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Preface

vii

This National Research Council (NRC) study, commis-
sioned by the U.S. Department of Defense (DOD) in re-
sponse to a mandate from Congress, addresses the question
of whether there are alternatives to antipersonnel landmines
(APL)—including technologies, tactics, and operational con-
cepts.  The study was conducted at an interesting historical
juncture, when the United States is at peace and, at the same
time, the number of new technologies rich in military possi-
bilities is unprecedented.  The convergence of these two fac-
tors presents the U.S. Armed Forces with a unique window
of opportunity to develop new systems and concepts to
address future challenges.

This is also a moment of heightened international con-
cern about the thousands of civilian casualties that occur
every year when APL that have been left in the field after a
conflict explode automatically on contact.  When military
operations are conducted in the midst of a civilian popula-
tion, the problem is compounded because today’s mines can-
not discriminate between friend and foe, belligerent and ci-
vilian.  It is important to note, however, that APL fielded by
U.S. forces, except for APL in storage in Korea, are designed
to self-destruct or self-deactivate at a preset time.  Therefore,
they do not remain a danger indefinitely.

No simple device today can provide capabilities compa-
rable to those of APL, both as self-standing devices and as a
part of other systems.  Devices currently under development
include mine-like devices that do not explode automatically
on contact and nonlethal devices that could complement
lethal devices and systems.  Thus, the functions of today’s
APL could be performed by a combination of devices, care-
fully planned tactics, and appropriate operational procedures.
In some circumstances, however, replacing APL could lead

to higher casualties to our ground forces and/or could reduce
our military capabilities.

The committee believes strongly that the development of
new systems with decoupled sensing, communication, and
explosive functions and the creation of networks of techno-
logically sophisticated tactical sensors would greatly in-
crease the situational awareness and power of war fighters
and help meet the goal of ensuring the information superior-
ity of U.S. forces.  These systems would also respond to the
humanitarian principle manifested in the Ottawa Conven-
tion of eliminating antipersonnel devices that explode on
contact.  Although these new systems are bound to have vul-
nerabilities different from those of APL, these vulnerabili-
ties could be greatly reduced by the application of appropri-
ate technologies.  Therefore, DOD should move rapidly to
support pertinent research and development to create
fieldable systems.

The NRC committee that produced this report worked
diligently in the limited time available to respond to DOD’s
request.  The report draws on presentations to the committee
in both public and closed sessions by representatives of gov-
ernment, industry, and nongovernmental organizations, in-
terviews, research by committee members, and their exper-
tise and judgment.

The committee is grateful to everyone who contributed to
the study, particularly Margaret Novack, study director, and
Lois Peterson, program officer, who worked tirelessly to see
the study through to completion.

George Bugliarello, Chair
Committee on Alternative Technologies
to Replace Antipersonnel Landmines
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1

Executive Summary

BACKGROUND

Military forces use landmines or landmine-like devices
because they are capable of autonomously delaying or kill-
ing the enemy at a safe distance from friendly forces.
Landmines fall into two broad categories.  Antipersonnel
landmines (APL) are intended to kill or disable soldiers on
foot (a dismounted force).1 Antitank landmines (AT mines)
are used against vehicles, such as tanks and armored person-
nel carriers (a mounted force).  Mixed systems, which com-
bine both AT mines and APL in the same munition, are typi-
cally used against an enemy force that is mostly mounted but
is accompanied by significant numbers of dismounted sol-
diers.  APL in mixed systems are intended to prevent or dis-
courage foot soldiers from penetrating or breaching an AT
minefield.

Landmines are essentially tactical and operational weap-
ons, although on occasion they also have strategic implica-
tions.  When used tactically, landmines are usually employed
during battlefield engagements of relatively limited duration
to disrupt an enemy’s progress.  There are also long-term
strategic landmine missions, such as border protection, as is
the case in Korea.

Minefields are used to place an enemy in a vulnerable
position that can be exploited by friendly forces, cause the
enemy forces to divide, interfere with enemy command and
control, inflict damage on enemy personnel and equipment,
exploit the capabilities of other weapon systems by delaying
enemy forces in an engagement area, and protect friendly
forces from enemy infiltration.  U.S. doctrine requires that
minefields be mapped, marked, and eventually cleared.  De-
spite these precautions and for a variety of reasons, U.S.
landmines also occasionally kill friendly personnel, typically

in hastily marked minefields.  In addition, if the tide of battle
changes rapidly, U.S. mines previously emplaced during
defensive missions could become an obstacle to the execu-
tion of rapid offensive maneuvers.

Over time, landmines used by the United States and other
countries with advanced military forces have become more
complex, more effective, and easier to use.  Advances in the
1970s also led to the development of landmines capable of
destroying or deactivating themselves after a given time.  All
landmines currently in U.S. stocks, with the exception of
those intended for the defense of Korea, are self-destructing
and/or self-deactivating.

Other nations and nonstate actors, unfortunately, have re-
sorted to less technologically advanced landmines, which
are inexpensive, easily obtainable, and highly effective.
Most of these simple, nonself-destructing mines are de-
ployed with no thought to keeping track of their locations.
As a result, millions of these devices are still strewn across
old battlefields.  APL have killed or maimed thousands of
innocent civilians in the last 25 years and impeded the resto-
ration of normal activities after conflicts have ended.  Hu-
manitarian groups, international organizations, and many
governments around the world have increasingly identified
these residual hazards as a threat to innocents and demanded
that all APL be eliminated.

Protocol II of the 1980 Convention on Prohibitions or
Restrictions on the Use of Certain Conventional Weapons
Which May Be Deemed to Be Excessively Injurious or to
Have Indiscriminate Effects (otherwise known as the Con-
vention on Conventional Weapons, or CCW) was the first
international treaty to attempt to regulate the use of land-
mines.  A review of the CCW in 1996 led to Amended Proto-
col II, which, among other things, distinguished between the
use of APL and AT mines and restricted the uses of all APL.
The United States has signed and ratified the CCW, includ-
ing Amended Protocol II.

Subsequent national and international campaigns de-
manding a total ban on APL led to the Convention on the

1 The Convention on Conventional Weapons, Amended Protocol II, de-
fines an APL as “a mine primarily designed to be exploded by the presence,
proximity, or contact of a person and that will incapacitate, injure, or kill
one or more persons” (see Appendix E).

Copyright © National Academy of Sciences. All rights reserved.

Alternative Technologies to Replace Antipersonnel Landmines 
http://www.nap.edu/catalog/10071.html

http://www.nap.edu/catalog/10071.html


2 ALTERNATIVE TECHNOLOGIES TO REPLACE ANTIPERSONNEL LANDMINES

Prohibition of the Use, Stockpiling, Production and Trans-
fer of Anti-Personnel Mines and on Their Destruction (the
Ottawa Convention), which was signed by 122 countries in
Ottawa, Canada, on December 3, 1997, and entered into
force in March 1999.  As of September 2000, 139 nations
had signed the Ottawa Convention, including all NATO
member states, except the United States and Turkey, and all
European Union member states, except Finland.  The Ottawa
Convention bans the use of all APL,2 whether used alone or
in mixed systems, including those that are self-destructing
and self-deactivating.3  Signatories are prohibited from de-
veloping, producing, acquiring, or stockpiling APL, as well
as assisting, encouraging, or inducing anyone else to under-
take these actions.  All APL currently held by signatories
must be destroyed within four years of the signing.

Despite showing early support for a ban on APL and
taking the lead in efforts to ameliorate residual effects, the
United States did not sign the Ottawa Convention.  President
Clinton stated that the United States would consider acceding
to the convention when alternative technologies that provide
capabilities similar to those of APL have been identified and
fielded.  He also announced that the United States would
undertake an active research and development program to
find such alternatives.  At the same time he established the
presidential policy that after 2003, the United States would
no longer use pure APL4 outside Korea, where landmines
are considered particularly important.  If alternatives for
Korea and for mixed systems can be found by 2006, the
president said, the United States will sign the Ottawa Con-
vention.  In the meantime, the United States has destroyed
three million nonself-destructing mines.

U.S. SEARCH FOR ALTERNATIVES

In 1997, the U.S. Department of Defense (DOD) began
the task of developing alternatives to APL.  DOD initially
adopted a two-track approach.  Track I, led by the U.S. Army,
was a search for alternatives to the nonself-destructing
landmines used in Korea.  Track II, a Defense Advanced
Research Projects Agency (DARPA) program, was focused
on an assessment of long-term, more technologically ad-
vanced alternatives that would effectively prevent access to
an area.  In 1999, Congress provided funds to add a third
track.  The goal of Track III, which overlaps both Track I
and Track II, is to find existing and new technologies and

operational concepts that can provide an equivalent to the
capabilities of (1) nonself-destructing APL; (2) APL used in
mixed AT mine systems; and (3) current mixed landmine
systems, including AT mines with antihandling devices.

The National Academies

As part of the Track III initiative, DOD contracted with
the National Academy of Sciences to conduct a study of
existing and new technologies that might provide an alterna-
tive to APL.  In response, the Committee on Alternative
Technologies to Replace Antipersonnel Landmines was
established.  The committee was asked to (1) identify and
examine possible tactics, technologies, and operational con-
cepts that could provide tactical advantages similar to those
provided by APL by 2006; (2) suggest a near-term alterna-
tive technology, weapon system, or combination of systems
that could be derived from known, available systems or that
could provide a short-term solution if the recommended al-
ternative will not be available by 2006; and (3) describe how
the identified technologies and systems could be used
consistently with current tactical doctrine and operational
concepts or recommend changes in tactics or operational
concepts.  This report is the result of that study.

Political Context for the Study

The committee was asked to consider alternatives that
would provide tactical advantages to U.S. forces similar to
those provided by APL.  The committee also recognized that
it had an opportunity to recommend alternatives, especially
improved sensors and communications that would be more
militarily effective than current APL.  However, considering
the presidential policy and official statements regarding
APL, the committee recognized that one reason for the search
for alternatives was to enable the United States to accede to
the Ottawa Convention.  The committee made no judgment
as to whether the United States should accede to the Ottawa
Convention.

Conclusion 1.  The major reasons for seeking alternatives to
current antipersonnel landmines (APL) are humanitarian
concerns, compliance with the Ottawa Convention, and en-
hanced military effectiveness.  Indeed, this study would not
have been empanelled were it not for the Ottawa Conven-
tion.  The current inventory of self-destructing and self-
deactivating U.S. APL is militarily advantageous and safe.
They achieve desired military objectives without endanger-
ing U.S. warfighters or noncombatants more than other
weapons of war, but they are not compliant with the Ottawa
Convention.  However, humanitarian concerns and Ottawa
compliance are not always synonymous.  In fact, some of the
apparently Ottawa-compliant alternatives examined by the
committee may be less humane than present U.S. self-
destructing and self-deactivating landmines.

2 The convention does not prohibit command-detonated munitions, such
as the Claymore, although they are customarily described as APL.

3 The negotiators did not allow for the inclusion of self-destructing and
self-deactivating APL for several reasons.  These mines still fit the defini-
tion of APL, and no exceptions were to be made.  If an exception had been
made for these mines, primarily in the inventory of only the United States
and a few western European countries, exceptions might have had to be
made for weapon systems of other countries.

4 “Pure” APL are APL used alone and not as part of a mixed system.
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EXECUTIVE SUMMARY 3

Recommendation 1a.  If the decision is made to accede to
the Ottawa Convention, a transition period may be necessary
before implementation to maintain current U.S. military ca-
pabilities until suitable alternatives can be made available.
During that transition, existing self-destructing and self-
deactivating antipersonnel landmines should be retained,
both in their stand-alone form and as part of mixed systems.

Recommendation 1b.  Of the solutions not compliant with
the Ottawa Convention, simply retaining the current self-
destructing and self-deactivating mines would be the best
course of action.

COMMITTEE ASSESSMENTS

After reviewing the functions performed by landmines,
as well as the context within which these functions might be
needed now and in the future, the committee sought alterna-
tive ways of performing the same tasks.  The committee re-
viewed a broad variety of nonmateriel alternatives, includ-
ing innovative operational concepts and military tactics, and
materiel alternatives, such as weapon systems, nonlethal de-
vices, and improved sensors and communications.  The al-
ternatives considered included existing systems, concepts
under consideration or development, and new concepts.
Although a number of these ideas are not fully developed,
they might be a basis for new approaches for the future.

A prominent feature of many alternatives is the “man-in-
the-loop,” which ensures a positive identification of an in-
truder before a response element is activated.  The man-in-
the-loop concept envisions a soldier/operator positioned in
such a way that he can observe the minefield and determine
whether or not the intruder is a friend, an enemy, or a non-
combatant.  New technologies, especially improved sensors
and communications, would enable the soldier/operator to
make a faster, more accurate identification, which would be
beneficial for humanitarian purposes and would reduce frat-
ricide.  However, a man-in-the-loop also introduces a variety
of new vulnerabilities.

Conclusion 2. The rapid emergence of new technologies
after 2006 will create opportunities for the development of
systems that can outperform today’s antipersonnel landmines
and that would be compliant with Ottawa.

Recommendation 2a. The development of sensor-net tech-
nology should be pursued aggressively and eventually in-
corporated into a fully militarized, deployed system char-
acterized by networking, strong detection and tracking
capabilities, robustness, low power consumption, low cost,
covertness, low probability of intercept, easy deployment,
and disposability.

Recommendation 2b. Investments already being made in
new technologies for other purposes should be leveraged and
applied to the search for alternatives to antipersonnel
landmines.

Evaluation Methodology

Unfortunately, the committee did not have enough time
or resources to use independent modeling or simulations in
evaluating the alternatives.  Therefore, the committee devel-
oped a score sheet to assess systematically the effectiveness
of alternatives.  The resulting analysis is admittedly subjec-
tive, and the results are qualitative rather than quantitative.

Guided by the Statement of Task, the committee first
screened alternatives in terms of their availability by or be-
fore 2006.  Because 2006 is near, especially in terms of the
steps required for fielding an alternative system, and because
remarkable improvements in technology are forecast for the
near future, alternatives that might become available after
2006 were also considered.

Each of the alternatives was considered against a baseline,
depending on whether it was intended to be used against
dismounted or mounted targets.  The M14 and M16, current
APL that are nonself-destructing and require hand emplace-
ment, were used as the baseline for alternatives against dis-
mounted targets.  The Volcano (M87), a mixed system that
includes self-destructing APL to protect AT mines, was used
as the baseline for alternatives against mounted targets.

The committee used several criteria to judge the alterna-
tives against these baseline systems: military effectiveness;
humanitarian concerns; technical risk; tactics and operational
concepts; and cost.  To determine whether an alternative
would meet DOD’s military requirements, the committee
used the two mission need statements developed by DOD
for APL alternatives as a basis for assessing military effec-
tiveness.  The humanitarian intent of international agree-
ments such as the Ottawa Convention and the CCW
Amended Protocol II, although not specified in the State-
ment of Task, was an implicit basis for this study and was
also considered a criterion.  The committee also considered
the overall technical risk of an alternative, that is, whether
the technology could feasibly be developed and manufac-
tured.  The committee also indicated whether an alternative
would require a change in tactics and operational concepts.
The last criterion was cost.  Although the sponsor indicated
that cost should not be a driving factor in the selection of an
alternative, the committee decided a rudimentary consider-
ation of cost was necessary.

Table ES-1 lists all of the current systems and alterna-
tives considered by the committee.  Descriptions can be
found in the body of the report.  The alternatives that are
mentioned in the committee’s conclusions and recommen-
dations are described briefly below.

NONMATERIEL ALTERNATIVES

The committee first considered whether nonmateriel al-
ternatives, such as changes in tactics and operational con-
cepts, could fully compensate for the elimination of APL.
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4 ALTERNATIVE TECHNOLOGIES TO REPLACE ANTIPERSONNEL LANDMINES

TABLE ES-1 Current and Potential Systems Considered in This Report

System Name
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Alternatives Available Now
Claymore (M18) APL N L Y H E

Volcano (M87A1) AT Y L Y R E

Remote Antiarmor Mine System (RAAMS) AT Y L Y R E

Hornet/Wide Area Munition (WAM) AT Y L Y H E

Maverick (AGM-65) n/m N L Y R E

Longbow Hellfire (AGM-114) n/m N L Y R E

Sensor Fuzed Weapon (SFW) n/m N L Y R E

Sense and Destroy Armor Munition (SADARM) n/m N L Y R E

Brilliant Antiarmor (BAT) Submunition n/m N L Y R E

Alternatives Available by 2006
Hand-Emplaced Sensor Field (HESF) n/m n/a n/a Y H C

Nonself-Destructing Alternative (NSD-A)                  Track I APL Y L *** H D

Sphinx-Moder Perimeter Defense System APL N L Y H D

Multiple-Shot Claymore Mine APL N L Y H C

Bounding Nonlethal Munition (BNLM) n/m n/a N/L Y H D

Taser Nonlethal Munition n/m n/a N/L Y H D

Wide Area Munition Product Improvement Program (WAM PIP) AT Y L Y H D

Remote Area-Denial Artillery Munition (RADAM)     Track I Mix Y L N R R D

RAAMS Enhanced with Telemetry (RD Telemetry) AT Y L Y R C

Canister-Launched Area-Denial System  (CLADS)**** n/m n/a N/L Y R R D

Volcano-CLADS Mix Y L Y R R C

AT Pure-Modular-Pack Mine System AT Y L Y R C

AT Pure-Gator AT Y L Y R C

Dual-Purpose Improved Conventional Munition (DPICM) with
Random Fuzing (Popcorn)

Mix Y L Y R R D

Small Short-Duration Mine System (SSDMS) Mix Y L N R R O

Alternatives Available After 2006
Radio/Radar Sensor Munition System (RRASMS) APL Y L Y H C

Unmanned Remote Ambush System (URAS) APL Y L Y H C

Tags/Minimally Guided Munitions                             Track II n/m n/a n/a Y R D

Laser Radar-Directed Machine Gun (LDMG) n/m n/a L Y H C

Distributed-Sensor Antipersonnel “Minefield” n/m n/a L Y R C

Distributed Web Sensor Complex (DWSC) n/m n/a n/a Y R C

Raptor AT Y L Y R D/C

RAAMS Enhanced with Telemetry and Sensor Package (RD Sensor) AT Y L Y R C

Remotely Delivered Hornet/WAM (RD-WAM) AT Y L Y R C

Self-Healing Minefield                                                Track II AT Y L Y R D

BAT Antiarmor Munition (BATAAM) AT n/a L Y H C

Early Warning Subsystem for Remotely Delivered AT Minefields
(EWSS)

n/m n/a n/a Y R C

RAAMS with Nonlethal Capability (RAAMS-NL) Mix Y N/L Y R C
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EXECUTIVE SUMMARY 5

Conclusion 3. By 2006, alternative tactics or operational
concepts could not, on their own, provide tactical advan-
tages similar to those provided by antipersonnel landmines,
without a significant increase in force structure.  In certain
situations, however, some nonmateriel alternatives might be
useful: increased reconnaissance forward; more soldiers or
weapon systems in a given battlefield area; more command-
detonated Claymores to protect against a dismounted enemy;
antitank mines remotely delivered “just in time” to support a
maneuver and inhibit the enemy’s ability to breach; and
speed, mobility, and offensive tactical operations.

MATERIEL ALTERNATIVES

Alternatives Available Today

Of the five APL currently in the U.S. arsenal, only the
Claymore, which is activated by a man-in-the-loop, can be
used under the terms of the Ottawa Convention.  All three

existing AT mines are usable under the Ottawa Convention,
but APL munitions could not be used to protect them.

In addition to landmines, several other systems have been
proven effective against tanks and large ground vehicles.  All
of these are air-delivered, precision weapons, however, and
probably could not be rapidly delivered on target.  Each of
these alternatives fell well short of meeting the military ef-
fectiveness criteria compared to the Volcano baseline.  Al-
though not included in the scoring criteria, the committee
was also concerned about the unintended consequences of
unexploded ordnance that might result from these weapons.
These residual effects could be worse than those of self-
destructing and self-deactivating APL.

Alternatives Available by 2006

Between now and 2006, many innovations will be made
in weapons technology and sensors and communications.
Alternatives that use these technologies will feature new
characteristics, such as separation of sensors and kill

TABLE ES-1 Continued

System Name
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Existing Mine Systems*****
M14* APL N L N H E

M16 APL N L N H E

Claymore (M18) APL N L Y H E

Pursuit-Denial Munition (PDM) APL Y L N H E

Ground-Emplaced Mine Scattering System (GEMSS) Mix Y L N R R E

Modular-Pack Mine System (MOPMS) Mix Y L N H H E

Area-Denial Artillery Munition (ADAM) APL Y L N R E

Remote Antiarmor Mine System (RAAMS) AT Y L Y R E

Gator Mix Y L N R R E

Hornet/Wide Area Munition (WAM) AT Y L Y H E

Volcano (M87) Mix Y L N R R E

Volcano (M87A1) AT Y L Y R E

Key:  SD/SDA = self-destructing/self-deactivating, APL = antipersonnel landmine, AT = antitank landmine, mix = combination
of APL and AT, n/m = nonmine, n/a = nonapplicable, N = no, Y = yes, L = lethal, N/L = nonlethal, R = remotely delivered, H =
hand emplaced, E = existing system, C = committee concept, D = in development, O = other.

*Systems in bold italics would be unavailable if the United States ratifies the Ottawa Convention.

**Compliance is based on the definition in the Ottawa Convention.

***Ottawa compliance would depend on whether the battlefield override switch was part of the design.

****This system is assumed to be used alongside AT mines.

*****Existing mine systems are discussed in Appendix C.
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6 ALTERNATIVE TECHNOLOGIES TO REPLACE ANTIPERSONNEL LANDMINES

mechanisms and improved communications between sensors
and soldiers.  However, unless DOD gives these new tech-
nologies a very high priority, six years will not be long
enough for the weaponization of any innovative technology.

Alternatives for Use Against Dismounted Targets

The committee evaluated six alternative deterrents to dis-
mounted threats, four of which are described below: the
Nonself-Destructing Alternative (NSD-A) Program; the
Hand-Emplaced Sensor Field (HESF); the Bounding Non-
lethal Munition (BNLM); and the Taser nonlethal munition.

The DOD Track I concept, NSD-A, whose man-in-the-
loop design makes the system Ottawa compliant, has a high
potential of providing tactical advantages for U.S. forces
similar to those provided by current M14 and M16 APL.  To
be available for implementation by 2006, this system would
require concerted, aggressive development and a streamlined
acquisition process.  Enhancements to the NSD-A system,
such as additional sensors and nonlethal elements, could be
added over time.

The DOD must also decide whether or not to include a
capability in the software design of the NSD-A5 to permit
the soldier/operator to put the system in an autonomous
mode.  This capability has been referred to as the “battlefield
override switch.” With this feature engaged, the man-in-the-
loop would no longer be necessary to activate the munition,
which would become a conventional, target-activated, self-
destructing APL.  The committee recognized that the NSD-
A with the switch would provide greater military flexibility
in responding to an intruder.  However, the committee con-
cluded that the NSD-A without a battlefield override switch
would have significant tactical advantages over the existing
M14/M16 APL and would reduce the potential for fratricide
and noncombatant casualties.

Conclusion 4. For use against dismounted forces, the Track
I alternative to nonself-destructing landmines (NSD-A)
could provide, by 2006, similar or enhanced tactical advan-
tages for U.S. forces as compared to those provided by
current nonself-destructing antipersonnel landmines.  The
battlefield override switch, a software capability that allows
the system to operate autonomously, is highly contentious
because, as presently designed, it would render the NSD-A
non-Ottawa compliant.  Even though the timing of a decision
on the switch or other programmatic delays could jeopardize
the timeline, the NSD-A system appears to be technically
mature enough to be available by 2006.  This weapon system
could be greatly enhanced in the future by planning for the
inclusion of additional sensors, nonlethal elements, and an
Ottawa-compliant battlefield override capability.

Recommendation 4a. The development and production of
the Track I alternative to nonself-destructing landmines
(NSD-A) system should be aggressively pursued to ensure
its availability by 2006.

Recommendation 4b. Two suites of weapon software
should be developed simultaneously in preparation for a
presidential decision concerning the Ottawa Convention.  If
compliance with the Ottawa Convention were desired, the
battlefield override switch, as currently designed, would not
be used in the production of the NSD-A.  If the president
decides that other considerations outweigh Ottawa compli-
ance, the option of retaining the switch would be available.
In any case, Ottawa-compliant variations to the battlefield
override switch should be explored to provide the United
States with greater flexibility.

The HESF could exploit the effectiveness of current
weapons by providing early warning and enabling man-in-
the-loop control.  The sensor field would be a combination
of sensor technologies, including existing military systems,
off-the-shelf technologies, and sensors being actively devel-
oped by the military science and technology community.
The operator and his chain of command would respond
to confirmed enemy targets with an appropriate kill
mechanism.

Recommendation 4c. Sensor technology should be lever-
aged immediately to develop sensor systems to improve a
soldier’s ability to discriminate among friends, foes, and
noncombatants in all terrain and all weather conditions at
much greater battlefield ranges.

Two promising nonlethal alternatives, the BNLM and the
Taser nonlethal munition, were also considered as deterrents
to dismounted threats.  Both weapons could be developed
eventually as remotely delivered devices to provide protec-
tion against dismounted breaches of AT minefields.  Non-
lethal alternatives are described and assessed later in this
summary.

Alternatives for Use Against Mounted Targets

The committee compared nine alternatives to the Vol-
cano M87 baseline, four of which are discussed below: the
Remote Antiarmor Mine System (RAAMS) enhanced with
telemetry (RD-Telemetry); the Hornet/Wide Area Munition
(WAM) Product Improvement Program (PIP), the WAM
PIP; the Remote Area-Denial Artillery Munition (RADAM);
and the Canister-Launched Area-Denial System (CLADS).
The committee was also provided with descriptions of sys-
tems under consideration by DOD as part of the Track III
search for alternatives.  None of these systems had been
developed enough to be assessed, although several did
appear to be promising.  Because of the need to protect pro-
prietary information, none of them is described here.

5 A separate study is under way by an office within DOD to assist with
this decision.

Copyright © National Academy of Sciences. All rights reserved.

Alternative Technologies to Replace Antipersonnel Landmines 
http://www.nap.edu/catalog/10071.html

http://www.nap.edu/catalog/10071.html


EXECUTIVE SUMMARY 7

One concept developed by the committee was the
RD-Telemetry (RAAMS enhanced with telemetry).  This
concept would involve upgrading the existing RAAMS
projectile, which contains AT mines, with a subminiature
telemetry and communications package that could calculate
the precise locations of dispensed mines and send the infor-
mation back to friendly forces.  Although significant research
and development would be necessary, the technology might
be useful not only for RD-Telemetry, but also for other
submunitions.

The system the committee considered the best alternative
against a mounted enemy that might be available by 2006
was the Hornet/WAM PIP.  This two-phased, evolutionary
improvement program for the existing Hornet/WAM would
add a man-in-the-loop to control the minefield, better sen-
sors to improve target detection, and an improved dual-
purpose warhead.  The WAM PIP’s much greater kill-radius
would provide military advantages over the baseline Vol-
cano M87.  The disadvantages of this mine are its large size
and that it cannot be remotely delivered.

Conclusion 5. Under current policy, no fully equivalent al-
ternative to mixed systems is likely to be available by 2006.
Other than the Track III search for an alternative, little is
being done that could lead to the fielding of a satisfactory
alternative.  The Hornet/Wide Area Munition (WAM), with
its large lethal radius and antihandling device, could replace
most of the tactical functions currently provided by mixed
systems but has no remote delivery capability.  If a satisfac-
tory remote delivery capability could be developed by 2006,
the Hornet/WAM appears capable of performing the mixed-
minefield mission satisfactorily.

Recommendation 5a. Promising Track III concepts should
be developed into weapon system programs.  The develop-
ment of any of these concepts by the 2006 deadline, how-
ever, would require that considerable additional resources
be allocated for development and procurement.

Recommendation 5b. The feasibility, cost, and schedule of
providing a remote delivery option for the Hornet/Wide Area
Munition should be investigated.  Shock hardening of the
mine to withstand the impact of remote delivery appears to
be an Ottawa-compliant, low-risk solution to current mixed
minefields.

One mixed system considered by the committee was
RADAM (Remote Area-Denial Artillery Munition), a con-
cept under development by the DOD Track I.  The RADAM
would combine existing Remote Antiarmor Mine System
(RAAMS) AT mines and the Area-Denial Artillery Muni-
tion (ADAM) APL, which are now fired separately, into one
projectile.  This would necessarily reduce the number of AT
mines per projectile, so more projectiles might be required
to cover a given area.  Although APL in mixed systems are

acceptable under current presidential policy, they would not
comply with the Ottawa Convention.  Until another alterna-
tive is developed, using ADAM and RAAMS together, rather
than developing RADAM, would be a better way to main-
tain the mixed capability of artillery-delivered scatter-
able mines.

Conclusion 6. The Remote Area-Denial Artillery Munition
(RADAM), a mixed system, provides little or no military
advantage over the combined use of the Remote Antiarmor
Mine System (RAAMS) and the Area-Denial Artillery Mu-
nition (ADAM).  Because RADAM would be no more com-
pliant with the Ottawa Convention than the ADAM/RAAMS
combination, funding for its development could be better
spent on accelerating the development of an Ottawa-compliant
alternative.  If DOD determines that an artillery-delivered
mixed system must be maintained, there are two options:
(1) request a change in presidential policy to allow the con-
tinued use of ADAM to be fired in tandem with RAAMS; or
(2) develop RADAM.  The latter option would require taking
the Ottawa-compliant RAAMS out of the inventory to create
a new non-compliant munition.

Recommendation 6. Until a long-term solution can be de-
veloped, the Area-Denial Artillery Munition (ADAM)
should be retained in the inventory for use with the Remote
Antiarmor Mine System (RAAMS).  Production of the Re-
mote Area-Denial Artillery Munition (RADAM) should be
halted and funding redirected toward the development of
long-term alternatives for mixed systems.

The nonlethal CLADS, a joint Army-Marine Corps non-
lethal program currently on hold, was evaluated both as a
weapon launched separately from AT mines and as part of a
mixed system in the same canister as Volcano AT mines.
CLADS emits an audible warning signal and projects rubber
balls when activated by a trip wire.  In general, CLADS is a
promising, nonlethal APL alternative that may provide some
protection for AT minefields from dismounted breaches.

Conclusion 7. Although nonlethal variants by themselves
cannot replace antipersonnel landmines, they would be use-
ful in certain military operations.  U.S. forces will face a
broad range of potential scenarios in the future, from peace
operations to intense full combat.  With nonlethal variants,
U.S. forces could mount a graduated response in situations
where the threat is unclear, such as peace operations, or if
large noncombatant populations were in the immediate tac-
tical area.  Nonlethal weapons have several advantages: they
can be used in a broad variety of circumstances; they can be
triggered automatically; and they do not require man-in-the-
loop operation to be Ottawa compliant, which could improve
the timeliness of a response and lessen the burden on the
soldier/operator.
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8 ALTERNATIVE TECHNOLOGIES TO REPLACE ANTIPERSONNEL LANDMINES

Recommendation 7. The development of nonlethal variants
to support antipersonnel landmine alternatives should be
emphasized.  Funding should be restored and development
accelerated for the nonlethal Canister-Launched Area-Denial
System (CLADS).  The CLADS munition should then be
integrated into Volcano (M87A1) canisters to provide a mix
of antitank and nonlethal antipersonnel munitions.

Alternatives Potentially Available After 2006

Only well after 2006 will accelerated advancements in
technology lead to truly innovative alternatives to APL.  As
sensor technologies mature into reliable systems of systems,
multidimensional sensor networks will become available,
which will dramatically improve situational awareness on
the battlefield.

Conclusion 8. After 2006, improvements in the tactical ef-
fectiveness of existing or proposed remotely delivered anti-
tank (AT) landmines ought to be technologically feasible,
which could eliminate the need for mixed systems.  Future
systems that separate the sensor from the shooter could be
improved by multiple means of remote deployment and re-
sistance to countermeasures through signature reduction and
other techniques.  Track III programs, like the Track I initia-
tive, will require concentrated effort and stable funding.  In
the long term, the emergence of new technologies, such as
the ability to distinguish accurately between combatants and
noncombatants, will provide opportunities for the develop-
ment of systems that can outperform today’s antipersonnel
landmines.

Alternatives for Use Against Dismounted Targets

The committee considered five systems that should be
available after 2006 for use against dismounted targets.
When measured against the M14/M16 baseline, they all ap-
peared to meet both the military and humanitarian re-
quirements.  All of these systems involved a combination of
sensors, communication to a man-in-the-loop, and kill
mechanisms.  Given their preliminary state of development,
the committee did not make any specific recommendations
regarding these systems.

Alternatives for Use Against Mounted Targets

The committee considered eight systems that might be
available after 2006 for use against mounted enemies.  The
concepts included enhancing current AT mines by adding
nonlethal devices, such as Tasers, to protect them from be-
ing breached, or a telemetry and sensor package that could
provide near real-time knowledge of the location of scat-
tered minefields or of a breach attempt.  The committee also
considered the Raptor, a smart, autonomous, AT system

already in development that will improve situational aware-
ness and provide targeting information to other weapons,
such as the Hornet/WAM.

Recommendation 8a. The Army should proceed rapidly
with plans for modernizing existing remotely delivered pure
antitank landmine systems, such as the Remote Antiarmor
Mine System (RAAMS) and Volcano (M87A1), by incorpo-
rating other technologies, including sensors, precision loca-
tors, and nonlethal devices.

The Self-Healing Minefield concept, a DARPA Track II
program, is an intelligent distributed network of mines with
decentralized control.  The individual mines detect breach-
ing attempts through mine-to-mine communications and au-
tomatically react by moving to fill gaps in the minefield.
This innovative system is unlikely to be available in less
than 10 years.

Recommendation 8b. The development of the Self-Healing
Minefield concept, which automatically reacts to any breach-
ing attempt by refilling gaps, should be experimentally
evaluated to determine its operational effectiveness.

The Distributed Web Sensor Complex (DWSC), the fo-
cus of a U.S. Army science and technology program, is a
sensor network that would exploit future ground-based and
air-based combat systems.  The concept envisions deliver-
ing, by artillery or air, hundreds, or even thousands, of small,
expendable sensors over a wide area.  Because the DWSC
exploits the capabilities of future combat systems and does
not require a dedicated kill mechanism, it appears to be one
of the most effective future systems, and it scores very high
in the military effectiveness category.

Other Considerations

The committee was briefed by representatives of organi-
zations, inside and outside DOD, on concepts and technolo-
gies being developed for other purposes, such as non-mine
systems, sensors for other defense purposes, and commer-
cial devices.  Any of these technologies could be leveraged
to provide elements of future alternatives to APL.

Recommendation 8c. Several other technologies or systems
already under development for other purposes should be con-
sidered as potential components of long-term alternatives to
antipersonnel landmines, including unmanned air and ground
vehicles, directed-energy weapons, battlefield sensory-
illusion devices, passive transponders (e.g., tags), and other
lethal and nonlethal systems.

Because U.S. APL, other than some of those used in
Korea, are self-destructing and self-deactivating, they do not
present as great a danger to noncombatants as do other APL.
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Nor do they leave battlefield residue that may inhibit post-
war reconstruction.  For the safety of both U.S. forces and
noncombatants, DOD should consider making other non-
recoverable explosive munitions self-destructing and self-
deactivating.

Conclusion 9. The self-destructing and self-deactivating
capability of today’s U.S. scatterable landmines, used in ac-
cordance with international law, is a desirable operational
capability because it (1) increases maneuver options and

(2) addresses humanitarian concerns by reducing residual
explosive hazards.

Recommendation 9. Any nonrecoverable, explosive alter-
native to antipersonnel landmines should have self-
destructing and self-deactivating fuzes to meet operational
requirements, address humanitarian concerns, and reduce
fratricide among friendly troops.  The U.S. government
should consider equipping all nonrecoverable explosive
munitions with similar technologies.
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1

Introduction

Antipersonnel landmines (APL), an often low-
technology, inexpensive staple of armies around the world,
became the center of international controversy as the twenti-
eth century drew to a close.  On one side of the debate were
the military utility of APL and doubts about the feasibility of
controlling their use; on the other side were the tragic
residual humanitarian effects of APL.  In December 1997,
122 countries signed the Convention on the Prohibition of
the Use, Stockpiling, Production and Transfer of Anti-
Personnel Mines and on Their Destruction, known as the
Ottawa Convention, banning APL (see Appendix E for text).
The Clinton administration announced, “The United States
will sign the Ottawa Convention by 2006 if we succeed in
identifying and fielding suitable alternatives to our anti-
personnel landmines and mixed antitank systems by then”
(Berger, 1998).  Since then, the United States has destroyed
millions of APL that did not have self-destructing or self-
deactivating devices.  In addition, in accordance with Presi-
dential Decision Directive 64, pure APL (i.e., those that are
not part of a mixed APL-antitank [AT] mine system) cannot
be used outside Korea after 2003.  In the meantime, the
United States is searching for alternatives.  This National
Research Council1 study was part of the U.S. government’s
efforts to determine if and when alternatives will be available.

The Committee on Alternative Technologies to Replace
Antipersonnel Landmines was created for the purpose of
(1) identifying and examining possible tactics, technologies,
and operational concepts that could provide tactical advan-
tages similar to those provided by APL by 2006; (2) suggest-
ing a near-term alternative technology, weapon system, or
combination of systems that could be derived from known,
available systems or that could provide a short-term solution

if the recommended alternative will not be available by 2006;
and (3) describing how the identified technologies and
systems could be used consistently with current tactical
doctrine and operational concepts or recommending changes
in tactics or operational concepts.

This chapter provides background information on the de-
velopment and use of landmines, including their use by the
U.S. military.  It then describes the residual hazards
landmines may pose to noncombatants during and after com-
bat and to postwar relief and recovery activities.  Various
international agreements relating to the use of APL and the
evolution of U.S. policy are reviewed as a context for brief
descriptions of efforts to identify alternatives.  The State-
ment of Task for this study, a description of the committee
process, and a road map for the report are provided at the end
of the chapter.

DEFINITIONS

Several accepted definitions for APL are currently in use,
leading to confusion over whether a specific APL is compli-
ant with the Ottawa Convention or not.  The subtleties and
implications of the definitions continue to be the subject of
diplomatic and scholarly debate.  The U.S. Army doctrinal
manual on landmines, Field Manual 20-32, Mine/Counter-
mine Operations, uses the following definition:

A landmine is an explosive device that is designed to destroy or
damage equipment or personnel.  Equipment targets include ground
vehicles, boats, and aircraft.  A mine is detonated by the action of its
target, the passage of time, or controlled means.  There are two types
of land-based mines—AT [antitank] and AP [antipersonnel].  (U.S.
Army 1998b)

Definitions in various treaty documents that specifically
address APL are shown in Box 1-1.

For the purposes of this study, the committee used the
definition found in the Convention on Conventional Weap-
ons (CCW), Amended Protocol II, an international conven-
tion that has been signed and ratified by the United States

1 The National Research Council is the operating arm of the National
Academy of Sciences, the National Academy of Engineering, and the Insti-
tute of Medicine.  Together these institutions are known as the National
Academies.

The Union Army of the Potomac was pressuring Confederate forces retreating from Yorktown. . . .
Suddenly a series of shells exploded beneath the hooves of Federal horses.  Pandemonium erupted as
many whole Union companies bolted in panic. (Robbins, 1997)
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(see Appendix E for text).  APL that are part of mixed sys-
tems fall under this definition; antihandling devices2 do not.

HISTORY OF MINES

The use of mine-like devices has a long history in mili-
tary operations,3 but widespread concerns have arisen only
recently, primarily because of the increasing proliferation of
mines.  A tenet of military operations is to force the enemy
into a disadvantageous position by controlling terrain and
the situation on the battlefield while conserving combat
power.  Ideally, all weapons used in war are designed to
provide friendly forces with maximum flexibility and to in-
flict maximum damage on the enemy.  In recent years, a
concerted effort has been made to reduce the effects of all
weapons on noncombatants—so-called collateral damage.

The first landmines in the West (in the sixteenth century)
required high maintenance and were susceptible to damp-
ness.  By the nineteenth century, the availability of explosive
shells and the invention of the percussion cap enabled the
development of more water-resistant mines (Schneck, 1998).

APL were first used in the American Civil War by the
Confederate Army during the Peninsula Campaign of 1862.
Developed by Brigadier General Gabriel Rains and known
as land “torpedoes” or as the subterra explosive shell, these
APL would explode when a soldier (or a horse or wagon)
stepped on the fuze.  Although they were decried by General
McClellan of the Union Army, similar devices were used by
General Sherman during his March to the Sea.  The idea of
marking mines with small flags planted 10 feet in front of
them on the defender’s side was introduced at this time.
Explosive mining tunnels under fortified positions were used
at Vicksburg in 1863 and again at Petersburg in 1864.  U.S.
armies did not use mines again for 76 years (Croll, 1998).

Landmines were used between 1865 and 1914 by Prussia
(1870), the British (in numerous colony wars), and Russia
(1904).  In response to the introduction of tanks by the Brit-
ish in World War I, the Germans fabricated explosive AT
mines, improvised in the field from artillery projectiles.
Later, mines were mass-produced to improve their effi-
ciency.  By the end of the war, both sides had a small inven-
tory of AT mines (Croll, 1998).  As early as 1918, the Ger-
mans had developed a methodology for laying minefields in
a pattern, marking and recording them, and protecting them
with observation and small-arms fire.  Soon thereafter, the
Allies also initiated a doctrinal requirement that minefields
be marked and recorded.

In World War II, landmines were widely used as a
counterforce to the inherent mobility of large armored for-
mations.  Concurrently, smaller APL were developed to dis-
courage foot soldiers from disabling the AT mines4 and for
use in terrain where infantry forces predominated.

The Germans, who developed extensive mine warfare
practices based on their antitank operations in World War I,
had refined their methods for laying mines during the inter-
war period.  Mines were typically laid in a uniform pattern;
the friendly side of a minefield was usually marked, as were
lanes and cleared areas; and locations of minefields were
recorded.  The minefields were observed and protected with
covering fire from antiarmor weapons, small arms, and
artillery.

Although no new aspects of mine warfare were introduced
in the Korean War, the lessons learned in World War II were
tested and affirmed.  Mines were used during the Korean
Conflict to cover withdrawals and to reinforce defenses.
However, United Nations forces did not always mark and
record minefields, which sometimes resulted in casualties to
friendly forces crossing unmarked minefields.  In some

BOX 1-1

Definitions of Antipersonnel Landmines

Convention on Conventional Weapons (CCW),
Amended Protocol II
Antipersonnel mine means a mine primarily designed to be ex-
ploded by the presence, proximity, or contact of a person and that
will incapacitate, injure, or kill one or more persons

Ottawa Convention
Antipersonnel mine means a mine designed to be exploded by the
presence, proximity, or contact of a person and that will incapaci-
tate, injure, or kill one or more persons.  Mines designed to be
detonated by the presence, proximity, or contact of a vehicle, as
opposed to a person, that are equipped with antihandling devices
are not considered antipersonnel mines as a result of being so
equipped.

2 Antihandling devices perform the function of a mine fuze if someone
attempts to tamper with the mine.  They are intended to prevent someone
from moving or removing the individual mine, not to prevent reduction of
the minefield by enemy dismounts.  An antihandling device usually con-
sists of an explosive charge that is connected to, placed next to, or manufac-
tured in the mine.  The device can be attached to the mine body and acti-
vated by a wire that is attached to a firing mechanism.  U.S. forces can use
antihandling devices only on conventional AT mines (U.S. Army, 1998b).

3 As early as the ninth century B.C., the Assyrian army dug tunnels under
walls and fortifications, creating breaches when the wooden beams support-
ing the tunnels were set on fire and the ground above them collapsed.  The
development of gunpowder by the Chinese in the ninth century and its later
production and use in Europe led to more effective mining (Schneck, 1998).
The term “mines” in reference to an explosive charge in or on the ground is
derived from these tunneling (or mining) activities. 4 This action has come to be called a dismounted breach.
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cases, unguarded minefields were removed and reused by
the enemy against United Nations forces (Roy and Friesen,
1999).  Allied forces found that they could not always stop
waves of attackers willing to take the significant casualties
caused by forcing their way through an active minefield.
After the war, the U.S. military called for a light APL that
would guarantee casualties, which led to the development of
the M14 pressure mine and the M18 (Claymore) (Croll,
1998).  United Nations forces were confident of the efficacy
of using APL to supplement other, more lethal means of
defense (Roy and Friesen, 1999) and South Korean and
American forces laid extensive minefields on the border
between North and South Korea to deter or delay an inva-
sion.  The growing importance of landmines was also evi-
denced by the emphasis on them in military field manuals
written after the Korean War.  Many also believed that mines
could help stop invading Warsaw Pact armies if a war broke
out in Europe.

The developments in mine warfare after World War II
and Korea, especially the use of protective minefields to
guard well defined areas, such as borders, were of little use
to the United States in Vietnam.  Vietnamese, U.S., and al-
lied forces operated from base camps or fortified enclaves
throughout the country, but the insurgents, and later the
North Vietnamese, moved throughout the countryside.  De-
pending on the enemy’s objectives, the terrain, and other
factors, he was capable of conducting both standoff attacks
and ambushes.

When U.S. combat units arrived and established base
camps, minefields were emplaced in many locations to pro-
vide security perimeters.  These minefields were a combina-
tion of conventional nonself-destructing APL (i.e., M14s and
M16s), trip flares, and Claymores (M18s).  In some cases,
improvised mines were also used.  Within a short time, be-
cause of the buildup of forces, many base camp perimeters
were expanded, which necessitated the clearance or isola-
tion of previously emplaced APL.  U.S. forces also aggres-
sively patrolled outside their base camps, which posed the
problem of crossing defensive minefields.  Therefore, early
in the war, the use of APL in large defensive minefields
around U.S. base camps was drastically reduced.  Later, dur-
ing the Vietnamization of the war, when the United States
had become less active offensively, mines were again used
to protect bases and camps.

The APL most used by U.S. and allied forces in Vietnam
was the M18 series Claymore, used extensively around base
camps and to protect positions established in the field, as
well as on ambushes by all combat units.  The Claymore was
a basic component of every infantryman’s gear.

Although the United States developed several experimen-
tal mines specifically for use in Vietnam, none was perma-
nently adopted.  For example, the XM-61, a linear explosive
charge (similar to detonating cord) wrapped at intervals with
a fragmentation sleeve, was developed for use as a com-
mand-detonated mine along trails during ambushes.  Several

air-delivered mines were also introduced, including the
“Gravel Mine” (XM42 mine dispensing system), the
BLU-42/B APL, BLU-43/B APL, and the BLU-45 (the first
scatterable AT mine).  The BLU-43/B, also called the
“Dragontooth,” was filled with liquid explosive and deto-
nated by the application of about 7 kilograms of weight.
Although the BLU 43/B was never adopted as a standard
service item by the United States, it was copied by the Sovi-
ets (PFM-1 and PFM-1S, called the Butterfly) and used in
large quantities in Afghanistan.

A major challenge for U.S. forces in Vietnam was
countermine activities to minimize the use of mines by en-
emy forces.  Mines became a constant threat during U.S.
convoy operations to resupply base camps.  Command-
detonated mines, either locally fabricated or made from
unexploded ordnance, such as artillery projectiles and aerial
bombs, were buried beneath and alongside roads.  Finding
them and removing them was a daily challenge.

The Viet Cong made extensive, effective use of mines
and booby traps to protect their base areas and target paths
and roads.  Like the Irish Republican Army later in Northern
Ireland, the Viet Cong used command-detonated and timer-
detonated mines in populated areas as terrorist weapons
against military and civilian targets.  North Vietnamese
Army units used mines in generally the same way as their
Viet Cong counterparts.  By most accounts, this use of mines
and booby traps inflicted a much higher percentage of casu-
alties in Vietnam than it did in World War II or Korea and
had even more significant psychological effects.5

In the limited wars of the 1970s and 1980s, landmines
continued to be used, sometimes effectively and sometimes
not.  Guerilla forces in Mozambique, Angola, and Rhodesia
showed that mines could be used effectively for “unconven-
tional” warfare, to instill terror in the population or to force
migrations by making an area uninhabitable.  The speed of
operations during the Yom Kippur War (1973) demonstrated
that traditional minefields or mine tactics could sometimes
be a hindrance to one’s own movements.  Subsequently,
many countries began working to improve their mines for
use in rapidly paced operations.

In the early 1980s, the first self-neutralizing systems with
a selection of self-destruct times were deployed.  The Ital-
ians developed helicopter-delivered, scatterable mine sys-
tems.  Although these were an improvement over manually
placed mines, the helicopters were susceptible to ground fire.
From these early systems, the United States developed the
“family of scatterable mines” (FASCAM), which can be de-
livered by ground launcher, helicopter, fixed-wing aircraft,

5 According to sources cited by Roy and Friesen (1999), wounds and
deaths in Vietnam from mines and booby traps were 11 percent and
15 percent, respectively, of all casualties in Vietnam, compared with 3 to
4 percent in World War II and Korea.  The authors also quote one account
of small unit actions in Vietnam: “The enemy they found hardest to combat
was not the VC; it was mines.”
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or artillery.  FASCAM devices that can be deployed rapidly
and have self-destructing/self-deactivating mechanisms have
been integrated into current U.S. doctrine for fast-paced,
maneuver warfare.

The FASCAM were first deployed during the Gulf War
ahead of and behind Iraqi positions to prevent the movement
of forces.  They were also used against airfields and storage
facilities for chemical weapons.  The Iraqis, drawing in part
on their experience in the war with Iran in the 1980s, began
laying extensive, traditional minefields of both AT mines
and APL immediately after their occupation of Kuwait.  The
coalition forces, in turn, made extensive preparations to deal
with the minefields by eliminating Iraqi overwatching fires
and by thoroughly preparing to conduct countermine opera-
tions.  The offensive campaign plan was built around coun-
tering the Iraqi minefields and effectively neutralized their
impact on coalition forces.  As a result, the Iraqis were un-
able to stop, or even appreciably slow, the ground attack
against them.  Success was attributed to many factors, in-
cluding the coalition’s ability to survey minefields and ex-
ploit their weaknesses and the Iraqis’ inability to observe
and defend their barriers.

RESIDUAL HAZARDS OF MINES

Nonself-destructing landmines, even when used accord-
ing to the generally accepted Western doctrine of marking
and recording minefields, can continue to pose hazards after
conflicts have ended.  The danger of nonself-destructing
mines is part of the more general problem of unexploded
ordnance, although hazards from landmines are particularly
serious because they are target activated.  In 1960, five Civil
War era landmines found in Alabama were determined to be
capable of exploding on contact.  Since the 1940s, several
active mines from World War II have been found each year
scattered throughout Western Europe.  After the Gulf War,
landmines posed a hazard for both soldiers and civilians.
Unfortunately, until the 1980s, most mines were not self-
deactivating or self-destructing.

The adoption of self-destructing and self-deactivating de-
vices by the United States, which, when used in accordance
with accepted international practice, can largely eliminate
residual hazards, was copied only by its NATO allies and a
few other countries.6 Therefore, the bulk of the mines in use
around the world are still nonself-deactivating or nonself-
destructing APL.  Because they are cheap and easy to obtain,
they are especially attractive to regional and nonstate
belligerents.

It is impossible to estimate accurately the number of
landmines around the world today.  The Office of Humani-
tarian Demining Program of the U.S. Department of State
has used the figure of 60 to 70 million landmines in more

than 60 countries, mostly in Africa, the Middle East, South-
east Asia, South America, and Latin America.  The Interna-
tional Committee of the Red Cross estimates that during the
late 1980s and early 1990s landmines killed or maimed more
than 25,000 people each year (Patierno, 2000a).  However,
this figure may include a large number of casualties caused
by unexploded ordnance.

In addition to causing casualties, the presence of land-
mines can also seriously inhibit relief efforts during con-
flicts and resettlement and reconstruction after conflicts are
over.  Mine-infested land creates refugees and prevents the
resettlement of people who fled during the conflict.  Even a
suspicion that fields are mined may render them unusable.  If
a country’s infrastructure (roads, bridges, and railroads) has
been mined, economies are much more difficult to rebuild.
The burden of uncleared landmines on war-devastated coun-
tries was a major motivation for trying to prevent the em-
placement of new mines.  For many international organiza-
tions, governments, and nongovernmental organizations, the
humanitarian costs of mines outweigh their military
advantages.

INTERNATIONAL INSTRUMENTS

For centuries the international community has attempted
to minimize unnecessary wartime suffering by combatants
and noncombatants alike.  Beginning in the mid-1800s, the
increasing destructiveness of weapons made possible by in-
dustrialization made the problem more urgent.  The 1864
Geneva Convention for the Amelioration of the Condition of
the Wounded in Armies in the Field introduced principles
upheld in later Geneva Conventions that the wounded be
treated humanely regardless of nationality and that medical
personnel and units be regarded as neutral.  In 1899, and
again in 1907, the Hague Peace Conferences reaffirmed the
laws and customs governing land warfare.  As warfare was
extended to the air, concerns about the treatment of civilians
in enemy territory increased, and in 1949 the international
community addressed the issue of the safety of noncomba-
tants in the Geneva Convention (IV) Relative to the Protec-
tion of Civilian Persons in Time of War (ICRC, 1949).

Throughout this report, the committee uses the term hu-
manitarian, which can be construed to have more than one
meaning.  The principal meaning is the effort to protect non-
combatants from the effects of wartime weapons.  As, a cor-
ollary, humanitarian also refers to compliance with the inter-
national agreements limiting or banning mines.  The
humanitarian intent of these instruments was the basis for
the committee’s development of the humanitarian criteria
for alternatives to APL described in Chapter 4.

Convention on Conventional Weapons

From time to time, the international community has at-
tempted to regulate the possession or use of a weapon or

6 This has been attributed to their greater complexity and higher produc-
tion and acquisition costs.
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even to ban it completely.  The 1996 Chemical Weapons
Convention and the 1972 Biological and Toxin Weapons
Convention are recent examples of the prohibition of a
weapon.  The 1980 Convention on Prohibitions or Restric-
tions on the Use of Certain Conventional Weapons Which
May Be Deemed to Be Excessively Injurious or to Have
Indiscriminate Effects (CCW) was the first international
treaty to attempt to regulate the use of landmines specifi-
cally.  The Protocol on Prohibitions or Restrictions on the
Use of Mines, Booby-traps and Other Devices (Protocol II)
proscribed the use of APL against civilians or in areas of
civilian settlement, as well as their indiscriminate use (i.e.,
not directed at a military objective).  The CCW required
accurate recording of all mines to facilitate their removal,
and prohibited the use of remotely delivered mines unless
they had neutralizing mechanisms or their locations could be
accurately recorded.  The protocol also called for agreements
after the cessation of hostilities, among the parties to the
conflict and with other states and international organizations,
as necessary, to remove all mines or render them ineffective.
Shortcomings of the protocol included: (1) it was not appli-
cable to internal conflicts; (2) it did not provide a probation
period for modifying non-detectable APL, and (3) it did not
cover long-lived APL (Matheson, 1999).

After an extensive review of the CCW, an amended
landmine protocol was issued in May 1996 addressing these
shortcomings (see Appendix E for the text).  Amended Pro-
tocol II, which entered into force on December 3, 1998, dis-
tinguishes between APL and AT mines and further restricts
the use of mines and minefields.  All APL must be detect-
able (i.e., manufactured or modified with a minimum amount
of metal content specified in the Technical Annex to the Pro-
tocol).  All remotely emplaced APL must be equipped with
self-destructing devices and backup self-deactivating de-
vices.  All nonremotely emplaced APL must either be placed
in an area with a marked and monitored perimeter or must be
equipped with self-destructing and self-deactivating devices.
Amended Protocol II also established rules governing the
transfer of landmines and extended the protocol to cover the
use of landmines in internal conflicts.  As of June 15, 2000,
50 countries were party to the Amended Protocol II (79 were
party to the CCW).

The CCW, including Amended Protocol II, will be re-
viewed again in 2001.  The United States envisions further
improvements to the protocol with respect to applying the
APL detectability standards to AT mines, the adoption of
increased self-destruction and self-deactivation require-
ments, and adding a verification and compliance mechanism
(Matheson, 1999).

The Ottawa Convention

At the same time the CCW was undergoing review, non-
governmental organizations began to address the issue of the
use and humanitarian consequences of landmines.  In 1992,

six nongovernmental organizations (Handicap International,
Human Rights Watch, Medico International, Mines Advi-
sory Group, Physicians for Human Rights, and Vietnam
Veterans of America Foundation) joined forces to create the
International Campaign to Ban Landmines, which called for
a total ban on the use, production, stockpiling, and transfer
of APL (ICBL, 2000).  National campaigns in several coun-
tries followed, many nongovernmental organizations world-
wide7 joined in the fight, and the International Campaign to
Ban Landmines gradually gained the support of several like-
minded governments, most notably Canada.

In October 1996, the Canadian government hosted the
Towards a Global Ban on Landmines: International Strat-
egy Conference, which was attended by representatives of
74 countries.  At the conclusion of the meeting, 50 govern-
ment participants agreed to a statement expressing the need
for a ban on APL and Canada announced it would hold a
treaty-signing conference for a total ban in December 1997.
Preparatory conferences to discuss and develop the text of a
draft treaty, prepared initially by Austria, were held in
Vienna in February 1997, Bonn in April 1997, and Brussels
in June 1997.  The treaty was negotiated over a three-week
period in September 1997 in Oslo, Norway.  On Decem-
ber 3, 1997, 122 nations signed the Convention on the Prohi-
bition of the Use, Stockpiling, Production and Transfer of
Anti-Personnel Mines and on Their Destruction (called the
Ottawa Convention or Mine Ban Treaty) in Ottawa (see
Appendix E).

The Ottawa Convention bans the use of APL under any
circumstances.  The ban includes APL used alone, APL used
in mixed systems, and APL that are self-destructing and self-
deactivating.8  Furthermore, it prohibits the development,
production, or any other means of acquisition, stockpiling,
retention, or transfer of APL to anyone, directly or indirectly.
Governments that sign agree not to assist, encourage, or in-
duce, in any way, anyone to engage in any activity prohib-
ited to a state party under this Convention.  Finally, each
signatory must undertake to destroy or ensure the destruc-
tion of all APL in accordance with the provisions of the Con-
vention.

By September 1998, 40 countries had ratified the conven-
tion, thus bringing it into force as international law on March
1, 1999.  As of September 7, 2000, a total of 139 nations had
signed or acceded to the Ottawa Convention, including all
NATO member states, except the United States and Turkey,
and all European Union member states, except Finland.  Of
the 139, 107 have ratified the convention (see Appendix F).

7 Currently, there are over 1,100 organizations in over 60 countries that
are part of the campaign network (ICBL, 2000).

8 The negotiators did not allow for the inclusion of self-destructing and
self-deactivating APL for several reasons.  These mines still fit the defini-
tion of an APL and no exceptions were to be made.  If an exception had
been made for these mines, primarily in the inventory of only the United
States and a few western European countries, exceptions might have had to
be made for weapon systems of other countries.
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A number of major mine producers or nations in regions of
conflict, including Russia, China, Egypt, Israel, India,
Pakistan, and North and South Korea, have not agreed to
the treaty.

THE U.S. POSITION

Although the use of landmines by U.S. forces did not cre-
ate the current humanitarian crisis, the U.S. government has
taken strong actions toward mitigating the effects of indis-
criminate use of APL around the world.  These actions in-
clude a ban on exports, assistance with clearance of mines
(also called demining), assistance to victims, and a search
for alternatives to APL.

Ban on Exports

As a result of legislation introduced by Senator Patrick
Leahy (D-Vermont), the United States has had a moratorium
on exports of APL since 1992 (Rieser, 1999).  The first one-
year moratorium on exports became law on October 23,
1992, as part of the National Defense Authorization Act for
Fiscal Year 1993.  The United States thus became the first
country to enact legislation controlling APL.  The morato-
rium was extended to four years in the National Defense
Authorization Act for Fiscal Year 1994 and to five years in
the Foreign Operations, Export Financing, and Related Pro-
grams Appropriations Act for Fiscal Year 1996.  On January
17, 1997, President Clinton announced that the United States
would permanently ban the export and transfer of APL
(White House, 1997a).

Mine Clearance and Assistance to Victims

Since 1988, the United States has been assisting countries
affected by landmines in several ways: promoting awareness
(educating people about the dangers of landmines and what
to do when they are found); actively searching for mines and
clearing minefields; and providing assistance to victims.
Since 1993, the United States has provided assistance to
more than 35 countries (Patierno, 2000b).

The Humanitarian Demining Program was created in
1993 to establish self-sustaining, indigenous demining
programs, reduce civilian casualties, facilitate the return of
refugees, enhance the stability of affected nations, and en-
courage international cooperation and participation.  The
Interagency Working Group on Humanitarian Demining,
chaired by the U.S. Department of State with the U.S. De-
partment of Defense (DOD) as vice-chair, is responsible for
approving, developing, and coordinating U.S. humanitarian
demining policies and programs (DOS, 2000).  Since 1994,
the U.S. military has trained indigenous forces in demining
techniques and assisted in the establishment of in-country
training programs.

Movement Toward a Ban

President Clinton first called for the elimination of APL
in a speech to the United Nations (UN) General Assembly
on September 26, 1994 (White House, 1994).  On May 16,
1996, he announced a new policy, including a commitment
to pursue an international ban on APL and to destroy about
three million nonself-destructing APL by the end of 1999,
retaining only those necessary for training and for defense of
the Demilitarized Zone in Korea (White House, 1996).  On
December 10, 1996, the UN General Assembly voted
(156-0) in favor of a U.S.-initiated resolution urging states
to pursue an agreement to ban APL.

In the meantime, the United States continued to work to-
ward limiting the use of landmines.  On January 7, 1997, the
president transmitted the CCW Amended Protocol II to Con-
gress for ratification; Congress ratified it on May 24, 1999.
The United States had also planned to work toward a world-
wide treaty banning APL through the United Nations Con-
ference on Disarmament, which largely deals with nuclear
matters and operates on a consensus rule (White House,
1997a).  This initiative did not elicit support from other mem-
bers of the conference.

The Ottawa Convention

Despite America’s strict limitations on APL and its initial
support for a ban, the United States has not signed the Ot-
tawa Convention.  The U.S. government had expressed both
general and specific concerns throughout the negotiations,
but in the end, two primary concerns dominated.  As Presi-
dent Clinton explained on September 17, 1997, for the
United States to sign the treaty, two provisions would have
to be included.  First, the United States wanted a transition
period during which APL could be phased out to ensure that
enough time would be available to devise alternatives.  Sec-
ond, the United States wanted to preserve its mixed AT mine
systems, which include APL, as additional protection against
dismounted breaching (Clinton, 1997; Witkowsky, 1999).

The decision not to sign the Ottawa Convention was
strongly influenced by security concerns on the Korean Pen-
insula (Witkowsky, 1999).  The U.S. government and the
U.S. military were convinced that APL, including APL with-
out self-deactivation/self-destruction mechanisms and APL
in mixed systems, are essential to the defense of the Demili-
tarized Zone in Korea.  “The security situation in Korea is
unique, requiring the United States to maintain the option of
using [APL] there until alternatives are available or the risk
of aggression has been removed” (White House, 1997b).  As
General John H. Tilelli, then Commander in Chief (CINC),
UN Command/Combined Forces Command (UNC/CFC),
and Commander, U.S. Forces Korea, testified before the
House Armed Services Committee:

… these weapons, both the non-self-destructing and self-
deactivating types, are absolutely vital to the success of UNC/CFC’s
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mission to deter North Korea aggression and defend the [Republic
of Korea]. (Tilelli, 1999)

Although the United States would not sign the Ottawa
Convention in 1997, the president announced further refine-
ments to U.S. policy as a demonstration of the U.S. commit-
ment to ending the use of all APL:

… I’m directing the Department of Defense to develop alternatives
to antipersonnel land mines so that by the year 2003 we can end
even the use of self-destruct land mines . . . everywhere but Korea.
As for Korea, my directive calls for alternatives to be ready by 2006,
the time period for which we were negotiating in Oslo.  By setting
these deadlines, we will speed the development of new technolo-
gies….  In short, this program will eliminate all antipersonnel land
mines from America’s arsenal. (Clinton, 1997)

President Clinton had repeatedly stated that the U.S. goal
is to sign the Ottawa Convention as soon as its concerns
have been met.  Assistant to the President for National Secu-
rity Affairs Samuel Berger reiterated this commitment in a
letter to Senator Leahy stating that the United States would
search for alternatives for Korea and for mixed AT mine
systems, including replacements for APL in mixed systems
or replacements for the mixed systems entirely.  If both al-
ternatives (for Korea and for mixed systems) could be found
by 2006, the United States would sign the Ottawa Conven-
tion (Berger, 1998).  If the United States decides to sign the
Ottawa Convention, all of the APL in the current inventory,
except the command-detonated Claymore, would be banned
and would have to be destroyed within four years of the
signing.

Search for Alternatives

In a memo dated October 21, 1997, the deputy secretary
of defense assigned the Office of the Under Secretary of
Defense (Acquisition, Technology and Logistics) to develop
and oversee a two-track program to find alternatives to APL.
Track I, headed by the secretary of the Army, has two major
components: (1) the search for an alternative to the nonself-
destructing APL designated for use in Korea and (2) the de-
velopment of Remote Area-Denial Artillery Munition
(RADAM) for use in Korea until 2006 (or when suitable
alternatives are available).9

The purpose of Track II, headed by the Defense Advanced
Research Projects Agency (DARPA), is to develop “alterna-
tives to meet the requirements currently met by APL” and to
“investigate maneuver denial approaches that may be more
innovative and/or take advantage of advanced technologies”
(Altshuler, 1999).  DARPA’s current efforts are focused on

the development of a self-healing minefield and tags/mini-
mally guided munitions (for a description and assessment of
each of these, see Chapter 7).

In June 1998, Presidential Decision Directive (PDD) 64
added the requirement that DOD “actively investigate alter-
natives to the anti-personnel submunitions used in our mixed
anti-tank systems, as well as actively explore possible re-
placements for all mixed munitions” (DOD, 2000).  The can-
didate alternatives must be militarily advantageous, cost ef-
fective, and safe.  PDD 64 did not include a schedule.

A memorandum on March 23, 1999, from the deputy sec-
retary of defense created the Track III program under the
leadership of the Office of the Under Secretary of Defense
(Acquisition, Technology and Logistics).  The initial pur-
pose of Track III was to address “doctrine, tactics, force
structure options, use of combat systems currently fielded or
under development, Track 1 and 2 alternatives, materiel and
non-materiel alternatives, and alternatives recommended by
the combatant commanders.” The first phase of concept
evaluation was to assess alternatives that could be developed
and fielded for the near term (by 2006), the midterm (2006
to 2012), and the long term (beyond 2012) (DOD, 2000).

Track III guidance was eventually focused on the devel-
opment of materiel or nonmateriel alternatives to replace all
landmines.  Nicknamed RATTLER (rapid tactical terrain
limiter), a number of working groups were formed to carry
out the first phase of the Track III program.  An array of 74
refined ideas were gradually reduced to 22 idea categories,
then 17 initial concepts, nine combined concepts, and even-
tually seven final concepts, three of which are undergoing
concept exploration by industry (and are considered propri-
etary).  RATTLER projects are exploring three principal
concepts: (1) the use of sensors that are not co-located with
the effects (lethal or nonlethal responses) that require “just-
in-time” delivery or prior placement of the responding weap-
ons; (2) sensors and effects (lethal and nonlethal) that are
co-located; and (3) sensors that are used for situational
awareness and are protected by AT mines (Morelli, 2000).

The identification of alternatives for landmines will re-
quire considerable effort.  To date, progress on Track I has
been slow and technologies being explored under Track II
will not be available until well after 2006.  The concepts
developed under the first phase of Track III are too new for
the committee to judge their potential.

Recommendation.  If the decision is made to accede to the
Ottawa Convention, a transition period may be necessary
before implementation to maintain current U.S. military ca-
pabilities until suitable alternatives can be made available.
During that transition, existing self-destructing and self-
deactivating antipersonnel landmines should be retained,
both in their stand-alone form and as part of mixed systems.

Recommendation.  Of the solutions not compliant with
the Ottawa Convention, simply retaining the current

9 The Remote Area-Denial Artillery Munition (RADAM) would com-
bine AT mines (the Remote Antiarmor Mine System [RAAMS]) and APL
(the Area-Denial Artillery Munition [ADAM]) into a single projectile to
create a new mixed system.  Although RADAM fulfills the requirement set
by President Clinton to eliminate pure APL everywhere but Korea by 2003,
it would not be compliant with the Ottawa Convention because it contains
APL (see Chapters 5 and 6).
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self-destructing and self-deactivating mines would be the
best course of action.

Funding for Alternatives

The progress report by DOD to Congress on the search
for alternatives included a table (Table 1-1) showing current
and projected funding levels (DOD, 2000).

Congressional Mandate

In addition to providing direction and funding for the
search for alternatives, the Strom Thurmond National De-
fense Authorization Act for FY99 (Public Law 105-261,
Section 248) and the conference report accompanying the
1999 Department of Defense Appropriations Act (H.R. 105-
746) mandated that the secretary of defense enter into con-
tracts with two scientific organizations to study alternatives
to APL.  DOD concluded contracts with (1) a U.S. Depart-
ment of Energy team of Lawrence Livermore and Los
Alamos National Laboratories and (2) the National Acad-
emy of Sciences.  These studies are part of the Track III
effort.  The following statement of task was agreed to be-
tween DOD and the National Academy of Sciences for work
to be carried out by its operating arm, the National Research
Council.

The National Research Council, building on its experience in ex-
amining and assessing potential technologies for military applica-
tion, will appoint a committee that will:

1) Identify and examine possible alternative tactics, technologies,
and operational concepts for APL capable of providing similar tac-
tical advantages for U.S. forces.  A solution should be selected for
its ability to meet the future warfighting needs of U.S. forces and
provide the strategic and tactical benefits of the system it is replac-
ing.  If selected alternatives require research and development to the
extent that they will not be available to implement before 2006, the
committee will suggest a near-term alternative technology, weapon
system, or combination of systems that can be derived from known,

already available systems or systems of systems that can act as a
near term solution until the long-term solution is available.

2) Describe how the identified technologies/systems will best be
applied for U.S. force use consistent with current tactical doctrine
and operational concepts, or what changes in tactics or operational
concepts would be required to achieve comparable results.

COMMITTEE PROCESS

The use of APL is a sensitive and contentious political
and military issue.  Therefore, in creating the Committee on
Alternative Technologies to Replace Antipersonnel Land-
mines, the National Research Council (the operating arm of
the National Academy of Sciences) selected committee
members representing a broad spectrum of backgrounds,
expertise, and interests.  Areas of expertise include technol-
ogy development, experimental design, military operations,
and defense policy (see Appendix A for biographies).

In addition, the committee relied on the expertise and ad-
vice of representatives of the National Security Council, the
U.S. Department of State, DOD, industry, and several non-
governmental organizations.  Classified information was
provided on several occasions to ensure familiarity with as
many aspects of the search for alternatives as possible.  In-
formation available in the open literature and material sub-
mitted by experts, as well as the practices of nations that
have already signed the Ottawa Convention (see Appendix
F), were reviewed.  Meetings of the full committee were
complemented by site visits by smaller subcommittees (Ap-
pendix B).

Even though the Statement of Task did not require the
committee to consider the Ottawa Convention, the commit-
tee concluded that this study would not have been empan-
elled were it not for the Ottawa Convention and attendant
humanitarian concerns.  The committee believed the major
reasons for seeking alternatives to APL are humanitarian
concerns, compliance with the Ottawa Convention, and en-
hanced military effectiveness.  The current inventory of

TABLE 1-1 Current and Projected Funding for Tracks I, II, and III (in $ millions)

Project FY98 FY99 FY00 FY01 FY02 FY03 FY04 FY05 TOT

Track I 2.7 17.2 18.2 12.5 67.2 121.8 121.6 121.4 482.6
Track II DARPA 7 9.9 16.9
NSD-A Studies 2 2
Track III 2 19.6 26.4 29.1 29.2 48.7 77.8 232.8

TOTALS 4.7 19.2 44.8 48.8 96.3 151.0 170.3 199.2 734.3

SOURCE: DOD, 2000.

NOTE:  Figures are from the president’s FY01 Budget Submission.
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self-destructing and self-deactivating U.S. APL is militarily
advantageous and safe (i.e. they achieve desired military ob-
jectives without endangering U.S. warfighters or noncomba-
tants more than other weapons of war), but they are not com-
pliant with the Ottawa Convention.  However, humanitarian
concerns and Ottawa compliance are not always synony-
mous.  In fact, some of the apparently Ottawa-compliant al-
ternatives examined by the committee may be less humane
than present U.S. self-destructing and self-deactivating
landmines.  Therefore, the committee spent a considerable
amount of time clarifying and defining the framework of the
treaty and included complying with the Ottawa Convention
as a criterion for evaluating alternatives.

REPORT ROAD MAP

Chapter 2 characterizes the current and future national
security environments and describes how the functions
served by landmines might change with technological ad-
vances in weaponry.  Chapter 3 describes the current uses of

landmines.  Chapter 4 explains the committee’s selection
criteria and methodology for analyzing alternatives.  Chap-
ter 5 analyzes currently available technologies that might
provide the same capabilities as APL.  Chapter 6 evaluates
technologies and alternatives that should be available by
2006.  Chapter 7 analyzes technologies and proposes alter-
natives that might be available after 2006.  Chapter 8 is a
complete list of conclusions and recommendations.  Appen-
dix A contains the biographies of committee members.  Ap-
pendix B lists meetings of the full committee, site visits, and
meetings of subcommittees.  Appendix C gives a description
of current types of landmines.  Appendix D provides infor-
mation about how minefields can be breached and discusses
the value of APL in protecting minefields from breaching.
The texts of the CCW Amended Protocol II and the Ottawa
Convention are reprinted in Appendix E.  Appendix F lists
the countries that have signed and/or ratified the Ottawa Con-
vention and any work on alternatives to APL by other coun-
tries of which the committee was aware.  Appendix G pro-
vides copies of DOD’s mission need statements for APL
alternatives.
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2

National Security Environments and
the Context for Landmines

Current national security and potential warfighting envi-
ronments are complex and are expected to become even more
so.  Although the United States is nominally at peace, large
numbers of U.S. forces are currently deployed around the
world, either as deterrents to aggression or as peacekeepers.
This chapter describes the international environment through
the lens of planning documents used to prepare for an event
or series of events in which U.S. military power will have to
be used.  Even though landmines, which are essentially tac-
tical weapons, are seldom mentioned, a description of these
documents will provide the reader with an idea of situations
in which mines would be used.  The chapter begins with
descriptions of current strategies, such as the national secu-
rity strategy, the defense strategy, and efforts by various
military services to implement these strategies.  This is fol-
lowed by the views of some of the U.S. commanders respon-
sible for protecting U.S. interests abroad.  Also described are
the technological opportunities provided by the ongoing
revolution in military affairs.  The chapter concludes with a
brief description of the benefits and vulnerabilities of sev-
eral advanced technology concepts.

NATIONAL SECURITY STRATEGIES

The strategies described below provide a context for how
APL may be used in the future.  The committee reviewed
many strategy documents and was briefed by several mili-
tary leaders on how future operations might be conducted.
In addition, the committee met with representatives of the
National Security Council and the U.S. Department of State.

A National Security Strategy for a New Century

Every year, as required by law, the president issues a
national security strategy defining the United States’ vital
national interests and how they should be protected.  In De-
cember 1999, President Clinton issued his annual update, A
National Security Strategy for a New Century, which de-
scribes anticipated threats to the United States.  The
strategy’s core objectives are to enhance America’s security,

bolster America’s economic prosperity, and promote democ-
racy and human rights abroad.  The president stated that
“arms control and nonproliferation initiatives are an essen-
tial element of our national security strategy,” and the strat-
egy referred specifically to APL:

[The United States is] committed to ending the threat to innocent
civilians from antipersonnel landmines (APL).  The United States
has already taken major steps toward this goal while ensuring our
ability to meet international obligations and provide for the safety
and security of our men and women in uniform.  President Clinton
has directed the Defense Department to end the use of all APL,
including self-deactivating APL, outside Korea by 2003 and to pur-
sue aggressively the objective of having APL alternatives ready for
Korea by 2006.  We will also aggressively pursue alternatives to our
mixed anti-tank systems that contain antipersonnel submunitions.
We have made clear that the United States will sign the Ottawa
Convention by 2006 if by then we have succeeded in identifying and
fielding suitable alternatives to our self-deactivating APL and mixed
anti-tank systems. (White House, 1999)

The national security strategy envisions that the U.S. mili-
tary will be faced with an array of threats to our interests,
including direct threats to the continental United States,
small-scale contingencies, major theater wars, terrorism,
cyber attack, information operations, and the threat or use of
weapons of mass destruction.

U.S. Department of Defense Strategy

In his 1999 Annual Report to the President and the Con-
gress, the secretary of defense affirmed the value of a strong
military, stating that the essence of the U.S. defense strategy
between now and 2015 will be shaping the international
security environment, responding to the full spectrum of
crises, as required, and preparing now for an uncertain future
(DOD, 1999).

Echoing presidential concerns about current instability
and anticipating the advantages that will accrue from U.S.
scientific and technological superiority, the secretary of
defense stated:

The fundamental challenge confronting the Department of Defense
is simple but daunting.  U.S. armed forces must meet the immediate

…among the most deplorable developments…are (1) extensive use of antipersonnel mines in the
conflicts in Chechnya and Kosovo, especially by Russian and Yugoslav forces, and (2) continued use of
antipersonnel mines by treaty signatory Angola, and likely use of antipersonnel mines by treaty signatories
Burundi and Sudan.  (Human Rights Watch, 2000)
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demands of a dangerous world by shaping and responding through-
out the next 15 years, while at the same time transforming U.S.
combat capabilities and support structures to be able to shape and
respond effectively in the face of challenges in the future.
(DOD, 1999)

To carry out its strategy, the DOD will take the following
actions:

• Pursue a focused modernization program to replace
aging systems and incorporate cutting-edge technolo-
gies to ensure continued U.S. military superiority.

• Continue to exploit the revolution in military affairs to
improve the U.S. military’s ability to perform near-
term missions and meet future challenges.

• Exploit the revolution in business affairs to reengineer
DOD’s infrastructure and support activities.

• Ensure against unlikely, but significant, future threats
so that risk in a resource-constrained environment can
be managed effectively, and position the military to
respond quickly and effectively to new threats as
they emerge.

Joint Vision 2010 and Joint Vision 2020

Joint Vision 2010, issued by the Chairman of the Joint
Chiefs of Staff (CJCS) in 1996, is consistent with both the
president’s national security strategy and DOD’s strategy.
Joint Vision 2010 provides:

…the conceptual template for how America’s armed forces will
channel the vitality and innovations of our people and leverage our
technological opportunities to achieve new levels of effectiveness in
joint warfighting. (CJCS, 1996)

Based on assumptions about emerging information-age tech-
nologies, the strategy in Joint Vision 2010 depends on un-
precedented cooperation between the Army, Marine Corps,
Navy, and Air Force (Close, 1999).

Joint Vision 2020, issued in June 2000, builds on and ex-
tends the conceptual template established by Joint Vision
2010 to guide the continuing transformation of U.S. forces.
The goal of the transformation is the creation of a force that
is dominant across the full spectrum of military operations,
based on the strategic concepts of decisive power, power
projection, overseas presence, and strategic agility.  Al-
though considerable emphasis is placed on information op-
erations, “…information superiority neither equates to per-
fect information, nor does it mean the elimination of the fog
of war” (CJCS, 2000).  Joint Vision 2020 is based on the
following assumptions:

• The United States will continue to have global inter-
ests and to be engaged with a variety of regional 
actors.

• Potential adversaries will have access to the global
commercial industrial base and much of the same tech-
nology as the U.S. military.

• Potential adversaries will be able to adapt as U.S. ca-
pabilities evolve.

Comments of Regional Commanders-in-Chief

Strong statements in support of the continued use of
landmines were made in the testimonies of two regional
CINCs before the U.S. Congress.  General John H. Tilelli,
Jr., then CINC of the United Nations Command, Combined
Forces Command, and U.S. Forces Korea, testified that that
“these weapons…are absolutely vital to the success” of the
U.S. mission in Korea (Tilelli, 1999).  During an informal
meeting with the committee, General Tilelli restated this
opinion (Tilelli, 2000).  Mines have been used for many years
in Korea to defend the Demilitarized Zone and are antici-
pated to be used extensively if North Korea again attempts
to cross the 38th parallel.

Several factors are involved in the decision to use APL in
Korea.  First, the allies anticipate having to fight with very
little warning and being overwhelmingly outnumbered by an
enemy seeking to enter Seoul, only 50 miles from the bor-
der.  Therefore, the faster North Korea can be stopped the
better.  Second, rugged mountains characterize much of the
topography.  In this type of terrain, mines are ideal for
creating obstacles that can slow a military advance
(Troxell, 1999).

General Wesley K. Clark, then CINC of the United States
European Command, stated that:

Self-destructing and self-deactivating APL, and anti-tank (AT)/APL
mixed systems constitute a critical force protection and counter-
mobility asset.  Our field commanders count on these systems to
protect the force, influence maneuver, shape the battlespace, and
mass combat power for decisive engagement.  The requirement for
such a capability is increasing in light of evolving and future opera-
tional concepts that envision our forces conducting dispersed opera-
tions over expanded battlespace. (Clark, 1998)

Concept for Future Joint Operations

The purpose of the Concept for Future Joint Operations,
issued in May 1997 by the CJCS, was to move the military
toward the implementation of Joint Vision 2010.  The Con-
cept for Future Joint Operations is expected to be updated,
based on Joint Vision 2020; for the present, however, this
edition remains authoritative.  The Concept, which offers a
marketplace of ideas and tools for thinking about future op-
erations, identifies the following military-specific trends
(CJCS, 1997):

• The proliferation of ballistic and cruise missiles will
increase the vulnerability of U.S. and allied forces in
theater and jeopardize access to ports and airfields.

• Advanced technology weapons, platforms, and sensors
will significantly increase the capabilities of some
military forces.
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• Microtechnology and biotechnology will create new
areas for activity and competition; breakthroughs are
likely in the military application of directed energy;
and information technology will be vital to military
operations.

• Weapons will become more portable and more lethal,
and military forces will become more mobile, which
will complicate U.S. and allied targeting.

• Some states will rely on asymmetric capabilities (e.g.,
man-portable air defenses, advanced space capabili-
ties, information operations, landmines, chemical and
biological weapons, and terrorism) as substitutes for,
or complements to, large conventional forces.

Joint Vision 2010 and the Armed Services

In keeping with their missions and drawing upon their
unique capabilities, the Army, Marine Corps, Navy, and Air
Force have adapted their force structures, strategies, tactics,
people, weapons, and platforms, indeed the way they con-
duct warfare, to fulfill the broad objectives outlined in Joint
Vision 2010.1 The Army and the Marine Corps, the forces
that must fight ground wars, rely on landmine capabilities in
battlefield environments.  The Navy and the Air Force are
responsible for the air delivery of certain landmine systems.
In addition, each service has a variety of weapon systems
capable of destroying enemy tanks and vehicles.  If these or
future weapons can destroy enemy tanks and vehicles more
efficiently than landmines, they might obviate the need for
certain landmine systems.

In this section, the strategies developed by each military
service for moving toward 2010 are described.  The strate-
gies are simple, high-level blueprints, however, and land-
mines are not specifically mentioned.

U.S. Army

Army Vision 2010 (U.S. Army, 1997a) anticipates the
Army’s contributions to the operational concepts identified
in Joint Vision 2010.  Army Vision 2010 is based on the
assumption that land forces will exercise direct, continuing,
comprehensive control over an area of land, including re-
sources and people, thus solidifying the preliminary advan-
tages achieved by air power.  Doctrinally, the Army antici-
pates being outnumbered and, therefore will depend very
heavily on technological superiority.

The geostrategic environment suggests that the Army
must be prepared for a range of future missions, which can
be categorized into seven general areas: (1) the defense
or liberation of territory; (2) a punitive intrusion; (3) con-
tainment of a conflict; (4) leverage; (5) reassurance; (6) core
security; and (7) humanitarian missions (humanitarian

missions that include a range of peace operations are becom-
ing increasingly common) (Rigby, 1999).

The Army is moving toward a combat structure of forces
that can be transported and deployed rapidly in times of cri-
sis.  The centerpiece of this structure, a system of systems
called the Future Combat System, consists of several net-
worked functions, vehicles, and subsystems that could col-
lectively provide overwhelming combat power.  Current con-
cepts include an infantry carrier vehicle and robotic vehicles
that can provide direct and indirect fire and sensing capabili-
ties.  Reconnaissance, surveillance, and target acquisition
and command and control will be part of the network
(DARPA, 2000a).  Scientific and technological research for
the Future Combat System may lead to the development of
other alternatives to landmines.

U.S. Marine Corps and U.S. Navy

Much of the tactical environment described for the Army
will also apply to the Marine Corps.  Operational Maneuver
from the Sea describes an environment in which some opera-
tions may require that bases be established ashore.  How-
ever, most will involve units operating without interruption
from ships at sea to their inland objectives.  Improvements in
the precision of long-range weapons, greater reliance on sea-
based fire support, possible reductions in the fuel consump-
tion of military vehicles, and more direct, timely delivery of
logistics from sea to users ashore will enhance the Marine
Corps’ operational maneuvers from the sea.  This approach
will not be limited to the high end of the spectrum of armed
conflict but will be used in a variety of situations, ranging
from a struggle against a rising peer superpower to humani-
tarian relief operations (U.S. Marine Corps, 1997).

With the termination of the Cold War, the Navy aban-
doned its maritime strategy, based on a war at sea with the
Soviet fleet and land-based naval air, and adopted a forward-
from-the-sea strategy.  The new strategy calls for focusing
the power of the fleet and embarked Marines through the
littorals and against land targets in regional conflicts (U.S.
Navy, 1995).

U.S. Air Force

In response to Joint Vision 2010, the Air Force is in the
process of changing from the global-reach, global-power
strategy of the Cold War to a new strategy called Global
Engagement: A Vision for the 21st Century Air Force (U.S.
Air Force, 1998).  The change is based on the conviction that
good intelligence, surveillance, and reconnaissance com-
bined with modern aircraft and weaponry will enable the Air
Force to find, fix, track, and target anything that moves on
the surface of the earth.  Information superiority, along with
a command and control capability that can coordinate
activities and integrate them smoothly with those of the other
services, will be an important factor in the Air Force’s ability

1 Changes based on Joint Vision 2020 are expected but have not been
published.
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to achieve global-engagement capability.  The Air Force’s
capabilities can be divided into the following core compe-
tencies: air and space superiority; global attack; rapid global
mobility; precision engagement; information superiority; and
agile combat support.  As the lead service for space explora-
tion, the Air Force recognizes that space assets will also be
vitally important to its own operations, as well as to the other
services.

Contrasting Opinions

The contentious nature of APL is reflected in diverse
opinions about their use, even within the military.  In an
open letter to President Clinton published in the New York
Times, 15 senior, well-respected retired military officers an-
nounced their support for a potential ban on APL: “We sup-
port such a ban as not only humane, but also militarily re-
sponsible” (New York Times, 1996).

BENEFITS AND VULNERABILITIES OF NEW
TECHNOLOGIES

With no threatening peer competitor to plan for and with
the continued rapid emergence of new technologies, particu-
larly information technologies, this would appear to be an
opportune time for the United States to make a concerted
effort to replace (or at least improve) the systems that cur-
rently provide APL functionalities.  In addition to retaining
the desirable characteristics of APL, new systems should
satisfy new requirements, including the capability of distin-
guishing among friends, foes, and noncombatants rapidly
and reliably, easy recovery after hostilities, and environmen-
tally benign effects (see Chapter 3).

Like most innovations, new technologies are bound to
have limitations.  As weapon systems become more com-
plex, they will also become increasingly vulnerable to break-
downs and to enemy countermeasures.  Better C4ISR (com-
mand, control, communications, computers, intelligence,
surveillance, and reconnaissance) capabilities will entail in-
creased bandwidth, which will also increase the potential for
unintended interference among friendly electronic emitters.
Improvements in technology should improve U.S. war-
fighting capabilities; at the same time legacy systems must
be able to absorb these advances.

Revolution in Military Affairs

The U.S. military is experiencing what many experts call
a “revolution in military affairs” (Krepinevich, 1994).  In
their classic book War and Anti-War: Survival at the Dawn
of the 21st Century, futurists Alvin and Heidi Toffler ob-
serve that “the way we make wealth is the way we make
war—that today’s revolutionary changes in business are
being mirrored in the world’s armies and the future of war
itself” (Toffler and Toffler, 1993).  Just as the Agrarian Age

gave us the hoe and sword, and the Industrial Age gave us
mass production and mass destruction, the Information Age
will give us the means to fight smarter and more effectively.

The revolution in military affairs is defined as a major
change in warfare brought about by the innovative applica-
tion of technologies that, combined with dramatic changes
in military doctrine and operational concepts, will funda-
mentally alter the character and conduct of operations.  Sys-
tems, such as the bow and arrow, the rifled gun tube, or
aircraft, that use dramatically new technologies can create a
major break with the past (Krepinevich, 1994).  The new
tools invariably affect tactics, operational concepts, and
strategies.

Technology, particularly information technology, now
defines the possible and is pushing old ideas, values, meth-
ods, and organizations into obsolescence (Metz, 2000).  Al-
though information technology was used for military pur-
poses prior to 1990 in isolated instances, the beginning of
the present revolution in military affairs is usually traced to
the Gulf War, when the U.S. public became aware of “smart
weapons” and other advances (O’Hanlon, 2000).  Since then,
the U.S. military has focused more and more on using tech-
nology to gain battle space advantages and reduce U.S.
casualties.

Many advances in technology will be essential to alterna-
tives to APL, especially in the areas of munitions, informa-
tion, and communications.  The following examples are
provided as indicators of where these technologies might
take us:

• Killing Devices.  High-energy explosives that release
energy very quickly have improved fragmenting mu-
nitions and shaped-charge weapons.  Munitions that
must penetrate hulls, armor, and other obstructions
before they detonate require insensitive, high-energy
explosives.  The major outstanding issue is achieving
a balance between insensitivity and performance
(NRC, 1997).

• Sensors.  Infrared imaging systems have clearly dem-
onstrated their value on the battlefield.  Affordable,
cooled and uncooled staring focal-plane arrays and
associated components that can operate in the mid-
wave infrared and long-wave infrared bands will
greatly enhance their value.  This technology will sig-
nificantly reduce the costs of operations and provide
warfighters with better performing, smaller, lighter
infrared imaging systems (Samuels and Supola, 2000).

• Miniaturization.  Microelectromechanical systems
(MEMS) are a revolutionary enabling technology.
Embedded into weapon systems, MEMS will provide
new levels of situational awareness, information, pre-
cision strike capabilities, and new weapons by provid-
ing the advantages of small size, low power, low mass,
low cost, and high functionality to integrated electro-
magnetic systems.  The primary goal of the DARPA
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MEMS program is to develop technology that merges
sensing, actuating, and computing into new systems
that will increase the perception and performance of
weapon systems and the control of battlefield environ-
ments (DARPA, 2000b).

• Platforms.  Advances in the development of unmanned
aerial vehicles might enable a platoon pinned down by
enemy fire to launch a bird-sized aircraft and use its
video camera to look over the horizon, behind build-
ings, and beyond the range of average eyesight.  These
micro air vehicles might be able to fly miles from their
takeoff point for hours, all the while feeding video
images back to ground stations that can use the infor-
mation to coordinate ground attacks and air strikes
(Braham, 1999).

• Connectivity.  The Army’s multifunctional, on-the-
move, secure, adaptive, integrated communication
project (MOSAIC) will be an energy-efficient, wire-
less, mobile communications system that provides
reach-back and secure networked sensor integration.
The open systems architecture will feature increased
survivability (Kern, 1999).

Limitations and Vulnerabilities

The seductive promise of advanced technologies should
not obscure their vulnerabilities.  Future conflicts based on
the success of precision engagement, with precision-guided
munitions and information dominance, may be advantageous
if all combatants are technologically advanced.  However, it
is somewhat far-fetched if one side relies on less sophisti-
cated small arms and guerrilla tactics.  Advanced weapons
and smart weapons may not be effective against an adaptive
enemy (Scales, 2000).

Even advanced technologies must adhere to the laws of
physics.  Propulsion systems are generally changing at mod-
est rates.  Sensors, however advanced, still have limited abili-
ties to see through many substances.  Communications are
vulnerable to a variety of attacks, especially to electro-
magnetic pulse (O’Hanlon, 2000).

The recent air war in the Balkans is an example of mixed
success by new technologies.  According to press reports,
after 78 days and 38,000 combat sorties in Serbia/Kosovo,
NATO investigators could only confirm that a dozen
Yugoslav tanks had been destroyed, along with 18 other ar-
mored vehicles and 20 artillery pieces.  Compare this to the
original claim that 120 tanks, 220 other armored vehicles,
and 450 mortars and artillery pieces were destroyed (Wash-
ington Post, 2000).

Although we currently have a technological advantage
even over our friends and allies, this superiority may not last
because the United States is not the only country interested
in advanced technologies.  For example, a recent book by
Chinese military theorists has been described as a Chinese

attempt to “explore how technology innovation is setting off
a revolution in military tactics, strategy and organization”
(U.S. Embassy Beijing, 1999).  The widespread availability
on the world market of new technologies will certainly
neutralize some of the advantages the U.S. military cur-
rently enjoys.

Potential Uses of Mine-like Systems

Despite radical changes in advanced weaponry, the fun-
damentals of land warfare have changed very little since
World War II.  Therefore, the need for traditional AT mines
and APL capabilities is likely to continue.  A mine-like sys-
tem acting as a force multiplier might be very useful to small
units facing a numerically superior foe.  The sensing and
alerting functions currently provided by mines could pro-
vide valuable real-time inputs to a tactical information sys-
tem.  In addition to the traditional uses of landmines, the
following examples illustrate the potential benefits of mine-
like capabilities in future operations.

Seizure of an Airfield

A logistically efficient mine-like system that could be
dropped from aircraft and turned on and off using coded
transmissions could be deployed in large numbers over and
around an airfield during or just prior to an air assault.  If the
devices could be turned off locally, perhaps within a
50-meter radius of each U.S. soldier, the remainder of the
activated munitions would provide a large tactical advan-
tage to the U.S. force.  The munitions would warn of
approaching enemy troops or tanks, inhibit enemy mobility
and reinforcement, and cause some enemy casualties.  If the
munition sensors were based on radio signals, they could
identify friends and foes with passive or semiactive elec-
tronic devices.

Building Clearance

Once a building or facility has been cleared of personnel,
it would be useful to have a system capable of maintaining
the building’s cleared status without requiring large num-
bers of troops.  Current mines could be used, but the risk of
injury to friendly forces and noncombatants would be high.
Future mine-like devices consisting of communicating sen-
sors and nonlethal munitions would be safe for civilians and
could automatically warn the tactical information system of
intrusions.  This mission would require a sensing system
capable of detecting and tracking personnel remotely and
reporting their movements automatically.  Commercial mo-
tion sensors could be used for this today, but laser-based or
radio-frequency sensors would have longer range and better
tracking and discrimination properties.  Radio-frequency
sensors would have the added advantage of working well in
smoke or fog.
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Guarding of Stockpiles and Supplies

Systems that could guard stockpiles and supplies, par-
ticularly during peace operations, must reliably deter thieves
and intruders but must not be lethal to anyone except identi-
fied foes.  This may require munitions that can give a variety
of responses, ranging from warnings (e.g., flashers or sirens)
to painful or distasteful events (e.g., sting balls or mal-
odorants).  The option for rapid lethal responses when re-
quired would also be useful.

Differential Mobility

A remotely deployable, controllable “munition field”
equipped with an identification of friend-or-foe capability
would allow U.S. soldiers and vehicles to move freely while
impeding all others.  With this system, a munition field could
be placed around and in front of a U.S. position allowing
soldiers to withdraw or attack through it, as the situation
dictated.  The system could even be deactivated long enough
to allow an enemy to enter the munition field and then

reactivated for an efficient enemy kill.  This capability could
make the difference between victory and defeat for an ini-
tial-entry force because the first units to land on hostile soil
are certain to be initially outnumbered by enemy forces.

Border Security

Along borders (e.g., the Demilitarized Zone in Korea and,
perhaps, the Kuwaiti-Iraqi border), mines are both deterrents
and alerting devices.  They can also inflict casualties in the
event of a full-scale attack.  However, once cleared lanes
have been established, current mines become less effective.
Future systems could be capable of remaining effective with-
out giving away their positions or being easily deactivated or
cleared within a zone.  Munitions could be equipped with
noncontact sensing and tracking devices and some remote or
area response.  Remote response could be provided by rapid-
response rockets, antipersonnel versions of the Wide Area
Munition (WAM), or robotic snipers.  Area response could
be provided by large fuel and air munitions, either placed in
the ground or delivered remotely from a short distance away.
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3

Current Uses of Antipersonnel Landmines

This chapter provides a general overview of current U.S.
landmine systems, the doctrinal guidance for their use, the
capabilities of U.S. APL, and the technologies of current
APL.  Although this study addresses alternatives to APL,
considerable information relating to AT mines is included
because APL are often used together with AT mines or in
mixed systems that include AT mines.  Appendix C provides
descriptions of both APL and pertinent AT mines.

DOCTRINAL GUIDANCE FOR USING LANDMINES

The Army, as DOD’s executive agent for landmine war-
fare, is responsible for the doctrine for the use of mines.  The
Army is also responsible for coordinating these activities
with the Marine Corps, Navy, and Air Force.  According to
doctrine prescribed by the Office of the Joint Chiefs of Staff,
landmines are only one component in the overall strategy for
constructing barriers and complex obstacles (JCS, 1999).
Box 3-1 lists the advantages and disadvantages of using bar-
riers, obstacles, and landmines.

Obstacles can be features of the terrain that impede the
mobility of a force.  Some obstacles, such as mountains, riv-
ers, railway embankments, and urban areas, exist before the
onset of military operations.  Military forces create other
obstacles to support their operations.  Commanders use these
obstacles to support their scheme of maneuver.  When inte-
grated with maneuver and weapon fire, obstacles can be de-
cisive on the battlefield.  Doctrine for some obstacles that
rely on a physical object to impede vehicles or dismounted
soldiers, such as antitank ditches, wire, road craters, and
many types of roadblocks, has not changed since World War
II.  Because these obstacles do not damage or destroy equip-
ment, or injure or kill soldiers, they are considered to be
passive.

Although minefields are also obstacles, they are not
passive, and doctrine for mine warfare has changed
significantly.  Today’s mines are different from the mines of
the World War II era, which required physical contact and

relied on blast effects.  Today’s mines are triggered not only
by pressure, but also by seismic, magnetic, or other advanced
fuzes.  Mines that self-destruct at preset times give com-
manders control over how long they remain obstacles.  The
invention of programmable mines that can recognize and

Landmines are subtle and much misunderstood weapons.  Traditionally they are a means of transform-
ing the terrain to the defender’s advantage, rather than providing a definitive barrier.  They can inflict
casualties but must be covered by fire.  They shape the attacker’s posture, but do not define the outcome
of the battle.  They provide economies in defense while imposing attrition on the attacker.  They are laid
without relish and contemplated with fear.  They are simple to lay but remarkably difficult to remove.
They are not activated unless an attacker advances, but they do not recognize cease-fires. (Croll, 1998)

BOX 3-1
Barriers, Obstacles, and Mines

Advantages
• Provide the capability of inflicting significant damage to equip-

ment and psychological damage, as well as personnel casualties
• Extend, strengthen, and deepen other defensive and offensive

measures
• Immobilize the enemy until barriers, obstacles, or minefields

can be bypassed, breached, or cleared
• Exploit geographic features
• Free forces for other tasks
• Discern enemy intentions (the commitment of breach assets into

a minefield is a detectable indication of intent)
• Create uncertainty for the enemy commander

Disadvantages
• Creation and removal require significant amounts of time, mate-

riel, equipment, and transportation and are manpower intensive
and hazardous

• Can be bypassed, breached, or cleared
• Can cause casualties to friendly forces and noncombatants, as

well as limit friendly mobility
• Defensive minefields must be rendered safe when they are no

longer needed

Source: JCS, 1999.
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attack specific types of vehicles will add another dimension
to the battlefield (U.S. Army, 1994).

ROLE OF LANDMINES IN WARFARE

From a theoretical point of view, several “principles of
war” underpin land combat operations.  Landmines could be
considered appropriate weapons in the execution of all of
these principles but figure most often in the following four:
economy of force (using all combat power available as effec-
tively as possible; allocating minimum essential combat
power to secondary efforts); security (never permitting the
enemy to acquire an unexpected advantage); offense (seiz-
ing, retaining and exploiting the initiative); and maneuver
(placing the enemy in a position of disadvantage through the
flexible application of combat power).  The use of landmines
is scenario dependent and involves trade-offs among the
principles of war (U.S. Army, 1993).

On the one hand, mines can contribute to the U.S.
military’s economy of force and security roles in certain
defensive scenarios, especially in sectors that are less impor-
tant and have been allocated fewer forces and weapons.  No
doubt, given sufficient forces, it would be more advanta-
geous to have no economy of force sectors in a defensive
fight.  However, force-multiplier and economy-of-force
capabilities are usually necessary.  Economy of force does
not mean that minefields are unobserved, it just means that
the preponderance of combat power is concentrated in
another sector of the battlefield, and the economy-of-force
sector has to make do with less.  APL help defenders do
just that.

On the other hand, it is generally accepted that wars are
won by attacking the enemy.  Mines can play a significant
role in causing an enemy to move in directions that are ad-
vantageous to friendly forces, allowing them to kill the en-
emy more efficiently.  In some offensive operations, how-
ever, U.S. mines previously emplaced during defensive
missions that cannot distinguish friend from foe could hinder
the execution of rapid offensive maneuvers.

In this report, the committee adopted a long-term view of
landmines that took into account the principles of war and a
wide range of scenarios, from major theater wars to peace
operations.  Although this report is focused on the character-
istics of APL, APL are only one part of an integrated set of
battlefield operating systems designed to give U.S. forces a
superior means of fighting and winning an engagement
(Bornhoft, 1999).  These battlefield operating systems re-
quire constant coordination to ensure synergy among intelli-
gence, maneuver, mobility/survivability, fire support, air
defense, combat service support, and command and control
systems.

The 1998 edition of Field Manual 20-32 (U.S. Army,
1998b) is the principal U.S. doctrinal basis for the use of
minefields; and the 2000 edition of Field Manual 3-34.2
(U.S. Army, 2000) covers combined arms obstacle

integration.  Landmines can be used individually to reinforce
nonexplosive obstacles or in groups known as minefields (or
mined areas in the CCW).  A minefield can contain a single
type of mine or a combination of types (i.e., APL and AT
mines).  According to FM 20-32, minefields are used for the
following purposes:

• Produce a vulnerability on enemy maneuver that can
be exploited by friendly forces.

• Cause the enemy to break up his forces.
• Interfere with enemy command and control.
• Inflict damage on enemy personnel and equipment.
• Exploit the capabilities of other weapon systems by

delaying enemy forces in an engagement area.
• Protect friendly forces from enemy maneuver and in-

filtration.

There are four basic types of minefields.  Protective
minefields are used to protect soldiers, equipment, supplies,
and facilities from enemy attacks or other threats.  Tactical
minefields directly limit the enemy’s movements in a way
that gives the defending force a positional advantage.  Tacti-
cal minefields are designed, sited, and integrated with sup-
porting weapons to produce four tactical effects: disrupting,
diverting, fixing, and blocking an enemy.  Nuisance
minefields (another form of tactical minefield) cause enemy
forces to move cautiously, thus disrupting, delaying, and
sometimes weakening or destroying follow-on forces.
Phony minefields are used as decoys to deceive the enemy
about the exact location of real minefields.

CAPABILITIES OF ANTIPERSONNEL LANDMINES

The committee thought it important to describe the spe-
cific capabilities APL bring to a battlefield.  A complete
treatment of the capabilities, effectiveness, and challenges
of APL is beyond the scope of this report, but this synopsis
will provide a helpful context for the reader trying to under-
stand this complex issue.

Today’s nonself-destructing mines are simple, reliable,
low-cost weapons that can operate in all weather conditions,
provide deterrence through fear, and can physically delay or
kill the enemy.  However, they cannot distinguish between
friends, foes, and noncombatants, and if they remain active
long after the end of hostilities, they can and do kill innocent
noncombatants.  For these reasons, the U.S. plans to use
mines with self-destructing and self-deactivating capabili-
ties that reduce residual explosive hazards on battlefields.
The capabilities of APL listed in Box 3-2 were described to
the committee during introductory briefings.

Psychological Effects

Among all of the frightening elements on a battlefield,
landmines appear to have a unique ability to inspire fear.  In
a unique study, The Psychological Effects of Anti-Personnel
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Landmines: A Standard to Which Alternatives Can Be Com-
pared, Eugenia M. Kolasinski surveyed soldiers who had
encountered or used mines in situations other than training.
Kolasinski found that APL do not always have significant
psychological effects,1 but when they do, the effect is prima-
rily fear.  The fear is most likely based on the types of inju-
ries APL can inflict and the certainty of these injuries if a
mine detonates.  Three major factors amplify these fears:
(1) loss of control, helplessness, and inability to fight back
against APL; (2) the perception of risk, which varies by indi-
vidual and is related to the loss of control; and (3) the high
level of uncertainty that continues even after an area appears
to be clear of APL (Kolasinski, 1999).

TECHNOLOGIES IN ANTIPERSONNEL LANDMINES

All explosive ordnance contain the same kinds of compo-
nents: a firing train consisting of a fuze,2 a detonator, and a
main charge.  The reaction starts when the fuze activates the
detonator (a very small charge of highly sensitive materiel)
and progresses to the main charge (larger but less sensitive
than the detonator).  The type of ordnance is distinguishable

by the type of launch or employment that, in turn, defines the
shape, body composition, and, to some extent, the configu-
ration of the main charge.  Figure 3-1 shows the components
of a mine.

Components

The fuze dictates how and when the mine is detonated.
The general goal is for the fuze to be safe during handling,
storage, transport, and tactical movement; the fuze should be
armed only when the munition is used.  For instance, a hand-
emplaced mine will be fully armed only after being placed in
or on the ground, when all safety devices are removed.  The
complexity of a fuze is as varied as the ordnance to which it
is attached.  In a mine, the fuze can be mechanical (e.g., a
firing pin and a stab detonator), chemical (e.g., acetone that
decomposes a plastic disk), electrical (e.g., a battery-
operated electrical circuit), or a combination of types.  Trip
wires or some means of sensing the passage of an individual
are common mine fuzes.

The detonator is normally a primary explosive that ini-
tiates the booster, which amplifies the detonation and, in turn,
initiates the main charge.  The body of the mine may be
metallic or nonmetallic.

Mine Function

One distinguishing feature of mines is that they lie dor-
mant until a target approaches or contacts them, thus activat-
ing the fuze.  Another distinguishing characteristic is their
instantaneous reaction.  Unlike many weapon systems, there
is no latency period between when the mine is alerted and
when it reacts.  In some respects, mines are more precise
than other munitions because the action of the target causes
them to function.  Most mines work in all weather and light
conditions.  In other weapons, the munition explodes when it
arrives at its destination.  The main drawback to mines is
that they cannot discriminate among friends, foes, and non-
combatants.

BOX 3-2
Capabilities of Antipersonnel Landmines

• Alert the defender of an enemy approach and effectively delay
and/or prevent dismounted attacks.

• Make obstacles and barriers more complex and time consuming
to breach.

• Work together with AT mines to create a synergistic effect.
• Protect AT mines from rapid breaching or tampering by the

enemy.
• Generate surprise and confusion among enemy forces.
• Cause direct casualties and psychological damage to an attack-

ing enemy.
• Provide rear-area protection for combat support and logis-

tics units.
• Act as a force multiplier for small, light forces and early-

entry units.

Source: Biering, 1999.

1 The effects of APL on soldiers varied significantly.  Some soldiers
could mitigate their fear by focusing strongly on doing their jobs.  Soldiers
who had some level of control over where they were going or the types of
tasks they were assigned were sometimes less affected.

2 Fuse and fuze are not interchangeable terms.  A fuse is a safety device,
that is, a gunpowder-filled cord.  A fuze is a mechanism that activates a
mine or bomb (Croll, 1998).

Main charge
Detonator or igniter

Fuze

Casing

Booster charge

FIGURE 3-1 Mine components.
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The necessity of contact or proximity to the target is an-
other distinguishing feature of mines.  APL are directly acti-
vated by contact, typically the pull of a trip wire.  In AT
mines, the magnetic field generated by an armored vehicle is
sufficient to initiate a fuze designed to fire on magnetic in-
fluence.  Acoustic signatures can also arm firing circuits.
Infrared can be used to detect the presence of a target within
the mine’s range and fire the main charge.  Antihandling
devices can be incorporated to preclude easy removal or neu-
tralization.

A mine does not normally explode unless it has been
armed.  To arm some mines, the user must position the fuze
and disengage the safety device (usually by removing a
safety pin).  The fuze, the initial component in the firing
chain, dictates how and when the mine functions.  APL are
issued with standard fuzes although alternative fuzes may be
available.  Once armed, mines can be activated in the fol-
lowing ways:

• Pressure can activate the device when a load is placed
on it (e.g., contact by walking or driving directly over
the mine).

• The release of pressure can set off a mine (e.g., when a
pressure-release antihandling firing device attached to
the underside is lifted).

• Seismic activity can activate the device when a sensor
detects vibrations or movement within the search
range.

• Trip wires or break wires can activate a mine if they
are disturbed.  Trip wires may be either taut (which
explode a mine when cut or pulled) or slack (which
explode a mine only when pulled).

• Command-detonated mines are activated by a person
when he/she detects an enemy in the mine’s lethal area.
Radio or hard wire can send the signal to fire.

Two types of kill mechanisms are used in APL, blast
mechanisms and fragment mechanisms.3 Blast warheads,
which achieve their effects as a result of the detonation of
the explosive main charge, can cripple or destroy the foot or
leg of a soldier who steps on the mine or burst the tires of a
wheeled vehicle that passes over it.  Fragmentation warheads
disburse metal fragments from the casing or added materi-
als.  There are three variations of fragmentation warheads:

• A bounding fragmentation mine projects a canister into
the air; the canister explodes and scatters fragments
through the lethal area.

• A directional fragmentation mine uses an explosive
charge to propel high- velocity fragments over a spe-
cific, concentrated area.

• A stake fragmentation mine scatters fragments in a cir-
cular pattern.

Self-Destructing and Self-Deactivating Features

Self-destructing and self-deactivating fuzes are essential
components of all scatterable mines used by U.S. forces.
Self-destructing and self-deactivating APL, used in accor-
dance with international law, do not create a significant hu-
manitarian hazard.  The self-destruct feature is designed to
explode the mine after a set time has elapsed, thereby elimi-
nating residual effects.  Self-destruct times may be as short
as four hours or as long as 15 days.  The self-deactivating
feature uses a battery in the electrical firing system of the
mine.  When the battery (reserve cell) no longer has enough
energy to fire the electrical detonator, the mine becomes in-
operable.  Self-deactivation normally occurs about 60 days
after the mine is armed; at this point the fuze is inoperable.
Although the main charge explosive remains, it is relatively
insensitive and less hazardous than most other unexploded
ordnance.  Self-destructing and self-deactivating mines may
be the most important contribution to addressing humanitar-
ian concerns about mines.

The self-destructing and self-deactivating capability of
today’s U.S. scatterable landmines is a desirable operational
capability for all nonrecoverable, explosive munitions
because they both increase maneuver options and address

BOX 3-3
Unexploded Ordnance Hazards

Historically, about 5 percent of explosive ordnance fails to ex-
plode on impact.  When large quantities of munitions are fired into
an area, unexploded ordnance can pose an obstacle to maneuvers,
particularly for dismounted troops and unarmored vehicles, as well
as for noncombatants after hostilities have ended.  At the American
Defense Preparedness Association Munitions Executive Summit in
Fairfax, Virginia, on September 17, 1996, Paul G. Kaminski, then
undersecretary of defense for acquisition and technology, stated the
rationale for using self-destructing fuzes for all submunition war-
heads.  “This new fuze will enhance reliability and also provide a
self-destruct capability for eliminating the problem of unexploded
ordnance on the battlefield” (Kaminski, 1996).  This capability will
be similar to the self-destructing fuze on U.S. scatterable mines and
will provide similar operational and humanitarian benefits.

3 Two other types of mines can be used against personnel although they
are not normally thought of as APL.  Chemical mines dispense chemical
agents either by command detonation or vehicle activation (use of these
agents is now prohibited by the 1996 Chemical Weapons Convention.
Flame mines (flame fougasse) can be fabricated in the field using contain-
ers filled with an explosive-fuel mixture activated by an explosive charge.
These area weapons are effective against personnel and are normally com-
mand detonated.
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humanitarian concerns by reducing residual explosive haz-
ards.  However, landmines are not the only ordnance that
can leave residual unexploded devices on the battlefield.
Box 3-3 describes a possible solution to the more widespread
problem of unexploded ordnance.

Recommendation. Any nonrecoverable, explosive alterna-
tive to antipersonnel landmines should have self-destructing
and self-deactivating fuzes to meet operational requirements,
address humanitarian concerns, and reduce fratricide among
friendly troops.  The U.S. government should consider equip-
ping all nonrecoverable explosive munitions with similar
technologies.

Nonlethal Weapons

Because the world is so politically unstable, small-scale
contingencies and operations other than war may become
more common in the future.  This type of warfare is likely to
occur in areas with significant noncombatant populations
where local enemy forces move among noncombatants.  In-
deed, on occasion, the enemy may use noncombatants as
human shields.  The United States and its allies will certainly
take all prudent steps to avoid causing noncombatant
casualties while taking action to eliminate the enemy.
Engagements of this nature require a scaled response, which
nonlethal weapons can provide.

The United States is experimenting with several types of
nonlethal weapons (Fenton, 1999).  Nonlethal alternatives to
APL would generally replace the fragmentation and blast
effects of APL with other capabilities, such as explosively
propelled rubber balls, rapidly deployable nets, and electri-
cal charges.  Although nonlethal variants by themselves can-
not replace APL, they would be useful in certain military
operations.  With nonlethal variants, U.S. forces could mount
a graduated response in situations where the threat were un-
clear, such as in peace operations, or if large noncombatant
populations were in the immediate tactical area.  Nonlethal
weapons have several advantages: they can be used in a
broad variety of circumstances; they can be triggered auto-
matically; and they do not require man-in-the-loop opera-
tion to be Ottawa compliant, which can improve the timeli-
ness of a response and lessen the burden on the soldier/
operator.

The mission need statements (provided in Appendix G)
that describe the military requirements for alternatives to
pure APL include nonlethal capabilities as acceptable alter-
natives.  Although the mission need statements for mixed
systems did not include nonlethal attributes, the committee
decided to include them in the study.  Early designs for the
Track I NSD-A entailed some nonlethal options, such as nets.
Although nonlethal variants by themselves cannot replace
APL, for certain military operations they might be useful in
support of APL alternatives.
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4

Evaluation Methodology

The committee considered a large number of potential
alternatives to APL.  Some are under development as part of
the U.S. government’s three-track initiative, and some are
being developed by other nations.  Still others were sug-
gested by nongovernmental organizations and independent
scientists committed to the elimination of APL.  Members of
the committee also suggested several possible alternatives;
some are improvements to existing systems and some totally
new.  This chapter describes the methodology, baseline sys-
tems, criteria, and performance factors the committee used
to rank potential alternatives.

METHODOLOGY

Information about the alternatives described in this report
was gathered over a 10-month period.  The sponsor, in meet-
ings with the committee, stressed that all types of alterna-
tives should be considered: materiel and nonmateriel, as well
as existing, developmental, conceptual, and notional tech-
nologies.  Although the committee cast as wide a net as pos-
sible, some potential alternatives may have been missed.  At
the time the data-gathering phase of the study ended, the
Track III initiative had reduced the number of concepts un-
der consideration to seven finalists.  Three of these were
undergoing concept evaluation by industry and were consid-
ered competition sensitive; therefore, these were not consid-
ered in this study.

Although independent modeling or simulations may have
assisted the committee in its evaluations, this was not fea-
sible within the committee’s constraints of time and budget.
Therefore, the committee developed a score sheet to mea-
sure the effectiveness of alternatives.  Although the analysis
is admittedly subjective, and the results are qualitative rather
than quantitative, the scoring was helpful for ranking the
alternatives.

The criteria for the score sheet were developed by the
entire committee.  Committee members with technical ex-
pertise provided detailed write-ups of each of the candidates.

A subcommittee of technical and military operational ex-
perts then met and scored the alternatives against the crite-
ria.  The results were presented to the full committee, and
adjustments were made, as necessary.  The score sheets re-
sulting from these assessments are provided in Chapters 5, 6,
and 7.

The committee adopted the terminology used in previous
studies by DOD to categorize types of alternatives.  Materiel
alternatives are weapon-like systems; nonmateriel alterna-
tives are nonweapon solutions, such as changes in doctrine,
organization, concepts, and training or weapons designed for
another purpose.  Only the materiel alternatives were scored.

BASELINE SYSTEMS

There are many very different types of mines.  Mines
used solely against a dismounted enemy are so different from
the mine systems used against mounted targets that the com-
mittee divided its alternatives into two categories: those to
be used against a dismounted threat and those to be used
against a mounted threat.  It then selected two baseline sys-
tems against which candidate systems could be measured for
all criteria: the M14/16 nonself-destructing mines for use
against a dismounted threat and the Volcano system (M87),
a mixed system, for use against a mounted threat.

CRITERIA

The committee developed the criteria as a qualitative
guide for assessing how well alternatives would fulfill the
requirements for APL.  These are availability, military ef-
fects, humanitarian concerns, overall technical risk, tactics
and doctrine, and economic factors.  The first three sets of
criteria were most important to the committee’s overall as-
sessments and recommendations.  The committee reiterates
that the scores are qualitative and, therefore, somewhat sub-
jective.  They were used to help organize the committee’s
thinking, but not as a basis for pass/fail judgments.

There is no formula or specific set of criteria on which to base a determination of the point at which the
putative military utility of AP mines is exceeded by the humanitarian costs of their employment.  This is
a complex problem involving subjective judgment; for a nation to deny its military the use of a weapon
that could assist in prevailing against opposing forces while reducing friendly casualties, there must be a
compelling case that the weapon is not indispensable to legitimate military operations and that its utility
is clearly outweighed by the resultant killing and wounding of innocent civilians.  (Gard, 1999)
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Availability for Implementation

The first and most important criterion was the availability
of the system, in keeping with the requirement in the State-
ment of Task that the committee identify technologies that
would be available by 2006.  Although 2006 was the critical
milestone, many emerging technologies that most likely
would not be available until after that date showed consider-
able promise.  Ultimately, the committee divided the poten-
tial alternatives into three groups: systems available now (see
Appendix C and Chapter 5 for detailed descriptions); sys-
tems currently under development that have a reasonable
likelihood of being available by 2006 (Chapter 6); and
technologies unlikely to be available until after 2006
(Chapter 7).

Military Effects

The second criterion was whether the alternative system
could fulfill DOD’s requirements (i.e., be militarily effec-
tive).  The committee’s choice of the criterion was neither
arbitrary nor capricious.  After several attempts to design
military criteria for landmines, the committee determined
that the capabilities described in the mission need state-
ments1 were the most complete description available.

A mission need statement is one of the first documents to
describe the requirement for a new piece of military equip-
ment.  The mission need statements used in this study were
validated by the Joint Requirements Oversight Council, a
high-level element of the Office of the Joint Chiefs of Staff,
and were considered adequate by DOD for industry to use as
a basis for designing alternatives.  Therefore, the committee
considered them to be an accurate reflection of military ser-
vice requirements.  Although the performance standards in
these documents are at a higher level than the requirements
for technologies described in the study’s Statement of Task
(i.e., they would perform better than current APL, not simi-
larly), they provide the most complete description of the
requirements for mine alternatives known to the committee;
an approved operational requirements document was not
available.  The standards can be read in their entirety in Ap-
pendix G.

The numbering of each criterion coincides with the num-
bers on the score sheets.  A score of zero shows that the
alternative performed at the same level as the baseline sys-
tem.  A positive number indicates that the alternative per-
formed better than the baseline system.  A negative number
shows that the alternative did not perform as well as the
baseline system.

Against Mounted Threats

The Mixed Landmine System Alternatives mission need
statement describes requirements for a mixed system for use
against a mounted threat (see Appendix G).  The committee
used the Volcano (M87) as the baseline system against which
alternatives were judged.

A1 Enhance effects of close and deep friendly fires
0 = same as Volcano
1 = greater coverage than Volcano and/or technologi-

cal improvements
2 = man-in-the-loop or improved sensors
3 = sensors with battlefield awareness

–1 = nonlethal component or easily detectable
–2 = longer sensor-to-shooter cycle
–3 = longer sensor-to-shooter cycle and a small

footprint
–4 = longer shooter-to-sensor cycle, a small footprint,

and may require a cease fire from other weapons
to protect the delivery platform

A2 Has multiple methods of delivery
0 = at least two methods of delivery (as many or more

than Volcano)
–1 = only one method of delivery

A3 Provides a range of effects that inhibit mounted and
dismounted maneuvers
0 = similar to Volcano, has both AT and APL com-

ponents
1 = sensor that enables use of something other than

an APL mine to counter dismounted targets
2 = multiple sensors/highly sophisticated sensors

–1 = inhibits only personnel or only tanks; nonlethal
against personnel

–2 = nothing in place on ground to stop or slow enemy
movement

A4 Resists full spectrum of enemy breach methods, includ-
ing dismounted methods
0 = has AP and AT components
1 = has man-in-the-loop to react to visual observa-

tion of breach
2 = unbreachable without great risk to troops; very

difficult to breach
3 = multiple sensors, allowing other weapons to be

brought to bear; larger area covered; automati-
cally counters breach attempts

–1 = nonlethal AP components; some AT components
have antihandling devices

–2 = has only AT or only AP
N/A=no minefield to be breached

A5 Provides early warning of ground attack
0 = might provide early warning within normal ob-

servation range
1 = will provide early warning because of man-in-

the-loop (observes ground attack)

1 The two current mission need statements that relate to APL are Battle-
field Shaping and Force Protection against Personnel Threats (alternatives
to APL when used alone) and Mixed Landmine Systems Alternatives (alter-
natives for current mixed systems, combining both APL and AT mines)
(see Appendix G for full text).
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2 = will provide reliable early warning via sensors at
greater distance to observe attack

–1 = will not provide early warning within normal
observation range

A6 Is safe for friendly forces
All alternatives approved in the mission need state-
ments will be as safe as Volcano by doctrine.  DOD
will not develop a weapon that poses a threat to its own
forces.
0 = as safe as Volcano

A7 Is effective in all types of terrain and weather
0 = terrain and weather have no effect

–1 = cannot see target because of weather/terrain; re-
action requires sensor input that can be affected
by weather/terrain

A8 Poses minimal residual hazard to own forces and non-
combatants after military conflicts
0 = can self-destruct/self-deactivate; no ground mu-

nitions to explode (munitions have exploded in
the air or on contact with the ground)

1 = can be command detonated; is strictly nonlethal
A9 Is difficult to detect by enemy forces

0 = same as Volcano; may be visible when shot off
but are not easily visible on ground

1 = smaller and less easily seen than Volcano
2 = nothing to be detected on the ground

–1 = bigger, easier to see; sends a signal that can be
detected

–2 = visible and audible by the enemy before
breaching

A10 Poses minimal risk of fratricide
0 = has an APL component
1 = has no APL component; has nonlethal AP com-

ponent
2 = man-in-the-loop allows identification of friend or

foe before detonation; more accurate minefield
location

3 = sensors tell own troops where munitions are; mu-
nitions can be turned off when own troops ap-
proaching; is strictly nonlethal

A11 Effects modifiable for mounted and/or dismounted
threat
0 = once in place munitions are either AT or AP
1 = has man-in-the-loop, therefore other systems can

be used
2 = more sensors allow several options for bringing

other weapons to bear
A12 Has controllable activation/deactivation and duration

before and after installation.
0 = set before emplacement, cannot be changed after
1 = set at time of use; man-in-the-loop
2 = can do many things with munitions (turn on/off;

command destruct)

A13 Is effective in nuclear, chemical, and biological envi-
ronments
0 = not affected (same as Volcano)

–1 = sensors or communications may be affected by
electromagnetic pulse

A14 Is easy and efficient to distribute
0 = remotely delivered; AT and AP components

delivered together
–1 = emplaced by hand; components delivered sepa-

rately (i.e., requires two rounds)
–2 = more components require hand emplacement

than Volcano

Against Dismounted Threats

The Battlefield Shaping and Force Protection Against
Personnel Threats mission need statement describes the ca-
pabilities required for protection against a dismounted threat
(see Appendix G).  The committee used the M14/M16 as the
baseline system for evaluating these alternatives.

A15 Can delay, disrupt, and/or canalize enemy movement/
maneuvers.
0 = same as M14/M16
1 = greater area covered; greater range; selection of

when to detonate; line of sight
2 = detection of enemy forces further out via sensors

allow time for use of other weapons
–1 = nonlethal with strong effects that might affect en-

emy movement
–2 = nonlethal with weaker effects not likely to affect

enemy movement
A16 Denies enemy access to terrain/facilities (including

short-term/long-term deterrent for boundaries and
DMZ areas)
0 = same as M14/M16
1 = greater area covered; greater range; selection of

when to detonate; line of sight required
2 = detection of enemy forces further out via sensors,

allowing time for use of other weapons
–1 = nonlethal, with strong effects that might affect

enemy movement
–2 = nonlethal, with weaker effects that are not likely

to affect enemy movement
A17 Enhances effects of friendly force weapons, obstacles,

and munitions (including AT mines)
0 = same as M14/M16
1 = greater coverage; man-in-the-loop
2 = better sensors

–1 = nonlethal
A18 Generates exploitable delays and opportunities (fixes

or contains enemy)
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0 = same as M14/M16
1 = greater area covered; greater range; selection of

when to detonate; line of sight required
2 = detection of enemy forces further out via sensors

allowing time for use of other weapons
–1 = nonlethal, with strong effects that might affect

enemy movement
–2 = nonlethal, with weaker effects that are not likely

to affect enemy movement
A19 Generates detection, alert, and/or early warning

0 = makes a noise, alerting friendly troops to enemy
intrusion

1 = sensors alert to enemy intrusion
2 = more sophisticated sensors alerting of intrusion

at greater distance (sooner)
–1 = no noise is made autonomously; line of sight re-

quired; difficult to cover blind spots
A20 Facilitates classification of target

0 = no classification
1 = man-in-the-loop
2 = man-in-the-loop with sophisticated sensor

A21 Produces desired effects on enemy forces (nonlethal to
lethal)
0 = solely lethal or nonlethal; no munition
1 = permits choice of munition (lethal or nonlethal)
2 = has inherent selection of effects, from lethal to

nonlethal
A22 Reduces casualties/risk for U.S. and/or allied forces

0 = same as M14/M16
1 = self-destruct/self-deactivating or man-in-the-loop
2 = nonlethal; more positive identification at greater

ranges
A23 Deters pursuit to facilitate breaking of contact under

pressure
0 = no man-in-the-loop, weapon does not require

operator
–1 = man-in-the-loop; nonlethal

Humanitarian Concerns

The third criterion was fulfillment of the humanitarian
intent of international agreements, such as the CCW and the
Ottawa Convention.  Although compliance with these agree-
ments was not specifically included in the Statement of Task,
the committee considered it implicit in the rationale for this
study.  Senator Leahy, a strong supporter of demining, pro-
viding aid for victims of mines, and the Ottawa Convention,
introduced legislation requesting this study (Rieser, 1999).
Because humanitarian concerns were clearly one impetus for
this study, the committee used those elements from the CCW
and the Ottawa Convention that addressed the post conflict
hazard of mines and possible injuries to noncombatants as
humanitarian criteria.  The five characteristics listed below,

derived from the CCW and the Ottawa Convention, were
applied to alternatives used to counter mounted and dis-
mounted targets.

Against Mounted Threats

B1 Presents postconflict residual hazard (CCW)
0 = no self-destruct/self-deactivation mechanism;

munitions persist on ground
1 = has self-destruct/self-deactivation; easily remov-

able; purely nonlethal; no munitions persisting
on ground

B2 Location can be recorded (CCW)
0 = approximate locations are known
1 = more precise location known
2 = will self-record where they are
3 = no munition

B3 Detectable to facilitate removal (CCW)
0 = sufficient metal content for detection
1 = no munitions

B4 Discriminates between combatants and civilians
(Ottawa)
0 = has no means of discrimination
1 = less than positive target identification (i.e., with a

nonvisual sensor); observed fire
2 = discriminates by man-in-the-loop, visual identi-

fication; has nonlethal AP component
B5 Does not explode on presence, proximity, or contact of

a person (Ottawa)
0 = explodes on presence, proximity, or contact
1 = does not explode on presence, proximity, or con-

tact; is nonlethal

Against Dismounted Threats

B1 Presents residual hazard (CCW)
0 = no self-destruct/self-deactivation mechanism
1 = is self-removing (via self-destruction/self-

deactivation) or nonhazardous after war; is very
easily removable; is strictly nonlethal

B2 Location can be recorded (CCW)
0 = is hand emplaced
1 = has man-in-the-loop or sensor

B3 Detectable to facilitate removal (CCW)
0 = sufficient metal content for detection
1 = no munitions

B4 Discriminates between combatants and civilians
(Ottawa)
0 = has no means of discrimination
1 = less than positive target identification (i.e., with a

nonvisual sensor)
2 = discriminates by man-in-the-loop, visual identi-

fication
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B5 Does not explode on presence, proximity, or contact of
a person (Ottawa)
0 = explodes on presence, proximity, or contact
1 = does not explode on presence, proximity, or con-

tact; is strictly nonlethal

Overall Technical Risk

In assessing overall technical risk, the committee assigned
the highest score to systems already in production and pro-
gressively lower scores to systems with technologies beyond
the state of the art.  This very simple scoring was helpful for
assessing the more “futuristic” alternatives.

C0 0 = in production
–1 = capability has been demonstrated
–2 = capability not prototyped, but uses technology

within the state of the art
–3 = technology is beyond the state of the art

Changes in Tactics and Doctrine

The consideration of tactics and operational concepts was
specified in the Statement of Task.  This criterion was given
a simple yes or no on the score sheet to indicate whether
changes in tactics or doctrine would be necessary to imple-
ment the alternative (see D0 on score sheet).

Cost

Because cost2 was not included in the Statement of Task
and because the determinations by the committee were only

estimates, scores for this criterion only indicate the com-
mittee’s evaluation process.  The following costs were con-
sidered for each alternative:

E1 Research and development
0 = weapon already exists

–1 = known, funded cost; relatively low cost; proto-
type exists or is technologically easy to achieve

–2 = no prototype, but elements of the system exist;
technology appears to be straightforward

–3 = conceptual stage; requires a technology break-
through

E2 Procurement cost
0 = production base exists/has been produced

–1 = production capability exists, anticipated product
costs are low

–2 = requires complex manufacturing process and/or
high product cost

–3 = manufacturing processes are conceptual, costs
unknown

2 Despite the sponsor’s admonition that cost not be considered a factor, it
was included because the committee believed it might be a consideration
for the future.  However, cost estimates were rudimentary.
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5

Alternatives Available Today

OVERVIEW

The committee first considered whether nonmateriel al-
ternatives, such as changes in tactics and/or operational con-
cepts, could fully compensate for the elimination of APL.
Because these alternatives did not lend themselves to the
type of scoring used for materiel solutions, the committee
simply described possible changes.  The committee then fo-
cused on materiel solutions (i.e., weapons and weapon sys-
tems), including the four existing mine systems that could be
considered Ottawa compliant and five precision-guided
weapons.  In general, the most critical limitation of non-
mine alternatives that depend on direct or indirect support
weapon systems is the lack of certainty of their availability
at precisely the time that they would be required.  None of
the alternatives can replicate all of the dimensions of the
instantaneous response of APL.

NONMATERIEL ALTERNATIVES

The committee believes that DOD has looked to the
National Academy of Sciences for advice on technical solu-
tions to the landmine issue instead of the many military
institutions fully capable of advising DOD on operational
concepts and tactics.  Therefore, the committee provides only
a cursory evaluation of operational concepts and tactics.

The nonmateriel alternatives to landmines have been sug-
gested by various sources, including committee members.
First, the committee rejected the obvious option of simply
eliminating APL and accepting additional casualties.  A
variety of operational concepts and tactics that might be
effective were considered.  Because of the many variables,
such as mission, threat, weather, terrain, and other condi-
tions in which APL could be employed, these nonmateriel
alternatives were only addressed in a general way.

Operational Concepts

In its simplest form, an APL consists of a sensor (a target-
activated fuze), rudimentary communications (e.g., noise),
and an instantaneous kill mechanism.  Other sensors and kill
mechanisms in the U.S. inventory might be used to achieve
similar results.  The committee considered the following op-
erational concepts as possible alternatives:

• Use mechanical ground systems, such as trip flares and
improvised noisemakers.  (Disadvantage: not linked
to instantaneous lethal mechanisms)

• Use electronic ground systems, such as the remotely
monitored battlefield sensor system (REMBASS),
ground-based portable radars.  (Disadvantages: not
generally available at the small combat unit level;
heavier than current APL; no delay; no enemy casual-
ties without linked kill mechanisms)

• Provide additional human systems, such as armed sol-
diers and more effective equipment, including binocu-
lars, night-vision devices, or other capabilities; more
deep-reconnaissance/surveillance units in conven-
tional or special operations force organizations.  (Dis-
advantage: increased soldier vulnerability because re-
action time can be dramatically slowed by incoming
enemy fire, fatigue, weather, darkness, and other con-
ditions)

• Employ animal systems, such as dogs or geese.  (Dis-
advantages: noisy; high logistical cost for animal
support)

• Call upon airborne systems, such as unmanned aerial
vehicles, helicopters, fixed-wing aircraft, joint surveil-
lance target attack radar system (JSTARS), and satel-
lites.  (Disadvantages: increased time between detec-
tion of an enemy and receipt of information by the unit

To the military, mines are an extremely cost-effective method of denying ground; so much so that
extensive studies undertaken in the U.S. have so far failed to find any practical substitute that could be
used if a ban were implemented.  (Jane’s, 1997)
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on the ground; are frequently unavailable to
small units).

Tactics

The commander on the ground is responsible for accom-
plishing the unit mission by ensuring that subordinate units
or troops use all weapons in a way that exploits the unique
conditions of enemy, terrain, weather, and light.  A com-
mander might tactically employ soldiers, sensors, weapons,
and units in the following ways to provide similar advan-
tages as APL:

• Use more forward reconnaissance (e.g., additional sol-
diers, ground sensors, and aerial sensors) to determine
the enemy’s location earlier in the decision cycle so
continuous and sequential destruction can be inflicted
as the enemy comes into the range of each available
indirect-fire system, direct-fire system, and mine-like
device.  (Disadvantages: requires additional military
manpower; greater likelihood of high U.S. casualties)

• Use more soldiers, weapons, or units in a given battle-
field area to increase firepower advantage on a given
piece of terrain and increase the likelihood of slowing
or defeating the enemy.  (Disadvantages: requires ad-
ditional military manpower; greater likelihood of high
U.S. casualties)

• Provide small, lightweight containers of contingency
sensors and / or weapons that can be moved quickly by
ground or air to the position of a small unit.  The items
in the containers would be tailored for local conditions
and could include any combination of night-vision
devices, ground sensors, Claymores, grenade launch-
ers, machine guns, hand-held mortars, ammunition,
and nonlethal munitions.  (Disadvantages: uncertainty
that container would be available when needed;
additional training required to teach soldiers to use a
range of sensors and weapons not normally available
to them)

• Employ AT mines “just-in-time” to support maneu-
ver.  Conduct a thorough terrain/enemy analysis, make
detailed fire plans, and establish priority of fires so
that AT mines could be delivered just in time (within
minutes rather than hours) to support maneuver.  For
example, a dangerous enemy avenue into an advanc-
ing friendly force’s flank could be closed with AT
mines delivered remotely just prior to friendly force
arrival.  This would minimize the enemy’s ability to
find the scattered minefield, and the passing friendly
forces would be able to cover the minefield with real-
time observation, direct fire, and indirect fire.  (Disad-
vantage: uncertainty that a dedicated delivery means,
such as artillery, would be immediately available)

• Employ remotely delivered AT mines in greater num-
bers, over greater areas, with more rapid reseeding

rates.  The larger the minefield the more difficult it
may be for the enemy to bypass it (going around a
minefield is usually the simplest countermeasure but
often leads to a kill zone); a larger minefield is likely
to require more time to breach with mine plows or
more specialized armored breaching vehicles.  As
noted in Appendix D, APL are used to slow dis-
mounted breaches of AT minefields.  By reseeding
existing AT minefields with additional remotely de-
livered AT mines, both mounted and dismounted
breach attempts could be slowed as lanes thought to be
passable would have to be recleared.  Ideally, reseed-
ing would be accomplished under real-time direction
from a ground observer, a manned aircraft, or an un-
manned aerial vehicle sensor.  Otherwise, high-
priority, remotely delivered minefields could be peri-
odically reseeded as the tactical situation required.
(Disadvantages: requires additional delivery means,
mines, and military personnel)

The effectiveness of any of the tactical approaches listed
above would greatly depend on the mission, the situation,
and the force structure.  Furthermore, history has shown that
when one side changes tactics, the other side makes counter-
changes.  On the battlefield, tactics evolve, sometimes radi-
cally.  Even though APL are rarely decisive on the battle-
field, they do provide a commander with one more capability
to shape the battle space, tailor his tactics, and enhance the
effects of other more decisive systems.  Therefore, the tacti-
cal approaches listed above might have a delaying effect but,
either singly or in combination, they could not replicate the
instantaneous lethality of APL on a precise point on the
battlefield.

MATERIEL ALTERNATIVES

Materiel alternatives to APL are likely to consist of a
combination of sensor, communication links, and lethal or
nonlethal munitions.  The committee carefully evaluated
technologies in each of these categories in terms of the fun-
damental problem of current mines—they cannot distinguish
between friend and foe.  Although significant efforts have
been devoted to existing and future communications and
munition technologies, ground-based sensors cannot dis-
criminate rapidly and accurately between types of soldiers
and /or noncombatants.  In the committee’s opinion, the de-
velopment of long-lasting, accurate, all-weather capable,
low-power ground sensors may be key to the creation of the
most flexible and militarily effective alternatives to APL.

APL have two missions—to kill dismounted targets and
to protect AT mines from being breached; the latter is typi-
cally accomplished by mixed systems.  An alternative to APL
in these mixed systems could either (1) remove the APL and
use only AT mines equipped with antihandling devices or
(2) use other weapons designed for non-mine missions that
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can destroy tanks and other heavy vehicles without the risk
of breaching.  For this reason, some of the alternatives con-
sidered are AT mines or weapons.

Table 5-1 shows existing systems that would be compli-
ant with the Ottawa Convention.  The table also describes
their principal characteristics.  Following the table are full
descriptions of each alternative.  The descriptions are fol-
lowed by brief assessments and tables measuring alternatives
are measured against the criteria described in Chapter 4.

For Use Against Dismounted Threats

Claymore (M18)

Source: Mine/Countermine Operations, FM 20-32 (U.S.
Army, 1998b)

The M18 series, or Claymore mine, is a nonself-destructing
directional fragmentation mine detonated by 682 grams of
composition C4.  The Claymore projects 700 steel balls in a
fan-shaped pattern in a 60 degree arc to a maximum height
of 2 meters.  The M18 can be activated in the command-
detonation mode by an electric blasting cap inserted into the
detonator well.  The mine body is nonmetallic, and the steel
balls are cast in the same composition as the front part of the
mine.  The lethal radius extends to 100 meters forward and
16 meters to the rear.  The Claymore mine is issued with an
electric initiation system (hand generator, wire, and electric
blasting cap) and is now doctrinally detonated by command,
although so-called “mechanical ambushes,” using trip-wires,
were common during the Vietnam War.  Amended Protocol
II to the CCW imposes some restrictions on the use of trip
wires to detonate the Claymore; the Ottawa Convention
prohibits the use of trip wires with all mines.  The
command-detonated Claymore does not use a trip wire and

is, therefore, permitted by both the CCW and the Ottawa
Convention.

For Use Against Mounted Threats

Volcano (M87A1)

Source: Mine/Countermine Operations, FM 20-32 (U.S.
Army, 1998b)

The Volcano system (M87) replaced the older M56
helicopter-delivered AT mine system and the GEMSS/
Flipper system.  The M87 is a mixed system, and the M87A1
is a pure AT system.  Volcano dispensers can be mounted on
several tracked or wheeled vehicles or on the UH-60
Blackhawk helicopter.  The system is made up of the
launcher rack and dispenser-control unit, vehicle-specific
mounting hardware, and mine canisters, each of which holds
six mines.  A completely loaded dispenser holds 160 canis-
ters, or 960 mines.  The mines are placed in a uniform den-
sity of approximately one mine per linear meter over a linear
distance of one kilometer.  Self-destruct times of 4 hours,
48 hours, or 15 days are set at launch time.  The Volcano
system can be used to emplace protective and tactical
minefields anywhere on the battlefield reachable by the dis-
pensing vehicles.

Remote Antiarmor Mine System (RAAMS)

Source: Mine/Countermine Operations, FM 20-32 (U.S.
Army, 1998b)

The Remote Antiarmor Mine System (RAAMS) consists
of a 155-millimeter (mm) howitzer projectile containing nine
AT mines.  RAAMS is usually used with the ADAM

TABLE 5-1 Alternatives Available Today

Self-
destruc-

APL/ ting/ Dismounted Enemy Mounted Enemy
AT/ Self-
Mixed deacti- Lethal/ Ottawa Remotely Hand Remotely Hand

System Name Non-Mine vating Nonlethal Complianta Delivered Emplaced Delivered Emplaced

Claymore (M18) APL N L Y X
Volcano (M87A1) AT Y L Y X
Remote Antiarmor Mine System (RAAMS) AT Y L Y X
Hornet/Wide Area Munition (WAM) AT Y L Y X
Maverick (AGM-65) n/m N L Y X
Longbow Hellfire (AGM-114) n/m N L Y X
Sensor Fuzed Weapon (SFW) n/m N L Y X
Sense and Destroy Armor Munition (SADARM) n/m N L Y X
Brilliant Antiarmor (BAT) Submunition n/m N L Y X

aThe committee used the definition found in the Ottawa Convention to determine whether a system would be Ottawa compliant.
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(Area-Denial Artillery Munition), but can also be used alone.
Each mine in the projectile is a right-circular cylinder,
11.25 centimeters (cm) in diameter and 7.5-cm high,
weighing 1.8 kilograms and containing about 0.78 kilograms
of pressed explosive in the main charge.  RAAMS have
factory-set self-destruct times of either 4 or 48 hours.  About
20 percent have an antihandling feature that causes them to
explode when tilted at an angle of 17 degrees or more.  They
are designed to destroy mounted targets by perforating the
underside of the vehicle.  The mines have magnetic-influence
fuzes designed to stop mounted vehicles when they are deto-
nated, as intended, between the tracks; if they are detonated
directly under a track, they may not stop the vehicle.

Hornet/Wide Area Munition (WAM)

Source: Mine/Countermine Operations, FM 20-32 (U.S.
Army, 1998b)

The Hornet/WAM is an autonomous hand-emplaced AT
mine.  It weighs about 16 kilograms, is about 36 centimeters
high and about 23 centimeters in diameter.  After it is
emplaced and armed, seismic sensors can detect movement
and alert the mine to turn on its acoustic sensors that detect
and classify a target.  If an armored target approaches within
100 meters, a small submunition with an infrared sensor is
launched over the target and fires an explosively formed pro-
jectile down into the engine compartment. The Hornet/WAM
is designed to operate for 30 days after arming and then to
self-destruct. It has an antihandling feature that causes the
mine to detonate when disturbed. The submunition is similar
to those in the Air Force Sensor Fused Weapon.  Originally,
the Hornet/WAM was to be dispensed from a Volcano
launcher and/or from a deep-attack asset, such as a multiple
launch rocket system or a tactical missile system.  Subse-
quent evolutions of requirements and the exigencies of the
development program have precluded these options.  For the
foreseeable future, the Hornet/WAM will be hand emplaced,
which sharply limits its utility.

Maverick Air-to-Ground Missile (AGM-65)

Source: Vietnam Veterans of America Foundation

Called to the attention of the committee by the Vietnam
Veterans of America Foundation, the Maverick (AGM-65)
is a tactical guided missile designed for close air support,
interdiction, and defense suppression (Deagle, 2000).  Mav-
erick provides stand-off capability and has a high probabil-
ity of striking a wide range of tactical targets, including ar-
mor, air defenses, ships, transportation equipment, and fuel
storage facilities.  Because Maverick has a modular design,
different combinations of guidance packages and warheads
can be attached to the rocket motor section to produce differ-
ent weapons.

Maverick has three different seekers and two different
warheads.  The solid-rocket motor propulsion section is
common to all variants.  The seeker options are electro-
optical imaging, infrared imaging, or a laser guidance pack-
age.  The warhead, either a 56.7 kilogram shaped charge or a
136.08-kilogram penetrator, is in the missile’s center sec-
tion.  A contact fuze in the nose fires the shaped-charge war-
head.  The penetrator uses a delayed fuze, allowing the war-
head to penetrate the target by kinetic energy before firing,
which is very effective against large, hard targets.

Maverick has a cylindrical body with long-chord delta
wings and tail control surfaces mounted close to the trailing
edge of the wing of the aircraft using it.  Mavericks can be
launched from high altitudes to tree top level.  The A-10,
F-15E, and F-16 aircraft can carry as many as six Mavericks
allowing the pilot to engage several targets on one mission.
The missile also has “launch-and-leave” capability that en-
ables a pilot to fire it and immediately take evasive action or
attack another target as the missile guides itself to the target.
Tactical employment of Maverick is fully covered in doctri-
nal manuals.  This weapon is in production and requires no
further research and development.

Advantages

• Complies with CCW Amended Protocol II and the Ot-
tawa Convention.

• Can destroy targets from a stand-off platform, which
has a psychological impact on an enemy force.

• Is effective against all land-combat vehicles, includ-
ing heavy armor.

Disadvantages

• Requires a target acquisition capability to locate en-
gagement areas.

• Requires an expensive, complicated launch platform
(fixed-wing tactical aircraft).

• Resupply requires extensive lift and transportation ca-
pability.

• Uncertainty about the launch platform’s ability to sup-
port additional tactical missions.

• Because of the delivery system, it is difficult to use
close to friendly troops.

• Provides no protection from dismounted troops.
• Although compliant with Ottawa, Maverick may cause

serious collateral damage.

Longbow Hellfire Air-to-Ground Missile (AGM-114)

Source: Vietnam Veterans of America Foundation

Called to the attention of the committee by the Vietnam
Veterans of America Foundation, the Longbow Hellfire
air-to-ground missile (AGM-114) can engage both moving
and stationary vehicles and provide an adverse-weather,
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fire-and-forget, heavy-antiarmor capability for attack heli-
copters (Deagle, 2000).  The Longbow program also includes
a fire-control radar system and numerous modifications to
the helicopter.  The fire-control radar system can locate, clas-
sify, and prioritize targets for the Longbow Hellfire missile.

The first three generations of Hellfire missiles use a laser
seeker.  The fourth generation, Longbow Hellfire, is a fire-
and-forget version that uses an active radio-frequency seeker
operating in the millimeter-wave frequency band and has a
dual tandem warhead designed to defeat reactive armor.
Either the Apache Attack Helicopter’s (AH-64D) fire-
control radar or a laser designator may identify targets.  Inte-
gration of the Longbow into the entire fleet of Apache attack
helicopters and into one-third of the Comanche reconnais-
sance helicopter fleet is planned.  Tactical employment is
fully covered by doctrinal manuals.  Research and develop-
ment of this program is supported and funded as an Army
missile program.

Advantages

• Complies with CCW Amended Protocol II and the Ot-
tawa Convention.

• Can lock on and destroy targets on the battlefield,
which has a psychological impact on an enemy force.

• Can operate in adverse weather (rain, snow, fog,
smoke, and battlefield obscurants).

• Has good survivability.
• Has fire-and-forget guidance.
• Can be reprogrammed and adapted to changing threats

and mission requirements.
• Has millimeter-wave countermeasures, which allows

the munition to be launched and then remasked, mini-
mizing its exposure to enemy fire.

• Is capable of defeating reactive armor configurations.

Disadvantages

• Requires a target acquisition capability to locate en-
gagement areas.

• Requires an expensive, complicated launch platform
(AH-64).

• Resupply requires extensive lift and transportation ca-
pability.

• Additional tactical missions for the system may require
procurement of additional missiles.

• Uncertainty about the launch platform’s ability to sup-
port additional tactical missions.

• Provides no protection from dismounted attack.

Sensor Fuzed Weapon (SFW)

Source: Vietnam Veterans of America Foundation and
Textron Systems

Called to the attention of the committee by the Vietnam
Veterans of America Foundation, with system information

from Textron Systems, the Sensor Fuzed Weapon (SFW) is
an unpowered, top-attack, wide-area cluster munition de-
signed to achieve multiple kills per aircraft pass against en-
emy moving and stationary land-combat vehicles (Deagle,
2000; Gard, 1999; telephone conversation between J.
Johnson, program manager, Textron Defense Systems and
R. Johnson, committee member, April 3, 2000).  SFW was
specifically designed to defeat multiple targets with a single
weapon.  The SFW’s tactical munition dispenser weighs
454 kilograms and houses 10 submunitions, each of which
has four target-sensing, armor-penetrating warheads (a total
of 40 lethal warheads per weapon).

After deployment, the tactical munition dispenser opens
and dispenses the 10 submunitions that are stabilized with
parachutes.  At a preset altitude sensed by a radar altimeter,
a rocket motor fires to spin the submunition and initiate an
ascent.  It then releases its four warheads, which are lofted
over the target area.  The warhead’s sensor detects a vehicle’s
infrared signature and an explosively formed penetrator fires
at the heat source.  If no target is detected after a period of
time, the warheads automatically detonate to limit hazard-
ous residue.  The baseline weapon has a time-out, self-
destruct feature that limits the dud rate to one in 40.  The
planned improvement of the SFW provides a redundant self-
destruct feature that will essentially eliminate battlefield
duds.  One weapon can effectively neutralize moving and
stationary land-combat vehicles within a 15-acre (60,000
square meters or 6 hectares) area.

The SFW can be deployed from operational U.S. or
NATO tactical aircraft, such as the F-16, which can carry
four munitions.  The weapon can be delivered in all weather
conditions, day or night.  With the 2001 addition of the wind-
corrected munition dispenser tail kit, the SFW will be much
more accurate.

Tactical use of the SFW is fully covered in doctrinal
manuals.  This program is in full rate production and will not
require additional research or development.

Advantages

• Complies with CCW Amended Protocol II and the
Ottawa Convention.

• Autonomously finds and destroys targets on the
battlefield, which has a psychological impact on an
enemy force.

• Certified on all U.S. bombers and fighter aircraft.
• Provides accurate delivery at all altitudes.
• Is effective against all land-combat vehicles, includ-

ing heavy armor.
• Has multiple kills per weapon and wide area coverage.

Disadvantages

• Requires a target acquisition capability to locate en-
gagement areas.

• Once launched, the employment time window is lim-
ited to seconds (the flight time of the submunition).
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• Requires an expensive, complicated launch platform
(fixed-wing tactical aircraft).

• Resupply requires extensive lift and transportation ca-
pability.

• Because of the delivery system, it is difficult to use
close to friendly troops.

• May not be the weapon of choice against targets more
than 200 meters apart.

• Not used in conflicts where the rules of engagement
require delivery above 4500 meters, when wind-
corrected munition dispenser is not available and col-
lateral damage is a concern.

• Although compliant with Ottawa, the SFW could re-
sult in increased collateral damage because of the large
kill zone.

• Not considered a stand-off weapon (although use of
wind-corrected munition dispenser from high altitude
can provide horizontal stand-off equal to about
1.5 times the altitude).

• Provides no protection from dismounted attack.

Sense and Destroy Armor Munition (SADARM)

Source: Vietnam Veterans of America Foundation and the
Office of the Project Manager-SADARM

The Sense and Destroy Armor Munition (SADARM) was
brought to the attention of the committee by the Vietnam
Veterans of America Foundation, the system information was
validated by the Office of the Project Manager, SADARM
(Deagle, 2000; Gard, 1999; telephone conversation between
B. Demassi, deputy project director, SADARM, and
R. Johnson, committee member, April 3, 2000).  The U.S.
Army’s SADARM was developed to provide an autonomous,
counterbattery capability to indirect-fire artillery units.
SADARM is a fire-and-forget, multisensor, smart munition
designed to detect and destroy armored vehicles.  It is fired
principally from self-propelled artillery.  SADARM uses three
sensors (active, passive millimeter-wave, and infrared) to
detect armored vehicles in any weather and destroy them from
above.  The SADARM submunitions are first delivered to the
target array by artillery projectiles; each projectile contains two
submunitions.  Following expulsion from the projectile, the
submunitions are dispensed and decelerate to orient them-
selves.  When the first parachute is deployed, the submunitions
scan and process the data.  Concurrently, the millimeter-wave
sensor detects altitude.  When the second parachute is
deployed, the warhead is armed.  When the target is detected,
the warhead fires and the target is defeated by an explosively
formed penetrator fired into the top of the target.  SADARM’s
range is approximately 20 kilometers and it can be fired from
standard 155-mm tube artillery.  Tactical employment is fully
covered in doctrinal manuals.  Research and development is
supported and funded as an Army artillery program.

Advantages

• Complies with CCW Amended Protocol II and the Ot-
tawa Convention.

• Autonomously finds and destroys targets on the battle-
field, which has a psychological impact on an enemy
force.

• Can penetrate all known top armor.

Disadvantages

• Requires a target acquisition capability to locate en-
gagement areas.

• Once launched, the employment time window is lim-
ited to seconds (the flight time of the submunition).

• Resupply requires extensive lift and transportation ca-
pability.

• Additional tactical missions for the system may require
procurement of additional projectiles (and sub-
munitions).

• Because of the delivery system, it is difficult to use
close to friendly troops.

• Although compliant with Ottawa, SADARM may
cause serious collateral damage.

Brilliant Antiarmor (BAT) Submunition

Source: Vietnam Veterans of America Foundation and Of-
fice of the Project Manager, Brilliant Antiarmor Submu-
nition

The Brilliant Antiarmor (BAT) Submunition was brought
to the attention of the committee by the Vietnam Veterans of
America Foundation (Deagle, 2000); system information
was provided by the Office of the Project Manager, Brilliant
Antiarmor Submunition (telephone conversation between D.
Pinkston, Office of the Project Manager, BAT, and R.
Johnson, committee member, April 3, 2000).  The BAT
submunition uses passive acoustic and infrared sensors to
find, attack, and destroy moving tanks and other armored
vehicles deep in enemy territory.  It is called “brilliant” be-
cause it can seek, identify, and destroy armored targets au-
tonomously.  An unpowered, aerodynamically stable glider,
BAT can operate day or night and in all weather conditions.
After separation from the launch missile, BAT’s acoustic
sensors, working in combination with a high-speed onboard
computer, steer it toward the sound of the target vehicles.
The infrared sensor then guides the weapon in for the termi-
nal attack phase.  BAT destroys enemy targets with a hit-to-
kill, conventional, shaped-charge warhead.

BAT is 91.44 centimeters long, 13.97 centimeters in di-
ameter with wings folded, and weighs 19.96 kilograms.  The
preplanned product improvement BAT retains the same
physical characteristics of BAT and has a new dual-mode
imaging infrared / millimeter wave seeker.  This upgraded
terminal seeker adds capability against stationary targets and
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is more robust in adverse weather and against countermea-
sures.  The target set of the improved BAT includes missiles
and rocket launchers.  Because the operational software is
downloaded rather than resident inside BAT, additional tar-
gets can be programmed without hardware modifications.

BAT is designed to be carried by the tactical missile sys-
tem for “many-on-many” attacks against massed moving
armor.  It is also designed to be compatible with other deliv-
ery vehicles, such as the tactical munition dispenser, which
allows it to be dispensed from a jet aircraft and cruise and
ballistic missiles, such as the Tomahawk and the Multiple
Launch Rocket System (MLRS).

Tactical employment of BAT will be fully covered in doc-
trinal manuals.  Research and development is supported and
funded as an Army artillery program.

Advantages

• Complies with CCW Amended Protocol II and the Ot-
tawa Convention.

• Low collateral damage and stand-off attack capability.
• Future costs are only for maintenance and storage.
• Autonomously finds and destroys targets on the battle-

field, which will have a psychological impact on an
enemy force.

Disadvantages

• Requires a target acquisition capability to locate en-
gagement areas.

• Once launched, the time window is limited to seconds
(BAT’s flight time).

• Requires an expensive, complicated, scarce launch ve-
hicle, such as the MLRS combined with the Tactical
Missile System (TACMS).

• Resupply requires extensive lift and transportation ca-
pability.

• Additional tactical missions may require procurement
of additional missiles (and submunitions).

• Launch platform may not be able to support additional
tactical missions.

• Because of the delivery system, it is difficult to use
close to friendly troops.

• Provides no protection from dismounted attack.

COMMITTEE ASSESSMENTS

Nonmateriel Solutions

The committee could not identify alternative tactics or
operational concepts that could, on their own, provide tacti-
cal advantages to U.S. forces similar to those provided by
APL, without a significant increase in force structure.  In
certain situations, some alternatives might be useful: in-
creased reconnaissance forward; more soldiers or weapons

systems in a given battlefield area; more command-detonated
Claymores to protect against a dismounted enemy; AT mines
remotely delivered “just in time” to support a maneuver and
inhibit the enemy’s ability to breach; and speed, mobility,
and offensive tactical operations.

Materiel Alternatives Against Dismounted Targets

Of all the current APL systems, only one is compliant
with the Ottawa convention—the command-detonated Clay-
more munition.  The Claymore scored well on both the mili-
tary and the humanitarian criteria.  However, the command-
detonation feature limits the Claymore’s ability to alert the
force or provide early warning.  The required set-up time
makes it less effective than nonself-destructing APL for
breaking contact with the enemy.  On the positive side, from
the humanitarian perspective, the Claymore may enable a
soldier to discriminate between combatants and non-
combatants before detonating the mine.

Materiel Alternatives Against Mounted Targets

Of the current mine systems designed for use against
mounted targets, two are Ottawa complaint (RAAMS and
Hornet/WAM), and one is Ottawa compliant when used in
the pure AT mode (Volcano M87A1).  At issue is whether
any of them can perform as well without the APL that nor-
mally protect them.

The Volcano mine is produced in mixed and AT-pure
versions.  The mixed-system Volcano (M87) is the baseline
against which alternatives for use against mounted targets
were measured in this study.  The AT-pure version (M87A1)
is Ottawa compliant, but without APL, it is less effective.
Although the AT pure Volcano is effective in destroying
tanks and large vehicles, it does not have the militarily desir-
able characteristics of APL of slowing dismounted enemy
breaches.  The RAAMS system not accompanied by the
ADAM would be less effective for the same reasons.  Both
the AT-pure Volcano (M87A1) and AT-pure RAAMS
scored better than the baseline system (Volcano M87) ac-
cording to the humanitarian criteria.

The Hornet/WAM is an AT-pure munition that is effec-
tive against its intended targets—heavy vehicles.  Hornet/
WAM is a novel weapon because it has a 100-meter lethal
radius, which essentially negates an enemy’s use of armored
plow type breachers.  Dismounted enemy forces have to clear
a breach lane more than 200 meters wide in a Hornet/WAM
minefield to allow armored vehicles to pass safely.  The time
for a dismounted enemy force to clear a lane this wide is
likely to be similar to the time required for a dismounted
enemy to breach a standard minefield of classic AT mines
protected with APL.  The Hornet/WAM is limited by the
requirement that it be placed in position by hand and by its
weight (15.88 kilograms) and high profile (35.6 centimeters).
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      TABLE 5-2 Score Sheet for Alternatives Available Today
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Available for Implementation N N N N N N N N N

Baseline            D = M14/16     M = M87 D M M M M M M M M

A0 Military Effects                                              Sum: 4 –2 –2 –3 –4 –4 –4 –4 –4
A1 Enhances effects of close and deep friendly fires 0 1 1 –4 –4 –4 –3 –3

A2 Has multiple methods of delivery 0 –1 –1 –1 –1 –1 –1 –1

A3 Provides a range of effects that inhibit mounted and
dismounted maneuvers

–1 –1 –1 –2 –2 –2 –2 –2

A4 Resists full spectrum of enemy breach methods, including
dismounted methods

–2 –1 –1 n/a n/a n/a n/a n/a

A5 Provides early warning of ground attack 0 –1 0 –1 –1 –1 –1 –1

A6 Is safe for friendly forces 0 0 0 0 0 0 0 0

A7 Is effective in all types of terrain and weather 0 0 0 –1 –1 –1 –1 –1

A8 Poses minimal residual hazard to own forces and
noncombatants after military conflicts

0 0 0 0 0 0 0 0

A9 Is difficult to detect by enemy forces 0 0 –1 2 2 2 2 2

A10 Poses minimal risk of fratricide 1 1 1 2 2 2 2 2

A11 Has modifiable effects for mounted and/or dismounted
threat

0 0 0 1 1 1 0 0

A12 Has controllable activation/deactivation and duration
before and after installation

0 0 0 1 1 1 1 1

A13 Is effective in nuclear, chemical, and biological
environments

0 0 0 –1 –1 –1 –1 –1

M
o

u
n

te
d

A14 Is easy and efficient to distribute 0 0 –1 0 0 0 0 0

A15 Can delay, disrupt, and/or canalize enemy
movement/maneuvers

1

A16 Denies enemy access to terrain/facilities (including short-
and long-term deterrent for boundaries and DMZ areas)

1

A17 Enhances effects of friendly-force weapons, obstacles, and
munitions (including AT mines)

1

A18 Generates exploitable delays and opportunities (fixes or
contains enemy)

1

A19 Generates detection, alert, and/or early warnings –1

A20 Facilitates classification of target 1

A21 Produces desired effects on enemy forces (nonlethal to
lethal)

0

A22 Reduces casualties/risk for U.S. and/or allied forces 1

D
is

m
o

u
n
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d

A23 Deters pursuit to facilitate breaking of contact under
pressure

–1

B0 Humanitarian Concerns                               Sum: 5 2 2 2 4 4 4 3 3

B1 Reduces postconflict residual hazard (CCW) 1 1 1 1 1 1 1 1 1

B2 Location can be recorded (CCW) 1 0 0 0 0 0 0 0 0

B3 Detectable to facilitate removal (CCW) 0 0 0 0 0 0 0 0 0

B4 Discriminates between combatants and civilians (Ottawa) 2 0 0 0 2 2 2 1 1

B5 Does not explode on presence, proximity, or contact of a
person (Ottawa)

1 1 1 1 1 1 1 1 1

C0 Overall Technical Risk (C4ISR, etc.) 0 0 0 0 0 0 0 0 0

D0 Requires Change in Tactics/Doctrine N N N N N N N N N

E0 Cost                                                               Sum: 0 1 1 –2 –1 –1 –2 –2 –2
E1 Research and development 0 0 0 0 0 0 0 0 0

E2 Procurement 0 0 0 –2 –2 –2 –2 –2 –2

 NOTE:  Acronyms are defined on p. xv in the front matter.
          Key:  N = now, D = dismounted, M = mounted, n/a = nonapplicable.
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The antihandling device provides some protection against
tampering by a dismounted enemy.  The Hornet/WAM fares
quite well on the humanitarian criteria because it is self-
destructing and self-deactivating and because it has no APL.

Five precision-guided weapons (Maverick, Longbow-
Hellfire, SFW, SADARM, and BAT) were assessed as
alternatives to mixed systems.  All of them are capable of
destroying armored vehicles and do not need the protection
of APL.  These air, missile, and artillery delivered weapons
are well suited for their intended purpose of destroying
massed enemy combat vehicles at significant distances from
the close battle area.  However, none would perform as well
as the Volcano baseline.  Their inability to distinguish be-
tween friendly and enemy armored vehicles precludes their
use close to friendly troops, which limits their ability to en-
hance friendly-fire effects in close fight situations.

These weapons are all controlled at the brigade or higher
level, which means there is likely to be a significant time
delay between the identification of an enemy target and the
arrival of the attacking munition.  Precision munitions also
have fairly limited kill zones.  Therefore, to be effective af-
ter they are fired, the enemy vehicles must be in a relatively
small elliptical kill area.  Otherwise, the munitions fall to the
ground and self-detonate.  To prevent this, these weapons
require highly accurate, real-time intelligence for targeting.

Other shortcomings of these weapons include the fact that
they do not have multiple methods of delivery, have limited
launch platforms, and do not provide a range of effects to
inhibit dismounted maneuver.  In addition, precision muni-
tions delivered by air might negatively influence the larger
battle space by forcing artillery and other indirect-fire sys-
tems to cease fire to ensure a safe air corridor for the deliv-
ery aircraft.  Also, although not part of the scoring criteria,
considerable concern was expressed about the unintended

consequences of unexploded ordnance that might result from
these weapons, the residual effects of which could be worse
than the residual effects of the self-destructing and self-
deactivating APL.

A system that was not scored by the committee but that
deserves mention is the Air Force JSTARS (joint surveil-
lance target attack radar system).  The E-8C JSTARS is an
airborne battle management and command and control plat-
form that conducts ground surveillance to develop an under-
standing of the enemy situation and to support attack opera-
tions that contribute to the delay, disruption, and destruction
of enemy forces.  The primary mission of JSTARS is to pro-
vide dedicated support for high-level ground commander’s
(corps or division) intelligence requirements.  The E-8C, a
modified Boeing 707/300 series commercial airframe (the
use of which is weather dependent), is a jam-resistant sys-
tem capable of operating despite heavy electronic counter-
measures.  This system and its planned upgrades might pro-
vide a viable sensor alternative enabling small ground units
to employ weapons to destroy enemy vehicles at a distance,
thus reducing the need for certain types of landmines.

Summary

The criteria and scores are displayed in tabular form in
Table 5-2.  The details of how these scores were derived can
be found in Chapter 4.

Figure 5-1 is a graphical summary of the scoring.  In
keeping with the Statement of Task, this graph shows only
the relative military effectiveness of candidate systems
without regard to cost, risk, or humanitarian factors.  Each
bar on the graph is a composite.  The lower portion (white)
shows the degree to which each system meets the military
effectiveness requirements in comparison to the baseline

Improvements

Requirements

Claymore

Dismounted

RAAMS

M87A1
Volcano
AT Pure

WAM

Mounted

Maverick Hellfire

SFW

BAT

SADARM

Extent to which
requirements are 
exceeded

Extent to which
requirements are 
met 0*

* Denotes capability equivalent to that of the baseline system

0

FIGURE 5-1 Military effectiveness of currently available alternatives based on qualitative scoring by the committee.
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system.  If the candidate system meets all of the require-
ments at least as well as the baseline system, the score is 0.
If it is less effective in any requirement, the score is less than
0.  The upper portion (dark shading) of the bar shows capa-
bilities that exceed those of the baseline system.

For example, scores for the Claymore (in Table 5-2),
show that 7 of 9 requirements were met or exceeded (i.e.,
had a score of 0 or higher); the lower (white) portion of the
bar has a value of 7 out of 9, or 78 percent of requirements
met.  In addition, 6 of the 9 requirements were exceeded
(i.e., had a score of 1 or more); the upper (black) portion of
the bar has a value of 6 out of 9, or 67 percent.

A second example illustrates some additional factors.  The
scores for the Hellfire (again in Table 5-2) range from –4 to
+2, which indicates significant deficiencies in some areas
and significant advantages in others.  To account for the
impact of these larger excursions, the scores are adjusted by
the degree of deficiency or improvement.  Because a score
of +1 is the lowest score that would be considered an “im-
provement,” a score of +2 adds one additional point to the

“improvements” score but does not affect the requirements
score.  Similarly, a score of –2 subtracts one point from the
“requirements” score, and a score of –3 subtracts 2 points.
In the case of Hellfire, 8 of 14 requirements are met (includ-
ing the N/A as a “met” requirement), but deficiencies of 4
and 2 result in an adjusted requirements score of 4 out of 14,
or 29 percent.  Similarly, 4 of 14 requirements are exceeded,
two by a score of +2, resulting in an adjusted improvements
score of 6 out of 14, or 43 percent.

In general, if the total bar height in Figure 5-1 is high, the
system is likely to be militarily effective.  If the value of the
lower portion of the bar is near 0, the system meets most of
the military requirements.  If the lower bar is much lower
than 0, the system probably has significant differences from
the baseline mine and will not perform some desired func-
tions.  However, that system may still be militarily effective
if it performs some functions much better than the baseline
system.  Because the scoring criteria were not weighted,
these graphs should be used only for assessing trends and
making qualitative comparisons.
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6

Alternatives Available by 2006

OVERVIEW

A variety of systems could be available for implementa-
tion by 2006.  Some would be improvements of existing sys-
tems; some would be the results of DOD’s early efforts to
identify alternatives; and some would be combinations of
systems that have been under consideration for other mis-
sions.  However, unless DOD gives these new technologies
a very high priority, six years will not be long enough for the
weaponization of any innovative technology.  These new
alternatives will be characterized by the separation of sen-
sors and kill mechanisms and improved communications
between sensors and soldiers.  In the near term, a “man-in-
the-loop” will still be necessary, but sensors will alert him
much earlier and more subtly than current APL, which only
provide notification by exploding on contact.  This chapter
describes nonmateriel and materiel alternatives that could be
available by 2006.

NONMATERIEL ALTERNATIVES

Some adaptations of tactics and doctrine may provide al-
ternatives to certain aspects of APL, although none would
replace all APL functions.  In the near future, it may be pos-
sible to develop new tactics and doctrine that incorporate
improvements in sensors and communications and provide
more suitable alternatives than those currently available.
However, the committee could not identify alternative tac-
tics or operational concepts that could, on their own by 2006,
provide tactical advantages similar to those provided
by APL.

MATERIEL ALTERNATIVES

Common Features

Man-in-the-Loop

The man-in-the-loop feature requires that a soldier deter-
mine whether a target is friendly or hostile, visually or by
using sensor input, before activating the response element.
Although the man-in-the-loop satisfies humanitarian con-
cerns and would reduce fratricide, it introduces some new
vulnerabilities: (1) if the soldier/operator is disabled or
killed, the minefield becomes inoperable; (2) the requisite
communication links between the soldier/operator and the
mines can be disrupted rendering the minefield ineffective;
(3) a single soldier/operator may have difficulty processing
large amounts of data under stressful, chaotic conditions;
(4) some sensor capabilities, such as video imagery, are sub-
ject to degradation by adverse weather conditions or terrain;
(5) sensors and communication systems could be suscep-
tible to electromagnetic pulse.

Delinked Sensor-Shooter Concept

Separating the sensor from the response element (whether
lethal or nonlethal) would provide a range of responses to an
enemy breach.  If the target can be identified prior to firing
on it, the response can be more accurate and more effective.
However, the more complicated the system, the more
vulnerable it is to countermeasures.  For example, some sen-
sor capabilities, such as video imagery, are subject to

The Information Age will alter modern warfare in the twenty-first century just as the Industrial Age
altered twentieth century battlefields with new forms of integrated mechanization. (Scales, 1999)
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degradation by certain adverse weather conditions or terrain.
In addition, sensors and communication systems are more
susceptible to electromagnetic pulse and similar phenomena
than mechanical APL.  Furthermore, systems in which the
sensor is separated from the response element can not, by
definition, respond instantaneously.

The committee evaluated 15 alternative systems that
should be available by 2006.  These are listed, along with
some of their characteristics, in Table 6-1.  Six of the alter-
natives would be used against dismounted threats.  These
were compared with the current M14 and M16 mines as a
baseline.  The nine alternatives that would be used against
mounted threats were compared with the current M87 Vol-
cano mixed mine system as a baseline.  Descriptions of the
alternatives follow as well as brief written assessments and a
table measuring the alternatives against the criteria described
in Chapter 4.

For Use Against Dismounted Threats

Hand-Emplaced Sensor Field

Source: Committee on Alternative Technologies to Replace
Antipersonnel Landmines in discussions with DOD scientists

The Hand-Emplaced Sensor Field (HESF) could provide
an early warning that dismounted intruders were approach-
ing.  The sensors could combine acoustic, laser, and infrared
virtual trip wires, infrared imaging, motion, video, biologi-
cal, seismic, or other technologies.  Sensor input could be
communicated back to the operator via either wire/fiber op-
tics or wireless communication using a Single-Channel
Ground-to-Air Radio System (SINCGARS).

The distance between the sensors and the friendly loca-
tion would depend on the situation.  Sensors would be far

TABLE 6-1 Alternatives Available by 2006

Self-
destruc-

APL/ ting/ Dismounted Enemy Mounted Enemy
AT/ Self-
Mixed deacti- Lethal/ Ottawa Remotely Hand Remotely Hand

System Name Non-Mine vating Nonlethal Complianta Delivered Emplaced Delivered Emplaced

Hand-Emplaced Sensor Field (HESF) n/m n/a n/a Y X
Nonself-Destructing

  Alternative (NSD-A)                Track I APL Y L b X
Sphinx-Moder Perimeter Defense System APL N L Y X
Multiple-Shot Claymore Mine APL N L Y X
Bounding Nonlethal Munition   (BNLM) n/m n/a N/L Y X
Taser Nonlethal Munition n/m n/a N/L Y X
Wide Area Munition Product Improvement

Program (WAM PIP) AT Y L Y X
Remote Area-Denial Artillery Munition

(RADAM)                                  Track I Mix Y L N X X
RAAMS Enhanced with Telemetry

(RD Telemetry) AT Y L Y X
Canister-Launched Area-Denial System

(CLADS)c APL n/a N/L Y X X
Volcano-CLADS Mix Y L Y X X
AT Pure-Modular-Pack Mine System AT Y L Y X
AT Pure-Gator AT Y L Y X
Dual-Purpose Improved Conventional

Munition (DPICM) with Random-Delay
Fuzing (Popcorn) Mix Y L Y X X

Small Short-Duration Mine System (SSDMS) Mix Y L N X X

aThe committee used the definition found in the Ottawa Convention to determine whether a system would be Ottawa compliant.
bOttawa compliance would depend on whether the battlefield override switch was a part of the design.
cAssumed to be used alongside AT mines.
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enough away to give the operator and his leadership time to
assess the situation and take appropriate action.  Responses
could include alerting nearby outposts, dispatching a manned
patrol, and sending a more sophisticated sensor array to
gather more information.  If enemy activity were confirmed,
the operator would notify the leadership, who could take ap-
propriate action, such as calling for direct or indirect fire.

HESF could reinforce the capabilities of the DOD Track I
alternative (NSD-A) envisioned for use in Korea by giving
soldiers time to react appropriately rather than being forced
to take almost instantaneous action and having to be fully
alert at all times.

With appropriate sponsorship, HESF with the following
existing or emerging components could be ready by 2006:
existing components of the Improved Remotely-Monitored
Battlefield Sensor System, fiber optics, commercial anti-
intrusion technology, and near state-of-the-art sensors that
are being developed in governmental and developmental
laboratories.

Doctrine and tactics for the HESF would have to be de-
veloped.  Areas to be addressed would include: maximizing
the use of terrain; reducing the enemy’s ability to defeat the
sensors; establishing patterns of sensor emplacement; and
detailing how sensors would be integrated into the tactical
plan to complement and take full advantage of other tactical
weapons in the battlefield area.

The most difficult challenge is likely to be in hardening
and integrating the various components.  The Army has al-
ready conducted some experiments on the HESF concept,
and the research community has invested heavily in sensor
technologies in the past several years.  However, there is
currently no funded program for developing an HESF.

Advantages

• HESF would be compliant with the CCW Amended
Protocol II and the Ottawa Convention.

• HESF would provide early warning, allowing enough
time for a coordinated tactical response that could
bring in all available weapon systems.

• The system has a man-in-the-loop, which may address
humanitarian concerns.

• The additional reaction time may reduce fratricide and
injuries to noncombatants.

Disadvantages

• Hand emplacement is time consuming.
• HESF would require that new tactics and doctrine be

developed.
• Differentiating among enemy soldiers, noncomba-

tants, friendly forces, and animals could be difficult.
• HESF would have higher research, development, and

procurement costs than other alternatives in this
category.

• No resources for development and production are

currently available.
• HESF could not be used for deep operations because

sensors would have to be close to friendly forces.
• HESF would have to be supported with other weapons

systems.

The Track I Alternative to Nonself-Destructing APL

Source: U.S. Department of Defense/Office of the Project
Manager, Mines, Countermine, and Demolitions, briefings
to Committee on Alternative Technologies to Replace Anti-
personnel Landmines (Rosamilia, 2000)

The DOD Track I initiative has begun the development of
an alternative (NSD-A) to nonself-destructing APL, which
uses co-located sensors and kill mechanisms controlled by a
man-in-the-loop.  When activated by an intruder, the sensor
sends a signal to the soldier/operator’s control panel (a
repeater may be necessary to relay the signal).  Depending
on the rules of engagement, an observer may oversee the
area to ensure positive identification.  The kill mechanism is
a munition, much the same size and with much the same
effect as the current M14/M16, but may be augmented or
replaced by a nonlethal weapon.

NSD-A systems are being developed to meet the require-
ments of the CINC in Korea for protective APL minefields.
One option requested by the CINC is the ability to put the
mines in an autonomous mode (i.e., to remove the man-in-
the-loop) in certain tactical situations, such as when the com-
mander anticipates an attack by an overwhelming enemy
force.  Technically, this can be accomplished by altering the
software used in the system.  Engagement of this so-called
“battlefield override switch” would render the system
noncompliant with the Ottawa Convention (see Box 6-1 on
p. 55).  If the switch was engaged, the NSD-A would self-
destruct in four hours.

Doctrine and tactics would have to be revised to address the
NSD-A alternative, and all of the proposed NSD-A systems
would require extensive research, development, testing, and
evaluation programs, which are fully funded at present.

Advantages

• NSD-A would comply with the CCW Amended Pro-
tocol II.

• Without the battlefield override switch, NSD-A would
comply with the Ottawa Convention.

• The system has a man-in-the-loop, which should mini-
mize friendly and noncombatant casualties.

• NSD-A could include nonlethal options that may alle-
viate humanitarian concerns and allow for more mili-
tary options.

• The self-destruct feature alleviates humanitarian
concerns.

• The early warning provided by the sensor would be at
least equivalent to warnings by most APL.
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Disadvantages

• If the system includes the battlefield override switch,
it would not comply with the Ottawa Convention.

• The time required for system emplacement, as well as
the reaction time of the man-in-the-loop, are unknown.

• Because mines must be hand emplaced, the system
would not be practical for use beyond immediate de-
fensive positions.

Sphinx-Moder Perimeter Defense System

Source: Data from French Embassy (Etienne Lacroix De-
fense, 1998)

This French system is described as a way to improve the
protection of fixed assets, troop concentrations, and com-
mand centers.  The control and firing panel, with power sup-
ply, is connected to the firing unit by a 150-meter connecting
cable.  Three types of ammunition can be used: fragmenta-
tion rounds, warning (flash-bang) rounds, and training
rounds.  The firing unit is loaded with three canisters, each
containing two fragmentation or warning “spheres,” which
are launched in a 140-degree arc a distance of 50 meters
(fragmentation) or 80 meters (warning).  The fragmentation
spheres appear to detonate at ground level indicating either a
time-delay or impact fuze.  The warning round is designed to
produce an air burst.  A number of devices can be combined
into a comprehensive system with a central control panel to
provide interlocking coverage.

The Sphinx-Moder appears to be a ground adaptation of a
vehicle-mounted system.  No sensors are described in the
product literature, so the identification of targets requires a
man-in the-loop as an observer.  It appears that the fire com-
mand will fire all three dispensers on the launcher, which
can be reloaded, and an unfired unit can be relocated.

In several respects, the principles of operation appear to
be similar to those of the Claymore.  The Sphinx is a man-
portable unit (20 kilograms, 240 millimeters high, 550 milli-
meters long, 480 millimeters wide) that can be operated on
any type of surface, set up for operation within 10 minutes,
and operated in an urban area or any other area without cover.
U.S. doctrine and tactics would have to be revised to address
this alternative.

French industry is marketing the Sphinx as an available
system, and photographs in the literature indicate that at least
one prototype has been produced.  It is not known if additional
research, development, testing, and evaluation would be re-
quired before fielding.  The ammunition appears to be adapted
from a vehicle application and, therefore, should be available.

Advantages

• Based on the limited information available, the Sphinx
appears to comply with CCW Amended Protocol II
and the Ottawa Convention.

• The Sphinx has a man-in-the-loop, which should mini-
mize friendly and noncombatant casualties.

• The presence of the Sphinx, which can disarm and/or
maim an enemy, should have a psychological impact,
although probably less of an impact than APL.

Disadvantages

• Sphinx would not provide an early warning of enemy
presence.

• Sphinx requires a soldier or a separate sensor package
to provide a warning equivalent to the warnings pro-
vided by most APL/APL alternatives.

• The time required for system emplacement, as well as
the reaction time of the man-in-the-loop, are unknown.

• Sphinx would not be appropriate for use in tactical
minefields because the mines must be hand emplaced,
which would be difficult beyond immediate defensive
positions.

Multiple-Shot Claymore Mine

Source: Committee on Alternative Technologies to Replace
Antipersonnel Landmines

The present Claymore mine has two disadvantages: it is a
single-shot munition, and its cone of fire is fixed upon em-
placement.  The multiple-shot Claymore mine would be a
three-shot version that could be modified in elevation and
azimuth by a small, battery-powered electric motor.  The
multiple-shot Claymore mine is dependent on a rocket-
propelled projectile rather than an explosive-backed
projectile.  The rocket grain would have to be of sufficient
size for the projectile to achieve a velocity adequate to
penetrate body armor.  Three Claymores would be positioned
back-to-face in a light aluminum or plastic frame.  The set-
back of the rocket exhausts would release a spring that would
kick the spent mine out of the frame and move the next mine
into firing position.

The multiple-shot assembly would be equipped with an
infrared sensor (plus optical sensor used in daylight) for sur-
veillance of the field of fire.  To conserve energy, a forward
placed trip wire would alert the surveillance sensor.  The
surveillance scene would be transmitted to a remote observer
who would determine if the breach was by friend or foe and
would give the order to fire for each round, as appropriate.

The deployment of the multiple-shot Claymore mine
would be the same as for the Claymore, but new tactics and
doctrine would have to be developed.  All technology is within
the state of the art, although some research and development
on the rocket-propelled projectiles would be necessary.  The
multiple-shot Claymore might be available by 2003.

Advantages

• The system does not have the single-shot, fixed field
of fire limitation of the current Claymore.
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• The multiple-shot Claymore would comply with the
CCW Amended Protocol II and the Ottawa Convention.

• Human operators would discriminate between friend
and foe.

• Mines could be neutralized by removal for reuse.

Disadvantages

• Together these mines would be heavier and bulkier
than a single-shot Claymore, which would make it
more difficult for a dismounted soldier to carry it into
battle and conceal.

• The multiple-shot Claymore has higher research, de-
velopment, and procurement costs than other alterna-
tives in this category.

Bounding Nonlethal Munition

Source: Existing Developmental System (Irish, 2000)

The Bounding Nonlethal Munition (BNLM), a joint
Army/Marine Corps nonlethal project, is a hand-emplaced,
low-hazard, low-shrapnel-producing, target-initiated muni-
tion.  The system is designed to confuse and disorient an
enemy force.  BNLM is a recoverable, reusable, aluminum-
cased munition that comes in three different types designed
to deliver three separate payloads—rubber balls, a kevlar
net, and paint balls.  BNLM requires a Canister-Launched
Area-Denial System (CLADS) launcher.

The BNLM is designed for use in military operations
other than war such as countering civil disturbances, pro-
tecting the site and area around key facilities, and dealing
with threats before a situation escalates and requires lethal
force.  A limited number of BLNM are included in the Army
Nonlethal Capability Set and the Marine Corps Capability
Set for contingency operations.

The BNLM is in the concept exploration phase of devel-
opment.  If munitions with different payloads can be stan-
dardized, all of them could be delivered via the CLADS
launcher.

Advantages

• Even though BNLM explode on contact, presence, or
proximity of a person, they should still be acceptable
under the Ottawa Convention because their payloads
are nonlethal.

• BNLM complies with the CCW Amended Protocol II.
• Maintenance and storage costs are expected to be

moderate.
• Nonlethal payloads will alleviate humanitarian con-

cerns and reduce friendly casualties.

Disadvantages

• The effects of nonlethal devices on humans are not
fully known.

• Because BNLM is not lethal, it will have a limited
psychological or physical effect on a determined
enemy.

• Pellets cannot penetrate a shield or body armor.

Taser Nonlethal Munition

Source: Briefings by the Department of Defense/Office of
the Project Manager, Mines, Countermine, and Demolitions
(Persau, 2000)

The conceptual Taser munition would use the same non-
lethal “stun” technology currently used by civilian police to
temporarily incapacitate uncooperative subjects.  Upon acti-
vation, an audible alert would indicate the presence of an
intruder.  The sensor would automatically identify the in-
truder whether standing or prone, day or night, at a range of
up to 5 to 6 meters in its sector of surveillance.  Once trig-
gered, the Taser would fire a pair of electrically charged darts
propelled by a rifle round primer.  The darts would be
connected to a battery and other electronic circuitry in the
munition by thin 6-meter wires.  Once the two pronged darts
attach to skin or clothing, they would deliver an incapacitat-
ing electric shock of 50,000 volts in 4 to 6 microsecond
pulses 10 to 20 times per second.

The current power supply can support approximately
10 minutes of continuous operation.  However, because the
desired effect is achieved in a few seconds, and because
recovery from the Taser is not immediate, the electric shocks
could be cycled to extend the time of incapacitation to several
hours.  With low-power-consumption technologies, the
Taser could operate for extended periods of time.  Vital com-
ponents could be configured with a self-destructing feature.
Testing by the U.S. Army Tank-Automotive and Armaments
Command’s Armament Research, Development, and Engi-
neering Center has shown that even if the dart is affixed to
military clothing, heavy body armor, or a kevlar helmet, the
electrical shock will still be conducted to the target.  The
hand-emplaced version of the Taser, which would be light-
weight and pocket-sized, would have an on-off capability so
it could be redeployed.  Dispensed Tasers are not expected
to be recoverable.

The Taser munition could also be deployed via a launcher
currently used for existing scatterable mines.  The hand-
emplaced munition would house one Taser unit triggered by
trip wire; the launched version would house two Taser units
oriented 90 degrees from each other, operating indepen-
dently, and triggered by a passive infrared sensor.  Tasers
could provide nonlethal, APL-like protection for key posi-
tions, facilities, or AT mines.

Many of the components required to build the Taser al-
ready exist.  Depending on user requirements, a moderate
developmental effort could be required to move the muni-
tion into the production phase.  Current research and devel-
opment are being done as part of the Fiscal Year 1999 Joint
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Non-Lethal Weapons Directorate Technology investment
proposal led by the Armament Research, Development, and
Engineering Center.  The contractor has demonstrated an
initial concept prototype.  No funded follow-on effort is
planned, and no user Operational Requirements Document
(ORD) for a formal development or acquisition program has
been developed.

Advantages

• Because electric shocks are considered to be non-
lethal, Tasers should be acceptable under the Ottawa
Convention.

• Tasers should also be compliant with the CCW
Amended Protocol II.

• Little or no collateral damage is associated with
the Taser.

• Maintenance and storage costs are expected to be
moderate.

• Existing platforms now used to deliver scatterable
mines could be used to deliver Tasers.

• The hand-emplaced version can be turned off and re-
deployed.

• Nonlethal effects would alleviate humanitarian con-
cerns and minimize friendly casualties.

Disadvantages

• The effects of nonlethal devices on humans (particu-
larly children) are not fully known.  However, the ex-
perience of police forces is a rich source of data that
may not be available for other nonlethal technologies.

• Taser munitions are not lethal and, therefore, will have
a limited psychological or physical effect on a deter-
mined enemy.

• Intruders could deflect the darts with antiriot shields.
• Hand emplacement is time consuming and manpower

intensive.
• The dispensed version is not redeployable.

For Use Against Mounted Threats

Hornet/Wide Area Munition Product Improvement Program

Source: Briefings by the U.S. Department of Defense/Office
of the Project Manager, Mines, Countermine, and Demoli-
tions (Strano, 2000)

The Hornet/Wide Area Munition product improvement
program (WAM PIP) is a two-phased evolutionary program
to improve the Hornet/WAM hand-emplaced AT mine.  Im-
provements include an on/off capability, man-in-the-loop
overwatch, and improved sensors.  The first phase, the A1
version, would place a man-in-the-loop.  The A1 would use
the line-of-sight SINCGARS to connect a series of Hornet/
WAMs to an operator-controlled, hand-held, terminal-unit

laptop computer.  With the embedded Global Positioning
System (GPS) capability, the operator would be able to view
an electronic map of the field showing the exact location and
status of each mine.  The Hornet/WAM minefield and the
hand-held terminal unit could be separated by three to five
kilometers.  The operator would be able to turn the Hornet/
WAM on remotely, then off, then on again; while off,
friendly forces or noncombatants could cross a minefield
safely.  In the on mode, the mines would operate autono-
mously.

The operator would also be able to activate the sensors
remotely as sentries or arm, disarm, redeploy, or self-destruct
each munition.  In the sentry mode, the sensors would signal
the hand-held terminal unit when heavy or light vehicles
were detected, but the munition would not attack unless
commanded to do so.  Each Hornet/WAM could be
redeployed prior to initial arming.  Current self-destructing
and antihandling capabilities would be retained in the A1
version, which is currently scheduled to be type classified as
standard in the second quarter of Fiscal Year 2002.

The second phase of the WAM PIP, the A2 version, would
have an improved sensor to improve target detection and an
improved dual-purpose warhead that would perform better
against “soft” targets, as well as heavy armor.  Both of these
improvements are being developed by the Air Force SFW
PIP.  The A2 is currently scheduled to be type classified as
standard in the fourth quarter of Fiscal Year 2003.  The A2
version (like the A1 version) would require hand em-
placement.

The Hornet/WAM is currently used against armored
forces in protective and tactical minefields.  As improved
versions of the munition are fielded, changes would have to
be made to doctrinal publications.  The WAM PIP is a com-
prehensive, fully funded, research, development, testing, and
evaluation program.

Advantages

• The WAM PIP would comply with the CCW
Amended Protocol II and the Ottawa Convention.

• The system has a man-in-the-loop, which should re-
duce friendly and noncombatant casualties.

• The WAM PIP has a sensor that would provide detec-
tion information to the operator.

• The WAM PIP would have an antihandling device to
inhibit tampering.

• The self-destructing feature and command on-off
should address humanitarian concerns.

Disadvantages
• Hand emplacement would severely limit the utility and

range of the WAM PIP on the battlefield.
• The projected unit cost is high compared to the cost of

standard AT mines.
• Line-of-sight communications would limit the use of

the WAM PIP.
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Remote Area-Denial Artillery Munition (RADAM)

Source: Briefing by the U.S. Department of Defense, BRTRC
Technical Research Corporation (Bornhoft, 1999)

The proposed Remote Area-Denial Artillery Munition
(RADAM) would combine the existing RAAMS (AT mines)
and ADAM (APL) into one 155-mm howitzer projectile.
The rationale for this combination is to provide AT mines
with the same protection APL provides against dismounted
breaching attempts and adhere to the presidential policy of
not using pure APL outside of Korea after 2003.  Existing
doctrine and tactics should be adequate for RADAM, al-
though adjustments to publications and firing tables would
have to be made.  RADAM would require research and
development to adapt existing systems and an extensive
redesign testing program.

Advantages

• RADAM would be an artillery-deliverable mixed sys-
tem compliant with current presidential policy.

• RADAM would comply with the CCW Amended Pro-
tocol II.

• The combined AT / APL projectile would have effi-
cient single-tube delivery and simplified logistics
requirements.

Disadvantages

• RADAM would not comply with the Ottawa Con-
vention.

• A significant number of artillery assets would be re-
quired to emplace a large minefield.

• RADAM would have no command-destruct feature,
and the self-destruct times could not be extended by
command.

Remote Antiarmor Mine System Enhanced with Telemetry

Source: Committee on Alternative Technologies to Replace
Antipersonnel Landmines

Remote Antiarmor Mine System (RAAMS) enhanced
with telemetry (RD-Telemetry) would add a subminiature
telemetry and communications package to the existing
RAAMS system.  The telemetry would calculate the precise
location of the dispensed mines (e.g., out to approximately
20 kilometers from a firing howitzer and hundreds of meters
above ground) by using the GPS, inertial guidance, or other
methodologies.  The data communicated back to friendly
forces by a miniature radio inside the projectile would pro-
vide a precise estimate of the ground location of scattered
mines.  The information could also be transferred directly to
combat digital command and control systems to update digi-
tal maps in the battlefield sector automatically with symbols
showing the locations and self-destruct times of the mines.

RD-Telemetry would have two principal benefits: (1) it
would increase friendly situational awareness and thereby
reduce fratricide caused by friendly soldiers unknowingly
entering one of their own AT minefields; (2) after hostilities,
more accurate locations could be used to plot mined areas
and confirm that all mines have self-destructed.

This technology could be applied as a proof of principle
in the RAAMS and then applied to all mine payloads, in-
cluding mines dispensed by ground vehicles (Volcano),
mines dispensed by aircraft (Gator and Volcano), and other
submunitions.  More complex communications would then
be necessary to relay data from on-the-ground mines to a
data-fusion or command center.

The system would be delivered by existing 155-mm how-
itzer projectiles and other systems used to remotely deliver
AT mines.  With near real-time knowledge of the location of
emplaced minefields, remotely delivered AT minefields
could be used “just in time” to support mobile forces and
other operations.  This would reduce the time an enemy has
to locate and clear artillery-delivered AT mines and reduce
the need for integrated APL to protect the AT mines.
Antihandling devices on 20 percent of the munitions would
discourage tampering.

Upgrading the RAAMS projectile and developing the ca-
pability of receiving and processing signals from the telem-
etry device are likely to require at least moderate research
and development.  Although most of the components to de-
velop this system exist, integration with existing systems will
require careful planning.  Integrating transmitted data into
existing command and control digital systems would also
require moderate research and development.

Advantages

• RD-Telemetry would comply with the CCW Amended
Protocol II and the Ottawa Convention.

• Twenty percent of these mines would have an anti-
handling device to inhibit tampering.

• The self-destruct feature would help alleviate humani-
tarian concerns.

• A more precise estimate of the ground location of scat-
tered mines could reduce fratricide caused by friendly
forces inadvertently entering a friendly minefield.

• A more precise estimate of the ground location of re-
motely delivered mines could be helpful for confirm-
ing that mines had (or had not) self-destructed.

• If combat commanders were confident of the location
of scattered mines in a critical area, they might be able
to use remotely delivered AT mines “just in time” thus
decreasing the chance that the enemy could find and
clear the minefield.

Disadvantages

• A significant number of artillery assets would be nec-
essary to emplace a large minefield.
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• The system would not have a command-destruct fea-
ture, and self-destruct times could not be extended by
command option.

• Research, development, and acquisition costs are high.
• No existing research and development program could

lead to the technology required for this enhancement.

Canister-Launched Area-Denial System (CLADS)

Source: Briefings by the U.S. Department of Defense/Office
of the Project Manager, Mines, Countermine, and Demoli-
tions (Irish, 2000)

Canister-Launched Area-Denial System (CLADS), a joint
Army/Marine Corps nonlethal program, will be based on the
Volcano multiple-delivery mine system.  The launcher rack
will hold 20 canisters, each of which contains four or five
nonlethal munitions that can be used at extended stand-off
ranges.  These nonshrapnel-producing munitions will deploy
trip wires upon landing.  When activated, they will emit an
audible warning and fire .32-caliber nonlethal rubber balls.
CLADS will have a 360 degree radius of 5 to 15 meters and
will be delivered by High-Mobility Multipurpose Wheeled
Vehicles (HMMWVs) or rotary-wing aircraft.  Production
versions are envisioned to self-destruct approximately
48 hours after deployment.

CLADS is expected to be used in upcoming warfighting
experiments.  Plans to use this system include military op-
erations other than war, civil disturbances, protection of key
sites and facilities, and dealing with threats before a situa-
tion escalates to the point that lethal force must be used.
Although CLADS is in the concepts exploration phase of
research and development, it is currently on hold.

Advantages

• Even though CLADS will be activated by contact,
presence, or proximity of a person, they should be ac-
ceptable under the Ottawa Convention because their
payloads are nonlethal.

• CLADS complies with the CCW Amended Protocol II.
• The use of nonlethal payloads will alleviate humani-

tarian concerns and reduce friendly casualties.
• Employment will be relatively rapid.
• The presence of a self-destruct feature will alleviate

humanitarian concerns.

Disadvantages

• The effects of nonlethal devices on humans are not
fully known.

• Because CLADS is nonlethal at normal engagement
ranges, its psychological and physical impacts will be
limited.

• Research, development, and procurement costs will
be high.

Volcano-CLADS

Source: Committee on Alternative Technologies to Replace
Antipersonnel Landmines

The committee proposes that the Volcano system be
modified to combine one CLADS munition (in place of the
APL) and five standard Volcano AT mines in one canister.
The Volcano-CLADS system would be used in protective
and tactical minefields in all engagement areas on the battle-
field.  The mines would be laid out in a random distribution
and would self-destruct at a selected time.  The AT mines
use a magnetic-influence fuze and a self-forging fragment to
provide full-width coverage beneath armored targets.  The
nonshrapnel-producing CLADS munitions would deploy trip
wires upon landing and would emit an audible warning and
.32-caliber nonlethal rubber balls, when activated.  Self-
destruct times would be set at launch for 4 hours, 48 hours,
or 15 days.  The system would cover a 360-degree radius of
5 to 15 meters.

The dispensers could be mounted on several tracked or
wheeled vehicles or on UH-60 Blackhawk helicopters.  The
system would consist of the launcher rack and dispenser con-
trol unit, vehicle-specific mounting hardware, and mine can-
isters.  A completely loaded dispenser would hold 160 canis-
ters, or 960 mines.  The mines would be placed in a uniform
density, approximately one mine per linear meter over an
area of one square kilometer.  The minefields could be
emplaced anywhere on the battlefield reachable by the dis-
pensing vehicles.

The Volcano-CLADS would not be covered in current
doctrinal manuals; the development of tactical employment
options would also be necessary.  Development of the
CLADS munition would have to be completed and integrated
into the modified Volcano canister.  The Volcano launcher
and the Volcano AT mines are already developed.

Advantages

• Both the AT mines and the nonlethal CLADS would
comply with CCW Amended Protocol II and the Ot-
tawa Convention.

• The presence of a self-destruct feature would help al-
leviate humanitarian concerns.

• The nonlethal CLADS would alleviate humanitarian
concerns and minimize friendly casualties, although
the AT mines would be lethal.

Disadvantages

• The absence of a lethal APL component could reduce
the time it would take a dismounted force to breach the
AT minefield.

• The effects of nonlethal devices on humans are not
fully known.

• The CLADS would not be lethal at normal engagement
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ranges and would, therefore, have a limited psycho-
logical or physical impact.

• Research, development, and procurement costs would
be high.

Antitank-Pure Modular-Pack Mine System

Source: Committee on Alternative Technologies to Replace
Antipersonnel Landmines

The Modular-Pack Mine System (MOPMS) is a man-
portable, 73.6 kg “suitcase” dispenser, normally used to close
gaps in large minefields or to establish point minefields.  It is
technologically feasible to remove the APL from a standard
MOPMS to create this variant, although more MOPMS
would be required to create a large tactical minefield than
are normally available to a unit.  Each man-portable dis-
penser in the AT-pure version would contain 21 AT mines
that could be dispensed on command by a signal sent either
by wire or from a special radio transmitter (M71 remote con-
trol unit).  If the mines were not dispensed, the dispenser
could be relocated and used in another tactical situation.  The
mines would have a set self-destruct time of four hours; the
self-destruct time could be extended three times.  The mines
could be command detonated if the tactical situation dictated.

Tactical use of the current MOPMS is covered by current
doctrine; some modifications might be necessary to cover
AT-pure MOPMS.  The removal of APL and the re-
configuration of MOPMS to an AT-pure configuration
should not require major research and development.  How-
ever, modernization of the communications in the launcher
and the M71 remote control unit would require research and
development.

Advantages

• AT-pure MOPMS would comply with the CCW
Amended Protocol II and the Ottawa Convention.

• The presence of a self-destruct feature would address
humanitarian concerns.

Disadvantages

• The small number of mines in the total inventory could
limit the overall utility of this system.

• The absence of APL is likely to reduce the time re-
quired for a dismounted force to breach a MOPMS
minefield.

Antitank-Pure Gator

Source: Committee on Alternative Technologies to Replace
Antipersonnel Landmines

The current Gator, which is designed for use in tactical
minefields in all engagement areas on the battlefield, can be

used wherever a tactical aircraft can reach.  It is technologi-
cally feasible to remove the APL from the current mixed
Gator system to create an AT-pure variant.  The AT mine
uses a magnetic-influence fuze and a self-forging fragment
to provide full-width coverage beneath armored targets.  Air
Force and Navy versions differ only in the number of mines
in the tactical munition dispensers used to deliver the mines.1

Each mine has a square-shaped aeroballistic protective cas-
ing designed to aid dispersion.  Self-destruct times, set by
the pilot prior to release, are 4 hours, 48 hours, or 15 days.
Although Gator can be used in close combat situations, its
intended use is for deep or interdiction targets.

Tactical use of the current system is covered in current
doctrinal manuals; some modifications may be necessary for
an AT-pure system.  The removal of the APL and the
reconfiguration to an AT-pure system should not require
major research and development.

Advantages

• The AT-pure Gator system would comply with the
CCW Amended Protocol II and the Ottawa Convention.

• The system would have an antihandling device to deter
tampering; this device could kill or wound an enemy.

• The self-destruct feature would address humanitarian
concerns.

Disadvantages

• The absence of APL is likely to decrease the time re-
quired for a dismounted force to breach the minefield.

Dual-Purpose Improved Conventional Munitions with
Random-Delay Fuzing

Source: U.S. Department of Defense scientists, Vietnam Vet-
erans of America Foundation

The Dual-Purpose Improved Conventional Munitions
(DPICM) with random-delay fuzing (sometimes called “pop-
corn”) was suggested as an alternative by the Vietnam Vet-
erans of America Foundation (Rossiter, 1999).  Each re-
motely deployed DPICM submunition would be fitted with
a delay fuze set to detonate randomly after dispersal from
the carrier (hence the popcorn effect).  Submunitions would
be dispersed over already remotely delivered AT-pure
minefields containing RAAMS, Gator, or Volcano.

Random detonations of the submunitions would deter dis-
mounted breaching attempts during the random-delay pe-
riod, which could be set to coincide with the self-destruct
time of the AT mines.  Casualties would be caused by con-
trolled fragmentation of the case.  If an enemy force was

1 The Air Force dispenser, the CBU-89/B, contains a total of 94 AT
mines, whereas the U.S. Navy dispenser, the CBU-78/B, contains 60 AT
mines.
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known to be enroute to the area, the delay fuze could be set
for a shorter time, such as 30 minutes.

Current DPICM can be delivered by the MLRS, which
would deliver 12 rockets, each containing 644 DPICM or by
two 155-mm artillery projectiles, an M483 containing
88 DPICM or an M864 containing 72 DPICM.

Doctrine and tactics would have to be revised for the
popcorn version of the DPICM, and the development of the
random-delay fuze would require a research, development,
testing, and evaluation program.

Advantages

• DPICM/popcorn would comply with the CCW
Amended Protocol II and the Ottawa Convention.

• Because of its random activation, this system would
have a psychological impact on an enemy.

• The random detonation could disrupt normal dis-
mounted breaching methods (e.g., probing, hand grap-
nel, rifle-fired grapnel, or line charge).

• DPICM/popcorn could be used alone as an area-denial
weapon.

Disadvantages

• DPICM/popcorn would require two launch platforms
if combined with AT mines delivered by Gator or
Volcano.

• DPICM/popcorn would be difficult to use close to
friendly troops because the delivery system is imprecise.

• DPICM/popcorn would have a very small lethal radius
and would, therefore, require a very large expenditure
of ordnance.

• High-density distribution may be necessary to achieve
the desired effect, which could entail diverting artil-
lery assets from higher priority targets.

• If the MLRS were used for delivery, a minimum of six
rockets would have to be loaded with DPICM, thus
reducing the flexibility of the MLRS.

• Because the submunition would be exploded while on
its side (not the designed position), it would be less
effective than a normally deployed DPICM.

• Because the submunition detonates randomly, it is not
as lethal as APL.

• Random detonation of popcorn submunitions could
cause adjacent AT mines to detonate.

• Random detonations could alert the enemy to the loca-
tion of the minefield.

Small Short-Duration Mine System

Source: Briefing by U.S. Department of State, Arms Control
and Nonproliferation Advisory Board (Garwin and
Sherman, 2000)

The Small Short-Duration Mine System (SSDMS) would
be a hand-emplaced canister containing a combination of
current scatterable APL and AT mines similar or identical to
Gator/Volcano mines.  The mines would remain in the can-
ister until a secure radio command was received, at which
time they would be pyrotechnically ejected, emplaced, and
activated.  From this point forward, the mines would be acti-
vated by the target.  If the mines were not triggered within a
preset period of time (30 days maximum after emplacement),
they would self-destruct by exploding.  If for some reason
the self-destruct mechanism failed, they would self-
deactivate when the batteries ran down, in 120 days or less.

The SSDMS would consist of three units: the canister, the
mines, and a radio receiver.  The canister, about 12 centi-
meters in diameter, 5 to 6 centimeters high, and weighing
about 16 kilograms, would house six mines and the radio
receiver.  The canister is essentially a single Volcano tube
with a radio receiver added.  With intermittent duty cycles,
canister battery life could be extended to several years.  The
overwatch control unit (the radio) would allow a soldier/
operator to emplace the mines by command.  Variants of the
basic design could be optimized for steeply inclined surfaces.

To create a denied zone, the canisters would be installed
upon warning of an imminent attack, as the United States
now plans to do with its hand-emplaced, nonself-destructing
APL in Korea.  Installation of SSDMS would be more rapid
than with present mines (because six mines could be installed
at once) but would require more digging.  SSDMS could
also be installed in peacetime because, unlike M14 and M16
APL, the SSDMS canister would be harmless until further
action is taken.  Because the mines themselves would not be
emplaced, the canisters could remain in their installed posi-
tions indefinitely under the terms of the CCW Amended
Protocol II.  The security of the canisters could be improved
by burying them, which could probably be done rapidly
using a post-hole digging device.

When required, the mines would be emplaced by firing
the canisters via a remote command from a secure radio sig-
nal.  The commander would have the option, which he does
not have now with conventional mines, of laying all of the
mines in a field at once or emplacing some and holding the
rest in reserve for emplacement under fire without risking
his own troops.

Unlike today’s persistent mines, SSDMS mines would
present no long-term hazard.  When the threat had receded
or the conflict had ended, unfired canisters could either be
left in place for future contingencies or recovered for later
use.  For SSDMS to be effective, communications would
have to be secure.

Advantages

• SSDMS would be an all-weather, all-terrain system
that used familiar, existing components.

• SSDMS would comply with the CCW Amended Pro-
tocol II.
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• Technical risk and costs would be very low.
• Development would require two to three years, most

of which would be spent in testing.
• SSDMS would enable the United States to retire its

entire stock of persistent APL and, perhaps, some of
its persistent AT mines as well.

Disadvantages

• Although SSDMS mines could be remotely emplaced,
the canisters would have to be hand emplaced.

• SSDMS would not comply with the Ottawa Convention.
• Covert emplacement would be time consuming.

COMMITTEE ASSESSMENTS

Materiel Alternatives Against Dismounted Targets

Lethal Alternatives

Three lethal alternatives could be available for use against
dismounted forces: the multiple-shot Claymore, the French
Sphinx-Moder perimeter defense system, and DOD’s Track
I initiative, NSD-A.  The first two scored relatively well; the
third is discussed in considerable detail in Box 6-1.  Both the
multiple-shot Claymore and the Sphinx-Moder would be
improvements over the current Claymore.  For area-denial,
either would be more effective than the M14 and M16; how-
ever, neither would provide any early warning.

The Track I alternative NSD-A could provide, by 2006,
similar or enhanced tactical advantages for U.S. forces as
compared to those provided by current M14 and M16 mines.
The battlefield override switch, a software capability that
allows the system to operate autonomously, is highly con-
tentious because, as presently designed, it would render the
NSD-A non-Ottawa compliant.  The issues surrounding this
switch are explained in some detail in Box 6-1.  Even though
the timing of a decision on the switch or other programmatic
delays could jeopardize the timeline, the NSD-A system ap-
pears to be technically mature enough to be available by
2006.  This weapon system could be greatly enhanced in the
future by planning for the inclusion of additional sensors,
nonlethal elements, and an Ottawa-compliant battlefield
override capability.

Recommendation. The development and production of the
Track I alternative to nonself-destructing landmines
(NSD-A) system should be aggressively pursued to ensure
its availability by 2006.

Recommendation. Two suites of weapon software should
be developed simultaneously in preparation for a presiden-
tial decision concerning the Ottawa Convention.  If compli-
ance with the Ottawa Convention were desired, the battle-
field override switch, as currently designed, would not be
used in the production of the NSD-A.  If the president decides

that other considerations outweigh Ottawa compliance, the
option of retaining the switch would be available.  In any
case, Ottawa-compliant variations to the battlefield override
switch should be explored to provide the United States with
greater flexibility.

Nonlethal Alternatives

As discussed in Chapter 3, nonlethal variants by them-
selves cannot replace APL.  Although a Joint Staff-level
directorate has been established to explore the feasibility of
nonlethal weapons, few resources have been allocated for

BOX 6-1
Track I Nonself-destructing Alternative (NSD-A)

The NSD-A was scheduled to enter the engineering and manu-
facturing development phase in the fall of 2000.  However, the de-
sign of the NSD-A system has not been finalized pending a decision
on whether or not to include the “battlefield override switch” capa-
bility.  The battlefield override switch would permit the soldier/
operator to activate software that would place the system in an
autonomous mode.  With this feature engaged, the man-in-the-loop
would no longer be required to activate the munition, which would
become a conventional, target-activated APL.  Because this is a very
contentious issue, DOD is conducting a separate study as part of its
decision-making process.  As of January 2001, this study had not
been completed.

The purpose of the battlefield override switch is to prevent U.S
and friendly casualties.  However the inclusion of the switch would
render the NSD-A system non-Ottawa compliant.  Several rationales
have been proposed for including it: (1) in some situations an ex-
tremely large enemy force might present so many targets that the
NSD-A soldier/operator would be overwhelmed with information and
unable to operate the system effectively; (2) in the event of a with-
drawal under fire, placing the mines in an autonomous mode could
extend their utility by inflicting casualties and delaying the enemy
without requiring that the soldier/operator remain in the area; (3) the
autonomous system would protect unobservable AT mines used to
bolster defenses along lightly defended, economy-of-force sectors.

The committee was informed that either version of the NSD-A
software is technologically feasible.  Therefore, the issue is really
political, based on how strongly the United States is committed to
complying with the Ottawa Convention.  The NSD-A with the battle-
field override switch would provide the military with greater flexibil-
ity in responding to enemy threats.  However, the Ottawa-compliant
version of the NSD-A without the battlefield override switch appears
to have significant tactical advantages over existing M14/M16 APL
and would reduce the potential for fratricide and noncombatant
casualties.
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this purpose.  Nonlethal alternatives assessed by the
committee scored lower than APL because they are not likely
to arouse the life-threatening terror characteristic of lethal
munitions or cause the serious disruptions brought about by
casualties.  In general, nonlethal weapons are less likely to
deter a determined enemy, although in certain military op-
erations, nonlethal variants may be useful.

Two promising nonlethal alternatives, BNLM and the
Taser nonlethal munition, were considered as hand-emplaced
deterrents to dismounted threats.  Both weapons, which
could be developed as remotely delivered devices, would
provide protection against dismounted breaches of AT
minefields by warning of attempted breaches and slowing
the enemy long enough to enable U.S. forces to complete a
maneuver or bring in additional fire.  A remote deployment
capability for the BNLM is currently under consideration.

Sensor System

HESF could alert a soldier/operator of an intruder; the
operator could then monitor the situation via the sensors and
activate the kill mechanism when and if necessary.  Whereas
APL have a very limited radius of effects, the HESF would
bring available combined arms to bear much earlier.

HESF illustrates the significant added value of sensor sys-
tems closely integrated with a communications package and
a kill mechanism for various APL alternatives.  Some form
of kill mechanism would have to be used with this system to
make it complete.  As sensor technologies are developed
beyond 2006, their value will surely increase.

Recommendation. Sensor technology should be leveraged
immediately to develop sensor systems to improve a
soldier’s ability to discriminate among friends, foes, and
noncombatants in all terrain and all weather conditions at
much greater battlefield ranges.

Materiel Alternatives Against Mounted Targets

The committee considered nine alternatives to current
mixed systems, using the Volcano M87 as a baseline for
comparison.  The committee was also provided with descrip-
tions of systems under consideration by DOD as part of the
Track III search for alternatives.  None of these systems had
been developed enough to be assessed, although several did
appear to be promising.  Because of the need to protect pro-
prietary information, none of them is described here.

Under current policy, no fully equivalent alternative to
mixed systems is likely to be available by 2006.  Other than the
Track III search for an alternative, little is being done that could
lead to the fielding of a satisfactory alternative.  The Hornet/
WAM, with its large lethal radius and antihandling device,
could replace most of the tactical functions currently provided
in mixed systems but has no remote delivery capability.  If a
satisfactory remote delivery capability could be developed by

2006, the Hornet/WAM appears capable of performing the
mixed-minefield mission satisfactorily.

Recommendation. Promising Track III concepts should be
developed into weapon system programs.  The development
of any of these concepts by the 2006 deadline, however,
would require that considerable additional resources be allo-
cated for development and procurement.

Protecting Antitank Mines

The DPICM with random-delay fuzing (popcorn) did not
score as well as other alternatives for protection against a
mounted target.  Although random detonations might deter a
dismounted enemy, they could also result in friendly casual-
ties and the fratricidal explosion of nearby AT mines, as well
as alert the enemy to the location of the minefield.  Random
detonations would not provide an early warning of ground
attack as would a sensor or activated lethal or nonlethal APL
alternative.  One advantage of DPICM/popcorn is that it
could be used on its own as an area-denial weapon.

Nonlethal Alternatives in Mixed Systems

CLADS, a joint Army-Marine Corps nonlethal program
currently on hold, is designed to be remotely delivered and
could be deployed with AT mines to protect them.  CLADS
was evaluated against the mixed system baseline of the Vol-
cano M87, both as a weapon launched alongside AT mines
and as part of a mixed system.  The committee also consid-
ered an adaptation of the current Volcano system, which
would include one CLADS nonlethal munition in the same
canister as five Volcano AT mines, creating a mixed system
with a nonlethal APL component.  The advantage of this
adaptation over stand-alone CLADS is that the APL alterna-
tive would be more uniformly dispersed among the AT
mines.  This mixed system concept, however, has not yet
been tested and would require more research and develop-
ment than the purely nonlethal version.  In general, however,
CLADS is a promising alternative that may protect AT
minefields from dismounted breaches.

Recommendation. The development of nonlethal variants
to support antipersonnel landmine alternatives should be
emphasized.  Funding should be restored and development
accelerated for the nonlethal Canister-Launched Area-Denial
System (CLADS).  The CLADS munition should then be
integrated into Volcano (M87A1) canisters to provide a mix
of antitank and nonlethal antipersonnel munitions.

Antitank Mixed Systems

SSDMS would consist of hand-emplaced canisters con-
taining a combination of APL and AT mines that would
remain in the canister, thus harmless, until a radio command
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ejected and activated them.  Although this system would be
an improvement over today’s nonself-destructing APL and
AT mines, it would also have some disadvantages.  The can-
isters could not be remotely emplaced, meaning that SSDMS
could not be used in rapid maneuver situations.  In addition,
because the system includes APL, it would not be compliant
with the Ottawa Convention.

Another mixed system considered by the committee was
RADAM, a concept under development by DOD that would
combine the existing RAAMS (AT mines) and ADAM
(APL), which are now fired separately, into one projectile.
This is another contentious issue which is more fully de-
scribed in Box 6-2.

Recommendation. Until a long-term solution can be devel-
oped, the Area-Denial Artillery Munition (ADAM) should
be retained in the inventory for use with the Remote
Antiarmor Mine System (RAAMS).  Production of the
Remote Area-Denial Artillery Munition (RADAM) should
be halted and funding redirected toward the development of
long-term alternatives for mixed systems.

Antitank-Pure Mine Systems

In the near term, several existing mixed landmine sys-
tems will continue to be capable of destroying tanks and
other vehicles without APL components, albeit with an un-
defined loss of protection from dismounted breaches.  Al-
though much testing remains to be done to determine the
amount of protection APL provide to AT minefields (see
Appendix D), the committee considered the removal of the
APL component of two mixed systems, MOPMS and Gator.
Their military effectiveness would then be equivalent to that
of the current Volcano M87A1 and RAAMS, which are also
AT-pure systems.  In fact, all four systems were scored simi-
larly, although slightly different military advantages and dis-
advantages would result from different modes of employ-
ment.  The AT-pure MOPMS had a higher humanitarian
score because a man-in-the-loop would dispense the mines.

One idea developed by the committee was RAAMS en-
hanced with telemetry (RD-Telemetry), which would in-
volve upgrading the existing projectile that contains AT
mines with a subminiature telemetry and communications
package that could calculate the precise dispensed locations
of mines and communicate the information back to friendly
forces.  The benefits of RD-Telemetry would include re-
duced fratricide by improving the situational awareness of
friendly soldiers and by more accurate location of the re-
motely delivered minefields.  In addition, if combat com-
manders were immediately informed of the locations of de-
ployed mines, they could use them just in time and also
reduce the enemy’s ability to find and clear the minefield.
Although much research and development would be neces-
sary to provide more complex communications, the technol-
ogy might be applied to other submunitions.

The system the committee considered to be the best AT-
pure alternative against a mounted enemy available by 2006
is the Hornet/WAM PIP.  This two-phased, evolutionary im-
provement to the existing Hornet/WAM, hand-emplaced AT
mine is a comprehensive, fully funded research, develop-
ment, testing, and evaluation program.  The first phase,
scheduled to be type classified (accepted for service) by
fiscal year 2002, would add a man-in-the-loop to monitor
the sensors and partially control the minefield, while the
mines continue to operate autonomously.  The second phase,
scheduled for type classification by fiscal year 2003, would
add a more sophisticated sensor, an improved target detec-
tion device, and a dual-purpose warhead.  In the committee’s
opinion, the Hornet/WAM PIP’s much greater kill radius
would provide military advantages over the baseline Vol-
cano M87, forcing an enemy to clear a passage lane more
than 200 meters wide for tanks, thus, significantly delaying a
dismounted breach.

The disadvantage of the Hornet/WAM PIP is that it is not
remotely deliverable, and the PIP does not include this devel-
opment.  Other allied nations have fielded hardened, Hornet/
WAM-sized AT mines that can be delivered by MLRS.
Hardening the mine and developing a remote delivery capa-
bility appears to be an Ottawa compliant, low-risk alterna-
tive to current mixed minefields.

BOX 6-2
Remote Area-Denial Artillery Munition

(RADAM)

The use of all pure APL (except the Claymore) has been limited
by presidential policy to Korea after 2003.  To maintain an artillery-
delivered mixed landmine system, DOD has only two options:
(1) request a change in presidential policy to allow the continued
use of ADAM fired in tandem with RAAMS; or (2) develop RADAM.
ADAM is the only artillery deliverable APL in the U.S. inventory.
Rather than lose this capability, DOD devised a short-term solution
combining ADAM and RAAMS into a single 155-mm projectile to
maintain the mixed capability in artillery-delivered scatterable mines
until another alternative is developed.  The combined RADAM pro-
jectile would have the benefits of single-tube delivery and simplified
logistics.  Otherwise, RADAM would provide no significant military
advantage over the combined use of RAAMS and ADAM.  In addition,
RADAM would not be Ottawa compliant.

The committee concluded that the disadvantages of RADAM
outweigh its advantages as an interim solution.  The creation of
RADAM would take the Ottawa-compliant RAAMS out of the inven-
tory and create a new noncompliant munition.  The funds spent
creating RADAM could be better spent on the development of an
Ottawa-compliant alternative.
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      TABLE 6-2 Score Sheet for Alternatives Available by 2006
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Available for Implementation 06 06 06 06 06 06 06 06 06 06 06 06 06 06 06

Baseline            D = M14/16     M = M87 D D D D D D M M M M M M M M M

A0 Military Effects                                  Sum: 12 10 4 4 –3 –4 7 –1 –1 –1 –2 –2 –2 –3 –3

A1 Enhances effects of close and deep friendly fires 2 1 1 –1 –1 0 1 –1 0

A2 Has multiple methods of delivery –1 –1 0 0 0 –1 –1 0 –1

A3 Provides a range of effects that inhibit mounted
and dismounted maneuvers

1 0 –1 –1 –1 –1 –1 0 0

A4 Resists full spectrum of enemy breach methods,
including dismounted methods

1 0 –1 –1 –1 –2 –2 2 0

A5 Provides early warning of ground attack 1 –1 –1 0 0 0 0 –1 0

A6 Is safe for friendly forces 0 0 0 0 0 0 0 0 0

A7 Is effective in all types of terrain and weather 0 0 0 0 0 0 0 0 0

A8 Poses minimal residual hazard to own forces and
noncombatants after military conflicts

1 0 0 1 0 0 0 0 0

A9 Is difficult to detect by enemy forces –1 0 0 0 0 0 0 –2 0

A10 Poses minimal risk of fratricide 2 0 2 1 1 1 1 0 0

A11 Has modifiable effects for mounted and/or
dismounted threat

1 0 0 0 0 0 0 0 0

A12 Has controllable activation/deactivation and
duration before and after installation

2 0 0 0 0 2 0 0 0

A13 Is effective in nuclear, chemical, and biological
environments

–1 0 –1 0 0 –1 0 0 –1

M
o

u
n

te
d

A14 Is easy and efficient to distribute –1 0 0 0 0 0 0 –1 –1

A15 Can delay, disrupt, and/or canalize enemy
movement/maneuvers

2 2 1 1 –1 –1

A16 Denies enemy access to terrain/facilities
(including short- and long-term deterrent for
boundaries and DMZ areas)

2 2 1 1 –1 –1

A17 Enhances effects of friendly-force weapons,
obstacles, and munitions (including AT mines)

2 2 1 1 –1 –1

A18 Generates exploitable delays and opportunities
(fixes or contains enemy)

2 2 1 1 –1 –1

A19 Generates detection, alert, and/or early warnings 2 1 –1 –1 0 –1

A20 Facilitates classification of target 2 1 1 1 0 0

A21 Produces desired effects on enemy forces
(nonlethal to lethal)

0 0 0 0 0 0

A22 Reduces casualties/risk for U.S. and/or allied
forces

1 1 1 1 2 2

D
is

m
o

u
n

te
d

A23 Deters pursuit to facilitate breaking of contact
under pressure

–1 –1 –1 –1 –1 –1

B0 Humanitarian Concerns                   Sum: 6 5 5 5 2 2 5 1 3 4 3 4 2 2 2

B1 Reduces postconflict residual hazard (CCW) 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

B2 Location can be recorded (CCW) 1 1 1 1 0 0 1 0 1 0 0 0 0 0 1

B3 Detectable to facilitate removal (CCW) 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

B4 Discriminates between combatants and civilians
(Ottawa)

2 2 2 2 0 0 2 0 0 2 2 2 0 0 0

B5 Does not explode on presence, proximity, or
contact of a person (Ottawa)

1 1 1 1 1 1 1 0 1 1 0 1 1 1 0

C0 Overall Technical Risk (C4ISR, etc.) –2 –1 –1 –2 –1 –1 –2 –1 –2 –1 –1 –2 –2 –2 –2

D0 Requires Change in Tactics/Doctrine Y Y Y Y Y Y Y N Y Y Y Y Y Y Y

E0 Cost                                                    Sum: –4 –2 –2 –4 –2 –2 –4 –1 –3 –2 –5 –4 –4 –4 –4

E1 Research and development –2 –1 –1 –2 –1 –1 –2 –1 –1 –1 –3 –2 –2 –2 –2

E2 Procurement –3 –2 –2 –3 –2 –2 –3 –1 –3 –2 –3 –3 –3 –3 –3

NOTE:  Acronyms are defined on p. xv in the front matter.
Key: D = dismounted, M = mounted, n/a = nonapplicable.
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Recommendation. The feasibility, cost, and schedule of
providing a remote delivery option for Hornet/WAM should
be investigated.  Shock hardening of the mine to withstand
the impact of remote delivery appears to be an Ottawa-
compliant, low-risk solution to current mixed minefields.

Summary

The criteria and scores are shown in Table 6-2. The details
of how these scores were derived can be found in Chapter 4.

Figure 6-1 is a graphical summary of the scoring.  In
keeping with the Statement of Task, this graph shows only
the relative military effectiveness of candidate systems with-
out regard to cost, risk, or humanitarian factors.  Each bar on
the graph is a composite.  The lower portion (white) shows
the degree to which each system meets the military

FIGURE 6-1 Military effectiveness of alternatives available by 2006 based on qualitative scoring by the committee.

effectiveness requirements in comparison to the baseline
system.  If the candidate system meets all of the require-
ments at least as well as the baseline system, the score is 0.
If it is less effective in any requirement, the score is less than 0.
The upper portion (dark shading) of the bar shows capabili-
ties that exceed those of the baseline system.

These graphs use the methodology described in Chapter 5.
In general, if the total height of the bar is high, the system is
likely to be militarily effective.  If the value of the lower por-
tion of the bar is near 0, the system meets most of the military
requirements.  If the lower bar is much lower than 0, the sys-
tem probably has significant differences from the baseline mine
and will not perform some desired functions.  However, that
system may still be militarily effective if it performs some
functions much better than the baseline system.  Because the
scoring criteria were not weighted, these graphs should be used
only for assessing trends and making qualitative comparisons.
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7

Alternatives Potentially Available After 2006

OVERVIEW
The near-term and midterm alternatives described in

Chapters 5 and 6 are purposely conservative, which has little
to do with available technology and much to do with the
time required for DOD’s decision, program development,
procurement, and acceptance procedures for new weapons.
In other words, without fast-track development and procure-
ment procedures, even suggested systems using available
technology and well-known assembly practices may not be
available for service use by 2006.  In this chapter, which
describes alternatives that might be available after 2006, the
committee is under no such constraints.  Therefore, avail-
able and emerging technologies are more liberally consid-
ered for use in potential APL alternatives.

Advanced Technologies

Advanced technologies will have a profound effect on the
capabilities of U.S. forces.  The rapid emergence of new
technologies will create opportunities after 2006 for the de-
velopment of future systems that can outperform today’s
APL and be compliant with Ottawa.  Alternative systems
that separate the sensor from the shooter will provide power-
ful new capabilities, particularly in sensing and command
and control, which could not only replace APL, but could
also reinforce the information superiority concept in Joint
Vision 2010 and Joint Vision 2020.  Information systems to
manage battlefield operating systems, especially interactive
communication with deployed mines, could be one of the
most significant features of future mine warfare.  Future sys-
tems could provide precise locations and operational status
reports for all types of mines in near real time.  Cost may be
the controlling factor, but the capability seems to satisfy a
key requirement of the CCW.

Elements of technology development expected to be per-
tinent to APL alternatives include advanced intelligence,
sensors, and reconnaissance capabilities; new weapon sys-
tems and munitions; and integration through networking.
The Army Research Laboratory’s Annual Review publishes

many descriptions of projects in support of a future digitized
battlefield, including ideas for advanced sensors, signal and
image processing, displays, information distribution, visual-
ization, modeling, simulation, vehicles, armor, and muni-
tions (U.S. Army, 1998a).  Publications by laboratories in
other military services include similar scenarios.

In addition to retaining the militarily desirable character-
istics of current APL, future systems may satisfy new re-
quirements, including the ability to distinguish among
friends, foe, and neutral parties rapidly and reliably; easy
recovery after hostilities; and having benign effects on the
environment.

Civilian applications are expected to continue to lead the
way in communications and information technology.  In-
deed, DOD is no longer the driving force behind research
and development and applications of many technologies in
the United States.  Therefore, the use of commercial off-the-
shelf hardware and software for military communications
and information systems seems certain to increase.

Surveillance and Targeting Sensors

The military requirement for comprehensive surveillance
of minefields and the necessity of accurately targeting lethal
or nonlethal components comes at a propitious time in sen-
sor development.  With emerging technologies, nearly ev-
erything about a battlespace can be known, and anything in
it can be hit.  The development of sensor technology is char-
acterized by the following trends (NRC, 1997):

• continuing decreases in size and cost, as MEMS evolve
into nanoelectronic systems limited only by the phys-
ics of the interfaces

• migration of the analog-to-digital conversion to the
front end of the sensor, leaving only those analog
elements absolutely necessary for interfacing with the
physical phenomenon to be sensed (e.g., microwave,
low-noise amplification; filters and power amplifiers;
fiber-optic transducers; MEMS transducers, etc.)

We can transform today in a time of peace and prosperity.  Or we can try to change tomorrow, on the eve
of the next war, when the window has closed, our perspective has narrowed, and our potential is limited
by the press of time and the constraints of resources. (Shinseki, 2000)
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• increasing applications of computer processing as
gigaflops grow to teraflops and then petaflops1

• development of monolithic smart sensors that combine
sensing transducers, analog-to-digital conversion, digi-
tal-signal processing, communications input and out-
put, and, perhaps, power conditioning on a single chip
(could lead to the development of very small, very
smart sensor systems and weapons, including afford-
able smart bullets)

• integration of autonomous, mobile, communicating
sensors that can cooperate to function as single, high-
level metasensors

Recommendation. The development of sensor-net technol-
ogy should be pursued aggressively and eventually incorpo-
rated into a fully militarized, deployed system characterized
by networking, strong detection and tracking capabilities,
robustness, low power consumption, low cost, covertness,
low probability of intercept, easy deployment, and
disposability.

Recommendation. Investments already being made in new
technologies for other purposes should be leveraged and
applied to the search for alternatives to antipersonnel
landmines.

Network-Centric Battlespace

With major advances in communications, all elements in
and supportive of a battlespace are being linked in near real
time, making possible what has come to be called network-
centric warfare.  The new systems will involve sensors, com-
munication and communication relays from satellites,
manned and unmanned aerial vehicles, sea-based and
ground-based mobile platforms, and ground stations.

In most cases, the two-way communication link between
the surveillance element of a future minefield alternative and
a remote operator would not require line of sight, would be
secure, and would be capable of working with network-
centric architecture.  Its primary purpose would be to enable
a remote operator to evaluate mounted and dismounted in-
trusions into the minefield, distinguish enemy from friend
and noncombatant, and control the actions of the lethal and/
or nonlethal elements.  Its secondary purpose would be to
contribute to overall situational awareness in the battlespace.

During the course of this study, a good deal of discussion
was focused on the ability (or inability) of a remote operator
to remain alert and to control the minefield during an in-
trusion, possibly under extreme combat conditions.  An
advantage of integration of the operator-to-minefield
communication link with the network-centric architecture is
that the operator would not have to be in the combat zone.

Energetic Explosives

Until 1940, military explosives such as TNT and mercury
fulminate generated an energy release of approximately
1 kilocalorie per gram.  During World War II, advanced com-
pounds, such as nitramines, were increasingly introduced.
During the Cold War, the energy content of explosive com-
pounds continued to increase slowly and steadily.  Today the
energy content of military explosives is approaching 4 kilo-
calorie per gram.

Research supported by all of the armed services in the
past 15 years indicates that the energy release of military
explosives, acceptably desensitized, is likely to be doubled
in the foreseeable future.  This improvement will allow a
significant reduction in the size and weight of explosive de-
vices, as well as further advances in special effects.  An in-
crease by a factor of two could also have a profound effect
on logistics and combat effectiveness.

Minefield Deliverability

Current pure and mixed minefields can be emplaced by
hand, ground vehicle-mounted dispensers, helicopters, fixed-
wing aircraft, artillery, and missiles.  As lighter forces are
used in more situations, tactical minefields that can be
quickly and remotely emplaced and quickly removed
through command detonation and/or retrieval of the more
expensive and reusable components will be necessary.  The
trend in remote mine delivery modes will be toward artil-
lery, missiles, fixed-wing, and rotary-wing aircraft.

The potential size reduction of explosive devices com-
bined with alternative systems to replace minefields with
small alerting sensors will make the timely, remote emplace-
ment of mines easier.  Extended range guided munition-like
artillery rounds and Army TACMS missiles will provide ef-
fective delivery modes.  However, the accurate emplacement
of the minefield surveillance component, particularly if it is
combined with an alternative system, could complicate de-
livery.  For example, the surveillance/kill system could be
delivered separately by helicopter or Osprey (V-22) and hand
emplaced by the crew once the location of the minefield had
been determined, its boundaries known, and the best site for
the surveillance/kill systems determined.  At some point,
precision emplacement of components using GPS, combined
with digital maps, will make remote emplacement of the sur-
veillance/kill system feasible.

Location and Precision Emplacement

For precision weapon delivery, modeling, simulation, and
operational planning, the U.S. military has long had a re-
quirement that maps be accurate to within 30 meters.  In the
current geopolitical environment, such maps are required for
most of the earth’s land surface.  The recent Shuttle Radar
Topography Mission now promises to provide digital maps
of more than 80 percent of the earth’s land surface and
95 percent of populated areas with data taken at 30-meter

1 Flops is a unit of computer speed equal to one floating-point arithmetic
operation per second.  Giga is 109 (one billion), tera is 1012 (one trillion),
and peta is 1015 (one thousand trillion).
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intervals and an accuracy of ± 15 meters in the vertical and
± 30 meters in the horizontal.  These maps, combined with
GPS guidance and position reporting, will profoundly influ-
ence all aspects of military activity, including site location,
precision emplacement, and precision boundary marking of
future minefields.

Vulnerabilities

New technologies provide not only new improved capa-
bilities, but also new or additional vulnerabilities.  This will
certainly be true of operational interfaces between commu-
nication and sensor systems, as well as the more general
battlefield C4ISR systems.  The very large volume of infor-
mation now available through the C4ISR systems must be
balanced against the tactical and operational requirements of
the warfighter who must respond to changing situations with
great immediacy and reliability, avoiding, as much as pos-
sible, information traffic jams, delays, and disruptions that
often affect communications systems.  Systems that take
advantage of future C4ISR network capabilities will prob-
ably rely on radio-frequency communication links, which
can be vulnerable to jamming and other countermeasures.
Because the cost of ensuring against jamming in systems
used for every munition may be prohibitively high, some
loss of system performance as a result of active countermea-
sures should be expected.

Defense Advanced Research Projects Agency

DARPA manages and directs selected basic and applied
research and development projects.  The agency pursues re-
search and development for which both risks and payoffs are
very high, and successes may lead to dramatic advances in
traditional military roles and missions, as well as dual-use
applications.  DARPA has been involved in the search for
alternatives to APL, directly through research and develop-
ment on Track II and indirectly by research and develop-
ment on a variety of devices that can increase the likelihood
that future alternatives, particularly sensor-related ones, will
be developed successfully.

Representatives of DARPA met with the committee on
several occasions, and small groups of committee members
visited the main DARPA facility twice.  The following de-
scriptions include a variety of ongoing DARPA programs
that may affect the development of future APL alternatives.

Affordable, Moving-Surface-Target Engagement Program

This program conceptually leverages recent advances in
sensor technology for the development of an affordable, pre-
cise means of identifying and destroying a moving surface
target.  The fundamental concept to be investigated is a
network of two radar systems, ground moving targets indi-
cating (GMTI) radar and synthetic-aperture radar (SAR), to
provide precision fire-control tracking of moving surface

targets.  The network would update precision-guided muni-
tions in flight for precise engagement of moving surface tar-
gets (Grayson, 2000).

The goal of the program is to develop, investigate, and
evaluate technologies that could lead to affordable architec-
tures for destroying specific moving targets on land, the
littorals, and water.  The focus is on weapon system
technologies that would enable precision, affordable, all-
weather engagement of a wide range of moving surface
targets, both on land and at sea.  Research and development
will focus on the use of netted GMTI/SAR sensors to pro-
vide precision fire control of inexpensive, nonsmart weapons
(DARPA, 2000c).

SensIT Program

The SensIT Program is founded on the concept of a net-
worked system of inexpensive, pervasive platforms that
combine multiple sensor types, reprogrammable general-
purpose processors, and wireless communication (Kumar,
2000).  The multiple-sensor module might combine optical,
acoustic, triple-axis, seismic, magnetic, moisture, pollution,
poison, organic pressure, temperature, acceleration, and
physiological variables.  The goal of the SensIT Program is
to create an interface between the physical world and
cyberspace.

Current information systems use human input or com-
puter-generated data.  Future systems will build on continu-
ous streams of real-world physical data to create a “virtual”
supercomputer, miniaturized and distributed into the envi-
ronment, with each node computing and collaborating to
“see” into its sensor region.  The mission of the SensIT pro-
gram is to develop all necessary software for networked
microsensors (DARPA, 2000d).

Microunattended Ground Sensors Program

The goal of this program is to develop a distributed net-
work of miniature unattended ground sensors (UGSs) based
on acoustic, magnetic, seismic, meteorological, and imaging
technologies, and advanced fusion algorithms for tactical use
(Carapezza, 2000).  These sensors should be low-power min-
iature imaging and nonimaging variants.  The long-term ob-
jective is to support the pursuit of time-critical mobile tar-
gets, combat vehicles, and dismounted soldiers.  Miniature
UGSs could be used singly or in networks to provide a local,
in-situ detection, tracking, and identification capability at
high-value manmade facilities or at choke points in denied
areas (DARPA, 2000e).

Future Combat System Program

The future combat system (FCS) will be a multifunc-
tional, multimission, reconfigureable system of systems
designed to maximize joint interoperability, strategic trans-
portability, and commonality of mission roles, including di-
rect and indirect fire, air defense, reconnaissance, troop
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transport, countermobility, nonlethal options, and command
and control on the move.  The goal of the program is to
develop a network-centric advanced force structure that will
be overwhelmingly lethal, strategically deployable, self-
sustaining, and highly survivable in combat through
integrated command and control capabilities that provide
unsurpassed situational awareness for commanders at all
levels (DARPA, 2000a).

Nonlethal Alternatives

Nonlethal devices of the future might use real or virtual
images.  Making large images appear by projection or re-
flection of small objects is not difficult if the viewing point
and the ambient light level are controllable.  However, for
the illusion to extend over a large space, to be visible from
various angles, and to be viewable in daylight, the problem
is much more complicated.  Images are, after all, nothing
more than a directed configuration of photons.  The more
extensive the image is spatially, the more illuminating power
it requires; hence, the availability of a power source on the
battlefield may be a problem.  Climate, vegetation, and ter-
rain may also disrupt or degrade images.

A static image is not likely to arouse fear or dread for an
extended period of time.  With the advent of inexpensive,
robust scanning technology, along with lightweight mirror
materiels, a plasma point could be created with one or more
focused beams swept over an area to create a more realistic
image.  Although a single laser creates only a single plasma
point, hysteresis in the human eye makes the image appear
constant and solid.  (For instance, on a TV screen, a single
electron beam scans the phosphor dots on the inside of the
screen many times per second, exciting the appropriate dots
one at a time to create an image that the eye perceives as
constant and whole.)

The use of movement is yet another futuristic possibility.
“Seasickness” is familiar to most people, if not directly, then
by empathy or observation.  Small amplitude vertical vibra-
tions of 0.5 Hertz are known to create this effect.  If enemy
troops and equipment must cross bridges or other solid
manmade structures, it may be possible to deploy a device
that generates small amplitude movements at the nauseo-
genic frequency, thus incapacitating troops with seasickness.
This device could provide in such situations a more effective
delay than APL (Haseltine, 2000).

As discussed earlier, nonlethal variants have certain draw-
backs: (1) nonlethal systems could cause inadvertent fatali-
ties; (2) they are likely to be less of a deterrent to a deter-
mined enemy and may even be interpreted as weakness; and
(3) even if nonlethals confuse an enemy initially, he is un-
likely to make the same mistake twice.  Nevertheless, in light
of the increasing frequency of peacekeeping operations, the
development of nonlethal variants to support APL alterna-
tives should be a high priority.

Recommendation. Several other technologies or systems
already under development for other purposes should be con-
sidered as potential components of long-term alternatives to
antipersonnel landmines, including unmanned air and ground
vehicles, directed-energy weapons, battlefield sensory-
illusion devices, passive transponders (e.g., tags), and other
lethal and nonlethal systems.

MATERIEL ALTERNATIVES

After 2006, improvements in the tactical effectiveness of
existing or proposed remotely delivered AT landmines ought
to be technologically feasible, which could eliminate the
need for mixed systems.  Future systems that separate the
sensor from the shooter could be improved by multiple
means of remote deployment and resistance to countermea-
sures through signature reduction and other techniques.
Track III programs, like the Track I initiative, will require
concentrated effort and stable funding.  In the long term, the
emergence of new technologies, such as the ability to distin-
guish accurately between combatants and noncombatants,
could lead to the development of systems that can outper-
form today’s APL.

The most promising alternatives received high scores on
both military effectiveness and humanitarian criteria, which
reflects the greater battlefield awareness provided by ad-
vanced technologies.  The same alternatives received low
scores for technical risk and economic criteria because they
tend to be conceptual and on the cutting edge of technology.

Table 7-1 shows systems that might be available some-
time after 2006.  The table also describes their principle char-
acteristics.  Full descriptions and brief written assessments
follow, as well as a table measuring each alternative against
the criteria described in Chapter 4.

For Use Against Dismounted Threats

Radio/Radar Sensor Munition System

Source: Committee on Alternative Technologies to Replace
Antipersonnel Landmines

The Radio/Radar Sensor Munition System (RRASMS)
would consist of four parts: a sensor and communications unit
that would function as a hub for a section of the denied zone;
an overwatch controller to control the modular munitions; the
modular munition; and an electronically programmable radio.

The radio would perform three functions:

• self-location and munitions location using either GPS
or multilateration with other units

• communication to the overwatch controller unit with a
soldier/operator in conjunction with other sensor and
communications units

• multistatic radar to detect and track human intruders
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The modular munition units would be connected remotely to
the sensor and communications unit via trip wire/communi-
cation lines.  Remotely deployable versions might use radio-
frequency links.  Modular munition units would come in
three basic types:

• warning devices, such as flashers or sirens
• nonlethal deterrents, such as flash/bang units and

malodorants
• lethal devices, such as small fragmentation grenades

The overwatch control unit, a computer terminal with a ra-
dio, would perform three functions:

• display a situational awareness map to the soldier/
operator showing the geometry of the munitions in the
denied zone

• sound an alert and display the track of an intruder
• allow the soldier/operator to command a lethal re-

sponse when necessary

To create a denied zone, RRASMS would be deployed in
the following way.  The soldier/operator would place sensor
and communications units in the denied zone approximately
50 meters apart.  He would then attach as many as 32 modu-
lar munition units to each sensor and communications unit in
dispersed locations.  In general, warning devices would be

placed farthest forward in the denied zone; nonlethal devices
would come next; and lethal devices would be placed behind
the others.

Once the field was activated, the sensor and communica-
tions units would go through an initialization process to de-
termine their locations and the locations of the modular mu-
nition units.  Each sensor and communications unit would
periodically transmit a radar pulse, and other sensor and com-
munications units would listen.  If an intruder were detected,
the overwatch control unit would be alerted.  Depending on
the situation, the sensor and communications unit could au-
tonomously activate warning and/or nonlethal devices.  Af-
ter assessing the track of the intruder(s) and the response to
the nonlethal devices, the soldier/operator could command a
lethal response.

Advantages

• This system would be compliant with the CCW
Amended Protocol II and the Ottawa Convention.

• With an electronically programmable radio, the
RRASMS could communicate with a wide variety of
radios on the battlefield, could receive GPS signals,
and provide guidance updates to incoming ordnance.

• With a radar mode, it could provide all weather, day/
night sensing and tracking of human intruders and
would have some foliage penetration capability.

TABLE 7-1 Alternatives Potentially Available After 2006

Self-
destruc-

APL/ ting/ Dismounted Enemy Mounted Enemy
AT/ Self-
Mixed deacti- Lethal/ Ottawa Remotely Hand Remotely Hand

System Name Non-Mine vating Nonlethal Complianta Delivered Emplaced Delivered Emplaced

Radio / Radar Sensor Munition System
(RRASMS) APL Y L Y X

Unmanned Remote Ambush System  (URAS) APL Y L Y X
Tags / Minimally Guided Munitions      Track II n/m n/a n/a Y X
Laser Radar Directed Machine Gun (LDMG) n/m n/a L Y X
Distributed-Sensor Antipersonnel “Minefield” n/m n/a L Y X
Distributed Web-Sensor Complex (DWSC) n/m n/a n/a Y X
Raptor AT Y L Y X
RAAMS Enhanced with Telemetry and Sensor

Package (RD Sensor) AT Y L Y X
Remotely Delivered Hornet/WAM (RD-WAM) AT Y L Y X
Self-Healing Minefield                         Track II AT Y L Y X
BAT Antiarmor Mine (BATAAM) AT n/a L Y X
Early Warning Subsystem for Remotely

Delivered AT Minefields (EWSS) n/m n/a n/a Y X
RAAMS with Nonlethal Capability

(RAAMS-NL) Mix Y N/L Y X X

aThe committee used the definition found in the Ottawa Convention to determine whether a system would be Ottawa compliant.
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• As a backup, the wires connecting the modular muni-
tion units to the sensor and communications unit could
also serve as trip wires for sensors.

• The soldier/operator would have the flexibility to
attach any mix of warning, nonlethal, and lethal modu-
lar munition units to the system.

• The system would give the operator the time and in-
formation necessary to determine if a lethal response
is necessary.

• The system could be enhanced by providing devices to
friendly soldiers that would identify them as friendly
and would disable lethal responses in their vicinity,
thus allowing them free passage through the denied
zone and avoiding fratricide.

• RRASMS could be used in conjunction with covert
tags on enemy soldiers for longer range tracking.

Disadvantages

• RRASMS would have significant technical risk and
development costs and would require successful de-
velopment of electronically programmable radios,
which would significantly reduce the risk and cost of
adding the radar function.

Unmanned Remote Ambush System

Source: Committee on Alternative Technologies to Replace
Antipersonnel Landmines

The ambush has been an effective tactic throughout the
history of warfare and will continue to be effective in certain
types of future conflicts.  With modern technology, am-
bushes could be operated without on-site personnel.

The mine used in the unmanned remote ambush system
(URAS) concept could be any of a number of current APL
mines.  Claymores, modified for timed self-deactivation and
command detonation, would be most appropriate for am-
bushes and would be CCW and Ottawa compliant.

URAS would require small cameras for discriminating
between friend and foe.  The US Army Night Vision and
Electronic Sensors Directorate is working on the develop-
ment of an uncooled infrared camera (a the forward-looking
infrared radar, microcamera [UL3]) that is about 5 centime-
ters long and 6.4 centimeters square, weighs 70 grams, and
requires 540 microwatts at 3.5 volts.  The UL3 can detect a
walking man at ranges of 250 to 700 meters, day or night,
depending on the angle of view.  To conserve power, an
acoustic instant wake-up for the camera is available.  Also
available, if required, is an eye-safe laser illuminator for bet-
ter target identification.  DARPA is developing a television
camera of similar size, capable of projecting its image onto
the upper quadrant of a specially equipped pair of glasses or
goggles (if the operator is moving).

The dispersal of Claymores at the ambush site would de-
pend on the nature of the terrain and the anticipated size and

dispersion of the intruding force.  The camera and laser illu-
minator could be colored to blend in with the environment
and attached to a tree, rock, or stake to provide the proper
field of view.  The preferred communication link would be
an aircraft or satellite so that distance and terrain would not
matter.  A small broadcast terminal and disk antenna would
be required for this communication mode.

In operation, the first transmission from the ambush
would be accompanied by a sound and/or flashing light to
alert the remote operator.  Upon identification of the target,
the operator would detonate the Claymores at the proper dis-
tance between mines and intruders.  The Claymores might
be given different firing codes for staggered firing.  Anti-
handling features might be added, as needed.

URAS is covered by doctrine governing ambushes and
APL minefields.  All of the major components of URAS are
available or in an advanced stage of development.  The com-
ponents would have to be merged into a system and a two-
way communication package assembled.

Advantages

• URAS would be CCW and Ottawa compliant.
• The concept would not require on-site personnel.
• No friendly lives would be placed at risk during the

ambush.
• The URAS poses little logistics burden and could be

easily and quickly emplaced.
• URAS provides firing versatility for maximum effec-

tiveness.

Disadvantages

• URAS would require a reliable two-way communica-
tion link with one-way imagery.

• Aircraft might be necessary for the communication
link.  However, the aircraft would probably be used
for multiple purposes.

• Camera performance may be degraded by adverse at-
mospheric conditions (e.g., heavy rain, fog, etc.).

Tags/Minimally Guided Munitions

Source: DARPA Track II (Altshuler, 1999)

The Tags/Minimally Guided Munitions concept is under
development at DARPA.  The agency has already initiated
research and development on required technologies for this
system.  Preliminary demonstrations of tag attachment have
met with some success.  However, it is extremely unlikely
that the system could be available by 2006.

In this system, small burr-like transmitters would be af-
fixed to the clothing of enemy soldiers as they traverse a
field (called a “tag-field”).  The method of attaching the tags
is still under development; a “lawn-dart” and a “brier” are
being considered.  The tags, anticipated to be smaller than
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0.5 centimeters in all dimensions, would alert a man-in-the-
loop with motion sensors or equivalents.  Tags would pro-
vide one- or two-way communication over a short transmis-
sion range of less than 100 meters (longer transmission
would require a relay network).  The man-in-the-loop would
launch munitions, which would be target-oriented rather than
area-oriented and would home in on an individual tag or
cluster of tags, making small in-flight course corrections as
necessary.  The course correction capability would have to
be greater than the distance the target could move in the
interval.  Tag lifetime would range from minutes to hours.

Effective tags will require millimeter-sized transmitters
and antennae.  The power source for the lifetime of tags will
also require further work (thick or thin battery technology),
as will delivery of the tags and their adhesion to the target.
Other issues that would have to be addressed include: pack-
aging tags; delivering tags; recognizing and discriminating
targets; reducing vulnerabilities to countermeasures; extend-
ing the transmission range; and developing repeaters (a
multitiered communication system) to ensure that communi-
cations reach the command center.

Research and development on the munitions will have to
address the following issues: homing technology using a
radio-frequency signal; lowering the cost and increasing the
sensitivity of the receiver; flight control/flight errors (preci-
sion strike) and time of flight; and the overall efficiency of
operation.

Integrating tag and munition technologies to ensure reli-
able operation and include a man-in-the-loop will involve
tactical changes based on studies of the behavior of
individual soldiers and units.  An overall cost analysis and
technology implementation routine would also have to be
developed.

Advantages

• This system is envisioned to be compliant with the
CCW Amended Protocol II and the Ottawa Con-
vention.

• The system would improve situational awareness.
• Not many tags would be required for the system to be

effective (modeling shows that only one-third of the
enemy population would have to be tagged).

• Tags would be particularly effective for pro-
tecting flank positions and preventing infiltration by
small groups.

• Environmental and post conflict effects would be
minimal.

Disadvantages

• It is not clear how the munition would differentiate
among moving tags and home in on a specific target.

• Communications might be jammed as a consequence
of in-flight confusion.

Laser Radar-Directed Machine Gun

Source: Committee on Alternative Technologies to Replace
Antipersonnel Landmines

The Laser Radar (LADAR)-directed machine gun
(LDMG) would use laser radar (or other means) to maintain
surveillance over a denied zone and for precision aiming of
an automatically aimed machine gun.  The machine gun
would fire two types of munitions: nonlethal rubber bullets
and lethal explosive/fragmentation rounds.  The gun would
have an antihandling mechanism that would disable it in the
event of enemy capture.  An overwatch control unit would
have to be activated before a lethal response was initiated.

The LDMG would consist of four units.  The first unit,
the LADAR surveillance sensor and fire control unit, would
use laser radar to create a three-dimensional picture of the
denied zone out to a range of about 500 meters and across an
angle of about 60 degrees.  If a change in the background
were detected, the unit would zoom in on that area to iden-
tify the intrusion.  The unit would also act as a very precise
fire-control system for both nonlethal and lethal responses
from the machine gun.  The second unit, a machine gun (the
objective individual combat weapon), would be a low-recoil
system that could shoot both 5.56-mm bullets from its top
barrel and exploding 20-mm projectiles from its bottom bar-
rel.  For the LDMG, the top barrel would shoot nonlethal
rubber bullets.  An add-on, increased ammunition feed capa-
bility would be developed.  The third unit, the gun cradle,
would be a tripod with servomotors that could aim the gun
based on inputs from the fire-control system.  The fourth
unit, the overwatch control unit, a computer display that
would receive alerts and images via radio from the LADAR,
would allow the soldier/operator to determine if the intru-
sion required a lethal response.

The LDMG would first be used to create a denied zone in
the following way.  First, one or more LDMGs would be set
up behind the denied zone.  In general, two or more LDMGs
would be used to obtain crossing fires.  The LADAR would
scan the denied zone to establish the background image.  The
soldier/operator would then proceed to his post and test radio
connectivity with the LDMG.  If an intruder were detected,
the LDMG would send an alert and image to the soldier/
operator and might respond autonomously with nonlethal
rubber bullets from the 5.56-mm barrel.  The soldier/operator
would determine if a lethal response were required.  A lethal
response fired from the 20-mm barrel would be a projectile
that would explode just above the location of the intruder
based on range information from the LADAR.  To prevent
capture, the surveillance/kill system would be equipped with
an antihandling device and rigged for timed self-destruction.

Advantages

• This system would be compliant with the CCW
Amended Protocol II and the Ottawa Convention.
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• The LDMG would be a tireless area-denial sentry with
the flexibility to use either nonlethal or lethal re-
sponses.

• This system might have multiple uses.

Disadvantages

• The LDMG would be very bulky and would have high
electrical power requirements.

• The LDMG would be less effective in rugged or foli-
ated terrain, in adverse weather conditions, or in the
presence of smoke.

• The active sensor might reveal its position.
• The surveillance/kill system would have to be hand

emplaced.

Distributed-Sensor Antipersonnel “Minefield”

Source: Committee on Alternative Technologies to Replace
Antipersonnel Landmines

This system, which could be used either against dis-
mounted targets or for protection of an AT minefield, would
have separate sensor and kill components that would not be
co-located.  The sensor component, about the size of a tube
of Chapstick, would consist of a dismounted sensor (pres-
sure, seismic, or tremble switch, with pressure preferred) and
a short-range radio-frequency communicator.  These small,
rugged, inexpensive sensor packages could be distributed by
air, missile, artillery, or hand.  Upon activation by an in-
truder, the sensor would emit a single radio-frequency pulse
that would alert the kill component.  All sensor packages in
a given field would use a unique coded pulse to reduce the
chance of spoofing.  However, to allow for reuse, the kill com-
ponent would be set to respond to any of the allocated codes.

The kill component would be a .30-caliber or .50-caliber
machine gun mounted on a tripod.  To ensure stability, con-
cealment, and a clear field of view, the kill component would
be emplaced by hand on the periphery of the sensor field.
The system would consist of both optical and infrared
sensors for day/night surveillance and would be able to trans-
mit its field of view to a remote operator.

Upon receiving a signal from any sensor in the field, the
kill component would be switched on, rise to its surveillance
position, transmit its picture to the remote operator for iden-
tification of friend or foe, and await permission to fire.  Once
permission was received, the kill system would become au-
tonomous.  The gun would fire only when the target was
centered in the cross hairs of the aiming system.  The system
would be able to train across the entire sensor field and en-
gage multiple targets in rapid succession.  The operator could
interrupt firing at any time.

The sensor package would use state-of-the-art technol-
ogy and would not require research.  The surveillance system
would also use available infrared and optical technologies.

The capability of firing only when the target was centered
might involve pattern recognition technology or the use of
tags now being developed by DARPA for the robot sniper
and Land Warrior programs.  To prevent capture, the sur-
veillance/kill system would be equipped with an antihandling
device and rigged for timed self-destruction.

Advantages

• This system would be compliant with the CCW
Amended Protocol II and the Ottawa Convention.

• The most expensive part of the system would be re-
coverable.

• With recovery of the kill component, no explosives
would be left on the battlefield.

• The system would have a significantly higher prob-
ability of being effective against multiple intrusions
than a typical AP minefield.

• The surveillance/kill system would present a very
small target.

Disadvantages

• Removing either the remote operator or the kill com-
ponent could defeat the system.

• The surveillance/kill system would require research
and development and would be expensive.

• The surveillance/kill system would have to be hand
emplaced.

For Use Against Mounted Threats

Distributed Web Sensor Complex

Source: Committee on Alternative Technologies to Replace
Antipersonnel Landmines

The concept of the Distributed Web Sensor Complex
(DWSC) is based on an Army science and technology pro-
gram intended to enable a commander to take advantage of
high-tech sensor and communications technology by provid-
ing near real-time situational awareness of the extended
battlefield.  This approach is intelligence oriented, rather than
minefield oriented.  The essential aspect of the DWSC is the
rapid, remote placement of numerous, inexpensive, expend-
able sensors by artillery or air.  Depending on the situation,
emplacement could range from relatively close to friendly
positions (within a few kilometers) to extended ranges.  Any
combination of acoustic, magnetic, seismic, motion, infrared
imaging, video, biological or other sensors capable of iden-
tifying signals from vehicles and/or humans could be used.

Once sensors had landed on the ground, they would be
activated by an accompanying gateway, which would also
establish communications with and identify the location of
each sensor.  The gateway would also establish communica-
tion with nearby gateways, thereby creating a large web of
sensors that could cover the entire front of a deployed unit
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(several kilometers).  Low-power sensors, such as acoustic
sensors, would begin functioning.  Upon recognizing certain
sensory inputs, these low-powered sensors would signal the
gateway to “wake up” the more power-intensive sensors,
such as infrared imaging, that had been in a stand-by, power-
saving mode.  The gateway could be programmed to sort
through sensor inputs and look for combinations (target tem-
plates) to define an intruder.  This information would be sent
by communication links back to an operations center where
sensor intelligence could be fused with other intelligence to
give the commander a high level of situational awareness
across the entire front.  When an enemy target was con-
firmed, the commander could call for any direct or indirect
weapon in range, including rifles, machine guns, grenade
launchers, AT weapons, mortars, artillery, and air-delivered
munitions.  Because DWSC sensors could be distributed at
significant depth, commanders at all levels could evaluate
sensor input and respond by rapidly changing priorities of
fire or locations of combat systems.  This would allow a
sequenced attack against numerous enemy targets by the
most appropriate combat system.

The gateway could be programmed to interface with
hand-emplaced or remotely delivered nonlethal weapons, AT
mines, other sensors, or nearby outposts or patrols.  If the
situation indicated a need for remotely delivered AT mines,
the gateway could also be programmed to communicate with
and direct action of friendly AT mines in the vicinity.
Through the gateway, the mines could be activated or deac-
tivated by a man-in-the-loop in the operations center.  These
mines could also be part of a network that would communi-
cate locations to each other, assess the situation based on
programmed logic, and detonate according to programmed
logic or human command.

The DWSC would not depend on the use of mines.  It
would be a sensor-based intelligence system that could be
used in combination with different systems as the situation
dictated, and would move warfare toward an integrated sys-
tem of sensors, communications links, and combat systems.
Because DWSC would exploit existing and future combat
system capabilities and would not rely on a dedicated, unique
kill mechanism, it might be more cost effective than some
other mixed-system alternatives to APL.  A concept of
operations would have to be articulated throughout the user
community, and doctrine for use would have to be devel-
oped prior to fielding.  Because this system is still in the
early concept phase, considerable research and development
would be required to develop, produce, and field the DWSC.

Advantages

• Because the DWSC does not include APL, it would be
conceptually compliant with the CCW Amended Pro-
tocol II and the Ottawa Convention.

• Rapid emplacement of sensors, gateways, AT mines
(when required), and other systems could be valuable
for protecting early-entry units or other friendly units.

• The man-in-the-loop capability should minimize
friendly and noncombatant casualties out to signifi-
cant depths on the battlefield.

• The DWSC would increase lethality by improving
commanders’ situational awareness and enabling them
to bring combined arms capabilities to bear, as
necessary.

• The DWSC would support emerging concepts of the
future, nonlinear battlefield peopled by highly mobile,
moderately armed forces.

• The system would provide a measure of security for
AT mines, sensors, and other forward-deployed capa-
bilities.

• The presence of DWSC could impart a psychological
fear of death or injury throughout the battlefield.

• The presence of a self-destruct feature on any remotely
delivered mines would address humanitarian concerns.

• The antihandling device on remotely delivered mines
would have a psychological impact on dismounted
enemy forces.

Disadvantages

• Because the system has no APL or human sensors, the
mines could be very susceptible to clearance by a dis-
mounted enemy, especially at some distance from
friendly forces.

• Costs of development, production, and fielding would
be very high.  Given the complexity of the system,
maintenance and logistics costs could also be high.

Raptor

Source: U.S. Department of Defense/Office of the Project
Manager, Mines, Countermine, and Demolitions (Strano,
2000)

Raptor, a system being developed by DARPA, based on
an Army science and technology program, has been de-
scribed as a smart, autonomous, antiarmor/antivehicle sys-
tem that provides situational awareness and targeting infor-
mation to Hornet/WAM and other shooters.  The system
consists of an advanced overwatch sensor, deployed at depth,
that can detect, track, and classify individual vehicles and
recognize larger combat formations.  The initial or “core”
capability is based on hand-emplaced components delivered
by truck or helicopter up to 25 kilometers from the forward
line of friendly troops.

Vehicle-detection information from the advanced over-
watch sensor would be electronically relayed through a gate-
way to “wake up” nearby Hornet/WAM AT munitions2 in a
stand-by, power-saving state.  The gateway would be

2 Raptor could also be implemented with other kill mechanisms, such as
a mine patterned after BAT warhead technology.
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programmed with the commander’s tactics in selectable
tactical “templates” to coordinate automatically the Hornet/
WAM attack based on the threat.  The system would be con-
trolled by a Raptor control station located at the brigade
tactical operations center.3 The link between the gateway
and the control station might be through radio line-of-sight
transmission aided at extended ranges by antennas.  The
operator would automatically receive the exact location of
the Raptor field components, including munitions, and would
be able to turn the field on or off and select tactics remotely
for the gateway.

A Raptor system could be modified to include a space-
based, near real-time communication link so that joint tactics
would be possible.  With this improvement, the sensor target
information would be relayed through the Raptor control sta-
tion to the army tactical command and control system.  The
commander could then initiate additional checks by other
sensors, such as unmanned aerial vehicles, and take action,
such as directing the gateway to attack the threat by activat-
ing mines according to an emplacement template, targeting
indirect-fire weapons, and/or alerting nearby combat units.

The fully developed Raptor system could be used for op-
erations as much as 300 kilometers away with satellite and
other communication links; mines deployed by powered
parafoil or airdrop; mines embedded with the ability to dis-
criminate between friend and foe; and sensors capable of
detecting, reporting, and targeting light wheeled vehicles,
low-flying aircraft, and artillery/missile firings.  Incremental
upgrades, including links to other Army tactical communi-
cations system, and other capabilities, should be ready for
production at various times up to fiscal year 2008.

Raptor could move antivehicular mine warfare toward an
integrated system of sensors, communication links, mines,
and other combat systems.  The concept of operations would
be articulated throughout the user community, and doctrine
would have to be developed prior to fielding.  Because this
system is still in the early concept phase, considerable resources
would be required to develop, produce, and field Raptor.

Advantages

• Because there are no APL in this system, it appears to
be conceptually compliant with the Ottawa Conven-
tion and CCW Amended Protocol II.

• The self-destruct feature would further address hu-
manitarian concerns.

• The man-in-the-loop should minimize friendly and
noncombatant casualties out to significant depths on
the battlefield.

• Raptor would increase lethality by coordinating the
attacks of two or more mines against detected vehicles,
as determined by situation-dependent tactical templates.

• The system would dynamically integrate AT muni-
tions into a combined joint sensor/killer team.

• The presence of Raptor would impart a fear of death or
injury throughout the depth of the battlefield.

• The Hornet/WAM has an antihandling device to inhibit
tampering, which may have a psychological impact.

Disadvantages

• The hand emplacement of vehicle sensors, gateways,
and Hornet/WAM would dramatically increase man-
power requirements and delivery time, especially
when used at depth and across wide fronts.  Em-
placement by unmanned helicopters (if developed) or
similar means could facilitate the use of Raptor in ar-
eas beyond the direct control of friendly forces.

• The absence of APL or human sensors could make
Raptor mines susceptible to clearance by a dismounted
enemy, especially at a distance from friendly forces.

• Development, production, and fielding costs would
be high.

• Given the complexity of the system, maintenance and
logistics costs could also be high.

Remote Antiarmor Mine System Enhanced with Telemetry
and Sensor Package

Source: Committee on Alternative Technologies to Replace
Antipersonnel Landmines

The Remote Antiarmor Mine System (RAAMS) en-
hanced with telemetry and a sensor package (RD-Sensor)
would have the enhancements proposed in the
RD-Telemetry (RAAMS enhanced with telemetry) concept.
RD-Sensor would also contain a sensor package in addition
to the AT mines.  Once delivered, the AT mines and sensor
packages would fall to the ground, deploying one or more
low-power, miniature sensors.  At least one of the sensors
should be imaging (infrared, motion detection, video), with
others being acoustic, seismic, or other types.  The lowest
power sensor, probably acoustic, would first detect vehicles
or dismounted intruders and then “wake up” the more power-
consuming imaging sensor.

A transmitter would send appropriate imagery informa-
tion back to a friendly operations center, most likely located
tens of kilometers away.  If enemy dismounted forces were
identified, the man-in-the-loop could call for indirect fire to
keep the enemy from clearing the AT mines, reinforce the
minefield with more AT mines, or take other action.

To reduce power and bandwidth requirements, one (or a
limited number) of RD-Sensor projectiles/dispensers could
be added to a minefield consisting of many remotely deliv-
ered, but not sensor-equipped, AT mines.  RD-Sensor could
also be incorporated into air-delivered or ground-delivered
scatterable minefields.

3 The committee questioned whether Raptor might be more appropri-
ately controlled at a level lower than the brigade level.
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Because RD-Sensor would provide near real-time knowl-
edge of the location of remotely delivered minefields, the
system could be used at the last minute against high payoff
targets in support of mobile and other operations.  This
would reduce the time enemy forces would have to locate
and clear remotely delivered AT mines.  The integrated sen-
sor package could also give the commander remote ears and
eyes so he could call for indirect fire or take other actions to
protect the AT mines from intruders.  Near real-time sensor
information would give the commander the option of rein-
forcing the minefield with additional remotely delivered
mines or cover it with other AT weapons, such as SADARM,
BAT, SFW, attack helicopters, or close air support while
enemy vehicles were delayed by the AT mines.  Anti-
handling devices on 20 percent of the munitions would dis-
courage tampering.

RD-Sensor would require a considerable amount of re-
search and development.  To develop and integrate the sen-
sor package into an existing dispenser, a number of techno-
logical challenges would have to be overcome: hardening
and militarizing the sensors; developing enabling sensors
that could determine their location and orientation; develop-
ing of infrared sensors that could “pop up” above vegetation
and other obstacles; developing a limited, autonomous net-
work of deployed sensors that could communicate with each
other; devising methods of overcoming power and band-
width challenges to allow nonline-of-sight communication
of infrared imagery and other sensor feedback to friendly
operations centers located many kilometers away.

Advantages

• Because RD-Sensor does not include APL, it would be
conceptually compliant with CCW Amended Protocol
II and the Ottawa Convention.

• The presence of a self-destruct feature and a man-in-
the-loop would further address humanitarian concerns.

• Twenty percent of the mines would have antihandling
devices to inhibit tampering.

• A more precise estimate of the ground location of re-
motely delivered mines might reduce fratricide.

• More certain knowledge of the location of remotely
delivered mines in critical locations would enable
combat commanders to use remotely delivered AT
mines at the last minute, thus reducing an enemy’s
ability to find and clear the minefield.

• With information on an attempted breach of an AT
minefield or certainty that enemy vehicles are being
destroyed, a commander could take action to protect
the AT mines or reinforce this success.

Disadvantages

• A significant number of delivery assets would be re-
quired to emplace a large minefield.

• On current mines, self-destruct times can not be reset

from the factory-set times.
• Current mines do not have a command-destruct feature.
• Research, development, and acquisition costs would

be high.

Remotely Delivered Hornet/Wide Area Munition

Source: Committee on Alternative Technologies to Replace
Antipersonnel Landmines

The Hornet/WAM is a hand-emplaced, autonomous AT
mine currently entering inventory.  The proposed alternative
(RD-WAM) would add a remote delivery capability, via a
Volcano launcher or from a deep-attack asset, such as MLRS
or TACMS.  It might also be possible to emplace the mine
via gravity ordnance (such as Gator).  The Hornet/WAM
weighs about 16 kilograms, is about 36 centimeters high,
and about 23 centimeters in diameter.  When its seismic sen-
sors detect movement, it alerts the mine to turn on its acous-
tic sensors, which detect and classify the target.  If an ar-
mored target approaches within 100 meters, a submunition
with an infrared sensor is launched over the target and fires
an explosively formed projectile into the engine compart-
ment.  Hornet/WAM AT mines have an antihandling feature
that causes the mine to detonate when disturbed.  The mine
is designed to operate for 30 days and then self-destruct.

The tactical use of a RD-WAM would have to be devel-
oped and added to doctrinal manuals.  Although a compre-
hensive and lengthy research and development effort would
be required to harden and otherwise modify the Hornet/
WAM for remote delivery, other nations have developed
hardened mines similar in size to Hornet/WAM.  Thus, hard-
ening of Hornet/WAM should be feasible.

Advantages

• RD-WAM would comply with CCW Amended Proto-
col II and the Ottawa Convention.

• The self-destruct feature would further address
humanitarian concerns.

• The antihandling device would inhibit tampering.
• The RD-WAM provides wide-area coverage and an

off-route capability.
• Remote delivery would increase the utility and range

of use of Hornet/WAM on the battlefield.

Disadvantages

• Development and procurement costs would be high.
• Remote delivery would require the use of high-value

assets.

Self-Healing Minefield

Source: DARPA Track II (Altshuler, 1999)

The self-healing minefield would be a dynamic,
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scatterable AT minefield (the munition would be similar in
size and delivery method to Volcano or Gator mines).
Through mine-to-mine communication and interaction, in-
dividual mines would respond to breaching attempts by re-
organizing (physically jumping) to fill in open lanes, thereby
establishing a barrier.  Because a breach could not be sus-
tained, the enemy would be forced to change tactics from
breaching to clearing the minefield.  Thus, this system would
be an alternative to mixed mine systems.

Before this technology can be transferred from DARPA
to the Army, it will have to undergo several stages of testing:
preliminary analysis to determine the validity of the con-
cept; verification of its battlefield utility; development of
enabling technologies; and testing of the technologies.

A preliminary modeling exercise has been completed by
the Institute for Defense Analyses to demonstrate concept
viability.  Battlefield utility has been explored at Lawrence
Livermore National Laboratory through a simulation of a
single scenario, which had favorable results.  According to
the program manager, Sandia National Laboratories have
demonstrated preliminary physical/mechanical capability (a
12-centimeter diameter, 2.27-kg payload and actuator using
liquid fuel was shown to travel 6 to 7.5 meters in the air).
According to the program manager at DARPA, contracts of
up to three years have been concluded for all aspects of the
program.  At the conclusion of these contracts the viability
of the mine and technology for a 50-mine minefield should
have been demonstrated.  (Telephone conversation between
Dr. Altshuler, DARPA Program Manager for Antipersonnel
Landmine Alternatives, and Study Director about status of
self-healing minefield progress, August 14, 2000.) The mo-
bility target would include the capability of a mine to per-
form multiple jumps over hundreds of meters; the durability
would be comparable to Volcano.

The developmental issues that must still be addressed can
be categorized as mechanical issues and communications-
related issues.  Mechanical issues include mine mobility and
distribution.  The ability of a mine to jump distances of a few
meters several times over will have to be convincingly and
repeatedly demonstrated, as will the ability of a mine to jump
in wooded areas, shrubs, and muddy terrain.  Predetermined
distribution (geolocation) of mines, particularly scatterable
mines delivered by aircraft (fixed-wing or rotary-wing), will
have to be demonstrated or shown to be unnecessary.  The
current DARPA program includes limited use of GPS; there-
fore system viability during periods when GPS is denied will
have to be demonstrated.  The response time to a breach will
have to be ascertained and shown to be tactically significant.

According to the DARPA program manager, mine-to-
mine communication technology and reliability are not con-
sidered major developmental issues because technology that
is almost “off the shelf” can be used.  The issue of vulner-
ability to countermeasures (jamming and spoofing) will have
to be addressed, as well as whether it is possible to develop
an advanced warhead with the same diameter and volume,

but with increased penetration capability.  Depending on the
capabilities of the mines, the mine density in a field might
have to be changed, which might require changes in doctrine
or tactics, techniques, and logistics.

Advantages

• Because these are AT mines, they are compliant with
the Ottawa Convention and would be configured to
comply with the CCW Amended Protocol II.

• A self-healing minefield, although a long-term tech-
nology, would use advanced technologies and incor-
porate innovative, out-of-the-box thinking.

Disadvantages

• The projected cost of laying a minefield is anticipated
to be about twice that of laying a Volcano field.

• It is likely to take a long time to bring this item into
production.

BAT Antiarmor Munition

Source: Committee on Alternative Technologies to Replace
Antipersonnel Landmines

During the late 1960s and early 1970s, the Army devel-
oped to the prototype stage a distributed-sensor, antiarmor
mine known as HOMINE (for homing mine), which con-
sisted of a sensor field covering an area similar to that of an
AT minefield and a separately located kill system.  The BAT
Antiarmor Munition (BATAAM) resurrects the basic
HOMINE concept and broadens its capability by using a
BAT as the kill system with the submunition and a “mine-
field” surveillance system controlled by a remote operator.

The BAT submunition (described in Chapter 5) was origi-
nally designed to be delivered by missile or aircraft, at long
range, for a many-on-many attack against armored columns.
In the BATAAM concept, the same munition would be posi-
tioned on the ground and activated by sensors.  The BATAAM
concept would lend itself to two deployment options.

Option 1. BATAAM could eventually be a replacement
for WAM PIP, the advantage being its broader kill radius.
Equipped with the WAM PIP detection/localization sensors
(acoustic/seismic), and incorporating a GPS receiver and
antihandling device, the single-weapon BATAAM launch
canisters would be hand emplaced in the centers of the BAT
target acquisition footprint (the spacing between weapons
would be an abutting grid of such footprints).  The minefield
surveillance package would consist of infrared/optical sen-
sors, communication equipment, and a GPS receiver linking
the package to both the individual weapons and an operator.
Surveillance-to-operator communications would be line-of-
sight, radio-frequency transmissions for short distances (3 to
5 kilometers) and aircraft or satellite-link communications
for longer transmissions.  Each BAT sensor would remain
on to alert the surveillance system but could only be fired
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when enabled by the operator (after which it could be acti-
vated by its own sensors).  In addition, the operator would
have the ability to fire or command detonate each weapon.
A timed, self-deactivation feature and antihandling device
would provide backup in the event the operator were not
able to perform this function.

Option 2. In the second deployment option, the minefield
would have small, hand-strewn or helicopter-deployed mag-
netic/pressure sensors.  The surveillance/communications
package and the multiple-shot BAT kill system could be co-
located or separately positioned on the periphery of the
minefield.  A radio-frequency signal from a small sensor
would wake up the surveillance system.  With the locations
of the surveillance and kill system determined by the GPS,
and using a topographic map, the operator could superimpose
a grid on the minefield if necessary.  Individual BAT
weapons, equipped with propulsion to loft them from the
canister to an altitude for target surveillance within the
minefield, would be command-fired by the operator.

As in Option 1, the surveillance and kill system would be
equipped with an antihandling device, but in Option 2, the
weapon could only be fired by the operator, thus allowing
for friendly transit as well as optimum enemy force deploy-
ment within the minefield.  The operator would have the
option of command detonating the BAT weapons.  In both
options, the weapon system would be equipped for self-
deactivation in the event of operator neutralization.

The WAM PIP sensors and the BAT upgrade are under
development.  The components of the surveillance package
are available, but would have to be assembled and milita-
rized.  Tactical employment of the BATAAM would have to
be added to doctrinal publications as the system is fielded.

Advantages

• This AT mine would comply with the Ottawa Conven-
tion and could be made to comply with CCW
Amended Protocol II.

• BATAAM would provide for a less expensive means
of delivering the BAT submunition than the present
missiles.

• Weapon delivery against targets would be more precise.
• An AT minefield could be established for close-in pro-

tection (battlefield conditions permitting).  In Option 2,
the sensor could be delivered by missile, artillery, or
aircraft.

• BATAAM would allow safe passage by friendly
forces.

• Both deployment options would permit optimum de-
ployment of intruding forces before weapon release.

• Expensive components could be command detonated
or retrieved for reuse.

Disadvantages

• BATAAM must be hand emplaced; in high-visibility
terrain, BAT canisters might require burial.

• The system would be somewhat more expensive than
other alternatives.

• BATAAM would require a man-in-the-loop for opti-
mum effectiveness.

Early-Warning Subsystem for Remotely Delivered Antitank
Minefields

Source: Committee on Alternative Technologies to Replace
Antipersonnel Landmines

The Early-Warning Subsystem (EWSS) for remotely de-
livered AT minefields would be based on small electronic
components integrated into Volcano, Gator, RAAMS, and
other scatterable AT systems to transmit their location, di-
rection, and relative position.  Friendly forces would be
equipped with receivers that could interpret subsystem trans-
missions to provide real-time information on nearby,
friendly, scattered minefields.  With this situational aware-
ness, friendly forces could maneuver around the minefields,
thus reducing the likelihood of fratricide.

With this system, next-generation AT mines might be pro-
grammed with additional self-destruct times.  Very brief self-
destruct times, perhaps fractions of an hour, would have sev-
eral advantages.  First, a commander would have the option
of using an extremely short-duration, precise minefield that
would support the plan of maneuver and minimize fratricide
and the risk to noncombatants after friendly forces had
passed.  Second, it would enable commanders to use
scatterable minefields in high-risk locations in all weather
conditions, just in time, and close to friendly troops.  Much
longer self-destruct times of up to 30 days or more could be
used for static situations where there were few noncomba-
tants.

Ideally, transmissions from the subsystem could be re-
ceived by and displayed on the screens of standard mounted
and dismounted digital command and control devices.  As
an interim alternative, a small, single-purpose receiving de-
vice could be developed to digitally display warning signals
from scatterable minefields.  The receiver could also include
a command-destruct option to allow AT mines to be deto-
nated as the situation warranted.

Tactics, techniques, procedures, and training devices
would have to be developed to teach soldiers to interpret and
react to warning signals emanating from actual or simulated
remotely delivered minefields.  Emulators could be routinely
used during field training exercises to increase the
organization-wide understanding of and confidence in using
scatterable AT mines in combat.  With the high level of situ-
ational awareness, scatterable minefields could be emplaced
at the last possible minute, thereby providing AT mines with
a measure of protection by giving the enemy less time to
react and breach the minefield.

Considerable research and development assets would be
required to develop the transmitter, receiver, and other
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hardware/software necessary to implement this concept.
User documentation would also have to be developed to ar-
ticulate the battlefield need for an EWSS.

Advantages

• The EWSS would use AT mines that are compliant
with the CCW Amended Protocol II and the Ottawa
Convention.

• An EWSS would improve the situational awareness of
friendly units and reduce the likelihood of fratricide.

• Precise information about the location of scatterable
minefields could lead to shorter self-destruct times for
AT mines.

• A command-destruct option would be viewed
positively by friendly forces and humanitarian organi-
zations.

• The use of early-warning emulators in training could
increase the confidence of commanders and soldiers in
using scatterable minefields in combat.

Disadvantages

• Information provided by EWSS would have to be inte-
grated into digital displays.

• The minefields could be easily breached if the enemy
obtained the information provided to friendly forces.

• Research and development costs could be high.

Remote Antiarmor Mine System with Nonlethal Capability

Source: Committee on Alternative Technologies to Replace
Antipersonnel Landmines

A modification of the RAAMS concept, the Remote Anti-
armor Mine System with nonlethal capability (RAAMS-NL)
would include eight current RAAMS AT mines augmented
with Taser nonlethal munitions in a 155-mm howitzer
projectile.  The purpose of the Taser nonlethal munitions
would be to provide protection against a dismounted enemy
breaching force.  When the infrared sensors detect a human
intruder, the munition would propel small barbed darts out
to 6 meters.  When the darts entered an intruder’s skin or
clothing, an incapacitating electric shock of 50,000 volts
would be produced in 4 to 6 microsecond pulses, 10 to 20
times per second.  The current Taser nonlethal munition
power supply could support approximately 10 minutes of
continuous operations.  However, the electric shocks could
be cycled less frequently to incapacitate an enemy for sev-
eral hours.

Existing doctrine and tactics should be adequate for this
system, although publications and firing tables would have
to be adjusted.  Gun-hardening, modifying, and integrating
the Taser nonlethal munitions into the RAAMS-NL projec-
tile would require significant research and development.  De-
velopment of a long-term, reliable power supply could
present a major challenge.

Advantages

• The AT mines and Taser nonlethal munitions comply
with the CCW Amended Protocol II.

• Even though the Taser nonlethal munition fires elec-
trically charged darts, the electric shocks are consid-
ered to be nonlethal, which should make this system
acceptable under the Ottawa Convention.

• Taser nonlethal munitions would provide the AT
minefields a measure of protection against dismounted
breaching forces.

Disadvantages

• The effects of Taser nonlethal munitions on humans
(particularly children) are not fully known.  However,
police forces that use Taser devices have collected
large amounts of data in this area.

• The Taser is not lethal and, therefore, would have lim-
ited psychological and physical impacts against a de-
termined enemy.

• Intruders could deflect darts by carrying antiriot
shields.

• Battery/power issues would increase maintenance and
storage costs over the life cycle of the system.

COMMITTEE ASSESSMENTS

Materiel Alternatives Against Dismounted Targets

The committee considered five systems for use against
dismounted targets that should or could be available after
2006.  Compared to the M14/M16 baseline system, all of the
systems appear to meet both the military and humanitarian
requirements developed by the committee.  Several of the
alternatives would provide graduated responses and could
be used either in pure APL modes or as mixed munitions.
They are presented below beginning with the alternative that
scored highest in military criteria, but the committee believes
all of them warrant consideration.

The RRASMS would use an electronically programmable
radio to facilitate communications and self-locate.  The sen-
sor information would be provided to a soldier/operator who
could select a response from a menu of increasingly lethal
modular munitions.

The URAS would use Claymores appropriate to the na-
ture of the terrain and the anticipated size and distribution of
intruding forces.  URAS would provide firing versatility for
maximum effectiveness.

A DARPA Track II concept, the Tags/Minimally Guided
Munitions, could detect and locate dismounted enemies
through tags that affix themselves to enemy soldiers.  The
tag-cued munition, released after a man-in-the-loop decision,
would make possible post-apogee trajectory changes to focus
on the target (tag) rather than an area.

The LDMG would use laser radar and an automatically
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aimed machine gun.  The soldier/operator would decide
whether the response should be lethal or nonlethal.

A distributed-sensor AP minefield could be used as an
area-denial weapon or in mixed mode as protection for an
AT minefield.  The kill system would have to be installed by
hand.  The system would rely on remote observations by a
man-in-the-loop who had been alerted by optical and infra-
red sensors.

Materiel Alternatives Against Mounted Targets

After 2006, it will be technologically feasible to improve
the tactical effectiveness of existing or proposed remotely
delivered AT mines by providing multiple means of remote
deployment and additional resistance to countermeasures
through signature reduction and the use of nonlethal tech-
niques.  The committee considered eight systems that might
be available after 2006 that could be used against mounted
enemies.  Compared to the Volcano baseline system, all of
them appeared to meet the military and humanitarian require-
ments for an APL alternative (see Table 7-2 for score sheet).

Mixed Antitank/Nonlethal Alternatives

RAAMS-NL would modify the existing RAAMS muni-
tion to include a Taser nonlethal device activated in some
manner (e.g., by a trip wire).  The Taser would protect the
deployed AT mines from attempts to breach them by sub-
jecting an intruder to high-intensity electric shocks.  Al-
though gun-hardening, modifying, and integrating the Taser
munitions into the RAAMS projectile would require signifi-
cant research and development, the RAAMS system would
be greatly improved by the addition of a nonlethal anti-
personnel component.

Pure Antitank Mine Systems

The Raptor, already in development, would be a smart,
autonomous, AT system that would improve situational
awareness and provide targeting information for other weap-
ons, such as Hornet/WAM.  The system would be deployed,
initially hand-emplaced, deep in the battlespace to detect,
track, and classify individual intruding vehicles.  Soldier/
operators at the brigade tactical operations center would
know the exact locations of the Raptor components/muni-
tions and would be able to operate these components from a
distance.  Although Raptor would be very expensive, the
system could be highly effective, especially with remote de-
livery modifications.  Raptor received high scores in the
military-effects category.

RAAMS enhanced with telemetry and sensor package
(RD-Sensor) would add a sensor package to the
RD-Telemetry alternative described in Chapter 6.  Follow-
ing delivery, the AT mines and sensor package would deploy
one or more low-power, miniature sensors to detect vehicles
or dismounted intruders.  A transmitter would send

appropriate imagery information back to the soldier/operator
who could determine the appropriate course of action.

Recommendation. The Army should proceed rapidly with
plans for modernizing existing remotely delivered pure anti-
tank landmine systems, such as RAAMS and Volcano
(M87A1), by incorporating other technologies, including
sensors, precision locators, and nonlethal devices.

The remotely delivered RD-WAM would be an enhance-
ment to the current Hornet/WAM, which requires hand
emplacement.  A modified, hardened Hornet/WAM could
be remotely delivered using a Volcano launcher, an MLRS,
or a tactical missile system.  The remotely delivered Hornet/
WAM received higher combined scores in the areas of tech-
nological risk and cost than did other alternatives.  The com-
mittee believes this alternative has great potential because
the Hornet/WAM is a superior weapon except for its limited
means of delivery.

The Self-Healing Minefield, a DARPA Track II program,
would be an intelligent, distributed network of AT mines
with decentralized control.  Unlike many of the other alter-
natives, the Self-Healing Minefield would not have a man-
in-the-loop.  Individual munitions would detect breaching
attempts through mine-to-mine communications and auto-
matically react by moving to fill gaps in the minefield.  This
promising innovative system is unlikely to be available for
at least 10 years.

Recommendation. The development of the Self-Healing
Minefield concept, which automatically reacts to any breach-
ing attempt by refilling gaps, should be experimentally
evaluated to determine its operational effectiveness.

The BATAAM provides a means of using the smart mu-
nition BAT in a static minefield situation.  Although it pro-
vides no increased military effectiveness over current sys-
tems, the introduction of the sensor field provides the
commander with greater battlefield flexibility.

Sensor Systems

The EWSS for remotely delivered AT minefields would
integrate small electronic components into scatterable AT
systems to transmit their location to friendly forces equipped
with receivers who would then be able to maneuver around
minefields.  EWSS would reduce fratricide and allow more
confident use of the “just-in-time” delivery of AT mines to
discourage breaches and reinforce high-risk locations.  The
committee believes that EWSS could leverage emerging in-
formation systems technologies.

DWSC would be a sensor network linked to existing com-
bat systems by a communications network.  DWSC would
involve delivering, by artillery or air, hundreds, or even thou-
sands, of small, expendable sensors over a wide area that
would communicate data back to a central point.  Using a
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   TABLE 7-2 Score Sheet for Alternatives Potentially Available After 2006
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Available for Implementation >06 >06 >06 >06 >06 >06 >06 >06 >06 >06 >06 >06 >06

Baseline            D=M14/16     M=M87 D D D D D M M M M M M M M

A0 Military Effects                                             Sum: 15 12 10 7 5 14 12 4 3 1 0 –1 –2

A1 Enhances effects of close and deep friendly fires 3 3 1 3 1 1 0 –1

A2 Has multiple methods of delivery 0 –1 0 0 0 –1 0 0

A3 Provides a range of effects that inhibit mounted and
dismounted maneuvers

2 2 1 –1 –1 –1 –1 –1

A4 Resists full spectrum of enemy breach methods, including
dismounted methods

3 3 1 2 3 –1 –1 –1

A5 Provides early warning of ground attack 2 2 1 0 0 0 0 0

A6 Is safe for friendly forces 0 0 0 0 0 0 0 0

A7 Is effective in all types of terrain and weather –1 –1 –1 –1 –1 0 0 0

A8 Poses minimal residual hazard to own forces and
noncombatants after military conflicts

1 1 0 0 0 1 0 0

A9 Is difficult to detect by enemy forces –1 –1 –1 –1 –1 –1 –1 0

A10 Poses minimal risk of fratricide 3 3 2 1 1 1 3 1

A11 Has modifiable effects for mounted and/or dismounted
threat

2 2 1 0 0 0 0 0

A12 Has controllable activation/deactivation and duration
before and after installation

1 2 0 0 0 2 0 0

A13 Is effective in nuclear, chemical, and biological
environments

–1 –1 –1 0 –1 0 –1 0

M
o

u
n

te
d

A14 Is easy and efficient to distribute 0 –2 0 0 0 –1 0 0

A15 Can delay, disrupt, and/or canalize enemy
movement/maneuvers

2 2 2 1 1

A16 Denies enemy access to terrain/facilities (including short-
and long-term deterrent for boundaries and DMZ areas)

2 2 2 1 1

A17 Enhances effects of friendly-force weapons, obstacles,
and munitions (including AT mines)

2 2 2 2 2

A18 Generates exploitable delays and opportunities (fixes or
contains enemy)

2 2 2 1 1

A19 Generates detection, alert, and/or early warnings 2 2 1 –1 –1

A20 Facilitates classification of target 2 2 0 1 1

A21 Produces desired effects on enemy forces (nonlethal to
lethal)

2 0 0 2 0

A22 Reduces casualties/risk for U.S. and/or allied forces 2 –1 2 1 1

D
is

m
o

u
n

te
d

A23 Deters pursuit to facilitate breaking of contact under
pressure

–1 1 –1 –1 –1

B0 Humanitarian Concerns                               Sum: 4 3 5 5 5 6 6 4 4 2 3 2 2

B1 Reduces postconflict residual hazard (CCW) 1 1 1 1 1 1 1 1 1 1 1 1 1

B2 Location can be recorded (CCW) 1 1 1 1 1 2 2 2 0 0 1 0 0

B3 Detectable to facilitate removal (CCW) 0 1 1 1 1 1 0 0 0 0 0 0 0

B4 Discriminates between combatants and civilians (Ottawa) 1 2 1 1 1 1 2 0 2 0 0 0 0

B5 Does not explode on presence, proximity, or contact of a
person (Ottawa)

1 1 1 1 1 1 1 1 1 1 1 1 1

C0 Overall Technical Risk (C4ISR, etc.) –3 –2 –3 –3 –3 –3 –2 –3 –2 –2 –2 –2 –3

D0 Requires Change in Tactics/Doctrine Y Y Y Y Y Y Y Y Y Y Y Y Y

E0 Cost                                                               Sum: –6 –5 –6 –6 –6 –6 –6 –6 –5 –6 –4 –6 –6

E1 Research and development –3 –2 –3 –3 –3 –3 –3 –3 –2 –3 –2 –3 –3

E2 Procurement –3 –3 –3 –3 –3 –3 –3 –3 –3 –3 –2 –3 –3

    NOTE:  Acronyms are defined on p. xv in the front matter.
    Key: D = dismounted, M = mounted, n/a = nonapplicable.
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FIGURE 7-1 Military effectiveness of alternatives potentially available after 2006 based on qualitative scoring by the committee.
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man-in-the-loop, a commander could make an informed de-
cision about an appropriate response to an intrusion.  DWSC
would exploit existing and developing communications and
combat systems.  Because DWSC would not require a
dedicated, unique kill system, it could be more cost effective
than some other APL alternatives.  This integrated approach
would be one of the most effective future systems and scored
very high in the military effects category.  In addition,
DWSC is already the focus of a major Army science and
technology program.  However, several technology issues
would have to be solved before the system could become
operational.

Summary

The criteria and scores are displayed in tabular form in
Table 7-2.  The details of how these scores were derived can
be found in Chapter 4.

Figure 7-3 is a graphical summary of the scoring.  In keep-
ing with the Statement of Task, this graph shows only the
relative military effectiveness of candidate systems without

regard to cost, risk, or humanitarian factors.  Each bar on the
graph is a composite.  The lower portion (white) shows the
degree to which each system meets the military effective-
ness requirements in comparison to the baseline system.  If
the candidate system meets all of the requirements at least as
well as the baseline system, the score is 0.  If it is less effec-
tive in any requirement, the score is less than 0.  The upper
portion (dark shading) of the bar shows capabilities that ex-
ceed those of the baseline system.

These graphs use the methodology described in Chap-
ter 5.  In general, if the total bar height is high, the system is
likely to be militarily effective.  If the value of the lower
portion of the bar is near 0, the system meets most of the
military requirements.  If the lower bar is much lower than 0,
the system probably has significant differences from the
baseline mine and will not perform some desired functions.
However, that system may still be militarily effective if it
performs some functions much better than the baseline sys-
tem.  Because the scoring criteria were not weighted, these
graphs should be used only for assessing trends and making
qualitative comparisons.
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8

Conclusions and Recommendations

INTRODUCTION

Conclusion 1. The major reasons for seeking alternatives to
current antipersonnel landmines (APL) are humanitarian
concerns, compliance with the Ottawa Convention, and en-
hanced military effectiveness.  Indeed, this study would not
have been empanelled were it not for the Ottawa Conven-
tion.  The current inventory of self-destructing and self-
deactivating U.S. APL is militarily advantageous and safe.
They achieve desired military objectives without endanger-
ing U.S. warfighters or noncombatants more than other
weapons of war, but they are not compliant with the Ottawa
Convention.  However, humanitarian concerns and Ottawa
compliance are not always synonymous.  In fact, some of the
apparently Ottawa-compliant alternatives examined by the
committee may be less humane than present U.S. self-
destructing and self-deactivating landmines.

Recommendation 1a. If the decision is made to accede to
the Ottawa Convention, a transition period may be necessary
before implementation to maintain current U.S. military ca-
pabilities until suitable alternatives can be made available.
During that transition, existing self-destructing and self-
deactivating antipersonnel landmines should be retained,
both in their stand-alone form and as part of mixed systems.

Recommendation 1b. Of the solutions not compliant with
the Ottawa Convention, simply retaining the current self-
destructing and self-deactivating mines would be the best
course of action.

Conclusion 2. The rapid emergence of new technologies
after 2006 will create opportunities for the development of
systems that can outperform today’s antipersonnel landmines
and that would be compliant with Ottawa.

Recommendation 2a. The development of sensor-net tech-
nology should be pursued aggressively and eventually in-
corporated into a fully militarized, deployed system

characterized by networking, strong detection and tracking
capabilities, robustness, low power consumption, low cost,
covertness, low probability of intercept, easy deployment,
and disposability.

Recommendation 2b. Investments already being made in
new technologies for other purposes should be leveraged and
applied to the search for alternatives to antipersonnel
landmines.

ALTERNATIVES AVAILABLE BY 2006

Conclusion 3. By 2006, alternative tactics or operational
concepts could not, on their own, provide tactical advan-
tages similar to those provided by antipersonnel landmines,
without a significant increase in force structure.  In certain
situations, however, some nonmateriel alternatives might be
useful: increased reconnaissance forward; more soldiers or
weapon systems in a given battlefield area; more command-
detonated Claymores to protect against a dismounted enemy;
antitank mines remotely delivered “just in time” to support a
maneuver and inhibit the enemy’s ability to breach; and
speed, mobility, and offensive tactical operations.

Conclusion 4. For use against dismounted forces, the Track I
alternative to nonself-destructing landmines (NSD-A) could
provide, by 2006, similar or enhanced tactical advantages
for U.S. forces as compared to those provided by current
nonself-destructing antipersonnel landmines.  The battlefield
override switch, a software capability that allows the system
to operate autonomously, is highly contentious because, as
presently designed, it would render the NSD-A non-Ottawa
compliant.  Even though the timing of a decision on the
switch or other programmatic delays could jeopardize the
timeline, the NSD-A system appears to be technically mature
enough to be available by 2006.  This weapon system could
be greatly enhanced in the future by planning for the

President John F. Kennedy closed his address to the Centennial Convocation of the National Academy
of Sciences quoting French Marshall Lyautey, who when talking with his gardener said, “Plant a tree
tomorrow.” The gardener replied, “It won’t bear fruit for a hundred years.” “In that case,” said Lyautey,
“plant it this afternoon.” (News Report, 1963)
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inclusion of additional sensors, nonlethal elements, and an
Ottawa-compliant battlefield override capability.

Recommendation 4a. The development and production of
the Track I alternative to nonself-destructing landmines
(NSD-A) system should be aggressively pursued to ensure
its availability by 2006.

Recommendation 4b. Two suites of weapon software
should be developed simultaneously in preparation for a
presidential decision concerning the Ottawa Convention.  If
compliance with the Ottawa Convention were desired, the
battlefield override switch, as currently designed, would not
be used in the production of the NSD-A.  If the president
decides that other considerations outweigh Ottawa compli-
ance, the option of retaining the switch would be available.
In any case, Ottawa-compliant variations to the battlefield
override switch should be explored to provide the United
States with greater flexibility.

Recommendation 4c. Sensor technology should be lever-
aged immediately to develop sensor systems to improve a
soldier’s ability to discriminate among friends, foes, and
noncombatants in all terrain and all weather conditions at
much greater battlefield ranges.

Conclusion 5. Under current policy, no fully equivalent al-
ternative to mixed systems is likely to be available by 2006.
Other than the Track III search for an alternative, little is
being done that could lead to the fielding of a satisfactory
alternative.  The Hornet/Wide Area Munition (WAM), with
its large lethal radius and antihandling device, could replace
most of the tactical functions currently provided by mixed
systems but has no remote delivery capability.  If a satisfac-
tory remote delivery capability could be developed by 2006,
the Hornet / WAM appears capable of performing the mixed-
minefield mission satisfactorily.

Recommendation 5a. Promising Track III concepts should
be developed into weapon system programs.  The develop-
ment of any of these concepts by the 2006 deadline, how-
ever, would require that considerable additional resources
be allocated for development and procurement.

Recommendation 5b. The feasibility, cost, and schedule of
providing a remote delivery option for the Hornet/Wide Area
Munition should be investigated.  Shock hardening of the
mine to withstand the impact of remote delivery appears to
be an Ottawa-compliant, low-risk solution to current mixed
minefields.

Conclusion 6. The Remote Area-Denial Artillery Munition
(RADAM), a mixed system, provides little or no military
advantage over the combined use of the Remote Antiarmor

Mine System (RAAMS) and the Area-Denial Artillery
Munition (ADAM).  Because RADAM would be no more
compliant with the Ottawa Convention than the ADAM/
RAAMS combination, funding for its development could be
better spent on accelerating the development of an Ottawa-
compliant alternative.  If DOD determines that an artillery-
delivered mixed system must be maintained, there are two
options: (1) request a change in presidential policy to allow
the continued use of ADAM to be fired in tandem with
RAAMS; or (2) develop RADAM.  The latter option would
require taking the Ottawa-compliant RAAMS out of the in-
ventory to create a new non-compliant munition.

Recommendation 6. Until a long-term solution can be de-
veloped, the Area-Denial Artillery Munition (ADAM)
should be retained in the inventory for use with the Remote
Antiarmor Mine System (RAAMS).  Production of the Re-
mote Area-Denial Artillery Munition (RADAM) should be
halted and funding redirected toward the development of
long-term alternatives for mixed systems.

Conclusion 7. Although nonlethal variants by themselves
cannot replace antipersonnel landmines, they would be use-
ful in certain military operations.  U.S. forces will face a
broad range of potential scenarios in the future, from peace
operations to intense full combat.  With nonlethal variants,
U.S. forces could mount a graduated response in situations
where the threat is unclear, such as peace operations, or if
large noncombatant populations were in the immediate tac-
tical area.  Nonlethal weapons have several advantages: they
can be used in a broad variety of circumstances; they can be
triggered automatically; and they do not require man-in-the-
loop operation to be Ottawa compliant, which could improve
the timeliness of a response and lessen the burden on the
soldier/operator.

Recommendation 7. The development of nonlethal variants
to support antipersonnel landmine alternatives should be
emphasized.  Funding should be restored and development
accelerated for the nonlethal Canister-Launched Area-Denial
System (CLADS).  The CLADS munition should then be
integrated into Volcano (M87A1) canisters to provide a mix
of antitank and nonlethal antipersonnel munitions.

ALTERNATIVES POTENTIALLY AVAILABLE
AFTER 2006

Conclusion 8. After 2006, improvements in the tactical ef-
fectiveness of existing or proposed remotely delivered anti-
tank (AT) landmines ought to be technologically feasible,
which could eliminate the need for mixed systems.  Future
systems that separate the sensor from the shooter could be
improved by multiple means of remote deployment and

Copyright © National Academy of Sciences. All rights reserved.

Alternative Technologies to Replace Antipersonnel Landmines 
http://www.nap.edu/catalog/10071.html

http://www.nap.edu/catalog/10071.html


CONCLUSIONS AND RECOMMENDATIONS 79

resistance to countermeasures through signature reduction
and other techniques.  Track III programs, like the Track I
initiative, will require concentrated effort and stable fund-
ing.  In the long term, the emergence of new technologies,
such as the ability to distinguish accurately between combat-
ants and noncombatants, will provide opportunities for the
development of systems that can outperform today’s anti-
personnel landmines.

Recommendation 8a. The Army should proceed rapidly
with plans for modernizing existing remotely delivered pure
antitank landmine systems, such as Remote Antiarmor Mine
System (RAAMS) and Volcano (M87A1), by incorporating
other technologies, including sensors, precision locators, and
nonlethal devices.

Recommendation 8b. The development of the Self-Healing
Minefield concept, which automatically reacts to any breach-
ing attempt by refilling gaps, should be experimentally
evaluated to determine its operational effectiveness.

Recommendation 8c. Several other technologies or systems
already under development for other purposes should be

considered as potential components of long-term alternatives
to antipersonnel landmines, including unmanned air and
ground vehicles, directed-energy weapons, battlefield
sensory-illusion devices, passive transponders (e.g., tags),
and other lethal and nonlethal systems.

SELF-DESTRUCTING, SELF-DEACTIVATING FUZES

Conclusion 9. The self-destructing and self-deactivating
capability of today’s U.S. scatterable landmines, used in ac-
cordance with international law, is a desirable operational
capability because it (1) increases maneuver options and
(2) addresses humanitarian concerns by reducing residual
explosive hazards.

Recommendation 9. Any nonrecoverable, explosive alter-
native to antipersonnel landmines should have self-
destructing and self-deactivating fuzes to meet operational
requirements, address humanitarian concerns, and reduce
fratricide among friendly troops.  The U.S. government
should consider equipping all nonrecoverable explosive
munitions with similar technologies.
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Picatinny Arsenal, New Jersey
February 10, 2000

Participants

Nonlethal Bounding Munitions and Canister Launched
Area Denial System

COL Wilfred E. Irish
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A small number of committee members in the national
capital region established a subgroup that met many times to
address the evaluation methodology.  Members of this group
were Thomas F. Hafer, J. Jerome Holton, Lee M. Hunt,
Richard H. Johnson, Larry Lehowicz, and K. Anne Street.
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Appendix C

Current Types of U.S. Landmines

This appendix provides descriptions of currently avail-
able antipersonnel landmines (APL) and some antitank (AT)
mines that are part of mixed systems (see Table C-1).  If
current presidential policy continues, all of the pure APL
described here, with the exception of the Claymore, will be
unavailable to the U.S. military after 2003, except in Korea.
If Congress ratifies the Ottawa Convention, all APL, includ-
ing mixed systems will become permanently unavailable to
the U.S. military everywhere.  The loss of the Area-Denial
Artillery Munition (ADAM), the only APL that can be de-
livered by artillery, would create a significant gap in U.S.
military capabilities.1

Several disadvantages of current mines might be elimi-
nated with alternatives.  These include an inability to distin-
guish between combatants and noncombatants; the need for
launch platforms for remotely delivered mines; and fratri-
cide among friendly forces.

FOR USE AGAINST DISMOUNTED THREATS

Dismounted soldiers can be targeted using either hand-
emplaced APL or the family of scatterable mines
(FASCAM).  Hand-emplaced APL, which are labor inten-
sive and time consuming to use, can be exploded by direct
pressure, a trip wire, or command.  They may be either bur-
ied in patterned minefields or laid on the surface randomly
or in a pattern.  These mines were designed for use in protec-
tive and tactical minefields either by themselves or in con-
junction with hand-emplaced AT mines.

Scatterable APL, which are remotely delivered, are de-
signed for use in protective and tactical minefields.  These
mines are scattered on the surface in a random distribution
and are programmed to self-destruct or self-deactivate after
a certain period of time following deployment.  Each mine

has a preengraved fragmentation warhead and is detonated
by pulling on a thin trip wire.  Because scatterable APL can
be delivered remotely, they can be used deep in the
battlespace.

The limitations of the delivery system have a direct bear-
ing on the size and ease of emplacement of a minefield.  For
instance, it takes considerable artillery assets to deliver a
large pure AT minefield because each 155-millimeter (mm)
projectile contains only nine mines.  High-performance and
rotary-wing aircraft can deliver a relatively large number of
mines but may be vulnerable to enemy fire.

Figure C-1 shows how various landmine systems would
be used across a battlefield.  Each system has a particular
mission on the battlefield.

Hand-Emplaced Mines

The M14 (Figure C-2) is a nonself-destructing blast mine
with a cylindrical plastic body (56 mm in diameter and
40 mm high) and a minimum metal content of approximately
2.36 grams in the firing pin.  The M14 is fired when pressure
(11.5 to 13.5 kilograms [kg]) is applied to the top surface.
The main charge is 28.35 grams of tetryl.  The design was
chosen because of logistical considerations; because of their
small size, a soldier can carry several M14 mines.  U.S.
forces use the M14 only in Korea, where metal washers have
been added to meet detectability requirements of the Con-
vention on Conventional Weapons (CCW).

The M16 (Figure C-3) is a nonself-destructing, cylindri-
cal, metal-body mine (103 mm in diameter and 199 mm high,
including the fuze) with a bounding fragmentation warhead.
It weighs 3.5 kg and contains 450 grams of TNT.  The M16
has a casualty radius of 27 to 30 meters, and the mine is
detonated by a direct force of 3.6 to 9 kg or a pull of 1.4 to
4.5 kg on a trip wire.

Figure C-4 shows a pursuit denial munition, a self-
destructing/self-deactivating APL.  It is an adaptation of a
single ADAM mine.  The pursuit denial munition is a

1 To fill this anticipated gap, the U.S. Department of Defense has pro-
posed using the Remote Area-Denial Munition (RADAM) described in
Chapter 6.
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FIGURE C-1 Landmine systems on the battlefield.

TABLE C-1 Current U.S. Mines

Self-
destruc-

APL/ ting/ Dismounted Enemy Mounted Enemy
AT/ Self-
Mixed deacti- Lethal/ Ottawa Remotely Hand Remotely Hand

System Name Non-mine vating Nonlethal Complianta Delivered Emplaced Delivered Emplaced

M14 APL N L N X
M16 APL N L N X
Claymore (M18) APL N L Y X
Pursuit-Denial Munition (PDM) APL Y L N X
Ground-Emplaced Mine Scattering System

(GEMSS) Mix Y L N X X
Modular-Pack Mine System (MOPMS) Mix Y L N X X
Area-Denial Artillery Munition (ADAM) APL Y L N X
Remote Antiarmor Mine System (RAAMS) AT Y L Y X
Gator Mix Y L N X X
Hornet / Wide Area Munition (WAM) AT Y L Y X
Volcano (M87) Mix Y L N X X
Volcano (M87A1) AT Y L Y X

Note: Systems in italics will not be available outside Korea after 2003 and will not be available anywhere once the Ottawa Convention is ratified.
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FIGURE C-2 M14. FIGURE C-3 M16.

FIGURE C-4 Pursuit denial munition.

hand-placed mine used by Special Operating Forces to in-
hibit enemy pursuit during a withdrawal from an operational
area.  Conceptually, this munition can be carried and used
similarly to a hand grenade, but it has the capabilities of an
APL.  It has a factory-set self-destruct time of four hours.
After placement, it operates exactly like an ADAM mine.

The M18 series, or Claymore mine (Figure C-5), is a non-
self-destructing directional fragmentation mine detonated by
682 grams of composition C4.  The Claymore projects 700
steel balls in a fan-shaped pattern in a 60-degree arc to a
maximum height of 2 meters.  The M18 can be activated in

the command-detonation mode by an electric blasting cap
inserted into the detonator well.  The mine body is nonmetal-
lic, and the steel balls are cast in the composition that com-
prises the front part of the mine.  The lethal radius extends to
100 meters forward and 16 meters to the rear.  The Claymore
mine is issued with an electric initiation system (hand gen-
erator, wire, and electric blasting cap) and is now doctrinally
detonated by command, although so-called “mechanical
ambushes,” using trip-wires, were common during the Viet-
nam War.  Amended Protocol II to the CCW imposes re-
strictions on the use of trip wires to detonate Claymores; the

Copyright © National Academy of Sciences. All rights reserved.

Alternative Technologies to Replace Antipersonnel Landmines 
http://www.nap.edu/catalog/10071.html

http://www.nap.edu/catalog/10071.html


APPENDIX C 95

Scissor-type,
folding legs

Plastic matrix
containing steel balls

Detonator well

Molded, slit-type
peep sight

Projectile base Mine AP Expulsion charge

Sleeve

M577 fuze

M483
Projectile carrier

Battery activation
rod

Pusher plate

FIGURE C-5 M18 Claymore.

Ottawa Convention prohibits the use of trip wires with all
mines.  The command-detonated Claymore does not use a
trip wire and is, therefore, permitted by both the CCW and
the Ottawa Convention.

Remotely Delivered (Scatterable) Mines

The ADAM system (Figure C-6), a self-destructing/self-
deactivating APL, consists of a 155-mm howitzer projectile
that contains 36 APL.  When the projectile time fuze fires at
the scheduled time, the mines are ejected from the base of
the projectile above the target area.  Each mine is a 60-degree
wedge with a radius of about 63 mm and a height of about
70 mm; a full cylinder inside the projectile holds six mines.
Once the mines land on the ground, depending on their ori-
entation, three or four 6-meter-long trip wires are deployed
for each mine.  The trip wires are thin, olive drab filaments
that are difficult to see.  Each mine has a spherical
prefragmented kill mechanism with a charge of 21 grams of

composition A5 explosive.  When a force of .9 kg to 1.4 kg
is exerted on the trip wire, the spherical warhead is projected
upwards and explodes 0.6 to 2.4 meters above the ground;
the lethal radius is 6 to 10 meters.  ADAM mines have
factory-set self-destruct times of either 4 or 48 hours; all of
the mines in a projectile have the same self-destruct time.

ADAM mines are used in conjunction with AT mines to
delay dismounted breaches.  In counterbattery fire, they are
most effective against towed artillery.  Because they are
artillery-dispensed submunitions, it is difficult to use them
in protective minefields close to friendly troops.  The maxi-
mum range of the projectile is approximately 20 kilometers,
and a significant number of artillery assets are required to
create or cover a large minefield.

FOR USE AGAINST MOUNTED THREATS

The mines intended to destroy tanks or tracked vehicles
are large, sometimes relatively easy to see munitions that
can be countered in a variety of ways.  Sometimes APL are
used with AT mines to discourage an enemy from neutraliz-
ing the larger mines and breaching the minefield.  Opinions
differ about the efficacy of using APL to protect AT mines.
With the exception of the Hornet/Wide Area Munition
(WAM), which must be hand emplaced, all of these mines
are remotely delivered.  All AT mines are powered by re-
serve cells, have an electronic fuze or lens, contain a safe-
and-arming device to provide environmental sensing, and
are exploded by an electric detonator.  AT mines are scat-
tered on the surface and set to self-destruct at a designated
time.  They use magnetic-influence fuzes and the Miznay-
Shardin effect (or self-forging fragment) to provide full-
width coverage under armored targets.  Because each artil-
lery projectile contains only nine mines, a considerable
amount of artillery is required to deliver a large AT
minefield.  High-performance or rotary-wing aircraft can
deliver a relatively large number of mines but may be vul-
nerable to enemy fire.

Mixed systems combine APL and AT mines in a single
delivery mode, carried by soldiers, ground vehicles, or air-
craft.  All of the mines have the same physical properties
(right-circular cylinders, approximately 120 mm in diam-
eter, 80 mm high, and weighing approximately 1.8 kg).  The
type of safe-and-arming device and is determined by the
launch environment.

Hand-Emplaced Mines

The Hornet/WAM (Figure C-7) is an autonomous AT
mine currently entering inventory in the hand-emplaced ver-
sion.  It weighs about 16 kg, is about 36 cm high and about
23 cm in diameter.  After it is emplaced and armed, its seis-
mic sensors can detect movement, and alert the mine to turn
on its acoustic sensors to detect and classify a target.  If an
armored target approaches within 100 meters, a smallFIGURE C-6 ADAM mine projectile.
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submunition or sublet with an infrared sensor is launched
over the target and fires an explosively formed projectile
down into the engine compartment.  The Hornet/WAMs has
an antihandling feature that causes the mine to detonate when
disturbed.  The Hornet/WAMS is designed to operate for 30
days after emplacement and to then self-destruct.  The sublet
is similar to the sublets in the Air Force Sensor-Fuzed
Weapon.  Original plans called for the Hornet/WAM to be
dispensed from a Volcano launcher or a deep-attack asset,
such as the Multiple-Launch Rocket System (MLRS) or the
Tactical Missile System (TACMS), in addition to hand em-
placement.  However, subsequent evolutions of requirements

M483 Type projectile

M577 Fuze

Pusher plate

Mine, AT [9/Shell]

Base plug

FIGURE C-7 Hornet/WAM.

and the exigencies of the development program have pre-
cluded these options.  Therefore, for the foreseeable future,
Hornet/WAM will be hand emplaced, which sharply limits
its utility.

Remotely Delivered (Scatterable) Mines

The Remote Antiarmor Mine System (RAAMS) (Figure
C-8) consists of a 155-mm howitzer projectile containing
nine AT mines.  RAAMS is usually used with the ADAM,
but can be used alone.  Each mine in the projectile is a right-
circular cylinder, 11.25 cm in diameter and 7.5 cm high,
weighing 1.8 kg and containing about 0.78 kg of pressed
explosive in the main charge.  RAAMS have factory-set self-
destruct times of either 4 or 48 hours.  About 20 percent have
an antihandling feature that causes them to explode when
tilted at an angle of 17 degrees or more.  RAAMS are
designed to destroy mounted targets by perforating the
underside of the vehicle.  The mines have magnetic-influence
fuzes designed to stop mounted vehicles when they are deto-
nated, as intended, between the tracks; if they are detonated
directly under a track, they may not stop the vehicle.

The Ground-Emplaced Mine-Scattering System
(GEMSS/Flipper) was the first scatterable mine system
fielded by the Army (RAAMS/ADAM was the second).
Although GEMSS (Figure C-9) is now obsolete, the mines
are still in the U.S. inventory.  The GEMSS dispenser is a
large trailer that can be towed by a variety of wheeled and
tracked vehicles.  A relatively large tactical minefield can be
laid in areas controlled by friendly forces.  The dispenser
holds 800 mines and can lay mines in 26, 34, or 60-meter
wide strips in five different densities.  The mines come in
sleeves of five mines each.  The operator sets self-destruct
times at either 5 or 15 days.  Because the system is unwieldy
to tow and operators were vulnerable to small arms fire, the
utility of the system was limited.  Flipper is a relatively small,

FIGURE C-8 RAAMS projectile.
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manual, auxiliary dispenser system designed to dispense
GEMSS mines.  Flipper can be mounted on the rear of a
vehicle and was used mostly to place small point or protec-
tive minefields close to friendly troops.

The Modular-Pack Mine System (MOPMS) (Figure C-10)
is normally used to fill in gaps in larger minefields and to
establish point minefields.  More systems are required to
construct a large tactical minefield than are normally avail-
able to a single unit.  Each man-portable dispenser contains
17 AT mines and 4 APL.  The mines are dispensed on com-
mand by a signal sent either by wire or from a special radio
transmitter.  If the mines are not dispensed, the dispenser can
be relocated and used elsewhere.  The mines have a set self-
destruct time of 4 hours.  Of all currently available scatter-
able mines, MOPMS is the only system capable of extend-
ing the self-destruct time (up to three times).  In addition,
MOPMS can be detonated by command if the tactical situa-
tion dictates.

Gator mines (Figure C-11) are delivered by high-
performance aircraft and can be used anywhere on the battle-
field a tactical aircraft can reach.  The Air Force and Navy
versions of Gator differ only in the number of mines con-
tained in the tactical munitions dispensers used to deliver
them.  The Air Force dispenser, the CBU-89/B, contains
72 AT mines and 22 APL; the Navy dispenser, the

FIGURE C-9 GEMSS system. FIGURE C-10 MOPMS.

G
A
T
O
R

FIGURE C-11 Gator projectile.

CBU-78/B, contains 45 AT mines and 15 APL.  All of the
mines have square-shaped, aeroballistic protective casings
designed to aid dispersion after the dispenser opens above
the target area.  Prior to release, the pilot sets self-destruct
times of 4 hours, 48 hours, or 15 days.  Although Gator can
be used in close combat situations, it is normally used against
deep or interdiction targets.
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FIGURE C-12 Volcano delivery system.

The Volcano system (M87) (Figure C-12) replaced the
older M56 helicopter-delivered AT mine system and the
GEMSS/Flipper system.  The M87 is a mixed system and
the M87A1 is a pure AT system.  Volcano dispensers can be
mounted on several tracked or wheeled vehicles or on the
UH-60 Blackhawk helicopter.  The system is made up of the
launcher rack and dispenser-control unit, vehicle-specific
mounting hardware, and mine canisters, each of which holds
six mines.  A completely loaded dispenser holds 160 canis-
ters, or 960 mines.  The mines are placed in a uniform den-
sity of approximately one mine per linear meter over a linear
distance of one kilometer.  Self-destruct times of 4 hours,
48 hours, or 15 days are set at launch time.  The Volcano
system can be used to emplace protective and tactical
minefields anywhere on the battlefield reachable by the
dispensing vehicles.
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Appendix D

Value of Antipersonnel Landmines
in Unprotected Mixed Minefields

As described in Chapter 3, one of the uses for APL is to
protect AT mines from dismounted enemy soldiers who
could manually disable or move the unprotected antitank
mines (i.e., breach the minefield) and allow vehicles to pass
through the minefield.  Breaching operations are defined as
operations that allow maneuvers to continue despite the pres-
ence of obstacles.  Obstacle breaching is the use of a combi-
nation of tactics and techniques to advance an attacking force
to the far side of an obstacle that is normally covered by fire.
Obstacle breaching is perhaps the single, most difficult com-
bat task a force must perform.

Breaching is a synchronized combined-arms operation
under the control of a maneuver commander.  Breaching op-
erations begin when friendly forces detect an obstacle and
begin to apply breaching fundamentals, and they end when
battle handover has occurred between the follow-on forces
and the unit conducting the breaching operation (U.S. Army,
2000).  See Box D-1 for a more complete explanation of
breaching.

Modern, remotely delivered, U.S. AT mines remain on
the ground surface, in most cases, clearly visible, to an ap-
proaching enemy.  By doctrine, direct-fire and indirect-fire
weapons are the most effective deterrents to enemy breaches,
but tactical minefields are often beyond the range of observ-
ers and protective fire, especially in economy-of-force sec-
tors.  Under these circumstances, APL are perceived to be
particularly valuable in slowing the advance of dismounted
enemy forces.

This perception was called into question in the course of
this study, and the committee concluded that the data used to
validate the effectiveness of APL in breaching operations
should be updated.  Only one document available to the com-
mittee, the final report from the Modeling and Analysis
Group, APL Alternatives Study, found in the Examination
of the Battlefield Utility of Antipersonnel Landmines and the
Comparative Value of Proposed Alternatives, contained ana-
lytical data (Greenwalt and Magnoli, 1997).  That report con-
cluded that the use of APL with trip wires significantly

increases the time required to breach a minefield.  Up to 80
minutes was attributed to the trip wires.

However, the committee noted that the report scenario
was based only on the use of hand-thrown grapnel hooks1 to
clear trip wires.  The study did not describe or analyze other
possible methods of clearing trip wires, such as the launched
grapnel hook and man-portable projected line charges (e.g.,
the Small Projected Line Charge [SAPLIC]) or the Antiper-
sonnel Obstacle Breaching System [APOBS]).

The U.S. Army’s launched grapnel hook, based on tech-
nology available on the commercial market, was tested, type
classified, and fielded in 1995.  According to the manufac-
turer it takes about 30 seconds to put the launched grapnel
hook into operation and fire it (telephone conversation be-
tween Mr. Steve Adleman, SAA International, LTD. and
Richard Johnson, member of the Committee on Alternative
Technologies to Replace Antipersonnel Landmines, April
24, 2000).  It may take up to two minutes to retrieve the
device, depending on terrain and foliage, and it is desirable
to make at least two passes to ensure that all of the trip wires
are cleared.  Thus, it would appear that using a launched
grapnel, a soldier could clear trip wires in about five minutes.

According to Jane’s Mines and Mine Clearance, Fourth
Edition, 1999, man-portable projected line charges are manu-
factured in many countries and are available on the world
market (Jane’s, 1999).  A projected line charge can cut trip
wires, clear a narrow path immediately under the deployed
line charge, and leave a trace on the ground to use as a guide
while the breach lane is cleared.  According to the manufac-
turer2 of the SAPLIC, a one-man-portable projected line

1 Use of the grapnel is the only unique task in breaching an AT minefield
containing APL with trip wires; all other steps in breaching an AT minefield
are identical regardless of its composition.

2 The Ensign-Bickford Company, Simsbury, Connecticut, manufactures
SAPLIC and a larger man-portable line charge, APOBS.  Both systems are
capable of cutting trip wires and clearing breach lanes during tactical
assaults.
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charge capable of clearing a path up to 80 meters long, the
setup and employment time is no more than 60 seconds.
Other devices listed in Jane’s should have similar employ-
ment times.

Considering the confusion and other conditions on the
battlefield, the so-called “fog of war,” it would probably take
longer to use a launched grapnel or a man-portable line
charge in a real engagement than in an operational test.  To
compensate for the inherent confusion of combat, the com-
mittee notionally doubled the times claimed by the manufac-
turer and concluded that APL would provide, at most, ap-
proximately 10 minutes of additional protection for AT
mines, if the enemy forces were properly equipped.  In fact,
the greatest time advantage provided by APL would be

BOX D-1
Fundamentals of U.S. Breaching Operations

Suppress, obscure, secure, reduce, and assault are the breaching fundamentals that must be applied to ensure success when breaching against a
defending enemy.  These fundamentals will always apply, but they may vary based on the specific battle-space situation (mission, enemy, terrain, troops,
time available, and civilian considerations).

Suppress - Suppression is a tactical task used to employ direct or indirect fires or an electronic attack on enemy personnel, weapons, or equipment
to prevent or degrade enemy fires and observation of friendly forces.  The purpose of suppression during breaching operations is to protect forces
reducing and maneuvering through an obstacle.

Obscure - Obscuration must be employed to protect forces conducting obstacle reduction and the passage of assault forces.  Obscuration hampers
enemy observation and target acquisition and conceals friendly activities and movement.  Obscuration smoke deployed on or near the enemy’s position
minimizes its vision.  Screening smoke employed between the reduction area and the enemy conceals movement and reduction activities.  It also degrades
enemy ground and aerial observations.  Obscuration must be carefully planned to provide maximum degradation of enemy observation and fires, but it
must not significantly degrade friendly fires and control.

Secure - Friendly forces secure the reduction area to prevent the enemy from interfering with obstacle reduction and the passage of the assault force
through the lanes created during the reduction.  Security must be effective against outposts and fighting positions near the obstacle and against
overwatching units, as necessary.  The far side of the obstacle must be secured by fires or be occupied before attempting any effort to reduce the obstacle.
The attacking unit’s higher headquarters has the responsibility to isolate the breach area by fixing adjacent units, attacking enemy reserves in depth, and
providing counter fire support.

Reduce - Reduction is the creation of lanes through or over an obstacle to allow an attacking force to pass.  The number and width of lanes created
varies with the enemy situation, the assault force’s size and composition, and the scheme of maneuver.  The lanes must allow the assault force to rapidly
pass through the obstacle.  The breach force will reduce, proof (if required), mark, and report lane locations and the lane-marking method to higher
headquarters.  Follow-on units will further reduce or clear the obstacle when required.  Reduction cannot be accomplished until effective suppression and
obscuration are in place, the obstacle has been identified, and the point of breach is secure.

Assault - A breaching operation is not complete until friendly forces have assaulted to destroy the enemy on the far side of the obstacle that is capable
of placing or observing direct and indirect fires on the reduction area and battle handover with follow-on forces has occurred (if desired).

Source: U.S. Army, 2000.

during a dismounted breach conducted under fire.  In this
situation, however, protective fires would cause a much
greater delay than the APL.
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Appendix E

The Ottawa Convention and
Amended Protocol II of the Convention on Conventional Weapons

CONVENTION ON THE PROHIBITION OF THE USE,
STOCKPILING, PRODUCTION AND TRANSFER OF
ANTI-PERSONNEL MINES AND ON THEIR
DESTRUCTION (OTTAWA CONVENTION)

Preamble

The States Parties,
Determined to put an end to the suffering and casualties

caused by anti-personnel mines, that kill or maim hundreds
of people every week, mostly innocent and defenceless ci-
vilians and especially children, obstruct economic develop-
ment and reconstruction, inhibit the repatriation of refugees
and internally displaced persons, and have other severe con-
sequences for years after emplacement,

Believing it necessary to do their utmost to contribute in
an efficient and coordinated manner to face the challenge of
removing anti-personnel mines placed throughout the world,
and to assure their destruction,

Wishing to do their utmost in providing assistance for the
care and rehabilitation, including the social and economic
reintegration of mine victims,

Recognizing that a total ban of anti-personnel mines
would also be an important confidence-building measure,

Welcoming the adoption of the Protocol on Prohibitions
or Restrictions on the Use of Mines, Booby-Traps and Other
Devices, as amended on 3 May 1996, annexed to the Con-
vention on Prohibitions or Restrictions on the Use of Certain
Conventional Weapons Which May Be Deemed to Be Ex-
cessively Injurious or to Have Indiscriminate Effects, and
calling for the early ratification of this Protocol by all States
which have not yet done so,

Welcoming also United Nations General Assembly Reso-
lution 51/45 S of 10 December 1996 urging all States to
pursue vigorously an effective, legally-binding international
agreement to ban the use, stockpiling, production and trans-
fer of anti-personnel landmines,

Welcoming furthermore the measures taken over the past
years, both unilaterally and multilaterally, aiming at

prohibiting, restricting or suspending the use, stockpiling,
production and transfer of anti-personnel mines,

Stressing the role of public conscience in furthering the
principles of humanity as evidenced by the call for a total
ban of anti-personnel mines and recognizing the efforts to
that end undertaken by the International Red Cross and Red
Crescent Movement, the International Campaign to Ban
Landmines and numerous other non-governmental organi-
zations around the world,

Recalling the Ottawa Declaration of 5 October 1996 and
the Brussels Declaration of 27 June 1997 urging the interna-
tional community to negotiate an international and legally
binding agreement prohibiting the use, stockpiling, produc-
tion and transfer of anti-personnel mines,

Emphasizing the desirability of attracting the adherence
of all States to this Convention, and determined to work
strenuously towards the promotion of its universalization in
all relevant fora including, inter alia, the United Nations, the
Conference on Disarmament, regional organizations, and
groupings, and review conferences of the Convention on
Prohibitions or Restrictions on the Use of Certain Conven-
tional Weapons Which May Be Deemed to Be Excessively
Injurious or to Have Indiscriminate Effects,

Basing themselves on the principle of international hu-
manitarian law that the right of the parties to an armed con-
flict to choose methods or means of warfare is not unlimited,
on the principle that prohibits the employment in armed con-
flicts of weapons, projectiles and materials and methods of
warfare of a nature to cause superfluous injury or unneces-
sary suffering and on the principle that a distinction must be
made between civilians and combatants,

Have agreed as follows:

Article 1
General obligations

1. Each State Party undertakes never under any circum-
stances:

a) To use anti-personnel mines;
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b) To develop, produce, otherwise acquire, stockpile, re-
tain or transfer to anyone, directly or indirectly, anti-person-
nel mines;

c) To assist, encourage or induce, in any way, anyone to
engage in any activity prohibited to a State Party under this
Convention.

2. Each State Party undertakes to destroy or ensure the de-
struction of all anti-personnel mines in accordance with the
provisions of this Convention.

Article 2
Definitions

1. “Anti-personnel mine” means a mine designed to be ex-
ploded by the presence, proximity or contact of a person and
that will incapacitate, injure or kill one or more persons.
Mines designed to be detonated by the presence, proximity
or contact of a vehicle as opposed to a person, that are
equipped with anti-handling devices, are not considered anti-
personnel mines as a result of being so equipped.

2. “Mine” means a munition designed to be placed under,
on or near the ground or other surface area and to be ex-
ploded by the presence, proximity or contact of a person or a
vehicle.

3. “Anti-handling device” means a device intended to protect
a mine and which is part of, linked to, attached to or placed
under the mine and which activates when an attempt is made to
tamper with or otherwise intentionally disturb the mine.

4. “Transfer” involves, in addition to the physical movement
of anti-personnel mines into or from national territory, the
transfer of title to and control over the mines, but does not
involve the transfer of territory containing emplaced anti-
personnel mines.

5. “Mined area” means an area which is dangerous due to
the presence or suspected presence of mines.

Article 3
Exceptions

1. Notwithstanding the general obligations under Article 1,
the retention or transfer of a number of anti-personnel mines
for the development of and training in mine detection, mine
clearance, or mine destruction techniques is permitted.  The
amount of such mines shall not exceed the minimum number
absolutely necessary for the above-mentioned purposes.

2. The transfer of anti-personnel mines for the purpose of
destruction is permitted.

Article 4
Destruction of stockpiled anti-personnel mines

Except as provided for in Article 3, each State Party under-
takes to destroy or ensure the destruction of all stockpiled

anti-personnel mines it owns or possesses, or that are under
its jurisdiction or control, as soon as possible but not later
than four years after the entry into force of this Convention
for that State Party.

Article 5
Destruction of anti-personnel mines in mined areas

1. Each State Party undertakes to destroy or ensure the de-
struction of all anti-personnel mines in mined areas under its
jurisdiction or control, as soon as possible but not later than
ten years after the entry into force of this Convention for that
State Party.

2. Each State Party shall make every effort to identify all
areas under its jurisdiction or control in which anti-personnel
mines are known or suspected to be emplaced and shall
ensure as soon as possible that all anti-personnel mines in
mined areas under its jurisdiction or control are perimeter-
marked, monitored and protected by fencing or other means,
to ensure the effective exclusion of civilians, until all anti-
personnel mines contained therein have been destroyed.  The
marking shall at least be to the standards set out in the Proto-
col on Prohibitions or Restrictions on the Use of Mines,
Booby-Traps and Other Devices, as amended on 3 May
1996, annexed to the Convention on Prohibitions or Restric-
tions on the Use of Certain Conventional Weapons Which
May Be Deemed to Be Excessively Injurious or to Have In-
discriminate Effects.

3. If a State Party believes that it will be unable to destroy or
ensure the destruction of all anti-personnel mines referred to
in paragraph 1 within that time period, it may submit a re-
quest to a Meeting of the States Parties or a Review Confer-
ence for an extension of the deadline for completing the de-
struction of such anti-personnel mines, for a period of up to
ten years.

4. Each request shall contain:
a) The duration of the proposed extension;
b) A detailed explanation of the reasons for the proposed

extension, including:
(i) The preparation and status of work conducted under

national demining programs;
(ii) The financial and technical means available to the

State Party for the destruction of all the anti-personnel mines;
and

(iii) Circumstances which impede the ability of the
State Party to destroy all the anti-personnel mines in mined
areas;

c) The humanitarian, social, economic, and environmen-
tal implications of the extension; and

d) Any other information relevant to the request for the
proposed extension.

5. The Meeting of the States Parties or the Review Confer-
ence shall, taking into consideration the factors contained in
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paragraph 4, assess the request and decide by a majority of
votes of States Parties present and voting whether to grant
the request for an extension period.

6. Such an extension may be renewed upon the submission
of a new request in accordance with paragraphs 3, 4 and 5 of
this Article.  In requesting a further extension period a State
Party shall submit relevant additional information on what
has been undertaken in the previous extension period pursu-
ant to this Article.

Article 6
International cooperation and assistance

1. In fulfilling its obligations under this Convention each
State Party has the right to seek and receive assistance, where
feasible, from other States Parties to the extent possible.

2. Each State Party undertakes to facilitate and shall have
the right to participate in the fullest possible exchange of
equipment, material and scientific and technological infor-
mation concerning the implementation of this Convention.
The States Parties shall not impose undue restrictions on the
provision of mine clearance equipment and related techno-
logical information for humanitarian purposes.

3. Each State Party in a position to do so shall provide assis-
tance for the care and rehabilitation, and social and economic
reintegration, of mine victims and for mine awareness pro-
grams.  Such assistance may be provided, inter alia, through
the United Nations system, international, regional or national
organizations or institutions, the International Committee of
the Red Cross, national Red Cross and Red Crescent societ-
ies and their International Federation, non-governmental or-
ganizations, or on a bilateral basis.

4. Each State Party in a position to do so shall provide assis-
tance for mine clearance and related activities.  Such assis-
tance may be provided, inter alia, through the United Na-
tions system, international or regional organizations or
institutions, non-governmental organizations or institutions,
or on a bilateral basis, or by contributing to the United Na-
tions Voluntary Trust Fund for Assistance in Mine Clear-
ance, or other regional funds that deal with demining.

5. Each State Party in a position to do so shall provide assis-
tance for the destruction of stockpiled anti-personnel mines.

6. Each State Party undertakes to provide information to the
database on mine clearance established within the United
Nations system, especially information concerning various
means and technologies of mine clearance, and lists of ex-
perts, expert agencies or national points of contact on mine
clearance.

7. States Parties may request the United Nations, regional
organizations, other States Parties or other competent inter-
governmental or non-governmental fora to assist its

authorities in the elaboration of a national demining program
to determine, inter alia:

a) The extent and scope of the anti-personnel mine
problem;

b) The financial, technological and human resources that
are required for the implementation of the program;

c) The estimated number of years necessary to destroy all
anti-personnel mines in mined areas under the jurisdiction or
control of the concerned State Party;

d) Mine awareness activities to reduce the incidence of
mine-related injuries or deaths;

e) Assistance to mine victims;
f) The relationship between the Government of the con-

cerned State Party and the relevant governmental, inter-
governmental or non-governmental entities that will work in
the implementation of the program.

8. Each State Party giving and receiving assistance under
the provisions of this Article shall cooperate with a view to
ensuring the full and prompt implementation of agreed as-
sistance programs.

Article 7
Transparency measures

1. Each State Party shall report to the Secretary-General of
the United Nations as soon as practicable, and in any event
not later than 180 days after the entry into force of this Con-
vention for that State Party on:

a) The national implementation measures referred to in
Article 9;

b) The total of all stockpiled anti-personnel mines owned
or possessed by it, or under its jurisdiction or control, to
include a breakdown of the type, quantity and, if possible,
lot numbers of each type of anti-personnel mine stockpiled;

c) To the extent possible, the location of all mined areas
that contain, or are suspected to contain, anti-personnel
mines under its jurisdiction or control, to include as much
detail as possible regarding the type and quantity of each
type of anti-personnel mine in each mined area and when
they were emplaced;

d) The types, quantities and, if possible, lot numbers of
all anti-personnel mines retained or transferred for the de-
velopment of and training in mine detection, mine clearance
or mine destruction techniques, or transferred for the pur-
pose of destruction, as well as the institutions authorized by
a State Party to retain or transfer anti-personnel mines, in
accordance with Article 3;

e) The status of programs for the conversion or de-
commissioning of anti-personnel mine production facilities;

f) The status of programs for the destruction of anti-
personnel mines in accordance with Articles 4 and 5, includ-
ing details of the methods which will be used in destruction,
the location of all destruction sites and the applicable safety
and environmental standards to be observed;
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g) The types and quantities of all anti-personnel mines
destroyed after the entry into force of this Convention for
that State Party, to include a breakdown of the quantity of
each type of anti-personnel mine destroyed, in accordance
with Articles 4 and 5, respectively, along with, if possible,
the lot numbers of each type of anti-personnel mine in the
case of destruction in accordance with Article 4;

h) The technical characteristics of each type of anti-
personnel mine produced, to the extent known, and those
currently owned or possessed by a State Party, giving, where
reasonably possible, such categories of information as may
facilitate identification and clearance of anti-personnel
mines; at a minimum, this information shall include the di-
mensions, fusing, explosive content, metallic content, colour
photographs and other information which may facilitate mine
clearance; and

i) The measures taken to provide an immediate and effec-
tive warning to the population in relation to all areas identi-
fied under paragraph 2 of Article 5.

2. The information provided in accordance with this Article
shall be updated by the States Parties annually, covering the
last calendar year, and reported to the Secretary-General of
the United Nations not later than 30 April of each year.

3. The Secretary-General of the United Nations shall trans-
mit all such reports received to the States Parties.

Article 8
Facilitation and clarification of compliance

1. The States Parties agree to consult and cooperate with
each other regarding the implementation of the provisions of
this Convention, and to work together in a spirit of coopera-
tion to facilitate compliance by States Parties with their ob-
ligations under this Convention.

2. If one or more States Parties wish to clarify and seek to
resolve questions relating to compliance with the provisions
of this Convention by another State Party, it may submit,
through the Secretary-General of the United Nations, a Re-
quest for Clarification of that matter to that State Party.  Such
a request shall be accompanied by all appropriate informa-
tion.  Each State Party shall refrain from unfounded Requests
for Clarification, care being taken to avoid abuse.  A State
Party that receives a Request for Clarification shall provide,
through the Secretary-General of the United Nations, within
28 days to the requesting State Party all information which
would assist in clarifying this matter.

3. If the requesting State Party does not receive a response
through the Secretary-General of the United Nations within
that time period, or deems the response to the Request for
Clarification to be unsatisfactory, it may submit the matter
through the Secretary-General of the United Nations to the
next Meeting of the States Parties.  The Secretary-General of
the United Nations shall transmit the submission,

accompanied by all appropriate information pertaining to the
Request for Clarification, to all States Parties.  All such
information shall be presented to the requested State Party
which shall have the right to respond.

4. Pending the convening of any meeting of the States
Parties, any of the States Parties concerned may request the
Secretary-General of the United Nations to exercise his or
her good offices to facilitate the clarification requested.

5. The requesting State Party may propose through the
Secretary-General of the United Nations the convening of a
Special Meeting of the States Parties to consider the matter.
The Secretary-General of the United Nations shall thereupon
communicate this proposal and all information submitted by
the States Parties concerned, to all States Parties with a re-
quest that they indicate whether they favour a Special Meet-
ing of the States Parties, for the purpose of considering the
matter.  In the event that within 14 days from the date of such
communication, at least one-third of the States Parties
favours such a Special Meeting, the Secretary-General of the
United Nations shall convene this Special Meeting of the
States Parties within a further 14 days.  A quorum for this
Meeting shall consist of a majority of States Parties.

6. The Meeting of the States Parties or the Special Meeting
of the States Parties, as the case may be, shall first determine
whether to consider the matter further, taking into account
all information submitted by the States Parties concerned.
The Meeting of the States Parties or the Special Meeting of
the States Parties shall make every effort to reach a decision
by consensus.  If despite all efforts to that end no agreement
has been reached, it shall take this decision by a majority of
States Parties present and voting.

7. All States Parties shall cooperate fully with the Meeting
of the States Parties or the Special Meeting of the States
Parties in the fulfilment of its review of the matter, including
any fact-finding missions that are authorized in accordance
with paragraph 8.

8. If further clarification is required, the Meeting of the
States Parties or the Special Meeting of the States Parties
shall authorize a fact-finding mission and decide on its man-
date by a majority of States Parties present and voting.  At
any time the requested State Party may invite a fact-finding
mission to its territory.  Such a mission shall take place with-
out a decision by a Meeting of the States Parties or a Special
Meeting of the States Parties to authorize such a mission.
The mission, consisting of up to 9 experts, designated and
approved in accordance with paragraphs 9 and 10, may col-
lect additional information on the spot or in other places di-
rectly related to the alleged compliance issue under the juris-
diction or control of the requested State Party.

9. The Secretary-General of the United Nations shall pre-
pare and update a list of the names, nationalities and other
relevant data of qualified experts provided by States Parties
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and communicate it to all States Parties.  Any expert included
on this list shall be regarded as designated for all fact-finding
missions unless a State Party declares its non-acceptance in
writing.  In the event of non-acceptance, the expert shall not
participate in fact-finding missions on the territory or any
other place under the jurisdiction or control of the objecting
State Party, if the non-acceptance was declared prior to the
appointment of the expert to such missions.

10. Upon receiving a request from the Meeting of the States
Parties or a Special Meeting of the States Parties, the
Secretary-General of the United Nations shall, after consul-
tations with the requested State Party, appoint the members
of the mission, including its leader.  Nationals of States
Parties requesting the fact-finding mission or directly
affected by it shall not be appointed to the mission.  The
members of the fact-finding mission shall enjoy privileges
and immunities under Article VI of the Convention on the
Privileges and Immunities of the United Nations, adopted on
13 February 1946.

11. Upon at least 72 hours notice, the members of the fact-
finding mission shall arrive in the territory of the requested
State Party at the earliest opportunity.  The requested State
Party shall take the necessary administrative measures to
receive, transport and accommodate the mission, and shall
be responsible for ensuring the security of the mission to the
maximum extent possible while they are on territory under
its control.

12. Without prejudice to the sovereignty of the requested
State Party, the fact-finding mission may bring into the terri-
tory of the requested State Party the necessary equipment
which shall be used exclusively for gathering information on
the alleged compliance issue.  Prior to its arrival, the mission
will advise the requested State Party of the equipment that it
intends to utilize in the course of its fact-finding mission.

13. The requested State Party shall make all efforts to en-
sure that the fact-finding mission is given the opportunity to
speak with all relevant persons who may be able to provide
information related to the alleged compliance issue.

14. The requested State Party shall grant access for the fact-
finding mission to all areas and installations under its con-
trol where facts relevant to the compliance issue could be
expected to be collected.  This shall be subject to any ar-
rangements that the requested State Party considers neces-
sary for:

a) The protection of sensitive equipment, information and
areas;

b) The protection of any constitutional obligations the re-
quested State Party may have with regard to proprietary
rights, searches and seizures, or other constitutional rights;
or

c) The physical protection and safety of the members of
the fact-finding mission.  In the event that the requested State
Party makes such arrangements, it shall make every reason-

able effort to demonstrate through alternative means its com-
pliance with this Convention.

15. The fact-finding mission may remain in the territory of
the State Party concerned for no more than 14 days, and at
any particular site no more than 7 days, unless otherwise
agreed.

16. All information provided in confidence and not related
to the subject matter of the fact-finding mission shall be
treated on a confidential basis.

17. The fact-finding mission shall report, through the
Secretary-General of the United Nations, to the Meeting of
the States Parties or the Special Meeting of the States Parties
the results of its findings.

18. The Meeting of the States Parties or the Special Meet-
ing of the States Parties shall consider all relevant informa-
tion, including the report submitted by the fact-finding mis-
sion, and may request the requested State Party to take
measures to address the compliance issue within a specified
period of time.  The requested State Party shall report on all
measures taken in response to this request.

19. The Meeting of the States Parties or the Special Meet-
ing of the States Parties may suggest to the States Parties
concerned ways and means to further clarify or resolve the
matter under consideration, including the initiation of appro-
priate procedures in conformity with international law.  In
circumstances where the issue at hand is determined to be
due to circumstances beyond the control of the requested
State Party, the Meeting of the States Parties or the Special
Meeting of the States Parties may recommend appropriate
measures, including the use of cooperative measures referred
to in Article 6.

20. The Meeting of the States Parties or the Special Meet-
ing of the States Parties shall make every effort to reach its
decisions referred to in paragraphs 18 and 19 by consensus,
otherwise by a two-thirds majority of States Parties present
and voting.

Article 9
National implementation measures

Each State Party shall take all appropriate legal, administra-
tive and other measures, including the imposition of penal
sanctions, to prevent and suppress any activity prohibited to
a State Party under this Convention undertaken by persons
or on territory under its jurisdiction or control.

Article 10
Settlement of disputes

1. The States Parties shall consult and cooperate with each
other to settle any dispute that may arise with regard to the
application or the interpretation of this Convention.  Each
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State Party may bring any such dispute before the Meeting
of the States Parties.

2. The Meeting of the States Parties may contribute to the
settlement of the dispute by whatever means it deems appro-
priate, including offering its good offices, calling upon the
States parties to a dispute to start the settlement procedure of
their choice and recommending a time-limit for any agreed
procedure.

3. This Article is without prejudice to the provisions of this
Convention on facilitation and clarification of compliance.

Article 11
Meetings of the States Parties

1. The States Parties shall meet regularly in order to con-
sider any matter with regard to the application or implemen-
tation of this Convention, including:

a) The operation and status of this Convention;
b) Matters arising from the reports submitted under the

provisions of this Convention;
c) International cooperation and assistance in accordance

with Article 6;
d) The development of technologies to clear anti-

personnel mines;
e) Submissions of States Parties under Article 8; and
f) Decisions relating to submissions of States Parties as

provided for in Article 5.

2. The First Meeting of the States Parties shall be convened
by the Secretary-General of the United Nations within one
year after the entry into force of this Convention.  The subse-
quent meetings shall be convened by the Secretary-General
of the United Nations annually until the first Review Con-
ference.

3. Under the conditions set out in Article 8, the Secretary-
General of the United Nations shall convene a Special Meet-
ing of the States Parties.

4. States not parties to this Convention, as well as the United
Nations, other relevant international organizations or insti-
tutions, regional organizations, the International Committee
of the Red Cross and relevant non-governmental organiza-
tions may be invited to attend these meetings as observers in
accordance with the agreed Rules of Procedure.

Article 12
Review Conferences

1. A Review Conference shall be convened by the Secretary-
General of the United Nations five years after the entry into
force of this Convention.  Further Review Conferences shall
be convened by the Secretary-General of the United Nations
if so requested by one or more States Parties, provided that

the interval between Review Conferences shall in no case be
less than five years.  All States Parties to this Convention
shall be invited to each Review Conference.

2. The purpose of the Review Conference shall be:
a) To review the operation and status of this Convention;
b) To consider the need for and the interval between fur-

ther Meetings of the States Parties referred to in paragraph 2
of Article 11;

c) To take decisions on submissions of States Parties as
provided for in Article 5; and

d) To adopt, if necessary, in its final report conclusions
related to the implementation of this Convention.

3. States not parties to this Convention, as well as the United
Nations, other relevant international organizations or insti-
tutions, regional organizations, the International Committee
of the Red Cross and relevant non-governmental organiza-
tions may be invited to attend each Review Conference as
observers in accordance with the agreed Rules of Procedure.

Article 13
Amendments

1. At any time after the entry into force of this Convention
any State Party may propose amendments to this Conven-
tion.  Any proposal for an amendment shall be communi-
cated to the Depositary, who shall circulate it to all States
Parties and shall seek their views on whether an Amendment
Conference should be convened to consider the proposal.  If
a majority of the States Parties notify the Depositary no later
than 30 days after its circulation that they support further
consideration of the proposal, the Depositary shall convene
an Amendment Conference to which all States Parties shall
be invited.

2. States not parties to this Convention, as well as the United
Nations, other relevant international organizations or insti-
tutions, regional organizations, the International Committee
of the Red Cross and relevant non-governmental organiza-
tions may be invited to attend each Amendment Conference
as observers in accordance with the agreed Rules of
Procedure.

3. The Amendment Conference shall be held immediately
following a Meeting of the States Parties or a Review Con-
ference unless a majority of the States Parties request that it
be held earlier.

4. Any amendment to this Convention shall be adopted by a
majority of two-thirds of the States Parties present and vot-
ing at the Amendment Conference.  The Depositary shall
communicate any amendment so adopted to the States
Parties.

5. An amendment to this Convention shall enter into force
for all States Parties to this Convention which have accepted
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it, upon the deposit with the Depositary of instruments of
acceptance by a majority of States Parties.  Thereafter it shall
enter into force for any remaining State Party on the date of
deposit of its instrument of acceptance.

Article 14
Costs

1. The costs of the Meetings of the States Parties, the Spe-
cial Meetings of the States Parties, the Review Conferences
and the Amendment Conferences shall be borne by the States
Parties and States not parties to this Convention participat-
ing therein, in accordance with the United Nations scale of
assessment adjusted appropriately.

2. The costs incurred by the Secretary-General of the United
Nations under Articles 7 and 8 and the costs of any fact-
finding mission shall be borne by the States Parties in accor-
dance with the United Nations scale of assessment adjusted
appropriately.

Article 15
Signature

This Convention, done at Oslo, Norway, on 18 September
1997, shall be open for signature at Ottawa, Canada, by all
States from 3 December 1997 until 4 December 1997, and at
the United Nations Headquarters in New York from 5 De-
cember 1997 until its entry into force.

Article 16
Ratification, acceptance, approval or accession

1. This Convention is subject to ratification, acceptance or
approval of the Signatories.

2. It shall be open for accession by any State which has not
signed the Convention.

3. The instruments of ratification, acceptance, approval or
accession shall be deposited with the Depositary.

Article 17
Entry into force

1. This Convention shall enter into force on the first day of
the sixth month after the month in which the 40th instrument
of ratification, acceptance, approval or accession has been
deposited.

2. For any State which deposits its instrument of ratifica-
tion, acceptance, approval or accession after the date of the
deposit of the 40th instrument of ratification, acceptance,
approval or accession, this Convention shall enter into force
on the first day of the sixth month after the date on which

that State has deposited its instrument of ratification, accep-
tance, approval or accession.

Article 18
Provisional application

Any State may at the time of its ratification, acceptance, ap-
proval or accession, declare that it will apply provisionally
paragraph 1 of Article 1 of this Convention pending its entry
into force.

Article 19
Reservations

The Articles of this Convention shall not be subject to reser-
vations.

Article 20
Duration and withdrawal

1. This Convention shall be of unlimited duration.

2. Each State Party shall, in exercising its national sover-
eignty, have the right to withdraw from this Convention.  It
shall give notice of such withdrawal to all other States Par-
ties, to the Depositary and to the United Nations Security
Council.  Such instrument of withdrawal shall include a full
explanation of the reasons motivating this withdrawal.

3. Such withdrawal shall only take effect six months after
the receipt of the instrument of withdrawal by the Deposi-
tary.  If, however, on the expiry of that six- month period,
the withdrawing State Party is engaged in an armed conflict,
the withdrawal shall not take effect before the end of the
armed conflict.

4. The withdrawal of a State Party from this Convention
shall not in any way affect the duty of States to continue
fulfilling the obligations assumed under any relevant rules
of international law.

Article 21
Depositary

The Secretary-General of the United Nations is hereby des-
ignated as the Depositary of this Convention.

Article 22
Authentic texts

The original of this Convention, of which the Arabic, Chi-
nese, English, French, Russian and Spanish texts are equally
authentic, shall be deposited with the Secretary-General of
the United Nations.
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AMENDED PROTOCOL II OF THE CONVENTION ON
PROHIBITIONS OR RESTRICTIONS ON THE USE OF
CERTAIN CONVENTIONAL WEAPONS WHICH MAY BE
DEEMED TO BE EXCESSIVELY INJURIOUS OR TO
HAVE INDISCRIMINATE EFFECTS (CONVENTION ON
CONVENTIONAL WEAPONS [CCW])

Article I - Scope of application

1. This Protocol relates to the use on land of the mines,
booby-traps and other devices, defined herein, including
mines laid to interdict beaches, waterway crossings or river
crossings, but does not apply to the use of anti-ship mines at
sea or in inland waterways.

2. This Protocol shall apply, in addition to situations referred
to in Article I of this Convention, to situations referred to in
Article 3 common to the Geneva Conventions of 12 August
1949.  This Protocol shall not apply to situations of internal
disturbances and tensions, such as riots, isolated and spo-
radic acts of violence and other acts of a similar nature, as
not being armed conflicts.

3. In case of armed conflicts not of an international charac-
ter occurring in the territory of one of the High Contracting
Parties, each party to the conflict shall be bound to apply the
prohibitions and restrictions of this Protocol.

4. Nothing in this Protocol shall be invoked for the purpose
of affecting the sovereignty of a State or the responsibility of
the Government, by all legitimate means, to maintain or re-
establish law and order in the State or to defend the national
unity and territorial integrity of the State.

5. Nothing in this Protocol shall be invoked as a justifica-
tion for intervening, directly or indirectly, for any reason
whatever, in the armed conflict or in the internal or external
affairs of the High Contracting Party in the territory of which
that conflict occurs.

6. The application of the provisions of this Protocol to par-
ties to a conflict, which are not High Contracting Parties that
have accepted this Protocol, shall not change their legal sta-
tus or the legal status of a disputed territory, either explicitly
or implicitly.

Article 2 - Definitions

For the purpose of this Protocol:
1. “Mine” means a munition placed under, on or near the
ground or other surface area and designed to be exploded by
the presence, proximity or contact of a person or vehicle.

2. “Remotely-delivered mine” means a mine not directly
emplaced but delivered by artillery, missile, rocket, mortar,
or similar means, or dropped from an aircraft.  Mines deliv-
ered from a land-based system from less than 500 metres are

not considered to be “remotely delivered”, provided that they
are used in accordance with Article 5 and other relevant Ar-
ticles of this Protocol.

3.  “Anti-personnel mine” means a mine primarily designed
to be exploded by the presence, proximity or contact of a
person and that will incapacitate, injure or kill one or more
persons.

4.  “Booby-trap” means any device or material which is de-
signed, constructed or adapted to kill or injure, and which
functions unexpectedly when a person disturbs or approaches
an apparently harmless object or performs an apparently
safe act.

5.  “Other devices” means manually-emplaced munitions and
devices including improvised explosive devices designed to
kill, injure or damage and which are actuated manually, by
remote control or automatically after a lapse of time.

6.  “Military objective” means, so far as objects are con-
cerned, any object which by its nature, location, purpose or
use makes an effective contribution to military action and
whose total or partial destruction, capture or neutralization,
in the circumstances ruling at the time, offers a definite mili-
tary advantage.

7.  “Civilian objects” are all objects which are not military
objectives as defined in paragraph 6 of this Article.

8.  “Minefield” is a defined area in which mines have been
emplaced and “mined area” is an area which is dangerous
due to the presence of mines.  “Phoney minefield” means an
area free of mines that simulates a minefield.  The term
“minefield” includes phoney minefields.

9. “Recording” means a physical, administrative and tech-
nical operation designed to obtain, for the purpose of regis-
tration in official records, all available information facilitat-
ing the location of minefields, mined areas, mines,
booby-traps and other devices.

10. “Self-destruction mechanism” means an incorporated
or externally attached automatically-functioning mechanism
which secures the destruction of the munition into which it is
incorporated or to which it is attached.

11. “Self-neutralization mechanism” means an incorpo-
rated automatically-functioning mechanism which renders
inoperable the munition into which it is incorporated.

12. “Self-deactivating” means automatically rendering a
munition inoperable by means of the irreversible exhaustion
of a component, for example, a battery, that is essential to
the operation of the munition.

13. “Remote control” means control by commands from a
distance.

14. “Anti-handling device” means a device intended to pro-
tect a mine and which is part of, linked to, attached to or
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placed under the mine and which activates when an attempt
is made to tamper with the mine.

15. “Transfer” involves, in addition to the physical move-
ment of mines into or from national territory, the transfer of
title to and control over the mines, but does not involve the
transfer of territory containing emplaced mines.

Article 3 - General restrictions on the use of mines,
booby-traps and other devices

1. This Article applies to:
(a) mines;
(b) booby-traps; and
(c) other devices.

2. Each High Contracting Party or party to a conflict is, in
accordance with the provisions of this Protocol, responsible
for all mines, booby-traps, and other devices employed by it
and undertakes to clear, remove, destroy or maintain them as
specified in Article 10 of this Protocol.

3. It is prohibited in all circumstances to use any mine,
booby-trap or other device which is designed or of a nature
to cause superfluous injury or unnecessary suffering.

4. Weapons to which this Article applies shall strictly com-
ply with the standards and limitations specified in the Tech-
nical Annex with respect to each particular category.

5. It is prohibited to use mines, booby-traps or other devices
which employ a mechanism or device specifically designed
to detonate the munition by the presence of commonly avail-
able mine detectors as a result of their magnetic or other
non-contact influence during normal use in detection
operations.

6. It is prohibited to use a self-deactivating mine equipped
with an anti-handling device that is designed in such a man-
ner that the anti-handling device is capable of functioning
after the mine has ceased to be capable of functioning.

7. It is prohibited in all circumstances to direct weapons to
which this Article applies, either in offence, defence or by
way of reprisals, against the civilian population as such or
against individual civilians or civilian objects.

8. The indiscriminate use of weapons to which this Article
applies is prohibited.  Indiscriminate use is any placement of
such weapons:

(a) which is not on, or directed against, a military objec-
tive.  In case of doubt as to whether an object which is nor-
mally dedicated to civilian purposes, such as a place of wor-
ship, a house or other dwelling or a school, is being used to
make an effective contribution to military action, it shall be
presumed not to be so used; or

(b) which employs a method or means of delivery which
cannot be directed at a specific military objective; or

(c) which may be expected to cause incidental loss of

civilian life, injury to civilians, damage to civilian objects,
or a combination thereof, which would be excessive in rela-
tion to the concrete and direct military advantage anticipated.

9. Several clearly separated and distinct military objectives
located in a city, town, village or other area containing a
similar concentration of civilians or civilian objects are not
to be treated as a single military objective.

10. All feasible precautions shall be taken to protect civil-
ians from the effects of weapons to which this Article ap-
plies.  Feasible precautions are those precautions which are
practicable or practically possible taking into account all cir-
cumstances ruling at the time, including humanitarian and
military considerations.  These circumstances include, but
are not limited to:

(a) the short- and long-term effect of mines upon the local
civilian population for the duration of the minefield;

(b) possible measures to protect civilians (for example,
fencing, signs, warning and monitoring);

(c) the availability and feasibility of using alternatives;
and

(d) the short- and long-term military requirements for a
minefield.

11. Effective advance warning shall be given of any em-
placement of mines, booby-traps and other devices which
may affect the civilian population, unless circumstances do
not permit.

Article 4 - Restrictions on the use of anti-personnel mines

It is prohibited to use anti-personnel mines which are not
detectable, as specified in paragraph 2 of the Technical
Annex.

Article 5 - Restrictions on the use of anti-personnel mines
other than remotely-delivered mines

1. This Article applies to anti-personnel mines other than
remotely-delivered mines.

2. It is prohibited to use weapons to which this Article ap-
plies which are not in compliance with the provisions on
self-destruction and self-deactivation in the Technical An-
nex, unless:

(a) such weapons are placed within a perimeter-marked
area which is monitored by military personnel and protected
by fencing or other means, to ensure the effective exclusion
of civilians from the area.  The marking must be of a distinct
and durable character and must at least be visible to a person
who is about to enter the perimeter-marked area; and

(b) such weapons are cleared before the area is aban-
doned, unless the area is turned over to the forces of another
State which accept responsibility for the maintenance of the
protections required by this Article and the subsequent clear-
ance of those weapons.

Copyright © National Academy of Sciences. All rights reserved.

Alternative Technologies to Replace Antipersonnel Landmines 
http://www.nap.edu/catalog/10071.html

http://www.nap.edu/catalog/10071.html


110 ALTERNATIVE TECHNOLOGIES TO REPLACE ANTIPERSONNEL LANDMINES

3. A party to a conflict is relieved from further compliance
with the provisions of sub-paragraphs 2 (a) and 2 (b) of this
Article only if such compliance is not feasible due to forc-
ible loss of control of the area as a result of enemy military
action, including situations where direct enemy military ac-
tion makes it impossible to comply.  If that party regains
control of the area, it shall resume compliance with the pro-
visions of sub-paragraphs 2 (a) and 2 (b) of this Article.

4. If the forces of a party to a conflict gain control of an area
in which weapons to which this Article applies have been
laid, such forces shall, to the maximum extent feasible, main-
tain and, if necessary, establish the protections required by
this Article until such weapons have been cleared.

5. All feasible measures shall be taken to prevent the unau-
thorized removal, defacement, destruction or concealment
of any device, system or material used to establish the pe-
rimeter of a perimeter-marked area.

6. Weapons to which this Article applies which propel frag-
ments in a horizontal arc of less than 90 degrees and which
are placed on or above the ground may be used without the
measures provided for in sub-paragraph 2 (a) of this Article
for a maximum period of 72 hours, if:

(a) they are located in immediate proximity to the mili-
tary unit that emplaced them; and

(b) the area is monitored by military personnel to ensure
the effective exclusion of civilians.

Article 6 - Restrictions on the use of remotely-delivered
mines

1. It is prohibited to use remotely-delivered mines unless
they are recorded in accordance with sub-paragraph I (b) of
the Technical Annex.

2. It is prohibited to use remotely-delivered anti-personnel
mines which are not in compliance with the provisions on
self-destruction and self-deactivation in the Technical
Annex.

3. It is prohibited to use remotely-delivered mines other than
anti-personnel mines, unless, to the extent feasible, they are
equipped with an effective self-destruction or self-
neutralization mechanism and have a back-up self-
deactivation feature, which is designed so that the mine will
no longer function as a mine when the mine no longer serves
the military purpose for which it was placed in position.

4. Effective advance warning shall be given of any delivery
or dropping of remotely-delivered mines which may affect
the civilian population, unless circumstances do not permit.

Article 7 - Prohibitions on the use of booby-traps and
other devices

1. Without prejudice to the rules of international law

applicable in armed conflict relating to treachery and per-
fidy, it is prohibited in all circumstances to use booby-traps
and other devices which are in any way attached to or asso-
ciated with:

(a) internationally recognized protective emblems, signs
or signals;

(b) sick, wounded or dead persons;
(c) burial or cremation sites or graves;
(d) medical facilities, medical equipment, medical sup-

plies or medical transportation;
(e) children’s toys or other portable objects or products

specially designed for the feeding, health, hygiene, clothing
or education of children;

(f) food or drink;
(g) kitchen utensils or appliances except in military es-

tablishments, military locations or military supply depots;
(h) objects clearly of a religious nature;
(i) historic monuments, works of art or places of worship

which constitute the cultural or spiritual heritage of peoples;
or

(j) animals or their carcasses.

2. It is prohibited to use booby-traps or other devices in the
form of apparently harmless portable objects which are spe-
cifically designed and constructed to contain explosive
material.

3. Without prejudice to the provisions of Article 3, it is prohib-
ited to use weapons to which this Article applies in any city,
town, village or other area containing a similar concentration
of civilians in which combat between ground forces is not
taking place or does not appear to be imminent, unless either:

(a) they are placed on or in the close vicinity of a military
objective; or

(b) measures are taken to protect civilians from their ef-
fects, for example, the posting of warning sentries, the issu-
ing of warnings or the provision of fences.

Article 8 - Transfers

1. In order to promote the purposes of this Protocol, each
High Contracting Party:

(a) undertakes not to transfer any mine the use of which is
prohibited by this Protocol;

(b) undertakes not to transfer any mine to any recipient
other than a State or a State agency authorized to receive
such transfers;

(c) undertakes to exercise restraint in the transfer of any
mine the use of which is restricted by this Protocol.  In par-
ticular, each High Contracting Party undertakes not to trans-
fer any anti-personnel mines to States which are not bound
by this Protocol, unless the recipient State agrees to apply
this Protocol; and

(d) undertakes to ensure that any transfer in accordance
with this Article takes place in full compliance, by both the
transferring and the recipient State, with the relevant
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provisions of this Protocol and the applicable norms of inter-
national humanitarian law.

2. In the event that a High Contracting Party declares that it
will defer compliance with specific provisions on the use of
certain mines, as provided for in the Technical Annex, sub-
paragraph I (a) of this Article shall however apply to such
mines.

3. All High Contracting Parties, pending the entry into force
of this Protocol, will refrain from any actions which would
be inconsistent with sub-paragraph I (a) of this Article.

Article 9 - Recording and use of information on
minefields, mined areas, mines, booby-traps and other
devices

1. All information concerning minefields, mined areas,
mines, booby-traps and other devices shall be recorded in
accordance with the provisions of the Technical Annex.

2. All such records shall be retained by the parties to a con-
flict, who shall, without delay after the cessation of active
hostilities, take all necessary and appropriate measures, in-
cluding the use of such information, to protect civilians from
the effects of minefields, mined areas, mines, booby-traps
and other devices in areas under their control.  At the same
time, they shall also make available to the other party or
parties to the conflict and to the Secretary-General of the
United Nations all such information in their possession con-
cerning minefields, mined areas, mines, booby-traps and
other devices laid by them in areas no longer under their
control; provided, however, subject to reciprocity, where the
forces of a party to a conflict are in the territory of an adverse
party, either party may withhold such information from the
Secretary-General and the other party, to the extent that se-
curity interests require such withholding, until neither party
is in the territory of the other.  In the latter case, the informa-
tion withheld shall be disclosed as soon as those security
interests permit.  Wherever possible, the parties to the con-
flict shall seek, by mutual agreement, to provide for the re-
lease of such information at the earliest possible time in a
manner consistent with the security interests of each party.

3. This Article is without prejudice to the provisions of Ar-
ticles 10 and 12 of this Protocol.

Article 10 - Removal of minefields, mined areas, mines,
booby-traps and other devices and international
cooperation

1. Without delay after the cessation of active hostilities, all
minefields, mined areas, mines, booby-traps and other de-
vices shall be cleared, removed, destroyed or maintained in
accordance with Article 3 and paragraph 2 of Article 5 of
this Protocol.

2. High Contracting Parties and parties to a conflict bear
such responsibility with respect to minefields, mined areas,
mines, booby-traps and other devices in areas under their
control.

3. With respect to minefields, mined areas, mines, booby-
traps and other devices laid by a party in areas over which it
no longer exercises control, such party shall provide to the
party in control of the area pursuant to paragraph 2 of this
Article, to the extent permitted by such party, technical and
material assistance necessary to fulfil such responsibility.

4. At all times necessary, the parties shall endeavour to reach
agreement, both among themselves and, where appropriate,
with other States and with international organizations, on
the provision of technical and material assistance, including,
in appropriate circumstances, the undertaking of joint opera-
tions necessary to fulfil such responsibilities.

Article 11 - Technological cooperation and assistance

1. Each High Contracting Party undertakes to facilitate and
shall have the right to participate in the fullest possible ex-
change of equipment, material and scientific and technologi-
cal information concerning the implementation of this Pro-
tocol and means of mine clearance.  In particular, High
Contracting Parties shall not impose undue restrictions on
the provision of mine clearance equipment and related tech-
nological information for humanitarian purposes.

2. Each High Contracting Party undertakes to provide infor-
mation to the database on mine clearance established within
the United Nations System, especially information concern-
ing various means and technologies of mine clearance, and
lists of experts, expert agencies or national points of contact
on mine clearance.

3. Each high Contracting Party in a position to do so shall
provide assistance for mine clearance through the United
Nations System, other international bodies or on a bilateral
basis, or contribute to the United Nations Voluntary Trust
Fund for Assistance in Mine Clearance.

4. Requests by High Contracting Parties for assistance, sub-
stantiated by relevant information, may be submitted to the
United Nations, to other appropriate bodies or to other States.
These requests may be submitted to the Secretary-General
of the United Nations, who shall transmit them to all High
Contracting Parties and to relevant international organi-
zations.

5. In the case of requests to the United Nations, the
Secretary-General of the United Nations, within the re-
sources available to the Secretary-General of the United
Nations, may take appropriate steps to assess the situation
and, in cooperation with the requesting High Contracting
Party, determine the appropriate provision of assistance in
mine clearance or implementation of the Protocol.  The
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Secretary-General may also report to High Contracting
Parties on any such assessment as well as on the type and
scope of assistance required.

6. Without prejudice to their constitutional and other legal
provisions, the High Contracting Parties undertake to coop-
erate and transfer technology to facilitate the implementa-
tion of the relevant prohibitions and restrictions set out in
this Protocol.

7. Each High Contracting Party has the right to seek and
receive technical assistance, where appropriate, from another
High Contracting Party on specific relevant technology,
other than weapons technology, as necessary and feasible,
with a view to reducing any period of deferral for which
provision is made in the Technical Annex.

Article 12 - Protection from the effects of minefields,
mined areas, mines, booby-traps and other devices

1. Application
a) With the exception of the forces and missions referred

to in sub-paragraph 2(a) (i) of this Article, this Article ap-
plies only to missions which are performing functions in an
area with the consent of the High Contracting Party on whose
territory the functions are performed.

(b) The application of the provisions of this Article to
parties to a conflict which are not High Contracting Parties
shall not change their legal status or the legal status of a
disputed territory, either explicitly or implicitly.

(c) The provisions of this Article are without prejudice to
existing international humanitarian law, or other interna-
tional instruments as applicable, or decisions by the Security
Council of the United Nations, which provide for a higher
level of protection to personnel functioning in accordance
with this Article.

2. Peace-keeping and certain other forces and missions
(a) This paragraph applies to:

(i) any United Nations force or mission performing
peace-keeping, observation or similar functions in any area
in accordance with the Charter of the United Nations;

(ii) any mission established pursuant to Chapter VIII of
the Charter of the United Nations and performing its func-
tions in the area of a conflict.

(b) Each High Contracting Party or party to a conflict, if
so requested by the head of a force or mission to which this
paragraph applies, shall:

(i) so far as it is able, take such measures as are neces-
sary to protect the force or mission from the effects of mines,
booby-traps and other devices in any area under its control;

(ii) if necessary in order effectively to protect such per-
sonnel, remove or render harmless, so far as it is able, all
mines, booby-traps and other devices in that area; and

(iii) inform the head of the force or mission of the loca-
tion of all known minefields, mined areas, mines, booby-

traps and other devices in the area in which the force or mis-
sion is performing its functions and, so far as is feasible,
make available to the head of the force or mission all infor-
mation in its possession concerning such minefields, mined
areas, mines, booby-traps and other devices.

3. Humanitarian and fact-finding missions of the United
Nations System

(a) This paragraph applies to any humanitarian or fact-
finding mission of the United Nations System.

(b) Each High Contracting Party or party to a conflict, if
so requested by the head of a mission to which this para-
graph applies, shall:

(i) provide the personnel of the mission with the pro-
tections set out in sub-paragraph 2(b) (i) of this Article; and

(ii) if access to or through any place under its control is
necessary for the performance of the mission’s functions and
in order to provide the personnel of the mission with safe
passage to or through that place:

(aa) unless on-going hostilities prevent, inform the
head of the mission of a safe route to that place if such infor-
mation is available; or

(bb) if information identifying a safe route is not
provided in accordance with sub-paragraph (aa), so far as is
necessary and feasible, clear a lane through minefields.

4. Missions of the International Committee of the Red Cross
(a) This paragraph applies to any mission of the Interna-

tional Committee of the Red Cross performing functions
with the consent of the host State or States as provided for by
the Geneva Conventions of 12 August 1949 and, where ap-
plicable, their Additional Protocols.

(b) Each High Contracting Party or party to a conflict, if
so requested by the head of a mission to which this para-
graph applies, shall:

(i) provide the personnel of the mission with the pro-
tections set out in sub-paragraph 2(b) (i) of this Article; and

(ii) take the measures set out in sub-paragraph 3(b) (ii)
of this Article.

5. Other humanitarian missions and missions of enquiry
(a) Insofar as paragraphs 2, 3 and 4 above do not apply to

them, this paragraph applies to the following missions when
they are performing functions in the area of a conflict or to
assist the victims of a conflict:

(i) any humanitarian mission of a national Red Cross or
Red Crescent Society or of their International Federation;

(ii) any mission of an impartial humanitarian organiza-
tion, including any impartial humanitarian demining mis-
sion; and

(iii) any mission of enquiry established pursuant to the
provisions of the Geneva Conventions of 12 August 1949
and, where applicable, their Additional Protocols.

(b) Each High Contracting Party or party to a conflict, if
so requested by the head of a mission to which this para-
graph applies, shall, so far as is feasible:
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(i) provide the personnel of the mission with the pro-
tections set out in sub-paragraph 2(b) (i) of this Article, and

(ii) take the measures set out in sub-paragraph 3(b) (ii)
of this Article.

6. Confidentiality.  All information provided in confidence
pursuant to this Article shall be treated by the recipient in
strict confidence and shall not be released outside the force
or mission concerned without the express authorization of
the provider of the information.

7. Respect for laws and regulations.  Without prejudice to
such privileges and immunities as they may enjoy or to the
requirements of their duties, personnel participating in the
forces and missions referred to in this Article shall:

(a) respect the laws and regulations of the host State; and
(b) refrain from any action or activity incompatible with

the impartial and international nature of their duties.

Article 13 - Consultations of High Contracting Parties

1. The High Contracting Parties undertake to consult and
cooperate with each other on all issues related to the opera-
tion of this Protocol.  For this purpose, a conference of High
Contracting Parties shall be held annually.

2. Participation in the annual conferences shall be deter-
mined by their agreed Rules of Procedure.

3. The work of the conference shall include:
(a) review of the operation and status of this Protocol;
(b) consideration of matters arising from reports by High

Contracting Parties according to paragraph 4 of this Article;
(c) preparation for review conferences; and
(d) consideration of the development of technologies to

protect civilians against indiscriminate effects of mines.

4. The High Contracting Parties shall provide annual reports
to the Depositary, who shall circulate them to all High Con-
tracting Parties in advance of the Conference, on any of the
following matters:

(a) dissemination of information on this Protocol to their
armed forces and to the civilian population;

(b) mine clearance and rehabilitation programmes;
(c) steps taken to meet technical requirements of this Pro-

tocol and any other relevant information pertaining thereto;
(d) legislation related to this Protocol;
(e) measures taken on international technical information

exchange, on international cooperation on mine clearance,
and on technical cooperation and assistance; and

(f) other relevant matters.

5. The cost of the Conference of High Contracting Parties
shall be borne by the High Contracting Parties and States not
parties participating in the work of the Conference, in accor-
dance with the United Nations scale of assessment adjusted
appropriately.

Article 14 - Compliance

1. Each High Contracting Party shall take all appropriate
steps, including legislative and other measures, to prevent
and suppress violations of this Protocol by persons or on
territory under its jurisdiction or control.

2. The measures envisaged in paragraph I of this Article in-
clude appropriate measures to ensure the imposition of penal
sanctions against persons who, in relation to an armed con-
flict and contrary to the provisions of this Protocol, wilfully
kill or cause serious injury to civilians and to bring such
persons to justice.

3. Each High Contracting Party shall also require that its
armed forces issue relevant military instructions and operat-
ing procedures and that armed forces personnel receive train-
ing commensurate with their duties and responsibilities to
comply with the provisions of this Protocol.

4. The High Contracting Parties undertake to consult each
other and to cooperate with each other bilaterally, through
the Secretary-General of the United Nations or through other
appropriate international procedures, to resolve any prob-
lems that may arise with regard to the interpretation and ap-
plication of the provisions of this Protocol.

Technical Annex

1. Recording
(a) Recording of the location of mines other than re-

motely-delivered mines, minefields, mined areas, booby-
traps and other devices shall be carried out in accordance
with the following provisions:

(i) the location of the minefields, mined areas and areas
of booby-traps and other devices shall be specified accu-
rately by relation to the coordinates of at least two reference
points and the estimated dimensions of the area containing
these weapons in relation to those reference points;

(ii) maps, diagrams or other records shall be made in
such a way as to indicate the location of minefields, mined
areas, booby-traps and other devices in relation to reference
points, and these records shall also indicate their perimeters
and extent;

(iii) for purposes of detection and clearance of mines,
booby-traps and other devices, maps, diagrams or other
records shall contain complete information on the type, num-
ber, emplacing method, type of fuse and life time, date and
time of laying, anti-handling devices (if any) and other rel-
evant information on all these weapons laid.  Whenever fea-
sible the minefield record shall show the exact location of
every mine, except in row minefields where the row location
is sufficient.  The precise location and operating mechanism
of each booby-trap laid shall be individually recorded.

(b) The estimated location and area of remotely-delivered
mines shall be specified by coordinates of reference points
(normally corner points) and shall be ascertained and when
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feasible marked on the ground at the earliest opportunity.
The total number and types of mines laid, the date and time
of laying and the self-destruction time periods shall also be
recorded.

(c) Copies of records shall be held at a level of command
sufficient to guarantee their safety as far as possible.

(d) The use of mines produced after the entry into force of
this Protocol is prohibited unless they are marked in English
or in the respective national language or languages with the
following information:

(i) name of the country of origin;
(ii) month and year of production; and
(iii) serial number or lot number.

The marking should be visible, legible, durable and resistant
to environmental effects, as far as possible.

2. Specifications on detectability
(a) With respect to anti-personnel mines produced after 1

January 1997, such mines shall incorporate in their construc-
tion a material or device that enables the mine to be detected
by commonly-available technical mine detection equipment
and provides a response signal equivalent to a signal from 8
grammes or more of iron in a single coherent mass.

(b) With respect to anti-personnel mines produced before
1 January 1997, such mines shall either incorporate in their
construction, or have attached prior to their emplacement, in
a manner not easily removable, a material or device that en-
ables the mine to be detected by commonly-available techni-
cal mine detection equipment and provides a response signal
equivalent to a signal from 8 grammes or more of iron in a
single coherent mass.

(c) In the event that a High Contracting Party determines
that it cannot immediately comply with sub-paragraph (b), it
may declare at the time of its notification of consent to be
bound by this Protocol that it will defer compliance with
sub-paragraph (b) for a period not to exceed 9 years from the
entry into force of this Protocol.  In the meantime it shall, to
the extent feasible, minimize the use of anti-personnel mines
that do not so comply.

3. Specifications on self-destruction and self-deactivation
(a) All remotely-delivered anti-personnel mines shall be

designed and constructed so that no more than 10% of acti-
vated mines will fail to self-destruct within 30 days after
emplacement, and each mine shall have a back-up self-deac-
tivation feature designed and constructed so that, in combi-
nation with the self-destruction mechanism, no more than
one in one thousand activated mines will function as a mine
120 days after emplacement.

(b) All non-remotely delivered anti-personnel mines, used
outside marked areas, as defined in Article 5 of this Proto-
col, shall comply with the requirements for self-destruction
and self-deactivation stated in sub-paragraph (a).

(c) In the event that a High Contracting Party determines
that it cannot immediately comply with sub-paragraphs (a)
and/or (b), it may declare at the time of its notification of
consent to be bound by this Protocol, that it will, with re-
spect to mines produced prior to the entry into force of this
Protocol defer compliance with sub-paragraphs (a) and/or
(b) for a period not to exceed 9 years from the entry into
force of this Protocol.  During this period of deferral, the
High Contracting Party shall:

(i) undertake to minimize, to the extent feasible, the use
of anti-personnel mines that do not so comply, and

(ii) with respect to remotely-delivered anti-personnel
mines, comply with either the requirements for self-
destruction or the requirements for self-deactivation and,
with respect to other anti-personnel mines comply with at
least the requirements for self-deactivation.

4. International signs for minefields and mined areas.  Signs
similar to the example attached [1] and as specified below
shall be utilized in the marking of minefields and mined areas
to ensure their visibility and recognition by the civilian
population:

(a) size and shape: a triangle or square no smaller than 28
centimetres (11 inches) by 20 centimetres (7.9 inches) for a
triangle, and 15 centimetres (6 inches) per side for a square;

(b) colour: red or orange with a yellow reflecting border.
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Appendix F

Signatories to the Ottawa Convention
and Their Alternatives to Landmines

The Convention on the Prohibition of the Use, Stockpil-
ing, Production and Transfer of Anti-Personnel Mines and
on Their Destruction (known as the Ottawa Convention) was
open for signature from December 3, 1997, until its entry
into force on March 1, 1999, six months after it had been
ratified, accepted, approved, or acceded to by 40 countries.
After that date, no country was allowed to sign it and ratify it
later.  Countries could join (become a party to) the treaty,
however, through a one-step procedure known as accession.

As of September 2000, 107 countries had ratified, ac-
cepted, approved or acceded to the convention.  Although
few of these countries are actively searching for or develop-
ing alternatives to landmines, many are monitoring interna-
tional developments in this area; several countries are par-
ticipating in a North Atlantic Treaty Organization (NATO)
study on the consequences of the APL ban and possible tech-
nological alternatives that do not have the negative effects of
APL.  The Committee on Alternative Technologies to Re-
place Antipersonnel Landmines found a few instances of
countries other than the United States identifying or working
to identify alternatives to APL.

AUSTRALIA

An Australian company, Metal Storm, has developed an
all-electronic firing system that represents a breakthrough in
gun technology, which the company believes could lead to
“the development of an area denial weapons system to re-
place antipersonnel landmines” (Metal Storm, 2000a).  The
Australian Army has approved a three-year program for the
development of a prototype minefield-replacement mortar-
box system, utilizing Metal Storm technology (Metal Storm,
2000b).  Conceptually, this application would be similar in
operation to the U.S. Claymore and the French Sphinx-
Moder.  According to the company’s description, a man-in-
the-loop, after observing and identifying a target, would fire
a launcher sending a variety of projectiles into the pro-
tected area.

CANADA

The Canadian Centre for Mine-Action Technologies
(CCMAT), a joint initiative of the Department of National
Defence and Industry Canada, is mandated to “conduct
research and gather information to show that viable and more
humane alternatives [to APL], which do not target civilians,
can be developed.” CCMAT also conducts research on
demining technologies, medical treatment, and the rehabili-
tation of mine victims (CDND, 1998).  CCMAT is exploring
nonlethal alternatives only (ICBL, 2000). It is also conduct-
ing a series of studies “to determine the impact of removing
antipersonnel landmines on land force operations and to de-
termine if replacement technologies are necessary” (Roy and
Friesen, 1999).  The first volume in this series, a study on the
historical uses of APL, was made available to the Commit-
tee on Alternative Technologies to Replace Antipersonnel
Landmines.

According to the Antipersonnel Mine Operational Plan-
ning and Policy Guidelines for the Canadian Forces, Canada
would replace its APL with “a mix of sensors, command-
detonated weapons [such as the M-18 Claymore reclassified
as C19s], additional infantry, artillery, armour and air-
delivered weapons” (Fredenburg, 1997).

FRANCE

The Sphinx-Moder (described in Chapter 6) is designed
to fire wounding, warning, or practice munitions.  It is being
produced in series and has been adopted by the French Army
to take the place of antipersonnel mines.

JAPAN

The Japanese Defense Agency is developing an alterna-
tive weapon system to APL called the “antipersonnel ob-
stacle system,” which combines sensors and remote control.
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The system is detonated manually.  Until a new system is
developed, the Defense Agency will use “directional-
multiple-shots” as an alternative weapon (ICBL, 1999).

RUSSIA

Although Russia is not a party to the Ottawa Convention,
it has been focusing its efforts on the research and develop-
ment of landmine alternatives (ICBL, 2000).  Few details are
available, but researchers appear to be improving antiper-
sonnel munitions that would not be considered APL under
the convention, including munitions actuated by an operator
by radio, wire, or automatically after a definite period of
time.  Research on alternatives is being conducted by the
State Research and Development Engineer Institute and

the Science-Research Machinery Building Institute
(ICBL, 1999).

SWITZERLAND

Switzerland conducted an investigation of nonlethal APL
alternatives, video monitors, and various technical sensors.
However, the program did not lead to feasible results and
has been terminated (ICBL, 2000).

UNITED KINGDOM

The U.K. Ministry of Defence is investigating possible
nonlethal alternatives, but it is not yet known whether these
will be produced (ICBL, 2000).

Between September 2000 and the publication of this report, two countries ratified the convention:

Romania
United Republic of Tanzania

The following 107 countries had ratified or acceded to the Ottawa Convention as of September 2000:

Albania
Andorra
Antigua and Barbuda
Argentina
Australia
Austria
Bahamas
Bangladesh
Barbados
Belgium
Belize
Benin
Bolivia
Bosnia and Herzegovina
Botswana
Brazil
Bulgaria
Burkina Faso
Cambodia
Canada
Chad
Colombia
Costa Rica
Côte d’Ivoire
Croatia
Czech Republic
Denmark

Djibouti
Dominica
Dominican Republic
Ecuador
El Salvador
Equatorial Guinea
Fiji
France
Gabon
Germany
Ghana
Grenada
Guatemala
Guinea
Holy See
Honduras
Hungary
Iceland
Ireland
Italy
Jamaica
Japan
Jordan
Kiribati
Lesotho
Liberia
Liechtenstein

Luxembourg
Macedonia, FYR
Madagascar
Maldives
Malaysia
Malawi
Mali
Mauritania
Mauritius
Mexico
Moldova
Monaco
Mozambique
Nauru
Namibia
Netherlands
New Zealand
Nicaragua
Niger
Niue
Norway
Panama
Paraguay
Peru
Philippines
Portugal
Qatar

Rwanda
Saint Kitts and Nevis
Saint Lucia
Samoa
San Marino
Senegal
Seychelles
Slovakia
Slovenia
Solomon Islands
South Africa
Spain
Swaziland
Sweden
Switzerland
Tajikistan
Thailand
Togo
Trinidad and Tobago
Tunisia
Turkmenistan
Uganda
United Kingdom
Venezuela
Yemen
Zimbabwe
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The following 30 countries have signed the convention but have not ratified it and, therefore, are not yet parties to the
convention:

Algeria
Angola
Brunei Darussalam
Burundi
Cameroon
Cape Verde

Chile
Cook Islands
Cyprus
Ethiopia
Gambia
Greece

Guinea-Bissau
Guyana
Haiti
Indonesia
Kenya
Lithuania

Malta
Marshall Islands
Poland
Saint Vincent and the Grenadines
São Tomé e Principe
Sierra Leone

Sudan
Suriname
Ukraine
Uruguay
Vanuatu
Zambia

The following countries had not signed the convention as of December 2000:

Afghanistan
Armenia
Azerbaijan
Bahrain
Belarus
Bhutan
Central African Republic
China
Comoros
Congo (Brazzaville)
Cuba

D.R. Congo
Egypt
Eritrea
Estonia
Finland
Georgia
India
Iran
Iraq
Israel
Kazakhstan

Korea, North
Korea, South
Kuwait
Kyrgyzstan
Laos
Latvia
Lebanon
Libya
Micronesia
Mongolia
Morocco
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Appendix G

Mission Need Statements

BATTLEFIELD SHAPING AND FORCE PROTECTION
AGAINST PERSONNEL THREATS1

Defense Planning Guidance Element

This requirement responds to the following:

• Defense Planning Guidance for FY99-03, page 84, 2
July 1997 requires the development of a resource plan
addressing implementation of alternatives that meet
the President’s direction on Anti-Personnel Landmines
(APL).  Alternatives may be lethal, nonlethal, or a mix
of the two, but will discriminate if they are lethal.

• Emerging Joint and Service Concepts of Operations
(such as: Joint Vision 2010, Marine Corps Master Plan
for the 21st Century, Army After Next, Global En-
gagement, etc.).

• Presidential Decision Directives 48 and 54, and Public
Law 104-107 pertaining to the restricted use and ban-
ning of APL.

• Presidential statement of 17 September 1997 announc-
ing the United States goals to end use of pure self-
destructing APLs outside Korea by 2003.  In Korea,
alternatives are to be ready to replace pure APL (both
non-self destructing and self-destructing) by 2006.

In response to both domestic and international efforts to
restrict or ban the use of APL, the Department of Defense,
with CINC and Service participation, has conducted assess-
ments of APL utility as well as requirements for APL alter-
natives.  Materiel and non-materiel alternatives to provide
APL-like effects have been studied as part of the Office of
the Secretary of Defense Working Integrated Process Team
effort.  Preliminary work showed technological alternatives
that would have significant programmatic and operational
implications over the 99-03 FYDP.  Alternatives that protect

our service men and women while addressing humanitarian
concerns must be further explored and assessed.  Alterna-
tives must address CINC mission needs and be consistent
with US policy and goals.  The purpose of the MNS is to
facilitate development of alternatives that address critical
warfighting capabilities of battlefield shaping and force pro-
tection against personnel threats in full spectrum operations.

Mission and Threat Analyses

Mission

Military forces, operating in all environments and terrain,
across the full spectrum of military operations, require capa-
bilities for battlefield shaping and force protection that en-
hance operational and tactical flexibility.  These capabilities
must contribute to economy of force operations and provide
force multiplier effects.  Capabilities will enable deter, de-
lay, and deny effects oriented on identified personnel threats
using lethal and/or non-lethal means.  These capabilities will
enable friendly forces to:

• Delay, disrupt, and/or canalize enemy movement/
maneuver

• Deny enemy access to terrain or facilities (including
short and long term deterrent for boundaries and DMZ
areas)

• Enhancement of friendly force weapons, obstacles, and
munitions effects (including Anti-Tank mines)

• Generate exploitable delays and opportunities (fix or
contain enemy)

• Generate detection, alert, classification and/or early
warning

• Produce desired effects on enemy forces (non-lethal to
lethal)

• Reduce casualties/risk for U.S. and/or allied forces
• Deter pursuit to facilitate breaking of contact under

pressure
1 Landmine Alternatives Track III Broad Agency Announcement

DAAE30-99-BAA-0103
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The need exists to minimize risk to non-combatants while
applying these capabilities to protect friendly forces as they
shape the battlefield in a manner that recognizes economy of
force concerns and force multiplier issues.

Threat Analysis

The DIA validated threat is documented in the: Land
Threat Environment Projection Vol1 & 5, NGIC-1100-649-
96, Feb 96: Threat to US Ground Maneuver Forces, Vol5:
Special Operations Forces, NGIC-1100-653-97 Vol5, Nov
96.  Statements of the threat are also documented in the:
Marine Corps Intelligence Activity Mid-Range Threat Esti-
mate 1997-2007; Army Land Warrior System Threat As-
sessment (LWSTA) dated 7 August 1994; Section I.C.6. of
Defense Planning Guidance 1997-2001.  Operations across
the spectrum of conflict will expose US forces to threats
ranging from highly organized to loosely structured groups
of potentially hostile or adversary forces.  Personnel threats
will attempt to breach friendly force obstacles and barriers
designed to deter, delay, or deny hostile forces.

The Threat can vary from large concentrations of infantry
to localized numerically superior hostile personnel to small
units operating covertly across the spectrum of military op-
erations.  Asymmetric or symmetric, unconventional or con-
ventional threats, will operate in all terrain types and all en-
vironments to include urban areas and mega-cities, heavily
forested/vegetated areas, and mountainous terrain.

Current Deficiencies - Shortfalls

United States APL policy directs the military to find al-
ternatives for several fielded systems which are currently
providing battlefield shaping and force protection capability
against personnel threats.  Deficiencies of the existing sys-
tems which must be corrected are:

• Current APL are target activated and are not designed
to discriminate between combatants and non-combat-
ants (no target classification, sensing, combat ID).

• Current non-self destructing APL needed for extended
duration minefields are not designed to self destruct or
self deactivate, therefore posing a residual hazard.
Their target activation cannot be controlled (system
effectiveness, capability, and availability).

Fielded landmine systems impose both finite capability
and operational limitations/shortfalls on the military.  Limi-
tations/shortfalls refers to both enhancements to military
value and humanitarian concerns.  The following capabili-
ties and limitations/shortfalls should be addressed:

• Current APL do not provide an interrupt capability
between sense, warn and apply effect, nor do APL

systems provide flexible command destruct options
(command and control).

• Current APL apply only one level of force when acti-
vated (system capability).

• Hand emplaced minefields require a significant
amount of logistical support and are manpower inten-
sive; current self destruct APL systems are not recov-
erable or reusable (responsiveness, logistics).

• The obstacle or minefield is vulnerable to breaching
(system effectiveness).

• Obstacles or minefields can limit friendly force mobil-
ity (control, combat ID) and pose fratricide risks.

• No extended-duration lethal obstacle capability exists
to counter dismounted forces worldwide.

• Limited remote/autonomous ability for force protection.
• Limited ability to complicate and reconstitute obstacles.
• Current lethal pursuit deterrent / break in contact capa-

bility against personnel will not exist after 2003.

Timing and Priority

• Alternatives to Anti Personnel Landmines are high Na-
tional priorities.

• An ADAM/RAAM conversion effort will be complete
and in place by FY03.

• An APL-A full operational capability for USFK by
FY 06 is required.

• The need exists for an APL-A outside of Korea.

Nonmateriel Alternatives

No feasible combinations of changes to doctrine, organi-
zation, concepts or training have been identified that satisfy
the needs as constrained and defined in this MNS.

The OSD sponsored study conducted APL analysis at the
tactical and operational levels.  At both the Tactical and Opera-
tional levels, removal of APL from the combined arms synergy
of combat effects has created an additional burden on the
Tactics, Techniques and Procedures (TTP), organizational and
equipment infrastructure and force structure.  At the tactical
level, modeling concluded, in most scenarios, that only signifi-
cant increases in infantry or artillery can offset the loss of APL
with corresponding increased losses of friendly forces.  Addi-
tionally, Anti-handling Devices on Anti-Tank mines and
Claymores (M18A1) are important and necessary military
capabilities but are not effective as APL alternatives.  Opera-
tional level modeling identified force structure alternatives that
had the potential to perform APL functions, but required such
forces (CAS, artillery, cavalry, attack helos, MLRS, etc.) to be
in place and theater specific prior to commencement of hostili-
ties.  The loss of APL as a battlefield shaping and force protec-
tion asset will present a significant change to force ratios, force
multipliers and tempo of operations.
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Potential Materiel Alternatives

A variety of systems under development or available as
off-the-shelf technologies and systems provide sensing,
detection, delivery and effects that satisfy only portions of
suitable capability alternatives.  However, these alternative
solutions impose force structure implications and are not eas-
ily adapted to satisfy all environmental, terrain and opera-
tional tempos.  Furthermore, no system or simple system-of-
systems has been identified which addresses the missions
and deficiencies described previously.  Additional analysis
could occur in:

• C4ISR: Triggered detection devices (e.g., tripwire-
like) not activating the munition until an external com-
mand to fire is received, this link could also provide
command initiated self-dudding or destruction.

• Munitions: Replacement of current lethal munition
payload with nonlethal or a variable nonlethal-to-lethal
effects element or enhanced lethality munitions.

• Weapons: Joint Services Small Arms Program (Ob-
jective Individual Combat Weapon and Objective
Crew Served Weapon, etc.).

Constraints

Overarching Constraints

The defined level of mission capability for all weather
environments and under all terrain conditions across the full
spectrum of conflict must satisfy an around-the-clock duty
cycle.  The following general constraints on the capabilities
must be recognized:

• Able to provide target discrimination for lethal weap-
ons systems in accordance with dynamic Rules of En-
gagement (ROE).

• Enable rapid operational and tactical deployment, em-
ployment, and recovery.

• Provide event- as well as time-based initiated actions.
• Possess Joint Technical Architecture (JTA) compli-

ance for C4ISR interoperability.
• Comply with standards with regard to logistics, train-

ing, manpower, etc.
• Will not leave any greater residual hazards than non

APL systems.
• Must be developed under aggressive material devel-

opment timeline consistent with presidential policy.

Logistics

Weapons, munitions, and equipment with the capabilities
to satisfy this MNS must be supportable within the existing
Joint Service sustainment and maintenance concepts.  The
capability must possess Joint, Allied and coalition force
interoperability (Joint C4ISR Interoperability Doctrine) and

it must comply with transportation and employment stan-
dards with regard to logistics, training, and manpower.

Survivability

Solutions to this MNS will enhance and complement mis-
sion performance and will represent neither an operational
encumberment nor a mission detractor.  Requirements for
operation, maintenance, or support will not increase fratri-
cide, risk of attack or injury, or adversely impact on physical
and mental fatigue.  It is desired that the alternatives have
increased effectiveness against hostile breaching or counter-
measures.  Components will have the same NBC survivabil-
ity and decontamination survivability as currently fielded
systems.

Operational Environment

1. Full Spectrum of Conflict; Major Theater War to Peace
Operations.

2. Must include the capability to meet asymmetric threats
where lethal force may not be desired.  Scaleable to
the degree of threat and scope of operations.  Employ-
ment may be a system-of-systems, “layered defense”
approach.

3. Urban and Mega-cities (MOUT).
4. Weather and Terrain.  Solutions will operate and be

maintained in all types of climate and terrain where
US forces deploy.

5. Nuclear, Biological, and Chemical (NBC).  Hardening
to non-nuclear electromagnetic, radio interference and
blast overpressure is required.  Must be functional in
an NBC environment while wearing NBC protective
clothing, mission oriented protective posture IV gear.

MISSION NEED STATEMENT (MNS) FOR MIXED
LANDMINE SYSTEMS ALTERNATIVES

Defense Planning Guidance Element

The purpose of this MNS is to facilitate development of
alternatives to the Anti-Personnel (AP) submunitions in
mixed landmine systems and/or to the entire mixed landmine
system that addresses and responds to critical warfighting
capabilities across the continuum of potential conflict.  Al-
ternatives must address both combatant Commanders in
Chief (CINC) needs and be consistent with US policy goals
and objectives.  Current systems meet the combatant CINCs’
requirements, and it is a warfighting imperative that gaps in
capabilities not occur.  This requirement responds to the fol-
lowing:

• Presidential Decision Directive/NSC-64 (PDD-64) of
23 June 1998.  PDD-64 expands upon and strengthens
US APL policy established in PDD-48 and PDD-54.
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The PDD directs the Department of Defense to inves-
tigate the use of alternatives to existing Anti-Person-
nel Landmines (APLs) to replace the anti-personnel
submunitions in mixed anti-tank mine systems and to
actively explore the development of other technolo-
gies and/or tactical operational concepts which may
result in a new, innovative approach to barrier systems
that could replace the entire mixed munition; be ad-
vantageous militarily, cost effective, and safe; and
eliminate the need for mines entirely.

• Defense Planning Guidance (DPG) for FY99-03 of 2
July 1997.  The DPG requires development of a re-
source plan to implement the President’s direction on
anti-personnel landmines.

• Office of the Under Secretary of Defense for Policy
Report to the Secretary of Defense on the Status of
DOD’s Implementation of the U.S. Policy on Anti-
Personnel Landmines of May 1997.  The report sum-
marizes DOD direction to seek technological alterna-
tives to APL and to review/modify operational doc-
trine, tactics and plans to reduce and ultimately elimi-
nate reliance on APL.

Mission and Threat Analyses

Mission

Military forces, operating in all environments and terrain,
across the full spectrum of military operations, require capa-
bilities for battlefield shaping and force protection that en-
hance operational and tactical flexibility and set conditions
for friendly dominant maneuver.  These capabilities must
contribute to economy of force operations and provide force
multiplier effects against mounted and dismounted forces.
They must degrade enemy capabilities and disrupt enemy
maneuvers and operational tempo.  Mission essential system
capabilities include the ability to:

• Enhance the effects of close and deep friendly fires.
• Provide multiple methods of delivery.
• Provide a range of effects that inhibit mounted and

dismounted maneuver.
• Resist the full spectrum of enemy breach methods in-

cluding dismounted means.
• Provide early warning of a ground attack.

Additional warfighting needs include:

• Safety of use to own forces.
• Effectiveness in all types of terrain and weather.
• Minimization of residual hazard to own forces and

non-combatants after military conflicts.
• Difficulty of detection by enemy forces.
• Minimization of fratricide.
• Selectable degree of effects against mounted and/or

dismounted threat.

• Controllable activation/deactivation and duration be-
fore and after installation.

• Effectiveness in nuclear, chemical and biological en-
vironments.

• Ease and efficiency of distribution.

Threat Analysis

Operations across the spectrum of conflict will expose
US forces to threats ranging from organized, conventional
forces to loosely structured groups who fight symmetrically
and asymmetrically.  US forces will potentially be outnum-
bered and continue to face these threats in all terrain and
environments.  Enemy forces will equip themselves with in-
creasingly advanced weapons and sophisticated countermine
equipment.  The dismounted soldier will continue to play a
key role both in ground combat and in clearing the way for
mounted forces irrespective of the type of opposing force.
Military operations in areas with large populations of non-
combatants (urban areas) are expected to increase in fre-
quency of occurrence.  The DIA validated threat is docu-
mented in the:

• Land Threat Environment Projection (LTEP) Volume
1: Threat to US Ground Maneuver Forces, NGIC-
1100-649-96 Feb 96 and Volume 5: Special Opera-
tions Forces, NGIC-1100-649-97

• Marine Corps Expeditionary Warfare Threat Environ-
ment Projections (EWTEP) Executive Summary,
MCIA-1234-001-98 and Volume 3: Direct Fire and
Maneuver, Fire Support, and Engineering, MCIA-
1143-001-98

• Marine Corps Intelligence Activity Mid-Range Threat
Estimate 1997-2007

• Director Testimony to Senate Armed Services Com-
mittee on Worldwide Threat 1999

• Army Land Warrior System Threat Assessment Re-
port (LWSTAR), 15 June 1998

• Agile Combat Support Threat Environment Descrip-
tion (TED), NAIC-1571-0664-98, July 1998.

Current Deficiencies - Shortfalls

While current systems meet the combatant CINCs’ re-
quirements, there are several system specific deficiencies
that, if corrected, would enhance the warfighting capability.
These deficiencies include:

• Susceptibility to increasingly sophisticated
countermine methods.

• Reliance on pre-determined self destruct.
• Limited effectiveness in restricted and urban terrain.
• Logistically burdensome.
• Does not adequately contribute to situation awareness.
• No selectable target effect options.
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A complete loss of current systems would create a greater
set of deficiencies that would promote significantly higher
levels of risk to US personnel and mission accomplishment.
Regardless of region, nature of conflict or adversary, the ca-
pability afforded by our current systems must be retained as
a minimum level of performance or must be enhanced.

Timing and Priority

The development of Mixed Landmine System Alterna-
tives has been identified as a major DOD priority.  Timing
goals and objectives for the development of alternatives are
outlined in PDD-64.  Militarily advantageous, cost effective
and safe alternatives must be fielded before ending the use
of our current systems.

Nonmateriel Alternatives

No feasible combinations of changes to doctrine, organi-
zation, concepts or training have been identified that satisfy
the needs defined in this MNS.  OSD-sponsored studies at
the tactical and operational levels show that elimination of
mixed systems significantly increases risk and reduces ef-
fectiveness of the force.  Tactical level modeling concluded
that even significant increases in maneuver forces and sup-
porting arms result in increased US combat losses and also
cannot fully offset the loss of mixed systems.  Additionally,
M18 Claymore mines and anti-handling devices (AHD) on
AT mines are important and necessary military capabilities
but cannot substitute for mixed munitions.  Operational level
modeling identified force structure alternatives that had the
potential to perform the battlefield functions of mixed sys-
tems but required a broad-spectrum of additional forces (tac-
tical air, artillery, cavalry, attack helicopters, Multiple
Launched Rocket System (MLRS), etc.) to be in place prior
to commencement of hostilities.  The loss of mixed system
munitions as a battlefield shaping and force protection asset
will present a significant negative change to force ratios,
force multipliers and tempo of operations.  No change in
doctrine alone offsets the loss of mixed systems without as-
sociated changes in force structure.  Replacement of mixed
system munitions by other types of obstacles is not as effec-
tive, mandates an increase and reallocation of men and equip-
ment, and detracts from other missions.

Potential Materiel Alternatives

The variety of systems fielded, under development or
available as off-the-shelf technologies satisfy only portions
of the required capabilities.  In addition, these alternative
solutions have force structure implications and are not easily
adapted to satisfy all operational tempos and weather and
terrain conditions.  Since no system or system-of-systems
has yet been identified that fully addresses the missions and
deficiencies described previously, additional analysis is

required to determine how critical technologies can be
effectively integrated into a robust system.  These critical
technologies include sensors and target recognition, com-
mand and control, nonlethal and lethal munitions and ef-
fects, and communication/low power networks.  Emphasis
should be placed on these system characteristics: tunable
munitions effects, countermeasure resistance, all terrain and
weather operation, target identification and tracking, early
warning, and situational awareness.

Constraints

Key Overarching Constraints

The new system must have the ability to support the full
spectrum (or range) of military operations from peace opera-
tions to full military conflict.  It should be designed to ad-
dress dismounted, mounted, or a combination of these two
types of threat maneuver methods.  The new system must be
all weather capable during delivery/emplacement and after
activation.  It should be able to be deployed and operate in
all types of terrain and vegetation, to include steep gradient
mountains, urban areas and the littorals.  The new system
should be effective on hard road surfaces independent of the
delivery method.  The new system design should be easily
incorporated into inter-service tactics, techniques, and pro-
cedures utilizing current platforms where possible, and
interoperable with other coalition and allied military forces.
Communications and computer equipment should be de-
signed to be compliant with the Defense Information Infra-
structure Common Operating Environment (DII COE), Joint
Technical Architecture (JTA) as well as interoperable with
existing U.S. forces inventory [C4ISR], and allied forces.
The new system should address all MANPRINT domains to
enable rapid, safe and reliable deployment of the equipment.
The system should be able to be employed throughout the
theater of operation either by hand or utilizing remote air
delivery methods.  The design should allow the system to
operate without degradation in a biological/chemical envi-
ronment, and should have the same operational survivability
as similar existing systems in a nuclear environment.  The
design must allow for the system to be removed or rendered
inoperable once the tactical situation requires that the new
system’s effects be removed from the battlefield.  If the sys-
tem is destroyed, it must minimize residual hazards.  The
system or its sub-components must not be controllable or re-
useable by belligerents at any time.

Logistics

The maintenance concept for the new design should in-
corporate common troubleshooting and repair procedures
and should not require new military occupational skills or
additional manpower to operate or maintain the system.  The
system should be able to be configured for transportation in
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U.S. and allied countries using common light, medium, and
heavy ground haul assets as well as military air and sea plat-
forms.  The total system design should incorporate minimum
packaging materials and be packaged so that the new system
can be stackable, storable, and easily inspected throughout
its shelf life.  Packaging for an individual system intended
for hand-emplacement should incorporate MANPRINT
design features focusing on lightweight characteristics.

Survivability

The new system should be capable of airborne and re-
mote delivery conditions in all expected operational envi-
ronments and conditions.  The system should be re-useable
if not fully deployed, and the design should incorporate all
MANPRINT domains to ensure the system is durable.  The
new design should make the system resistant to common
battlefield effects, including small arms (up to .50 cal), small
fragmentary (hand grenade), fire, overpressure, and radio

frequency signals.  The new system should be recoverable,
corrosion resistant, electro-magnetic pulse hardened, and
remain functional after biological or chemical attack con-
tamination.

Operational Environment

The new system must be insensitive to the wide range of
weather effects where U.S. forces deploy, both during the
delivery/emplacement and after activation of the system, to
include effects from wind, lightning, fog, rain, snow and pre-
cipitation in general.  Once activated, the system must oper-
ate in the residual and time-based effects of weather to in-
clude build up of snow, ice, frost, and mud to provide an
around-the-clock duty cycle operational capability.  If sen-
sors are incorporated in the new design, they must be able to
operate in extreme hot and cold environments and should be
insensitive to temperature cycles associated with diurnal
temperature variations.

Copyright © National Academy of Sciences. All rights reserved.

Alternative Technologies to Replace Antipersonnel Landmines 
http://www.nap.edu/catalog/10071.html

http://www.nap.edu/catalog/10071.html


Copyright © National Academy of Sciences. All rights reserved.

Alternative Technologies to Replace Antipersonnel Landmines 
http://www.nap.edu/catalog/10071.html

http://www.nap.edu/catalog/10071.html

