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In December 1967, a Staff Study of the rcquirell¥!nts and/ or programs 
of the Army, Navy, Air Force and ARPA for tunnel detection capabilities 
was completed, In thi:> study, it was reconu11cnded that a cooperative 
coordinating committee on tunnels ~e established to coordinate activities 
b~tw<'en the Service£ for developing devices .and systems for tunnel detecti~, 
denial and deiitrur.tion. 

The contents of this compendium arc the ~eports of the First Interagency 
~eting on Tunnels held at the OCRD Highland Building, 3 April 1968. In 
general, the contents can be considered representative status reports 
of the tunnel R&D programs of the Services, Technical reports of the 
agencies and laboratories purposely have been omitted from the compendium 
for reasons of convenience, However, the complete mailing ·adoresses and 
telephone nu.bers of all the participants arc included to serve as an 
expedie.nt in COlllllllnicating. 

This compendium makes available a permanent record of the conference 
proceedings. It is intended that the contents will provide for the 
participants a useful reference and guide in the planning and direction 
of future tunnel programs. 

<.... ..• 0 ;( J> / ....... /.,\~ .. \F-.. /ol· ... ·.:...-l-~. 
IVAN R, HERSHNER, JR. 
Chief, Physical and Kngineering 
Sciences Division 

Editor's note: To aasist further in communicating 
it is requested that a copy of perr.inent technical 
aubmitted to this office as they beco=e available, 
vill be di1tributed periodically to the conference 
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IN1.'1\0ilUC1'0RY REMAI<KS 

Brigadier C:..•ncral Charles D. Y. Ostrom, Jr. 
Director of Army ltcs.:at·ch 

We h 'lll\l to the Army Rcscarch Off icc. 

The principal objective •>f this mcctin:; i:; to brin~ together representatives 
->( labor.1tor ies and agcnci:os h<1v in); res pons ibilit ies for the deve lop:ncnt or 
the provision for opcration<1l usc of equipment and systems for th~ detection, 
denial and destruction of enemy tunnels. It b hoped that e.1ch of you by 
p.lrticipating will get to know better your countcrpart:o in your :oister agencies, 
to know wh.1t each ol!;ency's objectives and rc:;ponsibilitics arc, and to know 
the function$ and activities in which each is engaged, or might be engaged in 
the future. 

This conference is one ol a scrics of activities conducted by the Army 
Research Directorate since assuming staff responsibility in Decernber "1966 
for monitoring Army RW effort·s related to tunnels. 

In June 1967, a report entitlcd "The Tunnel Problem", authored by LTC Magill, 
was completed and distributed to qualified and interested agencies. This 
document described (or the first time in a detailed manner, the technical 
aspects of the tunnel thr~at in Southea:ot Asia and the Army's efforts to 
generate equipment and systems to counter that threat. 

In December 1967, a Staff Study on tunnel detection was completed. This 
study, of which most of you have copies, summarizes the requirements, the 
technical and administrative aspects of the Army's research and develcpment 
tunnel programs, and finally the p~esent technical capabilities available 
for meeting the problems of tunnel detection, deni~l and destruction. In 
addition to revieving the turmel programs of the Arfft'j, the study also reviewed 
those of the Air Force and ARPA. During the preparation of the study, 
tunnel briefings were given to and received from representatives of the 
~brine Corps and the Navy. 

The Staff Stucly indicatcc! that considerable progress has been achieved in 
·a relatively sho;·t time period, particulady when one considers the rather 
small program effort '~hich has been directed toward such a complex problem. 
'The problems of tunnel denial and tunnel destruction hav~ already begun to 
give way to these R&D efforts. The much more difficult problem of tunnel 
detection appears to be more reluctant to yield to the R&D effort which has 
been applied to date. 

1 



The third activity c.:>nsistcd of an Army·\~idc 'runnel Conference which was 
held here on 12 February 1968. At this conference for the first time, both 
the t('chnical and administrative aspects or th,~ Army's Tunnel Program were 
rev icwed in regard to requirements 1 ob j•'Ctives 1 resources 1 coordination 
and future planning. 

With the feeling of somewhat ~rcatcr insi~ht into the Army's 'i'unnel Program, 
planning wu initiated fo• the Int1nagency 'runnlll Conference which is con
vening here today. 

The basic objective of this c.:>nfercncc is to provide a mechanism for coordi
nating the tunnel pro~rams within DOD, By each agency working in its own 
area of responsibility, and within a planned program for coordination, the 
component activities can be most responsive to specific needs, and R&D 
resource& can be utilized with maximum effectiveness. 

Again, I welcome you to the Army Research Office, and may today 1 s meeting 
be helpful and productive. 

2 



Anny Nateriel Comm.md: Tunnel !'ro~r .. ms and R.Jspons! bil1 ti i:S 

Major J os•~ ph T<!dC s ch l 

This presentation will cover th~ •"'IC rol.: in the Tunnel prognro to 
include requirel!lents, functi.,ns, and Rt.n <£ctiviti~:s • 

• >J-IC presently has the following four-folll :unnel pro;::rar::: 

PROGR.'.:·l RESPO:\SlllLE ST.-\H ELE}IE:\T 

1. Detection Indiv~dual and General Equipment office, 
Development Oirectorlte 

2. Destruction CBN Offici:, Development Directorate 

3. Denial CBN Offica, Oeve lopmen t Oirecto:-ate 

4. Exploration Kit Major 1 te.ms 01 rectorate 

I \1'1 tl cover the tunuel destruct, der.i"al, and exploratlon phases of 
the program, Mr. Darogaa<d of the Individual an~ General Equi~ent 
Office will follow my presentation and brief you on the AI'IC :>rograro on 
tunnel detection. 

Tunn~l Destruction 

Work is being done at !·!ur.itions Com:~nd/Picatinny Arsenal - Initial 
requirement for this work received in Feb 1963 under EXS~RE Ulll. The 
f1 rst Al-IC approach to satisfying this requirement was the ~~ 69 Acetylene 
Generator Tunnel Destruct Set. (NOTE: At this poir.t in the presentation, 
a brief explanation o~ the characteristics and capabilities of this set 
was given) 

450 ~ 69 sets were shipped to Vietnam starting in November 1966, In 
January 1~68, ch~ iollowina eval~ation of the XM 69 w~s furnished by USARV: 

1. Tunnels Wit~ overburdens of more t~an ~ to 8 feet are not effectively 
destroyed. 

2. n.,~ acetylene 1.1 not diltributecl evenly throuahout .tho tunnel complex 
reaultina in incomplete de1tr~ction of tunnels. 

4. The aet conta1na too m.ny co~onenta. 

~. The liquid oxyaen and vater u&ed with the aet are not alvaya readily 
available. 

EONFIOENTIAt 
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US:\RV concluded that the XM69 ls luss ufflcient than other demoU.tions 
no~lly used to dastroy tunnels, and recommended that R&D efforts be 
eJ,;.edlted to provide a more suitable tunnel destruct system. 

In response to this USARV recommendation, work is . .currently under
way •t Pic:atinny Arsenal-to develop a follow-on tunnel destruct system 
known as LETUDS (Liquid Explosive Tunnel Destruct System). 

Liquid explosives arc being considered for tunnel destruct purposes 
for the following reasons: 

(1) From Bureau of Mines studies, ·there appears to be a natural 
li~tation to the amount of chemical energy available from hydrocarbon 
fuels. This amount of .::nergy will only destroy tunnels with overburdens 
of 2 to 3 meters. The requirement stated by USARV is to destroy tunnels 
with up to 10 meters overburdens. 

(2) Since it does not appear possible to configure means to 
derive enough chemical energy from gaseous hydrocarbon fuels to destroy 
tunnels with overburdens of more than 2 to 3 meters, the logical move 
was to a condensed phase or liquid explosive. (The exception to this 
misht be the use of nuclear energy to destroy tunnels.) 

It is not expected that LETUDS will satisfy the USARV desires 
for a lightweight, man-portable device to destroy tunnels on search and 
dest;oy missions. lt is just not possible to devise a small enough package 
to do this job under the conditions imposed by s~arch and destroy missions. It 
must be recognized that destroying tunnels of reported depths and lengths is 
a deliberate and time-consumdns process. It is with this concept of use in 
mind that LETUDS is beins developed. 

A prototype L!TUDS syst.m was successfully demonstrated at a 
test c'nducted at Paris, Pa. in July 1967. Briefly, L!TUDS consists of 
lay flat, plastic tubins deployed into a tunnel by trained personnel usins 
a Drag Pack (a deVice slung fr0111 the stomach or rump which "pays out" the 
tubins as the "tunnel rat'' crawls through the tunnel). The tubing is then 
.filled with PLX (Picatinny Liquid Explosive - 95/5 Nitromethane/Ethylenediamtne) 
dlepensed f~om its shipplnJ container• by a pumping system. Vhen the last 
despenser is empty, the liquid explosive will be capable of destroying 1000 
feet of tunnel with 10 feet of overburden. Present plans call for shippina 
30 sets to Vietnam in June 1968. A demonstration team will accompany the sets 
to Viotnam. 

Tunnel Denial 

Work is being done at Munitions Command/Edgewood Arsenal. 
Initial requirement for this work received in November 1965 under ENSUR£ #8 • • 

---·······--~ 
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COr~:-JDEf~TI.A%L 

Two separat~ requirements arc identified: 

(1) fl~~h peo~le out of tunnels 

(2) long te11m denial of tunnels (30 days or longer) 
in those cases whP.re ::unnel ~.strucc~on is not feasible, 

The ~ flushing problem appecrs to be satisfied, The 
technique of using a burning.type CS grenade, a poncho over the tunnel 
1110uth, and the Mit· .. Mite blower has proven to be successful in f~ushing 
people out of tunnels. 

Various apptc~ches have been tried to solve the long~ 
~problem, 

1. ~ - gelatin and urea-formaldehyde foams were investigated in 
an attempt to achieve & rigid, reticulated foam within which agent CS 
could be susp~nded, Total fill of tunnel with foam was planned, Efforts 
were successful in formulating foams that would stay rigid for two 
1110nths. However, this effort was r.ot investigated further in light of 
the more promising approaches that evolved. 

2. Nettles • A &~all, barbed. spine of the cactus plant Rufida was 
investigated as a pol'sit.le <ienial agent. An individual crawling through 
a tunnel seeded with this material would undergo sufficient itching and 
discomfort to deny use of the tunnel. Again, th1s method was dropped 
in favor of more pr~sing approaches. 

3. Agent CS-2 - A modification of the riot control agent CSl with the 
unique prop~~-/ ~f hydrophobicity (no affinity for water). Tests 
indicate that CS2 blown into tunnels will remain effective in denying 
tur.nels F .r periods up to 90 days. This appears to be the most promising 
approach co tunnel denial, and plans are preaently underway to type claaaify 
the agent for this purpose. 

The Ml06 Mity-Mite blower is limited in lts capability to dispense 
agent throughout the deeper and .longer tl•nnel complexes beina found in 
"ietnam, . U::dcr ENSURE #34, t'le requirement has been established fo~ 
a l~rge capacity tunnel flusher, or "big brother11 to the Mity-Mite, 
Work is presently underway to prov~de " back-peck, SOOO CFM tunnel fluahe~ 
to accomplish this job, 

Tunnal ExPloration Kit 

Work is being done at Natick Laboratories. Initial requirement 
establiahed under ENSURE I 64, No development is envolved, only purchase 
of required components of the. kit such u pistol, silencer, Miner' a· baad ·l&mp. 
etc, Firat kits are expect~d to be shipped to USARV in June 1968, 
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NOTES FOR HEETLN~ OF iNTERSERVlCE COORDINATING GROUP FOR TUNNEL PROGRAM: 
by MR. MARTIN DAMCAARD 

Individ~al and G~neral Equipment Office, Development Directorate, 
IIQ, USAMC (AMCRD·J). i'ro1:rams supervised include those in Natick 
J.aboratol"ics, for (.Ji!din~. clothin~ and cquipr.ing the individual 
>~oldier, ·tho11e in the ·~::ngin~cr Topographic J..aboratories for field 
A.rmy u:apping and surveying, and tho~;e in MERIX. for fortification, 
barrier11, delliOli.tl.ons, camouflage and deception, l:'OL distribution, air 
conditi.o.1ing, mine warfare, physical security, and guerrilla warfare 
countermeaaures, In the last category is Project lJ62410lD166, for 
expLoratory development of Gue:rilla Countermeasure techniques. Task 
03 of that project ts for Tunn~l Detectors. 

On 21 December 1966, DA. validated ENSURE 144, which states a require
ment for 10 detectors of a type being developed by LWL, for evaluation 
during combat operations. ENSURE 144 was expanded by DA to include the 
seismic sonar and UHF radar detectors being investigated by Mobility 
Equipment Research and Develo~ment Center ~~}. Follow-on 
effort to this develop~ent is ia~luded !n the DA Search 6 Destroy 
Program which contains a requirement to ruggedize and tmprove these 
MERDC ayltems after the ini'.:ial evaluation in SEA, 

The AMC objectives t•.nder the ENSURE are to develop man-portable 
equip111ent which ~o~ill detect a verticai. one-man hole with from ~ to 1 ft. 
of soil overburden, and tunnel runways with up to 20 ft. of overburden. 

two aei1111ic aonar detec tor11, fro111 a $250,000 contract for·· lO, wex-e 
ahipped to ACtlV on 22 Mar 1968, acco111panied by a MERDC engineer. Six 
more will be ready for shipment this week. USARV adviaed last Monday 
that the servicee of the MBIDC project engineer with this shipment, are 
not re~utred. Two aeiamic detectors are to be retained ~Y MERDC for 
evaluatil)n and test back-up. 

two UHF aoil penetrating detectora, to aupplement the eeiamic devicea, 
are due in fro. the contractor in May, •nd one or both will ~e ahipped to 
VH in June. 

Alao, 8 tunnel inspection periacopea have been provided, and each 
aei .. ic detector 11 acco.p•Aied by an enaine power.d auaur for mec~i· 
eel iupecUOil. 
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to aaaiat ACtiV in their evaluation, but primarily to gathPr funda
mental environmental and geological data upon which to base subaequent 
developaeut, AMC 11 aupporting a viait to VN by a six~an technical 
team from the Waterwaya ExperUnent Station, expected to depart about l May 
for a aix-week viait. $100,000 from the Search and Destroy Package have 
been prosrammed for this purpose. 

Other effort to be funded fran the Search and Destroy Package 
inc:ludea: 

Improvement of the seismic: and UHF models following VN and 
CONUS testinj, and procure~~nt of advanced models for teat, with $260 0000. 

Feasibility study of tunnel effluent detection, using gas 
s.mplea collected by the WES team ($60,000) 

Development of a frequency translator for analysis of signal and 
echo noiaea ($50,000), and MERDC in-house effort, at $60,000. 

Tunnel detection was not included in the AHC FY 69 or 70 budget 
duo to lack of an approved requirement when the budgets were prepared, 
but is funded thereafter at the $100,000 level. The DA Search and 
Deatroy packaae for FY 69 ia axpected to provide $500,000 for follow-on 
clevelopaaellt, 
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USAHERDC TU~1mL DETECTION EFFORTS (U) 

.as reported by ~~. ~~nfrcd Gale 

~ettog of Interscrvice Coordinating Group for Tunnel 

3 April 1968 
at 

·OCRD Highland Building 

CONTENTS 

A. Seis111ic Detector 

B, UHF Detector 

c. Verification Drill 

D. Frequency Translator 

E. MAGm 

F. Field Trip 

G. l'lan of Future Efforts 

H, Delivery Plan 
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'sF.lS~llC TUNNEL Df.TF:CTOI\ (U) 

1. /I() DESCRII'-riO!f: 

The seisrul.- tunn~l dctl)ctor is an active sounding system for the 
detection and n.ailping of tunn~h from tho? soil surface. It consists of 
three (3) basic cor.;c>on~nts: (1) An electronics package including a 
cathode ray tube for signal display and a self contair.~d power source; 
(2) a three KW p.::ak electrical p01>'<lr transr.,itting transducer j and (3) 
a small receiving transqucll!r. The electronics package weighs approxi
mately 40 pC'unds and is carried and or~uted by one m.:1n. The transmit
ting transducer, equipped with int~rchangcable circular plate or spike 
coupler, weighs approxi~'tely 25 pounds. The receiving transducer 
including cable.wl)ighs less than one (1) pound. The electronics pack
age and· transducers are interconnected by 30 foot cables. During use 
the search operation is directed by the operator carrying the display 
unit. This operator obse-rves the "A" scope type display for tunnel 
related reflections while the helper systematically probes the desired 
search area with the transducers. Headphones are provided so that the 
operator can also operate the system passively and listen Cur tunnel 
related activities. 

2. ~ PERFOIU-t:\~CE: 

The seismic tunnel detector will produce distinguishable tunnel echoes 
from tunnels at depths up to 10 feet i~ consolidated sandy or sandy clay 
aoils. The self-contained power source provides eight (8) hours of search 
operation, and an auxillary 16 pound power source provides an additional 
16 houra of aearch operation. The time required for a two (2) ~n team 
to make a sounding is approximately 30 seconds. Soundings are made every 
three (3) feet along the sur face. Soundings typically appear as indicated 
in this oscilloscope photograph • 

• The left and riaht ·oscillognuns correspond to over•tunnol and off
tunnel aoundinga respectively. Note the signal at the left of the scope 
trace in both upper traces. This is electrical crosstalk in the system, 

a,d haa no significance. The upper left trace consists of a direct trans
aiaaion between transmitter and receiver followed by a tunnel echo, The 
lower left t:~ce was taken from inaide the tunnel and represents the one 
way propag~t!on time. Note that the tunnel echo beain• at twice the time 
of the in-tunnel trace. In the off-tunnel ca1e the direct transmiesion. 
typically are lower than over-tunnel, and the echo is absent. 

3. (U) STATUS: 

Tvo .(2) ruggedized experimental unite were shipped to ACTIV for testina 
and e~loy .. nt in Vietnam on 22 March 1968. Five (S) additional unitl will be 

._.available for ahipplna to ACTIV on 12 April 1968. rhe remainin~ units vtll 
undqoCONUS and SEA teltina which will ruult in techniques for extendina 
detection ranae and al.plifyina interpretation. 
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MERDC Sl::lSi>llC l'UN~£:1 .. DEl'ECTOB 
'l'ECliNICAL DATA 

TRANSl\IlT1'En 

POWim 

PULSE WIDTH 

RECEIVER 

BANDWIDTH (VARI:\DLE) 

DJSPLA Y. 

POWER SUPPLY 

3KW P,E,P 

0-20 PPS VARL-\BLE 

'1 MS 

HP 200-2200 HZ 

LP 2000 - 4000 HZ 

"A:" SCOPE 

INTERNAL l\IERCL"RY .. 
· 8 JffiS SEARCH 

·PHYSICAL CHAR.'\CTERISTICS 

'l'RANS'MITTER 

WEIGHT 25 LB 

DIMENSIONS 3 IN, DIA X 28 lNCHES LONG 

.. . 
10 

EXTERNAL RECHARGE.\ BLE 
lG HRS SEARCH 

ELECTRONICS 

40LB 

&.X 9 X 18 INC.HE~ 

• I 
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' d • tit . 

UHF TUNNF.L DETECTOR (U) 

1. ~ DESCRIPTION: 

The elccn-onwgnctic tunnd detector is eucnti.:~lly a man-portable, 
shore pulse radar <ksigncd for transmitting into the soil fror.\ a short 

distance above the surface, Due to the short pulse duration and wide 
electric<ll band1~idth, the detector is able to detect and resolve :;mall 
targets ncar the detector. Targ<'t echoes ne sampled and displayed on 
an "A" scope which indicates echo ar.tplitude versus time. Provision& are 
also made for producing a perm.:~ncnt and continuous record of subsurfac~ 
profile by recording echo strength versus depth versus su•face position 
on the Z, Y, and X axes, respectively, of a chart recorder or storage 
oscilloscope. This display enhances the ability of an operator to inter
pret the echo information. 

2. ~ PERFO~\NCE: 

The seismic and electromagnetic detectors arc complementary in that 
the first works well in wet or dry consolidated ~dia while the latter 
works well in unconsolidated b~t dry media. Also, the electromagnetic 
detector has an advantage over the sei&mic detector since it does not 
require direct contact with the soil. Consequently, the search rate for 
the electromagnetic detector ia higher. 

The electromagnetic tunnel detector is capable of detecting tunnels 
at depths up to 10 feet in dry sandy or sandy clay soils. A self-con
tained power·source provides 10 hours of continuous operation. The weight 
of th~ entire tunnel detector is approximately 20 pounds. The search and 
mapping rate of the electromagnetic detector is relatively fast since 
contact with the soil is not required. 

3. (U) STATUS: 

two (2) ruggedized experimental prototypes suitable for testing and 
employing in Vietnam are currently under development and will be avail
able for CONUS tea tins in May of 1968. Advanced li&nal proceuing tech• 
niquea for extending ranae and improvin& discrimination are under inveati
lation and will be incorporated in advanced development prototypes. 
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MEHDC UUF TUNNEL LOCr\ TOil 

TECHNICAL D .. \1':\ 

TRANSl\Il'l'TEH 

POWEll 

PHF 

PULSE WlDTII 

RING DOWN RATE 

RECEIVER 

, 

ANIENNA 

POWER SUPPLY .· 

PHYSICAL CHARACTERISTICS 

ANTENNA 

.\YEIGHT 

DIMENSIONS 

l2LB 

20 X 20 X 20 INCH 

l2 

100 WAT'fS P.E,P, 

4. 0 1\II!Z 

5 n s (3 clb) 

>2. 0 db/ns 

SA~IP~L':'G TEC.HNIQUE 

A- SCOPEDISPLA Y 

SINGLE TR.-\NS~llT/RECEN; 
.• ·.ANTENNA LOADE1J RIDGED 

.HORN 
BANDWIDTH: S0-250 i>IHZ 

BELT PAcr.· D.ATTERIES 
8 -10 HRS 

ELE~TRO:NICS P:\CKAGE 

16 LB 

6 X 8 X 15 1:'\C H 

' I 
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TUNNJ::L VEI\Il'lCATIOX DIGLl.. (U) 

l, ¢'J DESCRIPTION: 

The tunn'-'1 vl!rification dri 11 is a screw type, narrow gage, gasoline 
powered drill wllich is used to unn1istakably verify the presence or absence 
of a suspected tunnc 1. The drill consists of a 4. 5 horsepower, two (2) 
cycle en.~;inc; a speed reducing power take-off; three (J) f1 ve- foot section& 
of ~ inch hollow Stl!cl tubing; and the specially designed 3/4 inch drill 
bit. The power take-off operiltes at 90 rpm and has a through center drive 
~chanism which allows the entire 15 foot drill shaft to remain assembled 
durin& drilling operations ~·ithout dgnificant wllipping of the shaft. A 
quick release mechanism is provided so that the two (2) man operating team 
can quickly engage or disengage the shaft in 2.5 foot incre:nents along the 
shaft, The entire unit weighs approximately SO pounds. 

2. ~ PERFORNANCE: 

The tunnel verification drill will penetrate most soils, including 
gravelly soils, at an average rate of two (2) inches per second, The 
three drill sections provide up to 15 feet of penetration. The bit com• 
pact1 the soil 10 that no spoil is brought to the surface. Since the bit 
is larger than the shaft, the unit essentially free falls when the bit 
breaks through the roof of a tunnel, thus providing a positive indication 
of a cavity. The soil compacted by the bit ~~kes a stable air shaft throu6h 
which tunnel destroying or clearing agents can be fed. 

3. (U) STATUS: 

Ten (10) prototype models of the tunnel verification drill have been 
fabtieated. Three (3) _items wete shipped to ACTlV for evaluation on 22 }~t 
68, Aft additional S units will be available for shippinK to. the same Ktoup on 
12 Apt 68. The tlm&ining 2 units are being used as expetimental models in 

CONUS and SEA teats i,n an effort to increase penetration rate and reduce 
weiaht. 
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MERDC IUGII SPEr:o TUNNEL VERU'IC,\TlO~ DRILL 

BIT: SCREW 'l'l'Pf: Wl'fli L'\JECTlON AND RETHACTIO:\ TAPERS. 
MAXIMUM DL-\i\IETl::ll IS 3/·1 INCH. 

SHAFT: TIJREE IIOLLOW r.L·\TNG Sl::CTlO~S: EACH SEC'rlOl\ FIVE 
FEET LONG AND 1/2 L'iCIJ Dl·\!IJETERWfl'U FLt\ TS EVERY 
2.5 FEET. 

POWER ADAPTOR: .90 RPM Tl!ROUGII CE;'ITE!l FEED WITH QUICK 
CONNECT/DISCON.NtCT \VH!CH 1111\T.E:S WITH 
FlATS ON SlL·\FT. 

POWER: TWO CYCLE, 4. 5 HP GASOLINE ENGINE. 

PENETMTlO.'I RATE: TWO INCHES PEn SECOND NOMINAL. 

UNINTERRUPTED P:ENETRA TION DEPTH: 15 FEET 

TorAL WEIGHT:· 50 POUNDS 

.. 
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'IN.-!~ASOXIC TO SONIC l'RANSLA'COR (U) 

1. (U) ~Pl'IO~: 

The infra11onic to so11ic trUI\&liltor is a compact, lightweight, low 
power all cl~ctronic device which converts subaudio signals to audio 
signals while. maintaining the relative harmonic relationship• of the 
original signah. ~lultiplication of the infrasonic spectrum is accom· 
pUshed by liCparating the input apectrum into individual frequency -com· 
ponenta, elec:tronically,multiplying the frequency componenta; reinaertina 
the amplitude componenta; and multiplexing the synthesized frequencies. 
The infrasonic to aonic translator allows a human operator to use his 
normal aural pattern reco&nition abili:y to analyze aei1mic infrasonic 
signah characteristic of tunnel digaing and tunnel activities. 

2. (lt1" PERFORHANCE: 

The infrasonic to sonic translator has an input' bandvidth .of 5 to 
50 Hz and an output bandwidth of 100 to 1000 Hz. The dynawdc range of 
the unit is 60 db. The input impedance is switch aelec:table fo1 operatina 
with low impedance sensors such as velocity type geophones or hi&h Lmpe· 
d&nc:e aensors such aa Piezoelectric elem~nt accelerometers. 

l. ~ STATUS: 

tvo infraaonic to sonic: translators -re currently under development 
an~ will be available for field tcat~n& in September 1968. 

CONFIBENiiAL 
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w.~NHTJC -ru~~hl.l.l~c; ·m:-rHCTO!{ c:·rn>J c,.e, . . . . . . .. . ·. 
1. C2? JlliSCJUl'TlllX. ThC' ~lTJl i:; an unmodified ~l:1"11'·tic 
In t l'US ion -·Jfc c._:·~,: ~-or- -{~lAG 1 iJ) \dli \7.h ) ~· us cd with c i th~ r an 
MClD 'f·l4 Annu;~ci~tlor or ~ Tn>c ''!'"Annunciator. The · 
Annunciato1· mu!'> t he modified to tJc.:.~c-pt_ a 1d re transmitted 
output alarm siKn:~l fro::~ the ~1.\Gl·ll in order to ;n·ovidc au1·al 
and visual indic~LUtlll!i of dctcctioa. Th<.: ~lTD therefore 
consists of a ~L\GID, a modified Annunciator, and up to 2 
miles of ~W-1/TT \oJir<- :ls sho,..-n in Figure 1. 

2. ~) FU~CTlO~. The ~lTD \dll d..:tt•ct the act of tunnelling 
p1·ovidcd tl1~-tunncllcr is using tools r.1adc of fcrroJiiagnc::ic 
material. ln addition, the NTU 1d 11 detect the passage of 
pcr!'onncl tln·ou~h the:- tunnel provider.! the personnel arc· 
carrying or have fcrromngnctic m3tcri3ls on their person. 
llol-:ever, the detection rJn~c in the latter case raay riot be 
as great as th:tt .cxpcrlcn..:cd due:- to :!ctivc tunnelling. . . 
3. L-e") OPimATJO~. 1'he ~11'1> is buri~c.l perpendicular to the 
expected Clircction of tunn~llbg nctivi t}'. It is recommended 
thnt_~ to 24 inch burial depth be used; however if the ta~tical 
s~ tua titm--,p_rohibi ts burial, the~ ~lTD can be snndbagg'ed on the 
ground surface~ . When the )ITO is buried a false alarm rate 
of less than two per dny can be expected in a quiescent area, 
oc:c:urring as one or t\\O short au~io tones ar.d not as a 
prolonged sequence of tones. Sauc.lbagging on the sut·facc 'dll 
result in a htghcr false alarm rat~. Digging with 3 metallic 
tool will result in a prolonged sequence of short audio tones 
and corresponding counts at the annunciator. Continuing 
lllOJ\i to ring· of th'e an~unci~ tor is not neccs.sn ry, as the counter 
will store the indifa~ions of digging activity. .. 'I • • 

4. ~ TUNNELLING TESTS. 1'his srs ten '~as tes te<i Jor 
of activc-fii'ilne11lng an.d oasslgc of "Oers.onne'l t·hrou,;!l 
at Edaewood Ars~rii1~ ls an~ 19 Narch l96S. 

detection 
·.:unnels 

In the active tunnelling tests, it \\"aS d.etcr:nincd that 
digging with a standard entren~hing tool could be reliably 
dct~cted over a SO foot frontage to a depth of 11 feet . 

. Digging with a bayonet could be de:ected over ~ 30 foot 
frontage to a depth Of 11 feet. A one pound s1zc ~axwell 
House ·coffee can was detected the same or better than the 
entrenching tool. 

· Passage of personnel through a tunnel at an 11 foot depth 
was detected over a SO foot frontage when carryin~ a Ml rifle 
at 1.5 feet per second. When c•rrying a 45 cal. pistol or 
bayonet personnel were detected over a 30 foot frontago. The 

· GROUP 3 
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depth of the tm\nels 1,ras 11 feet.·' 

Figure 2 shows the pattern of detection when digging on 
the surface 1d th an entrenching tool. This pattern \"las 
confirmed in the tunnelling tests to a slant r~ngc of .15 
feet. 

An uninformed NCO ~~as given the task of observing the 
annunciator readout and determining ,.,.hen tunnelling ,.,.as taking 
plare. He correctly assessed the tunnelling activity with 
the entrenching ~ool 100% of the time that tunnelling took 
place over the SO foot frontage. 

S. (P' STATUS. 40 MAGIDs ,.,.ith modified MCill T-14 or Type "P" 
Ann uncia tors are currently available for deployment as :>lTD's. · 

i" 
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ce.-.z~·~J ""'·- · ····ttt . •· • v._,.\: ~ i 

Field T:ip·~·" C••ll(,l-:~t. ;.&:, !~v •• ~~&.Lt'i<>n <~n<l Dnta 
C<>llt•:.:t:i.Jn Prv;~r;o~, i 11 Vi<!t:nam (U) 

a. D.lta colh·l·ti.\lu i.n ~n·~·:,.•r t •;( .,,.f,,•••ix ~q,;; •.lll' ~"'""'-'! ch:tt•ctor 
dev~lop~nts and t••..:hni.·.•l .L:<:!iHt•Lt•··· in tla: .::v:~lu•:vi.,n .-r 1notut:t?'' 
equipn&~nts. 

b. Collection o( tunn~l/cnvii'on•tl,•n:: .ti.r <iO::ntph:s in Hupp:.ort of the 
development of r.lpid search tunnel u(•t•···~.Jrs. 

A secondary purp<Jsc is to coll~c-t U.H;;;: ->It •::.:'.-:; o>;II .. O:&'•l:. ~ r~Lcto;:-s H:Lut(:d 
to the confid~nti:tl project COFRAN. I:,di)~J!", i L sc~ the: v:.rious fun
ctions of the prugrilm, the tll('a!>urct;,.,·nr:s v& ~·~•:ph·:; to :." t:"kr.n, the· c:quip· 
ment to be us~d and tho:- mosl: im;><Jrt;u,t t>••L·••·:·J<;··,·::; Clr r .. :J<,t' ""s to be 
derived from the r:~.:~:~ur.:m..:nt::. ,\ dct,,i! ~.:t! "pl.Hl of C•[•oi.:r.:ltion" is in pre· 
polration and will be .:lVOlil.:lhlc .1t. the tir· .. urciv.~i .:.·f t:he WES tc:am in 
Vietnam. 

2. ~ To accompli.sh tlu: Viltio;.~:; t.cch:lic<J: ..i:iih·O:L!: .j: thi!: program, a 
aix-man multiuiscipline t('.lm is requir.•ll. (~•:·(' lncl,•sure: 2 for names and 
disciplines). This tea::t will requil·~ s!.x \IC.:>k~ in Vietnam i'teginning 
approxima t.::ly 1 ~lay 1968, and will vi~i. t tunr:d si tcs in the fi\•e di.f· 
ferent. physiosraphic regions delineated on thl' ''"·;• (I :-. .;losure- 3), i.e., 
terraces nc.lr Cu Chi, coast<ll plains ~..:!ar Pho~1.:: L~·, highland around 
Pleiku, narrOW' coastal plains ncar Quan:; ~ig<ti, :1:-c c!w interr.lccliate hi.~;h
lands near the demilitarized zone. It is r~nli~~ci thut it mny be impos· 
sible to visit all the specified areas, and otber ar~as t~; have to be 
aubstituted for them. 

r 

3. JIIIJ To obtain the data on all the !.te1as list~u l:->. i.nclc..•su:e 1, the 
te&lll would need acc:ess to e<:~ch sl tc for about thne ·~!::y:;. f!c•,..e:,·cr, .access 
tO a tunnel lite ·fo·t .. on'ly A fe-..· hours \/C,Ild bt~ su! ~l Ci Cr.l ::<~ ·;>;a in 8 

co~sideuble amount of useful d.o.ta. The ~~t:1 c.)llectcd !..1 :··1 .. -·.:d t;J 
certain IIIUnitions need nor: necessarily be relc.tcd ::o a::L•.:"l ,:::~::cl sites 
at all, but should be COllected in the five different phys1 Ocita?hic regions • 

4. · {JI'f The Chief of Engineers, DA, b:.s recommended that l.h·· r:<!am be assigned 
a central base from which to operilte, such as the U. S. r\rr::>· E:1ginecr Cor::r:uJ.::d 
at Bien Hoa. At least 432 sq ft of oflicl.'! ;~nd labor:~to~:y spac·~. billets 
and mess ·accommodations, and b.:lse transpcorto:~cion WOl:ld be rilquircd. Acc.!ss 
to a soil laboratory to obtain moi~turc cor.~er.t on about 100 soil sar::plcs 
would be desirable but not absolutely essential. Transportation support 
would be required for travel to and fror.1 the various regior.s, for travel 
on the base in the region visited, .:lnd for tr.:lvel from the base r:o a study 
tite. Al~ the equipment used by the toar:: c.1n ~c contained in approximately 
12 footlockers, four of which are required for the equipment needed to 
take data at a tunnel site. · 
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5. (U)' The WES st'nt a tunnel research tcnm to Vietnam in February 19&7. 
Thil teaw wns sponsorrd by U, S, Army ~!a ter ie 1 Command and the Advanced 
le&earch Pro,lects Agency (ARPA), and ita; activities were coordinated by 
the ARPA R&D field unit in Snigon. Tha logistical support for the team 
waa provided by the ARI',\ R~D field unit and the 25th Infantry Division. 
Several members of the 1967 tcnm are also assigned to the currently pro
posed work as noted in Inclosure 2. 

6. "" The developme-nt of efficient, easily usable tunnel detection 
equtPment ia uq;cnt and the problems encountered are very complex, TO & 

large degree, the solutions to the problen;s require detailed knowledge of 
the enviornment in which the detection equipment wi 11 operate. Consequently, 
it ia imperative that data concerning the seismic, E-M and trace gas proper
ties of the soils of Vietnam be collected and analyzed. This propo&ed work 
will aid the Army'a tunnel detector development program significantly. 
Early c<~ncurrence with this field trip as proposed by the De_partment of 
Arm,, and an appropriate address to which the necessary equipment may be 
ahlpped, has been requested from USARV. A separate request for theater 
clearance for the peraonnel involved will be ·made at a later date. 

7. (U) The planne.! field trip will be coordinated with .\CTIV which will 
be aasiated in detector evaluation. 

•• 
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i ... 
.... 

Function 

Data collection in aupport 
of Seiallic Tunnel Detector 
Dnelo,-nt aad techaical 
ualataaee 

( 

Collection of Data Related to Tunnel Detection 
in Vietnam 

Heuure.enta or Saa~pling 

Vertical prop•gation velocity 
Vertical attenuation 
Lateral attenuation 
Media baCkscatter 

Soil profile description 
Diatur~d soil samples 1 

by borizon1 0 to 101 

Equipment 

Prototype s~ismic tunnel 
detector 1 scope 1 callll!ra 1 and 
adaptor 

Sampler and soil containers 

( 

Derived Parameters* 

Short pulse dispersion 
Tunnel scattering efficiency 

~ 

Particle content versus depth 
Moisture content versus depth 
(& as a function of rainfall) 
Organic matter content versus 
depth 
pH f~ctor versus depth 
t~tallic Oxide content versus 
depth 
Salts content versus ·depth 

~ I I · · I Density versus depth 

Data collection in aupport 
of UBF Tunnel Detector 
devalopaent 

Vertical propagation velocity 
Vertical attenuation 
Lateral attenuation 
~dia backscatter 

Soil profile description 
Undisturbed soil samples, 
by horiron 1 0 to 10' 

Video pulser. antennas, 
pawer source. sampling 
oscilloscope 

Sampler acd soil container 

Short pulse dispersion 
Tunnel scattering efficiency 

Conductivity versus frequency 
Particle content versus depth 

~~isture content versus depth 
(& as a function of rainfall) 
Organic matter content versus 
depth 
pll factor versus depth 
~~tallic oxide content versus 
depth · 
Salt;s co_ntcnt versus depth 
Density ~rsus depth 

*Coeputatioaa and laboratory analyais (except moistur; content) of samples will be done in the U.S. 
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Collectioa of Data Related to tunnel Detection in Vietnam - Continued 

ruactiOa 

Collection of tunul/ 
ecviroa.ent air a&~~~plea 

N ... 

Study of critical environ
•ntal fact.:-rs affectin&· 
certain munitiona 

HB .. ure~nta or Sampling 

Air aamplea from unoccupied 
tunnel -
Air a..Ples froa occupied 
tunnel 
Air aamplcs from above dis
turbed earth in tunnel 

Air aa.ples from atmosphere 
around tunne 1 

Air flow in unoccupied tunnel 

Air flow in occupied tunnel 

Equip~Qant 

Gas absorption bottles and 
~ 

~ind probe 

Air temperature from aome ~emperature sensor 
pointe air samples are taken 
Air humidity fr0111 so- points 
air aamples are taken ~umidity sensor 

Ambient temperature l:emperature, humidity, wind, 
& solar radiation probes 

Ambient relative humidity attached to portable battery 
~perated recorder 

Soil temperature ~ 

Relative humidity near ground 
aurface 
Wind apeed near ground sur-face 

Solar radiation near ground su~
face 

Derived Parameters* 

Spectrometric analysis of air 
sample from unoccupied tunnel 
Spe_ctt·ometric analysis of air 
aample froa or.cupied tunnel 
Spectrometric analysis of air 
sample from above disturbed 
tunnel earth in tunnel vs time 
Spect'rometric analysis of air 
sample from atmosphere around 
tunnel 
Breathing rate of unoccupied 
tunnel 
Breathing rate of occupied 
tunnel 

Ambient tctn~raturc, vertical 
profiles vs time 
Ambient relative humidity, 
vertical profiles vs time 
Soil temperature vs time 
Relative humidity near ground 

surface vs time 
Wind speed ncar ground sur
face vs time 

Solar radiation ncar ground 
surface vs time 

~tatton. ancl iaboratory .nalysi& (except moisture cc.."l:<!nt) of samoles will be done in the u.s. 

. I 
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l'onon!!fl Auisned to the Vietnam Tunnel Research Te!:! 

lenn1 I, 0.* GS-13 Supv Res Civil Engineer 

Adoor, E. E.* GS-12 Resear=h Botanist 

lliley, R.E. GS-09 Electronics Techniciao 

Jettou1 Georp H. GS-06 F.lcctrouica Technician 

Molthaa 1 B.D.* GS-11 Rea Soil Scientist 

Soutbweat Reaearch loatitute 
lapreaeutative Electronic Engineer 

Alternates 

Davia, 1.1.. G~ ·13 Supv Research Physicist 

Crabau1 w. B. GS·::.4 Supv Research Geologist 

Collins, J. G. GS·ll Re•earch Civil Engtaeer 

Willi .. on, A.N. CS·l2 Reaearch Pbyaiciat 

kkard 1 B. w. PFC CivilEnsineer 

Sllith1 P. A. GS·ll Physicist 

JuataiDa, w. N.* GS·ll Reaearch Botanist 

'11111111bara of 1H7 Viam• 'l'l&aul Rea .. zch Team. 
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~1 Detection EtfW~ Duriur, the. 'FYb9·70 Period 

Advanced develol'lllant of the sci$o1tc and electromagnetic locators will 
continue through F\' 69 wiL h emphasis o:~ autonw tic aigna 1 proceui.ng to red.,.ce 
the false aignal rate and simplify the training required of the operator. 
These syste11s will. reliably and accurately determine the location of tunnels 
in au1pect areas. !lOWI!vcr, the requirement of point·by•point search does 
not render them suitable for the searching of cxtensi ve areas. 

·In the FY69·70 period the major portion of the effort will be directed 
toward the development of tcchniquC!s suitable for rapid scanr.ing from remote 
locations. ·Studies and evaluations will continue in the areas of trace gas 
effluent detection, electromasnctit sca.ttcring ·£-rom tunnc1s and the sround 
IUrface, wave propagation annomalies, and soil disturbance meaeurcment tech
nique~ luch aa argon detection and ecologtc:al effects. The e·,aluation of 
alt•rnative approachei will b' based on detection performance as ~ell as on 
operational characteristics and cost effectiveness. The obj~ctive is to 
develop a practical system wbich is suitable for ground ;mel Airborne oFoeraci.on 
under a variety of tactical. conditions. 

\. 
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JIISMlC TUNNEL DETECTORS 

lWo (2) iten11 were shipp!!d to ACTIV, Long Binh, on 22 Mar 68, ucorted 
by an Electronic P:ngineer (~lilLtary). 

Six (6} items will be shipped to ,\CTIV on 12 Apr 68. 

lWo (2) itema will be lhipped to Ft. Belvoir for tuting on lS Apr 68_. _ 

!PIFICATION DfHU.S 

Three (3) items were ahippt'd to Lpns Binh on 22 Mar 68. 

Five (5) itema will be shipped to ACTIV on lS Apr 68. 

lWo (2) itema will be shipped tO Ft. Belvoir for teating on 12 -Apr 68. 

IL!CTROMACN!TIC TUNNEL DETECTORS 

Currently under development w!th two (2) unita to be delivered to 
Pt. Belvoir for teatinc on 3l.Hay 68. 

1NSPECIIO! PERISCOPES 

lithe (~) units were shipped to ACTIV on 16 JAn 68. 
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US Al'aay Li111l.ted War Laboratory's Tunnel Detection Prosram 

LTC Robert J. Cottey 

I am LTC Cottey from the U. S. Army Limit~d War Laboratory at Aberdeen 
Proving Ground, Maryland. 

ln his opening remarks, General Ostrom mnda the remark that, "the state
of-the-art for tunnel detection is a dog!". This remark is most apropos 
for a lead-in to my subject, since 1 will .discuss the use of ~og~ for 
tunnel detection. 

For over two years, the U.S. Ar:uy Limited War Laboratory has been in
volved in various detection programs involving dogs. By way of a prelude 
to our i~ediate subject, Jet me relate a brief summary of our off-leash 
scout dog program which was conducted in 1966 ana 1967. Ger111an sheperd 
scout doge were tau~ht to range freely off-leash in front of a handler 
at distances of 100 to 200 meters. The dog~ were taught to alert on 
humans and, once alert~·d, to sit.' Affixed to a barnes& about the dog's 
neck waa thia radio tran~~itter. The transmitter is FM, crystal con
trolled, 46.85HC with a power output of approximately 450 milliwatt&, 
In addition, the transmitter contains a n•otion sen,.or which senses the 
1110veme11t or non-movement of rhe ciog. TLltal weight is approximately 18 
ounces. The handler was e~;uippcd with this standard PRR-9 receive~:. 

When the dog moved, a sinusoidal signal was received in the receiver by 
the handler. When the do~ ali!rt<!d lll\d sat, the sinusoidal signal stopped. 
8y this method, the hnn<U<!r ·was kept a•~nr.e of the dog's r.1ovement while 
the dog was out of l> lght of the h<>ndler. If the dog ol~rted, the !l;mdler 
notified the patrol le~dcr whll chen took appropriate action, During 
April and Hay of last year, four dog/handler teams were deployed to 
Vietnaa for ot~erat 1.onal evaluati<lL\, The teams participated in combat· 
patrols with the l$t Air Cavalry Division and the lst Infantry Division. 
Result a of thia evaluation ,..ere genr.rally favorable. Afll a result of the 
evaluation, aeveral actions h&\IC' taken pl.lte. First, COSARC has directed 
that off-leaah training be included in the acout dog trainina program. 
To this end, LWL ia assisting CONAR.C in the procurement of the radio 
transaitters and receivers required !or the traininG. 

A aecoad result has been the initi•tion of a two-pronged follow-on acout 
doa proaraa by LWL. A contrac~ was let to Behavior Sy•teaa, Inc., in 
January of thia year to conduct· a 12-month progr1111. Initially, 12 dogs 
vill be uaad in a fca•ibility to determine the faaaibility of trainin& 
doaa to aearch for, detect, and reapond to camouflaged, as wall.aa un-
c .. oufllled, tunnel openings a1~ Qpenln~s into other around cavities, 
ODe aultipla openina tunnel comparable to a typical VC r.unnel and other 
exc.vatloD& of varyina dlllleniions and confiaurationa vill be uaed for 
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training purpose~. The dogs will be train~d to make a specific re~ponse 
in iDIIIIediate prox1m1 ty to the tunnel openings while work).ng both on and 
otf leash. Our current schedule calla for a demonstration of the feasi
bility of the concept at the enll of the sixth month uf the contract 
which will be •nJ.d-July, If fea10J.bility is demonstuted, two tiquads of 
the 60th Infantry Platoon, Sco~t Dog will be trained for tunnel ~etection, 
This Platoon has been act Lvated by COK;..RC tu specific"lly ~>uppol"t u~.or 
proar11111. Tbia tnininl> will be conduct"<! llt Fort Conlor., Georgia, !;it£: 
of the new CONARC Combat l'racker '!'ream Tr;~inlng Program, f(IJ.lowin[l. a six 
110nth1 training program at Fort Gordon, th~: Squa;i& will be deployad to 
Vietnam in January 1969 for operational evaluation. 

I mentioned that our program is two-pronged, ln addition· to the t~nnel 
proaraa, we have an identical program to train two squads of scout clogs 
to detect mines, booby-traps and trip wires. The achedule for these 
squad a 1a identical to that which 1 have julit d.1.~Jcussed, 

Centleaen, that completes my portion of.LWL's briefing, May I answer any 
questioneT 
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'rUNNEL DETECTIOI'I USING NACNE'l.'OMETERS 
Mr. Jaco!J \·ll•nig 

.The USALWL has had an early and c.:>nt.i.nued awareness of the tunnel 

detection proglem. A USALWL Liaison Officer is always in VN and mainta.inl 

an open technico:~l and military operations "ear" for problem areas and 

military requirements. 

It did not take an elaborate analysis nor lengthy voluminous studiee 

to determine that tunnels a~ used by the VC were powerful weapons that 

required actions to counter their effcctivenes•. ~e, therefore, addreesed 

ourlelvee to an area where we could apply technical input as well aa 

produce hardware to be used by the men in the field. This was tunnel 

detection, 

We examined potential techni~al approaches to tunnel detection--

seismic, infrared, radar, gravi~tric, magnetic, etc, · Against the 

technique• considered, we weighcu the military f.lctors of employment, 

~&peed of search, tactic a, readout or display 1 as well. as si,.z.e and weight 

coaplexity of the equipment, With theae in mind, we concluded that the 

.ast promising tunnel signature wa1 ita magnetic contrast. Some charac-

teristica of tunnels reflect· themselves as indirect measurable Guantities; 

oth•~• ~•qui~ elabOrate equipment, and aoma are too ti~ consuming to be 

ope~atlonally suitable. The maznetic signature wa1 felt to be operationally 

u .. ful if a suitable device we~• available, 

Lit ul look at tunaals from a ugnetic detection poict of vlev. 

lallcally tunDell an ude by either borlna in the earth or by "trench 

ud fill." the trench a~d fill 1111thod produces a dUt~arbed. overburden, 

which ia a lara• .. tnetic anOIIlaly aa compared to bored tunnel•. aored 

t~l• .. Y be conetructed in many waye. They may be produced by etartina 
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at a 1tream bank, fro111 a hut, or by starcing 1n a jungl~: g:i:owth ~oreu, 

llowever, in both kinds of tunneh, on'" coll1:lon fact Cjjme to light, 

Tunnell u•ually run in atTaight line segments, D1&g1ng tunnc ls l.s t.ar,! 

work. Apparently the legs of the tunnelti arc run for a distance, air 

1haft1 uda and then the direction continued or rerouted, lt'~; pCISiiible 

that tha air ahafta are uaed to ~i8ht tunnel dirE~cti.ons, Besides running 

in •traiaht linea, when tunnela change direction, t.!1ey uliu<~lly do so with a 

rather ahnp change in angle. With the knowledge that tunnels generally 

run in atraight linea, we had available 3nochcr signature or chuacteristic 

that wa1 amenable to detection. 

In order to u1e ma~n~;:tic detection techniques, one must roeasure the 

contraat of the tunnel~·the change in the ear~h's magnetic field produced 

by the tunnel. Basically there are two forms of magnetic measu:t'llmcnt 

toola available. One is a co~ponent field rlcvice and th~ other is a total 

field device. C0111ponent field instrument~! arc r:ot suitable for tum:el 

detection because they are inherently orientation sensitive Ln a single 

1en1or configuration and lack sufficient $Cnsitivity in the differentia! 

configuration. However, a total fiald device 'Would allow for con~'i:~ucus 

aearch with a minimum of adjustments and interpretation !! one ke~?s in 

aind that the an~ly we are looking for is a atraight line disturban~e. 

ttlta were conducted uliUJ a rented lubidium Vapor ~gnetomcter 

.anufactured by the Varian Co. Thia wa1 tho lame unit u•od over a lens 
1 

period to loc:ata the 1o1t city of Sybaria in Italy. Although thera 

ven proble~M in l'epairine tho unit (one ahouldn' t' run an exparillll\t 

without 1pare1), the rtaultl confi~d the premia• that the •traight line 

correlatioa of the .. ;aetic ai&nature of t~nala il a technically valid 

approach. leference 2 reporta the data, analyaia and raaulta. of thia effort. 

S6 
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After thil exploratory phase, work 1~01s initiated to quantify the 

proc:eu of magnetic: detection of tunnc ls, l'he ruults are ·given in ref, 3. 

Alao at thia time a ~gnetometer was sent to Vietnam to get some field 

feedback to aid in the development of a militar~ly hard~ned device, The 

unit waa uaed ~y an NCO who had only minimal training on the device, 

After a c:olllbat miuion, the operat.or traced 200 feet of a tunnel about 

5 feet deep, uaing a discovered op~ning as a starting point, 

Three other lega of a ~unnel complex were later detected by this 

inatrum.~t. Unfortunately at a later secure site, where known tunnels 

exiate~, the operator could not positively detect or trace them, It was 

inferred that the soil waa magnetically bl~nd, It must be mentioned that 

the preceding tests were performed with the magnetom~ter in the readout 

mode, An audio tone was presented to the operator to indicate the 

magnitude of the anomaly. This readout had only moderate resolution and 

senaitivity and since then has been r~designed and improved, In m~re 

recent teats on tunnels at Edgewood Arsenal, the improved readcut was 

uaed to trace tunnels an~ performed well, 

An additional feature when uaing the magnetometer ana the improved 

audio readout mode 11 an ability to determine the "extent" of an an0111aly 

ao that search speed ia not reduced due to the preaanca of surfa:e 

fe:rroua Obje~ta auch aa ahrapnel or other "point" disturbance a • For 

exaple. vheD Mnalna or paaaina the ataff of the mapetomater ovex a 

place of abrapaal. one can diacerD tbe xapid change of tone dya to tb11 

... u (eltbgqh etrona) Mpetic source. When over a twmel, the audio 

CODI lDdicatlve of thla lara• ano.aly 11 proportionately rxeaent over a 

loaaar arc. lD additioa, ve axe opexat1n& in a pbya1cal aeaa1n& axea where 
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magnetic field 5trength ia proportional to the reciprocal cf c~e cube 

root of the di1tance, A tunnel may be well bel~ the ~arth's aurfac~. 

A "falae alar,n" point source object is u~ually at or nuar the sur fuct:, 

By ~aiaina the tensor ataff from a height near the ground a£ well a• 

•winging it in an arc, the lignal 1trength due to the surface point 

aource anomaly can be c:onaiderably reduced and by wavelength detcrn.inati.ou 

or diacrimination, judged to be what it is--a small local dis~urbance, 

The tunnel 1ignal 0 however. is not reduced significantly. Due to its 

depth. the diatanc:e between tunnel and sensor is net changed mark~dly 

when the senaor is raised, 

The present statu• of the USALWL program is that a follow-on contract 

w•• awarded to Varian Aaaociates on 9 April 1968 to develop and fabricate 

12 iaproved differenti~l magnetometer systems, The improvements will 

enable the ayatems to withstand the RVN environment, The $yste~ will be 

available for RVN test and evaluation in the 2nd Qtr FY 69. 

References: 

1, ''Ihe Rubidiulll Hll&nltOIIICter in Arch4eolobical Exploration. II She let on ar.::ir.er. 
Reprinted fr.:IIA Science. 8 October 1965, Vol, lSO. No, 3693, p. 185-193. 

2. DetectlOD of Tunnela, Contract·No, nA-l8-00l-AHC-896(X) by Weatin&h~;se 
Ele~tric Corp. for USALWL, lS March 1966. 

3. ''rhe Tut~Ael Problem," L1C Rtnry F. Haaill. OClD, Dept. o! A:flrJ (not 
elated). 
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?e&! ti':!'~·,d. i(:~ cf \.l:·· \·.····.+.'·:··,··~': :·:x~.H~l·1r.·.f•11t Stativn !.n thtr: 

t•. ~. tl.l.'L":.'/ ~\u~:~,:l ik·:.c:ct.~.or. Pro8rar.\ 

'II. ::. Gr<~'Jr~u an-i 3. 0. ocnn 

directly involved in the lic-vdvr•r.:;,:~t. u!" tunn-"l det.l!ct1on sysr.e::.s; intt.(:r.c, 

it. recarda ita fUnctions ns one of providine field SU?po:rt !'or t!1e r.c·;u!.stt'!.~:. 

ot envh·ouaental data to those ~;:~nctes specifically char•·N! '-'i~~ t~ ... l!e·,,.:_.;p

aent or auch systems. T:l ~his E.'nd, the w::::.- conductel a field ?ro~rr.::-. in 

Vietn1.111 durinz Mo.rch and April 1967 ~i tr. the o!>Je~t: .,(, o!" o!>te.::~ir.~ :-eliable 

dat·a on the nature of' Viet Cone; tunnel ccr.:plexcs, !!.:1d an ~he er.·11ro:-.::-.c:-.t.s 

in which tW~nels occur. Tho ciat.a collected c!•Jr:!•'!: this effort ht!.ve beer. 

pv,blhhed in 11Env1ron~tcnt~l Chare.ctr:rist~c;; ~:' 'l';g.nPls in Sou;.h V!et•.e.::~," 

b1 E. E. Addor, Miaeclla::cous Paper x.~. 4-919, USA."':WES, Aug 19o7. ::;e 

intoraation collected included d~t~ en soi: ~orphology L~c ~lasLi!"i:~tio~, 

· ·•oil 1110isture and 4enslty, soil s•.ro:r:,sth, seis:ni~ wa.vc velocity, sels:::c 

vsve attenuation characteristi~s, electrical conductivity or soils, ~~~os

pb~ric tc:~~pcralures b~th insict• :•::C. ·:l'.l·cs.:.de tur.:.cls, !n:."';d:.~~· bot!': in:;:c~ 

and outaide, ve,eta~ion taxonomy~~~ ~tru:ture in the vici~ity ~~ tc~~c!,, 

an4 det.f.i:!.s M: tur.ncl cor.!'igun.t:!.ons. 

Becauac ~ '!':.c ~~ta de!t;:r~bc·! above i'.::.d been ecllec~c.! o:-:ly s.~ :. ·.·e:-:.- ~r·• 

a1 tea • and d~t:·inc tla d::"Y liCs.son, the \ir:s vs~ by :to ~eL~.: :·e>:~ f'ijc~. ~ ~~. !'.~ -:.!\c 

present.e·~ dt-a vcre r:pr~nntat.iv~ ::>!' l..•.m~cl environ:cnts. ,\c~o:d!.~.~::·, ~=-·~ 

VES rec:Q~~;~;Un..t4 ·;;~u~:. ., ';.(;(1:4 'tic ;-oet\Orr.~;j to .Vietnu to obta.i.r. :.·:~.!e.:: ~:.·:~:·.:.:.

Mntal data.on t.u".nt.l :OI:lyl\'xe:; .'·":S \.Ul"':"ld •nvirCir:::ntnt.,; in ot~.'!r p~-.~~~ • 

.za4 at. other J~rat:o:n:, ::r~c:ir.''l~· ~ ··.~ rt..in;; ~enr.c~. 
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and, e\·en' thOlJ.Sh it hud been tCSI.t:d ir1 ~ho:- U, S., !t 'Ill!:< four:d ~n ;_,; 

adequate in the So~.:th Victnu:ll er:v:ron:n~:~ts. Ac-. ... rclinc;ly, the <:;;:-: :..:.~:; 

reco1111:1endc.i t!"lat instrucentu~J.o:; be sa:-;!cifl-:ally desie::t:d for use in 

Southeast Asia • 

. Tht WES vns also avar .. l.ha~ the reliatility o! some or tl:e c~~c., :.Y':(·.t~;,· 

those invol vint-: the electrical e.nc seismic properties of the so! 1, lt :·;. ~.<:cr. 

to be desired. In view of this, it w~s suagestcc th~t those l~bor:..tcr:c~ 

Vhieh VP.re eneae~d in th•:: dcvelOI•:nent Oi'· tunnc! detectors s:.c.ulc.! £ar!:f . .!l:;r 

epccity their data rcql.lircmcnts for a."1y su~sce<ucnt dat~:. ::ol!e::tio:. -:-~!'c.rt.. 

Idc6.!l.:y, such laboratories s.hould de<i•i:D r.nd construct the test !nsl.rw.::,c;·. t.s, 

field eri"ort, it vas s~ested t.ha":. the 't.'£:3 v9uld be " lor,ical e:.~::ce ~o 

conduct a follow-em effort to ob~ai:-. ILll of those bllcitground date:. re;~:::·':! 

tor analytical sensor desie;n. ?!u~ W~~ cou!d fie!d such a teo..'ll ~!'\ s'::~..;'. 

tvo months no~ice. 

exerc:iae. the liES personnel found that the problcr.t ;,f ~.a.p~in' .:~;,:~ ;.:.-: ;~~~.;-

met.ey and c:onti&urations ot the tunnels v~s :1111.d~ a!.t10st. !~~onib~-: "::: -:.:.c 

111rtac:e. Careyini;; 11. "hld telephone proved to be impracti:al t:c::li:SI'! -:.:~·: 

v1re CO\lld not be 4ra.,pd around more 'than tlo'C' o:r thre~t t;c:-ads ·,;i~~.:t;;.t. 
, ... ~;-. 
···-···~· 

'l'heol'f augeet.ed th1 : standard cit! ~Cfl1 1 " band r&c!io vavelen&t.h~ '.'O;;l•: P<'~.N :·:.t' 

t.be overburdcn. vhic' "" llSudly. leu t.ha.~ ?. :ll. Tho tel\.~ had \1\k.::-. t-..·;, ::·:~-~ 
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ot cheap r.ommcrical vu.lkit·-·tulki.: :-"'..i.i.o::; to Viet.nOJ~, to usc- in t:·:(: e-,.cnt 

that 1 t became necuss1u·y· t.o !.allr. umoll.:; mc.-mbcr~> of a survl.'y tea::; ou the .~u:--

face. The radios lt'Cl'e foUriCi to pro;>v id.:> ade<;~.uate communication fro::. ir:s ide 

the tunnelS • Further t fi i)rOCCt~I.Ore. fl>r lvCating the pOSition_ Of the tUflflCl 

explorer by measurir.g the field st.r~:1cth of the signal rrorn the racio in 

the tUJ;nel va~ developed, which alloved tt,c tea.'!l to map the; pla:,~:~et::-:t of 

the tunnel complex ~uch more rapidly than had previously been possible. 

Upon r\:turn or the field tealli to the l1. s .• a n:.ore refined, StlOrdi;:r, 

.and smaller version of the "tur.,1t:l rat. locator" ·was developed in the W-5 

laboratories for use by WES personr:el !n any subsc'i_Ue!lt effort in Vielnu::. 

'l'be cost of p·oducing one twmel rat li.;cator system in the ~!ES shops is 

about $300. 

'l'he 'WES has a cor.ti:Jul ng AMC-sponsored re:;ceirch p:-oe;ram in the are e. of 

remote or noncontect sensing. One de•:ice which is under dcvelop:r.e~t is M 

airborne radio system.vhich ~ill th~orctica)ly ~etect s~bsurracc r.on-

hOIIIogeneties at depths or 11p to sev ... t•a.l r.:eters. The or leina1 pu:-;:·~.:;e '.'US 

to detect soil st:-1\t i fic••.tior.s, dcpt.h ·', b.~d::-ock or a ;~:~ter ta.~le, end so 

on b;y an airborne detection syste-m. It is obvious. that the dev!ce is 

potentially a tunnel det,~ctor, ~ince n tur..ncl is also a no~hor.tor:;cr.eity i!'l 

the soiL The WJCS has evaluatod the r.vo;tcm r.s a tunnel det'l!ctor, ~"'!:! tl':c 
~report 

curren.t ato.t11t hP.s br.cn r.epvrtcd inrJ:I.::as'bility St.ud.:r. ~f tl,c Usr. o~ t:::!' 

R&di.o Ima.sing 'l'echnit:les for tht ~tcc:tion of 'l'unn.els," by H. J. ::!.Jo:oJ~:::. 

Technical f!eport No. 3-769. Even if the SJ!stcrr. proves to 'te prnctiC!•l, i'L 

vill take a conside ·able period (H year or t\o:·e) to produce even t.n ex::.cr~-

mental prototype. 
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'l'he WES role in this r.!'tort is to dc:v"lop ~~on flrlulytical model ... ::ic:-h will 

define the condl tions requi:·ca 1." c!e:::t!'oy tum:els .,.ith cxplos! ve;;;. A 

aeries o.t' acale-modtl CXi'Crimonts has l;cen conducted, ar.d sorr.c pro~;rcss 

bu been made ·toward the objccti ve of the proc;rem. However, the consc~;::;;,.;;; 

il that a reliable and gencra.l ar.alytical m11lel. cannot be developed ·.-ith 

the tunas avuilal-J.e. 

In conclusion, am/' bo.scd on the assum~tion that the •,rr:s ... ill ser.ci 

another field ·~etl.~ t.Q Vietnn:r. to obtain rr.ore reliable a:;d :r.ore geoGrapl:icc.lly 

diverse dat~ on tunr.cls and tunnel envirtmments, it is stroncl:r urGed that: 

a. 'l'hostf l~;~bo"ratories cvncerr:ed with tllf· deve:.i..op::<'.!nt o:~ t._.nnc.!. 

detectors define thc].r data rcquirc!"!rmts e.~ quickly a::: possible <'-"ld se:1:l 

the speciticntions to the W'ES. 'l'his vill r.ssist the \YES in desiening its r 

field activities. 

instrWDentation si::)l~lrl dr·v~lOp tho:;e instr~::(:)lit.S (hop<li'ully in COCruinatio:: 

vi th the VF.S, to insure that the inst rum~;c.t.s 01re pl·acticul fo r• use ir. ~:-.c 

field.) 1 so t.he.t. tll·~¥ ::an be talo:~u t:J Vi etm::~ by t.he field tcE.J',j, 

c. Those l:lbora+.ol'ic!: ..,hi.c!, have data requ! ~cr.1c::ts d<;::~~~;ndine $pecil!.l 

collection procedures should· consider the :!m:ncdiate trai :lir.~ or the ·,~s !'j ~ld 

personnel, to insure ;.hnt the rr-·ccdures E.re prope:-ly follolled. 
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<:OMriD:r·~YJAt 
AIR FORCE TUNNEL DETECTION R!QUIREMENI'S AND PROGRAMS - SEAOR 11101 (U) 

Najor Clint llous ton 

GENERAL 

(U) The SEAOR (Southeaat Aaia Operational ~quirement) ia an Air Force 
document that identifiea and expreaaee operational deficiencies or needa 
of Southeaat Alia combat forces and seeks relatively near-term solutions. 
Seventh Air Force which initiates tho SEAOR 1 a is re1ponsible for the conduct 
of tactical Air operation• in Southeast Asia as directed. The responsibility 
exunda to the eetAblilhMnt and maintenance of air baee perimeter security•· 
ha~•. t~A int•re•t in intrution by tunneling, 

SMOAR #101 

{t8') SUOR 1101 eatabliahea the requirement in the Air Force "for a 
nliable, poli,t.ive meana of discovering the presence of tunnell and tunneling 
activity· under the perf..!Mt•r of Tan Son Nhul: Air Base. Republic of Vietnam." 
The pert..ter i1 nearly 11 milea in length, General syate~ characteristics 
were defined: 

a. Detect both tunnels in-being and the process of active tunneling, 
b, For activ. tunneling. transmit an alarm to a central control point 

and provide location accuracy to~ 15 feet. 
c, For exilting tunnelo. permit tunnel mapping, 
d, Operate With high reliability in both wet and dry seasons. 
e. Recoaniae and reject noise that would degrade aystem capability 

(e.a. di1turbancea caused by vehicle traffic. bombing, artillery. 
air traffic. thunderatorms, lightning, radio frequency in~erference 
(RFI),power generating equipment and like causea which could generate 
false alarms). 

f. Be inatalled and operated in interrupted segmenta. in order to exclude 
normal acceaa road areaa. 

~ Air Force Cambridge Reaeareh Laboratories (AFCRL) was designated Office 
of Prillle Reaponlibility. Our bade Best Preliminary Estimate (BPE) was sub
mitted in "-Y 1967 and modified by addenda,· one each in June and July. dS 
additional technical information became available. Let me state at this time 
that Air Force baa not funded an R&D tunnel detection program under S!AOR #101 
iD whole or in part aa recommended and outlined in the BPE + addenda. Two 
·tactora have operated againat the initiation of this program: 

a, The near-te~ aolution. criteria of a SEAOR could not be met, 
b, Greater urgency haa been placed on other requirements. 

~ Tillie ~ had ita impact upon the total recommendations and has reduced 
their number, I will briefly outline thoae techniquea or syatema recommended 
for c~naideration and support aDd atill considered relevant. 

a, The briefing by Manfred Gale from ~he Intrution Detection and Sensor 
Laboratory of the MObility Equipment Reaearch and Development Center amply 
cov.red tbair aei .. ic Sonar divelopment, one of the aei1mic ayatema incorporat•d 
in our rec~ndationa, 

CQ>IFI9i~TlAL 
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A second seismic d.:v.!lopll'.enL <H: Lhel1:o, the Tunneling Detector; ~Ia,; . 
allo reco-nded, Ttliti systciJI con::>iSt~ ·(;f an ai"l"ay of 4-5 geophones, an 
electronica pAckage (powe:· pacl;, amplifit!l", ilnc.l logic t<le~Mnt), an emmc1ator 
with a triple display (11udio and lighL o..L.mn -r digital readout indicating 
tuGneling intenaity). The i.ds111ic intormt~tion is tran1111itted by hardwire, 

Tlw Tunnel1118 JX:tector would fultill, in part, requireiJient6 set by the 
SEAOR to detect active tunneling but woul() not provide the desind location 
accuracy C:t 15 feet). ln:otud, it wculd protc:ct an area approximately lOOm 
X 4~. More precise location could thun be provided by a mobile sy1tem such 
aa their aeiamic Sonar. 

If employed, adupt<ltion to Tan Son Nhut would undoubtedly require some 
modification of the $ystcm. 

b. The SEAOR also contained rec0lr.wendat1ons regarding two radar type 
ayateu, The first 'Jas incorporated at tne :;uggestion of Rome Air Develop• 
ment Center (RADC) and "'i 11 be described in detail by Robtlrt Purpura, an 
RADC representativu. 

The second, an MI'r I.incoln Labo r&~torr development, employs a \·lide band
width, SO to lSO MHZ, generated by a DC transmitted pulse 3 to S nano seconds 
in duration. A co:n~rehensive dullcriptiou to th{s system will be presented by 
either Bob Purpura or Charles Ravitzki (AR.~). Funds internal to RADC were 
provided for the first syate:n. Fundil\8 for th·;. second may resuit for its 
incorporation aa pare; of tt\e Air Force Integrated A.ir Base Defense Program. 

VARIAN MAGNETQMBTER 

¢> Separate frUIII and pd6r to ::he :SPE, ;.lr Force purchlised two Varian 
Portable Search Magnetometers co be ~·1o1luated As tunnel detection devices. 
A report aUIIIII&r izing the test results w~5 1.·~cE:ntly co!llpletecl. Both A:i.r 
l'orce and Amy unit• pJanicipated in the evdluation. An audio readout was 
uaed for all tests. 

a. Araay participated in tests in ONUS and conducted field teStli at 
Cu Chi, Di An, and J.<atW11 ir1 April 1967 in Vietnam. 

b. 7th Air Force Security Police tests at 5 location~; Taa Son ~~ut, 
Bien Ho.a, Binh Thuy., Phan Ran:;, &:ld P_hu Cat endilli in July 1967. 

c. Joint System ~snd L0•7th AF (!GS) testa at Binh Thuy and west 
of Tan Son Nhu~ in O~tober and November 1967. 

%be report concluded: 

"All of the teltts indicate that thG instrument can detect tunnel& 
only under certain conditions nOt COIIIIIIOn to the IIIOSt C0111110n combat 
proble~. NonG of ~he reports indicateft that opera~ora have suffi
cient confidence in' ·the inetrument to depend on it •••••••• It is 
clear that the insttU.Snt i~ entirely inadequate for use in Vietnam 
to l&titfy the requi~ementa of SEAOR 1101." ,. 

COv.driD~JffiAt= 
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CONFIDEiffiAt: 
~ Raview of the reaulta of the major testa are informative: 

(1) CONYS True tunnels and shored tunneh with dllturbed overburden. 
TURD~l di ... ter: 1·2 m. Depth: 1•10 m. True tunnel• were not detected, 
Sbared tuaa.l1 were detected, 

(2) Cp Chi and Di An Tunnel diameter: l m. Depth: l.S m. No 
detection or tracia& of known tunnell occurred at Cu Chi; -Di Am, no detec• 
tion occurred, At both locat1one 1oil appeared to have low maanetic 1u1• 
ceptlbllity. ' 

(3) !!£a tui:lnel diameter: 1 m. Depth; 1.5·2 m. Tunnel detected, 
traced eaaily from entrance, More difficult to map by croaliQS. Lateritic 
content of aoil hiah. 

(4) Tag Son Nby£ 
Tunaal1 • not detected. 

tunnel opening diameter: 2 feet, Depth: 
Lateritic content of soil • low. 

(5) Blnb Thyy Tunnel d1111enaiona not provided. Lateritic content 
of aoil • 110M. Known tuQD815 were not detected. 

Tbe report alao diacuaaed operator disaatisfaction with equipment bandlias, 
1acoa¥1eut aaaembly, exceali~e- wa~up period, alanal raad-out, and falae 
&lal'll rate. 
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ROME AIR DEVELOPMEm' CI~NTER TUNNEL DETECTION (U) 
~fr. I~obert Purpura · 

l. ~ RADC has developed, under cor.tract wi'th A.I.L. at a cost· o! 
$5(),000, an extremely simple C. l'i. tun.'lel d!!tector. This device opera.t.es 
in the 90 MHz region at a power level o! l~ss than lOO·milliwatts and is 
capable o! a 5 to l signal to noise ratio on 11 tunnel !our {4) teet deep 
and three (J) feet in diameter. The obje•:t:iv~ was to prove the feasi
bility of the C. W. approach prior t.o any a.tt.em~ts tc perfect the antenna 
or display. At pr~:ssent, the e~l:.ipm.:=ut. is in brt::adboard. .form and the 
antenna has to be in cor.tact with the gro\Uld in or.der to perform detection. 
RADC is now propooir.g to cont.inue this develOJ:1l;ent on the antenna which 
would permit operatior, whet1 it is :llCIW'lteci abvve the ground. Due to .l..b.clc 
of tunds to contunue the bacic oevalo~ent or. the an~cnna, RADC*is unAble 
to continue this effort. Fundtl in the ,)rder o~ $25,0JO are required. 
It is telt that i.f' the a.nteriM wa.s per1't.:::tou, t.hen, it wculd be possible 
to build a hli.nd held t.WU'lcl det~c1.nr simil.'lr t.·.> a l!\!.nc; detector. 

2. (U) RADC is also working wit.h .L!nco.l!, l<.t-e wht:N t.his Center 1-u;.s 
generated an RFP (Request For Proposal) b~se~ ~n a lightweigh~ed version 
ot Lincoln's pulsed tunnel detector. Thi!5 equipment will be reccn!igured 
to hold its weight tt .. 'lde::- 125 ?QU..''lC::::, pr:!.u: .~m;rer w:.aer 250 'r:atts and _t.o 
make j t suitable for the S.I:".A enYi:-oru:or.'l... ·.:.:.:-•. ·, Gqu.ipmt:nt wil:::. be '!ehic:l:: 
1110unted, including the anterma, e.:~c! t.hc1 r..s;~ .• }~1~;a \'f:U~ be c:ap;.ble of being 
re1110ved !rom the vehi-:le ~o f<.~.c:iJ.itate se1Jrch1ng l'C·ugh terrain. RADC 
has requested, bu!. not received, $150,000 tc. a.c:cc:r.pl.:.sh tl'lis work. {Two 
models would be produced i:-1 six (6) months). 

3. (tJ) RADC has ch~~~r· t.~ bG3e .!.r.~ RF!' i.'ol' ;, ~·i..:l~• i:ivdt!l ttinnel O:etector 
on the I.i.ncoln design ber:e:.use this if. ::i~!"f: a.::v&.ncec 1; it~ develop:::ent a.t 
this time, than the RADC/I.IL equipt:(:!lt an:i "'"uld l~,;1:d :i.t.self to a field 
model version with a =inimum of :iGk. 

4. (U) This manuscript is cla::si!'it:d ::ONF".luW':'lA;.. becaus~: it revec..ls 
pertormance capabilities F&r.d p&.:-amaters of c la3 sified i tcrr.s. 

~C - Rome Air Development Center, Ro!IIQ, NC!w York 

!I !8!11!18!P!Ii8 id lLR l! ·JI,\R& 
888 B!l\ 3200.10 

CO NfiD !:~'~T!¥! .. l 

Best Avai\ab\e Co~Y 
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U.S. Marine Corps: Tunnel Req~ir~n~nts 

LTC Harlan Trent 

Ceneral Ostrom, Centlemen: 

Thh portion of the presentation h to present the ~Iarine Corps 

tunnel requirements and I suppose the bvst way to lead off is to say 

that we have no stated requirements, l suppose what I've said is 

the Marine Corps doesn't have any requirements for tunnel detectors. 

That is not exactly true. Our rationale for no stated requirements 

is th~ fact that we view a tunnel as a fortification, a package, in 

that vein. The difference of course, which has been brought out by 

the previous speakers, is the question of how do you detect a fortific¥

tion that 1a uDderaround, So our interest here b how do you detect the 

tunnel, the underzround fortification. 

Once it is detected then we simply turn it over to our Enataeer 

Coabat Service Support personnel, in the form of Major John McLean 

an4 aay, well, we've done our part; you take care of the rest of it. 

Ita all va~y aiaple and we atmply move on, 

I waa intereated to note this morning that on~ of the briefing& 

mentioned the detection of. tunnels by lookinz for straizht line anomll

liaa, We understand the rule about the same w~y--that ia, ~~at nature 

abhors a atraiaht lin• and this can lead to the detection of your 

tunnal, Nov ve, like the Army, have analyzed what type of env~ronment 

that VI ate &Oin& to be detecting tunnel& .in 1n the futun. A& ·juet a 

reiteration, probably eometilina all of yo\' have heard before, we vie" the 

f~ature t~&nnel eavirouent •• one vhich probaHy deal& vith var1 of 
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national liberation--wherein the U. s. will h3ve dorninanc:~;~ of the air 

and probably the aea lanes. When we KO into an area to counter our dc~in-

ance in the air and the sea and our a!J1Uty to move maas groups of men 

and equipment over the terrain, the cno!mv will_ counter b~ goin" into a 

tunnel. In oth~:r woruli, he '11 citht·r depend upon rnobili ty to move faster 

than we can in anotho!r environment or he's just going to simply go under-

around. So we see then that there is ;;o.ing to be a real need for these 

particular devices that you gentlemen are discussing here today, 

Now while we have no stated requirements. there are certain things 

that we look for in the particular devices that you are developing, 

and in part they have been stated previously. So I am just going to 

reiterate some Qf them. 

We like to be able to take this thing with us in the field. I am 

alao r .. inded that in our R&D effort we are finding more and more that 

ve are developing a myriad of little two and one-half pound boxes. We 

feel that s~ewhere in thu mid-r.ange time frame lhat we will be able to 

provide enough 2-1/2 pound objects to prob~tbly effectively imcobilize 

our combat personnel. 

Another requirement, if you will, c.harac.teri~tic, is that it is 

aoina to have to be used in all the world ueas. And a thought croned 

ay aind hark--how do you detect a tunnel in the snow, for instance. 

When you aet to working the·devices, it's got to be simple. Re-

... ber, aeatl .. an, you are aoina to have our mental aroup J'a and above 

opar&tiQ& theaa thiaaa. It'a aot to be quick, We've poiated this out already. 
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But baaically what do we mean by quick? Well, generally speaking for 

our particular requirements, it'd thinking of the rate of the walking 

•an to traverae what ia known as type 2 terrain; we l~ve to have type 

2 optimum mobility, 

It ahould, of course, obviously work under combat conditions in 

the field, but it ia not. a ai~le factor. Remember that moat of our people 

probably are operating thia under an environment tha~ to say the leaat, 

ia extreme--and if you are standing up and moving across a piece of open 

terrain and there is a sniper out at 700 meters firing at you, he can 

probably ruin your afternoon for you. So we have to have aome way 

~~ protecting an individual either hy rearrangement of the equipment 

or aoma other metho4. I am really posing a problem more than trying to 

.. u a eoluUon. 

ADother araa that we may aet involved in ia how do you detect 

"tUIIAela in an urban envirorunent"? We may very well get into an 

urban criaia--aot neceaaarily outside the United States either. 

The point ia that our tunnel requirements ehould epan the whole epectrUK, 

offeneive and defenaive. Now the Air Force apoke, I think, quite coaent• 

ly about their defenaive requirementa. 

ADd thoae ere aoae of the--while I didn't cAll th ... requirement•, 

I thiDk they are characteriatica, that we are looking into. We're 

aakina you folka to look out for ue becauae we are really not a labora

tor, operation of our own. We are kind of cuetoaara for you folka. 

Ve look at what you have and wa aay we'd like one of thoae aad one 
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of thoae and w.: buy th~m, tukc tiu:rn and put thi!m in lhe field--that is 

COL Ratcliff buys thcDl for ull. 

At thia point in the presentation I would have liked to have 

preaented one of our main customer-users of your equipment, but because 

of the plans for -the later DCPC briefing, I think I would prefer, 

HAJ Lee talk to you later. 

I've talked here for about 7 minutes and really all I've done ia 

literally poae aome queations and not really stated a Marine Corps' 

position other than we need somethins•-and what we are really doing, 

gentlemen, is looking at your efforts and ~leaning from what you are 

preaenting h.tre today and we will :akil back ;~nd try. to get the best 

of those that tend to meet our rcquirilm~nts. 

~· Would yo~ comment on the Marine Corps use of dowsing rods over~ 

ttiP.ret 

!· Well, it'~ inter~sting you should ask that question; I really 

don't know how to anawer you bec:auu the dowsin" progrum is not in 

ay office. There ia a;ain no stated ~arir.~ Corpe poaition on do~sing, 

but we actually do have people in the !idd that are u!Oin& it. I aup

poae what we redly c:omc down to Ill this. l.'c take the praKIIIatic ap

proach. We don't know why dovain; works. We have evidence from our 

people in the Ueld tnat s011e thinga are !ound aoae ot the ti1111e by 10111e 

of the people uaing tneae dovaina techniquua. Therefore, we aal~~ 

•OW.ll, if )IOU vane to u11 thla go ahead\' We have people, individuall on 

both the eaat coalt and weat coaat of the United Statu who are con

ductin& ... 11 tralnina proaraas in uaing vhat amounta to bent coat 
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hanaara, And I have had a literature search mad.: and 1 have quite a 

bit of do~umentation telling me both why it can work and why it can't 

At the preaent time, the TV school at Monterey has done a small study 

on it, uain~ 11ome people going through the !!Chool, and found non-con-

clulive rea~ulta, tlowever, the profeaaor who auigned the topic wrote 

a letter the other day and indicated that he has now developed an intereat 

in it and ia going down to a Chapter in the American Society of Dowsers, 

down in Glendale California, and is going to talk to son:e "real dowsers" 

and find out what they know about it. 

Thia thina has a conaiderable emotional impact. I find that people 

either believe it or they don't, and they polarize--they really b.:!lieve 

it or th11y really don't believe it. I don't know. I think the prag-

matic appro~ch prubably ia the best one to satisfy me at this time. We 

are aettina aome reaults; we don't know why. We are not getting th11o 

by the aciantific method, that ia you can't take them as a universal 

reaction. Soee poople aet no reaction, some people get s~e~ aome people 

a•t .o~e than othera. I've heard the.atatement made that it's probably 

a talent like throwin& football. So.e can and aome can't. 

I aiaht add the beat theory that 1 have heard on the aubject waa 

one propoaed by LT larryhill, a aeoloaiat a: lllvoir. Kia theory 11 

the one that when people aak .. vhat do you think about it, I aay thia 

ie the one that aouada beat to ... Be aa14 the body ia a ~alkin& 

tbe~t•r &Ad that there are tiDJ celia in the inner ear, that controla 

n 
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the balance and what 1C is doing b IILHJIIurinK th~: dcnaity of the air thar. 

you paaa over. What this tiny ~~lia docs ill tQlling you constantly that 

there is a chan&• in den»ity. Wh~n you hold a pair of dowsing rodJ in your 

hand, what you ar• doing is.you ore creating a tension here--you are actually 

listening to the celia in your ear a little more intensly. You' are focusing 

your attention. And he says that he thinkli this is why actually the human 

body detects. It is an anomaly. ~ut I reasonably think that some people 

aet responses and othftra don 1 t. 

· 2· (Ravitaky) Do you want lAD to expreas my vtew on 1\RPA'• view on dowser.? 

Let .. first aay that as a physicist I do not like the celia explanation. 

What the inner.car does is mc~ure down, to a cer~ain precision; the anomaly 

du. to a tUAnol in this case water 60 feet down, or a tunnc 1 20 feet down-, 

1e , .. ller than the ear, than the human can detect as a perturbati~n. 

leapoDAe. (LTC T'cent) 1 cSefer to that_, 11-\mply becau1e I do not know any 

better. ADd aa 1 say this is the beat expl¥nation that 1 have heard. We 

do not know. We really don't. 

g. (C.n Oatr~ At this point has tho Naval Research Office done anythina 

about joinlna forces with you to look into· this on a place atep proar .. , 

firat aelectlaa and then trainlnaT 

~· ~ Treat) tbey have not. WG queried tho111 a year qo aa to data on 

the avb)let aad they tDdicatad at that tt.. they had no data. 

C pt. (Gall Oatnll) t ¢alled ADK Owen cwo or three weeka aao and a11:... .i• 

to follow up a little .ore cloaely on it. He indicated he voul.i follow ~; ·--.... 
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~· (LTC Trent) This J:; a nev, ~·v i•k•ntl.y a new 'lla 1 ]);a1ac, Ccnero&l, and uv 1denrly 

I had better follow up on it, l>.;w:lu5C as 1 o.:-1y our ir,formati.on i:; ovur a 

year ago. 

COIIIII8nt. (Ravitaky) There has beer. som..~ inr.:1n~sc ir, this raised recently 

oy Han.en Baldwin who vislte<l (;amp Pendle::~n And he was told that the Marines 

are teaching groups of recruit11 to find tunnc ls using do'.~s ing rods. I called 

HariraCorpa HelldquarterR, probably 5pokc to somebody in your shop, and wa6 

told that there is indeed a ~1ar1.n~ Corps ":>1Ltjor ar. Cal"p l'endle-. .. m who knows 

where the 1:unnels are and who conducts de::K~ns eras tions to show that when 

he con1:rola the dowsing rod h~ can find the tu~nel. Arzl this builds up 

the self-confidence of the M:lrincs who later g() out ar:d try to uto: the dowsing 

rod, 

lteaponae, (L'l'C Treat) It is redly a col!lllland lt:vcl operation il"l lihich we do not 

aay lt e~ould be done or we d~ not say it should aot be done, an~ then they 

ao ahe..S and do it. 
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The ARPA Tunn~l Deteclion Program 
Charles Ravihky 

GEN Ostrom, Gentlemen: 

I think most o£ you have received the very fine ~tummary of the wOfk 
clone on tunnel detection thus far, prepared by Dr. Bryant •. A sentence 
in that s~ry states: "Rese<lrch on tunn~l detection was initiated in 
June 1964 by ARPA" with a contract with the Advanc.ed Technology 

·Corporation of Timonium, Maryland. While Dr. Bryant is correct in 
saying that ARPA did let a contract at that time, ruearch on tunnels 
actUally clatea back to Biblical times .. Joshua used them in the battle 
!or Jericho. 

ARPA baa clone appreciable amount of work in tunnel detection. 
Stimulated by the problems in Vietnam, in May l9b6 we started a coope
rative program there with the Australians, who investigated methods of 
i~proving the rate at which tunnell could be located and how they could be 
annihilated, Thil was part of a five-phase program to (l) devise methods 
for determining areas where tunnels might exist; {2) determine where 
tW)Dela actually exi1t; {3) devile meana for outlining tunnela of a complex 
from the surface of the earth; {4) devise means for flushing twmels to 
get the i.Dhabltuta out; and (5) clevi .. means for denying further use of 
these twmel complexes, We made ar.alytea of the location of the lcnown 
Vietccmg twmel installation• in Vietnam to try to determine whether there 
waa a systemic pattern in tho location of twmols, and we conducted an 
inveatigation ~o the geological and hydrological characteristics of the 
grOWld in which tunnels had been built. 

Some of the Vietcong tunnels are over 20 years old. They probably 
had theii' geneais in tho ~·rench-lndo China War. Since then, the Vietcona 
hatebeen using tunnels to prepare set-piece battle fields, when they are 
aafe. The VC knew whort their tunnels were and, when attacked and 
puraued, they retired to their t\lnllels and destroyed the attackera. 

A• a apecific illuatration, the Australian Army knew that a tunllel 
complex lalDcated in a particular wooded area. A battalion was aent in to 
&ad the tv.nDel, destroy the iDhabit&Ata, aad disable the tuuel. The aoldiera 
formed a lirae, and wesat into the woods look.ina for a twmel utraace. They 
loud the tuuel whera ooe of the men waa ahot in the back. He bad walked 
ript past a tuael buaker without seelAg lt. The Auatraliau lltayad 1a the 
woods lo~ abou& a week uu11~ad"a&Uy located more aiUl more of the tululel 
complex. Tbey uvu foad &he utln complex, aDd &Dally left. 

k ••• ,... 'Mil 
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The rc:~ull:~ u1 llw atudy th;1l AIU',\ and lh.: Au:;LJ·alianll r:m 

indicate that there arc over 5000 tunn.:J ~omplcx<'• in South Vietnam. 
The majority are thought to be pr<:plo.nncd battle!ieldll. We have 
examined the areal in Vietnam wh~n·e there ar~ likely to be tunnel 
complexea and WP plotted a:ll th~ known tunnl!ls on a map o{ Vietnam. 
ln general, they are within a one day'~; w;.lk from a major inhabitated 
area. 

We also had a geologist go int() Vio::tnam to cond1:ct a study to 
determine where t\mncls are lik~ly to be found, in terms of the physical 
environment. The study includes the topography, the drainage, the 
type of soil, and the"hydrology. ·Representative models were made, 
including all of the known terrain characteristics, and we again decided 
where tunnels sho\1ld be found. Th<- cornpari:;on of the known locations 
with the predictions of wberl' tun.,cll:i should be, gave a high ·correlation. 
The analysis indicated that the hmnels could be readily con!iructed and 
then the syatems concealed in most <>f the areas that were iden~i!ied as 
suitable on the mapa of Vietnam. The::H: suitable areas constitute about 
SO.,. of the total area that we looked at in Viet:1arn. 

The,depth of the tunnel is largely restricted only by the intersection 
of the tunnel with either the ground water tabla or with the hard laterite 
layer. In aeneral thia limits ducp tWUiels and m\Olti· layer tunnell to the 
.hiaher around elevations, mostly tho&e more than 10 meters above sea 
level. The map indicates certain areu ali being about at aea level. 
These, in aeneral, do not have tunnels. The sround i:~n•t strang enough 
and the water level is relatively close to the surface. 

ARPA then aak\ld the Waterways .E:"periment Str.tion (WES) to n1ake 
a much more detailed atuc!y of e);iating twmr.la. The Waterways Experi
ment Station report i.a entitled "Environmental Characteristic• of 
Tunnel• in South Vietnam." It incl~ea ~he tunnelaeometry, the surface 
compoaition and tho microclimate, iru:ludir..g th4: r.slative hv.rnidlty in 
twuaela, aroUnd t'UN\el entraru:ea and above tunnels but removed from 
the eDtr&Dcea. WES looked at tho vegetation growing over known tWU\els 
to determine whether it would be pouible to detect the t•umela in terms of 
the effect OD vegetation, due perhaps to the increased water available for 
the rest of the vegotatlon. WES alao took some visual and infrared 
photoarapha from the air of theae tunnel complexu. They found no sinal• 
cbaracteriatt.u to lden~y them. lt waa not po .. ible to locate the twmel 
Ul terma Of the veaetatiOD growth pattern. 

!.. "dltlOD to tryi.D.& to fiDel out what tlw problem really la, we have 
alao tried to develop techDlquea for locatlna tUDAela. ' We had a aurvey of 
the literature conducted for ua by tbe Battelle Memoriallnatitute, wbich 
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prepared a repo!'t entitled "Digest o! Literature Relating to Detecting 
Buried Ferrous Objects and Earth Voids by .Magnetic Methods." We alao 
had Rand do a study !or us on remote sensors for detecting tunnels, 
Rand considered gravity anomalies, magntltic anomalie1; anomalies o! 
the electrical conductivity of the earth, etc, Rand also considered the 
problema in making seismic measurements and electrical measurements 
in the field. 

We then tried to use these data to develop devices !or !indin'g 
tunnels. We had the Applied Physics Laboratory (APL) o£ the John• 
Hopkin• Univerlity try to ~idapt the sonar technique, used by the Navy to 
!i.nd ships and submarine•, to Cind tunnels in the ground. The sonar system 
APL used 'generated relatl.vely high frequency seismic signala, which were 
attenuate<i very rapidly in the around. · There are three modes of seismic 
energy propagation in the ground, _which interfered with each other, in thia 
study to used aonar to detect tunnels. In addition, the propagation path, 
is bent becauae the chatacteriltics of the soil change with increuing 
depth; the soil i1 looae near the surfac:e, and then bec:omea c:omf&cted 
becauae of the increasing pre11ure with increa1ing depth. Thu1 1eilmic 
detector, aeparate<i from the 1ource of the aeiamic: •isnal, picks up 
several aignala even in the absence of a tunnel, because of inhomogeneitiea 
in the growu:l. Thus, this high frequency seismic approach did not 
work. APL is now preparing ita final technical report. 

We &lao inveatigated the pouibility of uaing a microwave radio
meter, baaed Oil data provided by the Space General Corporation (SCC). 
Theae data ahowed that the sec microwave radiometer detected cavea 
and voida near a road in California. The microwave radiometer was uaed 
to meaaure "black body11 radiation coming from the ground in a narrow 

. band of microwave frequency. It waa claimed that the rlldiometer 
meaaured the radiation coming from the earth, down to the depth• of 
the cavea which were found. The aaa preaent in a void radiatu much 
lell than the earth would, if there were no void. Thus, by lookinj for 
a Ml&tive aigDAl, it ahould be po11ible to detect an anomoly. However, 
the att.~auation of the earth lor frequencies ill. the mi.crowave region, from 
S OHZ to 30OHZ, the frequenclea used by SCC, ia very high. 

1 enliated the cooperatiCift of the BalUatic Reaearch L&boratOriea 
(BRL), wl:licb ued lta OWil radlometeu in tbia reaion to look at tbe 
tralniat tuuel at the Aberden ProviAa OroUDd. That twmel il a luae 
tUIIUl wWa oGly ou ft. of overbvda ad with a aalv&lliaed lroo Z'Ool. 
Thl1 abould make a very aood taraot for a microwave radiometer if it 
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were pouible to detect tunnch; \lsinl> this technique. However, BRL 
<:ould !ind no correlation betwtlen the radiometer aignah and the twmel 
location, aa the area above and ncar the tunnel was scanned. This 
appro~och waa then abandoned. 

ARPA has also aponaored work on a radar approach to tunnel 
dete<:tion. Thia program was initiated at the MIT, Lincoln Laboratory 
during the awnmer of 1966. Thia radar, called GEODAR, uaee an 
antenna which ia very cloaely coupled to the ground. The antenna, which 
il roughly one meter square, ia. held auf!icicntly cloae to the surface of 
the ground so that much of the rf energy goes into the ground and relatively 
little ia radiated upwarda. A d<: pulse, about S nanose<:onda long·, ia 
applied to the relatively low Q ~ntenna. · The initial return signal is the 
renection from the aurface o!.the ground, which i.a not picked up becauae 
the receiver ia not yet turned on. The rf energy is attenuated &I i 
propagate• down into the ground. It is acattered by any anomolie1 in 
the groWld, ,I'ICh &I ~unnell, big ro<:ks, OJ" changes in the electrical 
characteriatica of the earth caused by layeu of different materials. 
Some of the scattered energy returns to the antenna, which now serves a a the 
receiver antenna, The signal is displayed either on a chart or on an 
oacilloacopc. The GEODAR hu been tested in four location• in the United 
Statea with some aucce11.· Thtt Lincoln Laboratory's report ahowa picture• 
indicating that they have actually fowui the tunnela in these areas, 

Becauae of the pouibility that the Marine poaition at Khe Sanh 
waa being infiltrated with tunnela, ARPA arranged for the l..incoln 
Laboratory to contract with Sylvania to build some GEODAR unita to go 
to Vietnam, The firat two are now achedulod to be ahippod out Friday, 
which ia ro\llhly three weeki after the <:ontract waa aigned with Sylvania. 
In order to get thia equipment produced in thia abort tim", it had to be 
built out of commercially available equipment. 

In order to have the cloao coupling required between the antenfta 
and the around, tho antenna ahould bo aonl~twhore between~. and 12 inchea 
above the around, with optimum reaulta being achieved when the antenna 
ie rouahly 4 to 8 inchee above the ground,' The antenna ie actually being 
lnetalled iDa ~led which can be draged over the around. 

The OEODAR can be operated in a l/4 tOD truck. a l/4 tcm truck, or 
u Army pera«~~mel carrier, to provide aome protectioa for the people 
who are operatlA& the eqvipmeat. '11\e uteM& ie connected to the vehicle 
by a 75 ft. lOAI cable, ~d the eled it .. u 1• pulled by a rope which allow• 
the dletaJU:e betwMa the eled ud the vehicle to be adjuated from about 
15 ft to 60 ft. 
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COi~Fiu~~e·:iAL 
~ DEPARTMENT OF THE ARMY 
~\\~Ill~ HI:AOQU<IUITI:M UNITED STATU AIIMY MAT&III&L COMMAND 

~ WA ... I-TON, g,c. lOIII 

IN-Y-ION 
AHCI'H-5)1) 30 April 1968 

SUBJECT: lnteraaency Conference on Tunnels 

Chief of ~esearch and Development 
ATTN: Dr. Jaecs 1. Bryant 
Physical and Engineering Sciences Divisi~n 
Department of the Army 
Waahinaton, D. c. 20310 

1. (U) The remarks made by COL Bezich at subject meeting are not aub
aitted for reproduction because of the special classification of the 
work With which we are involved' however,. there 11 aoae inforeation 
which ahould be of intereat and value to those intereated in detection 
of the act of tunnelina aa oppoaed to the detection of the tunnela. 

2. 'Jif The attached pape-r providaa 10111 information on a teat of 
MAGID CNaanatic Int-rusion Datacto~) Which ia effactivt in tba detection 
of ~nt of .. lftltic objacta which are within the rena• of ita 
aanlitlvit7• 'l'U 1\apply o~ tbeae it_. 1a contnllecl by Defenae eo.un
icatiou flaaaiq ~PI bweve1' 1 it appul'l that , .. laGID•a uy be 
ucla &Milable fol' otbel' than apecial pl'oject uae. 

lo (V) Ill' • a!utin J. Dellpal'cl, AIICID.J • hal belft d .. ipated &I 
•Detection Cool'cliaatol'11 fol' AMC. 1'\al'tber participation in thll uu 'bJ 
tbia ollie .. ia aot aaticipated at t~ll tiM• 

..... 
a a 

cJ f~aniabed a 
AII:ID.J (Ill'. Dllipal'd) 
ADD-0 (COL ... qH) .. , 

\ I 

..... ,11· '·. ;:i:f(l&:ll 
Co Lol\4&1, CK 
Pl'oject ~~an&ael:. 
&pedal Mi .. ion '0pel'a tiofta 

.. 
•••-• • :r1 '11M a••• ........ '? ..... IDA 

.... , ... ..,tae,lm 
PFR'121 ....... 1111'191 .. ,. 
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l. (U) The Magnetic Intrusi•m Detectur (!·:A:·::~!)) (shol\n ln <.ttacr.i:t! pir.t.lore) 
is a olllllidirectional device speci1'icall,y d..?r.l~·ncd to O!Jei'<•t.c c.:; -lr: external 
s~nsor for siflgle <.)r combination ~rode u::;e w:itl: th~• !!ilnc EmJJlas:t-<l Sei:sm:c 
Intrusion Detector (HANDSID). Th" ¥ACID l!l b~.:ricd adjat'C':it t~· t~'' pat!·: 
or trail upon which traffic is expected. The c.ie\'iC<; £••n::e:; ~~-" c:.an~ir.r 
magnetic l'i~ld produced by the movement o!' :. 1:.ctallic ub,icct thro·..:ih t.he 
earth's fi<lld, in th~ vicinity of the dale cbr. The equipmer>t. •,.a::; cie s:.;;ned 
for Jll&ltimum case of installation by l'ield p<lrsonnel with maintt>nance-free, 
unattended operation for a period of 50 days. 

2. (U) 'l'he MAGID output has been modified so that it mt..}" be ccr_.,.;.ctec to 
an annunciator (shown in attached pictw-e) rather than tl.e H.\:·!:.":S:O. 
Connected to the MAGID by a single piir ol' ~lres, the anr.ll"lciat.cr prcvides 
an audible and numerical Nad--out of each act.;_ vation c t the Z·:.'.·::I!'l. 

J. J,r1 The Annunciator i:; c.:>ntaincJ ir. a (;,•· ::o: ?" x 2~ •· paci<~!!:f.' wei;:l'.::.nz 
.5 ){4 lbs. and ia po-wered for l20 clays by .. t. 75 volt bat.o:.ery. \oJher. a 
~~~&~netic di1turbance takes pl&ce within th~ l'ialli or sensitiVity, roughl:; 
football ah&ped (65 tt. long by 50 rt. wide), th>l Annunciator sounds a. 
tone, lishts an indicator lamp, and r~cords the indication on a c~ulative 
counter. 

4. J#( The MAGID (vt.. lS lb.) is installe~ by bur;yine ~.r.e device (s:.lencicis) 
up to 10 teet &oil the point ot furthest approach in 1he desired cea cf prc.
tection. Aa an inti"Uder paaaes t.hrough the Mt\GID's tielci o! sensitivity, a 
voltqe il inclucecl into the clev1ce • This wlt.age ia amplitieci ar.d sent t.c 
a lo&ic circuit llhich in turn l'ICDIJ'Iiles the volta&• &a an intruder sivwl. 
The J.oc1c c:Lrc~t then senda a aip&l 'llt.ict'. produces the int-errace alarm 
ailn&l &t the output cOMector. A ainale multi-voltage bl.tteey is ~seci to 
powr the MAGID, ancl D&ttery lite under typical operatin& cc:nditiona is 
approxiate~ 50 clal•· 

s. J/IIJ In a te•t pertorMd at EdccN:oci, a on~t pound co!'!'ee can, a ba.jor:tt 
and the uae ot aza entrenchinl tool were consistent~ detected ll ft. • belo~ 
cround bf t.he MGID. Metal tence po•ta and live to~~n• v'..re l;cated 
cloN to the MAGID dicl not produce aey talae al&raa. Concertina wire 
located at 28 n.. did not· cau• art7 alazw even though · t. •• Wlcen b,y 
hand u llaCh u l n.. in eit.Mr direct-ion. However, uainr an AN/PRC-25 
rldio 25 n.. rro. the device cl1d procl\lce talH al.uw, altbo\ICh a Power 
Generator (30 lW) located at SO tt.. dicl not. produce acti~t.ions. 

6. "' The \llle ot tbe MCID will not detect twmel• per ae, but. will clot.ect. 
\he •~t. ot terrou atv1al1n t.WIMla vit.h a h1d\ cle,-.e r.t con!'iclenc•. 

...,, 
•• • • ttu. aaawm 
-&II I"'I'Y t••taaa 
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PR.EFACE 

The contents of this compendium are the reports of the Second 
Interservice Meeting on Tunnel Warfare held at the OCRD Highland 
Building, 29 October 1968. In general, the contents are repre
sentative status reports on the research and development and 
administrative aspects of ongoing prograGIS. Two of, the objectives 
of tho 29 October 1968 conference were to updatP. the assessment 
of the status of the tunnel problem in Vietnam and the.require
ments for capabilities to counter the tunnel threat. In satisfying 
these objectives, the conference was only partial"ly successful, 
Notably lacking were presentations in this area of concern by 
ACSFOR, ACSI and ACTIV. With the exception of the Draft Proposed 
Qualitative Materiel Development Objective presented by CDC and 
the presentation by the Office of the Scientific Advisor, USARV, 
the research and development personnel at the conference received 
little insight into future requirements related to tunnel warfare. 

The conference was considered to be highly useful in updating the 
status of technical programs. This compendium therefore, makes 
available a permanent record of this aspect of the conference 
proceedings. It is intended that the contents will provide for 
the participants a convenient reference and guide in the planning 
and guiding of future tunnel research and development efforts. 

Expressions of thanks are extended to all the participants for 
their oral and written presentations and their participation in 
discussions, all of which have helped make possible the successful 
execution of the conference and the compendium. 

·~ (' 14~--' '-... ·. d ·ly~ 
IVAN R. JIB liNER, JR. 
Ch"irman 
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INTRODUC'l'ORY REMARKS 

Dr. Ivan R, Hershner, Jr. 
Chief •. Physical and Engineering Sciences Division 
Office of the Chief of Research and Development 

Department of the A~ 
WashingtoD, D,C, 20310 

Good mor'ling, gentlemen. 

This conference ia the second interasency meeting convened to provide 
a means for overall coordination of research and developaent programa 
related to countering tunnel warfare, and to assess the extent of 
responsiveness of these programs to Department of Defense needs. 

As bas been the caae in past meetings, the emphasis today will be on 
informality. Eacn of you represents an agency that baa agreed to 
coordinate and discuaa our respective roles related to the tunnel 
problem. The overriding objective ia to determine how we might 
better work together to senarate capabilities for countering the 
present and future threats of tunnel warfare. With the wide 
technical aa4 .anagerial representation here today, a mechaniaa 
is provided for discussing and evaluating the broad overall aspects 
of this problem area. 

In order for endeavors of this type to be successful, it is, of 
course, important that they take place in an ar..oaphere of active 
particiflation 1 of objective thought and with the pneral attitude 
of give and take. We thue proceed with the hope that solutions 
arrived at thrnuab the daliberation·of the participants bare are 
auperi~r to thoae senerated by isolated factions. 

With these brief co..-nta 1 I would like to open today'a cODferenc:e, 
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2\1 October 1968 

I.IS t\rmy Materiel CoiiUMnd - Tunno:l i:'L·ograms and Responsibilities 

Mr. David M. Lipnick 

The US Army Hater iel Co~~~~~and role in the Tunne 1 Program has been in 
the followi;1g areas: 

PROGRAM 

1. Detection 

2. Destruction 

], Denial 

.:.. Exploration 

RESPONSIBLE At«: STAFF ELEMENT 

Individual and General Equipment Office, 
Directorate of. Development and Engineering 

Chemical-Biological-Nuclear Office 
Directorate of De"elopment and Engineeri•g 

Chemical-Biological Nuclear Office 
~irectorate of Development and· Engineering 

Munitions Division 
Directorate of Materiel Requirements 

~1ese areas of the AMC Tunnel Program will be covered in this conference 
as follows: 

1. Detection -

2, Destruction -

3. Denial -

4, Expluratiun -

Tunnel D"structiun 

By representatives of US Army Mobi~ity 
E;uipment R&D Center o£ Fort Belvoir 
and US Arm}' E.lectronics ~ollll'lltlnd 

I 

By Hr. Martin Sachtholer of US Army 
Munitions Command and representatives of 
Pi.catinny Ar:;enal, inso!ar as current work. 
1 will give a vuy brief surrnary of some 
past work, 

B)' Mr. Joseph Sun:conetti of Edgewood Arsenal 

1 will brie!ly cover this area, whi~h is 
now hist••ry, inlio!or as AMC is Ct>n<.erned, 

l1itial require.ent for thi~ work was received in February 1~6~ under 
ENSURE l\o, 111 Cor 1\ method for the destruction o£ Viet Cons Tunnels, From 
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this requireme11t envolved .• 1e ace~ylene system which is designated the 
XH69 Tunnel Destruc~ D:~lltion Set, 

The XM69 D~molition Set consists ·of acetylene generators, oxygen · 
cor.verters, blC' .. Jc.:~s, and an ac~essory set. 

451) XM69 sets 1~ece shipped t..> V~.::tnam starting in November 1966, 
and in January 1968 US~,~·- 1 forwarded their evaluation which concluded the 
XM69 is less effective than other demolitions normally used to destroy 
tunnels, and recommended that: R&D efforts he f:xpedited to provide a 
more suitable syste~. In response to this recommendation, the work 
started on a liquid explosive system that you will hear about from the 
Munitions ·command and Ptcatinny Arsenal representatives. 

Tunnel Exploration Kit 

Previous to ~~ becoming involved in tunnel exploration, in August 
1966 the Limited W!r Laboratories had shipped some tunnel exploration 
kits to VN for evr.'i.ua:ion, This resulted in a requirement being sub
mitted under ENSURE No. 64 for a kit to be used in exploration of 
tunnels for denial and intelligence. This kit did not involve any 
development, c cy purchase of required componentt;, such as pistol, 
tliAgazines, r~lencers, lanterns, batteries, and ear plugs, The kits 
were asse~b'~ ry Natick Laboratories, and 250 were shipped to Vietnam 
in May !'lt;S, 
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CONFIDENTIAL 

USI.MERDC TUNNEL DETECTION EFFORTS 

Current Status and Future Plans 

as Presenter\ by :1ERDC Representatives (U) 

Conference of IntersP.rvice Coordinating 

Group for Tunnel Program 

29 October 1968 

DCRD Highland Building 
CROUP 3 
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CONFIBENTIAL 
SUIIIIIlary: 

~ Since the last meeting in April 1968, two (2) portable seismic 

detectors have been successfully tested by ACTIV in Vietnam. Modifications 

resulting in reduced size and weight, improved handling and more rapid . 

search operations have been accomplished, and advanced models are ready 

for shipment, SEA evaluation of a light weight, portable UHF detector 

is sch~dulod for Nov/Dec of this year. In coordination with other AMC 

Laboratories, a Research Program directed towards the d~velopment of 

improved dete~tion systems suitable for more rapid scanning of extended 

areas is being staffed. This research program will be carried out 

concurrently with the advanced engineering development of the portable 

tunnel detectors. 

Discussion: 

1. Portable Detector Dev.elopment 

~) Two types of man portable tunnel detection equipment are 

currently ir. the test and evaluation pl~ses of development. These types 

are seiamic,and electromagnetic. 

~ Hardware procurement of the seismic detectors began in Aug~dt of 

1967, when a contract was awarded for the design. fabrication and testing 

of ten ruggedized experimental prototype modela suitable for testing in 

Vietnam. The performance design goals for these units were fore Tunnel 

d~tect1on depths of at least 10 feet and search ratea of at least 360 feet 

per hour; a battery life of at leant 2 hours on internal battaries and at 

leaat 8 hour:l on external batterie.a; and, physically, the system mu.at be 

li&ht and ... 11 so that it could be transported by not aore than two men, 
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CONFIDENTIAL 

(~ Photograph ~depicts the resultant seis~ic system as it appeared 

while undergoing tests in Vietnam in April of this year. The system 

consists of an electronic package, a transmitting transducer, and a 

re~eiving transducer which is buried in the grass and not visible here. 

The electronic package contains the CRT A~scope display, all control and 

ti~ing circuits, a high voltage dc~dc converter for powering the 

transmitting transducer, and internal batteries for powering the system. 

Storage for the receiving transducer and auxillary equip~ent is provided 

in the rear of the case, A detachable leg is provided so that the 

operator can relieve himself of the weight during soundings, 

~ The .tran81111tting transducer consists of a two foot long stack 

of piezoceramic elements, resistive-inductiv~ components to control the 

seismic waveform (located in the top of the transducer), and a couple~ 

for coupling the acoustic energy fro~ the piezoceramic stack into the 

soil. Two types of couplers are provided with this syste~. One is 

an aluminum cone which attaches to the base of the transducer, The 

other is a circular plate which is interchangeable with the coae. 

The tranamitting transducer requi~es 2000 volts de for operation. 

Tnia voltage is supplied from the electronics package through a 

detachable cable. 

(.e) The receiving transducer 1 shown in photograph !!.! consists of a 

piezoceramic accelerometer element and a preamplifier. The receiver is 

coupled to the ground by a spike. Supply volt~e for the preamp and aianal 

from the transducer is transmitted by a cable which is connector coupled 

to the electronics package. 
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CONFIBENTIAL 

In operation, the transmitter and receiver are coupled to the 

ground and a seismic impulse approximately 1 millisecond in duration 

is generatec ·by the transmitting transducer. The receiving transducer 

detects the directly transmitted seismic wave as well as echoes. 

These waveforms are displayed on a CRT as a time versus amplitude plot. 

Consequently, the arrival time as well as amplitude of the complex waveform 

can be observed. This type of display allows the syst~m to be operated 

in a reflective mode or a refractive like mode. 

(U) Two of the ruggedized experimental detectors were tested in 

Vietnam by ACTIV during April and May of this year. Photograph three ·-
shows the unit being operated around one of the buildings at Long Binh. 

Note the auxiliary battery being used in this case. Photograph four 

shows the unit being tested in a second environment. Photograph five 

shows the •Jnit being tested in still a third environment. 

(U) As a result cf this test and evaluatit>•1, ACTIV released a 

report in which the f~ndings, conclusions and recommendations were 

summarized. I will aew share this summary with you. 

Findings 

~ a. Teams using the Seismic Tunnel Detector were able to detect 

and accurately map known tunnels. 

~ b. One half of the trainees with less than a high school 

education and CT and EL area scores of less than 90 were rated as marginal 

operators. 

~ c. Four out of five of the trainees with a high school education 

and GT and EL scores of greater than 90 were rated as above average 

operators. 
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"-""'' ' . CONFIDENTIAl 
~ d. Seven operators out of thirteen were able to effectively 

employ the Seismic Tunnel De~ector after three days training. 

~ e, An experienced project engineer conducted the training 

program. 

~ f. The evaluating unit stated that the storage oscilloscope 

greatly aided the training program and recommended its use for all future 

training, 

~ g. Users considered the average minimum time per sounding in 

hard·dry soil (2-3 minutes) excessive for any practical search, 

~ h. Average minimum tiNe per sounding in softer soil was 25 seconds, 

~ i. Aver1ge minimum time to read and interpret the oscillos~ope 

was 15 seconds per sounding. 

~ j. The fastest search pattern use~ by the evaluating unit was 

moving the transmitting and receiving tra;tsducers in a leap-frog fashion, 

~ k. The transmitting transducer failed at the cap screw holes and 

at the power cable connection, (due to the procedures used to couple the 

tran~ducer to hard dry soil,){Photograph~ shows this failure,) 

~ 1. The soft aluminum point on the receiving transducer bent when 

uscJ in hard dry soil, 

~ m. Users desired a method of providing a hard copy print 

of the readings for effici.ent operations. 

~ n. A three man team was preferred by the evaluating unit to 

operate the Seiimic Tunnel Detector most efficiently. 

~ o. No spare parts were avaihble for maintenance support, 

~ p. Users considered the auxillary battery unnecessary and a burden. 
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CONFIDENTIAL 

~1~ 

~ a. In it8 present configuration, the Seismic Tunnel Det~ctor 

is unsuitable for use in Vietnam. 

(Jl) b. Personnel chosen to operate a detector with the present 

re•dout system should be .high school grad~atesrand have GT and EL area 

scores of 90 or better, 

~ c, A ma~ntenance support package is needed tc support 

sustained operations. 

1Kl d. rraining of persor.nel should be conducted by exper1.enced. 

personntH equipped with proper trair.ing aids. 

Rt:collllllendations 

~ a. Delete the auxillary battery pack and battery c~,rger from 

the Seismic Tunnel Detector 'et. 

~ b. Continue developmental work on the Sel~ic Tunnel Detector. 

~ tl) As a matter of first pri~r1ty, modify the transmitting 

transduc~t' tl) provide a lllore rapid means of coupling to hard dry soils. 

~ (l) Strengthen ~oth the tr3nsmitting and receiving 

transducers. 

~ (3) Concurrently, develop a de-1ice to provide a printed copy 

>)f each reading w.ith a means of keying it to a uarch 111ap. Within the state· 

of tne art, automate the interpretation process. The device must not add 

to the weight or size of the detector, 

~ c. When recommendalions b(.ll and b(2) have been accomplished and 

CONUS testing completed, return the detectors to Vietnam to continue the 

evaluation. 
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CONFI9&NTIAb 
~ a. Develop a maintenance support package to be deployed with 

future tunnel detector equipment, 

JP' e. Provide a "Nt:T" team to train operators and maintenance 

personnel on future tunnel detection equipm~nt. 

~ f. Personnel selected to be trained as operators on a seismic 

tunnel detector using the current readout should be limited to high school 

graduates with GT and I::L aptitude scores of 90 or better, 

~ In accordance with the ACTIV recommendations, modifications of 

the seismic detectors were initieted in June of this year. From the on-site 

reports it was apparent that the major operational difficulties resulterl 

from the hardness of the soil in which the unit had to operate. As shown 

by photograph~, the earth was very dry, hard and flaky. The soil 

was not easy to penetrate even with a spike such as shown in photograph 

eight, and to get a cone as large as the base cf the transmitting tran,·:ducer 

to penetrate without prior preparation of the soil was virtually 

impossible. 

(U) One of the first steps in carrying out the ACTIV recommendations 

was to establish a tP.ijt facility where various ground conditions could be 

produced, A tunnel test facility had been construct~d near San Antonio, 

Texas for t~sting the ruKgedized detectors just described, and in July of 

this· year this facility was equipped with protectiv.e structures so that 

the soil moisture content in the tunnel area could be controlled to siMulate 

soil cond1.tiona in Vietnam. The tunnel facility is lor.ated on a plat.,au 

aa shown in photograph nine. An effort was 111ade to seolect a Bite where the 
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soil particle dilltribution closely appro;z:imates known Vietraam soils. 

Photograph ten shows the particle distribution at the San Antonio dte 
. -

as well as sites at Pleiku, Nui Dat, Cu Chi, and Qnang Ngai. As can be 

seen, the San Antonio site is a reasonable compromise between the various 

sites. As shown in Photograph~ the San Antonio tunnel romplex consists 

of passage ways as well as rooms, The overburden depth ranges from ?..7 feet 

at the snallow.room to 15.8 feet at the deepest a~ctiou. Undersized shoring 

is used inside the tunnel so that experiments can be conducted inside the 

tunnel without fear of col!apse. Photograph 12 shows the inside of the 

shallow room, Photograph thirteen is a view of one of the depth 

transit.ions. The tunnel complex was d11g by tunneling from underneath to 

simulate the Vietnamese tunnels. The :;.·.~ctions ot the tunnel complex 

covered by a canopy dried to a !JOint where they simt•late very well the 

hard soil encountered in Viet~~ at the end of the dry season. Other 

uncontrolled areaa more nearly simulated th£· Vietnsm soi! during more 

rainy seasons, 

~ In keepins with the recommendations of the ACTIV report, 

modifications to the seismic tunnel detectors were begun in June of this 

year. These modifications consisted basically in: 

(1) Development of a surface s~ismic coupler which could quickly 

be coupled to the soil surface, 

(2) Hardening of the transmitting transducer to overcome the 

experienced cap failure, 

(J) Reducing the size and weight of the system for greater ease and 

fiexibility of operation,· 
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CONFIDENTIAL 
(UJ Functionally the rnodif.i.ed detectors are the same as the 

ruggedized units previously tested. Early this month the modifications 

to four seismic tunnel detectors we•·e cornpleted, and over thr past three 

weeks a N~w Equipr•ent Training Team has been training on these units. 

CPT Hatfield whr heads this team will be telling us more about this 

activity a little later. The improvements in system size, weight and 

performan~e can best be illustrated by the comparison chart shown in 

photograph fourteen. One of the mo~l notable improvement• is search S?eed, 

which has improved a.1o1" ;t an order o>f magr.itude for hard soils. 

~) Photograph fifteen shows the modified equipment connected for 

normal use. Not~ that the cable between the transmitter and electronics 

is reconf ig•1red to avoid the problems previously encountered. Quick. 

disconnect ~onnectors are i.nstalleci on both ends so that the cable 

can be easily r~placed if necessary. The present cable is much smaller 

and more flexible than the origindl b~'ause only low voltage is transmitted 

to the transducer. The high voltage de-de supply is ncv included in 

the tr:_,nsmitter. The receiving transa10cer connects into the transmitter, 

lhereby re~ucing the multiplicity of Cdbles to the electronic package. 

Note also the body ·w~eight usisted type couplc-r used with this transducer. 

When operating on hard soils the user places the transducer on the 

gruund and stands on the rim of the cogple~. The riru is then pressed 

down to the ground .and ;m inlernal spring produces a load of approJt :mately 

100 pounds at the base of the transducer. ~len t~is type ~oupler is 

used the sy~tem is not operated in the pulse echo mode, because the 

extensive surf01ce ~o•,wes gcner01ted by this type of surface couplet tend 
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CONFIDENTIAL 
to mask echoes. However, horizontal propagation velocity increases 

considerably above a tunnel, and this is &ufficient for detection 

purpo~es, This increase is caused by changes in the shear and compressional_ 

elastic parameters as a result Qf otress in the overburd~n of a tunnel, 

This phenomenon is less pronounced in cases of supported tunnels, but 

indications are that few tunnels are ~uppcrted during construction, 

If suppQrted tunnels become common place, thP. conical coupler can still 

~e used with this transducer ana the system can be used in a reflective 

mode in reasonably soft sotls, 

(U: • Next, let us look at the second type of tunnel detector being 

developed at ~IERDC. This is a short pulse electromagnetic system which 

looks into the soil. In late 1966 and early 1967 in-house research was 

conducted to determine th~ feasibility of a soil penetrating radar 

system with sufficient bandwidth to d~tect a three foot diameter tunnel. 

One part of the in-house study was the measurement of soil attenuation 

as a function of 'frequency. Photograph sixteen shows the laboratory set 

up for measuriP~ attenuation of soil samples contained in a coaxial line, 

This is a iaborious but very accuratE: method of measuring soil attenuation, 

Measurements were .madt:' of soils from various parts of the U. S. and SEA. 

Attenuations were found to rangP- between 2db/~~ter to greater than 50db/meter 1 

but most soils were in the range of lZdb/meter or less. These measure-

menta indica~ed that a soil penetrating radar system would be feasib.l.e under 

many of the conditions examined • 

./lt!1 z,.. ~he fall of 196/ 01 contr.:Jct was let for a maP portable soil 

penetrating radar system. This system shown in photograph seventeen w&s 
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delivered in July of this year, and is currently undergoing test and 

modification, The present system consists of a battery and transmitter 

package, an A-scope display and control electronics package, and an 

antenna. The antenna shown here is a loop typ~ similar to the Geodar 

antenna. This is essentially an immersed antenna which operates very 

near the ground and experiences the soil dielectric. Other antennas 

currently under test wiH be fun: her developed for future systems, 

Experi~ents are being conducted on smaller, dielectric loaded units which 

can operate at a height of a few inches above the soil surface. 

~ A modified EM system will be available for evaluation in 

Vietnam later this year, This system w.ill utilize the same basic antenna, 

but the electronic3 will be reconfigured for greater portability and 

maneuverability. An advanced model is concurrently under development 

and will be availahle early in 1969. The advanced model will utilize 

a smaller antenna and signal processing circuitry to simplify display 

interpretation, The present system uses an A-scope presentation. Tne 

multiple exposure of ph0tograph eighteen shows the A-scope.disp!ay while 

passing over a culvert as compared to passing through a non target area. 

A hard copy printout is being deveJ.oped for use with the advanced Dl system 

and will be available in March of 1969. The advanced detector is anticipated 

to nave a detection capDbility of up to 15 feet in most soils. However, 

in highly attPnuative•eoils the system will be inoperative. One of the 

problems in the FJol system is to det('rrnint.? if the soil ir. to lossy to 

detect a target, This problem is being lnvcstig.1ted by llr. Pearce and 

Hr. Walker oi ECOH, and we will hear m"rt.! L•f this work later in the prosru, 
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2. Evaluation of CEODAR 

(U) Another project in tunnel detection at MERDC is the evaluation 

of the GEODAR system designed by MIT and produced by Sylvania. This 

system, like the MERDC electromagnetic detector is essentially a short 

pulse earth penetrating radar. Unlik~ the MEROC system, the GEODAR is 

intended for vehicle use, Photograph nineteen shows the GEODAR system 

mounted on a jeep and undergoing tests at Fort Belvoir. 

~ The MER~ evaluation plan is intended to determine the detection 

capability and false alarm susceptibility of the Geodar system. Extensive 

tests are planned over tunnel and nontunnel areas under various soil and 

terrain conditions. Initial efforts to detect the shallow tunnel at the 

Fort Belvoir complex were unsuccessful, Consequently, a clean test site 

was selected as shown in photograph twenty, and two identical excavations 

were made. One excavation was completely refilled with soil, The other 

was equipped with a 3 foot square by ~ foot long wooden box and then 

refilled. Pre-excavation and post excavation passes were made with the 

GEODAR. Chart recordings of these passes are shown in photograph twentyone. 

The chart before excavation is very clean. In the post excavation chart 

the excavAtion with the cavity is apparent While there is little disturbance 

from the refilled excavation. This test clearly proves the dete~tion of 

a subsurface cavity with an overburden of about 5 feet. Other teata have 

been made over culverts, the Fore Belvoir tunnel, and along roadways 

without tunnels or culverts. Photograph twenty"•two shows the chart 

recordin& obtained by makina a pass along a dirt road which contained a metal 

33 

CONFIDENTIAL 

I 
l 

l l ____ . 



I ' ! I ' 

, 
I 

• ·• 

'. 
t~-,·· .. , 

,:to,, 
; . '··~· 

. 
..... 
~
~
(
·
:
 

... 

. , • 
• . 

... ~ 

• . . l ' 
J 

.... ~
.
~
 

... ,j. 
. . . 
... \ ~~ 

... 
l
' .. 

. , ... 
. · •• 

. ~ 

·. 

)4
 



T 

0 

L..·--=·"!"!:~-~--='~--· 

! 

\ 

r 
I 
I 

I 

1 
C:LtFF-......_ 

c::: I . 

_.ANDy I PLAl N 
' 

.' 

(." 
/ 

.. ---) \ . 

!•hot~graph ~,. "'J . •. Controlled Tunnel T ~ " cs. ..j tc. - t .. · •· · ·or: llclvoi~ 

3~ 

Best Ava\\nb\e CoPY 

I 
I 
I 

I 
0 
:j s 



II 

( 

~ 
~~ 

~ L-
r) • s:-;.. 
\~ .. 
l~~ .. () 

<ti .. u 
~ 

..., 
"' 

--~ 

--~ ·----( ' 
SANDY PLAIN AT E PG I FORT P.ELVOIR 

BE: f" ORE f.Y.CAVATIONS "!' l1 .• , •• 

...... ...___ ..... --.-: .,."" r- .. •. •• .. • •· ~ ' ···==--=~~- .... -····r- .--~-~---,._.ea;.._._:~~-'!::'""'~. ==...~---.. ' .... --,~,_. --------- - ..... _ 
:r -: 

ra 
;f;: .. r ·~ 

~ '':':.;~ . . ·-= 
. . . ,__~$'·"'..., y ~.,.. ......... 
. . ~--'. ~~-- -~~ .. . 

L~j~; · .. 

1;.: ' . ' ..:.>-· ·-.-· · .. 7 :. ...... ... ... . ..... 

AFTER EXCAVATIONS 

=======~.-r-::==-- ------ -----·-= -~ 
=•=-~~~~~· h~. !-~,.-r~:~~~·t:·~-'-~;'~.!' 

-~ ... .;:;.... . ·. •..;.. ·. . ~~~; - . . .... •····· 
... 
: .. ....... .... ..... ~ ... - ---- ..,__-rl!'--'..,.. ......... • - ·-

•""''"'i' 1 ...... ~~..,~ ... ,, ........................ _,. . ... . 

~ 

Clf~ S'WID t.o"'rll 
~. 

Photozr:>:'h 21 - GI:ODA!: Chart Rccorrlinrs over ~:ontrollecl :u"~"l ''er.t :::c·• 

.J 



~· 

-........ ... 
I ! I 

'I
 

~
 

·~ 

~
 

"' " 11'1 

r. 
! .
.
 

i 
c " 

r
·
 

•I 

at 
.. • 

1,. . . . 
•' 

Q
 

.· ... 
I • 

. ·• • 
' 

' 
t •. ,. 

• 
'! 

~· .. , .. 
'/.. 

.:\ 
... aJ .. 

l __ _ 

• I 

r. 

~
 I 

37 

--=
----· 

8 
0 /'\ 

( '. ' t._.. 

--·. 

.. ... ... ... ~: 

... .~ 
,· ·' .. .. ,.., '· ,, .. ~· 



I 

'-I 

.CON FlO ENTIAt 

culvert at a depth of approximately 3 feet. The ~ulvert is apparent, 

and the other JisLurbances were found to be trees along side the road, 

Photograph twenty-three shows the chart obtained when the GEODAR antenna 

was passed over the shallow tunnel at Fort Belovir. The tunnel is 

approxi.lllately o feet deep in th<l area where the GEODAR was used, and 

medium sizeJ pine trees cover the tunnel area. From this chart the tunnel 

cannot be recognized since tht characteristic hook shaped pattern does 

not appear, Photograph twenty-four shows.the chart produced when the 

system is towed along a srnooth surface, blacktop road. No culverts or 

cavities were ~resent in the ~ection of the chart shown here. Trees ov~r-

hanging the rood at a height of 15 t~ 20 fe~t produced the patterns seen 

at varivu~ positions. 

(U) Evaluation of the GEODAR will continue at other tunnel sites of 

varying soU characteristics. T~:ese ait~s wJ.ll include areas of Virginia, 

North Carolina, and Texas. The evaluation will bP. completed and a report 

will be publi~hed in Deccmher if no significant f&ilures occur. ~e only 

failur(S thus far in the evaluatic.n were 11 power switch:l.ng relay and a 

malfunction in the Alden recorder. 'fhese were minor failures and Sylv:~nia 

responded quickly in repairing both the relay and the ~ecorder. 

lU) The availability schedule of detectors currently under developmant 

and the completion schedule of the CEODAK evaluation are shown in photograph 

:wenty-f !v~. 

J. J,e1 F.xpenence of NET Team with Sehmic Detector (CPT~!.fitld) 

(LI) 1 am the chief of the SET Tcu which v111 soon be takin& the 

Seis1111c Tunnel Detector to V1etn8111 for f\i.rther evaluation of the equipment 
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and the training of in-country personnel. I have been working with this 

detector for about two months and based on my eltperiences I will briefly 

describe its operation to you. 

lU) In photograph twenty-sis you see the system being transported 

by two men. Inside ttle electronics package we have space to carry the 

receiver, cables, and viewing hood. The trans~itter is .carried 

separately. Not sho~ in this picture is the receiver implanting device 

which y~u will see in the next photograph. 

~ Photograph twenty-seven shows the equipment .being operated by 

three men, the Ue~1rable number for optiQum speed ·of op~ration. The 

individuals with the receiver and transmitter couple these items to 

the gro~nd under the direction of the operator who is carrying the 

electronics package. The ope~ator then activates the transmitter and 

views the raceived sei<imic:'. pulse on the CRT. The system is capable of two 

modes of operation, a refr•ictive-like mode and a pulse-echo mode. In 

the refractive-like aode we detect an increase in velocity and amplitude 

of the received seisl!lic signal which occurs in t te iJIII!Iediate vicinitY 

over a tunnel. I consider this mode c f opetatio. ;;o be the one most 

generall:.' usable and reliable. When utiliZlng this· mode, the operator 

adjusts tte CRT scale settings to allow him to read the travel time of the 

seismic signal from transmitter to receiver. As the around is traversed, 

a noticablc decrease in travel timP, ~aually, but not always, accompanied 

by an inC'rease tn signal ll.mplitude, indicates the presence of a tunnel. 

Points yielding positive readings are marked and their relative locations 

analyzed for a linear co•·relation which indicates the presence of a tunnel. 
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(UJ On photograph 28 you se~ the sample wave forms observed 

by an operator as a run was made over a 4.5 foot deep tunnel. You can 

~ee that the travel time decrease is readily apparent. 

4, ~ Research Progr~~: 

(U) USAMC has been directed by DA to establish a Tunnel Detection 

Research Task as part of the Barrier-Counterbarrier Project. Technical 

Committee action is scheduled for January 1969. The Research and Technology 

Resume, DO Form 1498 as submitted by MERDC is presented as inclosure. 

Jtt'j The following efforts are planned to be initiated iliU!lediately 

after authorization: 

(a) uevelopmer.t of r.~ethod of soil classificati_,n by electrical parameters. 

(h) Investigations toward remote detection of tunnels using radar 

techniques, 

{c) Establislunent of tropical tunnel test site. 

td) Measurement ot scattering properties of ~oids in a lossy nalf-space. 

(e) Investigations of seismic techniques for the remote detection of 

tunnels. 

(f) Investigation of electric and magnetic induction field anomalies 

caused by tunnels nnd natural geological features. 

(g) Exploration of Tunnel Trace Gas Detection techniques. 

(hJ Investigation of aerosol subsurface trace elements emanating 

from tunnels. 

(i) Investigation of characteristic properties of tunnel spoil. 
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U. s. Army Limited War Laboratory 
Aberdeen Proving Ground, .Mary land 

Tunnel Detection 
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TUNNEL DETECTION 

Thomas E. Olon 

U. S. Army Limited War Laboratory 
Aberdeen Proving Ground, Maryland 

ABSTRACT 

Tunnels produce a magnetic contrast with the local environment. 
This contrast can vary in magnitude but has a unique characteristic. 
Tunnels run in srraighr lines. Employing a total field .(scalar field) 
magnetomcrcr•and utilizing the straight ·line ·correlation signature,_ 
tunnels can be traced andjor mapped at a militarily usable and raptd 
rate in a ground-to-ground search mode. Spurious, local surface 
anomalies (such as shrapnel) can be discriminated by the ability of the 
sensor and technique to ascertain the extent of a magnetic anomaly 
without signjficantly slowing down the search rate. 

• • • 

Tunnel Signature 

The principal parameters which affect the magnetic signature of a 
tunnel incJude the size, configuration, orientation and depth of the 
tunnel as well as the magnetic susceptibility and noise distribution of 
the soil. Ordinarily, the inclination or dip angle of the earth's magnetic 
field would be a parameter of interest. However, since the dip a·ngle in 
Southeast Asia is zero, we will ignore dip angle effects. 

The ini£ial phase of the U. S. Army Limited War Laboratory Tunnel 
Detection Program included a computer analysis of a tunnel considered 
as a cause of a magnetic anomaly. The computer-program was based 
upon an (~xprcssic>liwhich relates the change in total intensity over a 
~lane ~urf~cc .from a_prism~tic ~ourcc of a given susceptibility, inducing 
fteld, tnchn~i.ton of ftcld, dtrectton of remanent vector, with the number, 
location, and coordinates .of prisms constituting the entire source. The 
following 2 cha·rts show some results obtained from this computer 
modeling. · 

48 

Best p_.,ai\ab\e CoP'I 

I 
! 
~ 

I 
j 



1 I I 

l i 

(t'lfW
H

tl 
3 7117 

iii"'P
III) 

'S 
(J''JI/..1

 
..,~ 

0 
.., 

,.'..1'!.£ 

Q
 

0 
,.,. 

0 
C

) 

.. 
"
' 

Q
 

+
 

... .. 

49 

-. ..... ,, 
.·.· ' ·' ... >\} 

~
 

«"( 

• 

.:·· 
. 

·.!. 



F~Er 
~.o ~.," "·~ '·~"" e.oa '~·'" 12.u w,;o IIJ.~ 111.1~ .-e~..-, ~.rr.: 

c). co 

'·'" 
Z.N J 

3-:1~ • 
I 

'"~· il:l ~ 
I 

$.rJD f 

··'" l 
1.~~ ~ 

s.~ t 
I 

'f.,:J ~ 

/0.0;1 ; ,,,,.JI ; 
12..- ; 
,, . ._I 
/f.cO I 
/~.()IJ ,,,o. t 

I 
~ 1 
'"'' ~ ~ ; 

I 2.'1.,. r 

I 

I 
I 
I 
I 
I 
I 

i 

; 

l. 

t 
I 
I 

j 

1 

I 
! 

'fUSS Jl&f'NII - 21t.< Z ! 

Su~~GPTtBIUT)- IJUII,..,,.s ~ 
0EPT1t. - 6 FT l 
LJF: CJI/IIIId Til lf4~~IT'14 F,,,.l.\ 

tNT6111.11"f Ill/ #A,.I'IAI (I') 

I 

I 

h6VR£ 2 .. /1NJ-~Ir1C. /;el-l) J;ireKJIT1 Co/vTOvRS 

0V6R Tv~AI;J..S 

•• 

i 

I 



' ~ 
I 

TherL' arL' occasions whL'll um: wishL'S to cah:ul.ate analytically the 
anomaly from a tunnel at a giv~.·n lkpth, susc"ptibility contrast, etc. 
A short method of ~..:umputin~ thL' maxilllW11 value of the ~numaly can be 
derived by assuming lhc tunnl'l to be of infinite length wtt~ a cross- . 
sectional which is small compared with depth, and the axts of wh1ch ts 
in an cast-west orientation. These requirements (with the exception of 
the ~:ast-west orientation) an: met fairly well in most tunnel configuration£ 
which are being considered. The anomaly from a tunnel in low magnetic 
latitud~:s can then be exprcsseJ as 

where 

AF = kFA 
7 

k = magnetic susceptibility of the surrounding soil in c. g. s. units 

r = the distance from the sensor to the center of the cro:::s·sectional 
in centimeters, feet or meters 

A == cross-sectional area in units consistent with the units of r 

F = ambient (inducing) field intensity ,in gammas 

~ F maximum value of the magnetic anomaly in gammas 

Reports concerning tunnels in Vietnam indicate that most tunnels are 
two to three meters below the surface and have cross-sectional areas 
from 4 to 6 square feet and that the earth's magnetic field intensity in 
this area is approximately 41,000 gammas. These parameters are 
relatively constant when compared with such parameters as orientation, 
soil magnetic susceptibility, and background noise. 

The orientation of the tunnel axis relative to the earth's field influences 
the magnitude of the tunnel anomaly as~ cosine function. Maximum ampli· 
tude occurs when the tunnel axis is perpendicular to the earth's magnetic 
field vector. An amplitude minima occurs when the tunnel axis is in a 
north-south direction. 

Of equal or more importance than the tunnel axis orientation, ls the 
soil magnetic susceptibility. There are two additive components of 
~agn~tic susce~tibi.lity· ·that which relates induced magnetism to the 
mducmg magnet1c fteld and that which accounts for the remanent or 
permanent magnetism in the soil. Tests have shown that the remanent 
component is nearly equal to the induced companent in soil near the 
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earth's surface. However, at depths of several feet, rhe remanent/ 
induced ratio decreases to approximately 0.·2. Th~ overall significance 
of the remanent component is that it can enhance the tunnel anomaly 
amplitude by a facror of 2 to l. In other sources related to this subject, 
this effect has not been considered. 

The most significant aspect of magnetic susceptibility is its relation
ship with various soil types. &ince the tunnel anomaly is directly 
proportional to magnetic susceptibility which varies with the soil type, 
the tunnel anomaly will vary in amplitude depending upon the soil type in 
which it is located. RepQrts such as those written by the Military Research 
and Development Center, ~Bangkok, relative to magnetometer measurements 
in Thailand indicate the susceptibility levels range from 1 X w-5 to 4 X w·3 

· c. g. s. units. Studies performed under the Tunnel Detection program indi
cate the most of this range is favorable for tunnel detection. 

Background magnetic noise limits the overall system sensitivity. This 
noise is due to surface irregularities, short span differences in suscepti
bilities, man-made objects and micropulsations of earth's magnetic field. 
All noise is spatial in nature except the last which is temporal. Spatial 
soil noise varies from milligammas to gammas with soil type. Temporal 
variations fall within the same range. The spatial extent of most noise is 
small relative to that of the tunnel anomaly and provides a basis for 
discrimination. Temporal variations can be effectively suppressed through 
l!se of differential magnetometers or gradiom~:ters. 

Tunnel Detection and Tracing Techniques 

Straight line correlation and variable height sensing are the two basic 
techniques used whr:n detecting or tracing tunnels with magnetometers. 
Straight line condation is a technique which is based upon the premise 
that tunnels run it1 straight lines for distances of at least ten meters .. 
Consequently, if this premise is correct, it is reasonable to expect the 
tunnel magnl.'tic anomaJy to be somewhat long and narrow. Thus a basis 
for discrirnination bc:tWClal the tunnel anomaly and the magnetic baclcgrowtd 
has been established. 

Th<.· other technique of variable height sensing consists of raising the 
sensor in the presence of considerable surface or near-surface anomalies 
and lowering the sensor in their absence. Surface or near-surface 
anomali~s have ao inverse cube dependence while that of the tunnel is 
inverse square dependent. Therefore, within the limit of sensitivity of · 
the magnetometer, this technique will improve the signal-to-noise ratio. 
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J).:sntpuon or the Magm:tomct<.:r Sysu:m 

FuaKtional L)L·scription: 

Tht.: magllctoml·tcr system includes the sensors, sensor electronics, 
sensor staff, audio readout, a rechargeable battery, and battery .pack 
with harness. Other parts include the accessories and the carrymg case. 
The system charactensrics are: 

Sensitivity 0. 025 gammas;'ft (differential mode) 
0. 1 gamma (single sensor mode) 

Range 

Staff length 

Battery life ;charge 

Weight: 
In operation 
In storage 

Accessories 

Size 

Uses and Features 

30,000 to 70,000 gammas 

Approximately ~ ft. 

- 8 hour continuous 

- Less than 20 lbs. 
- Less than 50 lbs (includes spare battery 

pack and accessories) 

- Battery charger, earphones, and 
miscellaneous spare parts 

- Approximately 6. 5 cu. ft. (storage) 

The differential mvie was designed primarily for detecting tunnels 
while the single sensor mode is more suitable for tracing them. 
Figure 3 shows the magnetometer system in operation. When used 
differentially, the eight-foot spacing between the two sensors provides 
spatial filtering which cnhanct:s the spatial wavelength generally asso· 
ciated with n:ost tunnels. Moreover, time variations of the earth's 
magnetic field intensity are effectively eliminated since these variations are 
common to both se.nsors. These features, together with electronic filtering, 
make. possible a higher signal·to-noise ratio in this mode. However, since 
in the differential mode a quasi·gradient is .t.easured (a true gradient 
would be measured tf the sensors were closely spaced), large background 
magnetic gradients can lower the signal-to·n.>ise ratio. 

The effects of background gradients are suppressed by use of the 
prescribed tunnel detection t~>chniques. When it is required that a large 
area be checked, either of the following procedures can be used. 
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(l) Lay out the an: a in-, grid squares and record readings at each 
of the grid corners. Then examine readings, checking for 
straignt lines formed by similar magnetic anomaly amplitudes. 

___ -_ .. _, 8i~''*iil 

(2) Traverse the area in a series of parallel pathii with attention given 
only to those anomalies with a typical tunnel signature. If such an 
anomaly is found, check an:a in close proximity for straight line 
formations. Then trace tunnel or continue search as necessary. 

Using these procedures, the sensor staff is kept in one direction and 
the background gradient effect is somewhat constant, thus presenting 
itself as an offset which can be ignored. 

The single sensor mode is best suited for tracing tunnels after the 
tunnel mouth or any other portion of the tunnel has been detected. The 
tracing operation is accomp!ished by swinging the magnetometer in a 
wide arc and then moving in a direction which will keep the tunnel anomaly 
within the limits of the arc. When the operator does this, he will be 
walking directly above the axis of' the tunnel. 

Twelve differential magnetometer systems wi 11 be fabricated and 
tested in CONUS by the 3rd quarter of FY 69. Additional tunnels have 
been constructed in California and will be used for the CONUS test. 
Start of a Vietnam evaluation of ten of these systems is scheduled for 
3rd quarter of FY 69. 
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1TNNEL EXPLORER LOCATOR & COMMUNiCATOR 

Thomas E. Olon 

U. S. Army Limited War Laboratory 
Aberdeen Proving Ground, Md. 21005 

The Tunnel Explorer Equipment enables two-way voice or tone 
communication between personnel exploring tunnels underground and 
personnel on the surface of the ground, with an effective slant range of 
approximately 120 feet. Voice mode of transmission enables the under
ground personnel to describe their surroundings to those on the surface; 
the surface personnel can also describe surface activities and relay 
orders. Tone transmission is an 1100 Hertz intermittent signal which, 
when used by the underground personnel. permits the mapping of the 
tunnel; this is accomplished by ground personnel walking along the 
surface and OF 'ing (direction finding) on the man in the tunnel. 
Automatic gain control circuits are incorporated in both the transmitting 
and receiving circuitry so that operation of the equipment ~an be accom
plished over a wide range without constant adjusonent of the gain control. 

The Tunnel Explorer equipment consists of two identically assembled 
units each consisting of an antenna, transceiver, and an interconnection 
cable. Each' unit is designed to be carried on the back and left front 
shoulder of an individual using the standard soldier's field suspender 
harness. The use of the harness offers freedom of hand movement, 
except to operate a function switch on the front panel of the transceiver. 
The Tunnel Explor~;·r equipment is waterproof and shockproof under 
normal handling conditions, and is painted olive drab to blend in with the 
soldier's military dress. Each complete unit wtighs approximately 4 
pounds. 

a. The antenna is a formed ring approximately 13 1nches In diameter, 
containing two Sl'ts of antl·nna windings, a transmitter and a receiver 
winding. The transmitt~r antenna consists of 58 turns of nwnber 20 copper 
wire; the rcccivl' antl·nna consists of 1250 turns of number 34 coppe'r wire. 
The antenna windlnge are cncast.•d in a l-inch-square hoop of polyurethane, 
which holdt: the coil rigid and maintains a waterproof and shock resistant 
housing. Molded Into the polyurethane arl' three metal loops through 
which straps arc threaded for attaching the antenna to the field harness, and a 
connector jack to which the four antenna lc.·ads are connected. Two of the 
metal loops are positioned at the t<'P of the antenna hoop, spaced apart by 
60 degrees. and are used to attach the antenna with adjustable straps to the 
shoulOer loops on the field harness. .\ single bottom metal loop is positioned 
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180 degrees from the center position of the two shoulder loops and is used 
to attach, with an adjustable strap terminated with a wire clip, to an eye!et 
in the soldier's pistol belt. Offset by 20 degrees to the right of the bottom 
metal loop is a jack to which the interconnection cable is attached. Velcro 
nylon tape is used as· the adjust&ble straps for attaching the antenna to the 
field harness. This tape consists of two strips of nylon which when pressed 
together lock and ho.ld firmly against any vertical tension, but easily sepa.; 
rate when horizontal tension iS' applied with respect to the facing leaf. 

b. The transceiver is a self-contained, battery-powered transmitter . 
and receiver, which con[i.ins two replaceable edge-connector printed 
circuit card assemblies. The card assemblies use discrete and integrated 
components employing analog type electronic circuitry. The transceiver 
unit is enclosed in a waterproof, shock resistant, plastic case with an 
aluminum fronr panel. The panel is held in place by four captive screws, 
which are loosened for the removal of the panel and the two card assemblies. 
A retaining cord prevents damage to any connecting wires when the front 
panel is removed. A magnetic transducer sealed in a circular mu·metal 
housing serves both as microphone and speaker._ A special membrane 
covers the transducer to prevent damage should the instrwnent be immersed 
in water. A from panel jack enables the connection of the transceiver to 
the antenna. The transceiver is connected to the left front strap of the 
field harness using Velcro nylon tape, which is also threaded through plastic 
loops on the bottom of the transceiver. Plastic leafs projecting beyond the 
front panel protect the control knobs from dnmage should the instrwnent 
accidentally drop. 

c. The interconnecting cable, which electrically connects the transceiver 
to the antenna, 1s a four conductor cable wlth 90 degree connectors on each 
end. The cable, arproximately 3 feet long, lies on the left shoulder and 
connects th~ antenna jack to the jack on the front panel of the transceh•er. 

Ten systems. plus spares, arc being fabricated. Delivery to LWL 
is expectt.-d in a few weeks and we hope to ship to VN ·this December. 
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D:C-Zi·:SIO:·:S: 

Anter.na. 

Cable, Interconnection 

Tra.~sceiver 

Heieht 

'ta<ith 

Dept.!l 

~·SIGHT: 

Anter.na. 

Cable, !ntercor.ncctian 

Transceiver 

TO!' AI. t.'SIGHT: 

D:.7!: 

12.82 inches (outside di~eter) 

3 feet (approx ), 4 cond~ctor 

2.40 inches (overall) 

6.72 inches (overall) 

4.3" inch's (overall 

:t.o pounds (a~pz-ox ) 

0.) pounds (approx ) 

1.62 pounQS 

~~pounds (including eqllip:aent cue) 

5 mel"ClU'1-Cell batteri .. 1 2.6 volta e&ch1 
t7JMt B.\ l373/U. . 

VoicG or audio aianal ca:a::NN.catiana 
trca \11\Clersro\Ulli-t.e>-avtace at.•a alant 
r~t~~• ot l2:) tee.t. 

Nan• 
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TAE-IE 1-1. LEADI~G PARTICUE:~s AXD SP3CIFICATIO:~S (CmJIT) 

TI'I'i.E SPECIFICATION 

c:::..!!-~4. TIC CHARACTERISTICS 

Rcl~tive H~idity 

r;;;.!:SPG?!TABIUTY: 

Waterproof and shock r~sistar.t 

Up to 100% thr.oushout e--nbient te:!lperature 

Transportable in ar~ standard air or 
grou.'ld conveyance. The equipment 
may be shipped m its own fiberglass 
container or packaged as desired .• ' 

The equipr.~ent can 'be safely stored in 
~ position in its equipment case. 
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CANINE DETECTION OF TUNNELS 
MAJ Joseph Lenoci 

USALWL Task 01-8-68, Canine Detection of Tunnels is a one year effort to train two 
squads (1-4 dogs) of an Infantry Platoon Scout Dog, to detect tunnels. This task has 
been active since January 1968. 

This year is broken down into two six-nJOnth phases. Phase I was devoted to studying, 
researching and tryi r-g several t·"Oining l"!ethods to develop the most effective and 
efficient training program, The objective of Phase II is to train one-half of a TO&f 
scout dog platoon in tunnel detectior.. The other half of the platoon is being traio1ed 
under a parallel effort to detect booby traps, trip wires and l"'ines. 

The simulated trainirg tunnels used in this program are ground cavities 36" x 18", or 
larger: that ap vented or open to the atmosph' o-e. 

The procedure used is to·have the d~ work off-ler :h, being directed by arm and 
hand signals from the handler. The l-landler works tl-,.. dog in a criss-cross pattern 
over the search area, covering a mkimum cf one ac::e per hour in wooded terrain. 
When the dog detects" tunnel ne comes to ;he sii position with!n two feet of the 
opening. 

At the present tim!!!, holf.,.ay tl.rau£h Phcse II, the food reward system is being 
used for training purposes. This system is used for training only and is not intended 
to be employed in combat sine" the number and frequency of findirg tunnels caMot 
be controlled. Thus, prior to RVN evaluation, the doss will be switched to praise 
for each fi nd. 

Control of the frequency of fil'lding tunnels may present a problem, In order to 
maintain the dogs at peak proficiency, it may be necessary to periodically bring 
the dogs back to a base area for a short retraining period. The period between and 
length of these retraini~ periods will depend on the individuol dog. It is felt thtlt 
the time frames ond methodl will be finalized durirv the RVN eor.~luotion. 

Based on available dato It Is l'elt that these dogs will be able to work -4 to 6 houra 
~r day loaki~ fot turvwls. If moN than this is needed, then a teo~ of 2 dogs may 
be ~Aed alternati~ the dogs on on hourty bosis. 

The doga appeor to be •tecti~ the tunnels ~ ualng olfactocy .. ,.... They appear 
to alert on thE olr emonatl~ ,,.. the openi~. AI this 11tage of tnllnl.the dogs 
have been oble to **' o high pe~nlage of the traini~ tvnnela with o very low 

60 

I 
I 
l 
j 

l 
i 



rate of folw si~. This percentage seen11 to hold true whether the tunnel is oec:upie~, 
unocc:upied, c:cntains materiel, or is empty. 

ihe resulh of this progrom look very pramisi11J thua for. However, this Is an R&D 
pfOOrom and the opercational effective,.ss of this system will be determined during 
the RVN ewluation. This syatem is progrumed for lhipment to ltVN for operotiotiOI 
evaluation in 3rd Qtr, FY69. 
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US Army Waterways Experiment Station 
·Vicksburg, Mississippi 

W!S Tunnel Research Projects 

Mr •. Billy R. Davis 
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WES TU~~EL RESEARCH PROJECTS 

1. Over the past three years the U. S. Army Engineer ~aterways Experiment 
Station (WES) has conducted projects dealing with the following aspects of 
tunnel research: 

a. Mapping tunnel complexes 
b. Environmental characterization of tunnel complexes 
c. Destruction of tunnel co~plexes 

2, In the area of mapping tunnel complexes, two programs have been con
ducted as follows: 

a. Tunnel Explorer Locator System. ln 1967 a WES field party was in 
Vietnam participating in a program concerned with gathering quantitative 
measurements of various environmental·factors in and around tunnel com
plexes. In order to perform this mission, it was necessary to explore 
the interior of the tunnels for the purpose of mapping the tunnel complex 
and gathering environmental data on the 'interior. Extreme difficulties 
were encountered in communicating with personnel inside the co~plex and 
in pinpointing their location for purposes of mapping the complex. ln
for111.;1cion regarding these difficulties was relayed back to the WES to 
determine whether a.,y assistance could be render.:•! to solve these problems. 
Personn~l assigned to the Terra'l.n Analysis· Branc:1 :;,: the Mobility and 
Environmental Division evaluated the various vos'. ilities for solution 
of this problem and within two weeks shipped a ~~-~fied two-way radio 
co111111unication system of the walkie-talkie variety :o our personnel in 
Vietnam for·use in the tunnel environmental characterization project. 
The ~ystem proved to satisfy the requirements of communicating with and 
pinpointing the location of tunnel explorel'S, and additional efforts were 
expended at the WES to determine the limitat.ions of such a systea. ln 
early 1968 the wES received a request from Headquarters, u. S. Army Vietn .. , 
to supply six prototype systems for use in Vietnam. The final WES version 
of the system (see fig. 1) is now being evaluated in VietnaM by the Ensineer 
Command, and thus far all reports that we have received have been fav~rable. 
Uniortunately, however, we understand that the system is beina used pri
aarily for communication purposes, and ~he system's capabilitiea for pin
pointina the location of personnel assigned the task of exploria& tunnel 
complexes are not being utilized to the fullest extent. Tbia ia rea~et
table because if communication eapabilities are the only inte~eat of the 
milit..ry f.,rcea, the system can be reduced in size considerably •. Tbe VES 
does not pl4n to ~o any further work alo~& the linea of refinina thia 
ayatem•unlesa requested to do so by a hi&h~r headquartera.' We feel that 
ECOH or sotne other Government laboratory that normally doea work of thia 
nature should take the results of the Engineer Command's evaluation1 

•iniaturize the syste3 wherever possible, and come out with a final desi,m 
:hat is ruased enouah for •ilitary use. Our i~tereat vas and still is . 
limited to the roncept used and not the actual hardware bvolved. 
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b. Airborne VHF Mapping. Approximately three years ago MERDC pre
sented to the scientific community the overall problem of detecting 
tunnels and requested that organizations interested in performing research 
submit proposals. Personnel at the WES assigned to the Terrain Analysis 
Branch reviewed the capabtlities of various sensing techniques and concluded 
that there was no quick solution to the problem. Groundborne systems were 
uot coasidered desirable because of the extensive time required to survey 
the large areas involved, The only remote sensor that appeared feasible 
vas &D airborne VHF mapping sy5tem. Such a system. however. could not be 
assembled overnight. and"the possibilities of developing a suitable system 
for use in Vif't:lllm were not considered favorable. Information obtained 
from ailitary intelligence. however. indicated that U. S. Forc~s can expect 
to encounter tunnels in future conflicts. and the WES submitted a proposal 
to.MEIDC for developme"t of an airborne VHF system realizing that it prob
ably would not be available in time for use in the Vietnam war. The pro
posal vas rejected by MERDC; however. since tunnel detection consists of 
detecting local nonh~mogeneities in the·soil 1 and because the Corps of 
Engineers. has a continuing interest in any device which holds promise of 
detecting subsurface va~iati9ns in engineering properties of soils or 
rocks. funds were provided by the WES Director for conduct of a scale-
model study to verify the feasibility of such a system. These inhouse 
studies were conducted in 1966 and the results are reported in WES Tech
nical 1eport No. 3-7691 "Feasibility Study of the Use of V~ry High !re
quency Radio Imaging Tecl-niques for Detection of Tunnels (U)." "I:he 
scale-.adel study indicated that the system is potentially capable of 
identifying changes in soil and rock properties and detecting su'Jsnr-
face cavities. Accordingly. funds were then provided by AHC f~r conduct 
of Phase I of· a development program which covered further thvJretical 
feasibility studies and design of a groundborne system for use in Phase II 
of the program • Phase I was conducted jointly· by the WES and Goodyear 
Aerospace Corporation. and a report is.now being written on the results 
of this phase of the study. Approximately. $200 1 000 has been requested for 
conduct of Phase II. In the Pha$e II portio.n of the development progra~, 
a groundbornrt VHF mapping system will be evaluated to determine the capa
bilities of VHF mapping techniques for detecting subsurface openings. 
Funds have not yet been provided to cover the Phase.II portion of the 
prograa, which will require approximately nine to twelve months to complete. 
If Phase 11 of the program should indicate that such a system is still 
feasible. Phase Iti which involves the design and development of an air
borne systea would be undertaken. 

3. In the area of environmental characterl~¥L10n of tunnel complexes, 
the W!S has been involved in two projects as follows: 

•· ln early 1967 ARPA provided· funds to gather quantitative measure
•ents of various eavironmental factors in and around tun~l complexes in 
Vietna. for auidance in establishing the suitability or. the sensitivity 
requlreMrats of V<lrious experimental or hypothetical sensor systeas. Such 
factors as tunnel geometry, surface composition,.soil surface temperatura, 
teaperature and humidity profiles inside tunnels 1 at tunnel openings, and 
above tunnel openings; air flov through the interior of the tunnel complexes, 
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...-eatiou, and visual appear.1nce and reflectivity were examined. The 
~ult• of this data collection program are reported in WES Miscellaneous 
Paper Jlo. 4-919, "Environmer~tal Characteristics of Tunnels in South 
Yletaaa.• 

~. Ia the last quarter of rY 68, MERDC transferred funds to the W!S 
to participate in another tuunel project. Tbls project deals '(ith 
catberia& additional environmental data on tunnels in Vietnam to support 
c..zacl detection research. The data collection progra11 involves usins 
pcutotype tunnel detection devices developed by HERDC and other special 
el(alp-t developed by WES or MERDC. The measurements or sa11ples to be 
colleceed, equipment to be used, and the parameters to be derived are 
.-arlzed in table 1. Initiation of the field at.uc!ies in Vietnam 11 
..altius approval from the u. S. Army Headquarters, Vietnaaa. Develop-
... t of the instrumentation needed to continuously aaonitor those environ
-.atal factors of interest has.been completed by the Y!S. Tbe instrumenta
~laD paekase (see fig. 2) proposed for this use consists of a 12-c~nel 
D.C. recorder developed at the WES and sensors capable of continuously 
-itoriaa temperature., humidity, and wind velocity. 

4. In the area of tunnel destruction, the Nuclear Veapona Effects 
Dl•isioa at the WES has participated with the USAMC (Picatinny Arsenal) 
oa a field operation conducted to assess the effectiveness of several 
caaeous .txtures in demolishinz earthen tunnels. These tests were held 
at the Clark Hill Reservoir in South Carolina in early 1966. TWo different 
..... were used, acetylene and MAPP (methyl a~etylene propadiene, and 
propyleae). 

a. Seven tunnel complexes were fired on, with entranceway&, cache 
alze, ••gtb of overburden and type of aas used being varied. 

~. ~ Departm~nt of the'Army assianed Picatinny the task of de-
.. lopia& a simple, effective aethod of destroying underzround tunnels 
... caches. Conventional hi&h explosives are not practical, "riurily 
'-cause auch exp!osives voul4 have to be hand-placed at aany etrateaic 
JDlDta laside the tunnels. These heavy· chars•• would have to be ~arried· 
ID aDd tbe hazards of completely explorins the tunnels are too preat. 
Ckar,sea placed on the surface would be laraely ineffective becauee the 
t.aoel outlines would not be known. An explosive aas, blown io at variou• 
taDae1 eatrances and detonated froa the outaide, seemed to be the ideal 
•luUOD. 

ftcatinny, vorkinr with various ~sene~••• d&termined the two ~st 
~i•tac 1asea, acetylene and MAPP. Ac~tylene is • widely used aaa, Where
.. KlPP ta a .ore rece~t davelopaent. KAPP is.aethyl acetylene propadiene 

· _. pl'OpJlane and can be procured co•ercially. MAPP, vhen .aixecl with 
.. ,, .. aad detODated, yielda a lli&htly hizher iapulsive load than does 
ecetyl... Whoea procured ~ercially, both 1ase1 are contained tn heavy 
~ aad pre1ent a handllD& problem. A aas VhicL could be aenerated 
alaplJ &ad oa site ~uld be the perfect solution. Picatinny developed 
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such a solution, a portableacetylene generator (fig. 3). Thh IIIJ~~"".;,;. 
consists of a lightweight aluminum mixins tank, water bags, and calcium 
carbide, Water is poured into the tank, carbide is dumped in, and 
acetylene is generated instantly. The gas is piped into the tunnels and 
dispersed with a ''Mitey Kite" blower. 

d. Table 2 summarizes five of the aeven tests conducted. Essentially, 
the hydrocarbon gases are only effective aaainst overburdens not greater 
than 6-7 ft. 

~. After the tests in South.Carolina, it vas felt that perhaps scaled 
teats uaina model tunnels would shed some li&ht on generalized tunnel 
failure mechanisms. Such a test program was conducted at Vicksbura. 

f. lia. 4 shows a .schematic of the test variables for this program. 

I• lrtaacord (PETN) charges of different quantities t{~re detonated 
ou the bottom of these cylindrical tunnels. The opening of each tunnel 
vas sealed ao that the entire effect of the explosion could be contained 
within the tunnela. 

b. The soil here is an extremely strong silty clay of the Vicksburg 
loeaa formation. Unconfined Ghear strength of •pproximately 5 tons/ft2 

vas obtained at a moisture content of approximately 22 percent. Baaed 
upon best available data, it 1a 'believed that this soil is as strona or 
stronaer than moat soils in Vietnam where tunnels have been found. The 
teats should represent an upper bound for soil strength. 

1. After it Val determined that the eoil vas suitable,the site vas 
cleared ~nd arubbed of all overburden and then sraded such that vertical 
shelvesof.different heiaht$ were exposed to facilitate drillina of horizontal, 
circular tunnels with a skid-..,unted drill ria. 

Tunnel Dia 

6 in. 
12 in. 
18 iia. 

Overbu~clen 

24 1o.. 
48 io.; 
n ln. 

Chars• 'Density(lb/ft') 

.z - .4 

.2 - .3 

.1 - .z 
j. Althouah considerable damase vas done in the form of lonsitudinal 

aod radial cracking in the eoll positive failure did not occur until the 
0.35 lb/ftl shot for the S-iG. diameter tunnel and 0.30 lb/ft3 ahot in the 
12•1n. diameter tun~el. 

t. lt vas learned from these tests that for.the depth of cover (R) 
to tut\'1el diameter (D) retio of 4, approximately O.lO lb of priu cord 
per cubic foot of tunnel volUJM h needed to dest1oy the tunnel. 

1. lxperiaents should be conducted with point-source eharaea and 
~•pare r~sults with linear cbarses of equivalent total explosive. This 
1a reeo~ended because of tbe belief that, in moat tactical situations, 
point-source or satchel-type charaes would be easier to place. 
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CARBIDE 
·15 LBS. EACH HOPPER 

ria .. 3 'Acetyl•• a-aerator l .. Chelllcal reacttoo of ca,ci• car1tld• 
ad ... ·ater proclucea Qprj)Xf.lia~ly 100· cu ft of acetyl•• 
vblcb .la liatroducacl iDt~ tuliael 1ty •- of. a flat1tla ~··· 
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'lable l 

'1'\r>Del lr. "11..-L&l Dat.a CollecUC>D ProtP--

!1!--t• or Aa.pljy 

Yerttcd p,.......\.lon Ye1oe1t.Jr 
Vertical att.eruat101l 
LAteral att.,._tloa 
Hc,oU.a bacucat~r 

Soil pro!tl.e cllo.acript.ioa . 
out..-. aot1 a&llples, ..,. bori~. 

o to 10 n 

Vertical pnope&&U.oa ftl.Oeib' 
Yertleal a~ttoa 
La&enl at~ttoa 
MHta...eeueauer 

;:s 

Soil profile .. 8Crlptt.t 
U..Uatu1oa4 eou ·~· b7 bon-, 
0~10R . 

_ __ _ ;.~_11!-nt 

Prototn>e ni.-lc tu;>J • •. detector, 
aeope. cae·:-a, end a......1ptor 

8-.pler and eoil cootalaer• 

Yiuo poalaer, .-tellftu, power ....... .,., 
aa.pltaa O.ctlloocope 

llalpllr -.1 1011 con~aber 

Air .... lea n-o. •OCCIII'ted '-! IGM aloeorpt1oa botUeo ead ~ 
Air a-.us no. oeCOIP!e4 t~ 
Air a.-plea r.- .-._ ~.:n... ..nao ill 

tuud . 

Air ._.lear.-~"~ t.-1 
.ur now •• -..pt..l t.-1 I Vllld protoe 
Air !'lCIIII lll OC~lef, t~ 
Air~- r..-- polata air·~ ,....,.....,_. •-r 

...... &Mea 
Air ~dit.;r r-- - potata air -1•• lhlddit)' -or 

-&Mea 

Jlert ved Par-'erao• 

Sbort pulae 41eperaloa 
Tuaael acatteriaa et'tlciea"7 

~article CODt.ea~ vereuo deptn 
Mohture COI>t.ent .,.,raus depth (ant U & fullct.l- or r&lar&ll) 
Ors&Dic .,.t.t.er coat.ent. venuo clept.h 
pH t'act.or verauo dep1.· · 
Met.&llic oxtde coat.en ... erouo deJ·t.h 
Sal t.o coat.e~>t. nreua depth 

1 Densi t.r ver'!)!• det!t.h 

Sbor<; pulae "1operaloa 
Tunnel ocattering ~rticie •. c,. 

Coaduet1V1ty vera\18 f'n'l=·r7 
Particle cOiltellt versua 4el>tla 
Moh~ure COilteJit verouo dt t ;.Ja (ADd u a flmct1oa ot' ra11l1'a11) 
()r&8Dic aatter content veraua deptlil 
(llf !'actor nraua dept.b 
Metallic ollide cootent. Yerewr .. pth 
Salt.o content vera\18 dept.h 
De.Jloi\r ve·l'llua olesrtb 

Spec:t......,tric aaa.l71h o1' air alllllple tw. -occlqlle4 tUIIIIel 
Spect.-t.rlc anal7o11 or air o-.ple tw. occup1e4 t\IDile1 
8pect....etr1c •~•1• o1' air ollllple tw. aboYe diot~ t-1 

Hrtb .1a t-1 Yerl\18 tiae 
IIJ!t"~~rlc Ul.&l¥•1• o1' air olllllple tw. a~pllen IU'VIMI4 

m:::ru:a ~t: :t :oceum1et..i..-:!11 

• ~'- 11116 ~'"" ~11 (-ept .,lot.,... -:ont111tl or •-.pi~~ wUl be· *"'• iD tbe u. s. 

___ ., _____________ _ 
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Table 2. 

_.,.. 
broae: J:.,lDaiYI .... Ga• 

l Acetylene 

J.c•tyliM 

s locatyl_ll''• . 

4 .l:thar 
MAPP 

Acatyluut 

I au.PP + o1 

• AlllmJ.m p-4•1' aUad. 

., .. , ····· .. ~ ....... --~-~·---------·--·-·~-... -! 

S~/· ot Tunnel Testa in 'Lean Clq (CL) 
at Ciuk Hill Reservoir · (t1) 

loll oe .T1111ftal 
.. }A, llwar Stnn1~ C::ove• '1'111 .... 11&1&1 

1dp/lq ft .K1 ft -
l l s i'aU.d 

I. No faU~&n 
I I J'blllrll on 111rface 

·l ' s ·raUa4l 
l I . No failure 
I I J'aUa4l 

l I s J'allc4l 
l t Ko fllliiU'I •• 

l ., • . Wlanre 
I . , 

I' all•• 
I ' J'i11ured 
I I : No faillare 
J ' ran•• 
I • FaDed. 

l l I J'aUadf 

.. lO·&I-W. caclal wlds I &I ef covel' faU.il • ., &0.&-wWa caclal wlt!IIO f\ el cmr fau.L 
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Oak Ridge National l.abo.:atory 
Oak Ridge, Tenne1aee 

tunne 1 Detection lxperi~~~tnta 

Mr. J. c. Pil& 

Claa1lfled Doc~t 

l'iled in 

Phy•ical and lnatDa•rtDa 8clencaa Divieioa 
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'l'be Intluence of Electrical Properties of Solid Earth 
Media on Tunnel Detection by Electrouaptic Methods. 

D. c. Pearce & J, W. Walker 
InstitUte for Exploratory Research 

u.s. Ar~ Electronics Command 
Fort Monmouth, New Jersey 

Tbe twmel detection :work at EC~ 11 tbe O\ltgroVth ot an iD•boule prograa 
entitled llectr'omatPletic Pn:pe.gation 1n Solid Earth Media. Altho\1ih 
ori~ addressed to cOIIIIIUilicationa problema such aa anteDrla ai~ 
thb study ia relrnmt to the electroai&D8tic detection of allallov twmela. 
In tact the only Bipiticant difference between the problems ia the 
rel.ati vel)' abort ranae property ot a al:lallov tunnel. · 

Om- apec1fic act~vity 1n tbe tuzmel prop-am vu supported by MBlUlC un4er 
DSUD #144. Our obJect waa to develop a technique to predetenaine tbe 
~"Up 1n aoila of 1M detectors &Od to teat tbe ayata at specific C01IUS 
aitea, 'Daia at\ldy ia relevant to the problem of talae al.amll since tbe 
abaence of a aipl. retum could be interpreted u the absence of a 
twmel rather tbaD a couequence of & very diaaipa.tbe aou. 

'!'he eatiation technique employed, eoml>inea tbeory ucl' empiriciUL u4 
ia u outs;rovtb ot a ayatuatic laboratory at~. 'l'he ai&Difica.Dt 
COIIpOJleDt of the apparatua ia a soil conductivity cell, especially 
dea1ped to el1JiiD&te 'Aiale&dins apurioua electrode effects. For tlmel)' 
acCCIQl,iabMElt of tbe field atwiiea the exiatinl laboratory 1natnaentat1on 
w.a -.de IIIObile aillply by incorporatton in carl')'ll.l vehicle. Al.thoucb 
thia re1Nlte4 1n a ayatea ~mch .,re aopbiaticated than rwceaaar;y, the 
dea1re4 reaulta were obtai.Ded quickly vit.bout ditric\IJ.t;y. A ••riea of 
lli&av.enta vue .-de, by vertical driUirl& at. three a.Uea, BPO fort 
lllvo1r1 B.C. 'State Celltl'&l Crops hm1 Cl.a.ytoll1 J, C., aa4 S, V. Research 
TlmDel Site, 8lul Antonio, .texas. 

~t vitb the above vork, a l.&bol'atory atudJ ot tbe e1ectr1cal. 
properties ot SIA aoila is 1n pi'Osreaa. bee Nlllpl.ea nre k1D4l.J t\&naiabed 
'b7 VIS u4 b7 penoDDel of aa ICON quick r•ct10D teu. lD tM ftr)' uar 
flltwe, w ilateDil to publiab a report. tab\al.&tiDS the elelctrical. pi"'pu1;1ea 
of tbe 8IA ~· ve b&ve bee able to l)b't&lA· 

11111" l 1l.l.uatratea the attuuat10D propertiea of tbe ~· tbat lan 
bHD fo&IIJ.J&ecl to ate. 'De tNquac;y ftDII abow 1a cou14en4 &JPI'OPI'iate 
to tbe t'IIIIMl detact10D pi'ObW.. It 1a s-4iately ObViOILI tbat ln spite 
ot tbe ..U 11\lllber ot au,pl.ea, aoil attauatiOD propertiea exbiblt a 
a~tutial. vv1&t10D SA .,.Utud.e. 'fbla certa1Dl1 ~tratea tbe 
h&albWtJ of aa lnnatillot10D ot 110••1ble tal.M ~ ar1a1q ~ 
tloa eoU COD41 tlOD•. 
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Discussion of these results within a geological fra~rk Is Important. 
Although it is possible to crudely predict areas of high and low 
uttenuation from considerations of region geology, soil or sediment 
origin and environmental development there is no apparent relationship 
between the electrical properties of soils and existing classifications 
based.on civil engineering or agricultural considerations. 

The ·grouping of the curves of Fig. I is not random but illustrates a 
classification In which soils and unconsolidated sediments r.an be 
placed, The low attenuation group (EPG, N.C., Cu Chi and Phuoc Vlnh) 
are chiefly sands of quartz or rock fragment composition While the Midway 
formation of San Antonio Is typical of alkaline soils and evaporites. 
The New J3rsey sample whlcn was selected because of Its unique chemical 
properties, is also seen to be highly attenuating. 

A 1 though so 11 s typIfIed by the San Antonio and New Jersey speel mens 

_,.. .............. u .... -~-

are unfavorable for EH detection methods they shOuld not be unduly empha
sized since these soil types and the conditions producing them have a very 
limited areal dtstrlbutlon. Furthermore, tney are not considered to be of 
importance to the present tunnel detection problem. ~t the present time 
our knowledge of v.c. tunnel locations and regional soils Indicate that 
the electrical properties of the medium should not preculde detection by 
EH devices. Finally the corr.eet approach to the long range tunnel problem 
would_ appear to be to focus on known regions of tunnel activity or pre
dictable t~nnel activity and to consider tne soli condition~ of these 
areas only. 

The extensive soli conductivity data already In existence can be utilized 
In this classification process. However It Is Important to note thet must 
of this data Is derived f~ wave tlit or electrical survey techniques. 
Strictly speaking a so-called 1'effeetive11eonductlvlty Is determined which 
Is a complex average over a region of considerable areal extent and depth. 
Indiscriminate use of this effective conductivity data could well lead to 
erroneous conclusions for application to the detection of tunnels Whlc:h 
are neer-surface targets. On the other hand the ECOH technique ls a point 
sampling process somewhat more appropriate to the tunnel problem. Presently 
It l.s our conjecture that utilization of geological considerations. selected 
point sampling and existing effective conductivity data shOuld provide a 
wealth of lnforMtlon on soli properties partlcularty useful to the de
tection of shallow tunnels. 
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CONFERENCE OF INTERSERVICE COORDINATING GROUP 

FOR TUf.l'NEL PROGIWl - 29 OCTOBER 1968 

A. Introduction 

Edgewood Arsenal Tunnel Denial Program 

Mr. Joseph Sansoaettl 

. _____.... - ... -----

Th~ project for tunnel denial at Edgewood Arsenal was essentially 
ca.pleted with the type classification of the new riot control agent CS2 
and the Ml06 portable disperser. rbe agent was type classified on 9 
April 1968 by AMCTC Acticn Num~er 6007.and the disperser was type classi
fied on 16 Deceaber 1965 oy AMCTC Action Number 3935. 

B. Production 

Acent CS2 is in production and approxiute.ly 468,000 pounds have b•n 
produced to date. This, however, is not used ~elusively for tunnel denial. 
Other applications have been developed and are in use in SOUtheast Asia. 
Soae of these uses are: vehicular denial, terrain denial, and search and 
destroy roles. 

Twenty-two hundred Ml06 dispersers have been aanufactured and issued, 
and there are ninety three 110re on order at the present ti•. This dis· 
perser has other roles beside tunnel denial. It is used in riot control, 
with the Picatinny Arsenal XM69 tunnel destruct systea, and as a •eans 
for dispersina insecticides and defoliant aaents. 

C. Present Proaru 

You .. Y recall at the last briefing I discussed two ch .. ical-•tchanical 
systtiiS that were under study. These were the use of natural or synthetic 
nettles incorporatina irritant type aaent and the use of low density f~ 
incorporatina riot control aaents, Exploratory effort on these two ap
proaches were coeplettd. Because of the success of the st.ple CS2 a1ent 
blower syst .. , enaineerina devel~ent of these .are ca.plex ch .. ical· 
•echanical syste .. was not pursued further. 

Recent requir .. ents by the Military Police for the clevelopMnt of a lilllted 
barrier to control unruly crowds has reaenerated interest in t)'.e use of the 
fou incorporatina riot control aaent. This proar• hu been funded ad 
initiated. 
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Because of the lt.ited capability of the Ml06 blower to disperse aaent 
throughout longeJ" and deeper tunnel co.plexes, a requinaent was established 
for a larger capacity blower. This was given ENSURE Nl.llber 34. 111 1144~- · 
tion to the require-ent for tunnel de11ial, it was requested that the ~idwer 
be capable of providi11g fresh air in the tunnel to aid tunnel searchers. 

The blower under develOpMnt has been given the m.ber XM26 and is 
seen in figure 1. This bloWer is basically a sasoline en,ine driven fan 
enclosed in an al,.im• housinJ. The engine is light weight, air cuoled, 
high speed, two stroke cycle, and is coupled directly to the axial flow 
fan. The unit is aan portab)e, weighing 39 pounds and it generates 4500 
c~ at 7 inches of water back pressure. In tunnel use, the blower is con
nected to the twmel entrance by ... ns of a flexible duct, the end of which 
includes a tunnel closure syst• as shown in figure 2. 1be closure is 
essentially an inflatable bag that seals the transfer duct to any configu
ration of tunnel opening. 

Three prototype units were developed and tested. Perfcmunce of the 
units was very good; however, the units were not reliable. The unit hu 
been redeliped to Met a ainU. of SO hours endurance and for increased 
reliability. n.ree units are on order. These units will be subjected to 
Suitability Insurance Testing as specified in ENSURE procedure. Testin& 
is scheduled to be initiated the first part of Decnber. On successfully 
passins these tests, a contract will be let for 26 units required for 
operational evaluation in Southeast Asia. 
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US Army Munitions Command - licatinny Arsenal 
Dover, New Jersey 

Presentatlo~ on Tunoel Destruction 

~. Martin Bacbthaler 
Hr. lela Torok 

BACKGROUND AND REQUIREMENTS. 

C1.1rrent Muni~ions Comman4 efforts in the field of tunnel destruct are 
centered on the XMZ4Z lictuid explosive demolition kit now in SEA for field 
evaluation. For those of you who did not attend the previous ~eeting of 
tbia group, I would like to review 1ome of tb.:~ highlighta of the prosram 
leading up to the current evaluation. 

Work on the liquid explosive system was initiated at Picatinny Arsenal 
in April 1967 as a follow-on to the XM69 Demolition Set ~hich utllized acety• 
lene &•• and received a Lukewarm reception in SEA. Military requirements 
for the liquid ayatem were established as follow•: overburden up to 10m, 
diameter up to Z m, length up to 450 m; tunnel entry waa not only permitted 
but requirad for purpoau of exploration prior to deltruction. 

Breadboarclfea1ibility wa• •ucceufully demonltrated in July 1967 when 
an a~ured tunnel with overburden varying from 9 to 31 feet wu d .. troyec! 
by 6 lb/ft of PLX (for Picatinny Liquid Exploaive, or nitromethau aenaitiaec! 
with 5,. ethylene/diamine). Baaed on the demonatratecl concept and tubte• 
quent ugineerlng development work, the •yatem wr.a finallaed uaiq 
un .. naitiaed nitrometha.ne. Fabrication of evaluation hardware waa completed 
in July 1968, and 30 ayatema were tent to SJ:A in Aquat 1968 • 

.EXISTINC EQUIPMENT. 

The Demolition l<lt, Liq11ld Exploaive: TWUlel Deatruct, XMl.fZ conalata 
of 2 • 500 lb drum• of nitromethane, a aaaoline•powerecl air compre11or, 
a drag pack containinl 500 feet of nylon-neoprene lay·llat t11biq with aD 
exploalon arreater loop, and auorted plwnbinl and acceuoriea. The com• 
preaaor, t-.ablnl, and acc .. aorl., are packed in a third c!rwn. ALL three 
drwna are palletiaed and •trapped to form a tlnsle packaae weilhial 1320 lb, 
deliverable by helicoptu or trllek. 

Briefly, operation of the 1y1tem 111 aa follow•: 

SLJDE 

8'5 

····--~··· 



• 

RESUL.TS OF FlEL.D EVALUATION. 

The enlu&tion team, compriaed of the PA project engineer, Mr. Bill 
Torok, and the contractor's representative, Mr. Marshall Klopich, arrived 
in Vietnam in A\•gust 191

68 immediately following delivery of the hardware. 
'Unfortunately, uaaole tunnels proved very di!ficult tci locate, a!ld it waa 
neceasary to send Mr. Torok back alter aix weeks without a single demon
stration. Mr. Klopich remained in VN and a tunnel w;..s eventually located. 
Following a. seriea llf minor mianapa and problema with twisted tubing in 
setting up the firat teat, it was finally dacided to blow up that portion of the 
tubing which contained nitromethane and ianore the remainder. In describing 
the results, I'll quote portions of a 16 Oct letter from USARV to PA which 
diacuuea this teat and makes apecific recommendation•. 

The hardware now undergoing field evaluation ia being used to demon
aerate military pott:ntial. At this time, no cfforta beyond that point have 
'been acheduled. Future Mu.nitiona Command action• in the tUDAel deatruct 
cateaory will be dictated by the USARV evaluation of thi.a ayatem and the 
funding picture at that time. 

Mr. Torok ia available to anawer que a tiona concerning both the hard
ware and ita "valuation. Mr. Shepherd Levmore of PA will apeak oa 
"Safety iD Handlinl and Stora1e of Liquid Exploaivea". 
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DEPARTMENT OF THE Ar"fMY 
HEAOQUART~RS: UNITED STATES 1\!;MY Vof'Ti'IAI\4 

APO SA,N I"RANCISCO 8637::; 

... ,. .... ~ ... ,. , .. , ... 

AVHAT-GCD 'l 6 OCT 1S68 

SUBJECT: Liquid Explosive Tunnel Destruction System (LETUDS) 

. Ct'l::-.::~::mding Officer 
Picatin.~ Arsenal 
A'l"H~: SMUPA-D (Mr. B. 'l'orok) 
Dover, Nev Jerse,y 07801 

J.. On 6 Oct 68 the XM242 Tunnel Destruction Kit was used in an l'.ttr.::~pt to 
destroy approximately 650 feet of a Viet Cong tunnel. The tunnel lte.s con
structed in•sar.dy clay, OVerburden on the tunnel varied from lC feet to 
app:oxilns.tely 3 teet. 'l"ne tunnel was 18 to 24 inches vide :u~d veri~ in 
height from 3 teet near the entrance to about 8 inches vhere soil t~d 
wa~hed in close to the far end. 

2. 'l'.•o kits were set up v::.th 4 b3rrels in line and the nearf:st barrel 
approxicat~ly 50 feet from tbe tunnel entrance. Beginnin~ at the tu~~cl 
entr~ncc, 2 men laid the 650 teet of tubins in approxime.t~ly 50 minutes. 
Total time e1apse4 trcm ~iV&l Of kits to transfer Of ex~losive vas 2 
hours. 

3. ~lhen the col'!lpressor was turned on and transfer or e1Cplosive beG0..'1 1 l\ 

number or tvists were found in the section or tubins between the nitro=e
U•ana drwnn c.nd the tunnf:l entrance. Th~:se pushed down the tube until 
they ~ere·stopped at the explos~on arrester loop block. It vas nece=3ary 
to cut th~ block out of the loop to remove the t'nsts a~4 then r~place it 
on the line. A number ot twists pushed on down the tube into the tunnel, 
cP.usiJ18 the tube to roll from aide to side. 'l'his cauud the vires to tt-.e 
Qe:tQ~ato:r, wh~d-been place4 about lOO teet do'm the tunnel, to tangle 
with the ";ube. The vires stopped the twists 1'rom puabins on d~'D the tu't>e 
and arrested the :t'lov or liquid. At his t:lrins position. & U>Xhole approxi
matel~ 75 yard~ tram the tunnel entrance, the operator sa~ the flow meter 
light go out in th~ electronic monitor box. He assumed that the flov had 
sto-o-ued because the tube in the tunnel waa tuU and be fired the detonator. 
N:> ~itromethane haa reached t'Ae detonator. because t~e detonator vires 
tanGled in the tube ha4 atopped the tlov &bout 25 t .. t trom the tunnel 

·entrance. Fir.i.ns the detoDat\n' destroyed a lfectioD or the empty tubinc. 

87 

) 

l 
[ 

I 



-

~~ 
! 

' I 
f 
I 
I. 

, 

----------------------------------------------------------_,.,...;... 

A V:YI T-I}CD 
SUEJECT: Liquid F.:t!'lO!;ive Tunnel D~struction Syl'ltcm (LETUDS) 

Remedial action wn~ taken. The wires ·were untan~lP.d and cut aw~ rr~~ the 
tube o.nd t;;c dc!'\troyed section of tu·oc was l'eplaccd. An ntte:npt ·,.'3.s m:.de 
to reno're the twists from the tube. All of the twists could not be removed 
::mu liquid e:cplo!livc scctlt:il on ah~o.a. of GCf.lle of the t'\olist:;. These twists 
tl1en could not push freely clo1m tno tube e"ren thO'JBh the o'bstructint: 
dcton~tor wires had been r~oved. The operator worked the ohstructin~ 
twist:; dotm the tube in the tunnel sli~htly more then 100 teet. Atter.~pts 
to wc-.rk ~he twists qeyond this point \-lel"e not sueccssfill· Worltint; "'lith 
the t.ubc nnd llire caused leaks to develop in the tube. These leal;s werl'! 
patched vith blo.ck eJ.ectricaJ. t:l.pe. Numerous pinholes also devclo:ned in 
the tubina. Consi1era~l~ qu&atities of nitr~etha~e had accumulated and 
pooled on the tunnel floor. The tunnel was :uJ.l of he&V"J fumes fran the 
ex.!Jlosion of the C4 detona.tor afl.d fro:n the o.ceumulation of nitramethane. 
:Ficca,~sc of the fumes, "n oxy~en breathing apparatus was required by the 
man 1-rorkins in the tunnel. This li;~it~d his workine tinie to a ma::imum of 
45 minutes in the tunnel. Additiow.J. tubing for a. complete nev line wa.s 
not avnilnble at the tunnel cite. Bece.use of the late hour, the liJaited 
~ime an individual could remain in the tunnel, and the unavailability or 
additional tubing, it was decided to de~troy the portion or the tunnel 
containing the nitromethaLe. This would provide the required data about 
tl'.e e~tectiveness of' the system in a typical VC tunnel. 

4. l-1hen the detonator lr"BS fired, the explosion arrester loop did not 
function a.nd the detonation propas:.~.ted in~o the barrels. 'l'he above-ground 
explosion destroyed the system (to-ur barrels, one CODlpreJsor, and associated 
~nif'olds and V&lves). · 

5. The detonation in the tunnel co:npletely uestroyed the section ot tunnel 
that contained filled tubing. At the place where nitrameth&ne had &eCUIIIU

lated. in a pocl on the tunnel floor, the tunnel was c~letely blown out, 
le&Vill£ a crater 80 teet lo12g, 30 feet wide, and 12 teet deep. It cannot 
be accurately determined hov much nitro:letl.ane ha4 accumulated em the tu~mel 
tloor, but it JDay nave bee~ aa much as on• barrel (500 pounds). In a.reu 
where. only the nonDal U~ount ot ex~osive was in the tube, the exploc;ion 
caused the tl.lnDel to coll.t.pse. The trace ot tbe tunnel could be aeec E.S a 
c1epren1oD on tba aurtace. It 'Vaa co01cluded that cD.s tub• ab<Nld be ade
quate tor up to 10 teet of overburden '1-S rec.011111ended. 

6. 'l'lto posaible cau•.•• tor tbe ta1lure of the explosion arrester loop to 
tu.nction -properly ve:re 41aeuaaed: Accu:nula:tion ot nitr<~~~ethe.De or. the 
around around the cystem or :satul'&tion of the Bt1J'Otoam block. in the 
ex~loaion arrtater loop with ni~ath~e. lo poola ct exploai•• ba4 
aecmulated. bu.t the groun4 w.s 41.!:1' in })Ucea. It vu apeeulate4 tbt 
tnere zay na.ve 'been onQ~.&C'l ot an cusou::Nl&tioo t\) allov a C.otonat.iOD to 
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AVHAT-GCD 
SUBJECT: Liquid Explosive Tunnel Destruction System (LETIJDS) 

propaeate and 'bype.ss the explosion arrezter loop. The loop, hovl!"'er, vu 
placed on hish ground near the tunnel entrance where no explosive had 
accumulated. A more likely cause may have been the st:yroi'o31!1 block. It 
the bloclt had been soaked with n:ttroznetbane, it may have become a block ot 
explosive instead ot an inert spacer. · 

1. The following modirieationa to the XM242 kit are proposed. 

a. The tubing system between the nitr0%11ethane barrels &nd the tunnel 
entrance, includ'ing the explosion arrester loop, should be· replaced with 
tub1rl6 that will not twist. The tubina used in the manifold JnOdules 
between the barrels would be suitable. 'l'his should be packed as a separate 
ccmpon~nt from the drag pack assembly. 

b. The styrofoam block in the exploaiOQ UTeater loop abCNld be replaced 
with a non-porous aubatance. 

c. The lead vires tor the electronic monitor box should be ext.e:a4ed to a 
minimwD ot 200 metera and the couplinss sbould be modified ao that more than 
cme lead wire reel can be used in aeries. 'l'Wo hundred ~tera ot detoutor 
leacl vire should also be inclu4ed in •ch kit. 

d. The operating instructions should be :rwised to inclu4e minimum sate 
diatance figures for d.etoD&tion ot tho s;rat•• baaed on the. DOUDt ot 
explosive above ground should praature detOD&tion OCC\U" and the explosion 
arrester loop tail. Figures a'bould be provided tar personnel in the open 
as well aa tor protected personnel. 

8. It ia requested that Picatie,y Arsenal con4uct such teats aa are necea8VJ 
to determine the feasibility ot the proposed moditic~tions aa4 camment on the 
mod.itication•. 

9. Comment• are req,ue•ted on the poalible cav.aea tor the failure or the 
explosion arreater loop to tunct.1on, aa vall aa data on the nu!Uer ot testa 
actuall:fude ot the exploalon ar:r•ater loop a;rat• and the coa4it1ou u:Xler 
which the t~ata were conducted. 

10. Data 11 req,v.eated oc the explosive propertiea ot the aq,-otoa 'block 
iaprepated with nitrcaetb&De, l.e. • liGV DlOh Ditrcaltb&lle aat 'be 1Jl tb.e 
block 'before it will propapte t. 4.tonation. 
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AVi~I\'1'-GCD 

su:s.n:c·l': Liquid Explosive Tunnel Destr11ction System (LE'l'UDS) 

ll. USA.'\V has suspended use of LETUDS :1.1 unsafe. No further evaluation 
or test ins vill ,E,e attempted until answers are received to the a.l;ove 
questions ar.d LETUDS procedures and equipment can be modified to en~ure 
safe operation. !t is requested tbat data be provided to t.he he&llq;w.rters 
expeditiously with partial replies beins made as tbe intorm&tion becom~s 
a.vaila'olc. 

FOR THE COMMANDER: 

Copies fUrnished: 
USARV G3 
U!:ARV G4 
USARV Engr 
USARV SA 
CG, 1st Los Cllld 
CG, I FFV 
CG, II WV 
CG, XX!V Corps 
CG, lst Int Div 
CG, 4th Inf Div 
CG, 9th Int' Div 
CG, 25th Inf Div 
CG, Americal Div 
CG, 1st Cav Div (AM) 
CG, lOlst Airborne Div (AM) 
CG, 18th Engr BDE 
Cu, 20th ~ IDE 
CG, l T3d Air borDe BDI 
CG, 199th Lt ID1' BDE 
CO, 11th ACR 
CO, 5th SFGA 
CG, III MAl 
CG, CMAC 
CG, 3d BDE 82d AM Div 
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CONFIBENTIAL 
CSGIN-M 28 October 1968 

TITLE: Draft Proposed Qualitative Materiel Development Objective for 
a Tunnel Detection System (TDS) (u) 

Section I - Statement of Objectives 

1. ""· Statement of Objective. 

a. Tunnel Detection System (TDS), 

b. A device or system is required to dc,.ect anomalies beneath the 
earth's surface which may be indicators of tunnels, caves, and caches 
used by insurgents in operations against US Forces, The system must be 
capable of operation from aerial, ground-based, and ~.;packed surveillance 
platforms envisioned for the 1975-1985 time frame. It must be capable 
of 95 percent operational reliability and possess suf'f'icient accuracy to 
permit preparation of 1:50,000 scale map overl~s. It must be capable 
of detecting subter:-anean works of man w1 th an earth cover or 10 teet, 
The equipment must provide tor L"' acceptable degree of aecuri ty from en~ 
ccuntermeuures, and positive destruction devices should be designed into 
the system to prevent its use in c&Be of capture. 

c. The system must include a terminal either in the surveillance 
vehicle or on tbe ground where acquired intom.ation is pres~ted to the 
operator in a form suitable for eValuation anti interpretation. This 
representation 1111.11t be of such form as to permit an accur11.te tunnel 
layout to be plotted, 

d, The b&sic principle of surveillance as applied to this QJ4DO is to: 

(l) Exploit significant changes in the local geography that 
differentiate these changes troa the .local natural environment, 

( 2) Exploit a character! stic eaanati on trom the en~ environment 
that differentiates it trCllll the local natural environmer.t. 

(3) Examine historical docwaents and aerial photograpba tor indications 
of ch.nge in the cultural cQIII]IOsition of the area under atu4y. 

Section II • Operational Concepts 

2. ~ Operational Concepts. 

a. The Tunnel Detection Syst• ('l'DS) vW be CIQloyed within tbe 
cc:abat zone to ~~~PPCrt. intel.liaence and aecuri ty operations at tield 
U'IIY. corps, ancl divilion eciMJ.ona. 
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b, The operational concept or the TDS is highly depo.ndent upon the 
rature of the equi~t eventua.lly developed. It is anticipated, however, 
that the TDS wUl ini tial.ly consist in part of one or 1110re sensors mounted 
on a 3/4 ton truck end iater both man-packed and mounted on an aerial 
platform. The expected inertia and slow response of the system will probably 
preclude use fraD rapidly moving fixed-wing surveUla.nce aircraft. CUrrent 
research aeems to suggest the following major approaches. 

(l) Seismic/Acoustic sensors using sounding and/or list~ning teChniques, 

(2) ElectraDtgnetic sensors using earth propagation techniques. 

. (3) Masnetic sensors for detecting ferrous materiels in tunnels. 

(4) Gaseous ettluent/condensation nuclei sensors for detecting exhaust 
port emissions. 

(5) Conventional aerial photography to provide evidence of excavations. 

(6) Infrared sensors. 

c. The fin&l TDS me.y Cl.)nsist of a multisenaor syste111 covering several 
aspects of the previous paragraph because: 

(1) Greater e:rtectiveness ~be possible by correlation of multiple 
sensor outpu~s. 

(2) Tbe several levels of warfare include varying degrees of en~ 
air defense whirJl could affect the operational concept and selection of sensors. 

(3) '!'be effectiveness of -the sensor will vary with the com,poaition 
of the soU in the area. 

d, The TDS requirement ma,y be satisfied by a system which ~izes 
a rapid, unique technique of analysis end correlation ot hbtoric&l m4 
current aensoey data in an etrort to detect changes in info:n~~~otion content. 

e. The conlliderations contained in the foregoing parasr&llb• IN.HOrt 
the poaaibUity that at l.eut three operational concepts vUl be 81Qlo,e4. 

(1) A larse area, long range conc•pt for recurring ayateutic cowr~~e. 

( 2) A local.i zed area, short range coverece to determine aecure 
locationa ot base curpa, airtielda, etc, 

(3) A continuoua IIUJ"Veillance of a local1&e4 area to cu...wc. new 
alnin~ or aapper operationa by the IDeiiiJ'. 
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In all cases equipment will be used by combat troops and results provided 
to the echelon Battlefield Information and Control Center {BICC) for 
analysis and formation of a tunnel plot and intelligence report. Denial 
and destruction operations will be governed by the tactical situation and 
the decision of the maneuver unit commander. 

f. The system and its operati0n concept must be compatible with the 
tot&l recormaissance and surveillance concept. In this respect, it can be 
anticipated that target data will be fed into the Tactical Operations 
System {TO~) for immediate correlation with other battlefield surveillance 
data. 

3. ~ Organizational Concepts. The number of systems required at 
various echelons wiJ~ be dependent upon their configuration (size, weight, 
and sophistication), an~ will have to be reviewed concurrently with the 
development of the detector. It ~s envisioned that ground-based versions 
of tt.e system will be foWld at division level and below, down to and 
including the company, Aerial versions will, because of increased size 
and complexity, be located at corps echelons. Additional ground-based 
systems will be found at the Military Police and Engineer battalion~ 
responsible for or operating in security or rear area protection roles. 
Equipment will be provided through normal supply channels, and will have 
an estimated useful life of fit'teen years. Operating persormel should 
be able to perform organizational maintenance &fter completion of formal 
training on the specific equipment contained in the system. 

Section III - Justification and Priority 

4. (,111 Reason for the Objective. One of the critical problems which 
has developed in the war in Vietn1111 has been the ability of the Viet Cong 
to conduct,military operations utilizing bases consisting of elaborate 
systems of turmels. These tunnels are difficult or impossible to locate 
using existing detection systems, A tunnel detection system will provide 
information which will enhance the s~curity of field ~ units against 
tunnel operations and resulting enemy attack. Thill objective is supported 
by the USACDC study, Intelligence-75 (INTEL-75) (u). · 

5. ~ Priority. Priority I is recanmended. This capability was 
identified by IN'l'EL-75 as a gap or shortfall in the recormaiuance and 
aurveillance progr111. Since a current conflict is involved, the highest 
priority and maximum effort in satisfYing the requirement are indicated. 
This priority is particularly apprnpriate if an interim etfort is initiated 
Iince, h-om a practical standpoint, only an interim system, baaed on state
of-the-art approaches can be related to the.Vietnam conflict. 

Section IV - Other Considerations 

6. ""' Background. 

a. References: 
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(l) Letter) ctlQID{-o, liQ., USACDC, 3l May 68, mtbject: Tunnel Detection 
and Neutralization, with three inclosures. 

(2) Letter, CSGM-F, 24 Jun 68, subject; '.Cunnel Detection and 
Neutrfllizo.t:o:~. 

b. Referenced letters task USACDCCSG and USACDCmA to prepare a 
QMDO which will Lllow research effort to continue toward the development 
ot systems, ~echniques, and materid !or &irbome md IIIAUl·pack detection 
of t'.lMela. 

c. A very widelY used geopaysical techni~e in explor~tion for oil 
1a the seismic ref'.lection method. A mechanical source creatfts a &hock 
wave on the surface of tbe ee.rth. 'rb.e seiBIDic wave generated spreads in 
all directions thro~ tbe earth. When the waves hit a geolos:lc..:t 
boundary or discontinuity, p&rt of the energy is reflected back to the 
surface where it ii received by strings of geophones. The signals trca theae 
geoJilones are recorded· on magnetic tape and are played back in either 
digital or analog modes to provide a grapbic display which shows the 
discontiuuitiea as wave cycles in alignment over a portion of the plot. 
A proposed i.JmDedia.te approach is the utilization of modified aerial or 
hand emplaced geophones currently under consideration for uae in !SACDC 
Project HIGH GEAR. The mechanical shock wave can be supplied by the use 
of explosives and reSQlts obtained directly tram the sensors and collected 
at a central point. 

d. Initial detection systems will probably be limited to grmmd 
based platfoi'IU, except in the case of organic effluent detectors vhicb 
have already been developed and are capable of fielding in aircraft. The 
Auatr&lirn A:rm.y Operational Reaearch Group has published Melllorandua JG(), 
dated February 1968, subject: Tbe Prediction ot the Location of Insurgent 
Inatallationa by MAJ E.s. Holt, ptac, RAE. This paper provides a detection 
approach which, it aut~ted by the use of auta.atic data proceeains 
equi}DUt and tl;vins epot sciWler techniques,. could provide a moderately 
rapid and. accunte approach to the problem. 

•· If, durinc the development phase, it appears to the develop1n& 
aaency that the characteristics listed herein re~re the incorpor~tion of 
certain blpract1ct.l. features and/or unnecesaaril.J expenlive and ccapl.icated 
~<*;POilenta or devicea, coatly ~~&ufacturins aethoda or proceaaea, critical 
Mter1al.a, or reatr1ctiv'e apecit1cat1ona vhich prove excealively Qli8Daive 
or aern as a dr trilleDt to the a1l1 tvr Vl.l.ue ot the UDi t, auch uttera 
abaJ.l. be bi'OUf~t to the attenticm of tbe Cbiet ot Reaearch ud De'ftlO}aent, 
Dept.rtaent ot tbtl Azflrl, ao4 Head.q~aartera, US A:rtq Calbat Devel.o}aenta 
,._,h4, tor coaai4eraticn befOre 1ncorporatiOQ into the t:ln&l 4ea~. 

1. (U) 'l'b1a-•ter1el re~ir-.mt 1a 14ent1t1e4 as USACOO Action Oallti'Ol 
lllaber 14390 IDCl aupporta the follovins: 
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a. Army Concept Program 

b. Study, "lll'!EL·75;" USACDC 
Action Control Number 

c • Army Tasks 

d. Phase 

e. Fundtion 
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Army 85 (1975-1985) . 

l. High Intensity Conflict 
2. Mid Intensity Conflict 
3. Low Intensity Conflict 

Type I 
4. Low Intensity Conflict 

Type II 
7. Ccaplementing or Allied Land 

Power 

Materiel 

Intelligence 

CONFIDENl=IAL 

-. -~ 



THE ANTHROPOHAGNETOMETER 

Dr. z. v. Harvalik, 
US Army Advanced Materiel Concepts Aaency 

1 would like to describe a potential tunnel detection inatrument. 
It conaists of a mechanical indicator and a highly complex electronic 
system of networks, probably reacting to magnetic anomalies. The indi• 
cator that permits to detect a ~~~&gnetic anomaly, perhaps in addition 
to other anomalies, is an L·sha~ed rod of a metallic or nonmetallic 
'lllllterial of the d.imenaions of 6 inches and 24 inches in length, the 
aborter portion of which is held by hand. Two of the&e indicator rods 
are uaually used, one in each hand. When you level the rods, kept 
about 8 inches apart, to a parallel alignment by an appropriate twist 
of your arms, the tip of the rods b6ing inclined toward the ground at 
about 1 to 2 degrees, you may be able to pick up a aignal while walking 
over an anomaly, This ·signal can be observed as a crossing of the roda. 
The maximum of the crossing seems to appe~r at the center.of the anomaly. 
I would ver.ture that by now you recognize ~hat this instrurent is a 
divining rod, 

The functioning of a divining rod is ut1known. However, experiments 
and aeaaurements have been made under c?ntrol~~d conditions, indicating 
that dowaing is not a hoax. We do not know as yet what biophvaical, 
phyaioloaical, and psychological pheno~~ena are involvad in the peculiar 
action of the hUIUn body to perhaps maanetic anomalies, 

For .. ny years, I devoted a part of my spare time tc the problem 
of dowsing, and I designed experiments to pin down certain aalient 
parameters. Fir~t of all, the so-called. indicator, l.e., the L·ahaped 
wire or rod, indicates only that your •rms twist inwards or ~utwards. 
The indicator rod• probabl~· have· nothing· to do with th~ interaction of 
the r .. 101111ly with the hUIII&n bcx!y; they jult ahow that the arms twist, 
Thia ia the reason why the .. terial of thr rod, its shape and lenath, 
du not influence the ,., .• veraence ur divergence of the rg;la when an 
an01111ly is detected. Thus, the understanding of the mechaniaa that 
cauaea ~ne twiat of the arms is of importance to asaess the divinina 
rod aa a tunnel detect,r. 

--·----An experiment I designed 11111y shed sam. liaht upon the nature of· the 
pi.ena.enon of dowaina. Tllo copper rods, 1/4 inch in dl&Mt.r, were in· 
aerted 18· inches Into the around, 28 feet apart, oriented exactly aaa
netic taat~eat. The soil was of relatively dense, illlfttly &andy ~lay. 
The copper electrodes were connected with • DC power aupply, l~cated 
about 100 feet froa the electrodea, the lead wirea perpendlcul•t to the 
propo .. cl path of the t:urrent flow in the around. T'nt voli:ap of the 
power supply could be .varied f7.'oa 0 to SOO volta DC, with ·:~tation 
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facility. :he dowser walked, at normai walking speed, perpendicular 
tv the proposed currP.nt flow in the ground, at a location of about 
14 feet from each electrode. (Walking or running speed has apparently 
no influence on the signals obtained.) When current was not on, no 
~ignal Has observed in the vicinity of the proposed current path. 
H'wever, when current wa.'i swit::hed on and gradually increased whne 
the dowser was walking forth and back in the above-mentioned fashion, 
at current of epproxim~tely 20 mA (at approximately 75 volts), a 
distinct anomaly signal ~ppeared. The 3ignal became very strong· 
~·hen the. curr..:nt reached approximately 40 ~::.\ at. 120 volts. 

J.. signal was received only when the nepative electrode was at 
the left side of the dowser. When it was at the right side of the 
dowser, no signal could be observed. When AC was used instead of DC, 
under similar current and voltage condi~ions, the dowser received 
signals while walking in either direction. 

Signals wer~ also received when the dowser was not walking, but 
standing above the ground ~here the maximum current flow could be 
expected (straight line between the two electrodes). When the current 
W&b gredu&lly increased from 0 to 20 mA, a signal started to appear at 
approximately 15 mA, AC or DC. However, in caae of the utilization of 
DC, the dowser had to have the negative electrode at his left side. 
If the dowser faced the negat.Lve or positive electrode, thus standing in 
the direction of the current flow, signals were observed. A number of 
persons were tested in this fashion for ability of dowsing. The moat 
sensitive one ever observed was able to produ~e a signal at around 
2 to 3 mA, while tne other extreme so far observed showed an incipient 
signal at 80 mA. About 80 perce~t of individuals used for the experi
ments showed aptitudes of dowsing. 

The above-described experimer.ts could be interpreted as follows: 

(1) Changes of magnetic field gradients interact with man; the 
interaction ·of w~1ich can be detected by a twist of the arms. 

(2) Tile interaction is a functi~n of the direction of the 
me.snetic field, thus suggesting that nu~.:lear magnetic resonance 
of the hydrogen atoms, so abundantlY present in the human body, are 
probably not contributory to the phen0111enon of dowsing. 

These experiments also lend themselves to identify, oerhap~. 
the degree of dowsing abilities of individuals. Examplea have ahown 
that these experiments can be used to crain in dowsing and to obaerve 
the progresa of the training of ~ersons. Uaing thia technique, an 
Individual who showed a dowsing ability of "50 alA" after half. an hour 
of testtng was able to react to a current of "25 mi.." 
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It seema that the most important factor in the training for dowsing 
lies in the ability of the individual to detach himself psychologically 
from the manipulation of the indicator rods and thus perhaps physio
logically from influencing, subconsciously or consciously, this ~ist
ing the arms. He should fo~get that he is holding the indicator rods 
and should pay attention to anything else than to the activity of 
dowsing. 

If one assumes that man is able to detect magnetic anomalies by 
utilizing do,~sing techniques, one is utterly amazed by the sensitivity 
of the human body to such anomalies. Magnetametric measurements indi
cate that a dv~aer reacts to magnetic gradient changes of 100 to 500 
millimicroaauss. 

Magnetic anomalies of the above mentioned order of magnitude 
can be anticipated practically everywhere. These anomalies can be 
caused by local variations of paramagnetic or even ferromagnetic 
propertiel of the soil. They also can be caused by discontinuities 
due to buried bolders; by cavities such as caves, culverts, or tunnels; 
by buried traab and corpses; by very slow-flowing ground water~ ~nd 
even by root systems of trees larger than 4 inches in diameter at the 
base. 

s~ far, there is no means yet discovered to distinguish between the 
sources of the anomalies, thus making tunnel detection by dowsing a 
somewhat difficult procedure. 

It should be mentioned that the anomalies affecting the dowser 
do not have to be generated from the around. They can be also above 
the ground, such as power and telephone lines (live or dead), and 
metal structures such as bridgfls, railings, and fences. 

It should also be mentioned that dowsing was successfully attempted 
from a 110•ing car; however, the speed of the car should not ·exceed 25 MPH 
becauae of the difficulty of holdina the dowaing rods in the appropriately 
aenaitive poaitiori. lurtha:more, the signals become blurred at the 
anouliea becauae of the abort tesporal axpoaure of the dowser to the 
field aradient change due to the car apeed. 

It should be mentioned alao that the dowsing was attempted 
auccea1fully from an aircr1ft, !lying app~oxim~tely S,OOO feet above 
the around. 

It ae ... d to be poaaible to determine the depth of the source of 
the anCIII&ly: If one meaaur .. the dh tanee between the fir1t appearance 
of the atanal and the Mxi:aum intenai tY of the a1gnal, thh dlltance 
ae~ to b• al1o th~ depth of the aource of the ~nomaly. 
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Tha documentation of statements made in thia preaentation ia 
bein& aaaemhled and will be issued as a separate report, It ahould 
be noted that the help of Mr. c. N.· Johnson, of the leaearch Branch 
of the Detection, Intrusion, and Sensor Laboratory, M!IDC, Port 
"Belvoir, h very ~~a~ch appreciated. A large number of ax-peri.alenta 
were performed by this author and Mr. Johnson during the early part 
of 1968. 

Dowsing should not be written off entirely as a meana qf tunnel 
d1tection. It should be explored as a potential aid to detecting 
tunnels, weapons and materiel caches, and other objects of military 
interest. Training of personnel as d~aera and the reaearch that 
may lead to the underatanding of the biophysical mechaniam of dowsing 
should be undertaken. This author would gladly amplify recommenda
tions related to dowaing problems. 
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CHRONOLOGICAL HISTORY Of 

22 April 1968 
Col Hall 

U.S. ARMY ADVANCED MATERIEL CONCEPTS AGENCY (AMCA) 

The inception of AMCA was a result of a memorandum in January 1966 

fro~ the Assistant Secretary of the Army (R&D) to the Chief of R&D, 

Dep.trt~~~ent Clf the ArTily, whereby the Assistant Secretuy stilted, "Army 

neotds to find a way to use technological capability in a 'lllOre creative 

way iu the new concept and system optimh:ation roll!." On 9 May 1966, 

a meetln& vas held under the auspices of ASA (R&D) and attended by the 

Commanding General, AHC, the Commanding General, CDC, and others, which 

wss held to present various views. This meeting and a subsequent 

exchange of letters rP.sulted in· the establishment of the "Comittee of 

Four" to examine the need for improved AMC/CDC coordination during 

tae concept formulation phase. The most pertinent document exchange 

between ASA (R&D) and CC, AMC, was the letter of 2 June 1966 from 

ASA (R&D) to CC, AMC, statins three general points which were as follows: 

1. A major Army problem is to anticipate technological 

advancement and translat~ that advancement into systems concepts directed 

at better meetin& the Army's broad mission requirements. 

2. Easel\Uel th.C AMC and CDC have a continuous exchanse 

of vlevs dir•cted toward the common objective of Army improvement. 

3. AMC and CDC devhe oraaniutional and procedunl me.ms 

for iaprovina the overall coordination between commands durin& the 

concept formulation phase of the development cycle. 
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Concurrent with r.he above meeting and the establishment of the 

''C011111ittee of Four", 1>1 t independently, a study of A··my test and evalua-

tion (SATE) was bein& made. Chief of Staff Memorandum (CSH) 66-418, 

20 September 1966, announced decisioQs on SATE recommendations. The 

decisions included extending the ori&lnal charter of the "Collllllittee of 

Four" The 11C011111ittee of Fourl: was composed of: D-r. Payne (OSA), 

Colonel Emerson (OASA), Dr. Siu (AMC), and Hr. Hardison (CDC). The 

''C0111111ittee of Four" charter objectives u extended by CSH 66-418 w~re 

as follows: 

1. Find a way to use various technolo&lcal capabill~iea in 

a more creative way in the new cor.cept and 1ystem optimization role. 

2. Explore Hq DA/AMC/CDC interface and methods of operation 

and recotrcnend ora•ua:&.Zational and p11ocedural means to imprcve coordination, 

particularly during contept formulation phase. 

3. Jec~nd a division of existin& resources to enable CDC 

to a•t started dischar&in& its equipment evaluation responsiblJities 

and additional resource~ to provide CDC a full capability. 

The "Con~ittee of Four" presented its report to the Chiet ot Staff 

on 17-November 1966, Six improvement suaaestions vere presented. These 

l•prove .. nt suaaestions were as follows: 

1. A aanaae~nt .adel of research/coebat develop .. nts/•ateriel 

4evelop .. nt procesa. 

2. ~provement in CDC capability to participate in planntna, 

conduct, and evaluation of equip .. nt service test. 
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3. Establish CDC capability for systems analysis of specific 

111a te r ie 1 items . 

4. Establish an ACSI capability for forecasting long-range 

intelligence. 

5. Establish an AMC capability for forecasting long-range 

sc lent 1 fie and technical in format ion on ma te1 ie 1 options. 

6. Establish a CDC capability for developing alternative 

conceptual desians of the land combat system. 

In essence, the latter three recommendations recommended the 

establishment of the U.S. Army lntelli&ence Threats Analysis Croup 

(ITAC), AMCA, and CDC's Institute of Land Combat (ILC). 

CSM 67-51 (9 February 1967) approved the recommendations of the 

·~~ittee of Four" and assigned the following missions: For the ILC/ 

AMCA/ITAG complex--Prepare recommended designs of total land co~bat 

system and auide development of selected major materiel concepts through 

concept formulation. For ·JTAC--Provides threat forecasts responsive 

to AMCA/ILC requirementa. For AMCA--Provides descriptions of alternative 

systems and concepts of materiel with which future forces could be 

equipped. Conducts ao~ design.vork and serves as a contact point 

for concept• ori&in.ttinc in AMC elements and indu.stry during tht' concept 

for.Ulation phase, complementing the ILC con~eptual (desi&n) studies of 

the land colllbat systr11~o for ILC--O.velops conuptual dulans of the 

land co.bat aystem and conducts related selected studies and analyses 

to aulde the development of Army doctrine, materiel, and oraanl&atlon 

durin& the concept fo~latlon phase. 
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lased upon the mission stftement for AHCA; a visualization of 

where th(: or;.l!lhatiel would function within the ~·\'erall Arm)· Manage· 

ment Hodel; and the major function' of land combat flntelllsence; 

Mobility; Fire Power; Command, Control, and Communlcntions; Service 

Support); a tentative organiAtional structure and function 111 were 

submitted in May 1967. Generalized functions in this submission were 

as follows: 

1. To be· the primary workins interface with CDC and ACSI 

for future c:oncepu. 

2. Advise, assist, and participate with CDC anO ACSI in the 

for.ulation and development of future Army concepts and operatior.al 

capability objectives. 

3. Synthesis of advanced materiel concepts (with CDC and ACSI). 

4. Exploit science and technology (maximize for Army purposes). 

S. Identify critical science and technoloay gaps an~ formulate 

courses of action to cloae them. (Provide AKC an improved RDT&D 

proar .. base). 

The initial plan was ataffed within Hq, DA. and returned at the 

end of July 1967 with the followiaa aeneral coaaents: TDA validated, 

One admtnhtratlve support eit11111nt to provide aervlces to both. ILC 

and AHCA. The •fasion state~nt, to conform wtth CSH 67-Sl and clarl· 

flcation of functional responslbilltiea between the proposed Concept 

Synthesis· Divlalon and Explontory halu.1tion Dlvhton within AHC.\, 

AMCA civilian arade atructure should aenerally be. compatible with that 

au~ltted by the Institute of Land Combat. 
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GENERAL DISCUSSION 

LTC LOuis G. Klinker - Diacussion Leader 

ouniNE 

Sub1ect: Objectives for Research and Development 

Proarams for Counterina Tunnel Warfare 

I. Tunnel Denial 

Short Ranae Objectives 

Long Ranae Objectives 

II. Tunnel Destruction 

Short Range Objectives 

I ~ona Ranae Objectives 

..__, 
' 

, 

Ill. TunriMl Dection 

Short Ranae Development Proar .. • 

Seilmic 

Radar 

Canine 

Lona Ranae Research· and Develop .. nt Proar .. • 

Wider Survey, Ro110te Detectors 

I•proved Ground Detectors 

"-n-Portable, Vehicular 
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