Apppendix Il. Peaceful Nuclear Explosions
by Barbara G. Levi



11.

111.

VI

VI,

VI,

X

X,

X1l.

XV

XV.

XVl

Appendix IT

Peaceful Nucl ear Expl osions

Table of Contents

H storical Background .

Provisions of Article V . . ..*.
Effect of PNE's on Test Ban Treaties
U S Programon PNE' s .

Cont ai ned Applications: General Factors
I ncreased Production of Gas Resources
Stimulation of GI Wlls .

Extraction of Gl from Shale

Creation of Storage Cavities

Leachi ng of Copper Oe .

USSR Program on PNE' s .

USSR Excavati ons .

USSR Cont ai ned Applications .

PNE Interest in Cther Nations

Concl usi ons .

Foot notes .

12

13

14

16

17

18

19

21

22

24

27



APPENDI X |

Peacef ul Nucl ear Expl osions

The potential of nuclear explosions for both destructive and bene-
ficial uses has posed a persistent arms-control dilemma: \What measures
can be taken to deny nuclear weapons to a nation wthout also denying it
the possible benefits of peaceful nuclear explosions? A happy solution
seemed to have been found in the Non Proliferation Treaty (NPT) , which
forbids non-nucl ear weapons states to devel op nuclear devices of any type,
but which sinultaneously promnises these nations anybenefits from peaceful
nucl ear explosions (PNE's) on a non-discrimnatory, |ow as-possible cost
basis. Hence, the non-weapons states would never have to develop the
technol ogy to produce nuclear explosives, which is essentially identical
to the technology for producing nuclear weapons.

Since the signing of the NPT, however, the hopes for benefits from
PNE's have continued to fade while the concern over their abuse has con-
tinued to intensify. I ndia underscored this concern in 1974 by detonating
a nuclear blast which she clainmed was for peaceful purposes. Qher nations
have noticed that India suffered very few repercussions for her actions.
Nations who are parties to the NPT are of course constrained from follow ng
India’s exanple. Nevertheless, they could potentially feel disappointed
that none of the promised wonders of PNE's have been nade theirs, and
resentment has been expressed over the discrimnatory approach of the NPT.
These factors could put an additional strain on nations’ wllingness to
abi de by the NPT.

The present dilemma nmight then be rephrased: \What neasures can be

taken to prevent PNE's from being used as either an excuse or an incentive
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for weapons devel opment? Suggested solutions range from a conplete ban

on PNE's to an international regine that would provide themto all nations
The selection of any solution should be made only after a study of what
hopes the various nations have placed on PNE's and whet her these aspirations
are well founded.

H storical Background

The pronotion of the peaceful nuclear applications of nuclear power
began in the 1950's, with President Eisenhower’s “Atoms for peace” speech
in 1953 perhaps synbolizing the start of the era. Scientists at the
Law ence Livernore Laboratory (LLL) helped initiate the government sponsored
Pl owshare Programin 1957 to research commercial and civil engineering
projects that could be undertaken with nuclear explosions. Some critics now
feel these scientists may have been too committed to their work in nuclear
explosives to take a sufficiently dispassionate view of PNE’s.1 No matter
what the notive, however, there clearly were legitimate reasons for exploring
the idea that nuclear bonbs could create as well as destroy.

The optimsm of the early researchers was reflected in their presen-
tations at various international conferences from the late ‘50's to the early
“70's.  Peaceful nuclear explosions were first nmentioned at the second

of four Conferences on the Peaceful Uses of Atomic Energy (1955, 1958, 1964,
1971) sponsored jointly by the U N and the |IAEA, and were further de-
scribed in the last two of these conferences. The U 'S. conducted four
synmposia (1957, 1959, 1964, 1970) as part of the Plowshare Program At
all these neetings the various nations in attendance were stimulated to

dream of grandi ose nucl ear engineering projects that mght develop their

donestic resources at a |ow cost.



These high expectations for PNE's had to be recognized when the NPT
was drafted. The Treaty allowed non-nucl ear weapons states to receive
the benefits of PNE's even though they would not be permtted to devel op
their own nuclear explosions. Any nation that was truly serious about
its plans to use PNE's should have wel coned this provision of the NPT, for
most non-weapons states lack the sophisticated nuclear technology to devel op
an explosive with the stringent requirenents of one intended for domestic
applications. Such devices must be nanageable snmall, yield mniml anounts

of radiation and bear a low price tag.

Provisions of Article V

The specific provisions for peaceful applications of nuclear explosions

are contained in Article V of the NPT, which reads as foll ows:

“Each Party to the Treaty undertakes to take appropriate
nmeasures to ensure that, in accordance with this Treaty,
under appropriate international observation and through
appropriate international procedures, potential benefits
from any peaceful applications of nuclear explosions wll
be made available to non-nucl ear-weapons States Party to
the Treaty on a nondiscrinminatory basis and that the charge
to such Parties for the explosives used will be as |low as
possi ble and exclude any charge for research and devel op-
ment.  Non-nucl ear-weapons States Party to the Treaty shall
be able to obtain such benefits, pursuant to a special in-
ternational body with adequate representation of non-nuclear-

weapons States. Negotiations on this subject shall commence
as soon as possible after the Treaty enters into force.

Non- nucl ear-weapon States Party to the Treaty so desiring
may also obtain such benefits pursuant to bilateral agreenents.”

The wording of Article V of the NPT has created sone problens with sub-
sequent interpretation. Fromthe start, the US. was concerned over what
it viewed as an open-ended commitnent inplied in the Article.2 To what extent
does it obligate the nuclear powers to provide the peaceful benefits of
nucl ear explosions? Should they be actively devel oping and pronoting the
applications of PNE's or nore passively providing the PNE's only if their

benefits are unanbiguously determined? It is also unclear whether a nuclear



power nust provide PNE's to a nation when they are either hazardous, unecononic
or in some way inappropriate to the job proposed.

A second uncertainty about Article V concerns the exact nature of the
“special international agreements” and the identity of the “appropriate in-
ternational body”. Some may have envisioned that an agency would be pronptly
established to provide nuclear explosives and services for any peaceful
domestic projects. The actual inplenentation of Article V, however, seens
to be evolving slowy. perhaps because of the continued uncertainty over the
relative merits and demerits of PNE s.

The International Atomc Energy Agency (|AEA) was perhaps the natural
candidate to be the “appropriate international body” mentioned in the NPT.

In 1971, the U N Secretariat asked the |IAEA to “exercise the functions of
an international service for nuclear explosions for peaceful purposes”.
The statement did not clearly define what those functions would be and
suggested that the |AEA study the ways and means to carry out this task.

So far the I AEA seens to have defined its role as a fairly linmted one.

It has devel oped procedures for the international observation of peaceful

nucl ear explosions, as called for in Article V. It has further sought to

gather and disseninate technical information about the nonnmilitary application
of nuclear devices. It has done so through the sponsorship of a series of
international technical neetings (1970, 1971, 1972, 1975, 1976), through partici-
pation in the International Nuclear Information System and nost recently

through the establishment of an office to handle the information exchange

and service requests.

In 1974 the | AEA devel oped procedures for responding to requests for
PNE-rel ated services. The services envisioned to date are assistance with

prelimnary, pre-feasibility and feasibility studies. In fact, a teamfrom



| AEA, at the request of Egypt in 1976, did conduct a prelimnary review of

the possible use of nuclear explosions in connection with the construction of

a canal from the Mediterranean Sea to the Qatarra Depression. No procedures
have been defined for responding to requests for services beyond the feasibility-
study stage , Such longer-range plans will be on the agenda of the Ad Hoc
Advisory Goup on Nuclear Explosions for Peaceful Purposes, created by IAEA in
1975. One of the tasks of this group is to advise the Board of Governors on

the question of an international service for PNE's as well as on the structure

and content of the “international agreements” nentioned in Article V.

In general, the |AEA seems to see its role as that of an intermediary -
facilitating exchange of information and providing a liaison between those
nations requesting PNE services and those nations willing to provide con-

sultation or actual explosive devices.
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Effect of PNE's on Test Ban Treaties

PNE's have conplicated negotiations for test ban treaties
The only test bans that have been negotiated between the U S. and the
US. SR are the 1974 Threshold Test Ban (TTB) Treaty and its associated
1976 Treaty on Underground Explosions for Peaceful Purposes (the so-called
PNE Treaty, which is till not ratified but which was a prerequisite for
inpl enentation of the TTBT). Both have been criticized for blocking
rather than paving the way toward a conprehensive test ban.

The major objection to the Threshold Test Ban Treaty is that is poses
very little hindrance to weapons tests: the upper limt of 150 kton is
10 times the size of the bonb dropped on Hiroshima. The PNE Treaty places
the same limt on the size of nuclear explosions for peaceful applications
as the TTB does on nuclear weapons tests. This provision was necessary
because both sides adnmitted during the negotiations that no one can verify
that PNE's are not being used for weapons devel opnent--even with the on-site
observations that constitute a unique feature of the PNE Treaty.

The unfortunate aspect of the PNE Treaty is that it is a separate
treaty. It was negotiated separately largely in deference to the Soviets,
who claim an active interest in a PNE program (Ironically enough, it was
the Soviets who, thirteen years earlier, had opposed US. efforts to exclude
PNE's fromthe Limted Test Ban Treaty. ) The existence of a PNE Treaty
legitimtizes a separate status for such peaceful nuclear devices and invites
other nations such as Brazil to use the sane excuse for nuclear weapons
devel opment as India did. Furthermore, the PNE Treaty will conplicate any
attenpts to reduce the upper linmit on tests set in the TTB. Because the
treati es have recognized the indistinguishability of weapons and PNE tests
no reduction in weapons tests is likely as long as interest remains in |arger

PNE t ests.
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In view of these conplications in arnms control introduced by the concept
of beneficial applications of nuclear devices, it js necessary to exam ne

whet her any of the potential benefits are worth this price.

U.S. Program on PNE' s

In the nearly twenty years since the start of the Plowshare Program
many beneficial applications of nuclear explosions have been extensively
studied in the U S. Despite the initial enthusiasm over the Program nost
of the recent reports manifest decreased optimsm The U S. budget for PNE s
reflects the same trend: After having spent $160 mllion on PNE experinents,
the U S. currently has alloted about $1 nillion per year for PNE's. O that,
$300, 000 is earmarked for research on using PNE's to create storage cavities
for radioactive wastes. The remaining funds are for the purposes of fulfilling
the obligations of the NPT.

The Plowshare Program investigated both of the two general categories
of nuclear explosions for peaceful purposes: excavation projects and contained
expl osi ons. (See Table |I for a chronology of the Plowshare Program) One
of the nore promnent excavation projects--the construction by nuclear neans
of a sea level canal to supplenent the Panama Canal --was studied by the
Atlantic—Pacific Interoceanic Canal Study Conmission, appointed in 1965. In
its final report in 1970, the Conmi ssion gave the concept a rather negative
assessnent. A mgjor finding was that the technology of nuclear excavation was
not yet sufficiently advanced. In addition, the necessity of locating the
canal route far from population centers to avoid seismc and radiation damage
rai sed costs above those estimated for construction with conventional explosions.

Al though there are some | ocations where the economics are nore favorabl e



for nuclear excavation projects, the other factors that hindered the

isthmian canal project are still present. The technol ogy know edge does

not yet allow precise predictions of crater depth and wi dth or of crater

lip stability. Furthernore, the trough created by a given nuclear explosion
must be accepted as is, for the area is too radioactively hot to permt

i mmediate modifications, as is possible with conventional explosions. Even

if these technical problens could be surnounted, the health and environnental
problens still remain  Seisnmic effects. air blast and radiation from a nuclear
detonation are severe enough to necessitate evacuation of the local population,
often for extended periods of tinme. Research on bonb design has resulted in
“cleaner” bonbs--ones that shield the neutrons and that have a large

t her monucl ear conponent to minimze the production of biologically significant

fission products. The research has resulted in order-of-nagnitude
decreases in radiation, but some radioactivity is released.

The radiation releases constitute a political as well as a health constraint
on excavation applications. The Limted Test Ban Treaty of 1963 forbids any
nucl ear explosion for any purpose that would spread radioactive debris beyond
the border of the nation conducting the explosion. Wshing to abide by this
treaty and discouraged by the many negative factors of nuclear excavation
projects, the US. halted this phase of PNE research in 1969.

Cont ai ned Applications: General Factors

Al 't hough hopes for nuclear excavations are dead in the US. , interest
in contained nuclear explosions is still alive. ©One reason is that nuclear
expl osi ons have a far greater energy density than conventional chem cal
expl osions. Thus, the size and weight of a nuclear explosive can be about
1/10,000 of the size or weight of a chem cal explosive that would acconplish

the same job. This logistic advantage also |leads to an econom c advantage:
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The cost of a nuclear device has been estimated to be about 1/10 that of

a conparable chemcal device, for those with a yield of 10 kt or higher
(these estimates are sonewhat speculative). In addition, the cost of the
nucl ear expl osion does not increase much as the yield goes up. A 1,000

kt device costs little more than a 100 kt device. This fact tends to favor
applications with large vyields. 5

The exact pricetag on a nuclear explosive is technically a nilitary
secret. Current estimates are that it would be sonmewhere between $400, 000
and $1, 000, 000.°The costs associated with its use - such as device enplace-
ment, rmonitoring, evacuation - roughly double the cost of the device. "None
of these costs reflects the research and devel opment expense, nost of which
has been covered by the weapons progranf and the AEC Pl owshare Program

Sone additional interest in PNE's has been stimulated recently by the
energy crisis. The enphasis on decreasing our reliance on foreign sources of
petrol eum products and the increased cost of such energy sources has nade i-t
worthwhile to develop donestic reserves that were previously ignored. It is
hoped that nucl ear explosions mght stinulate production fromtight gas
formations, assist in retorting oil shale in situ or perhaps create underground
storage caverns for oil, gas or liquified natural gas (LNG.

A detailed evaluation of these and other possible applications of nuclear
explosions in the US was conpleted by the Qlf Universities Research Consortium
(GURC) in 1975.° Their task, commissioned by the Arns Control and Disarnanent
Agency, was explicitly to project the use of PNE technology up to the year
1990. They found that the technical uncertainties surrounding nost of the
proposed projects were so large as to preclude any econonmi c anal ysis except

a range of cost estimates. Nevertheless, even with the nost optimstic assunp-



tions,

unlikely.
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t he GURC study concluded that any PNE application before 1990 was highly

Their report underscores sone general factors that all PNE appli-

cati ons have in common:

“1.

Technical uncertainties. The inpact of a nuclear explosion

in particular circunmstances can not yet be accurately pre-
dicted and the results vary with such factors as the type

of rock, depth and size of explosive. Technical uncertainties
al so surround the non-nucl ear aspects of nost of the proposed
applications. Finally, the quantity, quality and properties

of the resource to be exploited are rarely known with great
certainty.

Economi ¢ uncertainties. Until the technical questions are
fully answered, firm cost estimtes of various applications

are difficult to make. The GURC report could make economic
predictions only by assum ng success for each of the various
devel opment stages. On this hypothetical basis the report
found that some applications of nuclear explosives mght be
comercially conpetitive.

Regul atory Questions. A mmjor factor in preventing or at |east
retarding the application of PNE's is the public opposition to
it. Aready two restrictions loom as handwiting on the wall,
especi al | y agai nst the background of resistance that has been
faced by the nuclear power industry. One of these restrictions
is a state constitutional anendnent that was passed in Col orado
in 1974 to ban the conduct of any nuclear tests unless approved

by a statew de referendum (Colorado was the site of two contained
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nucl ear experiments and possesses considerable quantities of
gas and oil shale that are being proposed for devel opnent

by PNE's.) Separately, Congress in 1974 passed a provision
in the ERDA budget that prohibits funds from being used for
PNE tests. |If further public resistance developed to any
attenpt to accelerate the PNE program it would produce

consi derabl e delays and would raise the costs.

Supply of PNE's. Nuclear explosives are necessarily a
government nonopoly and would have to be supplied to the
industry by the government if an actual PNE program devel oped.
Some of the proposed applications envision several hundred
PNE' s per year, and the industry would have to be assured of
a reliable supply. The government would presumably have to
establish a production line to provide the required nunber at
a reasonable cost. dose coordination with the intended user
woul d have to be maintained, especially in the early phases
of production start-up. Another problem could conceivably be
the conpetition of the PNE program with the Defense Departnment

and the nuclear power industry for a supply of nuclear fuels. 10

Environnental Effects. Seisnmic damage is a limting factor for
most contai ned PNE applications. The damage to buildings and
necessity of evacuation restricts the use of such techniques to

areas of low population density. Repeated detonations in the



same area might also cause appreciable ground rise and

addi tional damage to structures. Wile the radiation

from a contained explosion is not released in |arge
quantities into the air, as with an excavation, small
amounts of radioactivity can still find their way out:

Some night be vented to the air, some can seep into the
ground water and some nmight be mixed with the product being
mned or extracted. Finally, the ever present though snall
risk of accident becones multiplied by the large nunber of
explosions required for nmost of the PNE uses.

6. Success of Conpeting Technology. Al npbst every task proposed
for PNE's can be acconplished by other techniques. Oten
the alternative is either nore costly or in an early stage
of devel oprment, but research on |ess controversial techniques
may advance nore quickly.

I ncreased Production of Gas Resources

A look at the nmost frequently discussed PNE proposal s gives insight
into how all these general factors operate in particular circunstances. One
application that has received considerable attention is the stinulation of
tight gas formations. These fornmations are regions where the perneability is too
low to allow the gas to flow into wells at sufficiently fast rates. If the
perneability could be increased by using a nuclear explosion to fracture
the rock, the rate of recovery night be appreciably inproved. A series of
three such explosions were conducted in the Rocky Muntain states. The first
two - Gasbuggy (a 29 kt explosion in 1967) and Rulison (43 kt in 1969) -

produced some positive increases in gas flow The third one - Rio Blanco



(three devices of 30 kt each in 1973) - was a disappointment and has been

one cause of general disillusionment with PNE's. The objective of the

Rio Blanco test was to connect three lenticular regions by exploding three
blasts simultaneously at different depths. Tests indicate the chanbers did
not connect as planned and gas yield was |ower than expected. A fourth

pl anned test of gas stinulation has not been schedul ed.

The Rio Blanco test failure illustrates the lack of know edge of
critical parameters. The perneability of the rock and the anmount of gas
may not have been well enough known. The effect of the blast on the rock
evidently were not predicted correctly. The unknown effects include the height
of the chimmey (perhaps underestimated in this case), the fracture patterns
and the rate of healing of the fractures, which would slow production over
a period of tine.

Even if the technology did succeed, this application of PNE's would
face sonme environmental problens. The gas produced might have some radio-
active contamnation (albeit at a low level) that might affect its market-
ability. This application also calls for a larger annual number of PNE s
(as many as 450 per year)l% han nost other proposals.

The major conpetitor to PNE's for gas stinulation is the technique of
massive hydraulic fracturing (MHF). A nmixture of sand and water at high
pressure is punped into the rock to fracture it. The sand prevents any healing
of the fractures. Estimates are that PNE's are cheaper than MHF for the
stimulation of gas reserves but by a nmargin that is less than the range of
uncertainty in the estimtes. 12

Stinmulation of G| Wlls

The use of nuclear explosions to stimulate production from oil reservoirs



is less promsing than gas stinulation. There is virtually no interest in

this application in the US.  Many fear it might result in long-term

damage to the reservoir, and several alternatives for enhanced oil recovery
13

are avail abl e.

Extraction of O from Shale

A third potential use for nuclear explosions is to assist in the
recovery of oil fromthe shales in the Rocky Muntain Basin. The anount
of oil that might be ultimately recoverable exceeds the cunulative domestic
production of crude oil up to 1974. 1 The recovery of this large resource
poses equally large problens. The petroleumis present in the shale
in the formof an organic compound called kerogen which nust be heated to
8 800 F bhefore it turns into a fluid that can beextracted.

The best known nethod for extracting the shale oil is open-pit mining
and above ground retorting. A perhaps preferable variation is to replace
the open-pit mnes with underground mines. Still both nethods have severe
probl ens. The above ground retorting requires large amounts of water whereas
the surrounding areas are typically quite arid. 15It also results in an
accunul ation of depleted shale above ground which presents a disposal
probl em Finally, it requires relatively high quality shale.

To avoid these problens of above ground retorting, several in-situ
techni ques are being studied. In the Garrett process, an underground
cavity is mined. A conventional explosion is detonated in this cavity
to create a rubble-filled chimey. A combustion front is then started at
the top of the chimey and continues to advance downward as air is fed in.
The liquid product, simlar to crude oil, forms in a pool at the bottom and
is punped to the surface. (Gaseous products are also collected. The low

Btu liquid usually requires further processing at the surface.



An alternative to the Garrett process is to use a nuclear device to
create the rubble-filled chimey. This application may require explosives
ranging from 30 to 130 kt for depths of detonation from 900 feet to 1900
feet. " Perhaps 100 PNE s per year might be required if this application becane
fully devel oped. 17

Many problens plague both in-situ retorting processes. Some features
that need to be researched are the percentage of oil that night be recovered
(optimstic estimates are 60%, the extent to which the void space in the
rubble mght be closed by such phenomena as exfoliation of the rock, and
the pressure drop through the length of the chimey (the pressure drop affects
a critical cost element - conpression of the air). Sone experinental data
is being provided by an experinmental 150-foot retort created by non-nucl ear
techni ques and operated by the Bureau of Mnes. However, it is not clear
how one should extrapolate these data to the much higher chimeys and
per haps different rubble-size distribution to be created by a nucl ear
expl osi on.

The behavior of the shale following a nuclear explosion is a ngjor
uncertainty as PNE's have never been tested in this unique nedium It is
critical to predict accurately parameters such as the chimey height, void

space (now estimted at 12¥84, and rubble size.”

As in other PNE applications there would be some radiation and seismc effects.
The surface rise mght be appreciable and could affect such high-investnent

. .19
structures as processing plants for the shale oil.

The application of nuclear explosions to recovering oil shale is
restricted to a limted portion of the shale region by several siting require-

ments.  The explosives must be used in beds with an overburden of at |east
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1000 feet to avoid venting of radiation. They nust be spaced far enough
apart to avoid a blowby, in which the chimey created by one expl osion
interferes with that from another. This latter spacing requirement may nean
that only 25% of the oil shale in a given region nay be fractured by PNE s. 20
The retorting process in turn can extract at nost 60% of the oil in the

fractured shale, further reducing the yield. 21

Prospects for above ground retorting now appear poor because of unfavorable
economics and environmental inpacts. In situ retorting using conventional
expl osives appears better on both counts, but is in a substantially earlier
stage of devel oprent. If oil shale is to be exploited, one or both of
these techniques will be utilized well before the PNE concept can be realized. 22

Creation of Storage Cavities

The furthest devel oped application of PNE's is the creation of underground
storage cavities. The first contained Plowshare explosion, dubbed Grone,
was a 3.1 kt blast in a salt formation that produced a cavern with few cracks
and glazed walls. Such a volune could be used for storage of gas, oil,

liquefied natural gas or even for pernanent storage of chemical or

radi oactive wastes. Salt donmes or salt formations are probably the best
media for such cavities, although other rocks such as clay, clay shale or
sone sandstone may al so be quite adequate. Hard rock tends to fracture into
| arge cracks when subjected to nuclear explosions.

The useful ness of nuclear explosions for creating such storage chanbers
will depend in part upon the nunber of l|ocations that can be found with just
the right combination of circunstances: salt dones situated far from pop-
ulation centers but near strategic points with respect for the narketing
or transportation of oil and gas. These requirements frequently conflict

with one another. 24



One alternative to nuclear-created storage cavities is to construct above
ground containers of steel or concrete, but these are often nore expensive than
underground vaults created by nuclear means. Solution-washed salt cavities may be
cheaper but they are limted to regions near salt water for washing and the
ocean for disposal. 25Perhaps the least costly alternative for storage is
to use abandoned mines or aquifers. There may be enough of these at appro-
priate locations to elininate the need to carve new caverns with nuclear

26

expl osi ons.

Leaching of Copper Oe

A fifth beneficial application of nuclear explosions night be
to assist in the mning of copper deposits. A nuclear blast could be used to
fracture the copper ore to facilitate a leaching process. The ore is |eached
with water that is saturated with oxygen in order to convert the insoluble
copper sulfides to soluble sulfates. The problemis to have the tenperature
hi gh enough (around 200°F) and the circulation rapid enough for the sulfate
to remain in solution long enough to be extracted. Research on using PNE s
for this technique began in 1967 with Project Sloop and is now being
conducted jointly by LLL and the Kennecott Copper Conpany. 21

As in the case of in situ retorting of oil shale, uncertainties
must be resolved concerning the non-nuclear as well as the nuclear aspects
of the copper leaching technique. Sone of the unknowns include the degree
of oxygen saturation required, the tenperature gradient (because of the
reaction rate is a function of tenperature) and the conposition of the ore

itself. Once these questions are answered one nust determne the size
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and distribution of the rubble created in the ore by the nuclear explosion,
which in turn affect the reaction rate and the speed of fluid flow
The seisnic damage may rule out some applications of this technique
because significant copper deposits are located quite near to popul ated
ar eas. 29Further restrictions mght result from possible contanmination
of the copper with small ampunts Of ruthenium 106, an element with a half
life of about one year. A final factor limting the use of PNE's is that
the economics will remain quite marginal unless the prices of copper rise.
These five applications for PNE's are only a fewin a long list of
proposal s, but the others have received considerably less attention. No applica-
tion is close to being realized in the US. In all cases there appear to be
viable alternatives, but in sone cases, PNE' s seemto offer substantial
cost savings. As illustrated above, however, a great many uncertainties
must be resolved before commercial use can be contenpl at ed.

USSR Program on PNE' s

The Soviet interest in beneficial applications of nuclear explosions
was increasing as that in the U S, was declining. Some observers feel
that the USSR may now be going through a period of questioning with regard
to PNE's sinilar to that experienced by the U S. ten years ago. Sone
representatives of the USSR over the past few years have expressed
serious doubts about the prospects of PNE s. 30Experiments are continuing,
however, and at the August 1976 Conference on Conplete Disarmanment the
Sovi et delegate declared that “nuclear explosions for peaceful purposes
represent one of the new and very prom sing avenues of the use of nuclear
energy.”

The outcome of any deliberations over engineering applications of

nucl ear explosions in the Soviet Union will depend upon the sane types of
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factors as those in the US. but these factors may operate in different

ways. The U S.S.R is unlikely to face severe public opposition to PNE's

al t hough environnental groups do exist (Such a group succeeded recently in

changing the devel opment plans for Lake Baikal.) . The concern over the

seismc damage and the radiation releases is not as great because the U S S R

has vast unpopul ated regions in which it envisions many of the proposed

applications. The econonmics are difficult to evaluate as the U S.S.R has

not published any studies and the accounting procedures nmay be very different.
The technical aspect of PNE's have as many uncertainties in the U S S R

as in the US. 31The Soviets do have an active experinmental program and are

investigating a wide variety of applications and types of geological materials.

From 1965 through November 1973, the Soviets conducted 16 nuclear explosions

which they claimed were for industrial or experinental purposes. (See Tabl e

2.) An additional 17 seisnmic events have been identified (by either ERDA

or by the Stockholmlnternational Peace Research Institute) as nuclear

expl osions outside the normal weapons test areas; these events are classified

32
as probable PNE tests. Two such tests were nonitored in 1976, the nore

, . . . 33
recent being a blast in Central Siberia on Novenber 5

U.S.S.R Excavations

One of the applications of PNE's that has received much attention is
the construction of a canal to link the north-flowing Pechora River with the
south-flowing Kana River. The goal is to increase the water flow into the
Caspi an Sea, whose |evel has dropped in recent years because of dry weather and
heavy water demand. The Soviets have proposed the use of nuclear explosives
to dig a 65-km section of the 112.5-km canal that traverses the nobst nountai nous
terrain. This application calls for 250 expl osives of up to 150 kt each.

(See Table 3.) They have tested three 15 kt explosions in the water-saturated



alluvium soil that forms part of the canal route. (The effect of nuclear
bl asts on the rocky portions are believed to be better understood.) The
tests resulted in a crater that is perhaps shallower and snaller in cross
section than planned, but the Soviets claimit is adequate for their canal. 34

Anot her excavation project for nuclear explosions in the US SR is
the creation of water-storage reservoirs, especially in the Central Asiatic
Republic. 3501e such reservoir was created by a nuclear blast of nobre than
100 kt that was set off adjacent to a river bed. The crater lip forned a
dam across the river and a reservoir behind it. A canal was subsequently
dug to connect the crater with this reservoir. In this test and others,
the crater lip tended to slunp follow ng the explosions, creating a w der
but shallower crater, but was stable thereafter. 36The Soviets seened pleased
with this project but later let the water drain. 3

A final excavation proposal is to renove the overburden from |arge
deposits of non-ferrous netals. It is estimated that perhaps nore than
hal f of the deposit can be nade accessible by nuclear techniques at a savings
of over one billion rubles .38The area is described as being sinilar to
the far north but with high seisnmicity and frequent earthquakes. %

These three plans for excavation experinents in the US SR are re-
markable if only because the U S. has long since discontinued its excavation
projects to comply with the Linited Test Ban Treaty. Indeed, the crater
lip damdid produce fallout that travelled beyond the boundaries of the
USSR 40The Soviets claim that the radiation releases fall below standards
for radiation protection, but the limt set by the Treaty is zero. This

risk is inherent to excavation projects. Continued Soviet violations nay

put a severe strain on the treaty.



USSR:  Contained Applications

The Soviets are investigating several uses of contained nuclear explosions
in the category of resource recovery. They have claimed success in increasing
the production of two oil fields by a series of explosions of 8 kt or |ess
(See Table 2.) They presented too little data for their claims to be verified,41
but several U S. observers feel that it is not clear that the production in-
creases were the direct result of the nuclear explosions.42

The U S.S R plans to use PNE's to sinulate gas production as well
Al'though they claimto have conducted a test of this application, no details
have been forthconing. 43The application of the fracturing properties of nuclear
explosions to the breaking of ores is also being studied.44

As in the US., the application that is the npst developed is the creation
of underground storage chambers. The first cavity tested (created by 1.1 kt
device exploded in a salt donme) |eaked water and radioactivity. A second
(25 kt in a salt dome) proved to have satisfactory storage properties
The third cavity (15 kt in salt formation) is now in industrial use
for the storage of gas condensate.45

A proven but limted use for nuclear explosions that was developed in
the U S.S.R is the sealing of runaway gas well fires. A 30 kt device seal ed
a fire that had been out of control for three years; a 40 kt expl osions ex-
tinguished a flame in an adjacent well. 46No ot her met hods had been feasible
or effective.

In the descriptions of all their various programs, the Soviets seem
optimstic, but close exam nation reveals that few of the PNE uses (except
perhaps the control of runaway gas well fires) are really proven both
technol ogically and econonically.

The intensity of Soviet interest in its PNE programis difficult to assess

especially as divergent voices are still expressed within the scientific comunity.
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Most of the applications are being prombted nore by technocrats than politicians.
Which would win out if the U S.S.R ever had to decide whether it would forego
the benefits of peaceful nuclear explosions in order to gain a conprehensive
test ban? A very renote possibility is that the PNE programis being kept

alive sinply as an excuse not to enter into a conplete test ban.

PNE Interest in Qher Nations

Anong the nucl ear weapons states, the U S and the U S S. R have by
far the nobst active prograns. France has expressed sone interest in underground
storage, especially under the ocean, and in the stinulation of hydrocarbon
resources. However, she is linmted fromextensive PNE applications by her
dense population. Geat Britain faces simlar limtations and has virtually
no plans to use PNE s. 47The plans of China are not known.

Al though India claimed her nuclear detonation was a test for peaceful
purposes, she has never elaborated in detail what her hopes for PNE' s are.
The Indian delegate to the | AEA technical neeting in 1975 spoke only vaguely
about interest in stinulating production fromoil wells (an application that
is nearly rejected in the U S.) and in the mning of non-ferrous netals.

Among the non-nuclear nations, the nost publicized peaceful applications
of nuclear explosions are excavation projects. Perhaps these nations cannot
think in ternms of contained applications, which frequently would require hundreds
of explosives per year and necessitate a reliable source of PNE's. Three
canal -bui | ding proposals are summarized in Table 3. The Col unbian project
was considered the nmost favorable route evaluated by the Atlantic-Pacific
Interoceanic Canal Study Conmission. Little mention of it is made in recent

[iterature.

Both Venezuela and Thailand have proposed canals that are estimated to



be cheaper with nuclear than conventional explosions by significant nargins”

The Venezuelan plans involve smaller devices but would require the evacuation

of two villages. 49 The Thailand project calls for very large blasts and would
certainly spread radioactive debris to its neighbors. In addition, it requires
the evacuation of 200,000 Thais for up to 16 nonths. 50The feasibility study

was financed privately under a previous governnent and the new government has
adopted a very cautious attitude toward the canal project. 1

The Egyptians have been investigating the use of nuclear explosions to
hel p excavate 68 kmof a canal that would link the Mediterranean Sea with the
Qatarra depression. Water flowing fromthe sea into the depression could drive
a 300 M (1200 Mwe peak) hydroelectric plant. The plans require sone 213 expl o-
sions and evacuation of less than 25,000 people within 80 km of the route. Use

of the nuclear explosions is estimated to reduce the total project cost by alnmobst a

factor of three. 52

The likelihood of these or any other PNE proposals for non-nuclear
nati ons depends strongly upon the resolution of technical uncertainties by
_ 53
research in the U S and US S R It also depends upon the need for the

particular application, the availability of alternatives, the socioecononc

o4 I[f these factors were all

effect treaty provisions and the environnmental inpact.
resolved in favor of PNE's, then institutional questions would arise regarding the
source, cost and conditions of the nuclear explosives. 35 The suppliers of PNE's are
likely to be either the US or the US S R, as they can presently manufacture

the type and quantity of explosives required. However, other nuclear weapons states

56
could quickly develop the technology to produce them as well.



Concl usi ons

None of the proposed applications of nuclear explosions has been
unanbi guously determined to provide net benefit®ven the nost optimstic
estimates do not envision |arge scale applications in the near futune.the
same tine, few applications have yet been disprovenln the face of such anbival ence
the present course has been to proceed with a |ow level of research on ngjor
uses of PNE' s and nove only slowy and cautiously toward providing PNE services
to NPT signers.

One danger of this course is that the separate status accorded PNE s
hi nders progress towards a conprehensive test bafhe present course also
provides justification for non-nuclear weapons states to devel op nucl ear
expl osives. Several seeds of discontent have been sown by PNE s: Many nations
feel disappointed that earlier prom ses of PNE s have not yet been fulfilled
They al so resent the reluctant pace at which provision for PNE services has been
nmovi ng. For a nation such as Egypt, which has not ratified the NPT and which
has proposed a PNE applicationthese feelings nmay contribute to a decision not
to enter into the Treaty. Nonsi gners may concl ude they have nore to | ose than
to gain by signing. Even if PNE's are not the real notive they might at |east
be the excuse for aation to remain outside the NPT and even to devel op their
own nucl ear weapon,as |ndia has done.

One step out of the present course would be to call for a tenporary ban
on the conduct of all nuclear explosions for peaceful purp&g%s. Such a
norat orium m ght be palatable in light of the findings of the GURC report
that few applications of PNE's are likely to be feasible before 1988search
on PNE's need not be halted along with the tests thensel ves because many non-

nucl ear aspects of each application need to be fully investigated.
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The noratorium could be conditional upon either an unanbi guous denpnstration
of a beneficial and viable application of PNE's or upon the outcome of an
international conference to assess the practicality of PNE technology at that
future date. Qther international conferences have dealt with various aspects
of PNE technol ogy but none has tried critically to evaluate and bal ance all
factors--technical, economcal, sociological, environnental and political. 58,59

A permanent ban on PNE's is a nore drastic and perhaps premature step.

The Soviets would be unlikely to accept it, even as a price for obtaining

a conprehensive test ban, given their current announced interest in beneficial
applications of nuclear explosions. Non-nuclear nations who have been led to
believe in the real pronmise of PNE's, may also object to such a proposal. They
mght justifiably claimit violates Article V of the NPT. Even in the US.,
industry seens to want to keep open the door for sone possible far-future
devel opnent of peaceful explosions.

A step in the opposite direction but aimed at the same result is to
establish an international service to provide nuclear explosions for peaceful

60, 61 This action

purposes to all nations, regardless of menbership in the NPT.
m ght prevent non-NPT nations from devel opi ng nucl ear weapons and | abel i ng them
peaceful devices. Wth an international service to provide PNE' s cheaply, no
nation need make its own. Opponents of this plan argue that it is premature
and that any sanctioned nuclear explosions makes a CIBT very difficult to
achieve. The danger exists that such an institution as an international PNE
service mght be tenpted to develop and pronote various beneficial applications
to justify its existence.

Any new course undertaken to deal with PNE's nust be charted to steer away

fromthe three major dangers they now present: H ndering progress towards a CIB,
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retarding nenmbership in the NPT and providing excuses for nations to test

their own nuclear bonbs. The present course runs into all three dangers.

Each of the alternate routes avoids primarily one of the dangers. The proposed
tenporary ban on PNE's would elimnate an obstacle to a CTB, while a provision
for PNE services would remove the possibility that PNE's could be used as an
excuse. A decision between either of these courses then depends upon the

area of greatest concern as well as upon the probable effectiveness and

possi bl e negative side effects of each action. The choice is not clear.



oo

10.
110
12.
13.
14.
15.

16.

17.
18.
19.
20.
21.
22.
23.
24,
25.
26.
27.
28.
29.
300

31

32.

33.

34.

11 - 27

Foot not es

W liam Epstein, -The Last Chance, (The Free Press, 1976), p. 172.

lbid., p. 174

lbid., p. 173

Program on Science, Technology and Society, Cornell University, An
Annly:ic of the Fcononmic Feasi hiIiTy1 Technical Si gmf'Cance and Ti UME[h
Special Reference to the GURC Report Thereon, April 1975, p. 201.

Ibid., pp. 3, 4.

@l f Universities Research Consortium Peaceful Nuclear Explosion Activety
projections for Arms Control planning, ACDA/ PAB-253, April 1975, Vol une
I, p. 201

Program on Science, Technology and Society, pp. 3, 4 _ _

Herbert Scoville, Jr., Peaceful Nuclear Explosions "An lnvitation *°
proliferation, ed. Anne W Marks, NPT. Paradoxes and Problens, Washington,
D.C., 1975 p. 50.

GURC, Volune |I.

GURC, Volume I, p. 202.

GURC, Volume |, p. 145.

[bid., p. 80.

[bid., p. 131.

[bid., p. 45. ) )

Frank A Long, Peaceful Niclear Fxplosions, Bulletin of the Atomc
Scientist, Cctober 1976, p. 23. ] ]

A E Lews, Nuclear In Situ Recovery of Gl from Q| Shale, paper IAEA B
TC-1-4/2, Proceedings of a Technical Meeting, Peaceful Nuclear Expl osions
v, 20-24 January 1975, |AEA, Vienna, 1975 p. 170

GURC, Volume |, p. 145.

Program on Sci ence, 1echnology and Society, Cornell University, p. 18.
GURC, Volume 11, p. 22. , )

Program on Sci ence, Technol ogy and Soci ety, Cornel | Uni VerSlty, p. 18.
GURC Volume 1, p. 71. . ,

Program on Sci ence, Technol ogy and Soci ety, Cornel | Uni VerSlty, p. 19.
GQURC, Volume I, p. 197.

[ bid., p. 105.

| bid.

Program on Science, Technology and Society Cornell University, p. 190
arc, Volune 1, p. 126.

lbid., p. 127.

Frank A Long, p. 27. .

V. S. Enel yanov, “On the Peaceful Use of Nuclear Explosions”, Stockholm
International Peace Research Institute, Nuclear Proliferation Problens,
MT Press, Canbridge, Mass., 1974, pp. 215 = 224 and Wlliam Epstein,
pr 177.

GURC, Volune |, p. 181.

Mlo Nordyke, “A Review of Soviet Data on the Peaceful Uses of Nuclear

Expl osi ons,” Annals of Nuclear Energy, Volune Il, Pergammon Press, 1975,
p. 671.

WK. Benson, Energy Research and Devel opment Administration. Personnel
conmuni cation, Novenber 9, 1976.
M1lo Nordyke, p. 661.




35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

[ - 28

Energy Research and Devel opment Administration,

Expl osi ons, ERDA-44, April 1975, p. 18.
M 1o Nordyke, p. 659.

Herbert Scoville, Jr., p. 48.

M1lo Nordyke, p. 663.

lbid., p. 662.

Herbert Scoville, Jr., p. 48.

M1lo Nordyke, p. 666.

GURC, Volume II, pp. 129-135.

M 1o Nordyke, p. 667.

Ibid., p. 669.
Ibid., p. 667.
Ibid., p. 663.

Technol ogy Conmittee Proceedings, |AEA, Peaceful

January 20-24, 1975.
| bi d.
ERDA- 44, p. 23.

Ibid., p. 25

Technol ogy Committee Proceedings, |AEA

Harry Oway, |AEA Interoffice Menorandum to the Director
Report of Project Qatarra Fact Finding M ssion,

Peacef ul

Nucl ear

Nucl ear

Expl osions 1V.

Egypt, Apri |

General ,
25 to

May 2, 1976.
GQURC, Volume |, p. 179.

Ibid., p. 178.
[bid., p. 179.
W K. Benson

Herbert Scoville, Jr., p. 50.



58.

59.

60.

61.

Her bert Scovill e,

W I liam Epstein,

Ameri can,, April

WIliam Epstein,

W liam Epstein,

11 - 29

Jr., p. 54

“The Proliferation of Nuclear Wapons,” Scientific

1975, p. 18.

The Last Chance, p. 172.

“The Proliferation of Nuclear Wapons,” p.

18.



I - 30
TABLE |1

PLOWSHARE CHRONOLOGY

L Program Milestones

Date Event

Nov. 26, 1956 Commission approved in-house conference on peaceful uses of nuclear explosives. Lawrence
Radiation Laborat ory, Livernore (LRL-L), had beeninformaly studying the question
during previous years. (Staff Paper 81 1/4)

February 1957 First Plowshare Symposium held at LRL to discuss Industrial Uses of Nuclear Expl osi ves.”

June 27, 1957 Commission approved the establishment of a program in the Division of Military
Applications to investigate nonmilitary uses of nuclear explosives. (Staff Paper 811/6,
dated June 13, 1957)

July 1957 LRLL-L formally establish Project Plowshare to investigate the nonmilitary applications of

, nuclear weapons.

, September-1957  Project Rainier, the first US underground detonation of a nuclear explosive. A chimney of
featured rock was formed which provided data on possible” underground engineering
applications of nuclear explosions.

October 1957 | The US Corps of Engineers agreed to supply support services for the Plowshare Program.

Dec. 10, 1957 ‘Genera Advisory Committee to AEC recommended that a study group be formed to
investigate peaceful uses of nuclear explosives for the production of isotopes and for large

. earth-moving projects.

‘March 31, 1958 Responsibilities for operations and industria contacts delegated to San Francisco Operations

‘ Office (SAN). SAN established Specia Projects Group to oversee pr ogr am

July 1, 1958 Pl owshar e support efforts established at Albuquerque Operations Office (ALOO) and Oak
Ridge Operations Office (ORQO). “

Aug. i5, 1958 US Geological Survey agreed to conduct support studies for Plowshare Program.

Sept. 9, 1958 US Bureau of Mines agreed to cooperate on Plowshare Program.

October 1958 US began voluntary moratorium on all nuclear testing.

Dec. 15,1958 Formation of Peaceful Nuclear Explosives Branch in DMA to supervise Plowshare Program.

January 1959 Joint AEC/Bureau of Mines Oil Shale Symposium at Dallas, Texas. Presented material on use
of nuclear explosions to recover il from oil shde.

May 13-15, 1959 The Second Symposium on the Plowshare Program was held in San Francisco, California,
with 495 attendees. The symposium was open to the public including international

participation.

November 1959 Sandia Laboratories Plowshare research and development effort established.

January 1960 In1960 the Panama Canal Conpany reviewed and updated the 1947 studies in collaboration
with the AEC.

August 1961 The Plowshare “Program was removed from DMA and the Division of Peaceful Nuclear

Explosives established to administer the program.
September 1961 The US voluntary test moratorium of two years and 11 months duration was ended.

Dec. 10, 1961 Project Gnome, the first Plowshare experiment was conducted December 10, 1961. near
Carlshad, New Mexico. The explosive yield of this multipurpose experiment was 3.1 kt.
1962 US Corps of Engineers established Nuclear Cratering Group at LRL to cooperate with AEC

on (1) projects concerning collateral high explosive experiments. (2) the development of
engineering concepts relating to construction i n fracture zones, and (3) studies of slope
stability and related engineering considerations.

April 1962 The President requested the AEC and Corps of Engineers to jointly assess the feasibility of
using nuclear excavation for canal construction. Thisled tot he 1964 card studies.
July 1962 Savannah Ri ver Operations Office initiated support studies for Plowshare Program.

Sept.-Cct. 1963  Team of Australian scicntists visited US to review Plowshare Program and study the
scientific. engineering and safety aspects of nuclear explosives.

October 1963 The Limited Test Ban Treatywas ratified by the President, with conscnt of the Senate. The
treaty prohibits nuclear cxplosions in the atmosphcerc, in outer space and under water.

from “PNE Activity Projections for Arms Control Planning”
for US ACDA by GURC. ACDA/PAB-2531 prepared
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dsoprohibits any underground explosion “which causes radioactive debris tobepresent
outside the territorial of the linits of the state under whose jurisdiction or control the explosion
is conducted.”

April 21-23, 1964 The Third Plowshare Symposium, “Engineering with Nuclear Explosives,” was held at the

May 1964

Sept. 22, 1964

Feb. 14, 1967

Dec. 10, 1967

March 8, 1968

March 12, 1968

April 14-16, 1969

Jan. 14— 16, 1970

Feb. 11-17, 1970

March 5, 1970

March 2-6, 1970

March 16. 1970

University of California, Davis, California. Several hundred visitors including repre-
sentatives from the United Kingdom, France, Australia, Canada, Mexico, Switzerland,
South Africa, Israel and the International Atonic Enegy Agency atended.

The US Atomic Energy Commission released a policy statement and projected charges for
Plowshare thermonuclear explosives for use by industry in conducting studies of economic
and technical feasibility:

10 Kilotons-S 350,000
2 Megatons-S600,000

Public Law 88-609 was signed by the President “to provide for an investigation and study to
determine a site for the construction of a sea-level canal connecting the Atlantic and
Pacific Oceans,” and authorized establishment of a Commission to carry out provisions of

. the Act. The Atlantic-Pacific interoceanic Canal Study Commission was established on
April 18, 1965, to study sites for construction of a sea-level isthmian canal connecting the
Atlantic and Pacific Oceans, and methods of construction. Studies included the feasibility
of excavating asea-level canal with nuclear explosives.

Treaty for the prohibition of nuclear weapons in Latin America wassigned in Mexico City.
The treaty establishes Latin America as an area in which the participating nations will not
manufacture or otherwise acquire nuclear weapons (explosives), but permits these nations
to collaborate with third parties such as the US for the purpose of carrying out nuclear
explosions for peaceful purposes.

Project Gashuggy, the first cooperative industry-government experiment, was conducted on
December 10, to investigate the use of a nuclear explosion to stimulate a low producing
gas field. The nuclear explosionof approximately 29 kt., which occurred 4, 240 feet
[1,292 neters] beneath the earth's surface, created a chimey about 335 feet[ 102
meters] high and 160 feet [ 49 meters] in diameter.

The Commission assigned the technical direction for Project Rulison to Los Alamos
Scientific Laboratory.

Project Buggy. the first nuclear row charge experiment. The explosion. which involved the
simultaneous detonation of five, 1.1 kt. explosives placed 150 feet [45.7 meters] apart at
a depth of 135 feet (41.1 meters], created a ditch 855 feet [261 meters] long, 254 feet
(77.4 meters] wide and 65 feet [19.8 meters] deep.

Thefirst of aseries of US'USSR hilateral technica talks took place in Vienna, Austria, on
“Peaceful Applications of Nuclear Explosions.”

An “Engineering with Nuclear Explosives’ symposium sponsored by the American Nuclear
Society was held in Las Vegas, Nevada. Sixteen foreign countries participated or attended.
France, for the first time, presented technical data on their “Plowshare” Program.

The second US/USSR hilateral technical talks took place in Moscow on “Peaceful Uses of
Nuclear Explosions.” The talks, just as those in April 1969, were restricted to technical
aspects.

The Nonproliferation Treaty'was put into force. ArticleV of t he Treaty pertains to making
available to non-nuclear-weapons states any benefits from peaceful uses of nuclear
explosions.

An IAEA panel meeting on the peaceful uses of nuclear explosives was held in Vienna,
Austria. The participants included France, Japan, Sweden, Australia, India. USSR, United
Kingdom, and the US. At this meeting the Soviets, for the first time in public, discussed
the USSR “Plowshare’ Program which goes by the title, Nuclear Explosives for the
National Economy,”

The Rulison Court decisior, by the US District Court for the District of Colorado ( Judge
Alfred A. Arrg) ruled that: the flag  phase of Project Rulison does not  present a threat
to public health and safety: the AEC has planned its activities and is curry in: them out
with all due regard for health and safety: and radiation dose from flaring will be within
radiation standards.
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the Atlantic-Pacific interoceanic Canal Study Commission transmitted to the President its

find report on December 1,1970, and stated: “... although we are confident that
someday nuclear explosions will be used in awide variety of massive earth-moving
projects, no current decision on US canal policy should be made in the expectation that
nuclear excavation technology will be available for canal construction. . .“ It was
recommended that . . . the US pursue development of the nuclear excavation technology,
but not postpone Isthmian Canal policy decisions because of the possible establishment of
feasibility y of nuclear excavation at some later date.”

11. Contained Experiments and Study Projects Related to Industrial Applications

Date

Sept enber 1957

August 1960
Nov. 5,1964

Dec. 6,1966

August 1967

Oct. 24, 1967

Dec. 10, 1967

Project or Study

Rainier-The first US underground detonation of a nuclear explosive. This weapons test
formed a chimney of broken rock which provided data on possible underground engineer-
ing applications of nuclear explosives.

Pinot-HE experiment in oil shale near Rifle. Colorado.

Handcar-Plowshare nuclear explosion experiment

Yield-12 kt.

Depth of Burial-1,320 ft [402.3 m].

Medium-dolomite (carbonate rock)

Site-Nevada Test Site

Chimney dimensions-radius 69 ft (21 m]; height 233 ft [71 m]

Objective-Study effects of nuclear explosions in carbonate rock.

Project Dragon Trail Study—Joint natural gas stimulation experiment proposed by
Continental Oil Company and CER Geonuclear. In May of 1969, Continental advised the
AEC that they did not plan to move forward in this project because of the added expense
of drilling to greater depths than they planned. Also they felt the information from
Gashuggy and Rulison would answer many of their questions.

Project Ketch Study—A joint feasibility study begun in 1965 was completed by the
Columbia Gas System Service Corp., US Bureau of Mines, Lawrence Radiation Laboratory,
and the San Francisco Operations Office-AEC to study uses of nuclear explosives to
create underground natural gas storage reservoirs. The study was followed by a proposal
from Columbia Gas to the AEC to conduct a joint experiment to further investigate this
application. However, in 1968 Columbia withdrew the request for state land in
Pennsylvaniato look for other sites. It isinformally understood that the Company has
decided to defer further action.

Project Bronco Study-A joint feasibility study begun in 1966 was completed by CER Geo-
nuclear, representing some 20 oil companies, the Lawrence Radiation Laboratory, the US
Bureau of Mines, and the San Francisco Operations Office to study the use of nuclear ex-
plosions to fracture oil shale for subsequent recovery of the il by an in situ retorting
process. The study resultedi n aproposal from CER on behal f of theoil conpani es to con-
duct a joint experiment to test this concept. Although a contract was negotiated in 1968,
it was not accepted by the oil companies. No further action is anticipated regarding this
particular project although studies respecting nuclear application with oil shale continue.

Project Gasbuggy-A first Plowshare joint government-industry nuclear experiment to test
out an industrial application.

Participants-El Paso Natural Gas Company, Department of interior, Atomic Energy
Commission

Technical Director-Lawrence Radiation Laboratory

Yield-29 kt.

Depth of Burial-4,240 ft [1,292 m].

Medium-Sandstone, gas bearing formation

Chimney dimensions-height 335 ft [102 m], radius 80 ft [24.4 m]

Site San Juan Basin, New Mexico
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iy 30, 1969
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Objective-To investigate the feasibility of using nuclear explosives to stimulate a low
producing gas field.

Project Rulison - A joint government-industry gas stimulation experiment

Participants Austral 0il Company. CER Geonucl ear Corporation (program manager).
Depart ment of interior. Atomic Energy Commission

Technical Director LOS Alamos Sci entific Laboratory

Yield 40kt.

Depth of Burial 8,425.5 ft [2.568, Inf

Medi um  Sandstone, gas bearing f Or mati on

Chimney dimensions --height 270 ft [82.3 m], radius 70 ft [21.3 m]

Site -Garfield County, Colorado

Objective- TO investigate the feasibility of using nuclear explosives to stimulate a
low-producing gas field.

Proposed Experiments

Reject Sl oop-A joint feasibility studybegun in1965 by the Kennecott Copper Corporation,
US Bureau of Mines, Lawrence Radiation Laboratory, and the San Francisco Operations
OfficeAEC t 0 consider the overall feasibility of using nuclear explosives for fracturing
low-grade copper ore bodies for subsequent recovery of copper by conventional in situ
| eachi ng methodswas conpl et ed. Upon conpl etion of the study. Kennecott-Copper
Corporation proposed a joint experiment to the AEC to test this concept. The company is
re-eval uating the project with regard to the current price of copper vs. the lack of available
funds in both government and industry.

Wagon Wheel-This is a Plowshare gas stimulation project in the Pinedale area of Wyoming to
demonstrate stimulation of formation at depths of 10,000 to 18,000 feet [about 3,000 to
5,500 meters] . meters]. The industrial sponsor, El Paso Natural Gas Co., has entered into the
project definition stage. Execution is planned in late 1972 or early 1973.

WASP- A joint venture of companies and individuals interested in a Plowshare gas
stimulation project in the Pinedale area of Wyoming. O | and Gas Futures, Inc, of Belaire,
Texas, is the operating company for this group. The project is currently in the project
definition stage. The project execution date is not expected before 1973 or 1974.

Ri o Blanco-The feasihbility study prepared by the industrial sponsor (CER Geonuclear, who
is using lands obtained under joint venture agreement with t he Equity Oil Co.) was
accepted as a basis for entering into joint project definition activities with CER. Thisisto
be a gas stimulation project in western Colorado, possibly using two or more nuclear
explosives in the same emplacement hole. Execution is planned f or | ate 1972.
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TABLE I

Soviet excavation PNE appl i cat i ons.

\Mt €I Resource Development:

1003 11 kt

1004 125 «
Proposed reservoir Two 150-Kkt
T-1 0-2 kt

T-2 Three 0-2-kt

Proposed Pechora-Kama 250 explosives

Canal

Pechora-Kama row crater Three 15-kt

Overburden Removal:

-1-Mt  row

Proposed mining project
charge

Q at er | ng shot in siltstone.

cater| N 1 VEr produced two lakes,
1° 6 x 10'm (13, 000 acre-ft)
“Proven "Proven Technology”.

Toform 3 x 10" m*(24, 000 acre-ft)
reservoir.

Cratering shot in sandstone
calibration for T-2.

Row-charge cratering shot “model
of Pechora-Kama”.

Divert Pechora River into Kama
River and thence to Caspian Sea.

Experiment at southern end of
Pechora-Kama Canal alignment
to gain data on cratering charac-
teristics and stability in saturated,
alluvial medium.

Will remove 900,000 m®of
overburden at 5 kopecks/m’

Soviet contained PNE applications.

Aol cati on Expl osi ves Coment s

Control of Runaway Wells:

Urtabulak .30 kt $75 million lost over 3 years

Nearby gas field 40 kt “Proven Technology”
Oil__Stimulation:

Field A Two 2-3-kt  + 26w internal rate of return in U.S.

ore 8-kt
Field B Two 8 kt “Proven Technology”

Proposed Field C Three 20-30 kt

Gas _Stimulation:
Underscribed

Proposed gas condensate Three 40-kt
field

Underground Storage of Oil or Gas:
Salt Dome A 1-1 kt

Salt Dome B 25 kt

Unidentified cavity

Gas condensate storage 15 kt
facility
Proposed - layered salt TwO 35-kt
Proposed - tuff uncle? Three 40-lit
permafrost

Mineral Development:
“Granddaddy Shot” 1kt
Proposed ore breaking 1-8 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 x 106
to 100 x 106 ft 3/day

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 6 MPa
(50 atm)

300, 000-bbl storage facility in
industrial use at a gas condensate
deposit -- working pressure 8 MPa
(80 atm)

Require 2 x 10°-bbl storage for gas
condensate

 Require 2-5 x 10’ft’storage for gas

at / MPa (70 atm)

Granite shot similar to Hardhat
-Will break -10°m°of ore in situ

of Soviet Data on the Peaceful Uses of Nuclear Explosions” by

Ann. Nucl. Energy Vol.
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1975.
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