 20-30 kt, placed

in the center of the deposit some 20-30
meters below the oil-water contact. The
fractures and chimneys would break
through the intercalated zone and permit
the water to invade the reservoir and

push out the oil,

Gas Stimulation

On several occasions, Kedrovskiy has
stated that the Soviets have carried out a
nuclear gas stimulation exper‘im.sent,:)’3
but no details have been made available.,
They have, however, proposed the follow-
ing nuclear gas-condensate stimulation

projects.

Proposed Nuclear Gas Stimulation
Project—This project involves a gas-

condensate reservoir in the carbonaceous
reef deposit shown in Fig. 26, The 400
meters of section between 1200 meters
and 1600 meters contains the gas deposits
with a heavily oxidized oil zone lying

between 1600 and 1700 meters. Below




3
g

10,

Fig. 25,

the oil is a water zone, Experimental
plans call for the detonation of three
40-kt nuclear explosives at depths of
1600 meters in the center of the northern
massif, each producing a zone of intense
fracturing with a radius of 270 meters
which corresponds roughly to 8-12 cavity
radii. Gas production is expected to
increase from 0.25 x 10° ms/day (8.8
MMCFD) to 3 X 105 m®/day (106 MMCFD)

Underground Storage of Gas and Oil
Underground storage is a technical-
industrial methodology in which the

Soviets have expressed a great deal of
interest and placed a large effort.4’23
Applications of interest include not only

storage of gas, oil, and LNG, but also

Scheme for using explosions in

Oil-saturated
sandstone

LA

)i N

Lw?% ——
W

Water-oil ater-saturated

contact limestone
Oil-saturated
limestone

oil deposits with underlying water,

the storage of biologicaliy harmiul
wastes. Their analyses have shown that
gas can be stored in nuclear cavities for
one sixth the cost of surface LNG storage
and one third the cost of washed cavity
storage. Gas condensate can be stored
in nuclear storage for one eighth the cost
of surface storage and one fourth the cost
of washed cavities. Such comparisons
would appear to be consistent with the
many cost studies that have been made in
the Us,2425:26 4. yk 27 ang France.28
To support their interest, the Soviets
have described two nuclear experi-
ments they have carried out, the
industrial testing of a nuclear cavity,
and two other applications they are
studying.
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1.1-kt Explosion in Salt—This explo- very near the surface of the earth (see
sion was carried out at a depth of 161.4 Fig. 27). An ellipsoidal cavity was
meters in a salt dome that penetrated formed which had a volume of about
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Inclined horizontal drill hole
Sandy loam with pebble limestone
=) Rock salt unaffected by the explosion
Violet rock salt
By Rubble material
Fused material
2] Radial fractures with glide planes
'[E=3 Horizontal fracturing
EES Crushed zones
(I Changes in hole diameter
(E Anomalies noted in caliper log

Fig. 27. Cavity formed in the rock salt massif by the 1.1-kt nuclear explosion,
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11,200 m3 and a radius in the horizontal
direction that ranged from 12 to 14 meters.
A zone of crushed salt 1.5 to 6 meters
thick surrounded the cavity. Shortly after
the explosion, the cavity filled with water
and some 8000 mS of rubble fell from the
top of the cavity, During the operation,
some 13 holes were drilled for explora-
tion of the cavity and the surrounding
medium, six of which pénetrated the
cavity. Cavity measurements were made
with the aid.of borehole acoustic sondes

~ and television cameras. The Soviets
.reporfed no radioactivity escaped to the
surfdce although some radioactive products
were detected in exploratory holes,
indicating the presence of fractures.
Fractures to 29 meters below the cavity
and 35 meters in a horizontal direction
were detected, -corresponding to between
two and three cavity radii. Fractures

and radioactivity were detected 85 to

100 meters above the shot but were almost
certainly associated with the presence of
the emplacement and exploratory drill
‘holes. Leakage of the water into the
cavity probably resulted from breakage

of the seals and cementing in the emplace-
ment hole and exploratory holes by surface
spall which was observed to be 2 meters

at ground zero.

25-kt Explosion in Salt—In a nearby

location, a 25-kt explosion was later
detonated in a salt dome at a depth of
590 meters. In this case, the salt dome

was -overlain by an anhydrite and gypsum
cap about 60 meters thick and 250 meters
of sandy argillaceous deposits (see Fig.

28).

sion was almost spherical with a radius

The cavity resulting from the explo-

of about 32 meters and a volume of about

-33-

140,000 ms. ¥ Reentry to the cavity was
made through the emplacement hole as
well as by two postshot holes as shown
in Fig. 28,

the cap rock was noted as indicated in

Fracturing in the region of

Fig. 28 which resulted from reflection
of the shock by the change in acoustic
impedanée properties between the cap
rock and the overlying sedimentary
deposits.

This latter cavity is very similar to
the 5-kt Salmon cavityz9 produced in the
US, but, because of the larger yield and
shallower depth (590 vs 828 meters), it
was about 8 times larger. Both appear
to have a puddle of resolidified salt and
explosive debris in the bottom of the
cavity that is 0.35-0.4 crater-radii deep,
Scaling the 17.4 meter radius of the
Salmon cavity to 25-kt at 590 meters
gives a radius of 33 meters, in excellent
agreement with the observed 32 meters
for the Soviet cavity. BScaling of the Salmon
radius to 1.1-kt at 161 meters gives a
radius of 17,5 meters, significantly larger
than the 12 to 14 meters observed for
this shot. No reason is readily apparent

for this discrepancy.

Industrial Testing of a Nuclear Storage

Cavity—The Soviets have reported the
industrial testing of one of their nuclear
cavities with both oil and gas.23 They found
that the effective volume for storing
liquefied gas condensate was 10% larger

than its geometrical volume. For gas its

“The radius and volume of this cavity
have been reported as being 35 meters
and 160,000 m® in an earlier report,
but the numbens given above are the latest
available.23
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Fig. 28. Profile of 25-kt explosion in a "nearby' salt dome.

effective volume at 60 atm. was 24%
larger than the geometrical volume.

This additional volume presumably
results from the porosity of the fracture

system connected with the cavity. Con-

-34-

tamination of the stored product was

found to be below the level of concern.

This cavity is now reported to be in

prototype industrial use on a routine

basis,



Proposed Gas Condensate Storage in

Salt—This proposal, shown in Fig. 29,
calls for the detonation of two 35-kt
nuclear explosives at a depth of 810 meters
in a bedded salt formation to produce
300,000 m3 of storage for gas condensate.
In order to ensure that the creation of

the second cavity would not destroy the
first, they are planned to be spaced at
least 800 meters apart.

Proposed Gas Storage in Welded Tuff—

The second propOSed. storage project calls
for the detonation of three 40-kt nuclear
explosives spaced 200 meters apart at

a depth of 710 meters in a welded tuff
section, At this particular site, there is
a layer of permafrost from the surface
down to a depth of 190 meters. Assuming
storage at hydrostatic pressure of

70 atmo-sphere, these thrée shots are
expected to produce 360,000 m3 of storage,

each which will permit storage of

70,000,000 m® (2.5 BCF) of gas. Fig. 30

illustrates this proposed application.

Mineral Development

In order to determine the parameters
of a contained nuclear explosion in hard
rock, the Soviets reentered the chimney
and fracture zone of a nuclear explosion
in granite, A cross section and plan view
of this reentry work and the results of
their studies and measurements are
shown in Fig." 31. The actual yield or
depth of burial have not been given, They
found a scaled cavity radius of about
10-15 m/ktl/3

4-5 cavity radii.

and a chimney height of
Surrounding the cavity
was a crushed zone extending from the
cavity to a scaled radius of 20-35 m/ktlf/3
which corresponds to about 2-3 cavity
radii. A zone of fracturing, probably
resulting from tensile failure extending
to a scaled radius of 50-70 m; ktl/3

(4-6 cavity radii) was also observed.

Fig. 29,

- 35-

Scheme for creating storage for gas-condensate in thick rock salt layer.
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Fractures into which melt from the

cavity had been injected were noted out

to distances of 5 cavity radii.

These dimensions are fairly consistent

with corresponding dimensions for the
o i L0 0
US nuclear explosion in granite,
5-kt Hardhat and the 61-kt Piledriver

Events. Both the US and USSR data on

the well with the Soviet data,

€7

Limestone, dolomite, marl, argillite

4 Sandstone

Profile for proposed gas storage in welded tuff,

scaled cavity radii are significantly larger
than those reported by the F;:‘ench31 for
the very strong, massive and dry Hoggar
granite. However, the zones of compres-
sive failure and tensile failure agree quite
The following
table compares the Soviet experience in

granite with that of the US and the French:

Us
USSR Hardhat Piledriver French

Fmal scal d radius of camty

(m /ktl 10-15 11 10 7.3
Maximum scaled radius of

compressive failure (m/ktl/?’) 20-35 32 28 26
Maximum scaled radius of 5

tensive fractures (m/ktl/Bi 50-70 85 80 71

%As reported by Derlich, 31 the tenSLle fracture zone in the Hoggar massif consisted

of an inner zone from 26 to 35 m/kt 1/3

which evidenced sufficient residual stress that

postshot cores spontaneously broke when removed and an outer zone ev1denced by
changes in the velocity of seismic waves,
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Proposed Ore Breaking Project— Ap-

| plying the above data on rock fracturing
to a useful prupose, the Soviets have
described a proposed ore breaking project
- depicted in Fig, 32. In this project, a
| 1.8-kt nuclear explosive will be emplaced
 immediately below an ore body 60-80
; meters thick dipping into a mountain at
~about a 25-35° angle. To enhance the
gnatural fracture pattern, a vertical and
a horizontal lattice-work grid will be
mined at distances of 40-60 m/l«:!;l/3 from

lTonbHY AN 3ANOXKEHWS
3APaN08
Drift for emplacement

of the charges
34

the explosion, These will provide free
surfaces within the mountain off of which
the shock wave will reflect as tensile
wave, resulting in enhanced fracturing
of the rock. The effect of reflection from
the sloping free surface of the mountain
It is
expected that this single 1.8-kt explosion
will break about 0.9 X 106 rn3 of ore of
which 0.4 X 1(]6 m3

can be removed from
an adit below the fracture zone by normal

is also indicated in Fig, 32,

stope-mining methods,

y Screening Void
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Fig. 32,
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| ground nuclear tests,

Seismic Events in the Soviet Union
Presumed to be PNE Explosions

Over the last 10 years or so, a large

' mmber of seismic events in the Soviet

Union have been reported which are

| generally believed by a number of ob-

servers to be nuclear explosions, based

on their location in aseismic areas, the

- magnitude and the characteristics of their

| seismic signals (i, e., very small S-wave

relation to the P-wave)., The Stockholm

International Peace Research Institute

' (SIPRI) has published a list of seismic

events’ in the Soviet Union that they have

- presumed to be nuclear explosions and
- which, because of their location away

: from the normal test sites at Novaya

Zemlya and Semipalatinsk, ‘they have also

| presumed are related to the Soviet PNE

32,33

program, In addition, the USAEC
has from time to time announced detection
of seismic signals from sites in Russia
that are ""presumably fg‘fm Soviet under-
"

" Table 3 summarizes the presumed

 nuclear events identified by SIPRI and the

USAEC which are located away from the
normal Soviet test site. Also given in

Table 3 are data on origin time, location,
seismic magnitude, and epicenter depth
as calculated by the US National Earth-
quake Information Service (NEIS) from
data collected by the World-Wide Network
of Standard Seismographs and published in
Earthquake Data Reports.35 Although the

Earthquake Data Reports give the location

of these events to within 0,001 degree,
and indicate pr;ecision of +4-6 km, the
locations given in Table 3 are felt to be
accurate to within only a "few tenths of a
degree' or a few tens of kilometers.
Figure 33 is a map of the Soviet Union
showing the general location of these
events. The squares on Novaya Zemlya
at the top and near Semipalatinsk on the
right represent areas having a large
number of events and presumably constitute
the normal weapons test areas in the
Soviet Union, The large number of events
and their widespread geographical
distribution suggests that the Soviets
are carrying through on their announced
plans for a broadbased, diversified PNE

program,

Summary

The Soviet PNE program appears to
be very broadly used to assist in the
development of their national resources
with-a number of technical areas being
developed simultaneously. The technical
results they have reported are very
encouraging and, in general, comparable
or, in some cases, much more favorable

than US experience, However, the US

experience is much more limited in the
types of applications and the geological
materials we have investigated. Thus,
the technical results and the industrial
experience of the Soviets, to the extent
they have been made available, have
been very useful to the US PNE program.
As indicated in Tables 1 and 2, the

Soviets have described in varying detail

-39- i




Table 3. Presumed nuclear events in the Soviet Union occurring away from normal

test sites,
5 b Event identified
NEIS® or SIPRI data as presumed
Origin Lat Long Magnitude Depth £xplosion by: -
Date time (GMT) °N °E Mp (km) SIPRI USAEC Location

‘65—0.1-15 05:59:59 49,89 78.97 6.0 0 No Yes Semipalatinsk area®
66-04-22 02:58:04 47.86 47.72 4,9 0 Yes No North of Caspian
66-09-30 05:59:03 38.8 64.5 5.1 33 Yes. No Bukhara

67-10-06 07:00:03 57.69 65.27 4.7 N Yes No East of Urals
68-05-21 03:59:12 38.916 65.159 5.4 13 Yes No Bukhara

68-07-01  04:02:02 47,922 47.950 5.5 N Yes Yes North of Caspain
69-09-02  04:59:57 57.415 54,860 4.9 0 Yes No Urals Region
69-09-08 04:59:56 57.365 55.108 4.9 0 Yes Yes Urals Region
69-09-26 06:59:56 45,890 42,472 5.6 0 Yes Yes West of Caspian
69-12-06 07:02:57 43,832 54,783 5.8 0 Yes Yes East of Caspian
70-06-25  04:59:52 52,201 55,692 4.9 0 Yes No North of Caspian
70-12-12  07:00:57 43.851 54,774 6.1 0 Yes Yes Caspian Region
70-12-23  07:00:57 43.827 54,846 6.1 0 Yes Yes Caspian Region
71-03-23 . 06:59:56 61.287 56.466 5.6 0 Yes Yes Northern Urals
71-07-10 16:59:59 64,168 55.183 5:3 0 Yes Yes W. Slope of Urals
71-09-19  11:00:07 S87.7077 41,098 4,5 N Yes No Urals Region
71-10-04 10:00:03 61.613 47,116 5.1 13 £ 29 Yes No Western Russia
71-10-22 -05:00:00 51,575 54.536 5,3 6+18 Yes Yes Southern Urals
71-12-22 06:59:56 47.872 48.222 6.0 0 Yes Yes North of Caspian
72-07-09 - 49,9 35.2 5.0 - Yes No North of Black Sea
72-07-14 - . 55,8 47.4 3.5 - Yes No North of Caspian
72-08-20 02:59:58 49.462 48,179 5.7 0 Yes Yes North of Caspian
72-09-04 07:00:04 67.689 - 33.445 4.6 7T+ 30 Yes No Western Russia
72-09-21  09:00:01 52,127 51,994 5.1 28119 Yes Yes Southern Urals
72-10-03 08:59:58 46.848 45,010 5.8 0 Yes Yes Northwest of Caspian
72-11-24  09:00:08 52.779 51,067 4.7 N Yes No Western Russia
72-11-24 09:59:58 51.843 64.152 5.2 0 No Yes Southeastern Urals
73-08-15 01:59:58 42,711 67.410 5.3 0 d Yes Northwest of Tashkent
73-08-28 02:59:58 50,550 68.395 5.3 0 d Yes N. Kazakh Desert
73-09-19 02:59:57 45.635 67.850 5.2 0 d Yes C. Kazakh Desert
73-09-30  04:59:57 51:608 54.582 5.2 0 d Yes Southern Urals
73-10-26  05:59:58 53.656 55.375 4.8 0 d Yes Southern Urals

ANEIS = National Earthquake Information Service (formerly NOAA and USC&GS).
bSIPRI = Stockholm International Peace Research Institute,
®This event was near the Semipalatinsk testing area but fell well outside the area of all previous

Soviet events at the time it occurred, Siggificant amounts of atmospheric radioactivity were reported

in associz'iion with this event34,36,37,3 leading to speculation that it was a PNE nuclear cratering
event, 40, %

dDate of event is after publication of SIPRI report,

14 nuclear explosions which have con- that the Soviets have carried out at
tributed to their PNE program. Seismic least 19 PNE events in addition to
evidence presented in Table 3 and Fig. 33 those described in this report and that
would indicate some 32 events including their PNE program has experienced a
6in 1971, 8 in 1972, and 5 in 1973 great acceleration during the last

through November 1, 1973, It thus appears several years.

' -40-
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Appendix A
‘Urtabulak Field *

The Urtabulak gas-condensate field
lies 90 km south of Karaulbazar., Ex-
ploration-prospecting drilling was
started in 1961, and industrial gas re-
serves in the Jurassic carbonate deposits
were found in 1963.

The geologic structure of the field
involves a complex of Meso-Cenozoic
.deposits. The Lower and Middle Jurassic
~deposits, opened to a depth of over 400
metérs, are represented by terrigenous
sediments (argillites, siltstones, and
sandstones). The Upper Jufassic, 1030
meter's thick, consists here of limestones
and in the upper part of a.fairly thick
(365-675 meters) salt-anhydrite series
of the Gaurdakskaya suite. The Cretaceous
and Tertiary deposits are represented '
predominantly by terrigenous marine
sediments. The overall thickness of the
Meso-Cenozoic deposits opened up by
-drilling is 3430 meters; no Paleozoic
rocks have been reached.

The Urtabulak fold forms part of the
southeastern sector of the Dengizkul'skaya
group of structures which complicates the
southwestern margin of the Karakul'skii
trough of the Chardzhouskaya stage of
the Paleozoic basement. Along the roof

of the Bukhara limestones the fold repre-
sents a brachyanticline of latitudinal
strike. The arch part of the structure

is complicated by graben oriented parallel
to the fold axis. The graben in turn is

disturbed by a fault of southeastern strike.

“From Ref. 11, pp. 626-8.
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The structural plane changes sharply
with depth, Thus, the arch of the fold
along the Jurassic subsalt deposits rela-
tive to the position with respect to
Paleogene rocks is shifted by almost
The fold
relief becomes more pronounced; the
The
strike of the fold changes to a north-

3 km toward the southwest,
height is not less than 210 meters.

eastern one (see Fig. 18).

The gas deposit, confined to the
fissured carbonate rocks of horizon XV
of the subsalt Jurassic, was tound by
Well 11 that had been in a runaway condi-
tion for over two years without any notice-
able decrease in the gas flow. According
to various calculations the output of this
well is 8-12 million n13 of gas per day
and the formation pressure is 27-300 kg/
cm2 Well 11 penetrated onlyv the upper
part of the productive horizon, with a
depth of 2409 meters.

Apart from this, the gas reserves of
the roof part of the subsalt deposits were
established in the testing of Well 16, Here
the productive deposits are represented
by limestones with intercalations of
anhydrites. In the interval between 2465
and 2475 meters, the gas flow at the

24.7 mm connector pipe was 216,800 m3/

day, with an absolutely free flow of
980,000 ms/day. According to the work
with Well 16, the formation pressure in
the deposit is 254 kg/cmz.

The open-pore porosity of the collectors
of the productive horizon is—according
to industrial geophysical data—not more

than 9%, while the permeability amounts



to 140 mdarcy. The presumed height of
the deposit of horizon XV is 160 meters.
The deposit measures approximately
18 X 7 km. | |

The gas has a density of 0.64 and
contains up to 88.2% of methane., A
characteristic feature of this gas deposit
is the very high content of hydrogen sulfide

in the gas, reaching—according to

-46-

SredazNIIG data—7.9 wt% or 6 kg of

sulfur per 1000 rr:L3 of the gas. The forma-
tion gas contains condensate, whose
amount has not been determined.

The field is still being explored. In
January 1,1968, its reserves were esti-
mated at 23 billion m3 according to
categories A + B + Cl’ including 6.2

billion m3 for categories A + B.
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