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PREF (¥

In December 1967, a Staff Study of the ruquirements and/or programs

of the Army, Navy, Air Force and ARPA for tumncl detection capabilities

was completed. In this study, it was recommnded that a cooperative
coordinating committee on tunnels he cstablished to coordinate activities
between the Services for developing devices and systems for tunnel detection,

. denial and destruction.

The contents of this compendium are the reports of the First Interagency
Meeting on Tunnels held at cthe OCRD Highland Building, 3 April 1968. In
general, the conteats can be considered representative status reports

of the tunnel R&D programs of the Services, Technical reports of the
agencies and laboratorics purposcly have been omitted from the compendium
for reasons of convenience. However, the complete mailing addresses and
telephone numbers of all the participants are included to serve as an
expedient in communicating.

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,

: IVAN R, HERSHNER, JR.

Chief, Physical and Efgineering
Sciences Division

Editor's note: To assist further in communicating program information,

it {s requested that s copy of pertinent technical reports on tunnels be
submitted to this office as they become available, A listing of the reports
will be distributed periodically to the conference participants.
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Introductory Remarks
U.S. Army Materic) Command: Tunpel Programs and Responsibilities

Tunnel Detection Program at Mobility Equipment Rescarch and

‘Development Center (MERDC)

Limited War Laboratory's Tumnel Detection Program
Coffee

Waterways Experiment Station's Tunnel Program

Air Force Tuancl Requirements and Programs

Marine Corps Tunnel Requirements

Lunch

Navy Research and Development Programs Related te Tunnels
(not presented)

Tunnel Programs Sponsored by the Advanced Research Projects
Agency (ARPA)

National Aeronautics and Space Administracion (NASA)
Research and Development Programs Related to Tuonels

Coffee

Defense Communication Planning Group's Program Related to
Tunne 1s . )

General Discussion: Coordinating Future Tunnel Programs
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INTRODUCTORY REMAKKS

Brigadicr Gencral Charles D. Y, Ostrom, Jr,
Dircctor of Army Rescarch

Welvome to the Army Rescarch Office.

The principal objective of this meeting is to bring together representatives

o{ laboratorics and agenciss having responsibilitics for the development or

the provision for operational use ol cquipment and systems for the detection,
denial and destruction of enemy tunnels. It is hoped that ecach of you by
participating will get to know better your counterparts in your sister agencies,
to know what each agency's objectives and responsibilitics arc, and to know

the functions and activities in which each is engaged, or might be engaged in
the future,

This conference is onec ol a series of activities conducted by the Army
Research Directorate since assuming staff responsibility in December 1966
for monitoring Army R&D cfforts reclated to tunnels.

In Junc 1967, a report entitled “The Tunnel Problem', authored by LTC Magill,
was completed and distributed to qualified and intcrested agencies. This
document described {or the first time in a dectailed manner, the technical
aspects of the tunnel threat in Southeast Asia and the Army's efforts to
generate equipment and systems to counter tnat 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 present technical capabilities available

for meeting the problems of tunnel detection, denial and destruction. In
addition to reviewing the tunnel programs of the Army, the study also reviewed
those of the Air Force and ARPA, During the preparxation of the study,

tunnel briefings were given to and received from representatives of the

Marine Corps and the Navy,

The Staff Study indicated that considerable progress has been achieved in
‘a relatively short time period, particularly when one considers the rather
small program effort which has been directed toward such a complex problem,
‘The problems of tunnel denial and tunncl destruction have already begun to
give way to these R& 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,




i

The third activity consisted of an Army-wide Tunnel Couference which was
held here on 12 February 1968. At this conference tor the first time, both
the technical and administrative aspects of the Army's Tunnel Program were
reviewed in regard to requirements, objectives, resources, coordination

and future planning. ‘

With the feeling of somewhat greater insight into the Army's Tunnel Program,
planning was initiated for the Iateragency Tumncl Conference which is con-
vening here today.

The basic objective of this conferunce is to provide a mechanism for coordi-
nating the tunnel programs within DOD., By cach 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
resources can be utilized with maximum effectiveness.

Again, I welcome you to the Army Research Office, and may today's meeting
be helpful and productive. '
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Army Materiel Command: Tunnel Proprums and Responsibilities

Major Joscph Tedeschi

This presentation will cover the AMC role in the Tunnel program to
include requirements, functions, and R&D activities.,

AMC presently has the following four-fold funnel prozram:

PROGR.4 RESPONSIBLE STAFF ELEMENT

1. Detection V Individual and General Equipment Officé,
Development Directorite

2. Destruction ’ CBN Office, Development Directorate

3. Denfal CBN Off{ce, Development Directorate

4. Exploration Kit ' Major ltems Directorate

1 will cover the tununel destruct, dernial, and exploration phases of
the program. Mr. Damgaavd of the Individual and General Equiprent
Office will follow my vresentation and brief you on the AMC Jrogram on
tunnel detection.

Tunnel Destruction

Work is being done at lfunitions Command/P{catinny Arsenal - Initial
requirement for this work recelved in Feb 1965 under ENSURE #11l. The
first AMC approach to satisfying this requirement was the X 69 Acetylene
Cenerator Tunnel Destruct Set. (NOTE: At this point in the presentation,
a brief explanation of the characteristics and capabilities of this set
was given)

450 XM 69 sets were shipped to Vietnam starting in November 1966, In
January 1968, the following evaluation of the XM 69 was furnished by USARV:

1. Tunnels witk overburdens of more than 3 to 8 feet are not effactively
destroyed. o

2. . Tha acetylene is not distributed evenly throughout tho tunnel complex
resulting in incomplete degtruction of tunnels. .

3. There is danger of premature detonation of the acetylene.
4, The set contains Too many components.

5. The liquid oxygen and water used with the set are not always readily
avaflable.

DECLAS. R 12 YEARS
DOD DIR 5200.

CONFDENTAL ED AT IYEAR
3
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USARV concluded that the XM69 (s loss efficient than other demolitions
normally used to destroy tunncls, and recommended that R&D efforts be
erpedited to provide a more suitable tunnel destruct system,

In response to this USARV recommendation, work is.currently under-
way at Picatinny 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
limication to the amount of chemical energy avallable from hydrocarbon
fuels, This amount of ecnergy 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 encrgy from gascous 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
might 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
destyroy missions, It 1s just not possible to devise a small enough package
to do this job under the conditions imposed by search and destroy missions., It
must be recognized that destroying tunnels of reported depths and lengths is
a deliberate and time-consuming process, It is with this concept of use in
mind that LETUDS 1{s being developed.

A prototype LETUDS system was successfully demonstrated at a
test ccnducted at Paris, Pa. in July 1967. Briefly, LETUDS consists of
fay flat, plastic tubing deployed into a tunnel by trained personnel using
a Drag Pack (a device slung from the stomach or rump which "pays out" the
tubing as the "tunnel rat" crawls through the tunnel), The tubing is then
fi1lled with PLX (Picatinny Liquid Explosive - 95/5 Nitromethane/Ethylenediamine)
digpensed from {ts shipping containers by a pumping system. When the last
despenser {s empty, the liquid explosive will be capable of destroying 1000
feet of tunnel with 10 feet of overburden, Present plans call for shipping
30 sets to Vietnam in June 1968. A demonstration team will accompany the sets

to Vietnam.
Tunnel Denial . o ' .

work is betng done at Munitions Command/Edgewood Arsenal.
Initial requiremzn: for this work received in November 1965 under ENSURF #8,

DENNGERT Y 8§ VIR CERVIGS

4
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. Two separate requirements arc identified:
(1) fiush people out of tunnels

: (2) long texm denial of cunnels (30 days or longer)
in those cases where tunnel 7 .structfoa 1s not feasible,

3 . The tunnel flushing problem appears to be satisfied. The
technique of using a burning type CS grenade, a poncho over the tunnel
mouth, and the Mit- Mite blower has proven to be successtul in flushing
people out of tunnels. '

Various apprcaches have been tried to solve the long term
denial problem, :

1. Foams - gelatin and urea-formaldehyde foams were investigated in

an attempt to achieve & rigid, reticulated foam within which agent CS
could be suspended, Total fill of tunnel with foam was planned. Efforts
were suctessful in formulating foams that would stay rigid for two
months. However, this effort was not investigated further in light of
the more promising approaches that eyolved.

2, Nettles - A small, barbed spine of the cactus plant Rufida was

investigated as a possible denial agent, An individual crawling through

a tunnel seaded with this material would undergo sufficient i{tching and
discomfort to deny use of the tunnel. Again, this method was dropped

in favor of more promising approaches. . )

3. Agent C5-2 -~ A modification of the riot control agent CSl with the

unique prope. -, of hydrophobicity (no affinity for water). Tests ! !
indicate that CS2 blown into tunnels will remain effective in denying

tunnels f.r periods up to 90 days. This appears to be the most promising
approach ¢o tunnel denial, and plans are presently underway to type classify
the agent for this purpose.

The M106 Mity-Mite blower is limited in its capability to dispense
agent throughout the deeper and longer tunnel complexes being found in
“ietnam, . Under ENSURE #34, the requirement has been established for
a lcvge capacity tunnel flusher, or "big brother" to the Mity-Mite,

Work 3is presently underway to provide a back-pack, 5000 CFM tunnel flusher
to accomplish this job.

Tunnel Exploration Kit

Work {s being done at Natick Laboratories. Initial requirement
establighed under ENSURE ¢# 64, No development is envolved, only purchase o
of required components of the. kit such as pistol, silencer, Miner's hesd lamp,
stc, First kits are expected to be shipped to USARV in June 1968.

i
!
{
§




c e * e
DRSS

NOTES FOR MEETING OF INTERSERVICE COORDINATING GROUP FOR TUNNEL PROGRAM:
by MR. MARTIN DAMGAARD

Individual and General Equipment Office, Development Directorate,
HQ, USAMC (AMCRD-J). Proprams supervised include those in Natick
laboratories, for feeding, clothing and cquipping the individual
soldier, those in the Engineer Topographic Laboratories for field
Army wmapping and surveying, and those in MERDL for fortification,

" barriers, demolitions, camouflage and deception, POL distribution, air
conditicaing, mine warfare, physical security, and guerrilla warfare
countermeasures, In the last category is Project 1J624101D166, for
expioratory development of Guevrilla Countermeasure Techuniques. Task
03 of chat project is for Tunncl 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 Develosment Center (MEPDC). Followwon

- effort to this development is fnzluded in the DA Search & Destroy
Program which contains a requirement to ruggedize and improve these
MERDC systems after the initial evaluation in SEA.

The AMC objectives under the ENSURE are to develop man-portable
equipment which will 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 seismic sonar detectors, from a $250,000 contract for 10, were
shipped to ACTIV on 22 Mar 1968, accompanied by a MERDC engineer. Six
more will be ready for shipment this week. USARV advised last Monday
that the services of the MERDC project engineer with this shipment, are
oot required, Two seismic detectors are to be retained by MERDC for
evaluation and test backe-up,

Two UHF soil penetrating detectors, to supplement the seismic devices,
are due in from the contractor in May, and one or both will be shipped to
W in June.

Also, 8 tunnel inspection periscopel have been provided, and each
seismic detector is accompeaied by aa engine pova:cd augur for mechanie-
cal inspection.

e o e




CONFDENTAL

To aseist ACTIV in their evaluation, but primarily ¢o gather funda-
mental environmental and geological data upon which to base subaequent
development, AMC is supporting a visit to VN by a six-man techaical
tean from the Waterways Experiment Station, expected to depart about 1 May
for a six-week visict. $100,000 from the Search and Destroy Package have
been ‘programmed for this purpose.

Other effort to be funded from the Search and Destroy Package
includes:

. - Improvement of the seismic and UHF models following VN and
CONUS testing, and procureuent of advanced models for test, with $260,000.

Feasibility study of tunnel effluent detection, using gas
samples collected by the WES team ($60,000) ‘

Development of & frequency translator for analysis of signal and

echo noises (§50,000), and MERDC in-house 2ffort, at $60,000.

Tunnel datection was not included in the AMC FY 69 or 70 bdudget
due to lack of an approved requirement when the budgets were prepared,
but is funded thereafter at the $100,000 level. The DA Search and
Destzoy package for FY 69 is axpected to provide $500,000 for follow-on
development .
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USAMERDC TUNNEL DETECTION EFFORTS (U)
.as fcported by Mr, Manfred Gale
Meeting of Interservice Céordinating Group for Tunnel
3 April 1968

at
.OCRD Highland Building

CONTENTS
A, Seismic Detector
B, UHF Detector
C. Verification Drill
D. Frequency Translator
E. MAGID
F. Fileld Trip
G. Plan of Future Efforts

H., Delivery Plan
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'SEISMIC TUNNEL DETECTOR \

1. #) DESCRIPTION:

The seismic tunncl detector is an active sounding system for the
detection and mapping of tununels from the soil surface. It consists of
three (3) basic components: (1) An electronics package including a
cathode ray tube for signal display and a2 self contained power source;
(2) & three KW poak electrical power transmitting transducer; and (3)
a small receiving transducer. The electronics package weighs approxi-
mately 40 pounds and {s carried and operated by one man, The transmit-
ting transducer, equipped with interchangecable circular plate or spike
coupler, weighs approximately 25 pounds. The receiving transducer
including cable weighs less than one (1) pound. The electronics pack-
age and- transducers are interconnected by 30 foot cables. During use
the scarch operation is directed by the operator carrying the display
unit. This operator observes the "A" scope type display for tunnel
related reflections while the helper systematically probes the desired
search arca with the transducers. Headphones are provided so that the
operator can also operate the system passively and listen for tunnel
related activitics,

2. @) PERFORMANCE:

The seismic tunnel detector will produce distinguishable tunnel echoes
from tunnels at depths up to 10 feet ian consolidated sandy or sandy clay
soils, The self-contained power source provides eight (8) hours of search
operation, and an auxillary 16 pound power source provides an additional
16 hours of search operation., The time required for a two (2) man team

" to make a sounding is approximately 30 seconds. Soundings are made every
three (3) feet along the surface. Soundings typicslly appear as indicated
in this oscilloscope photograph. : .

. The left and right oscillograms correspond to over-tunnel and off-
tunnel soundings respectively, Note the signal at the left of the scope
trace in both upper traces. This {s electrical crosstalk in the system,
ad has no significance. The upper left trace consists of a direct trans-
mission between transmitter and receiver followed by a tunnel echo. The
lover left trace was taken from inside the tunnel sad represents the one
vay propagition time. Note that the tunnel echo begins st twice the time
of the in-tunnel trace. In the off-tunnel case the direct transmission.
typically are lower than over-tunnel, and the echo i{s absent.

3. (V) STATUS:

Two .(2) ruggedized experimental units were shipped to ACTIV for testing
and employment in Vietnam on 22 March 1968. Five (5) additional units will be

available for shipping to ACTIV on 12 April 1968. The remsining units will

" undago CONUS and SEA testing which will result {in techniques for extending

~detection range and sisplifying interpretation.

3 9




MERDC SLISMIC TUNNEL DETECTOR
« + "TECINICAL DATA

TRANSMITTER
POWER -3KW P,E,P
. PRF . ~ 0-20PPS VARIABLE
PULSE WIDTH O 1ms
RECENVER = |
BANDWIDTH (VARIABLE) - HP 200-2200 HZ
' | LP 2000 - 4000 HZ
._ DISPLAY, ; S  mwscopE
POWER SUPPLY | |
: o INTERNAL MERCURY -
.o © .8 HRS SEARCH
EXTERNAL RECHARGEABLE
16 HRS SEARCH
' PHYSICAL CHARACTERISTICS
TRANSMITTER . BLECTRONICS
WEIGHT 25 LB o 40 LB
DIMENSIONS 3 IN, DIA X 28 INCHES LONG | 6.X 9 X 18 INCHES

10
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UL _TUNNEL DETECTOR (U)

1. (& DESCRIPIION:

The elcctromagnetic tuanel detector is essentially a man-portable,
short pulse radar designed for transmitting fnto the soil from a short

distance above the surface, Due to the short pulse duration and wide

electrical bandwidth, the detector 1s able to detect and resolve small
targets ncar the detector. Target echoes are sampled and displayed on
an "A" scope which indicates echo amplitude versus time. Provisions are
also made for producing a permanent and continuous record of subsurface
profile by recording echo strength versus depth versus sucface 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. (¥ PERFORMANCE:

The seismic and electromagnetic detectors arc complementary in that
the first works well in wet or dry consolidated media while the latter
works well in unconsolidated but dry media, Also, the electromagnetic
detector has an advantage over the seismic detector siance it does not
require direct contact with the soil, Consequently, the search rate for
the electromagnetic detector is higher. ’

.The electromagnetic tunnel detector is capable of detecting tinnels
at depths up to 10 fect in dry sandy or sandy clay soils. A self-con-
tained power source provides 10 hours of continuous operation. The weight
of the 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) rugsedized experimental prototypes suitable for testing and
exploying in Vietnam are currently under development and will be avail-
able for CONUS testing in May of 1968. Advanced signal processing tech-

niques for extending range and improving discrimination are under investi-
gation and will be incorporated in advanced development prototypes.

11
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) .MERDC UIIF TUNNEL LOCATOR

TECHNICAL DATA

TRANSMITTER

.

POWER

PRF
'PULSE WIDTH
RING DOWN RATE

RECEIVER
RECEIVER

POWER SUPPLY

PHYSICAL CHARACTERISTICS
ANTENNA

WEIGHT 12 LB

DIMENSIONS 20 X 20 X 20 INCH

12

100 WATTS P,E, P.
4.0 M7
Sns (3 db)

22.0 db/ns

SAMPLING TECHNIQUE

A - SCOPE DISPLAY

SINGLE TRANSMIT/RECEIV!
" ,."ANTENNA LOADED RIDGED
©  HORN
BANDWIDTH: 80-250 MHZ

BELT PACF DATTERIES
8 - 10 HRS )

ELECTRONICS PACKAGE

15 LB

6 X8 XI5 INCH




TUNNEL VERIFICATION DRILL (U)

1. & DESCRIPIION:

The tunnel verification drill i{s a screw type, narrow gage, gasoline
powered drill which 1s used to unmistakably verify the presence or absence
of a suspected tunncl. The drill consists of a 4.5 horsepower, two (2)
cycle engine; a speed reducing power take-off; threc (3) five-foot sections
of ¥ inch hollow steel tubing; and the specially designed 3/4 inch drill
bit. The power take-off operates at 90 rpm and has a through center drive
mechanism which allows the entire 15 foot drill shaft to remain assembled
during drilling operations without significant whipping of the shaft. A
quick releasc mechanism is provided so that the two (2) man operating team
can quickly cngage or disengage the shaft in 2.5 foot increments along the
shaft. The entire unit weighs approximately 50 pounds.

2. &7 PERFORMANCE:

The tunnel verification drill will penetrate most soils, inecluding
gravelly soils, at an average rate of two (2) inches per second. The
three dr{ll sections provide up to 15 feet of penetration. The bit com=
pacts the soil so 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 mskes a stable air shaft throuzh
which tunnel destroying or clearing agents can be fed.

3. (U) STATUS:

Ten (10) prototype models of the tunnel verification drill have been
fabricated. Three (3) items were shipped to ACTIV for evaluation on 22 Mar
68. An sdditional 5 units will be available for shipping to the same group on
12 Apr 68. The remaining 2 units are being used as experimental models in
CONUS and SEA tests in an effort to increase penetration rate and reduce
weight. :
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MERDC HIGH SPEED TUNNEL VERIFICATION DRILL

.

BIT: SCREW TYPE WITI INJECTION AND RETRACTION TAPERS,
MAXIMUM DIANETER IS 3/1 INCH,

SHAFT: THREE HOLLOW MATING SECTIONS: EACH SECTION FIVE
FEET LONG AND 1/2 INCH DINMETER WITH FLATS EVERY
2,5 FEET,

. POWER ADAPTOR: 90 RPM THROUGIH CENTER FEED WITH QUICK

CONNECT/DISCONNECT WHICH MATES WITH
FLATS ON SHAFT,

POWER: TWO CYCLE, 4.5 HP GASOLINE ENGINE.
PENETRATION RATE: TWO INCHES PER SECOND NOMMNAL.
UNINTERRUPTED PENETRATION DEPTH: 15 FEET

TOTAL WEIGHT: 50 POUNDS

14
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"INFRASONIC TO SONIC TRANSLATOR (V)

1. (U) DESCRIPTION:

The infrasonic to souic trunslator i{s a compact, lightweight, low
power all eclectronic device which converts subaudio signals to audio
signals while maintaining thé relative harmonic relationships of the
original signals. Multiplication of the infrasonic spectrum is accom-
plished by scparating the input spectrum into individual frequency-com-
ponents, electronically multiplying the frequency components; reinserting
the amplitude components; and multiplexing the synthesized frequencies.
The infrasonic to sonic translator allows a human operator to use his
normal aural pattern recognitfon ability to analyze seismic infrasonic
signals characteristic of tunnel digging and tunnel activities.

2. (@ PERFORMANCE:

The infrasonic to sonic translator has an input’ bandwidth of S to
50 Hz and an output bandwidth of 100 to 1000 Hz. The dynamic range of
the unit {s 60 db. The input impedance