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N FOREWORD*

. Th1s report sumrnar1zes the AEC activity in the peaceful uses

]

_ of nuclear exploswes., The primary effort in th1s field is bemg con-

e . ducted by the Lawrence Radiation Laboratory under their PLOWSHARE
program., It is intended. that subsequent réports be iss-ued a.nnually,

with qua.rterly supplements to maintain the currency of - the ‘basic report.

A selected blbhography is 1ncIuded for the reader who desues further’
inforrnation. - i ~ . - ) (UNCL)
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o Commander, Field Cornmand DASA has reviewed this’
report and approves its publication. The 1nforrnat10n contained
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theirn pubhcatlons. however, the verbat~1m report has not been re-
. viewed nor- concurred 1n by them. The report is current as of the

" date of pubhca.tmn but should be used w1th cautmn as the program is

changing contmually, . : - . . D : (UNCL)
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I. INTRODUCTION

A. PLOWSHARE DEFINED

1. The possibility of non-military use of NE has been discussed
ever since the detonation of the first nuclear device. The PLOWSHARE
program is the study of the industrial and other peaceful uses of nuclear

explosives (NE).
{(UNCL)

2, In February 1957, the first symposium on the Industrial
Uses of Nuclear Explosives was held at the University of California
Lawrence Radiation Laboratory (LRL). This symposium resulted
in the estéblishment of Project PLOWSHARE. Theoretical studies
soon showed that several projects involving the use of NE appear
feasible with marked reductions in cost--by factors up to several
hundred. With these encouraging preliminary findings, LRL began
more detailed analyses of specific projects. In outline form these
projects are:

Excavation

Cratering Experiment - OXCART
Harbors - CHARIOT
Canals - Isthmian Canal
Power and Isotope Production - GNOME
Qil Production
0Oil Sands - CAULDRON

Oil Shale - VINTAGE
Improving Underground Storage of Water - AQUIFER

Miscellaneous Industrial Projects

Scientific Experiments

(UNCL)

B. UNDERGROUND DETONATIONS

1. The weapon tests of primary interest to the PLOWSHARE
program are those detonations that took place underground. There

have been nine underground nuclear explosions detonated by the U, S.




These shots are shown in Table I. In addition to these nuclear deto.-
nations;, several series of- tests with: HE have been conducted at -

Dugway Proving Grounds and the Neva.da. Test ‘Site'.- As a result of
the NE and HE tests, da.ta were obtiined concernmg cra.termg and

+

. containment, = - = ' - " (UNCL)

2. The data relating depth of burst to apparent crater depth.

~and radius are shown in Figure 1. Comparmg ‘the’ results of the .

nuclear explosions that produced craters with-the mean of the HE
résults in the Nevada alluvium, leads to the approximation that: the

. radius of a:crater produced by NE. 1s 80%, and the depth 90%, of

that for an HE explosmn of the " same .TNT equivalent energy-release. %

. The re_sults from the test in the Nevada alluvium.can be related to

other media. Table Il shows the expected crater d1mens1ons in
various media for a 1 KT.-nuclear exploszon at two depths of bur1a.l
63 feet (' A ¥*:='0,5).and 200 feet ( A =1, 6)..-‘For scaling to.larger ~ - .

¥ Relat1ve cratermg eff1c1ency of NE and HE may be compared in ma.ny
ways.  For this definition of cratermg eff1c1ency - $afne- energy
"_release - the efficiency has been observed to vary from 35% = 74% for
radii of crater and from: 51% to 97% -for depth. Cratenng efficiency
varies with depth of burst and these numbers quoted:are probably L
close to the max:mum eff1c1enc1es - those observed at A lZ for
 the Ja.ngle—U shot o

s e - . . - N
Y . PR N . s -~

%k : . actu.al depth of a Lo i . “actual depth -of

o 7\(1ambda) = burial (ft} "~ - ; Scaled Depth burial (ft)
" vieldl/3 (1bs.) - Yield? (XT)
- ft' N S -
A Scaled Depth of 126. feet (dimensions: KT1/3) corresponds t°
N ftl s PR oot ’

[N

7\-1(d1mens1ons Ibs 1/3) . . —

Note the d1fference of unlts between 7\_ and the Scaled Depth These
definitions will be used throughout this’ report, even though some
papers refer to PN as the Scaled Depth

-,

(UNCL)
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yields, it is believed that the radius of the crater is proportional to
the third root of the yield (W1/3) and the depth of the crater is pro-
portional to the fourth root of the yield (Wll 4). These scaling laws
are subject to some uncertainty and must be confirmed by further

tests.
(UNCL)

3. On the subject of containment, it is believed that in the
kiloton region and above, complete containment of all radioactive
debris can be expected for scaled depths of 450 W1/3 feet ( A = 3.57).
At a scaled depth of 290 W/3 feet ( A = 2.3) only 0.1% of the debris
escapes. These depths of burst are considerably greater than those
for maximum crater volume. (UNCL)

4. As shown in Table I it is possible, by varying the depth
of burst, to exercise some control over the amount of radioactivity
that is introduced into the biosphere. In addition, by designing
devices which derive the majority of their energy from the fusion
reaction, one can reduce the amount of radioactive fission debris
produced. However, the fusion reaction produces large numbers of
neutrons which can make most substances radioactive. These
neutrons can be absorbed by certain elements--such as boron--
without producing raaioactivity. Thus, by surrounding the fusion
éxplosives with a neutron absorbing blanket, the radiological effects

can be reduced to acceptable levels.
(UNCL)

5. It has been publicly announced that at the present time
a fusion reaction can be produced only by using the fission process.
- For explosives in the megaton range, about 5 per cent of the energy

,‘ release must come from fission. Consequently, to assure public
safety one must control the fusion neutrons and the fission products.
Studies are continuing at the Atomic Energy Commission (AEC)
laboratories to develop nuclear explosives which will be 'cleaner, '
i.e., explosives with lower percentages of their energy derived

‘from the fission process. (See Section III)

(UNCL)
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DATA ON UNDERGROUND NUCLEAR EXPLOSIVES

" TABIE I
’ D - | Radioactivity - . :
Event .  Yield (W) Depth (D) Scaled Depth I/3 Escape . Crater Volume Crater Volume
'-_K'._r_ Ft. Po/XTY* K R Ya’ T Yd3/KT
JANGLE-ESS 126,05  -3.5% “3.3# C =50 . 168 140
JANGLE-U 1,'2:_?0‘5_,":?:"17- .16 S 37,000 077 31,000 7
TEAPOT-ESS 1,2¢.05 67 .. - ,63 . 50 ' .96,000 " . ‘80;000 .

e SAEPTUNE ,o?::?615; 99, - 2go" 1-2 "'33,000» o .3'70"9‘200., :'
BLANGA . 19+L5 835 290 0.1=0,2 - ~CONTAINED- g
LoGAN - 5.0 -2 830 . 500 . o "

RAINIER ~* 1.7# 0.05 750 610 o ' T
TAMALPAIS 672+‘ oL 430 8lo- | o om fz xxe
EVANS, .055+ 03 'ai;o""’ ) 2260 A O T O '"’""U o *
M.ARS | 013+ 003 90 . " 38'():. - . o . Yim

# 3 5 Feet above surface (:anluded for comparison).

##*  Shots NEPTUNE thru MARS were in tunnels in a. volcanic tuff medium as opposed to 'bhe alluvial

medium of the first' three listed. Depth stipulated for these shots is nearest- distance from
detonation -point -to- ground zero. .

% No brealcthrough to surface but radiocactive Xe and Kr in la.rge qua.ntities leak:ed :I.nto the
tunnel.

seee No brea.kthrough to. surface but stemming fa:x.led releasing gross i‘:.ss:.on act:.vity into the
t'unnelo : e . .

(UNGLASSIFED)
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Nevadqiﬁlluvium
Sandst;oife‘

Dy Send

Granite-Limestone |

Dry Clay

Wet Clsy.

" Ne}rad;. Alluvium
Sendstone

Dry Send ‘
Grénite-Liméstofxe
Dry Clay

Wet Clay - -

Nevada Alluvium
Sandstone

Dry Sand

Greanite-Limestone 168,@0 '

. Dry -Ciay-

Wet Clay

Expected Crater Dimensions for 1 KT

Nuclear Explosions in Various Media

Dc;pth = ‘63'. * Ratio to Nevada
135 1.0 -
205 1.5
186 . 15
187 | 1.k

175 1.3

290. 2.1~

' DEPTH (feet) " -

82 - 1.0 3
s 118 -
9T 1.18

83 - 1.0

TS 1.5
165 2.0

8,000

Dt :
P
.

20, 000

220, 000_.

220,000 -

800, 000

TABIE 1T

t

RADIUS (feet).

1.0
2.7
2.5

2.5"

9.0

© " VOLUME ‘Yd3[KTg .

Volume=1/2 7 R°D #

200"

210 -

_320‘ -

'.-. 310 "

290
275
k50

© 126

150 -

150. -

128

188

255.

320,000
920,000
830,000

625,000

830,000 .

. 3,000,000

( micr,)' .

# Volume of paraboloid of revolution used as an.approximation dﬁ;e to
lack of detailed knowledge..

3

E o et




II.. PROJECTS

A, OXCART

le The cratering capabilities of nuclear explosives are
known for some conditions. However, the largest yield used in a
cratering shot was 1,2 KT, For harbor and canal excavation, deto-
nations up to the megaton range are required. To.provide the
additional data required, LRL has proposed two experiments in the
excavation field--OXCART and CHARIOT, (UNCL)

2. Project OXCART is an experiment deéigned to study the
phenomenology of nuclear cratering detonations. The present plan
is to detor;a.te two 2.5 KT devices in the alluvium of Area 10 at the
Nevada Test Site (NTS). The first detonation will be at a depth of
400 feet (sca_lgd depth of 300 feet) an& the second shot at 275 feet
(scaled depth of 200 feet). Both devices will be placed in 36-inch
cased holes which will be plugged with a lead shot shield weighing
approximately 2, 500’pounds and with 50 feet of high density drilling
fluid. The location was -selected because the geological conditions
will be identical with those of the TEAPOT-ESS and BUSTER-
JANGLE ﬁndergr.ound detonations. Both detonations will produce
craters, but it is anticipated that most of the radioactive debris
will be trapped. Design and specifications are being prepared for
the device shaft and related experiments, Invitations for bids on
the major portion of the construction can be released immediately

upon receipt of authorization to proceed with site preparation. W

3. On 10 March 1959, the Atomic Energy Commission gave
approval for the Director of Military Application (DMA) to proceed
with the planning and preparation to fire two low yield cratering
shots at NTS, By teletype dated 13 March 1959, DMA gave the San
Francisco Operations Office of the AEC (SAN) approval to proceed
with OXCART planning with the provision that after the completion

1k
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of the general plan further approval must.be’obtained from DMA to
commit funds for major expenditurés or solicit bids for excavation '
‘or construction. The general plan is being prepared by SAN, and it
is expected that the completed plan will be forwarded to DMA by

September 1959. e st . m

" 4, The maJor elements of data-'that are planned to be ob- :
tained from. OXCART arest: L o¥ v ors Sl e e
‘a. 'Crate‘-r dimensions o -
.b.. Surface motion and perrnanent d1sp1acement due to
underground nuclear: explosions. .
c. ‘Containment and d1str:but1on of -radioactive debns. .
d.- Long range and -cloge- iri ‘blast' measurements.
e _C_lose_‘m .shoo,k titne ‘of ‘arrival rmeasurements; - _ - \

. 5.. The pred1cted depths and d1ameters of craters, from .

) deeply bur1ed (greater than 100.feet scaled degth) detonat1ons ‘as’
given in TM 23~ 200 'Capab111t1es of Atom1c Weapons," are, based
ent1re1y on data from h1gh-explos1ve tests and theory. . They are
likely to be conservatnre, that 1s, they 1ean to the low: 51de of the '
range of uncerta.mty. : There is a. strong__p__gb.a.b.lhty.,_supported b){
the NEPTUNE shot, that d1mens1ons for the OXCART events w111
bmn. indicated by TM'23-200._ The following |
dimensions-are modlf1cat1ons wof TM: 23 200 pred1ct1ons based in, .

c 2 5 KT at 400 Feet 2, 5 KT at 275 Feet
Crater -def)_th_-. R LY S Y 65 ft - zo ft

. Crater diameter ' . . .236ft-180ft 420t 280 £t
. Crater volume .. . -  0-38 _09.0 cu. yd,s. 'Z_() 000.- 310, 000 cu. yds.’
‘.Fallout fractmn ' i e e _' . e -
Médx,”* . " 2% 6% o
S UMinGL B e s Q% Tl 1% e
Expected. . 0.05% 2%
15 '
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6. Major factors influencing the .initiation and completion
of Project OXCART are:

a. DMA Policy Considerations:

(1) DMA stipulates that detonation may not occur
until after 1 November 1959,

(2) Prior to making any major expenditures for
site or device preparation, DMA will be informed of all applicable
factors, permitting DMA to decide whether preparations should go
forward. . '

(3) Existing operational.criteria, as established
by the AEC, limit the yield of surface or cratering shots to 1l KT,
Approval for increased yields would require further Commission
review and approval of the higher yields anticipated for OXCART,

b, Construction Considerations:

(1) Utilization of a cost plus fixed fee (CPFF)
contractor 6n an accelerated schedule will require 56 days to
complete construction; while utilization of a lump sum contractor
involving a normal bid period, award action, etc. will require an
estimated 81 working days from date of authorization.

(2) The use of a lump surm contractor plus a
provision of 30 days user occupancy, requires a minimum four

months from authorization to proceed to detonation day.

c. Weather Considerations:

(1) We:ather"'d'fzrihg the late fall and early winter
provides an average of two or three days each month with acceptable
winds.

(2) With normal wind and stability conditions, the
extent of the 0.5 roentgen estimated dose line would be between 25
and 50 miles. There is a fair possibility that an even greater part
of the radioactivity will remain in or very near the crater than is
the case for shallow bursts, in which case the extent of the 0.5
roentgen line would be still less.,

16
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: (3) - For: both shots, . there friay be'a fair'ly lon’lg wait

-for acceptable winds, .if a narrow (30 degree) sector towards the

northeast is con51dered the .most desarable.

- d. Weapons Test Conside'rations: Interference with’
a possible weapons test series apparently would not be of such -
magnitude as to- create undue. difficulty. Integration of OXCART 1nto
a full-scale test series would be operat1onally fea31b1e from a sup-.

port standpomt._- ' =L . o ‘ “ ) (‘M)

1. In con_]unctmn w1th OXCAR'I‘ two spec1al prOJects Te- -

latmg to pubhc safety are planned

Blast Pro;ect' A techmcal proposal has been pre-"' ,
pared by the Sand1a Corporatmn for rn1crobarograph1c and detailed
tower rneteorolog1ca1 measurements. necessary to establzsh attenu- .
ation c0nstants. Off-51te m1crobarograph1c recordmgs frorn -
Operatlon TEAPOT ESS -shot;. showed pressure amphtudes in the

. same range as have been recorded from similar y1elds f1red above

ground If an attenuatmn due to bur1al d1d exist,. its effect was lost
among the other uncerta1nt1es in 10ng range pred1ct1on. At some -
depth. attenuatlon must become: totally effective, The purpose of
this proposal is to determme if PLOWSHARE cra.tenng depths result
in an apprec1ab1y decreased off-51te'n01se. The results obtamed

will directly affect plans for other PLOWSHARE events.

-

) b. Animal Invest1gat10n Pro_]ect' An amma.l 1nvest1- :
gat1on prOJeCt of a. contmumg nature-is: underway in the area sur-
roundmg the NTS The ob_]ectwe is to prov1de mformahon as to .
the-level of 1nternal rad1o1sotopes that accumulate in. grazmg
animals 1ngest1ng fal]out under range COnd1t1ons. The project’
serves to enhance the NTS-rancher relat1onsh1ps and provides in-
format1on as.to the status of ammals in the1r env1ronment w1th

special emphas1s on the rad1oact1v1ty from fallout. No expan&_i_l_on
17-
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of the program is planned for Project OXCART. No cost to OXCART

is involved. w

8. The total cost of Project OXCART, excluding the charges
of the nuclear devices, will be approximately $1, 240, 000, (Q

B, CHARIOT

l. The purpose of Project CHARIOT is to investigate
technical problems fundamental to excavation by the use of nuclear
explosives and to create a usable harbor -on the coast of Alaska near
Cape Thompson (see Figure 2), In considering the possible sites for
conducting the CHARIOT experiment, early in 1958 it was decided to
focus attention on a stretch of Alaskan coast extending from the
vicinity of Nome to Point Barrow, an area in which no harbors exist
and also an area of low population density. Before selecting a
specific site, LRL commissioned the E,J, L.ongyear Company to
make an economic study to determine the long term potential of the
area and also, to specify the required size of harbor to support ex-
ploitation of the area’s resources or other development, The study
resulted in the selection of two sites--one in the vicinity of Cape
Thompson and one east of Nome on the Darby Peninsula. The Cape
Thompson site was preferred since it was near potentially valuable
resources and it offered operational advantages that would simplify
the execution of CHARIOT, (.‘)

2. The U,S. Geological Survey was asked to study the

Cape Thompso.n area, to make a field survey, and to recommend
specific sites, A preliminary report specified three possible sites
in a 20 mile stretch of the coast, At a conference held on 17-19
July 1958 and attended by members of the U.S. Geological Survey
team, the Atomic Energy Commission, LRL, Sandia Corporation,
U.S. Army Corps of Engineers, and Holmes and Narver (H&N),

it was decided that the Ogotoruk Creek site was the most suitable.

Phase I of CHARIOT took place during the summer of 1958, It
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consisted in part, of an on-site survey conducted by the U.S. Geo-
logical Survey. This survey verified that the Ogotoruk Creek area
is topographically and geologically well situated for the construction
of a harbor. Studies of the submarine topography revealed that the
offshore continuation of the Ogotoruk Valley would provide an excel-
lent natural deep water approach channel. Further, it was decided
that silting of the harbor by Ogotoruk Creek would be insufficient to
create -a maintenance problem for a long time. One of the major
concerns prior to the field exploration was that of longshore trans-
port (littoral currents) of sand and gravel which would tend to build
bars anﬂ ‘spits across the harbor entrance. Measurements at the
site indicated that some tens of years would be required before a
maintenance problem would arise. W)

3. The material to be excavated consists of mudstone,
siltstone, and sandstone which are probably frozen to a depth of
500 to 800 feet. It is not expected that there will be any large scale

slumping into the craters produced. w)

4, Studies of the weather in the area indicate that the
harbor would be ice-free about four months of the year. N)

5. As a result of the E.J, Longyear study, the original
plan was to develop a full-scale harbor (1200 yard long channel,
400 yards wide and a turning basin 1000 yards X 1700 yards) by
detonating four 100 KT and two 1 MT devices (see Figure 2), Be-
cause of the cost of such a large project, it was decided to revise
the plans and attempt to construct a smaller harbor as an experi-
ment, Under the revised plan, the harbor will have a 'channel 270
yards wide and 600 yards long and a turning basin approximately
600 yards X 1000 yards. The minimum depth in the harbor will be
30 feet. To accomplish the excavation, three 20 KT and two 200

KT devices will be. used. N)
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6. As stated earlier in this report, the purpose of Project
CHARIOT is to demonstrate the practicability of creating a deep
water harbor in Alaska, and in such accomplishment, to ascertain
‘and collect certain specific scientific information fundamental to
future applications. To accomplish this mission, CHARIOT has been

organized in three phases:

PHASE I Preliminary study and on-site survey during summer
1958,
PHASE II Investigation of the proposed project site commencing

in the summer of 1959 and continuing until June 1960
to obtain data on the geology of the area, hydrology,
geo-thermal regime of the area, chemical quality of
the water, coastal processes, regional ecology,
meteorology, sub-surface drilling conditions, com-
munications, and archeological artifacts.

PHASE III Construction and detonation phase, Construction is
planned to be accomplished during the summer of
1960, and the detonations are scheduled for April
1961. Authority to proceed with Phase III will be
issued upon the successful completion of Phase II,
provided the findings of Phase Il are favorable.

-

7. Phase II, which is currently in progress, concerns itself
primarily with the question of public safety, and with obtaining addi-
tional technical information. To accomplish Phase 1I, an estimated
maximum of seventy-five people will be on-site during the 1959
summer season, and a total of $1, 000, 000 will be expended. A partial

list of the agencies involved in Phase II includes$

U.S. Atomic Energy Commission
Albuquerque Operations Office
San Francisco Operations Office
Division of Biology & Medicine
University of California E, O, Lawrence Radiation Laboratory
U,S.  Army Corps of Engineers
U.S. Coast & Geodetic Survey
U.S. Geological Survey
U,S. Fish and Wildlife Service
U.S. Public Health Service {Arctic Health Research Center)
U.S, Public Health Service (Division of Radiological Health)
U,S, Weather Bureau ‘
General Electric Company

22
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9. In Phase III it is tentatively planned to drill two 36-inch,
cased, holes to a depth of 500 feet for the 200 KT devices, and three
36-inch, cased, holes to a depth.of 275 feet for the 20 KT devices.

The actual depth of burial of the devices is not established at present
but will be determined when data from CHARIOT Phase II and OXCART

are availdble, ~ )

10. The total cost of Project CHARIOT, excluding the device
cost but including internal LRL costs, is approximately $7, 000, 000,

( )

C. TRANS-ISTHMIAN CANAL

1. In 1958 the engineering firm of Parsons, Brinkerhoff,
Hall, and Macdonald (PBH&M) completed and submitted to the
Panama Canal Company certain long range improvement plans for the
Panama Canal. Two plans were for lock canals and a third was for
the conversion of the existing canal to a sea level canal, In July 1958,
the engineering firm learned of PLOWSHARE and contacted LRL for
additional information. As a result, a study group, consisting of Mr,
M. N, Quade from PBH&M and members of LRL and Sandia Corpor-
ation, was established to evaluate the potentialities of using nuclear
explosives for a sea level canal, (Cw

2. The route selected for study was the Sasardi- Morti Route
which is approximately 110 miles southeast of the present canal. The
total length of cut would be approximately 50 miles and the maximum
elevation 1100 feet, Two independent studies of the use of NE for

excavation of the canal were made;
a. The devices were so selected and placed that the

total y1e1d was a munmum, wh1ch means thar each device was

placed at a depth to g1ve maximum crater d1mensmns.

2L



b. The dev1ces were selectedland placed §0-as to. mm1-

mize total cost and fa].lout. qn the latter, the NEPTUNE experlence
was used as an 1nd1cat1on of expected effects, and the shots were

placed at scaled depths of 100 feet, The results of these studles are

summanzed in the followmg table: . T
Basis.of. Total . ' Fission Service Charges for Placement.

_Study - Yield" '~ Yield - - .Device & Firing Cost
Minimized S - - .ot L : Lo
total yield- 35-MT 25-MT °~ . $470,000,.000 "... $40, 000; 000
Minimized - I _— Y e e o

cost and - . S - ;
fallout 135 MT 7 MT 203, 000, 000. ’ 60, 000, 000

f:I'he service charges are'based on AEC ‘published data (see Section III),
With respect to the serv1ce charges stated above, it is reasonable to

as sume that w1th further dev1ce developments ‘these costs will be’’
reduced substanually. T T . o (C~)

-y . -
. . N

3, Based on these ;t&di'egg P:B‘I:-I&M‘p'r"epared'an: annex to

their report and’ mcluded excavatmn with NE, Usmg ‘a flgure of

$250, 000, 000 for serv1ce cha.rges for dev1ce and f1r1ng--a. flgure that
is adm1ttedly h1gh--the total cost for excavat1ng a channel, _w1th a
'm1n1mum depth of 60 feet.and a bottom width of 600 feet at the 60
foot. depth was $600.»000 .000. ~ This figure iné¢ludes temporary access '
roads, survey1ng, temporary ‘ports and towns:.tes, evacuation of local
remdents, clean-up after nuclear blastmg, the AEC charges for the
dev1ces and the1r ernplacement costs. “As'a- result of ‘this’ report, the
Governor of the Pana'fma ‘Canal’ Zone (MaJGen W1111am E, Potter- who
is also pres1dent of the Panama Canafl Company) has been d1rected by
. the Pres1dent of the Umted States to’ rnake a study and submit a report
to the- Cabmet by 22 May 1960 on the feasibility of using NE to exca- °

vate a trans 1sthm1an canal ‘The report is to include studies on

the followmg routes. e _ _ T
Tehua.ntepec #1 G AT Mex1co T
b. N1caragu.a #8. - N1caragua and Costa Rica

25



c, San Blas #16 Panama

d. Caledonia or Sasardi- Morti
#1717 Panama

e, Atfato-Tru'ando #25 Columbia

A meeting of the participating agencies is scheduled for 24 September
1959 at LRL, Participating agencies in this study include:

Panama Canal Company .
Parsons, Brinkerhoff, Hall, & Macdonald
AEC: DMA & DBM

LRL
Sandia Corporation h)

l. Measurements on the RAINIER explosion showed that soon
after .the detonation roughly one-third of the bomb energy was deposited
in melted rock at temperatures above 2000°F, In the case of RAINIER,

there was a large amount of water present (approximately 20% by

D, GNOME

—— .

weight), and the surrounding material was permeable to the degree

that the high temperature was rapidly reduced to tha.i: of boiling water.
The fact that so much energy was available initially at such a high
temperature led to the idea that firing in'a dry medium might store
eﬂergy at high temperature long enough to permit efficient recovery.

The GNOME project was de\}eloped with this in view. Marine salt
deposits are dry (less than 1% water); theréfore, a nuclear detonation

in such a medium might produce a large volume of melted salt

(1500°F.) from which heat could be extracted, ) (UNCL’

2, Project GNOME is an experiment planned to be con-
ducted near Carlsbad, New Mexico (see Figure 4), involving the
detonation of a nuclear :e':kpl.:ﬁsi've with a yield of 10 KT in a sub-
surface salt formation and the associated technical measurements to
aid in determining the feasibility of recovering heat and isotopes from

an underground nuclear explosion. The device will'be detonated at a
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depth of 1200 feet. The ground zero point will be connected to a shaft

by an 1100 foot horizontal tunnel. This arrangement will protect th
shaft from the effects of the detonation, (h

3. The general specifications for the required site are:

a. Depth of not more than B00 feet to the top of the salt,
b, Region of low population density.
c. Within the Continental United States.

d, An area where salt purity in excess of 90% NaCl
could be obtained.

e. Preferably in an area where Federal land is
available,

After a site selection study by the U.S, Geological Survey, four
general regions were suggested as being suitable for this experiment,

They were:

a. Salt beds in Michigan

b. Salt domes along the Gulf Coast

c. Salt beds in Paradox Valley, Colorado

d. Salt beds in Delaware Basin, New Mexico
After further investigation, the Delaware Basin in New Mexico was
selected as being the most suitable for the experiment. The Michigan
salt beds were too deep; the Coast salt domes, while shallow and pure,
posed problems of private property which presaged a long delay for
land procurement; the Paradox Valley formations were deeper than
desired and not as well known as the Delaware Basin formations. In
the Delaware Basin, large portions of the land are still Federally
owned and land procurement is not thought to be a problem. In the
Delaware Basin the salt lies 500 to 1, 000 feet below the surface,
the population density is very low in the immediate region, and much
is already known about the geology of the formation. The salt in the
formation averages approximately 90% purity with contaminents of

silica-bearing materials being less than 1%. (UNCL)
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the amount of erergy. remammg 1n the shot cav1ty as_ ava11ab1e heat .

4, -Detaji-ledi-.site surveys _in the:.Delaw‘a-re Basin resulted.ini.
the selection of Section 34,7 Township-23-South, Range 30:East,” New -
Mexico Principal- Meridian, .as the-experimen'tal area;: The location
for the shaft will be 'approximately the -center of this section with )
ground zero ina northeasterly direction from the bottom: ‘'of the shaft.-

(UNCL)

5‘. 011 f1e1ds are located about 20 mlles frorn the s1te. _,3:-_
gas-well 1s about s1x and one -half m11es away, a potash refmmg
surface plant 1s located about 10 miles away, and the closest sub-
surface workmgs connected -with. the potash mdustry are. about 8 .
miles away.. Ata meetmg held at. Carlsbad New Mex1co on 21

November 1958 between members of the Potash Industry and the AEC

it was dec_1ded to pe—r_form i series of high -explosive exper1ments at

- the GNOME site, The purpose of these experiments ‘would be to coms,

pare seismic disturbances at the: Potash Mines from the proposed

nuclear detonatxons with. the norma.l background dxsturbances occa-

., sioned by the mining act1v1t1es. Three high exploswe (200 1b.,

750 lb., and 6, 250 1b.) charges were detonated 1n February 1959
in a program:called PRE-GNOME . The, results of PRE-GNOME
were studied by Dr.- N M. Newmark of the Un1ver51ty of Ill1n01s.

T e
Dr. Newmark s conclusmns in part- were; - iy general it-is con-

cluded that there is no ser1ous danger of " rnaJor da.rna.ge to-any of

the mines ‘that would result from a 10 KT detonatmn at the proposed ‘

location for Progect GNOME " - SR T ST, . (CN

-

6. The two rna_]or programs in. Pro_«]ect GNOME are, the

power and 1sotope studles. oS s f . ; e e

-

R ) . st - -
(. " H - et

a. The purpose- of the power program is- -to determme

and-to study problems connected w1th the recovery of heat'from |

this region for the- generat1on-of_.,__pgv_\{er,_ A method w111 be developed

29...
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for introducing a working fluid into the cavity for heat recovery.
This may be done by simply circulating the fluid over the molten
salt (if the cavity remains intact) using two of the sample recovery
holes from the isotope program. A second method would be to
hydrofrac (break the formation with a fluid under pressure) from
nearby holes into the cavity to form a circulating path entering
much lower down in the cavity. Studies are presently being con-
ducted to determine the most suitable working fluid. Among the
materials being considered are carbon dioxide, nitrogen, dry air,
and water., Measurements will be made at the outlet point of the
working fluid to determine pressures, temperatures, and flow
rates, In addition, a small electrical generating plant may be in-
stalled which would utilize the temperature and pressure of the
working fluid to drive a turbine generating small amounts of elec-

trical power,

b. The isotope program is to test the possibility of
recovering isotopes produced by a contained nuclear explosion and
to ascertain the distribution of these isotopes., Various metals may
be introduced into the immediate vicinity of the device, and it is
anticipated several radioactive materials will be produced from
these metals., In addition, the isotopes normally resulting from a
nuclear detonation will also be studied. In order to obtain the best
information on isotope production and recovery, accurate account
will be kept of the materials used within about 100 feet of the device.
Prior to the detonation, three holes will be drilled from the ground
surface toward the device room. Two of the hoies will terminate
approximately 15 feet above the salt formation and will be offset
from the device position by 20 to 50 feet. The third hole will termi-
nate at a point 50 feet above, and directly in line with the device.

In order to prevent escape of gas, the deep hole will be valved off
to withstand pressures of 1, 000 psi. As soon as possible after the

detenation, the sample holes will be extended to the detonation area

30



an-area of some -17, 000 square m11es in the Province of Alberta.

B B

R

LA l
ot <

-and used for recovery of samples.- Depeniding upon the results.of pre-

limina__ry-sarriples_, a décision-may be made to re-enter the detonation
area by mining apdf;".ex_'nbvﬁe-_'gross, quantities of the material, after - .

solidification,  for _r_e".c_oye;y of total isotope production, - .{UNCL)

. Ly ~ - .

7. TO‘provi_‘de;addif‘i_onal data relating to power and isotope
production and also to pl;ovide,v_,ivnfcrmation concerning underground
nuclear explosions in general, .fhe fol_lo;}ving technical studies will - :

Ft
)

be made:

a. AEarly .shock effects. -.-

- . b. . Temperature and radxatmn mtensﬂ:y measurements. . -
.c. Post-shot.drilling and med1a measurements. ‘
~d. Strong motion.measurernents,

e. -Posti--shqt-"nois‘e measurements.
f. Cavity pressure measurements., .. T,
’ g.. Post;-shot subsidence. measurements. . . . .,
.. h. Earth deformation studies. . - L e

.i,. Surface motion photography. s Gl

j» Seismic measurements. .

ks Permarent: displacement survey.

-1. Structural.response studxes. ST "(UNCL)

. 8 -In additién to the technical ﬁrogr.a_xfns.‘;-the-ﬁormal:Prbj.gc_t-
Manager’ s programs will be conducted to assure that the detonation .
can be performed »wi_thg.ut ’i“isk to’people or property. . --(UNCL)

l . . "

. . : )
9. . The tota] cost for Pro_;ect GNOME,, excludmg the nuclear

dev1ce. is approxunately $3, 600 000 oY ' R (UNCL)
" E. CAULDRON

= 1: The Athabasca oil sa.nds (albo called tar sands) underhe

..
r




Canada. It has been estimated that some 350 billion barrels of oil

are entrapped in these sands. These sands are buried under varying
amounts of overburden ranging in depth from 0 to 1, 200 feet. Since

the beds of oil sands rarely exceed 200 feet in thickness, it is at

present possible to remove up to a maximum of 50 feet of overburden
before the strip-mining operation becomes-uneconomic. This means

that only.2% of the fields can be strip-mined-economically. To ex-

ploit the remainder, some method of "in situ! recovery must be

found. (UNCL)

2. The Richfield Oil Company, has proposed that a nuclear

device be dgonated in the Athabasca oil sands in order to demon-

strate the feasibility of using nuclear energy to effect an"in situ"
recovery. The nuclear device would be located in the oil sand f{6rma-

tion and upon detonation would heat the surrounding oil sand. One of

the properties of the oil sand is that upon heating to 100°C., the vis-
cosity of the oil is reduced -sufficiently to-petrmit the eil to flow and to

be pumped, The viscosity remains low even upon subsequent cooling

of the oil sands. Consequently, the-nuclear -detonation would in effect
produce an oil field. . (UNCL)

3, The site selected for the proposed experiment is the Pony
Creek Reservation in the Province of Alberta. In this area the oil
sands are.about 180 feet thick-and are located 1200 feet below the
surface, (UNCL)

4, The Richfield Oil Company has proposed that a 10 KT
device be detonated at a depth of 1300 feet. This-company in con-
junction with other oil companies, has stated that they are prepared
to assume the complete cost of the project including the cost of the
nuclear device. At present the oil companies are seeking approval of
the Province of Alberta and the Dominion of Canada to proceed, It is

expected that the Dominion of Canada will request-the U,S, Government
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F..- VINTAGE

to enter into negotiations which: eventually would ‘result in the per--

formance of ‘this experiment. . v e N (UNCL)

B Studies of extractlon of 011 from oil shale W1th the use of NE
are presently. underway by the Burea.u of Mines a.nd some oil com-
pames. This progra.m. known as VINTAGE contemplates the use
of a contained nuclear detonation to-shatter an oil shLaIe formation
and th_e“n to retort the oil in place, At present there is no e;;perirnent
scheduled in this field, ' However, studies are, continuing and pre-
liminary results suggest that the project is feasible. - (UNCL)

G.  WATER RESOURCES DEVELOPMENT

Studies are belng conducted to determiné if NE can be used
to increase the supply of underground water. These studies)- in-
formally known as Project AQUIFER, .are 1nvest1ga.t1ng the pos si=
bility of us1ng NE to produce underground water ‘storage areas by

producing a- crushed reglon in an ex1st1ng 1mpermeab1e reg1on and-

“to shatter 1mperv10us layers that are found over exlstmg potent1a1

water storage sites. The island of San Clemente, off the coast of
California, is presently being studied as a pos51ble site for the

creation of‘an -artificial aqurfer. ‘San Clemente is U S. Na.vy

property; and the U, S Navy is performmg, ‘in conJunctmn with

LRL;’ meteorolog1cal and geological studles of the 1sland . - (UNCL)

H., MISCELLANEOUS INDUSTRIAL PROJECTS °

In-addition to ,th_e projects described above; sé€veral other
indust-rial applications of :NE have been-suggested. Thesé projects
are being studied in various degrees. but none of them have adyanced
to the point where a specific site or project has been chosen. Some

of the, suggested projects are:

33
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1. Increasing yield of conventional oil wells.
2. Construction of underground oil storage tanks.
3, Ore mining --
a. Block caving mining--NE would be used to crush
a large ore body and the ore then drawn off from
‘the bottom of the deposity
b. Leaching--NE would be used to crush a large
ore body through which-a fluid would be circu-
lated to leach the ore.
4, Construction of ‘geothermal steam plants--NE would
be used to increase the permeability in the region
of an existing steam~bearing formation.
5. Construction of various harbors and canals.

6, Production of crushed rock. (UNCL)

I. SCIENTIFIC APPLICATIONS

1, .This report has concerned itself primarily with the indus-
trial applications of NE; however, it is felt that, for completeness,
some mention should be made of the various suggested purely scien-

tific experiments involving NE, (UNCL)

2, The tremendous flux of neutrons emitted from a nuclear
detonation suggests that many experiments, prev*iously~ considered
beyond the realm of ﬂpossibility. can now be performed. Among the

experiments being investigated at LRL are:

a. Neutron--neutron scattering.
b. ‘Neutron spectroscopy.

c. Neutron polarization by double scattering. (UNCL)

3. There has been an expression of interest by several

agencies in the application to seismological studies of the high energy
release available in a nuclear detonation. (UNCL)

3L




4, The Los ‘Alamos Sc1ent1f1c La.boratory (LASL) is pursuing
a prograrn called SC1ent1.f1c Applications of Nuclear Exploswes (SANE),
whose name is self-explana.tory. This is a new program f_or LASL_ )
anu no attempt is.made in t:h1s ‘paper to report on it. .Pertinent informa-
tlon on SANE howeve.r, w1ll be reported subsequently as it becomes

available. - . . ‘ . (UNCL)




R,

III. NUCLEAR DEVICES

A, DEVICE CHARGES

1. The AEC has released the following information as to
size and charge for nuclear detonations for peaceful uses. The
figures aijply only to PLOWSHARE and are not to be used for nuclear

weapons.

"The charge for fabricating and firing a device 30
inches in diameter and of a few KT yield, all from fission,
would approximate $500, 000 when made available in small
numbers,

"The charge for fabricating and firing a device 30
inches in diameter of a few 10°s of KT yield, all from
fission, would approximate $750, 000 when made available
in small numbers,

"The charge for fabricating and firing a device 60
inches in diameter in the yield range up to 5 MT, of which
5% of the yield was from fission and 95% from fusion,
would be approximately $1, 000, 000 in small quantities.

"In the event of multiple firing in the same location,
or in using large numbers of devices, the charge for firing
would be substantially reduced,

"These charges are only those incident to the fabri-
cation of the device, emplacing it in its firing location,
making the firing attachments, firing, and studies to
assure public safety and to determine the results of the
detonation., It does not involve such possible activities as
preparing a hole or other structure for the firing or

studies to determine the results of industrial utility,® (UNCL)

2. Figure 5was derived from the above guidance and may be

used for interpolations of charges and yield information, {UNCL)
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B, DESIGN OF NEW DEVICES

LRL is investigating the feasibility of designing special
nuclear devices that are more economical and cleaner than those
described in paragraph A above., Devices that are to be used in
PLOWSHARE projects are not necessarily governed by limitations
of weight, size, vulnerability to enemy action, and other character-
istics of importance to the military. The elimination of these
restraints makes possible a completely different class of nuclear

devices. ’ {UNCL)
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of -California Lawrence Rad1at1on Laboratory, July 3, .1958,
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University of Cal1forma Lawrence Rad1at1on Laboratory. September-8,
1958. . - . B .

.

Subsurface Nuclear Explosion for Seismological StudiesDuring ‘Inter-
national Geophysical Year, SCIM 247-56('5‘[), W. R, Perret, Sandia
Corporation, July 18, 1956 .

: Rad1atton Laboratory, December 1958.

Curves for: Estimating Low Blast Overpressures, SCTM 195 58(51), )
L.J. Vortman, Sandia Corporat1on, Apr11 1958. o T

A’ Nuclear Explosmn to Determme the Effect on Hurncanes Durzng the
International Geophysical Year, SC_TM 2%-3’6(51), J W Reed,. Sandia

Corporatlon, August 6,-'1956.

Phenomenology of Contamed Nuclear Explosions, UCRL-5124(Rev. 1),
G. W, Johnson and C. E, Violet,- University of Callforn1a Lawrence

Surface Mot1on from an Underground Detonat:on, ITR 1528, L. M,
Swift, D.C, Sachs, J.L. Brenner, and wW. M, Wells, Stanford Research

Institute, October 15, 1957

Subsurface Motion from a Confined Under round Detonation - Part. I,

ITR-1529, W.R, Perret, Sand1a Corporation, October I‘§57

Surface Motions from an Underground Explosmn, WT- 1530 D.s.
Carder, W.K, Cloud, L.M. Murphy, J.H. Hershberger, U.S. Coast
and Geodetxc Survey, J'une 1958. - : L .

- Subsurface Accelerat1ons and Strams from an Underground Detonation -

Part II, WI-1531, F.A, Pieper, A.C. Tiemann, R.H. Sievers, Jr.,
U.S.- lrmy ‘Engineer Research and’ Development Laboratones, . '
October 1958, - v

. Photographic Analysis of Earth Motion, Shot Ra1n1er, WT 1532, Staff

of Edgerton, ‘Germeéshausen & Gner, Inc. » May 1958,
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Preliminary Summary Report of Strong-Motion Measurements from
a Confined Underground Nuclear Detonation, ITR-1499, W_R, Perret,
Sandia Corporation, and R.G. Preston, University of California
Lawrence Radiation Laboratory, June 15, 1958,

Temperatures and Pressures Associated with the Cavity Produced by
the Rainier Event, UCRL-5281, G.C, Kennedy and G, H. Higgins,
University of California L.awrence Radiation Laboratory, July 1958.

Temperatures from Underground Detonation, Shot Rainier, WT-1527,
T.C, Goodale, B, Ragent and A,H,- Samuel, Broadview Research
Corporatmn, A,.L, Anderson, D.E, Nielsen, and.J,L,.Olsen,
University of California Lawrence Radiation Laboratory, July 1958.

Deep Underground Test Shots, UCRL-4659, David Griggs, Rand
Corporation and Edward Teller, University of California- Lawrence
Radiation Laboratory, February 21, 1956,

Evaluation of the Ground Water Contamination Hazard from Underground
Nuclear Explosions, UCRL-5538, G, H, Higgins, University of
California Lawrence Radiation Laboratory, April 8, 1959,

Properties of the Environment of Underground Nuclear.Detonations at
"the Nevada Test Site - Rainier Event, UCRL-5542, S, E, Warner and
C. E, Violet, University of California Lawrence Radiation Laboratory,
April 1959,

Large Scale Excavation with Nuclear Explosives, UCRL-5457, C, M,
Bacigalupi, University of California Lawrence Radiation Laboratory,
January 1959, .

Mineral Resource Development by the Use of Nuclear Exglosives,
UCRL-5458, G, W, Johnson, University of California Lawrence
Radiation Laboratory, February 5, 1959,

Application of Nuclear Explosions to Qil-Shale Utilization, Bureau of
Mines, Laramie Petroleum Research Center, January 1959.

Estimating Nuclear Explosive Requirements for Canal Excavation,
SCTM 432-58(51), R.H. Carlson, et al., Sandia Corporation,
November 1958,

Minimum Yield of Nuclear Explosives Réquired for Canal Excavation,
SCTM 450-58(51), R.H. Carlson, et al,, Sandia Corporation,
November 1958,

Underground Mining with Nuclear Explosives, SCTM 53-59(51), R, E,
Smith, Sandia Corporation, April 1959,
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Earthmoving by -Nuclear Explosives, SCTM 78- 59(51), M L. Merritt,
Sandia Corporatmn, March 1959 S

Relative Craterin Efficiency of Nuclear Explos1ves, SCTM 114- 59(51),

L.J. Vortman, andia Corporatmn, April 1959.

The Constructmn of Underground 011 Storage Tanks Ut111z1ng_Nuclear ) '

Exploswes, SCTM 233- 58(51), R.H, Carlson, Sandia- Corporatmn.
April .

A New Approach'tc Heat and Power Generation from Contained Nuclear

Explosions, A CONF,15 P 2171, F.B. Porzel, erour Research
Foundation, Ilinois Inst, of Tech,, Ch1cago. _

Completion Report - " Project CHARIOT Phase I. Operatlon PLOWSHARE,
AT‘;CU-4039. Holmes and Narver, Inc., 1958. . )

Some Peacé Time, Uses for Nuclear Weapons, ARF-TM-D-1, F,B. Porzel,

Armour Research Foundation, I11m01s Inst. of Tech., September 23,
1957. .

Analytic Solution for Spherical Shock Wave with Constant, Compressed

Density, ARF-TM-D-7, E.B., Porzel, Armour Research Foundation,
Tlinois Inst. of Tech., Ch1cago. o

i

Fluid Thermody'namm Properties of a Gas- Solrd M1xture, ARF-TM-D- 6

F.B. Porzel, Armour Research Foundatmn. Olinois Inst. of Tech.,
Chrcago.

Capsules of Contamed Energz. ARF- TM D-13, F. B Porzel, Armour

Research Foundatlon, Ill1n01s Inst. of Tech., Chxcago.

Evaluation of Temperature and Y1eld of an Unde_ground Nuclear

Explosion, ARF-TM-D-15, R, Budenholzer and H.J. Nielsen,
Armour Fesearch Foundation, Illmors Inst, of Tech., Chicago,
February 26, 1958. " _ - - S ST -

_Constructive Explosidn's - China, G.L Pokrovskii. Teknika.Moiodezhi,

No., 7, 7(1957). Physms of Earth -Works, G.I. Pokrovskii: Ibid,
No. 2, 9- 12(1953). - Beginning.of an Era of "Atomic Energy, G.
isokrovsku, Ibid, No. 9, 2- 6(I9S4Y -Translated by ‘Sergei Shewchuck.
UCRL-Trans-3§8!LS Umv. of Cahforma Radiation Lab.. leermore.
Jan. 30 1958,

Photographic Analysis of_Eart'h' Motion, Shot Rainier, Project 26, 4f

of Operation PLUMBBOB, WT=1532, Edgerton, Germeshausen and
Grier, Inc., Boston, Mass. and Las Vegas. Nev., May 1958,

Cratering Produced by Nuclear Weapons, TM-179-53- 51 Q-36244,
W.R. Perret, Sandia Corporation, January 21, 1954, (CRD)
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Prediction of Craters from Nuclear Weapons, TM-205-54- 5‘1.
A-42293, W.R, Perret, Sandia Corporation, September 10,
1954, (S:RD)

Contamination from Commercial Thermonuclear Explosives, SCTM
130-56-51, B.L. Tucker, Sandia Corporation, July 13, 1956,
(SRD) . :

Earth Mcving with Nuclear Explosiens, SCTM 11-57-51, Ref. Sym:
7223(364), L.J, Vortman, Sandia Corporation, November 30,
1956, (SRD)

Fallout Radiation from Clean Nuclear Surface Bursts, SCTM
333-57(51), M, Cowan, Jr., Sandiaz Cerporation, December 13,
1956, (SR D) .-

The Possibilities of Reducing Neutron-Induced Contamination of .
Underground Bursts, SCTM 26-57{51), J. R. Banister, Sandia
Corporatinon, August 1957, (SR D)

Advantages of Participation at Ripple Rock, SCTM 272-57(51),
L.J. Vortman, Sandia Corporation,. Septemher 20, 1957, (OUO)

Neutron-Induced Gamrr;a‘. Radia.tim:z frem Nuclear Air Bursts,
SC-3800(TR), M, Cowan, Jr., Sandia Corporation, November
1957, (SR D)

Seward Peninsula Harbor Preject Investigation, SCTM 78-~58(51),
D, M. Hankins, Sandia Corporaticn, February 10, 1958, (OUOQO)

The Price of Centaining Radivactivity ir. Digging Craters, SCTM
384-58(51), B.F. Murphy, Sandiz Ccrporatior, October 1958,
(CRD)

The Construction of Geothermal Steam Poarer Plants Utilizing
Nuclear Explosives, SCTM 52=-59{Z1), R.H. Carlson, Sandia
Corperation, June 1959, .

Crater Studies - Desert Alluvium, SCTM 119-59(51), B.¥. Murphy,
Sandia Corpeoration, te be published.

High Explosive Cratering in Farglomerate, SCTM 60-59(51), L, J,
Vortman and L. N. Sckofield, Sard:a C:rroratinn, to be published.

Capabilities of Atomic Weapons, TM 23-200, Department of Army,
Navy and Air Furce, November 1957, (CONF)
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_ FILMS

Industna.l Apphca.tmn of Nuclea.r Explos1ves. (1958). Produced by

Palmer Films, San Francisco, for.the University of California’s

-Radiation Laboratory {Livermore), AEC. For sale by Byron, Inc.,
1226 Wisconsin Avenue, N, W,, Washington 7, D.C,, .at $29.08 per

print, including’ shipping cise, F,O,B, Washington, D,C, .-Available -
on loan (free) from AEC héadquartérs and field libraries. Cleared

- for television. 1l-minutes, 16mm, color and sound.

(. ‘ .
Underground Nuc¢lear Detonations. -(1959). Produced. by University
of California”s Radiation Laboratory (Livermore), AEC. Unclassified,
10 minutes, 16mm, sound and color.

All of the above references are unclassified unless otherw13e stated.
The Blbhography is UNCLASSIFIED ’
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