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-:-et- The purpose of .this ~~tudy is to 'Jr•Jvid8 i :1forrr .. :1 tion pcrtain.hg to the 
extent and natun: oi Sov i<' t :interef,t in t he or·onagat:ion of eiec t roma ..:·n\~ti.r; sianals 

• I' - o 

through th0 deer1 crust oi the et1.rt.h or in connection with the exploitation of a 
prop0-gation capability fo r communicatic,n. c omman d -:: ontrol, or detect.ion. _!!., 

projection .i. s made thr<.:>"J ish 1976.· 
(U) 

-+er lnti~rest ccntE:rs or.: i\. C. propaf!ation ~n the frequency ranr;e nomin:.:ly 
from l c,, 2 ){z up to 10 kFI ,:, but this qi.nte has been brc,a c1:: ried to in•:lude the 
spe cific frequency ranf;ef, c:J1:,side·:ed opt.imum for pn.rti. c:ula r underg1·ound modes 
of pr opagat'.on. Suppoi:-U.ng :.-esear ch has incl-..1ded l ahor.;.to i-y s t udies of the con
ductivi ty a '.td dielectri,; •.; 1Jc U.~cient of rocks as functions o f structu;:e , tempera
ture, and pressure. 

(U) 
-fe+ Only a few :>pen- fource refer ences have indicate d Soviet intereBt in 

underg!·ound comm·J.nications, and these cite primarily US researr.h . But the 
USSH i s cvnduct l n r; several major pr ogi:arns that might serve as a vaJ.u~ble or 
necessary support in de vel oping u nderground communicat ions, and these pro
grams a :r- e discuf.se,d . 

iii 
(PPvPr!=:P R1-:-ink.) 
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ELECTROMAGi'~ET IC PROP,'\GA TlOt·,I THROUG~ THE Ui.RTH'S CRUS r 

SUMMA.RY 

~ A review of intelligence ~· eports and of open litc r::tture inc.!icates that the 
ussn is fully aware of each basic mode o f underground elec:t .-omagr.ctic propaga
tion and is conducting m a ny types of resea1·ch that might s upport the pianning of 
an operational com munica tion system, but h,1s not rev€ 1led any specific interest 
i n developing such a system. 

(U) 
-t&+ The modes of prop;:,_gation considued include ant~!inc'.~ i:>uricd just be

neath the surface, antennas loc,lt ed deep in the upper layer c,f the earth's crust, 
antennas placP.d in the r-esistive waveguide layer below 10 km, and a nonradiative 
metnod of communication by ground conduction. 

(U) 
--f5-t Shallow burial of antennas is e;-1sy to ac:complish •: lthout technical com

plicat.ions, so the USSR should be assumed c apabl e of using this mode of communi
cation at any time to provide simple !)hysica l protection for te!·minnl s tations. 
Such a system would !~st be pt·otected from jr.mming, from nuclear blackout, nor 
from monitoring. 

(U) 
-tS-t Dee pet· burial' of the antennas, short o:: the resistive w.iveguide layer, 

does not appear to offer a significant advantage except in a very special geological 
formation (such as a dry salt layed or where comm1rni ~ation is desired with an 
underground stronghold. The only technical problem is a requirement for enor
mous power and a restriction ~o low frequency ranges, with little information 
capacity. 

(U) 
-tS+ If the many published accounts of the So•.r:.2t prugram in superdeep 

ci rilling are accurati::- -as they appear to be--the USSR will not be able to tes t a 
prototype commur.ication or detection system in the resistive waveguide layer 
prior ! o 1976. At le ast two holes more tha n 10 krn deep must be corr-.ple t':!d, and 
the less amb:dous holes now in progress are advancing slowly. Drastic improve 
ments in dxilling technique will be required to ove rcome the problems imposed by 
high temperature and high pressure at the necessary depths. 

(U) 
-fS+ The dipole method of dectrical prospecting, originated by the USSR , 

·:night be used to meet special communication requirements where a s ystem of 
moderate range and severely restricted information capacity is sufficieP.t. This 
mode carnet be extended for ranges beyond about 100 km without multiple repeat
ing stations or prohibitive power consumption. A signal might be difficult to 
monitor. 

(U) 
-f&+ Many individual Soviet researchers are using electrical a".d s eismic 

proc~dures to study the earth' s crust, and their findings wc-uld be valuable for 

vii 
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planning a communication o t~ detection ~:ystem. Ot!,er researchers have been 
studying the electrical properties of various typt',~ of r·ocx. at tt"mperatures and 
pr-essu res r0prescnt:1tive of the waveguide layer.. These scientists do not appear 
to be organized into a formal deve lopment program fo1· underground commu!lica
tions , but some work, particularly in the observation of magnctotelluric ph<:!nom· 
ena, may be t·edirected quite easily towo.r-d comrm:ni c,-..tion or detection. 

(U) 
-f&+ The Soviets hzi.ve been aware _for s0me time of the capabilities of 

magnetotcllul"ic: nuclear explosion de tection systems. They have operated a la r ge 
;:1etwork of tell uric current stations since at least 1958. 
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ELECTROMt,Gt--lH!C PROPAG/,T\ON THROUG H T,-!E EAR TH'S CRUST (U) 

(U) 
A. -f&t TYPES OF -UNDERGROUND COl\·P,IU~✓lC.-\TION 

AND DETECTION 

(U) 
L -f5--t GENERAL cot-TSiDER.ATIOilJS 

Although the upper layers of the car-th arc ele-:t-rically cor•.du•'.ti·,e ;.1 nd therefor e 
absorb radio waves, special cases • .-.,:is t :.n which electron1.:i.gnetic s ignals ma:1 
propagate fc-r fairly long distances und~~::-ground . In son\':! ins~anr.es, these 
sigr .. .ls cannot be detected from above He ground. S1~ver :.\l basically different 
r.-,echanisms may h.e used to describe the v,uious modes of propagat ion. Some 
of thP-se mechanisms are suitable for c reating hardened communication paths 
that would be indestructible and immune i:o jamming or dt?tection. An excellent 
summary of the technical consider·ation ior underground communication has b,~en 
presented by J. R. Wait , who included mt>.ny of the foreign pub-lic;itions in his 

• * review. 1 

(U) 
2. ~ SHALLOW ANTENNAS 

a. The simplest for:m of underground radil) terminal requires only a 
buried directional antenna array and electr onics, perhaps a meter or two be
neath the surface. 2 The layer c,f -ii:.t surrounding the antenna imposes some 
minor changes in the sizes and :;pacin•g of the antenna parts, but not much di!"
ference in design. T~1e layer should be well drained to minimize its radio ao
sorption. Much of the signal may be lost at each terminal, but virtually the en
tire propagation path is actually above the surface. Depending upo:1 transmitter 
power, antenna bu rial depth, anten.na configuration, ionospheric absorption, and 
other design and technical parameter~, the terminals may be separated by 1000 
to 3000 km utilizing radio frequencies in tht: HF band. A "hardened" system of 
this type would provide pr·ot1::ction up to 1000 psi but would be V\.\lnerable to nu-• 
clear atmospheric distortion, monitoring, .:.rnd jamming in the skywave mode_ 

b. The t~chrical aspects of this operation, sometim~s called the 
11
up-over

down1' mode, have been sumrnariz-:<l elst:where? Tht:r'e . ,u:e three irnpol'tant 
types of signal l oss: the attenuation beca• .. we of antenna buri al .i • .n a partially con
ducting medium, the coupling loss of the a!!tenna, and the normal radio attenua.
tion with r ange. The problem of antenna coupling has been investigated by 
A. P. Ivanov and others.~ D. Staiman and T. Tamir, in the United States, hav-t 

• 
Scpcrior numberi. n:,pollrL'l!! t.r,rough,>u1 !he stud~• refer to r<,fore:>ct:~ cc!l!L:tl<>~ i.-, th,, biolioiir•p:, y (i'.ppcc,<'.i;: I ) 

1 
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shown how the signr>J may be opt-i.1nized undc ~- speci ;:il condilion~, by l.i ltinr! t he 
~ -

buried ant~nna.- C. A. Lavrov a rid A. S. Knya z.ev bav e di;:;cus scd ll.c u::;c of i l Ca , · -

surface ur.deq~rou;,d antennas and have· m ade·' a ctua l m e~s,_,!·e m c r,l~ of .Ji :·ectio!1 
patterns and field str.e ngths. s 

C' Because : he technol ogy needed to under-stand an .. : c 0'1slruc t ,, s h J..~lo v.: -
antenna communicat ion system. is pr actically identical to ~hat re0,ui red fo r con 
ventional radio in the same frequency r .. 'tnge, the Sovie t Un.ion m2.y be ccr.sidct'ed 
fully competent to install and operat,., s uch equipment. E vidence ·~,uggests that 
such an antenna systE:m has been ins talled in the 'zossev \Veinsdud a 1·ea o f E::.st 
Germany, whi'ch could portend its de ployment within the Soviet Uni.on. i\.l e a s un> 
ment of the electrical properties of the soil in each selec ted terminal site , 
opti'""li:~ation of the direc~ivity patterns of buried antennas , and selection o f the 
most cffi~i ent frequencies for propagation would have to be .1ccomplished before 
ins·~allatior: of such an anten:10. system. 

(U) 
3. -t€-}- THE WAVEGUIDE LAYER 

a. If the antennas are bui;-i,ed progressively deepe1· , ~hi.; absorpti0!.1 loss 
becomes severe; however, a substantial part of the s.ignal travels entirely ui,der
ground from one terminal to the ot!,er. The los s es may be minimized by choosing 
favo~·ablc terr air.. and by _usir,g a low r.c>.rrier frequency, with a correspo11r:ling 
decrease in info.t·mation capacity. Deeper burial does not readily i mprove the 
system security, however, and probably would not be worthwhile unless a direct 
nuclear strike were anticipated. Under good conditions, a range of several kilo
mete1·~: might be possible. 

b . With a much deeper burial--deq.it::r· than petrG"leum drilling technology 
has ,ret ::ichieved--a pctrticularly favorab.: e -::ondition becomes available, and it 
may provide a secure systen. Radio abs orption in 1·ock .:!':\!,'ends upon the 
0l~ctri~al conductivity of the rock; con,Juctive rock ab:-=;o.~bs radio waves. t,]ea r 
the earth I s surface, the rock is interrupted by numerous fine cracks filled with 
water, and the wat er contains dissolved salts with high conductivity_. Such rocks 
may exhibit an average bulk conductivity of 6 x 10-4mhv/meter c:- more. At 
greater depths, the rock is warm .. clry, and nearly un!:>rok~.1. Its cortciuctivity 
may be as lo\': as 2 x 10-emho/meter, a 300-fold decrease. But still deeper, th~ 
rocks are hot e nough that ionic conductivity is important, and the rocks become 
even more conduct ive than those near the surf ace·. The intermediate layer 0; 
lowest conductivity is typically 3 or 4 km thid: and may b~ 10 km or more be
neath the s urface. Th.is layer would be a gooci medium for the propagation of 
radio waves, as in a large waveguide, if an antenna could be placed in it- -but 
1to .hole deep enough has yet been drilled. Knowiedge cif the electrtr.al pr-operties 
of the deep rocks has come from direct resistivity meas urements (with widely 
separated electrodes in the surface of the e arth) and from indirect res istivi'~y 
measurements obtained through observations of tcllt,l'i.c c:.i:·rents. Certain other 

2 
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information , such a ·;; the freqt:ency d€;x:nde:,1cE: of t he_ e!·: ::i:ric~d )).'C-j.H:: rlit~s .. )~::, !::: 

been found by labo1·"tor_y s tudi.(·•s of :·cc:,::; ::ct. !,igh press..:rc~ :,rid ·.-:· ,=:;pct·a tu !·cs . 
. -

c . "fhc i.vavegui ~:.'..'.) layer v/ill be s·elective in th~ .':requcn,:y ~JC::~~d tha t n.,~~y 
propagate. Absorption iosset: are great at l~igh f1·,,:qucncies ,0.i:1 :.::\: tr c :ittc:-1>.; ;;;t ion 

of the signal is exponcncici.l, with ti1e expon1~,1t ro;_:ghl y propor·,i.•x.,·,l t0 frc: sq1.1 a!·f· 
root of the frequency . At low frequencies thc1·c i::; another l imit. f•.: :· the wa ve, .. 
guide will no~ pass ,vaveiengt11s lcng'c~· th~,n aboL_1t t ·-.vic e th::: l~l -.::i:.: '.·.-'. c 11 thickrH::ss or 
the layer. Depending upon local -:.:oml:..tions, the ;:,ptimun p::<)(~.,f~,~ticn. frequency 
wi.11 be somewhere betwcc: 1 109 kHz <1-r,d 1 ,vlH7., ~,.ith f:·eqi.;encie s o•Jt.s'i<le of !he 
band sh:1rply attenuated. 

d. This waveguide--lafer mode has uecn di.scu~-;sed at length in c-. n~v~ew 
pap<::i- by A . M. Hyazantscv and A . V . Sh:1b•:.l 1:·1ikov .7 Ali.110ugll thei::· bi.btiogr-aphy • 
cunta.ins 176 literatu.re references , the Soviet papf.~•s d t~d c!i sc:1ss •:in.I.:, gel.)logi-
cal consi<lerallons and laboratory measuI·cn1ents. N•:!~1rly a.It the t e·:;hnicJ.1 dis
cuss.ion of underground eiectr,:::,rnp.gnetiC: pro~11gation is repr· 1::se11tec', by US 
sources - -most of them fro!.,1 a single volume of an I. E. E. E . ,1our.-1v.l. 3 One n-ic1y 
spec:ulate about the a.bscnce of S0viet literatuxe on th:,s sub_iect, in view of the 
broad USSR ini.erest and cc,mpe:ence in a!.!. forms of ::·:e.di.o p:·0pag;1~ion. Perhaps 
Soviet experirr,ents in under gr .Hi.nd communication e:.:ist arid Etre classifi1~d just 
high enough to be kept out of pr-Ae:ssional literatut·(-~ _. -,_)u t not so r1igh that all. dis
cussj_or: is prohibited. M. P. Dolukhanov has casually inclu1Jed underground 
radi:::> wav~s i11 a general review articl-?. ::tbout t·acl10 wa1/e propagc:;.tion, but h ::•. s 
not cited particuiar work.\-/ A bibl:iograph)' of Soviet-3loc l ih~rattu-e o n un.:ler-
ground communications, compiled by A. I. D. of the Librctry of Congress in l!Jfi;-l, 
lists not or,e publication specifically showi.n_g a n imi~1·c.::s t in ,mderground r:adio. 10 

(U) 
4. -fB-t GROUND CONDUCTION 

a.. An entir.ely different mode: of signal pro·pagation, not truly a ·form of 
rad i o, may he practical for some r-urposes . 'NhE:n an eledric current is applied 
t o a pair of electrodes grounded some d i stance apart., a c urrent dis!1'ibut.i.or. 
patt ern is established in_ tl1e earth, a.nd the size of this . p2,ttern is much greater 
than 'Lhe electrode separ_atioa. A second pair of grounded electr::ides, distant 
from the first, \vill P.xhibi t a very small voltage difference related to the current 
now in the first pair. The s trength of a signal received. in this way dimini~;hes 
much faster with distanc-.e thc:,n a radio signal would, but furthe t· losses from 
ground absorption may be made quite small by using a v2ry low frequency, 
per·haps in the audio range or below. (Even a direct current could be used, al
though the received signal would bl:' impractical to detect.) Since ess-::ntially r.o 
el•ecfrical signal enters the ai1· , a communication system based on this mode of 
p1:opagation is fc>.irly secure, aahouch the signals may be monitor~d 1vith very 
sen sitive receiving equipment attached to anothe1.· pair of grounded ·electrodes. 
Monitoring quickly becornes impractical at distances far ther than the intended 
i.·ange of the system . 
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b. If the receiving e ;,~ctro·des are n1oved farth~ r fr om tht t r a nsmitting 
electrodes, whiie rnaint2.in.ing the s a me separ ation i r: e;1ch pai.r, ~l~c i- ece.:. v\:!d 
voltage will al L rst !'all with ~he cub~ of t:1e range ai. lo ·.v fr cq•iencies. For ran~es 
on the order of 20 km and beyond, ~he .. r0lt1.ge received will 'varj v.ith ti,e inve rse 
sqt.are of the range , as a result of the insulating lc,.·-'er s ome 10 km deeF,, For· 
higher frequencir.s, those inverse-cube :rnd im,er u - square foi·1;\ulas must be 
multiplied cy an expor.ential attenuation factor. (ThP. e:.:poi·ent d e pends upon range 
and upon tl1'..! squo.n~ roots of freque ncy and conductivity.) ''.'lie power input for a 
sho:-t-range commur:icaticrn system o f this type has v e r y li.t tle influe nce on the 
!."o.ng_e: dcubling the powe!'.' would increase the range on1 y l ?. %. Eve n without tr.•~ 
exponential attenuati(>n, a long - range s _yste.:n (more th ..tn ::!C krn} could be extend':!d 
o:"lly about 20% in ra·i1ge by a. doubling of the power. Wit h high frequencies, zind 
therefore more expor,ential attenuation, adde d power has e ven less i :-ifluence uµon 
maximum range. 

c. An increase :.n the electrode pair s e·paration :-i.t thE: transmitter, at the 
receiver, or at both is far more effe c tive for achieving 1.;·,r.ger range. A fairly 
large electrode spacing m a y still require much less ,..vi.re t!1::i.n would a buried 
telephone line directly ccnn0.cting the tcrrr.inal stations. The. ra'1ge (for low fre
quencies) may be doubled by incrc:a sing both spacings by a factor of 2 8, in the 
case of ranges less than about 20 km, and by doubling both spa.cings in a longer 
range system. 

d. Ever. v11.tr. ideal conditions, a long-range system of this type will be so 
severely restric"ted in frequen(.;y and bandwidth tho.t only the simplest. mes:5ages 
can be carried in a reasonable time; but for some special purposes (such as an 
alert signal or a command to fire), this mode might be entirely adequate. The 
restriction -on the freque11cy bandwidth arises in the exponential attenuation factor 
cited a_bove. P.t 1 Hz, a signal propagating through average surface rock anti soil 
\.vill drop to 63. 2% of it.;, strength, through a bsorption, in every sur;cessive inter
val of about 28 km. At 1 kHz, the i' eduction to 6~. _2% occurs every 0. 89 km, 
which may be prohibitive. These absorption losses are in addition to the inverse
c.ubc -or inverse - square decrP-Hse. 

(U} 
5. f5-t DETECTING NUCLEAR EXPLOSIONS 

a. A nuclear expl_osion generates an intense elec:trical impulse that may be 
detected with a radio receiver or by measurement of suJden vo!tag c! gradients set 
up in the ea1·th 1s crust. Very little ene::-gy would reach the low-conductivity wave
guide layer 10 km or more deep, tut the smaJ.1 signal which did reach that layE::r 
might be expected to travel large distances. Either this waveguide-layer mode 
of propagation or the ground-conducti.vity mode might, in principle, be use::! to 
detect surface or unde rground nu:::lear explosions . C. C. Bates has .explaiP..ed 
some c,f -1~~ ] i.mit~ti~~.3 s.nd possibilities, 11 Soviet open literature does not appear 
to offer n-.or ·~ iniorma.tioc or to disclose an interest i n this appl.i.cation, but the 
potential is obvio:J ;.;, aP.:.l Soviet scie ntists are now us ing perfectly suitable 
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nuclear-volt.age ;:eceivi.ng equipment fo r the i1· , .. ., :-.ii!::~, of ::::l lu :::-i i:: •~: tt'1Te11~s ::=.nd for 
some types of geor,hysical e:(pl.c r<•.;.ion. 

b. \Nhen a nuclear device is buI'ied deeply crougL tc a t<enuate the em itted 
radio signals in some frequency ba:1d, tut nol c.:eeply enough to pene~r.-.,te~ to the 
waveguide layer nea ::· 10 km, t hat fr equency b::rnd v,ill be esser?tblly w0rthless for 
detection c1.nd n0ne of the mecha,,ismc:: 0f underg!"'cund r;,idio pro.gag;1tion will im
prove r cmc.te sensing . J.f the nuclear- device we.e a2tc1ally µlaced in or near the 
waveguide layer- -a remote prospect for another· decade or more- -c1.n electro
magnetic signal undetect::;.ble at or r1bove the e;:i.rth's surface would indeed be 
~xpected to propagate l0ng distances in the w.Heguide lctycr, df: tecfable only with 
a n antenna buried to si.milar depth. The pre>t):.c m 0.f burial attenua tion does not 
apply to use o f ground currents for detecti,1i,, and t.he d.ist:'\nt signal received by a 
te1h:ric current recorder \\-ill be about the sam :?. with or without buriai of the 
device. 

c. The electromagnetic effeci.s of a nuclear explosion are re-cognized by the 
Soviets. An article by Eng. Col. Ya .. I. F2.:,•enov ar.d Eng. Maj. I. S. Krasil'nikov 
repar-ted the electromagnetic results of US 2nd British nuclear tests held from 
1958 to 1963 and the probabie mechanisms by which radio waves are produced.1 :a 

They also report an American estimate that a 50-m1:.!gc1.ton bomb e xploded at an 
altitude of 8 0 km would cause a radio communication blackout for about cne day 
within a radius of 400 km. Underground communication c.f ~he waveguide type 
would be virtually immune to such a blar; kout , b•.1t et•allow burial of the antennas 
offers r.o real improvement, except for s hort distances (u sually less than 50 km) 
where a ground wave component of the buried antenna would be effective. 

d . Many of the electromagnetic ancl seismic properties of nuclear explosions 
have b(~en described in an excellent bibliography oy Gol dblatt.13 ·0ther sources of 
eledromagnetic disturbance may also be detected by these same underground 
propagation modes, but extremely favorable condition:::; (of amplitude , :--ange, back
ground noise ) will be required. 

e. MagnetoteUHric systems are capable of detecting subionospher·ic and 
ionosphe r i~ ,;;vents , such as air-dropped exploded weapons. ·.r:--:ese syster.·1s are 
capable of giving rapid warning of the detonation of s trategic siz,"? nuclear weapons 
at lcng distances . The magnetotelluric nuclear detection system achieves its 
greatest d etection disfa.nce on the ionospheric eY.:plosions that are barely clef.ec~
able ,vith sei.5mic systems . 

f. Since 1958 tne Soviets have operated a large network of earth-turrent 
station.s. Many of these stations were rt:!portedly directed by V. A. Troitskaya. 
Emphasis of these stat ions .has been 0n measurements of the telluric ele.ctric 
field , rather than the magnetic field. This emphasis it1 probably because these 
systems are inherently rnore sensitive to wavelike pulso:.tions of the earth's 
electromagnetic fieJd in the frequency range of the solar wind and nl.'.clear bomb 
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distu1·b,rnces than their ::1ag i1etomete 1· cou 11ts; 1·pad s . T1e Soviets !,;{,:c done: much 
of the pio:1eering wod; related to th::: "mplitudes of the rn:-1.g:1cti::: and elec tric 
field components cf mag:aetotP.lluric di~turbances. 1 ' 

(U) 

B. -te+- RELATED RESEi\HCI·! 

(U) 
6. iet DEEP DRILLiNG (G - 12 km) 

a. The lovv- conductivity electrical waveguide laye!· in the earth' s crust can 
be exploited for· propagatio;"t of. communicatio.'1 signals (inly if an antenna is 
inserted into that layer by means of a deep hole. N0 hi:ile yet drilled has been 
deep enough to te s t the fe.1sibility of this mode. 

b. Since 1960, the Soviet Union hns shown rema1·kable er:.thusiasm in drill
ing deep holes for "geological research" purposes. The economic ·:alue of such 
deep holes for petroleum or mining exploration is doubtful. and S_oviet geologists 
whe, have been asked to explain the pruject have counteeed by afking why the 
Un.it~d States wants fo dig the Mohole. The planned d e1i p holes actually would 
yield importc.1-nt basic geological information, and past Soviet geophysical projects, 
particularly in petroleum exploration, have never been affected noticeably by 
arguments that they wer1~ absurdly impractical. 

c. Locations of the holes now pl anned, underlying geological structures, 
and status of the work ~re of more direct intere st here. The Soviet Uni"on has 
published ::nany descriptions of the deep holes, both in professional journals and 
in t he popular press. 

d. N . A . Belyayevsx.iy has outlined the wishes o:f the gzologists and dis 
cussed the types of loca.tion that might be selected for i;uperdee p hol es. 1 5 The 
earth's crust, extending from the surfacc-: downward to the Mohoro·v'icic dis
con'~inuity level and the uppe1· part of the earth's "mantle" layer, varies in 
thickness from 3 to 7 km under oceans, 60 to 7 5 km in the high mountain regions 
of the land masses. Seismic studies show that the crui;tal layer is composed of 
thin ner layers with different physical properties. From the top, the three major 
layers are sedi mentary, granitic, and basaltic rock. Depending on the location, 
the sedimentary layer may be abs~nt or may be as muc h as ·15 km thick. The 
granitic layer may be from O to 3 0 km deep, a nd the ba.saltic layer varies in 
depth from 5 to 40 km. Under a typical ocean the sedimentary and grani:ic !"ayers 
are thin or absent, and the basaltic layer is no more than 5 km thick. Under the 

• mountains of a continer,t, such as th t:: Asiatic land mas :,, the sedimentary and 
granitic layers may ~ctal 45 km in thickness, and the basaltic layer may be 
25 to 30 km thick. Although indirect geophysical techniques provide much infor
mation abi:::ut the mate rials o f the crust. Soviet g eologi:;t s desire a sel'ies of 
s uperdeep holes dril:i.ed in various parts of t he USSR tc, explore and sample the 
different types of layering . 
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e. Belyayevskiy belie ves t hai. two of the ho!e3 should be d l"i;_ ; ,.:~i in the 
Caspian depression (platform structure) ar.J in the Urals (gl~o~;yncli?1...:) to µc:.1e
trate the full depth of sedimentary r-ock. r\notl1er sho~lci be drilled ~n J·~arelia to 
study the granitit: layer, and a fourth in the Trans-Caucasus !o study I.he bs1sal~ic 
layer. A fifth hole is suggested for the Kuriles island ch,, i;, to pe-netrate the 
Mohorovicic discontinuity and rtach the upper mantle, as the US 11 \\.~o iiolc" wns 
intended to do. 

( 1) The Caspian de pression, in the region of the .1\r·a.lso r :;k and 
l<hobdinsk gravitational maxima (site 1, figure 1 ), is of particular intei·est 
because of its steep subsurface tc-nperature gradient and the large gas and petro
leum deposits in the area. Belyayevskiy suggests that the lo,.vest sedimentary 
rocks the re may be undergoing 1netamorµ'.·1osi.s and hopes that the lower lirni t of 
petroleum cieposil:s can be learned. _t\ccording to D. I. Mendeleyev, re troleum 
may originate i norganically by polymeri-z.ati.on of gas at extreme pressures, and 
a deep hole in the Caspian depression could test this view. Such a hole would 
establish the stratigraphic sequence in the region and would clarify the physical 
properties of the lower rocks. The total depth requ.iced might be 13 to i5 km. 
A test hole planned for 7 km was in progr~ss in 1961. 

.._ ___ ... __ .._.......__ . 

.,_ __ ,__"""-' 

l. epi-C::..~pion depression 

UNCLASSIFIED 

SJ.- Southern Kuril es 
2. lJro ls 56. Crimean Peninsula 
3. Kre lio 6 . Kolo Peninsula 

4. Trons-Couca~us 

Figure l. P~opcsed superdeep dri l iing sites i:i the USSR (U) 
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(2) 'Tiir: Ur ::;.l ;;eosyndine contains large coricentra~ions of copper, i ron , 
titanium, chromium, ,duminum, a.nd other- ores and might p rovide " n opp0i-tunity 
to study ore formatio i: ;i_t great depths. The region of Karabash i~:1s tht~ greates t . 
quantity of these deposi ts , and s-ur,erc.leep drilling equipment can b-.! cons~n1cted in 
the nearby industrial c ~nters. In the Ur:lJ . .s the tempe:-ature gradient is s mall. the 
temperat'.lre rising to ~bout 200°C or lesF; at 15 km deep. Bulashcvich et al. 
believe that the most favorable site in tiic u r als is in the Tagil-ivlagnitogorsk 
syncli.neor~um ir. the V•::,khotur'ye-Krasnoural'sk regiun1

;; (site 2). 

(3) Northern Karelia, in the Kem' region (!::iit e 3}, is one of the few 
place s in the USSR where the granite-basalt boundary ~s only 8 to 10 kn, deep. 
The geologic formations are quite ancie~t ar.d are related to the Baltic crystalline 
shield. Information learned by deep drilling will be easie:- to interpret at th.is 
because the geology of the r"P-gion has been studied extensively. Uniform structure 
will facilitate drilling, a::1.d the hole should extend to 15 km. 

(4) In Az.er.baydzhan, near the settlement of Karadonia in the •~astern 
par.t of the Kurina di!pre ssion (site 4), 3eismic depth soundings have shown that 
the basaltic layer is ::inly 5 to 8 km deep. There is probably no granitic layer ir. 
this part of the Trans-Caucasus. Little is k.novm about the actual stat e of the 
rock in the basaltic layer, and a hole to investigate it would provide knowledge 
valuable for understanding the geology of seas and oceans as well. Other questions 
that might be answered pertain to the deep origins of ores , a study of water and 
aqueous solutions at high temperature and pressure, and also the vertical distri
bution of petroleum deposits common to the region. 

(5) Kunashir, in the Kurile Islands (site Sa) , offers the s hortest route 
to the Mohorovicic discontinuity level in the entire Sovie t Union. That level is 
only about 12 km deep there . Volcanic accumulations cover the surface to a depth 
of 3 to 4 km. A deep hole at Kuna.shir might also help to understand the unexplained 
origin of "island arcs, " the strange groups of islar.ds ~:-.J mountain ranges that 
s urround the Pacific Ocean. Belyayev.skiy expects a steep temperature gradient 
::rnd possibly son1e difficulty in drilling. (-Presumably the USSR will select a sub
stitute location before reaching the discontinuity. > 

f. This brief outline has shown the geological purposes behind the Soviet 
deep-drilling program and the tentativ<:: selection of sites. ·Perhaps the USSR has 
no other motive for drilling superdeep holes. The sites actually chosen, as liAted 
more recently by Ac;..demician Shcherbakov, are the same as those suggested by 
-Belyayevskiy except that the Crimean Peninsula (site 5b . figure 1) replaces the 
Kurile Islands as t..'1-ie location of the Soviet "Mohole. 1117 A. Simirnov has listed a 
si:icth drilling site, on the Kola Peninsula, where an attempt may b~ made to le2.rn 
more ~bout granite and basalt and the gradation from continent to ocea.t1. 18 

g. The deepest hole yet drilled by the S0viet s is near Lake Aral-Sor in the 
Zapadno-Kazakhstanskaya Oblast, in the Caspi~n Depression north of the Caspian 
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Sea. Drilline began late in i96l. Tl1i.s ·.vo1·k has b et':n coiiducteci h:, t h_,~ :Vlinis t ry 
of Geology and Ore Conserv~ti.0.1 'of the !·~azakh SSR, ate.led by scientis ts from the 
Moscow Institute of the Petroch(:mica l and Gas I1:th:.stry imeni I. ;'. \. G1.:bl-: i :1 . 1" 

Va!:it reserves of petroleu~n and natur~l gas are expected at g1·eat depths. Two 
wells were planned, the fir.st s ituated between twc sal t dome s 25 k m no1·th of L ake 
Aral-Sor. By 1861 the first hole 1,vas S. -t3 k n1 :Je2 p, D.nd by late .l.S66 i t h ad pe:1~ 
tr;:i.ted to 5. 3 km. At this de!)th it was ab2,r.c!oned bec ;iuse of technical c: .. i.fficulties 
in dr-illing. Two professional papers' ha ve described the tempe r;::-.ture profile and 
other eady measurements i n this hole_.n:n Its depth was to b~ 7 k.m-- a good 
beginnbg for the superdeep drilling program but still short of the 7. 77-km de pth 
reached in Texas during 19 58. A. A. Ali- Zade and G. A. Akhrnedov ~;ave di.s -
cussed the ~!eology of the nearby Apsheron Peninsula, where the s econd Caspian 
st.perdeeµ hole is being drilled_:l?. This hole had reached a depth of 6. 5 km in 
J~.nuary 1967. If they ultimately are made deep enough, these t wo holes might 
be exce).l ent for '.!nderground communication. experime nts. 

h. In addition to the argument tha! the deep holes may reveal mineral 
wealth, various Soviet geologists have advocated tapping the high-temperature 
rocks ~t great depths as a source of heat for geothermal power generation. Al
though geothermal power is practical, th~ suggestion of drilling deep holes for it 
is not. The higher temperature~ h1 deep layers offer both greater heat now and 
higher conversion efficiency, but the advantages increase no faster· than the square 
of the depth. Costs increase much faster 1'1ith depth, so a given a mount of power 
may be obtained more efficiently from several holes of moderate depth than from 
one suoP.rdcep hole . 

1.. In 1961, the program of superdeep dt'illing was reported to be part of 
the 7-year plan then in efiect for developing the national economy of the USSR.a::3 
In 1966, a proposed 5-year plan for economic development also included super
deep drilling, with emphasis on the study of deep mineral deposits.~ Evidently 
the USSR plans to pursue the drilling programs that have been publicized, and 
may eventually have antennas deep enough to communicate thr ·,ugh the electro
magnetic waveguide l ayer. 

j. Participating organizations include the Institut Fizik, Zemli, ANSSSR; 
the Moskovskiy Instit ut Nefte-Khimicheskiy i Gazovy Promyshlennosti imeni 
I. M . Gubkina; the Vsesoyuznyy Nauchno-Issledovatel'sk~y 1nstitut Burovoy 
Tekhniki · - VNIIBT; the Gusudarstvennyy Nauchno-Issledova- t el I skiy i Proyektniy 
Instit11t Neftyanogo Mashino·stroyeniya; and the Vesesoyuznyy Nauchno-Issledova.
tel' skiy Geologorazvedochnyy Ins ti tut. 18 

(U) 

7. 't€+ DEEP ELECTRICAL MEASURE MEN TS 

a. The electrical properties of the earth's mass may be measured by 
applying current to buried electrodes and observing the r~sulting voltage distri
pution . When the eiectrodes are all spaced far apart, the electrical effects 
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measured c1 re influenced by properties of the rock at gr~at dq,ths. F or pra ctic2.J. 
reasons, four elect.odes are generally used: t:,,;o car:·y ;;,_ .st.,nd,1::c\ ,.: ur-r•~11t, .,,:~d 
two a~e used tu chart the c\istribution of voltage ,:i.t the :.::uri~1·.::i' of ti,{:: gro-,1:1 d . 
Commonly, the four electrodes have been spaced along a st r·;t i ght line, wit:i the 
voltage electrodes between the current electrodes. 

b. The electrode spacing must be much greater than the depth investigated, 
_and electrical measureme,,ts of a layer 10 km deep may rP.quire an elect!·ode 
pattern 100 km long. Great pr;.,.ctical difficulties exist in :5<::tting up ~he app.:i.r~tus 
to provide high enough volta·ges and currents over Si.I.Ch a dis t ;;-i.nce. L . M. Al 'pin 
and his students in the Soviet Union have demonstrated that deep measur·ements 
may be made much mot·e sim;:>ly if the two current electrodes ~i re 10cated within 
a few kilor:.eters of each otner at one end ·of the 100-km path an(I the voltage 
electrodes are similady spaced at the other end.::,.; No win"s run the !"ull d~stan:.::e. 
Significantly, this arrangeme:.t would also be effecLve for comrrs~nic2ting with low 
frequl?ncy current over similar and greater distances. 

c. G. V. Keller an .. 4 others have r evie wed the res ults, methods, and pro
b lems of studying the electrical p1·operties of the earth' s c;r;ist and underlying 
rock. ::,:;-;;,:; Keller c.nd L. A. Anderson have also described a typical experiment. 
in wluch a signal was propagated 60 kro from a 5-km sending-selectrode pair to a 
1-km receiving pair. 37 Their frequency was only 0. 011 Hz, but a some wha t 
higher frequency coulci have been used. D. B. J2.ckson28 attained a range of 
100 km with an 8-km sending pair, a ! -km receiving pair, a·.1d a 720-volt, high
c_urrent power suppl y delivering 10 to 100 kw, Signals as weak as 10 i,:,v/km cc,uld 
be detected at the receiver. 

d. In typical so·,-i.et field measurements, a 50-ampere direct current is 
passed through a cable 4 km long with a gt·ounded electrode at each end·. A re
ceiving loop antenna, in the_ form of a horizontal square 200 m on a side, is 
located ?.O km a way on a line perpe.ndicular to the c\irection of the cable. Tran$
mittcd current pulses a re oi 1-rninute duration.?." To reduce the e ffe~t of.noise , 
100 received pulses are sc>.mpled at 5-second intervals , and the data is averaged 
digitally. Rocks as deeµ as 11 km may be studied with this arrangemF!nt. In 
196 5, about 7 50 electrical exploration crews we re working in the S0viet Union; 
500 were exploring for minerals and 250 were exploring for- petroleum. C,f those 
exploring for petroleum, 50 measured resistivity directly, 100 used t he transie nt 
resistivity methods outlined above. and 120 used tell:Jric current methods that 
will be de$cribed. Some miscellaneous Soviet research '."as reviewed in 1964 . ::.r. · 

e. Key Soviet research in this field through 1963 has been collected in one 
vol.ume. 30 T his publication contains a review bibliography, an extensive analysis 
of the complex interpretz.tion of measured electrical quantities. and a compre
hensive graphical atlas of computed theoreticai properties of specific geological 
configurations. These calcuk.\ions would be of di:-!?.~t value ir. planning an earth
conduction communication facili iY, and -~he geological info:-mation found by 
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conduction sludies '.YOuid 2.lso be n2edt~d for pl?.Oni! ,,.,-. 
in the under g1·ound waveguide layer . · 

f. Aside from the use of electrical methods in gec / 1/ sical r.,:.·ospt:c: ting, th P. 
conductivity of the earth I s surf&ce lay::::rs has ar: impN·tant ~rul.uencc up,)n t~e p ro
pagation of ordinary racio signals. Radio amateurs th.,o•.;~hout thl': USSR wer0. 
recently invited to make local measuremenis for compil:n.t-0:-1 into ,.. conductivity 
map of the USSP.. Certain problen1s in m;:;.king these n:..-: <1sm ·crnents have been 
discussed by S. Ordzhonikiclz.e of the Geological Surve_y ;.. n,:;Ltu te, Moscow. 3 ~ 

Yu. K. Kalin.in has al_=-~ discussed the measurement c f soi!. conductivity, ::-·,1 '-tnd 
V. S. YamiJol'skiy has measured the frequency dep~ndcr,c:c of co,,ch:ctivity for 
surface rocks in Wesk1·n, Siberia, Kazakhstan, and Ce,1tcal .<\sia. -:J.;: Most or the se 

studies are concerned with rocks and soils too near the ~,!dace tc have rnuch 
importance for true underground c0mmunication. 

(U) 
8. -f8+ MAGNETOTELLURIC STUDIES 

a. In addition to electrical studies made with currents artificially applied 
to the earth's crust, much can be learned by careful measurem~nts of natural 
electric and magnetic fields and by analysis of their fluctuati ons. Field vari.a
tions are of several types, including the familiar slow drift of the magnetic poles. 
Irregular electrical pulses are generated b~· dis t a:-1t electrical storms, and dis
turbances of naturc0. current in the ionosphere also appe.ar as induced fields in the 
eclxth1s crust. Other fluctuations may represent low-frequency electromagnetic 
radiation traveling thi ough space and im.pinging upon t!te earth. These different 
types of fluctuation may be identified by characteristic.. patterns in a chart record
ing. 

b. Cagniard has shown that measurement of fields associated with impinging 
radiab.on or.ionospheric fluctuations can yiPld information on resistivity of the 
eart h as a function of depth. 35 An effective resistivity can be found for each re
corded frequency of fluctuation by taking the ratio of electric to magnetic field 
strength, squaring it, and multiplying b~· thP. period. Tn~ diff e1-en(;1.:: i11 phase 
between the ~lectric and magnetic fields :..:, also useful. The resistivity found for 
longer-period fluctuations is to somz degree a measure of the average for rocks 
at great depths, and the variation of apparent resistivity with period is therefore 
a rough profile of res1stivity at various depths, perhaps to a few hundred kilo
meters. Typical measurements in the United States and Canada have been re
ported by D. Plouff36 and by K. Vozoff and R. M. Ellis. 37 

c. Scviet inter.est in the use of natural electric and m3.gnetic fields for 
geological studies began during the International Geophysical Year activities. :J3 

A . N. Tikhonov a;1d M. N .. Berdichevsk.iy of the All-Union Scic:1tific Research 
Institute of Geophysics, Moscow, rece:1i.ly reviewed the various forms of magne to
telluric explo.,._.ation used in the USSR and outlined the adv2::tages of these differ
ent tecr,11iq1..,es. 39 
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d. The .<'._.·.; i ~t g c o;:,h;sical jou::n2ls i::: arry tre q~1e n t !' :.: :Jorts or tlli :~ ~-e:s i:!~!·c:1 
on n~lu t·al ei c:...:t ~· i r: and iT~:'..g:1e tic field s . Ec:c tl.\ .. iS~· t!"?e f re qu e n.,:i ;2s n~onito•:ed ~t·e 
gc!,<::raily lower than ::,c i-ar.ge f:mphasi ~cd in this st,..:dy (~c s s th::: n l H ;, -- soinc 
times to 0. 0001 ~;z 01· lo_wet· ), this work •Ai!l r.:.:,t be det:i.iled. I3ut the a ssociated 
technoiog~'. iJarti~:..ilarly the methods cf ~xtracting we2.k ciectrical s ign,l l s frorn 
backgrr:;.,,nd noise of all kinds, is· of som.e interest. (These methods a ,· c ~2-rcly 
mentione~ in the reports of re~:;urch projects , pres~una bly bec ~,us c rn c, ny or the 
geol0gists using tbP. equipment know ve1·y iittle abou t i t. ) So1:iet e xperience in 
geophysical exploration is certainly an asset in u11dergroum! communication and 
detection, and th~ USSR is now conducting the wor-ld's l(,rgest progr ams in elec 
trical geophysics. 

e. In addition to the 120 o:- more field c ce ws using natural electric and 
magnetic fields for lc: ::;.l exploration, the USSl-• cper::.tes more tha n 20 fixeo 
magnetotelluric observatories that constantly record natural va~ialions. These 
observatories are located mainly along the perimeter of the USSR- -perhaps to 
obtain the most represent2.tive data for the Soviet Un.i.0?1, but also possibly to 
optimize the reception of electricai signals from otner parts of the world. 

4
-a The 

magnetotelluric recording equipment i!:i well suited for recording impulses gen
erated by nuclear C:xplosions, s ince it includes an electric or· magnetic field sensor, 
low-noise amplifiers, a filter net work to selee;t a desired frequency band, and a 
chart recoi-der to display the wave f.orm of each impuls ive field variation. 

f. Soviet programs appea1· to have departed only slightly from those des
cribed in ~- previous comprehensive study of this field. 4-0 This research will 
provide some data useful for evaluating the charact eristics· of the underground 
waveguide layer and could al so be useful in a possible Soviet •,,;arning system. 

g. Tikhonov, Der:.1.ty Director of the Mathematics Institute, ANS$SR, was 
awarded the 1966 L enin Prize for an undisclosed series of experiments. 41 His 
active lheot·etical studies of telluric curre~ts ;;.nd wave propagation in an absorb
ing n:.ed~~!:c!, :.:1 ccnjc:r:ction v!il:h the !nstit1.ite of Physics of the Earth, probably 
have been followed by a successful experimental program of s.ome practical 
interest, p<.::rhaps toward development of underground co.m~unication. 

(U) 
9. -f,E+ SEISMIC STUDIES 

a. Notice should be taken of the excellent ::;eismic rese arch conducted in 
the USSR. The top Soviet seismologists lead 1heir field. Although the USSR lacks 
the most modern instrumentation for collecting and rapidly pr·ocessing large 
quantities of seismic data, very cor:1petent research is being done, and the theo
retical interpretations are generally more advan.ced t·han t.hose in the West. 
Seismic techn.iq11es must also be considered, in addition \n electro11,agnE:tic tech
niques, in evaluating the Sovie t capability to detect a!'lc] ev::iluate nl!clear detonations. 
Results of s~ismic measurements and theoretical research are published in great 
numbers in ope:i literature. 

l 2 
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b. Althuugh the,'. ·•.:ctrical m~:,.:·::;ds used in geop\~ysical e;,plo:·;.;t.ion ::=.re of 
more direct inte rest i;.1 :· :Ippiicati<.v, ,:_; cor;-:muni ~ati.on ::tnd cid.~c tio:,, sei s!nic 
meth(.•d s have provided :,~o r~ det;1Ucd in.:Drmation about fre layering of the e<1rt~1 s 
.crust. This bacKground understanding is essential fo r int~rpreting the electrical 
observations and is vital in selec ting a site fur a supen.J2ep ;1ole. Seismic studi-~s, 
both wilh natural earthquakes and with explosive ch.a:cgcs .:--s· 2\Coustical sou rces, 
provide fairly d~tailcd i nformation about the character and depth of byers ,•ti.thin 

the crus t. 

c.: . Typi.cal recent s eismi::: t·eseaccri ·.•.-!'..i.ch '11:1y be u~;dul iot· t he detection 
of nuclenr explosions, o!· .is ind ic .tti ve of tr.e · pr· e.-;i)nt level or Soviet con,petence 
in seismology, h2.s been revie-.yed i n the Gc:03,:iences .. we\ Technology Gu:lctin . .:.;, 

(U) 
10. -t€t LOVi/ FREQUENCY Ri\D10 

Historically, the USSR has shown mo1·e interest than the rest of the world in th E: 
propagation of low frequ~ncy r2.di0 waves and has a l>road c cmpet<::nce in the 
theo1·y and practice of electroni3gnetic propagation. S V. Borodina et al. 
have su.rveyed the stu:iy of very long electromagnetic waves (between 10 Hz and 
50 kHz) and cite 109 refi::rences, 12 of them Soviet.~~ (The predominance of 
non,Soviet reference does not reflP.ct upon Soviet te~hnology, because th.is is a 
re·..ri.ew paper app;i.ren.tly written to acquaint Soviet researchers with work dcne 
eisewher-e.) P . Ye. Krasnushkin and N. A. Yablochkin have abo review~d thi i; 
topic. wifo ~mphasis on relating theory to experiment. 416 Both of thes-:: works 
ccnsider· waves propagating through the s pace between the earth's -~urface and t:he 
ionosphere, which acts as cl type c: wavP.l;uide. Although the un::ierground wave
guide layer is rathe1· di ffo rent in character . being filled with a glossy materid. its 
boundary con_ditions art: s_omewhat simple r, and much cf the same type of theo
reticd treatment is ap~1licable . This theoretical wo1·k will not eliminate the need 
for extensive testing before an underground waveg,!i.de system is dev·~loped, but 
may help in predicting the probable success of t!1e venture. 

(U ) 
.l l. -f€t LABORATORY SUPPORT 

a. Because rneasui-ement.s of the electrical properties of clP.~:-- - ocks have 
been subject to experiment;:i.l ;.:ncertainties, supplementary work !1as been und'?:; 
taken in laboratories t0 Jetermine the cvnductivity and dielectric col:!!ficiei1t of 
many type s of rocl<s as functions of temperature, pressure. dampne!':s, and fre 
quency. Ryaz::>.htsev and Sha~el 'r.ikov have cited more than 40 of the many publi
cations dee~:ribi ng this research. ·, S. G. Hibben has cited ei~ht more pubi.icatlons 
in a r<c:view paper on underground electromagne1.:.c wave propagation.~ These 
rnc:asurements support the conclusion that elect,icc:1.l .:::or.ch..1ctivity should incre2.se 
v:ith depth in the earth, mostly because of the high~r tempP.ratur~s. 11,

7 Pressure 
has a minor infiuenc.e. ~ Apµ3.rently the cor-.duc tiv.ity also increases with frequency, 
except at the very highest tenq:.erature!.i studied . "'7 Thi:! dielectric- coefficient of 
1·ock, which also i~fluences wave :1ttenuatior, , i net·eas~s with in-::reas ing tempera
ture and slightly decreases wit!.--. increasin!_! frequec.cy. Do.mp rocks , :~imilar to 
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those in the upper:nost layet·s, exhibit the e:-: pc ..::.•;•.1 .' !igi~ cor.ducE ·,,it:;. "9 These 
studies are entirely c::onsist~nt wi.1h indi rect m1,; .1:;u ren1e!'lts of c,:-nductivi ty in the 
earth's crust, and support the presumed ex.isten ;;~ of a w,1veguide layer. 

b. Studies of the electrical properties of rocks at. high tcmpt:!·atures and 
pressures do not appe;i_r- to be classifieJ in the USSR. Th.is work i::: qliitc s tr:::.ight
foi-ward and would be useful for interpreting geophys ical prospecting datt.t as well 
as for !)larming a communicat:on system. 

(U) 
C. -t5t SOVTET iNTERE'.STS AND CAPABILITIES 

(U) 
12. -f€t INSTITUTIONS A.ND PROGRAMS 

a. Soviet a uthors who have conducted research relevant to underground 
c0mmunication and dctectic•n arc scatt ered arnong :-:nore than 20 institutes, most 
of them already named. Only one to four scientists at any one institute _have re
ported such work, wi.th one important exception: more than a dozen of the authors 
are assoc:i.ated with the Institute of the Physics of the Earth imeni 0. Yu. Shmidt, 
AN SSSR. Their interests include s hallo w antenna:=:, electrical prospecting, deep 
drilling, rnagnetotelluric studies, and some laboratory support work--a broad 
representation of the research applicable to comm11T'icatioa or C:etection. These 
personnel are A.G. Ivanov, V. N. Nik:i.tina, B . S. Eneshteyn, D. N. Shakhsuvarov, 
Ye. V. Rybakova, E. ~- Parkhomenko, M. P. Volarovich, I. I. Rukityansldy, 
Yu. !. Vasil 'yev .. B. P. D ' yakonov, A. N. Tikhonov, V. A. Troitskaya, Yu. P. 
Bulashevich (Ur;\l Affili.-..~e). a..,d A. G. Bondaren.ko. 

b. Other institutions that have contributed very few known studi~s are the 
Sci. Res. Inst. of Geophysical Methods of Prospecting, th~ Math. Inst. imeni 
V, A. Steklova (AN SSSR), the Inst . of Mining and Geology (Ural Affiliate, AN 
SSSR ), Moscow State U. imeni M. V. Lornonosov, Sci. Res. Inst. 88 (Podlipki), 
the Inst. for Geology of Useful Minerals (AN SSSR), the Leningrad State U. 
imeni A. A. Zhdar.ov, the Inst. of Radio Eng. and Electronics, the Inst of 
Terrestrial Magnetism, Ionosphere, and Radio Wave Propagation, t.he All-Union 
Sci. Res. inst. for Geology, the Ministry of Geol ogy and Mineral Conservation, 
t!'le Inst. of Geophysics (tiral Affiliate, AN SSSR), the lost. of Geology (A..~ SSSRJ. 
the F'ar Eastern Affiliate imeni V. L. K0marov (AN SSSR), the Moscow Petroleum 
rast. imeni I. M . Gubkin, the (AN AzSSR), the Ir.at. of Geophysics (AN TuSSRi, 
the Geology Inst. imeni I. M. Gubk.in (A..."i AzSSR). the Moscow Inst. of Geophysi
cal Prospecting irneni S. Ord-zr ,,nikidze, the Molotov Stc>.te U. imeni A. M. 
Gor'kiy, and the All-Unic:-l Sci. Res. Inst. of Geophysical Prc3pecting. These 
est ablis:iments may have only a sporadic intr!'\!St in the rele vant research topics 
reported by them, or one or more cla.<: :;ilied programs may actually be b prog
ress. No cor.firming informatio:1 is available, .u1d the work reported could be 
fully justified for scientific or industrial purµoses. 
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a. A hai·dened shallow-antennc"\ type of c: 1.~mm unic,,til::1 syste.~1 ·sc,1ld be easy 
to build and opcr·atc with rout ·.c r ::i.dio tec:lrnol0gy. 1f th e: :-.:.,)vi ::: ts h ave any i11le r•~st 
in such a :;ys tem, i! will be easy fo t· t!iem to ins tall, , tn ci ,•.s sc:~ s n:~n t s of the 
Soviet comm;..i.'1icatio:1 network should 2.ss ume o. capabiEty :or t hi s m ode •::>i opera 
tion. Such a system affords the long-rar.ge skywJ.ve coff1p1.m~nl no protection from 
jamming, mor,itoring, r.or nuclear blackout; however, ii, •.: s ys te rn does a.if ord lhe 
short-range ground comµo nent some added p:·otcction i ,1 ::dl areas . 

b. The e xistence of radio termi.nals with deeply bu :cicd a!11.c: nnas is clo,.!i:,Uul. 
Little is to be gained by deeper burial (short of the wavt.:guide layer), and enormous 
power must be ~sed to overcome nearly prohibitive loss z~ . S?ecic"\ l cases exist, 
however, where an anorn.:~lous geological formation- -such as a layer of dry rock 
salt- -might provide the advantage of an 1111derground waveguide without superdeep 
drilling. Lc,cations for such a system would be restricte( severely. Po::;~~bly a 
suitable layer exists in the Caspian dep::-essio:1, accessible to the deep holes now 
being drilled there. If the USSR is working 011 such a sys c2m, the work tttu.:.t be 
in a preliminary sta~e. This assessment does no_t rule '.)Ut U,e use of a powerful 
radio sy~tein as an emergency communic.: .. t5.on link bet ween the surface and an 
underground stronghold analogous to the. US iasta llation in Cheyenne Mountain, 
where zi.n uneccmornic method might be justified for an unusual purpose, Go 

c . Th~ USSR apparently wi.11 require at least 2, decad,;"! to test a communi
cation system in the natural rock waveguirl e layer near.- 10 k:."J deep, a!ld merely 
dr i"lling holes that deep •wi.11 be a burden for Soviet capabilitii)~; , lndic:ations are 
that the USSR, for s cientific prestige yalue, will announce rri:.:ist of the success ir. 
drilling !c,uch holes : To date, the Soviets have provided a surprising amount of 
publicity for thei1· dri lling endeavors, particularly in view of th.eir lag of more 
tr.2.~ a decade behind the United States . · 

d . Soviet expe rience in electrical prospecting, particularly with Al'pin ' s 
dipule tecr..nique de.s~ribed earlier, 3'.l would make the ground-ccnductivity mode 
of communication available whenever desired. The information capacity of this 
system is severely :restricted , but the _information passed would be difficult for 
a monitor to identify or interpret_. This mode offers litt!e protection against the 
electrical jamming effect of mulµpi e nuclear detonation~ . . Longer ranges than 
the nO km to 100 km now practical may be· achieve cl. by a series or relay stations. 
The USSR has expressed no interest in developing such a commurdcation system 
from the geophysical prospecting apparatus. Soviet use of similar receiving 
equipment for nuclear detection, as well as for magnetotclluric-. studies, should 
be considered operational. Ti1e threshold of detection will be irnprovGd as better 
equipment is developed for research purposes. 
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