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I. Introduction

This is  not an original paper, but sisaarlMM-the work of aany
/

investigators in widely varied fields of interest. For detailed discussions 

on these and aany other Plowshare applications, the reader Is referred to 

the Proceedings of the Second Plowshare Symposium of Msy 13-15 held In Gan 

Francisco. For a broader background, referral Is also nade to  the documents 

listed  in the Plowshare bibliography. Coplee of individual docunsnta as
" V -4 y  h ?  fr o * * '  M |  a  t+ 'M*t t*>i t + j r *  m

well ae the bibliography may be obtained frsn the Iawrenoe fedlatlon 

Laboratory.

Due to the stringent requirements of tins we can only touch briefly 

on tbs highlights of the various Plowshare proposals, as they pertain to 

engineering geology. For convenience theee have been placed in four 

categories.

1. Earth Barring

a. Harbor
*

b. Mining

2. Aquifers

3. Petroleum

a. Oil shale

b. Underground o il storage
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4. Underground power 

a. Project Gnome

* b. Improvement of geothermal sources

n. Applications

A. Earth Moving

chariot

Project Chariot is the proposed excavation of a harbor on the 

northwest coast of Alaska. I t  v i l l  be our f ir s t  experiment in Large scale 

excavation by the use of multiple nuclear charges detonated simultaneously 

or in close succession. Figure 1 shova the location of the proposed hafbor 

excavation s ite . Although the reasons for selection of th is  s ite  wore based 

^  - on crite ria  other than geological, e .g ., remoteness, under direct U. S.

control, and possible future economic potential, ouch of the preliminary 

investigation and support work vas of a geologic nature. Figure 2 is  a
\

photograph of the Chariot site . Geologists from the USGS, Menlo Park 

(Kachadoorlan, e t a l, 195^) investigated th is region to gather basic geologic 

data and decide on a  promising location. After the s ite  vas selected nearly 

a l l  of the investigatory work in the summer of 1953 vas geological In nature. 

Ibis included:

1. On-shore surface geological mopping

* 2. Off-shore submarine geological studies 

3. Topographic mapping of the land area

k.  Hydrographic napping of the off-shore area.
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Fig. 2. Photograph of the chariot site.
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The surface geological studies Indicate a s  such as 30 fe e t of 

ellvrvlua underlain by 500 to  1200 ft* of Ju rassic  auditor*, s i l t  stone, 

and gmywachs (highly defomad) of the TlgluXpuX forest ion. Underlying the 

Tiglukpuk Is  approximately ^00 feet of a r g i l l i t e ,  roaslllferous l i a s  stone, 

chert and shale, o f the Shublik tarnation of T rla ss ie  age. n i ls  re s ts  

conformably on top of the chert end thick-bedded green a rg i l l i te  of the 

Persian SlksUpuk tarnation . The base of the section Is  the KLsslsslpplan 

Usbum o group, a bedded lla e s to n s , which Is  lo ca lly  cherty and s la ty .

The Llsbume, share exposed, Is  In fau lt contact v lth  the overlying 

Persian a rg i l l i te  (Kechadoorlan, e t a l ,

Excavating In pensafrost, or pe ren la lly  froten ground, la  of 

In te rs  a t  froa  an engineering geology viewpoint. In particu la r, the two 

boundaries, upper and lower, a re  of special concern. The upper boundary Is 

always a  problaa In ths construction of surfkes struc tu res. Us o rig in a lly  

thought th a t th s  exceeding o f  the lower boundary would be « p rob Isa  in  device 

eap laceam t, as sensitive equipment sigh t then fin d  I t s e l f  In a  wet environ- 

se n t. This fear was allayed in  ths coures of d r i l l in g  two holes during ths 

cvaaer o f  1939, one to  nearly  600 fee t, and the o ther to  1172 fe e t. Since 

the d r i l l in g  was e n tire ly  in s tm ts  which was found to  contain not s e n  than 

24  water, the problm  of the  bettoe of the hole flooding with water would 

probably not a r ia *  I t  i s  not toown i f  the  aero degree leathern has been 

reached, because the tsapsre tu rn  in ths f i r s t  hole has not as yet returned to 

equilibrium  a fte r  the warning e ffe c t of the  d r i l l in g  flu id  (C. Bacigalupl, 

personal ecnnn loatlan ).

I
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Gone guesses as to  the thickness of the p e im fro s t have been Bade 

by USOS personnel. Kachidoorlan (op. c l t . )  believes I t  to  be 500-600 fee t. 

Lachenbruch, In a theoretical discussion of the ocean as a heat source (195V 

end 1956), shown th a t I f  the shore lin e  has been stable long enough to allow 

a temperature equilibrium between land and sea to be reached, the peraafroat 

night be o s l l t t l e  as 1*50 feet th ick  near the shore. I f ,  however, the sea 

has been transgressing, the permafrost w ill be ouch th ick er. That Is , I f  

the heat source of the ocean has not been affecting the adjacent land long 

enough to  allow i t  to  absorb the fu l l  quota of heat Bade availab le  by ther­

mal diffusion from the ocean, then the coastal land w ill be colder than 

expected. The second taasKr's f ie ld  work indicates the th ick er estiaate  

nay be nearer the true case (Khehadoorlun, personal co— in icatlon). Evidence 

of an advancing shoreline was found by Khchadoorlon In drowned wave-cut c l i f f s .  

But he also found beach gravels Inland a t elevations o f 375 fee t above the 

present level o f the  oca, indicating the shoreline had a t  le a s t  once tran s­

gressed fu rther than I ts  present loca tion . The Pleistocene geology of th is  

region presents nony fascinating questions to geophysicists studying heat 

flov, as well as to  engineering geo log ists.

The aaln  problem confronting the fie ld  workers has been the slough­

ing of the Mudstone into the hole. Ib is  has occurred due to  the two factors 

predicted by Kkchadoorian ( 1958) v is . the  splintery nature o f the bedrock, 

and the thawing of the psnsifrost by the  d rillin g  flu id . I t  appears th a t the 

former d if f ic u lty  could be overccae as long ss the a a ts r la l  remained frozen, 

e .g . a fte r several days of non-operation. But as soon as c ircu la tion  o f the 

d r ill  lng flu id  was resumed, the highly fractured nature o f the  mudstone

impaired the d r i l l in g  progress. (Kachadoorisn, personal cosm nlcatlon,
•

G»pto«ib«r 1959).
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Tha depth f non the surface to the top of the lee seems to be e 

function of et tenet three vnrtnblee:

—  thereel conductivity of the rock

salinity end enount of Lnteretltlel water 

*•« warning by the eun.

In general, the permfroet will be nearer the surface in unconsolidated 

depoelto than in bedrock areas, since the former hare a lower the real 

conductivity. In addition, the unconsolidated deposits are mantled by 

ragetatIon which le on excellent insulator. The depth to permafrost in 

unconeolldated depoelto le of the order of 1 to 2 feet, whereas in bedrock 

areas this is about 10 feet. On the other hand In modem beech deposits 

and earlne sediments where Interstitial water la highly eallne, the unfroten 

water acts as a heat source, and the depth to peraafroot la from 15 to 25 

feet below the surface. Areae of poor drainage show a shallower depth to 

pexmfroot than those of good drainage. The effect of warning by the sun 

le seen In the fact that the vest facing elopes have a greater depth to 

peraafroot than similar geologic materials on other elopes ( Kachadoortan, 195&) 

The chief problem to be considered Is the closure of the harbor 

entrance by longshore transport of beach materials. Prior to the U9GS 

Investigation of the svaner of 1956, very little data were available regarding 

currents, directions of prevailing virile and waves, strength of currents and 

general climatic conditions of the Ogotoruk Creek area. The conclusions 

they reached were therefore on the basis of a two sumaers of data collection. 

All of the following data are from Kachadoorlan (1958# P 26-32): The heavy

t
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•tores that originate vlth south easterly winds and which veer southwesterly, 

present a serious problem. Longshore transport was most active during such 

■tores because the waves struck the beach ot oblique angles with a fetch 

sufficient to create waves of moderate wave-length and height which actively
•

eroded the beach and transported eaterial along the shore predominantly- in 

on easterly direction. At the observed transport rates, a moderate storm 

would carry material into the harbor entrance at a rate of about 5 cu. yds. 

per hour.

Phase II of Project Chariot is a continuation and expansion of 

studies started during Sumner 1958# and U  being accomplished between JUne 

and October 1959. Sos» Information will be obtained during Winter 1959- 

In addition to the geological, there will be biological and engineering 

studies and inveeti gat ions bearing on the radiological and cratering effects 

on the rock of the nuclear explosion. Phase III could start amner i960 

with detonation planned for approximately April 1961. The excavation will 

be accomplished by a nearly simultaneous detonation of 5 nuclear devices.

The main bowl of the harbor will be formed by two 200"kt devices burled at 

on actual depth of approximately 700' and spaced approximately 775* between 

centers. The entrance channel will be formed by three 20-kt devices buried 

approximately 375' deep and spaced UoQ' apart. See Figure 3. Each of these 

devices will be emplaced in a 36" diameter cased hole, tamped with a high 
density, low freezing point, drilling mud. These explosives are calculated 

to produce a harbor with a turning basin approximately 950 yds. long and 

550 yds. wide and au entrance channel approximately 600 yds. long and 250 
yds. vide. It is anticipated that the cuspa of the overlapping circular 

craters 'vlll be minimized so that the sides and bottom will be relatively 

smooth. Figure 4 shows the approximate
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Fig. 4. Harbor p ro f ile  shoving approximate dimensions.
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dimensions envisaged in the harbor profile. Asswlng a required depth of 

30 feet in the turning basin and entrance channel, then the total useful 
volume of the excavation will be approximately 5 million cu. yds. (Bacignlupi 

1959)-
It is stressed that Project Chariot is a scientific experiment and 

does not have to show an a priori economic Justification. Us hope to gain 

valuable data on nuclear excavation and radioactive debris containment to be 

•applied to other areas where Large volumes are*required at minimus cost.

Mmwo
On the basis of three mining engineering studies (C. R. Adolnann, LRL; 

F. Staith, and T. R. Young, Colorado School of Mines Research Foundation; R. E. 

asith, Candle Corporation) it appears that nuclear explosives will become 
economic, or at least competitive with conventional methods when any of the 

following conditions are operative:

a. a very large else, low grade ore body e.g., a 50 million ton, 0.5$ 

copper ore body (Smith and Young, 1959) • Shis is most economic 

when followed by ln-altu leaching. Figures 5> 6, and 7 offer a 
diagnostic representation of how this might work.

b. a deep-seated ore body, too expensive to mine by conventional methods. 

This becomes economical only if It Is large enough to warrant a 

megaton explosion end sufficiently deeply buried to allow an explosion 

of that magnitude t«i«, 1 megaton excavates 30 tines as cheaply per 

unit yoIu m  as a 10 let explosion (Adelmann, C. R., 1959).
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HUL-7320

SHAFT

Fig* 5. Section of ore-body which night be caved by nuclear 

explosives. (After Smith and Young).
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Fig. 6. Plan Ylev of l400 ' level o f ore body shown in  fig . 5- 

(After Smith and Young).
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4 Schematic illustration of the use of NE to aid ground water problems.

0
1

Fig. 7. Case of permeable layer overlying impervious rock. Shows tvo possible solutions: a/collecting 

fresh water in one reservoir; b/using another reservior, closer to the sea or other area of 

contamination, as a pumping basin.
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c. an ore body which cannot be mined by normal block caving methods 

(Usually a re la tiv e ly  Inexpensive technique) due to improper 

caving properties of the rock, i . e . ,  ( l )  the ore body w ill not 

cave, (p) tne caprock does not cave with the ore, or ( j) the ore 

caves in a non-uniform way due to s tru c tu ra l irre g u la ritie s  such 

as fau lts , dikes, s tn c t / 'r a l ly  re s is tan t zones, p a rtia lly  caved-in 

nine workings, e tc . The nor. earing of caprock is  a hazard l’o r the 

miners, while the non-•ni. form cavlnr of the ore makes mining opera­

tions both d if f ic u lt  and expensive (ftaith, R. E., 195f»). I t  la  

believed that a nuclear detonation would create  a  nearly homogeneous 

mass of crushed m aterial by completely fracturing the c lose-in  rock. 

The advantages th a t would th fs accure are the ease of handllnr of 4 

the ore in the transporta tion  systems, artd the reduction o f  crushing 

coots a t the m ill.

Several o f these workers have called  atten tion  to  the obvious advantage that 

H E has over H K in th a t the former liao the two fold property of elim inating 

overburden a t  the same time as Blattering ore, in open-pit or quarry type 

mining operations.

C. R, Adelmann (op. c l t . )  points out th a t even I f  no other j u s t i f i ­

cation fo r HE can be fotsid, the very rapidity  with which an ore can be mined 

In bound to  accrue a saving in In terest charges and cap ita l tie-up. lie c ite s  

the Chariot project which w ill s tr ip  an area nearly one mile long, 1000' 

(average) vide, and 200' (average) deep of 15 20 million yards of d i r t

and rock in a matter of m illiseconds. Time may a lso  be the ju s tif ic a tio n  

for NK »rhen excavation programs must be done in a hurry duo to unfavorable
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vlnter Ice and snow conditions or other seasonal and climatic factors. 

Speaking about time, Adelnami has further suggested the possibility of 

speeding up geologic tine by chemically initiating a secondary enrichment 

process in the breccia artlfically formed by a nuclear explosion.

B. Aquifers

Studies have been undertaken at LRL to determine the mays in which

and Zodtner, 1959)- First a word as to why such a grandiose idea should

vere noted in underground nuclear detonations at the Nevada Test site: 

There vere fomed

These lead naturally to the suggestion that some ground water problems, which 

are no more than .permeability problems, might be solved by inducing this 

property in a rock by means of an underground nuclear detonation. .Host of the 

ideas since have proposed capitalising on the increased permeability zone 

rather than the decreased permeability of the crushed zone.

porosity on a scale large enough to have meaning in the ground-water sense, 

It a vain one. Anything greater than a purely local small-scale reservoir 

would probably not be formed with a kiloton device. What is hoped for. is 

to be able to create permeable channels through impervious layers which bar 

rainfall or natural runoff from reaching good quifers at depth.

1. an area of increased permeability, the "fractured" zone pluz

the collapsed material from the overlying chimney, and

2. an area of decreased permeability in the "crushed tone"

close-in to the detonation point.

At the outset, it must be caphasized that the hope to create any
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Tome o r the situation!* which suggest the p o ss ib ility  o f nuclear 

remedy are as follovs:

1. 'rhe ra th e r caraon s itua tion  of an impermeable clay , s i l t ,  shale, or 

s la te  overlying a permeable reservoir In an area of adequate p rec ip i­

ta tion  or surface flow. A permeable conduit properly placed could 

salvage m ill ions of acre fee t from wasted run o ff . flg ttlt

2. A water bearing strat.nn with adequate recharge but so low a permeability 

th a t pumping rates are undesirably low. FiftUI* 9*

3. Off channel subsurface reservo irs in areas where surface storage «, 

space Is meaner, or where evaporation rates are  extreme!,' h i;’h.

(In come arid  areas evaporation can amount to o*‘ th i  to ta l volume.) 

Figure 10.

4. the inverse or the a lt 'a t.io n  illu s tra te d  in Figure , i . e , ,  a permeable 

s t r a tm  overlying an Impervious rock, In which the ground water is  

loot e ith e r  by underground f  towage to the sea, to  a  poorer quality 

aqu ifer, or contaminated by sa lt  water encroachment. In a l l  of

these instances one might b la s t  a collecting basin in the lower 

impermeable rock to co llec t the good water and In h ib it the losses 

outlined above. Dr. 3. Davis of Stanford University (personal 

communication) lias suggested a modification of th in  idea in the 

b lasting  of a reservoir near the area of contamination to be used 

as a trumping basin. PigUtfi 11.

C. Pei role urn

OIL flHALE

Nuclear explosives have captured the imagination of the Oil-Shale 

researchers, who would like to exp lo it the mediant cal energy of the dr/ice



Schematic i l l u s t r a t i o n  o f  th e  u se  o f NE to  a id  ground 

w ater problem s.

SURFACE

WATER LOST ♦

1 -  IMPERVIOUS ----
—  LAYER -------

f . » s j  x i t  ........ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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F ig. 6. Case o f  impermeable s t r a t a  overly ing  perm eable rock.
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Schematic illustration of the use of NE to aid ground 

water problems.

LOW PUMPING RATE

A
HIGH PUMPING RATE
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z s ------------ \----------------- f -------------- -  - ~-----

MUL-74 30

Fig. 9* Case of water bearing strata of low pumping rate.
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Schematic i l lu s t r a t io n  of the  use of NE to  a id  ground 

water problems.

SURFACE STORAGE SUBSURFACE STORAGE

LIMIT OF ARTIFICIAL 
----------- .LAKE

RIVER RIVER

MUL-7428

Fig. 10. Case of off-channel storage of water in subsurface reservo ir

created by explosions.
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Schematic Illustration of the use of VC to aid ground 

water problems.

ACL WATER LOST TO SEA

SURFACE

«• * • +  

‘ * •• i’.*
• %  •  > i • \

...... . PORCJS ROCK

'  ' v  *; ^  yV
/, 'v A  \ A  / ’T,6HT' *°c«

MUL-MtN

SOME WATER SALVACEO IN FRACTUREO 
RESERVOIR IN IMPERMEABLE ROCK

#• ••. a •

V/t PUMPING BASIN 
TO ELIMINATE 

SALT WATER

Pig. li. Case of permeable layer overlying iaperrious rock. Jhovs 

two possible solutions: a/collecting fresh water in one

reservoir, closer to the tea or other area of contanination, 

as a punping basin.
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%f u tilising i t  for removal of overburden and U n t-» c tl«  break- (p or ore. 

Prominent in th is research hot been ifcXtar I. R. Murphy, the co-ordinotor or 

the OU S a le  at the taiaaie Fetroie n Research Center, Bvreat of

HUktt# termsie. Ifyrtiyg. they clan to  i t i l l i i  the heat of cortb stion or the 

residual carbon Us the ehelc In an in-aiU* production of o t i  from the ehel*. 

(note: the Colorado "oil-shale' is  a ten* eneceo •• narlstone. finely Uni noted. 

conaleUnr of dolomite, c e le iu ,  eldsper. quart* and l l lU e  f U  ). Tat 

I Figaro* 12 and 1J. fgjp

| t h e  ftoUMtftg i t  r^eai ed froa the work or Walter I. R. Mifphy (19^9)* 

Tor sow? tlms, and with sene le* nee or success, In s i t i  ecafe .alien  projects 

hove been conducted in  various net. role-.«  reservoirs. Thtae la t  e r d iffe r  

froo o il  sta le  bods in  two no. or feat res:

1. "he net re o the organic m aterial, liquid In o?ve case and solid in 

. the o ther, awj§v

2. TNi absence o ' permeability In o i l  alole.

I t  la  hoped th a t a mass panaaahllihy- mi, fct be ind ued in the shale by the 

exaloslw  and that the coal attorn asea, which love to pass thro  rh the pores 

of an o il  reservo ir, w ill be able to trav e l Uvrou-h the in d eed  fissures and 

cracks in the o i l  shale.

JU an exasmle, there is  s o f f i t la a t  potential o i l  In the %hormny 

I rone of the :<raer River flo le  to permit economic In s itu  operation. Tbe 

porosity of the mineral aatrix  l# tn the xapg* of that o f reservoirs fn o  

which naiw le O has been recovered in in-alru. projects, 'five pat—ab ility  of 

• the  shale, h o ovsr, Is  zero, since the pores of th t a lneral matrix are f ille d  

with solid or ante B atter, and the oucceas of Use pro ject depends lu p ly  on
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Plft. 12. Photograph of typical Colorado Oil 'hale.
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th* extent that rmsa paimsahllity can be indeed by the me leer explosion
*

i r i e f l l ,  Urn ia -a itu  catenation process for recovering pet r o le «  

involves i*?tittnr the o il  in m poro t* reservoir rock and driving a catenation 

tore U iro^h the reservoir tov*f4 V illa  with coopreseed a i r ,  with

which recycle HMl.lt cone t i e r  3 Mended OnhuatlOD prod-vres ho* meet which 

force the o i l  and water la the reeervoir to productnr v a lla  (toe i r  re 1*0 . 

la  the bam iii’ front moves alowly Trm the a i r  te ^ e t lo n  well to the production 

well, several o i l  displacement ajMxaniW* arc operative, -lean produced 

froa eote> a t  Ion and f  rora omaMor water prod ires a  condensing fM R  drive 

ahead of the front, itsat fro* tba staaa radices the v locos 1’ o the o il  

and promotes displacement, tooeo a co»>’ a t  Ion prod- c ts  Heat the o il  and 

Increase H a Mobility furt her by dissolving in i t ,  allowtn, tha reealnlnf 

catenation ranee to d ies  alwsad none readily. Hild eraekiry prod .ces ligh t 

hydro carbons which Mend with the o il to prod ice a  a la c tll*  drive, i^cnaal 

encrf.Y la  a lso  transferred to  the o il by contMcUon through the sand aiwad 

of the bunting front.

In an la*situ  s to le  o il  production process an add! Monal t o e t t s o  |  

au*t to  carried  i d .  Oil aunt to fonaed by the destructive d is t il la t io n  of 

the so lid  o rjan 'e  eat t e r . . Heat for thin d is t i l la t io n  process w ill cane free 

the catenation of residual cariw i. a s . and i f  necessary, saw of the o i l .

T^ic converfilon vast be accomplished before the o i l  can to driven to the 

producing veile-

’.lie o i l  tha t aa  be  formed froa the o r  a n ic  content of s to le s  t r  

the toho. any  sone v a rie s  from 10 to '*$ a  lion c per to n  o r 00 to  k  000 

ba rre ls  p er sere* oo t. At 90t#V the o r a n i c  n o to ria l decomposes: •-> velfdit

per re n ’ to  o i l ,  to rms and 25? to  cote, the la* u -r remain i n - on th e  spent

shale .
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In the tsore common type of petroleum rteervoir. (After 
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Preliminary at idle# of in -s itu  shale o il  n e w e r )  utlllai3ig a 10 ki 

nuclear device suggest that 300,000 tons or sore o.‘ Iroken abate w ill bo 

n reduced In a  rourhly spar le a l  tone of radius 100 fee t. If  a l l  tba boat 

neloaned by the device were t l l i i e d  in heating abed* to the re to rtln r 

temperature of '>00°.', there would be produced 10 a ll l io n  standard cubic Poet 

o f ;ma and l$,000 barrels o f o i l .  (See Pleura V^.) Ib is  is  probably an 

o p tia ls tic  estimate, and tlx ac tu a l val * s  will lavs to  be date rained la  

post.shot investigatory worfc, berort the In -situ  experiment Is begun. It 

would bo wore advantageous I f ,  Instead of heating the shale to re to rting  

temperatures, ths thermal energy dtsalrated rep M l; through the broken shale 

raising I t s  average temperature only a few depress. *ftils vo*;ld fa c il i ta te  

floe through the aaas of hirh-pour-polni o i l  tliat w ill be produced in the 

combust ion phase of the experiment. There w ill be su ffic ien t fuel availab le  

froa coke an t produced gates to  take care o' ties retortiin* phase of the 

project. Ipure 16 and l? show method.' by which s’a le  o il  nay be recovered 

by In s i tu  retortlng , analogous to secondary recover; processes In pelroleva 

reservoirs.

the o il  displacement Mechanises operative In In -situ  pe tro ls «s 

p ro jec ts , w ill also be tnportan* In the shale p ro jec t with ths following 

exceptions:

I. The condensing steesi drive will not be as important In shale as I t  

Is In petro ls« t reservo ir due to the shale containing only ab»o-t lr/

water.

?. Miscible drive w ill \m mom laportani In the s>*le due to l a n e  

quan tities or low-note*' la r  velght-hydrocarbons fonsed by thermal 

f  nospoiltton of tha on ante matter.
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ONE POSSIBLE TEST SITE -

GALLONS PER TON
0 10 40 “

MAHOGANY_aofl
MARKER,

1 / EL. 7 5 2 5 ' #50.

NAVAL OIL-SHALE RESERVE
SE1/4 NE1/4 sec. 35, T. 5 S, R .» f .
GARFIELD COUNTY, COLORADO

1 0 .0 0 0  MCF GAS
1 5 .0 0 0  BBL.OIL 
FROM EXPLOSION

CAVITY

3 0 0 ,0 0 0  TONS 
CRUSHEO SHALE

1 0 0 ' R .

12 22 33 43
WEIGHT PCT. ORGANIC

SCA LE IN FEET

100

U  D E PT H : F E E T  B E L 0 1  SU R FA C E .
1 /  ELEVATION: FE E T  ABOVE MEAN S E A  L E V E L .

f ig . 1% Kstlaated re su lts  of * nuclear explosion in  Green River

o il  shale. (After Murphy).
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PLAN

PRODUCING WELLS

AIR INJECTION

COMBUSTION GAS 
PLUS OIL

ACCUMULATED OIL
MUL-7130

PR O FIL E

GROUND SURFACE

PERFORATIONS

RADIUS 100 FT.

lo . In -s itu  re to rtin g  by horizontal sweep. (After Murphy).
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PLAN
PRODUCING WELL

AIR INJECTION

-G R O U N D  SURFACE

PERFO RA TIO N SCOMBUSTION GAS 
PLUS OIL

BURNING FRONT

PERFO RA TIO N S

ACCUMULATED OIL RADIUS IOO FT.

PROFILE
Fig; 17. In-situ  retorting by vertical sweep. (After Murphy). X
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. Transfer of thermal energy is  moutly by convection tnrough fissures 

in shale and by conduction and convection through the higher per* 

aeabillty rock of petroietm reservolro.

in n:;: ;o ia tti||f.|BOWinn

Petroleum storage underground has received much attention In recent 

years, and v il l  probably be even aore seriously considered in the future. 

(Carlson, 1959). The advantage over surface storage a ret

1. Lover Cost: $ 5*50 vs, $30 per barrel for liquid petroleum a t 250 psl.
‘  V

(So, Jlsur. I L )

3, Ho Need for large quantities of steel.

3. Petroleum unaffected by atmospheric changes.

4. Miintenance and insurance costs less.

9 . Industrial accidents lees likely.

lbs constriction of underground storage caverns by nuclear methods, 

vhllo i t  has exceedingly great advantages, presents a fee problems. These 

la tte r  might be of interest to the engineering geologist.

The type of rock to contain the stored o il la of course the crltlcsd. 

factor. The storage area must be blasted in an impermeable rock* I t  appears 

likely that the roof of the b last cavity v l l l  collapse since the weight 

of cr.'trburden v lll  greatly exceed the strength of the rock, Storage than, 

v ll l  take plade In the pore space between brown rock fnafossnta. If  these art 

snail partic les, the resultant loeo In permeability v ll l  make extraction of the 

oil d ifficu lt if not impossible. The feasibility  of the schema, then, lie s  in 

the alee and uniformity of the resultant rock debris. Ms have very l i t t l e  

actual experience along these lines, but a TV Camera, which urns used to scan 

the cavity that existed above the Helnler chimney, shaved frefpwnti of boulder
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FOR VARIOUS TYPES OF OIL PRODUCT STORAGE
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■U«. (But, can we extrapolate froa tuff to granite a t to breakage proper!lest) 

Dm other tvo protleas to be considered in nuclear excavation, l .e . ,  

radiation anl teaperatore, vhlle not stric tly  speaking, geological In nature, 

at i l l  nay l<ave soec interest for this group.

lacking, ouTficlent time to allow the normal radioactive decay to 

rid the area or underslrable radioactive contamination, this will have to be 

done by one of several decontamination techniques:

%t Flushing with water. (Tills nay be injected into briny or other 

non-i.seful aquifer).

'h^honically filtering  oil after reached from storage.

3. Disposing of asphalts after dlotillation a t the refinery.

Finally, the temperature of the cavity in an Impermeable, low water 

content rock, will remain quite high for a long period of time. Here again 

flushing with water night be the answer.

TIov to the most striking part of this proposal, the relative costs 

of nuclear versus conventional methods. (Figure 19 and 20) Ilote for example 

the estimated cost of creating a 700,000 bbl. storage capacity reservoir by 

conventional methodo is million dollars, by nuclear i t  is only 1 l/4  

mllLion. This favorable ratio  rises geometrically as the megaton range Is 

reached. I t  has been calculated that a 10 MT explosive Yill create a 700 x 10  ̂

bbl. atorage capacity reservoir at an estimated saving of 2 billion 790 million

dollars.'
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»28 * 10

11.25 x ICP

*26.7 x 10
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CHARGE FOR 
NE AND 

PLACEMENT

COST OF 
CONVENTIONAL 

EXCAVATION

SAVINGS 
REALIZED BY 
USE OF NE

COST COMPARISON FOR CONVENTIONAL AND NUCLEAR 

CONSTRUCTION OF A 7  MILLION BARREL  

UNDERGROUD STORAGE CAVITY -  NE OF 100 KT M U L - 1 I U

I
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Fig. 19.

(After Carlson).
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ESTIMATED SAVINGS TO BE REALIZED BY EMPLOYMENT 
OF VARIOUS SIZES OF NUCLEAR EXPLOSIVES

NUCLEAR EXPLOSIVE YIELD 10 KT 100 KT 1 MT 10 MT

ESTIMATED COST OF NE 
AND PLACEMENT IN TUNNEL *825 ,000 $1.25 x I06 ♦ 1.75 x I06 ♦2.0 x I06

VOLUME OF STORAGE CAVITY 
(bb l.)

700 ,000 7.0 x I06 70  x I06 700 x I06

.

COST FOR CONVENTIONAL 
EXCAVATION OF STORAGE CAVITY 2.8 x I06 28 x I06 280 x I06 2.8 x I09

ESTIMATED SAVINGS BY USING 
NUCLEAR EXPLOSIVES 1.9 x I06 26.7 x I06 278 x I06 2.7 x I09

Fig. 20.

(After Carlson).
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Underground Power:

ggg
Project Gnanc, a 10 kt detonation in a salt lied near Carlsbad, New 

Mexico, vhile being a fascinating experiment by Itself, Isolds leoo interest 

for the engineering geologist than noct of our other experiments. This project 

has two phases, Isotope recovery, and power recovery. TTie former interests 

the chertlat3, the latter the physicists. The nost important function of the 

geologist oo far has been in core identification and groundwater studies.

These latter liavc l>een for two purposes:

1, Assurance that there will be no contamination of groundwater or 

surface reservoirs, and

2. ascertaining that the nediun in which the detonation vlll occur will 
be quite dig,'. From the Rainier event at the Nevada Test Site it vac 

found that in a medium with a high water content, the temperature is 

rapidly reduced to the boiling point of water. The Nevada tuff is 

exceedingly porous, containing on the average 3$  void cpace by 

volume. These voids are filled approximately 50$ with vater.

The geology is roughly as follows: The site is structurally on the

went margin of the Delaware basin, id thin the reef zone of the El Capitan 

limestone reef, so excellently described by Phil B. King in his work on the 

Guadalupe and Glass Mountains of West Texas and Hew Mexico. Ground zero will 

be la the Salado Salt formation of Permian age (Ochoa series), which is 

overlain by U00 feet of anhydrite, gypsum and siltstone of the Rustler 
formation (also of the Ochoa series). Resting unconfonnably on this is 

200 feet of Triasoic siltstone and lnterbedded sand of the Pierce Canyon 

formation. This is separated by an unconformity, fro© the overlying 

Pleistocene sands, which are veneered with 10 feet of Recent material.
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Hie detonation will take place in a halite bod at the 1200 foot level, 

approximately 500 feet below the top of the salt and 700 feet above the lower 

boundary of the Calado Halt. This Guarantees Q canplete salt environment, 

and it is believed that fractures resulting from the explosion will not reach 

the overlying water bearing beds. (See Figure 21) The nearest oil field is 

20 miles away. Hie nearest gas veil is 6 l/2 miles, the nearest potash mine 

workings 8 miles away. Hie nuclear explosive will be installed by sinking 

a vertical shaft to 1200 feet and then driving a horizontal adit of 1000 feet, 

at the end ol* which the explosive will be sot. The 1000 foot length will hope­

fully safeguard tlie shaft from the effects of the explosion. The following 

discussion is from C. E. Violet (1959)*

Hie power program will determine the amount of energy remaining in 

the shot cavity as available heat, and will study the problems connected with 

the recovery of heat from this region for power generation. Vfc hope to obtain 

valuable information on expected cavity size, temperature, and activity from
a

measurements made in connection with other programs. Horae of the heat m y  be 

recovered by introducing a working fluid into the cavity, either by simply 

circulating the fluid over the molten salt, or by hydraulic fracturing from 

nearby holes to establish a circulating .path entering much lower in the 

cavity. Among the heat transfer fluids being considered are dry air and 

saturated brino. A small electrical generating plant may be installed which 

would utilize the temperature and pressure of the working fluid to drive a 

turbine and generator to produce electrical power.

Experiments at Livermore otudying various modes of heat extraction 

have shown that steam generation by depositing water on the molten salt is
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the moot effectlvt- nothod. However, the steam generated vms found seriously 

laden v ith  oalt and corrosive acid . Ihcy found 30 lb s. of sa lt per 1000 lbs. 

of otoon, ten times the rate  qo when a ir  in the working flu id . 'Iho pH of 

the ctomm ic  1«(>. Contamination in steam includes c o lt, HC1, !LB, and lb, 

gas. Hcverc separation problcnc verc suggested by the <10 micron pa rtic lea  

when a i r  van the working flu id .

GnonnacttL iw.n

Geo-thermal a c tiv ity  hao long been a geologic curiosity , only 

rcv.‘cn tly  has i t  assumed geologic intcreot. In I ta ly  f/. of the to ta l  e le c tr ic  

paver generated in the country o r 35^,000 kilow atts vao supplied from gco- 

th e ra il  sources. In Hew ’caland, vhen i t  vac rea lized  tha t the hydroelectric 

p o ten tia l of Horth Inland war. rapidly approaching naximun exploitation, 

studies revealed tJutt geo-thurnal power offered tho bcot p o ss ib ility  o f future 

expand on a t  the lowest coct. Consequently a 250,000 kv plant vac conpletcd 

in 195'f̂  ( Carlson, 1957)

The unique advantagec of gco-theraal over other sources of power:

1. Fuel 1c essen tia lly  obtained a t no expense - n o e t i c  heating.

2 . Supply almost inexhaustible, or a t  le a s t  i t  w ill survive as long as 

no{jaa which io heating i t .  [Thin ixxy be a ecologically short tirae, 

but for h isto ric  man it. io long, i . e . ,  around 10* years).

3. Year-round r e l ia b i l i ty .  In cone areas, v iz . Italy , hydroelectric 

p lan ts must close down during the dry oeason.

The role of Nuclear explosives in expanding the use of geo-thernal 

power has a  two-fold application:

1. To crcate cljanncls through which ground water may reach the heat 

source, in a known geo-thenaal area.
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* 2* ft) croat* underground steer etv ltios, rather than relying on the 

olin probability of a wo LI encountering 4 crock froa which steam 

nay be exploited.

Figure 22 Is a ochenatic representation of a conventional geotheiml steam 

power plant. , Figure 23 doplcto what a i/^ t be done with nuclear explosives 

in this area.

Vhat haa boon said previously about induced pomeability in tho 

collapood chlanoy of on underground nuclear detonation, appears equally 

prenieing for creating interconnection between overlying groundwater and 

sources of magmatic heating. 'Hie collapsed cavity itoolf, with lto  10̂  tons 

of chattered rock from a lav Kt detonation looks like a oolicnt posoibility 

for the steam cavity.

In the Thermal Power Cocjpany* c . drilling operation for geo-therml 

steam at Ac Ocyooro, Concern County, California, one hole is  presently out 

of control. 3team ic exhausting a t an estimated 200,000 lbo/hr. Ae country­

side lo blanketed with fine (less than 20 microns) volcanic ash dlocharged 

from the blowout. Aerc ic no apparent effect on adjacent wells, although 

thio runaway veil has been discharging for almost 2 years!

In the rather brief ro3uno presented here ve have attempted to 

acquaint the engineering geologist with the potentiality of the new tool 

of the "Plowshare" created from & beaten sword. I t  ic hoped you will help 

us use i t  to aid non in his ever-increasing struggle to wrest resources from 

his phycical environment.



Fig. 22. Conventional Geothermal Steam Power 

Plant. (After Carlson).
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(A fter C arlson).
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