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INTRODUCTION

The basic mission of the US Army is to fight and win in combat. Training soldiers, leaders, and units is the
vital ingredient that ensures the readiness of the force to accomplish this mission. To be effective, training
must provide soldiers with opportunities to practice their skills in the field. Conditions should be tough and
realistic as well as physically and mentally challenging. Recently, the Army has created a family of training
ranges designed to develop and improve soldier and team proficiency and competence in the use of sophisti-
cated weaponry. Individual soldier proficiency and collective training ranges that realistically portray com-
bat conditions help mold the team into an effective fighting unit.

Today’s ranges are equipped with computer-controlled equipment. This equipment enables trainers to
develop scenarios and to control targetry and battlefield simulation devices so that soldiers can practice war-
time mission tasks in a stressful battlefield environment. Computerized systems also provide soldiers with
feedback on their performance. This enables them to recognize their errors and correct them. At the same
time, it recognizes positive actions. This reinforces correct procedures and fosters soldiers’ confidence.
After-action reviews conducted by unit leaders, using data recorded during training, provide information for
critiquing unit performance. Accurate feedback helps soldiers learn procedures and techniques on the train-
ing range that will save lives and achieve success on the battlefield.

Although training ranges have been greatly upgraded and improved to support the modern force, much still
remains to do. The Army is developing more lethal weapons capable of delivering greater firepower over
greater distances. As these weapons are introduced during the next decade and into the twenty-first century,
range planners and designers must be prepared. Training ranges are needed that let soldiers use their
weapons fully either through live-fire, subcaliber devices, or laser and simulation technology. In an era of in-
tense resource competition, each defense dollar spent to develop and upgrade training ranges must deliver
the maximum return in effective training and, ultimately, combat readiness. The challenges are great. With
greater firepower and maneuver capability, the requirement for range land increases. However, the
availability of training land is decreasing as land development expands. The impact on endangered species,
soil erosion, and tidal and nontidal wetlands and the contamination of impact areas become increasing con-
cerns.

One successful approach is developing ranges capable of supporting training for several purposes, weapons,
or combined arms. For example, training on an automated field-fire (AFF) range and an automated record-
fire (ARF) range can be provided on a single modified record-fire (MRF) range. Using an MFR results in
considerable savings in additional land over construction of two separate ranges. Another option is using
laser devices or simulators on multipurpose ranges. Range planners should be innovative in seeking alterna-
tives to fulfilling training requirements. At the same time, they must consider the need for ranges to support
surge training requirements on short notice in the event of mobilization. In short, range development
projects require careful, deliberate planning by a team of trainers, engineers, safety specialists, and resource
managers. Command interest and support are essential to each step of the development process. Accurate,
complete justification ensures that resource expenditures provide an optimum return.
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PREFACE

This training circular provides information on new standard ranges developed since the last revision. DA
Pam 385-XX provides instructions and criteria for developing surface danger zones (SDZs) for weapons
fired on Army and Marine Corps ranges that were previously included in AR-385-series safety regulations.
Together with AR 210-21, this circular provides guidance for developing and operating Army and Marine
Corps ranges. It is designed to be a working guide for trainers, range and mobilization planners, engineers,
coordinators, and range project review boards at all levels of the Active Army, Army National Guard, and
Army Reserve. It is a primary guide for installation and MACOM range development plans and for develop-
ing the Army master range plan (AMRP).

The proponent for TC 25-8 is the US Army Training Support Center (ATSC). Submit comments and recom-
mendations on DA Form 2028 (Recommended Changes to Publications and Blank Forms) directly to Com-
mander, US Army Training Support Center, ATTN: ATIC-RTSR, Fort Eustis, Virginia, 23604-5166.

Unless this publication states otherwise, masculine nouns and pronouns refer to both men and women.
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CHAPTER 1

MODERN RANGES

range—(NATO) An area reserved and normally equipped for practice in weapons delivery and/or shooting at targets.
Also called “target range.”

JCS Pub 1-02

INTRODUCTION
Early in the 1980s the Army began modernizing its
combat force using technological advances to in-
crease the lethality of its weapon systems. Weapons
were developed that shoot projectiles over greater
distances with larger bursting areas. Tanks and other
fighting vehicles were improved to cover more
ground at faster speeds and deliver more firepower
to the battle area. Attack helicopters added another
dimension to the modern battlefield as part of the
combined arms effort.
While these advances were being introduced, the
resources available to support training did not keep
pace. There has been no concerted effort to modern-
ize ranges in conjunction with the weapon systems
they support since World War II. In fact, as weapon
capabilities improved, an almost simultaneous
degradation of resources and opportunities for train-
ing occurred. As real estate became more valuable,
land development led to populated areas in proximity
to training areas and firing ranges. This situation
restricted maneuver and constrained live firing as
noise abatement became a political issue in local
communities. What resulted was an inventory of
highly technical modern weaponry with a significant
increase in potential combat power. At the same
time, inadequate training opportunities prevented
soldiers from developing the expertise to exploit the
full built-in lethality of their weapons. Thus, the
combat power of modern weapon systems was not
fully utilized because soldiers were not trained to get
the most from them.
THE RANGE MODERNIZATION PROGRAM
Based on the imbalance between weapons
capabilities and operator proficiency, the Army took
action to —

Increase training resources.
Improve training quality.

Provide greater opportunities for realistic
training.
Develop standards to qualify soldiers in
weapons operation.

Army doctrine requires combined arms teamwork
and synchronization. Units must prepare in peace to
conduct combined arms operations in war.
Proficiency in combined arms results from regular
practice in combat missions and tasks. It starts with
the development of individual skills. Individual
skills, in turn, serve as a basis for building unit
proficiency at crew, squad, section, platoon, and
company team levels through collective training.
Finally, the combined arms team and its combat
support integrate into task organizations for brigade-
level training.
Modernization of Army ranges under the Army
Range and Training Land Program (RTLP) was in-
itiated to support this doctrine. Ranges were
designed and constructed for soldiers to develop
skills in individual weapons and weapon systems.
They also support unit training to standards estab-
lished in Army Training and Evaluation Program
(ARTEP) mission training plans (MTPs). Multiuse
ranges were introduced to reduce the costs of con-
struction and operation. They permit several levels
of training with a variety of weapons on the same
range. Many of these ranges support collective train-
ing for small units and, in some cases, opportunities
for combined arms training of brigade slices in force-
on-force maneuver exercises.
State-of-the-art electronic and computer technol-
ogy was employed to equip ranges with target
remote control and target-holding mechanisms.
Battle-effects simulation devices were also
employed. These devices can be programmed
to depict battlefield conditions realistically
under a variety of offensive and defensive
scenarios. Computers record hits and misses, ena-
bling trainers to analyze performance and provide
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corrective instruction. They also help trainers to
analyze overall performance and conduct accurate
after-action reviews. These and other training
devices developed during the decade create stressful,
challenging conditions to train soldiers as they will
tight. Chapter 6 of this circular provides detailed
information on Army standard ranges.
Standardization of ranges has been a goal of the
RTLP since its inception. Standardization–

Establishes a family of ranges, each designed
to provide training of one or more well-
defined requirements. This eliminates a
proliferation of ranges for one-of-a-kind
training.
Bases range size and configuration on the
types and strengths of the units that the range
will support. The quantity of tiring positions
and target emplacements can be tailored to
user needs, thereby making the most effective
use of the range.
Provides precise training to meet stand-
-ardized weapons qualification and sustain-
ment training requirements. This assesses
combat readiness and prepares individuals
and units for advanced training.
Fosters development of standard procedures
that lead to a common understanding of force
employment.
Provides accurate knowledge of throughput
capabilities of ranges for mobilization plan-
ning. This lets mobilization planners deter-
mine the maximum number of ranges needed
to meet training requirements.

Standard design manuals have been prepared for
modernized and standardized ranges included in the
RTLP. These manuals provide layouts of tiring posi-
tions, lanes, and target arrangements. They serve as
guidelines for range planners, architects, and con-
struction contractors. However, flexibility is
retained because range development projects must
be individually adapted to local throughput, terrain,
surface danger zone placement, and environment.
These conditions may dictate variances in the num-
ber of lanes and targets and in the general configura-
tion of ranges from one location to another.
The RTLP has established state-of-the-art
automated ranges throughout the Army, both in the
continental United States and overseas. The pro-
gram includes Active Army, Reserve Component,

and Army National Guard installations. Ranges
vary. Automated field-fire ranges provide entry-
level familiarization with the M16A1/A2. Highly
sophisticated multipurpose range complexes
(MPRCs) support collective training at the platoon
level. In some cases, they support company-level
combined arms live-fire exercises (CALFEXs)
where the MPRC can be augmented with adjacent
ranges and maneuver areas and with additional tar-
getry. Requirements for construction of over 500
ranges have been identified. Department of the
Army, Deputy Chief of Staff for Operations and
Plans (DCSOPS), centrally manages this program.
DCSOPS coordinates the following activities of the
US Army Training and Doctrine Command, Corps
of Engineers, Materiel Command, and other
MACOMs concerning training ranges:

Prioritizing.
Scheduling.
Planning.
Funding.
Constructing.
Achieving operational readiness.

FUTURE OUTLOOK
Weapons systems currently planned or under
development, such as the M1A2 tank, the future
infantry fighting vehicle (FIFV), and the light
helicopter (LH), will require greater land resources
to contain expanded SDZs. Costs of ordnance used
for training and qualifying will increase. Increased
operational tempos (OPTEMPOs) will also incur
greater costs. Greater reliance on weapon system
training simulators, embedded training devices, and
other non-live-fire tactical engagement simulation
systems can avoid or offset many of these costs. Plan-
ning for range development and range upgrades must
anticipate the impact of new weapon systems and
training devices.
Ranges are expected to evolve along two parallel
tracks: live-fire and simulated tactical engagements
using nonfiring systems such as the multiple in-
tegrated laser engagement system (MILES). Al-
though the emphasis on multiple uses for ranges will
continue, constraints on land and dollar resources
will limit future construction of large range com-
plexes. Long-range, direct-fire gunnery training will
concentrate in areas capable of containing projec-
tiles in existing SDZs or with land available to expand
SDZs. Where expansion is not possible, other
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answers must be found, such as shared use of ranges
or use of nonfiring means.
Targetry control and scoring will improve further.
Enhanced computer-controlled targetry will provide
more latitude to program training scenarios. It will
permit event- rather than time-driven target activa-
tions. Voice-recognition systems linked with range
control computers will permit trainers and instruc-
tors to play a direct role in activating targets to keep
pace with the evolving battle situation. Range in-
strumentation systems incorporating position loca-
tion technology will identify units and track their
relative location to targets. Improved hit sensors,
thermal imagery, and round discriminators will pro-
vide more accurate scoring and feedback on shooter
performance. Through-sight video systems will con-
firm gun-laying accuracy and provide additional per-
formance feedback. Battlefield effects will be
enhanced as targets are equipped with “shootback”
simulators. Casualty assessment systems will be in-
troduced to determine the effects of indirect fire.

Holographic systems that display target imagery to
armored vehicle commanders and gunners during
tactical movement exercises will provide added
realism. Observer-controllers equipped with
electronic clipboards containing training and evalua-
tion outlines (T&EOs) will give more effective train-
ing performance feedback and evaluation.
Modern weapon systems will continue to increase in
lethality, maneuverability, speed, and versatility.
Fire-control and target engagement subsystems have
increased accuracy as well as day-night and all-
weather capabilities. Training in the effective
employment of these weapons must keep pace with
new developments as they are introduced into the
Army inventory. Emphasis must be on training dedi-
cated personnel to operate and maintain sophisti-
cated ranges and equipment. Resource restraints
require imagination and innovation from trainers,
range planners, and system developers to ensure that
the current high level of combat readiness is sus-
tained through relevant training facilities.
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CHAPTER 2

TRAINING AREAS AND CENTERS

INTRODUCTION
Army training teaches, sustains, and maintains in-
dividual and collective skills. Ranges and training
areas are grouped progressively by level of training—
from individual soldier qualification skills, through
integrated live-fire and maneuver unit training to
large-scale force-on-force exercises using training
devices.
Three types of training areas lead to progressively
higher levels of proficiency local training areas
(LTAs), major training areas (MTAs), and combat
training centers (CTCs). Home-station training is
conducted on facilities under an installation’s
direct purview, usually limited by contiguous
boundaries. LTA and MTA training conducted on
the same piece of real estate is considered home-
station training. Home-station training areas and
ranges at Army schools use a combination of ran-
ges and training devices or simulators to develop
soldier and crew proficiency and to exercise small-
unit mission-essential task list (METL) tasks.
In addition, overseas locations frequently arrange for
maneuver rights areas (MRAs) with local jurisdic-
tions and landowners. This provides opportunities
for periodic maneuver training on land not directly
controlled by the Army.
Local and major training areas support operational
unit collective training through a combination of
standardized ranges that have built-in versatility to
accommodate a variety of weapons and weapon sys-
tems. Stationary and moving targets, remotely
controlled and supplemented with battlefield
weapons effects simulators, provide oppor-
tunities to train to fight under challenging condi-
tions using target arrays that accurately portray
threat forces. Combat training centers offer
tough, stressful, full-scale exercises for
maneuver battalions and command and control
headquarters. These exercises focus on missions
and tasks that enable the unit to improve perfor-
mance, capitalize on its strengths, and exploit enemy
vulnerabilities in follow-on training.

LOCAL TRAINING AREAS
Active Component (AC), CONUS
Typically, home-station training for individual
weapons proficiency and unit collective train-
ing to battalion ARTEP level occurs in the
LTA. LTA facilities allow familiarization, qualifica-
tion, and sustainment training with minimum impact
on OPTEMPO resources for travel to and from other
types of training areas. Training facilities are focused
on individual through platoon weapons proficiency
and battalion ARTEP maneuver requirements.
LTAs provide a means to apply lessons learned from
CTC training experiences to sustain combat readi-
ness up to platoon live-fire and company maneuver.
Scaled ranges, tactical engagement simulation sys-
tems such as MILES, and other weapon system train-
ing simulators reduce the need for extensive land
areas to train and to contain weapon system SDZs.
Overseas and Reserve Component (RC)
Training land and range availability at overseas instal-
lations and communities usually precludes LTA
training as described for the CONUS AC above. RC
centers, armories, and weekend training sites
(WETSs) typically face the same constraints. None-
theless, these installations, communities, centers, ar-
mories, and WETSs are LTAs. Training proceeds to
the extent available resources will support it. (This
training typically includes individual and limited col-
lective weapons proficiency and small-unit maneuver
training.)
MAJOR TRAINING AREAS
An MTA usually has enough range and training land
resources to support—

Collective live-tire proficiency.
Combined arms live-fire exercises.
Annual battalion ARTEP evaluations.

MTAs are usually geographically separate from
LTAs. They support units from more than one LTA;
for example:

CONUS – Yakima Firing Center, Washing-
ton; Hunter-Liggett, California.
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OCONUS – Grafenwoehr, Wildflecken, and
Hohenfels Training Areas, Germany;
Pohakaloa Training Area, Hawaii.

Units conducting training at MTAs concentrate on
large-unit collective fire (platoon through battalion)
and maneuver (battalion or brigade) training accord-
ing to doctrinal strategies and standards. MTA train-
ing builds on the training proficiency achieved at
LTAs. An MTA provides training to sustain lessons
learned from CTC experiences that LTAs cannot
tactically or doctrinally accommodate. At some
locations physical size of contiguous boundaries sup-
ports individual weapons proficiency and both small-
and large-unit collective training simultaneously for
tenant activities (for example, Ft Hood, Texas).
COMBAT TRAINING CENTERS
The Army has designated four CTCs as premier
training centers for large-unit fire and maneuver
training. Computer-controlled instrumentation sys-
tems are an integral part of the CTCs. These systems
support training feedback to units. Data gathered
during maneuver exercises provides a source for unit
sustainment of training lessons learned. The data is
used to improve doctrine, training, organization,
materiel, and leadership. The four CTCs are —

National Training Center (NTC), Fort Irwin,
California.
Combat Maneuver Training Center
(CMTC), Grafenwoehr (live fire) and
Hohenfels (maneuver) Training Areas, Ger-
many.
Joint Readiness Training Center (JRTC)
(provisional), Fort Chaffee, Arkansas.
Battle Command Training Program (BCTP),
Ft Leavenworth, Kansas.

The Battle Command Training Program consists of a
series of simulation exercises that support training
for division through echelons above corps battle
staffs in employing and synchronizing maneuver units
and combat service support units. The BCTP can be
electronically linked with units training at other tac-
tical CTCs.
Tactical CTCs focus on brigade task force training
using a combination of live-fire ranges and maneuver
training land. The Army’s training goal is for every
AC and round-out RC battalion to experience the
rigorous and realistic training environment offered at

the tactical CTCs during a commander’s tour. Or-
ganic to tactical CTCs are –

A dedicated opposing force unit.
Assigned observer-controllers.
State-of-the-art instrumentation not available
at MTA and LTA sites.

CTCs need enough land to doctrinally accommodate
fire and maneuver training using multiple scenarios
over varied terrain. This allows for potential
rehabilitation of the land and precludes over-
familiarization with the terrain, which detracts from
training realism.
TRAINING AREA FUNCTIONAL USES
Local Training Areas
The force modernization program of the 1980s
has dramatically affected the use of ranges to
support both live-fire and device-based train-
ing. A significant increase in the demand for
time to spend on collective training at major
training areas has occurred. As a result,
greater reliance must be placed on the use of
local training areas to conduct individual
training and the initial stages of collective
training. LTAs include cantonment areas at
installations as well as RC centers and ar-
mories. The close proximity of LTAs to troop
billeting areas allows easy access to ranges,
thereby decreasing or eliminating travel time
and expenses. Range baffling systems (see
Appendix E) should be considered for small-
arms ranges where space is not available for
impact areas. While elaborate facilities are not
required, commanders may consider establishing a
simulation center. The center could consist of–

1:30 or 1:60 (1:5 or 1:10) scaled ranges for
crew gunnery practice.
A conduct-of-fire trainer for fire control ex-
ercises.
A battle simulation room to maintain staff
proficiency.

Tactical engagements can be simulated using MILES
to overcome the space limitations on live firing.
Training at LTAs is important to achieve and main-
tain soldier and crew proficiency and to prepare for
more advanced collective training at both MTAs and
CTCs.
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Major Training Areas
An MTA provides capabilities to train Active Army
and RC units for large-scale collective unit training
using live-fire or MILES during day and night exer-
cises. The primary focus of an MTA is to provide a
regional location where units from LTAs can build on
their home-station training. Ranges and training
land available at MTAs provide training that cannot
normally be achieved at an LTA.
MTA ranges allow firing of supporting weapons in-
cluding close-air support. The ranges also allow in-
tegration of combat support and service support
functions in a battlefield environment. Tactical
engagement simulation should be incorporated at all
levels. The collocation of an MPRC, a multipurpose
training range (MPTR), and an infantry squad battle
course (ISBC) immediately adjacent to each other is
desirable for an MTA. This accommodates CAL-
FEX and other forms of combined arms training
using a wide variety of weapon systems and units of
the Active and Reserve Components. Collocating
these facilities affords the land area and target arrays
required to train company through battalion engage-
ments. Although primarily designed for M1A1
Abrams tank and M1/M2 Bradley Fighting Vehicle
training, all armor and fighting vehicle weapon sys-
tems can be trained on the MPRC-heavy (MPRC-H).
Air defense, field artillery, and attack helicopters can
be included in combined arms scenarios. The
MPRC-light (MPRC-L) predominantly supports up
to company-size light infantry, airborne, and air as-
sault forces as well as platoon-size heavy forces.
MTA maneuver areas provide enough land area to
train multiple battalion or brigade ARTEPs to
doctrinal strategies and standards. MTA maneuver
areas also allow for limited force-on-force capability.
Lessons learned from unit battalion CTC experience
can be exercised at an MTA and are highly recom-
mended before a CTC rotation.
Combat Training Centers
Combat training centers provide an advanced collec-
tive training experience for combat, combat support
(CS), and combat service support (CSS) units of the
AC and RC. AC and RC maneuver battalions and
their CS/CSS slice are programmed to receive CTC
training at least once during a commander’s tour of
duty. Computer-controlled instrumentation systems
form an integral part of CTCs to support training
feedback to units. In contrast to MTAs, CTCs are

provided with a dedicated opposing force
(OPFOR) specifically trained in threat tactics,
observer-controllers (OCs), and instrumentation.
During force-on-force engagements, a sophisticated
instrumentation system is employed to collect,
report, and store real-time location and engagement
event data from MILES-equipped participants.
This information is used to prepare after-action
reviews (AARs) and postexercise take-home pack-
ages (THPs) using automated audio, video, and
computer-generated media. An AAR provides an
objective evaluation of a unit’s performance. A THP
lets the unit replay a training exercise at an LTA or
MTA, focusing on areas that need improvement to
attain force readiness. Arrays of automated, radio-
controlled targets are distributed over a 5 km X 10
km area for the two live-fire ranges. On the offensive
live-fire range, the battalion task force employs
maneuver and live-fire weapon systems to attack a
defending force represented by an appropriate tar-
get array. On the defensive range, the battalion task
force engages a target array programmed to repre-
sent an advancing motorized rifle regiment.
National Training Center. The NTC, Fort Irwin,
California, established in 1982, has become the
model for the Army CTC program. CONUS-based
heavy-maneuver battalions experience a grueling
force-on-force engagement against an OPFOR. The
OPFOR is organized and trained to replicate a no-
tional threat motorized rifle regiment. During rota-
tions to the NTC, battalion task forces also train on
offensive and defensive live-fire ranges. They use all
organic and supporting direct- and indirect-fire
weapon systems, including artillery and US Air Force
close-air support.
Joint Readiness Training Center. Training of contin-
gency forces (light infantry, ranger, airborne, air as-
sault, and special operations) in joint operations is
provided at the JRTC. A prototype of the JRTC
presently operates at Fort Chaffee, Arkansas.
Scenarios include forced and nonforced entry and
special operations missions. These scenarios are
conducted in conjunction with elements of the US
Air Force Tactical Air Command (TAC) and the
Military Airlift Command (MAC). The JRTC sup-
ports tactical engagements against an OPFOR using
MILES in day and night exercises. Capabilities
planned for the JRTC include an entire range of
exercises designed to develop unit proficiency and
readiness for low- and mid-intensity conflicts

2-3



TC 25-8

worldwide. Planned exercises include military
operations on urban terrain (MOUT), small-boat
operations, river-crossing operations, and offensive
air support. Current instrumentation will be
replaced with an improved system to support a two-
battalion task force brigade with its normal CS/CSS
slice.
Combat Maneuver Training Center. USAREUR
combat forces conduct combined arms, force-on-
force training at the CMTC. Due to training land
constraints, CMTC maneuver and live-fire training is
conducted at two separate locations. Maneuver
training takes place at Hohenfels Training Area
(HTA), Federal Republic of Germany (FRG).
CMTC training at the HTA emphasizes use of tacti-
cal engagement simulations with instrumented
MILES. Close-combat (heavy) battalions and
divisional and regimental cavalry squadrons perform

five-day training rotations at the CMTC annually. A
permanent OPFOR is equipped to portray major
elements of a motorized rifle regiment and trained in
threat tactics and doctrine. The OPFOR provides
opportunities for realistic maneuver exercises with
offensive and defensive scenarios. An instrumenta-
tion system supports exercise control and permits
real-time position location and engagement event
data collection. This data is used to conduct AARs
and prepare THPs. Live-fire training takes place at
Grafenwoehr Training Area (GTA), FRG. CMTC
training at the GTA provides MPRC-H, MPTR,
ISBC, and MOUT training ranges. Exercise data
from both the HTA and the GTA provides source
material for unit sustainment training at LTAs and
MTAs. It also provides lessons learned in developing
and applying doctrine and tactical force employment
methods.
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CHAPTER 3

RANGE REQUIREMENTS

INTRODUCTION
Training ranges are a major element in keeping the
Army ready to accomplish its global mission. They
also represent a considerable investment in time,
land, money, and other resources. Therefore,
decisions to initiate range development projects must
be based on clearly defined requirements for in-
dividual soldier, collective, or combined arms train-
ing. Once a range training need is established, the
next question is whether the need can be satisfied
only by creating a new range. Other alternatives may
exist. For example –

The required range may be available at
another installation.
An existing specialized range might be con-
verted to support multiple training require-
ments.
A simulation, subcaliber training device, or
reduced-scale range representing a full-size
combat course might be used.

This chapter provides guidance on assessing needs
for range development. AR 210-21 establishes the
requirement for this assessment and lists many of the
factors that require serious consideration. Through-
put is a paramount factor in deciding whether to
undertake a major expenditure for range construc-
tion or upgrading. Throughput is defined as the
number of personnel, crews, or units requiring a
particular type of training, or as the total number of
soldiers, crews, or units a given range is capable of
supporting during a specific period. These numbers
are used to weigh alternatives and determine how
many firing points, lanes, or ranges are needed to
satisfy a training requirement. Throughput calcula-
tions should include both peacetime and projected
mobilization requirements. This chapter presents
formulae for calculating throughput and examples
for applying the formulae to different weapon sys-
tems under varying circumstances. It also provides a
matrix of notional range requirements applicable to
division installations and TRADOC school installa-
tions.

Tables designed to help unit trainers select ap-
propriate ranges for scheduled training are provided
in Appendix A.
DETERMINING TRAINING REQUIREMENTS
FM 25-100 is a primary reference for determining
peacetime training requirements. As described in
the field manual, battle focus enables unit leaders to
develop a list of mission-essential tasks performed in
combat. The METL derives from the unit’s war
plans and external directives. It links the unit’s col-
lective mission-essential tasks with the individual
tasks that support them. It is also a checklist for
identifying requirements for collective training of
these tasks.
Applicable Army Training and Evaluation Program
mission training plans identify conditions and stand-
ards for collective training tasks. MTPs show the
relationship between wartime missions, collective
tasks, battle drills, and individual tasks. They give
examples and guidance for developing situational
training exercises (STXs) based on mission require-
ments. MTPs provide training criteria for critical
wartime mission tasks. For additional sources of
collective and individual training objectives, see –

MTPs

DA Pam 350-38.
Soldier’s manuals.
Applicable weapon systems gunnery
manuals.
Mobilization plans.
Force modernization plans.
General defense plans.
Army regulations.
list critical wartime missions of units from

platoon through battalion level. ARTEP 7-8-MTP,
for example, defines critical wartime missions for
infantry rifle platoons as —

Movement to contact.
Attack.
Raid.
Ambush.
Defend.
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Retrograde.
Reconnaissance and security. Table 3-1 shows critical platoon wartime missions

The MTP identifies individual and collective tasks and supporting collective tasks extracted from
for each mission that the unit must execute to stand- ARTEP 7-8-MTP. An “X” in a column indicates a
ards described in the training and evaluation out- collective task that supports the mission listed at the
lines. top of the column, for which a T&EO is provided.

This listing does not show all collective tasks included
Unit leaders use matrices provided in the MTPs to in the MTP.
determine training requirements. They can identify
collective tasks that support the unit’s wartime mis- Table 3-2 links the collective tasks to individual tasks.
sion at platoon level and individual tasks that support An “X” in a column indicates the individual tasks
the collective tasks. normally required to accomplish the collective task.
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To train individual weapon skills, ranges are required An infantry platoon can accomplish these tasks using
to conduct zero, sustainment, and qualification any of the following collective training ranges:
firing. The ranges shown in Table 3-3 will support Infantry platoon battle course (IPBC).
weapon skills training for the individual tasks iden-
tified in Table 3-2. Multipurpose training range (MPTR).

Multipurpose range complex (MPRC).
After achieving required proficiency in individual Figure 3-1 illustrates a notional attack STX.

tasks, soldiers are ready for collective task training. ASSESSING RANGE NEEDS
DA Pam 350-38 provides a common set of weaponSTXs can be used to train a single collective task, or

a group of related battle drills and collective tasks, to
standards in the appropriate T&EOs. STXs can be
performed in either a live-fire or a non-live-fire mode
using MILES.
Based on the wartime attack mission from ARTEP
7-8-MTP, an STX can be created by incorporating
T&EOs for the following collective tasks:

Prepare for combat.
Perform passage of lines.
Move tactically.
Reconnoiter area.
Assault.
Consolidate/reorganize.

system qualification standards and suggested train-
ing strategies to attain and sustain them. It estab-
lishes training readiness condition (TRC) levels with
prescribed standards and training resources. For
each weapon system the pamphlet outlines the num-
ber of rounds allocated per training event and the
frequency of events for each TRC level. For example,
soldiers in TRC Level A, assigned the M16A1/A2
rifle, must qualify twice annually, whereas TRC Level
B soldiers qualify once a year. TRC Level A tank
units have ammunition allocated for two gunnery
qualification cycles. A third cycle is recommended
using ammunition conserved in previous cycles.
To assess range needs, match the METL, individual
and collective task training objectives, and associated
training range requirements against the suitable TRC
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level for each weapon system. For individual training
(zeroing, qualification, and sustainment) TRC Level
A soldiers with the M16A1/A2 are supplied enough
rounds to fire twice annually. For collective training
(ARTEP live-fire exercise, CALFEX, FTX) TRC
Level A soldiers with the M16A1/A2 are supplied
both ball and blank rounds. Frequency requirements
for each event are given in DA Pam 350-38.
Range selection by using units is affected by–

The number of troops and weapon systems at
the installation.
Individual range throughput capacity.
External training support requirement; for
example, those of the Reserve Component.
Availability of standardized remoted target
system (RETS) ranges able to support all of
the gunnery tables and tasks outlined in
weapon system field manuals.
Types of non-RETS ranges and targetry avail-
able.
Overlapping SDZs, which may reduce or
restrict range availability and use.
Environmental restrictions.
Availability of training devices, simulations,
and subcaliber munitions for use in lieu of
direct-fire gunnery.
Installation scheduling priorities.

Training should involve standardized state-of-the-art
ranges and targetry to enhance training realism and
reduce training time.
Factors to consider when assessing range needs in-
clude–

Unit METLs.
Weapon system quantities.
Gunnery qualification frequencies.
TRC standards.
Availability and throughput capacity of exist-
ing ranges.

This assessment may result in a determination that a
new range or an upgrade of an existing range is
required.
RANGE AVAILABILITY
Determine range availability by subtracting the
total number of days that the range is not available
for training from 365 days. Subtract scheduled

maintenance, holidays, weekends, and inclement
weather days from 365 calendar days to determine
range availability. Unscheduled maintenance fur-
ther reduces range availability. Master training
schedules for tenant AC and regional RC units may
also have a significant impact and must be considered
by range managers. For example, when tenant units
are involved in large-scale training exercises
(REFORGER, Team Spirit, CTC rotation etc) away
from home station, range managers should consider
the exercise period as nonavailable days. Table 3-4
indicates typical range availability for RETS ranges,

NOTE: The Army baseline goal for annual
training days, discounting legal 3-day
holidays, weekends, and other training
holidays, is 242 days.

SCHEDULING AND UTILIZATION
The Army’s goal is to schedule existing ranges to be
used 80 percent of the days available for training.
Use of existing facilities is critical to the requirements
identification and needs assessment phase discussed
in Chapter 3, AR 210-21. The Army’s utilization goal
for ranges and training land is 90 percent of
scheduled days.
When calculating range usage requirements for a
specific unit, consider —

The number of training elements (soldiers,
crews, squads, etc) assigned to the unit.
The number of lanes available on the range.
The average time required for one training
element to-complete a course of firing.

For example, experienced soldiers in an infantry
company will have a high level of marksmanship
proficiency. They will complete the course of firing
with greater efficiency than basic trainees or soldiers
in other types of units. The analysis described below
estimates both day and night firing to require 30
minutes per soldier. This estimate is based on fewer
rounds being fired at night (30 versus 40 for day
firing) and the distances fired being shorter (25 and
50 meters versus 50 to 300 meters for day firing).
However, in actual practice it may be found that night
firing takes much longer, depending on the proficien-
cy of the soldiers involved. These determinations
must be made on an individual basis. There is no
single set of numbers that apply to all installations
under all conditions. However, it is possible to
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develop statistical averages to use for individual unit
or installation populations.
Calculate the time required to cycle one 200-soldier
company through an MRF range as follows:

NUMBER OF HOURS: H
NUMBER OF LANES: 16
NUMBER OF SOLDIERS IN COMPANY: 200
TIME REQUIRED FOR ONE SOLDIER TO COM-
PLETE FIRING: .5 HOUR
NUMBER OF SOLDIERS PER HOUR 16/.5 = 32
H = 200/32 = 6.25 HOURS PER COMPANY

Calculate the total time required for zeroing, prac-
tice and sustainment tiring, and qualification firing by
one company during the course of a year as follows:
Zeroing

NUMBER OF HOURS: H
NUMBER OF LANES: 16
NUMBER OF SOLDIERS IN COMPANY: 200
TIME REQUIRED FOR ONE SOLDIER TO COM-
PLETE FIRING: .5 HOUR

FREQUENCY OF ZEROING PER YEAR (DAY
ONLY): 2
H = 2(200/32) = 12.5 HOURS PER COMPANY PER

YEAR

Practice/sustainment

NUMBER OF HOURS: H

NUMBER OF LANES: 16

TIME REQUIRED FOR ONE SOLDIER TO COM-
PLETE FIRING: 3 HOUR

NUMBER OF SOLDIERS IN COMPANY: 200

FREQUENCY OF PRACTICE/SUSTAIMENT
FIRING PER YEAR: 2 DAY AND 2 NIGHT

H = 2(200/32) = 12.5 DAY AND 12.5 NIGHT
HOURS PER COMPANY PER YEAR

Qualification:

SAME FACTORS AS FOR PRACTICE/SUSTAIN-
MENT

H = 12.5 DAY AND 12.5 NIGHT HOURS PER
YEAR
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Total time required for a single company to conduct
M16A1/A2 tiring per year:
ZEROING 12.5 DAY HOURS

PRACTICE/
SUSTAINMENT 12.5 DAY HOURS 12.5 NIGHT HOURS

QUALIFICATION 12.5 DAY HOURS 12.5 NIGHT HOURS

TOTAL 37.5 DAY HOURS 25.0 NIGHT HOURS

Given an average 8-hour training day, the annual
range usage requirement for M16A1/A2 training for
one company is 4.7 days and 3.1 nights.
The process shown above can be used to calculate
usage requirements for other weapon systems, train-
ing requirements, and training elements.
QUANTIFYING RANGE REQUIREMENTS
DA Pam 350-38 identifies weapon system training
requirements, frequency of range events, and am-
munition resources allocated to training. Using the
formulae in the throughput calculations paragraph
below, installation range personnel can quantify the
number of days required to conduct training. They
can use this information to determine the number of
ranges needed to support training requirements.

For example, a TRC Level A mechanized
infantry company must qualify its soldiers
semiannually with the M16A1/A2 rifle. To
meet this requirement, the unit conducts
zeroing, practice, and day and night record
firing. Two types of ranges will support this
firing
25m zero range.
16-lane RETS modified record-fire range.

A mechanized infantry division includes five
mechanized infantry battalions with six companies
each. Based on single-company annual usage re-
quirements of 4.7 days and 3.1 nights, a single
battalion’s annual usage requirements are computed
as follows:
DAY: 4.7 DAYS X 6 COMPANIES = 28.2 DAYS

NIGHT 3.1 NIGHTS X 6 COMPANIES = 18.6 NIGHIS

Total divisional annual usage requirements are com-
puted as follows:

DAY: 28.2 DAYS X 5 BATTALIONS = 141 DAYS

NIGHT: .6 NIGHTS X 5 BATTALIONS = 93 NIGHTS

An installation’s entire M16A1/A2 range usage re-
quirements are determined by totalling the firing
requirements of–
Combat units (infantry, armor, field artillery, en-
gineer, air defense, aviation, divisional cavalry
squadron).

Combat support and combat service support
units.
Garrison support personnel.
Reserve Component units.
ROTC detachments.
Others requiring range support.

A comparison of the resulting figure with the range
availability figure determines if there is enough range
to support the usage requirement. If the usage re-
quirement exceeds availability, a shortfall in
availability exists that may indicate the need for an
additional range.
In another example, a J-series tank company with 14
tank crews, TRC Level A, must qualify its crews
semiannually on Gunnery Table VIII-A&B. Before
firing for qualification, the unit practices on Table
VII-A&B. Both the multipurpose range complex
and the multipurpose training range will support this
training requirement.
Based on tank gunnery time requirements shown in
Table 3-5 later in this chapter, the time required to
cycle 14 tank crews through an MPRC or MPTR is
17.3 hours for Table VII-A&B and 17.7 hours for
Table VIII-A&B.
Obtain usage requirements for a single battalion con-
sisting of four tank companies as follows:

TABLE VII-A&B: 17.3 HOURS X 4 COMPANIES =
69.2 HOURS X 2 ITERATIONS = 138.4 HOURS

TABLE VIII-A&B 17.7 HOURS X 4 COMPANIES =
70.8 HOURS X 2 ITERATIONS = 141.6 HOURS

Obtain total divisional usage requirements for five
battalions

TABLE VII-A&B 138.4 HOURS X 5 BATTALIONS
= 692 HOURS

TABLE VIII-A&B 141.6 HOURS X 5 BATTALIONS
= 708 HOURS

The total usage requirement is 70 days for both
tables, based on an average of 20 hours per day
available for training on MPTRs and MPRCs.
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Range control personnel can determine the remain-
ing tank gunnery usage requirements (Tables IX, X,
XI, and XII) and all Bradley gunnery requirements
for both Active and Reserve Components that will be
fired on the MPRC or MPTR. Once again, the
projected number of available training days must be
established and balanced against the number of re-
quired range usage days. If the required usage days
exceed the number of range availability days, a
shortfall exists.
THROUGHPUT CALCULATIONS
Throughput refers to the total number of soldiers or
units (crews, sections, squads, platoons, etc) that are
trained in a given period of time. The throughput
capacity of a range is the number of soldiers or units
that can process through the range in a given period
of time. For example, a rifle range might have a
throughput capacity of one company averaging 200
soldiers over a period of eight hours. This capacity
would support at least one day-firing and one night-
firing cycle per day. Assuming the range is available
297 days per year, the range would have an annual
throughput capacity of 297 companies, or 59,400 sol-
diers, for day and night firing.
Calculation of throughput capacity is based on the
type of training, the time required for a single in-
dividual or unit to complete a training event or series
of events, and the period of time (day, week, month,
year) which applies. Throughput calculations for
some types of ranges may also include the number of
soldiers or units that can train simultaneously.
For example, the daily throughput capacity of an
MRF range with 16 lanes is developed as follows:

THROUGHPUT CAPACITY: TC

NUMBER OF LANES: 16

TIME REQUIRED FOR ONE SOLDIER TO COM-
PLETE FIRING: 30 MINUTES (.5 HOUR)

TIME AVAILABLE FOR TRAINING: 8 HOURS PER
DAY

DAYS AVAILABLE FOR TRAINING: 300 (ES-
TIMATED)

NUMBER OF SOLDIERS PER HOUR: 16/.5 = 32

TC = 32 SOLDIERS X 8 HOURS = 256 SOLDIERS
PER DAY X 300 DAYS = 76,800 SOLDIERS PER
YEAR

Throughput requirements are based on the type of
training required and the number of soldiers or units
that require it. In computing annual throughput re-
quirements, the frequency or number of iterations of
training required is also included in the calculation.
For example, annual M16A1/A2 training for in-
fantrymen consists of–

Two iterations of daytime zeroing with the
weapon.
Two day and two night iterations of prac-
tice/sustainment firing.
Two day and two night iterations of qualifica-
tion firing.

The total throughput requirement for a mechanized
infantry division is developed as follows:

THROUGHPUT REQUIREMENT: TR
NUMBER OF SOLDIERS IN COMPANY: 200
NUMBER OF COMPANIES 30
NUMBER OF ITERATIONS REQUIRED: 6 DAY
4 NIGHT
TR = 200 SOLDIERS X 6 ITERATIONS = 1200 SOL-
DIERS, DAY
200 SOLDIERS X 4 ITERATIONS = 800 SOLDIERS,
NIGHT
TOTAL 2000 SOLDIERS X 30 COMPANIES = 60,000
SOLDIERS PER YEAR

Comparing TC to TR (76,800 versus 60,000) reveals
an excess capacity of 16,800 soldiers per year.
ARMORED VEHICLE GUNNERY REQUIRE-
MENTS
Tables 3-5 through 3-7 can be used to develop
throughput requirements for tiring gunnery Tables V
through XII (tank battalions) and Tables VI through
XII (mechanized battalions). Calculate the time re-
quired for a unit to fire a gunnery table by using the
following formula:

H = N(M/60), WHERE—

H is the number of hours required to complete the gun-
nery table.

N is the number of vehicle crews required to fire the
table.

M is the number of minutes required for one crew to
complete day and night firing events (divide by 60 to con-
vert minutes to hours).
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For example, the time required for a tank company
consisting of 14 tank crews to complete Tank Table
VIII-A&B (day and night) is —

N = 14 CREWS

M = 76 MINUTES (FROM TABLE 3-5)

H = 14(76/60) = 17.7 HOURS (17 HOURS AND 44
MINUTES)

Determine the number of days required for training
by dividing H hours by the number of hours that the
range is available for daily training. In the example
above if the Table VIII range is available 16 hours per
day, the number of days required for a company to
complete firing would be —

H/16 = 17.7/16 = 1.1 DAYS (1 DAY, 1 HOUR 36
MINUTES)

This can be expressed in a complete formula as —
D = N(M/60)/A, WHERE —

D is the number of days required to complete the table.

A is the amount of time that the range is available on a
daily basis.

Throughput capacity for an MPRC or MPTR, where
only one training element can complete a gunnery
table at a time, is developed as follows:

THROUGHPUT CAPACITY: TC

NUMBER OF LANES: 1

TIME REQUIRED FOR ONE TRAINING ELEMENT
TO COMPLETE TABLE:
T (FROM TABLE 3-5)

TIME AVAILABLE FOR TRAINING: 20 HOURS
PER DAY (AVERAGE)

DAYS AVAILABLE FOR TRAINING: 293
(AVERAGE)

NUMBER OF TRAINING ELEMENTS PER DAY N
(CREWS, SECTIONS, OR PLATOONS)

TC = 1 X ((T/60) X 20) X 293

For example, the average gunnery table requires 85
minutes to complete; therefore:

TC = 1((85/60) X 20) X 293 = 8301 CREWS, SEC-
TIONS, OR PLATOONS PER YEAR.

Develop the tank gunnery training throughput re-
quirement for an armored division comprising 30

tank companies with 14 crews per company as fol-
lows:
For crews:

THROUGHPUT REQUIREMENT: TR

NUMBER OF CREWS: 420

NUMBER OF CREW TABLES: 4

NUMBER OF ITERATIONS: 2

TR = 420 CREWS X 4 TABLES X 2 ITERATIONS =
3360 CREWS PER YEAR

For sections:
NUMBER OF SECTIONS: 210

NUMBER OF SECTION TABLES: 2

NUMBER OF ITERATIONS: 2

TR = 210 SECTIONS X 2 TABLES X 2 ITERATIONS
= 840 SECTIONS PER YEAR

For platoons:
NUMBER OF PLATOONS: 120

NUMBER OF PLATOON TABLES: 2

NUMBER OF ITERATIONS: 2

TR = 120 PLATOONS X 2 TABLES X 2 ITERA-
TIONS = 480 PLATOONS PER YEAR

Total tank gunnery training:
TR = 3360 CREWS + 840 SECTIONS + 480
PLATOONS = 4680 TRAINING ELEMENTS PER
YEAR.

Comparing TR to TC (8301 versus 4680) indicates an
excess capacity of 3621 training elements per year.
Much of this excess capacity is used to meet Bradley
Fighting Vehicle gunnery training requirements of
the division mechanized battalions. The throughput
requirement for these battalions is developed in the
same manner.
Table 3-5 displays the average amount of time re-
quired for individual crews, sections, or platoons to
complete firing all engagements on Tank Tables V-
A&B through XII-A&B, offensive and defensive,
respectively. Time data includes the time allowed for
each engagement, 5 minutes between engagements,
and 10 minutes for the element to clear the range
before the next element starts downrange.
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Table 3-6 displays the average time required to
complete Bradley Fighting Vehicle Tables V-
A&B through VIII-A&B and squad firing exer-
cises, using the same time between engagements
used in Table 3-5. These times are not consistent
worldwide. They should be adjusted for local condi-
tions including the level of range automation and the
distance traveled downrange between engagements.

Bradley Tables IX, XI, and XII involve gunnery tasks
associated with mission operations. Day and night
engagements are conducted in one or more opera-
tions, as determined by the unit commander. Time
lines for day and night engagements of these opera-
tions follow:

MOVEMENT TO
CONTACT: 3.8 HOURS

ATTACK: 3.7 HOURS

RAID: 3.4 HOURS

AMBUSH: 3.3 HOURS

RECONNAISSANCE
AND SECURITY: 3.6 HOURS

DEFENSE 3.4 HOURS

RETROGRADE: 3.4HOURS

AVERAGE 3.5 HOURS

Table 3-7 displays the average time required for day
and night firing on BFV Tables IX, XI, and XII.
Scout sections perform Tables IX-A&B and X-A&B.
Timing for these tables depends on terrain, weather,
and distance between engagements. The estimated
time for completion of these tables is eight hours for
Table IX-A&B and eight hours for Table X-A&B.
RANGE SELECTION
Refer to Appendix A for tables showing the types of
ranges needed to conduct specific training events for
selected weapon systems.
NOTIONAL RANGE REQUIREMENTS
Table 3-8 provides guidelines for determining the
number of standardized and modernized ranges
needed to support AC divisional and separate
brigade posts. It also gives guidelines for RC high-
density training centers for peacetime home-station
individual and collective live-fire training. Specific
requirements for individual posts will vary depending

on the combination of ranges available and the alter-
native weapons training that can be used (refer to
Table A-1, Appendix A). Table 3-8 is only a guide. It
is not an authorization for construction of any range
listed.
The last column addresses TRADOC school instal-
lations—

Initial-entry training (IET).
Advanced individual training (AIT).
Noncommissioned officer courses.
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Basic and advanced officer courses. Range requirements should be based on the specific
school’s programs of instruction; for example—

M16A1 basic rifle marksmanship program for
IET.
Bradley gunnery training for infantry AIT.
Tank gunnery training for basic and advanced
armor courses.

Specific range requirements should be developed
based on a school’s combined student and cadre
training requirements. In addition, throughput re-
quirements should be closely linked to time and
schedule requirements.
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CHAPTER 4

RANGE DEVELOPMENT

INTRODUCTION
This chapter gives procedures for implementing the
range modernization and standardization policies in
AR 210-21. Its scope includes both RETS and non-
RETS ranges developed under Military Construc-
tion, Army (MCA) and non-MCA programs. It
provides a nontechnical view of the formal range
design and construction process and describes the
quality assurance features built into all phases of the
Range Modernization Program.
PLANNING
Planning the development of an Army training range
at installation level must be a comprehensive, well-
coordinated, systematic process. The first step is to
determine facility needs based on training and unit
throughput requirements as discussed in Chapter 3.
The next step – range planning and siting (the
predesign phase) – consists of project initiation, site
analysis and selection, and preliminary documenta-
tion.
Planners must consider the entire spectrum of
resources available to support the development of
training areas. Project planning must follow the
Army’s budget process to ensure enough funds are
allocated for construction and maintenance. Instal-
lation resource managers are familiar with the plan-
ning, programming, budgeting, and execution system
(PPBES) and will provide valuable assistance to
project development planners.
The installation master plan must consider current
and future neighboring land use when identifying
suitable land for range layout and maneuver training.
Maneuver areas should be large enough to accom-
modate units that will use them, and they should be
configured for those units. Force structure, weapon
systems, and AirLand Battle doctrine as well as the
METL developed per FM 25-100 should be con-
sidered. TC 25-1 will assist in determining maneuver
land and range requirements, respectively.
Planners evaluate throughput requirements based on
annual scheduling data, existing throughput capacity
based on range or training land annual availability,

and actual use. Requirements are valid in those cases
where throughput requirements exceed the capacity
of existing facilities.
Environmental impact, occupational health
medicine, and industrial hygiene aspects of range
construction and operations must also be taken into
account. New contaminated impact land-use areas
will not be created unless an exception to policy has
been approved per ARs 200-1 and 210-20. Weapons
firing impact areas must be large enough to meet
requirements for current weapon systems and those
programmed for imminent fielding. Consideration
should be given to the effect of impact areas and
SDZs on current ranges and maneuver areas; this
avoids reducing the availability or capability of exist-
ing training areas. Planning should also address
airspace requirements for combined arms training.
Planners must maximize the siting of facilities and
equipment storage not only to meet the needs of the
proposed training, but also mutually to support near-
by existing or planned land use. For example, group-
ing small-arms ranges with close-in training facilities
(obstacle, infiltration, or NBC course) reduces the
need for separate support facilities (latrines, instruc-
tion buildings, parking areas, etc). Planners must
also consider fuel consumption when selecting
maneuver areas and range locations. Fuel is a critical
resource; therefore, maneuver areas and ranges
should be located as close as practical to cantonment
and bivouac areas to minimize travel and still provide
expansion capabilities.
The use of subcaliber ranges and training devices or
simulators should be maximized to save full caliber
ammunition for essential qualification and sustain-
ment firing.
Operations and maintenance concepts must be
planned to achieve both manpower and other costs
savings. Civilian contractors may be used to operate
and maintain high-density, multipurpose ranges per
AR 5-20. Implementation of the roll-on, roll-off con-
cept maximizes training time for firing crews and
units by reducing troop operating and maintenance
activities.
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Planners should use validated automated systems,
data bases, and analytical models to reduce the man-
power needed for developing comprehensive plans
and justifying resources. Documentation should in-
clude detailed information on the size, condition, and
capacity of land, as well as the ranges and training
facilities available locally or at other accessible train-
ing areas. Safety restrictions, environmental con-
siderations, and terrain profiles for proposed range
locations should also be included. Much of this in-
formation is included in the catalog of installation
firing ranges required by the local range regulation.
Land condition and capability data can be obtained
from the Directorate of Engineering and Housing
(DEH) Natural Resources Office based on land con-
dition trend analysis using the Integrated Training
Area Management (ITAM) Program. The ITAM
program includes the geographic resources analysis
support sytem (GRASS) and the geographic infor-
mation system (GIS). Information on the ITAM pro-
gram and system is available from USACERL,
Champaign, Illinois.
Current training strategies and doctrine developed
by TRADOC and the service schools and stand-
ardized for Armywide use (see Chapter 3), detailed
information on types of units, personnel, frequency,
and specific weapon systems (TC 25-l), and assigned
mission (FM 25-100 and ARTEPs) provide the basis
for the planning phase. Both pre- and postmobiliza-
tion training requirements must be considered as
well to determine the actual and estimated range
throughput. Use Standards in Training Commission
(STRAC) guidance as a baseline to determine al-
tenatives to construction or land acquisition.
Information on when a new weapon system will arrive
and the training facilities it will require is contained
in DA Pam 5-25, AMIM, and SFA, published by
HQUSACE. SFA assessments of the facility impact
of weapons development and fielding is a “living
process.” It is accomplished through logistics
management for all major and directed acquisition
programs per AR 700-127. Unlike the AMIM, SFA
data is continuously updated as weapon system
development matures in coordination with the
materiel system PEO/PM and TRADOC System
Manager.
Engineering expertise is provided by–

The divisional engineer staff officer.
The local DEH or National Guard FMO.

The Corps of Engineers geographical division
or district engineer.
The USACE RTLP Mandatory Center of
Expertise (RTLP-MCX).
COE laboratories.

The DEH integrates training facilities requirements
into the installation master plan, standardized
designs of range components, and SFAs. Requests
for engineering assistance from COE laboratories
(RTLP-MCX) should be forwarded through the DA
Program Coordinator for ranges (ATIC-RTS) to the
USACE Program Coordinator, RTLP (CEMP-EA)
for HQDA OCE tasking and resourcing, either as
cost-reimbursable or program-funded work.
Range safety expertise is provided by the installation
safety officer. This expertise is also available at each
MACOM safety office. The technical advisor for
range safety (HQ TRADOC Command Safety Of-
fice) is available to provide additional assistance.
Special-use airspace matters are processed and coor-
dinated under the provisions of AR 95-2. In addition
to the installation air traffic and airspace (ATA)
officer and the DA regional representative (DARR)
to the FAA, policy and strategy guidance can be
obtained from the US Army Aeronautical Services
Office (USAASO), Cameron Station, Alexandria,
VA 22314-5050.
Health and safety risk assessment and design review
assistance may be obtained from the installation
medical activity and safety office respectively. Addi-
tional assistance is available from–

US Army Environmental Hygiene Agency,
ATTN: HSHB-ML, Aberdeen Proving
Ground, MD 21010-5422.
US Army Toxic and Hazardous Materials,
ATTN: CETHA-TS-S, Edgewood Area,
Building E4460, Aberdeen Proving Ground,
MD 21010-5401.

MILCON projects (both live-fire range construction
and land acquisition) are long-lead requirements
(five to seven years) mandated by law. Planners will
consider all viable alternatives. When evaluating al-
ternatives or determining if existing training facilities
can support new weapons systems or missions, plan-
ners should consider the following:

Number and types of training facilities avail-
able.
Use rates.
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Current and projected throughput require-
ments.
Ammunition authorized.
Serviceability or remaining life span of
facilities.
User density.
Current authorized use and potential for new
or multiple uses.
Adequacy to meet training standards.
Life cycle and current O&M costs.
Environmental impacts, including restric-
tions to protect water resources, wildlife,
soils, plant life, and historical and archeologi-
cal sites, and ways to mitigate environmental
noise impact.
Contamination of existing impact areas and
the potential for creating new contaminated
impact areas.
Land-use impact and compatibility, including
current and future use of installation and ad-
joining land.

Evaluation of alternatives is not limited to the ade-
quacy or availability of existing facilities. Other al-
ternatives include training devices (limited range or
training practice munitions), simulation, and waivers
or modifications to training requirements. These
alternatives require the trainer to assess needs
early during the formulation of actual training re-
quirements. Devices, simulation, and requirements
changes are especially viable when available land is
insufficient or otherwise constrained. Early, con-
tinuous coordination with force development staff
offices at all levels of command is essential.
For additional assistance, contact –

The major Army command (MACOM).
US Army Training Support Center
(USATSC), ATTN: ATIC-RTSR, Fort
Eustis, VA.
US Army Corps of Engineers (HQUSACE),
ATTN: CEMP-EA, Washington, DC.
Range-Mandatory Center of Expertise
(RNG-MCS), US Army Engineer Division,
Huntsville, ATTN: CEHND-ED-PM,
Huntsville, AL.

PROJECT INITIATION
Project initiation includes –

Acknowledging training requirement.
Identifying training facility needs based on
adequacy and availability of existing facilities.
Considering alternatives to facility modifica-
tion or new construction.
Developing a project milestone schedule.
Collecting resource data.

Effective project initiation is a coordinated effort of
planners, made up of representatives from –

The Directorate of Plans, Training, and
Mobilization (DPTM)/G3 (trainers, range of-
ficers, force developers).
The Directorate of Engineering and Housing
(facility engineers; installation master plan-
ners; environmental, natural, and cultural
resource managers).
Major using units.
Installation Resource Management Office.
Security and safety agencies.

Representatives from the Directorate of Reserve
Components (DRC), Staff Judge Advocate (SJA),
and Public Affairs Office (PAO) may also participate
as required.
Planners –

Review training requirements.
Consider alternatives to facility modification
or new construction.
Evaluate resources available to support
development of a training range.
Determine the specific type of range re-
quired, including weapon systems and am-
munition.
Consider construction impact on both the in-
stallation master plan and range development
plans (RDPs).

Land
Land must be identified that accommodates the
range layout, the surface danger zone of applicable
weapon systems, and impact area requirements. An
environmental analysis determines the impact of
range construction and operations.
Facilities and Equipment
Resources must not only meet the needs of the
proposed range but also support nearby existing or
planned ranges. For example: grouping several
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small-arms ranges together with an obstacle, infiltra-
tion, or NBC course would save land and money by
reducing common support facilities (latrines, in-
struction buildings, parking areas, etc).
Training Schedules
Range construction projects may have impact on
training schedules for nearby ranges. Coordination
with scheduling activities of the DPTM/G-3 should
take place early in the planning process.
OPTEMPO
Planners must consider the impact of a range on
OPTEMPO when selecting a location. Travel time
and fuel are critical resources; therefore, ranges
should be located as close as possible to cantonment
and bivouac areas.
Training Aids, Devices, Simulators, Simulations,
and Subcaliber Ranges
Use of these devices should be maximized to save
full-caliber ammunition for essential qualification
and sustainment firing. Quantities of RETS targetry
equipment and dual radio-controlled targetry should
be identified.
Operations and Maintenance
Efficient use of manpower and resources for opera-
tions and maintenance should be planned. Civilian
contractors may operate and maintain high-density,
multipurpose ranges according to AR 5-20. The
roll-on, roll-off concept maximizes training time for
firing crews and units by reducing troop operating
and maintenance activities.
Budget
Range planning must follow the Army’s budget
process to be sure that enough funds are allocated
for construction and maintenance. Installation
resource managers, who are familiar with the plan-
ning, programming, budgeting, and execution system
(PPBES), provide valuable help to range develop-
ment planners.
Host Nations
Range projects in overseas areas require coordina-
tion with and involvement of host nation officials
throughout the development process. Specific re-
quirements will vary from nation to nation.

Alternatives and Justification
The Master Planning Board (MPB) approves
decisions of installation planners to build new range
facilities. Before deciding to build, planners must
examine alternatives and be able to justify a new
range. Alternatives to a new range include —

Sharing use of an existing facility at another
installation.
Converting an older or specialized range to a
multipurpose range.
Using training aids, devices, simulators, and
simulations (TADSS) or additional portable
targetry on existing facilities.

When deciding whether to share use of an existing
range at another installation, commanders and plan-
ners need to consider —

Availability of the other range, based on ex-
isting priorities and use.
Distance and cost of travel to the alternate
range.
Frequency of firing required to meet weapons
training standards.
Possible limitations on the use of ammunition
required for training.
Obsolescence of equipment, facilities, or
range design.
Existing or potential restrictions and waivers
on range use.

Factors bearing on justification of a new facility in-
clude —

The overall range facility needs required to
meet unit training requirements and through-
put levels as described in Chapter 3.
Fielding needs required to meet unit training
requirements and throughput levels as
described in Chapter 3.
A change in the installation mission or force
structure requiring an increased capability to
conduct training.
Existing capability of standard ranges to meet
home-station (peacetime) and mobilization
training requirements. For example, mod-
ernization of one range could both satisfy
training needs and allow the installation to
close other ranges, freeing land for other
training needs.
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The creation and use of multipurpose training ranges
ensures better management of range training ac-
tivities, training facilities, and land. One well-
planned multipurpose range can take the place of
several single-purpose ranges.
SITE ANALYSIS AND SELECTION
Once the decision to develop a range at an installa-
tion is made and approved by the approving authority
according to AR 210-21, the siting process begins.
The steps in the procedure are –

Analyze training task requirements.
Determine the type of range needed.
Identify candidate sites.
Analyze sites.
Select the best site.

Site planning is crucial to successful training facility
planning and development. Site planning must com-
ply with requirements outlined in AR 200-1, AR
200-2, AR 210-20, TC 25-1, and this training circular.
Location and Parameters
As a range planner, the trainer works with the instal-
lation DEH (including environmental, natural, and
cultural resource managers) and safety officials to
provide guidance on how siting decisions affect train-
ing. A new or renovated range may have environ-
mental impact (especially noise) on the installation
and nearby communities. Planners should try to min-
imize the impact, but they must maintain a balance
between environmental concerns and training re-
quirements. For example, keeping maximum natural
vegetation promotes realism and reduces environ-
mental damage. Information on planting programs
that enhance cover and concealment for training
realism is available from the US Army Construction
Engineering Research Laboratory (USACERL),
Champaign, IL.
Planners must also consider the location of the
proposed range in relation to the rest of the installa-
tion. The site should not isolate useful maneuver
terrain, cut off impact areas, or make clearance
operations difficult. If the proposed range will re-
quire frequent maintenance, the site should provide
easy access for maintenance when adjacent ranges
are active. Unusable terrain should be incorporated
into impact areas. Moreover, the range should have
a potential for growth and improvement to accom-
modate new weapon systems and technology. The

key to efficient operations is a site that is easily
accessible to using units. Planners need to consider
overall training requirements and the flow to and
from specific ranges when determining individual
site locations. Training areas, such as small-arms
ranges and bayonet courses, should be placed close
to garrison areas. Tracked-vehicle ranges may be
located further away from unit housing. When these
ranges are remote from garrison areas, planners
should consider overnight parking and bivouac
facilities.
Terrain
Terrain can have a major effect on firing direct-fire
weapon systems. It influences possible target loca-
tions since targets placed without regard to terrain
can limit target visibility. This affects a soldier’s
ability to fire on moving targets. However, used cor-
rectly, terrain can help to improve a soldier’s ability
to hit a fleeting target. Terrain features that influence
target location are –

Topography.
Soil characteristics.
Surface composition.
Hydrology.
Vegetation.
Man-made obstacles.

These features also directly affect range maintenance
and the environmental impact of construction and
operations.
A terrain profile of the proposed range should be
developed and used to conduct feasibility estimates,
review safety requirements, and determine target
locations. The Geographic Resources Analysis Sup-
port System (GRASS) data base, developed by
USACERL as part of the Integrated Training Area
Management (ITAM) Program, is particularly suited
to support this effort.
Range sites must be carefully selected to ensure that
terrain fosters maximum use of weapon systems.
Planners should attempt to develop ranges in areas
with different types of terrain to promote weapon-
firing skills under varying conditions. The site should
slope downward from the firing points to the target
area. This allows for drainage and may help contain
projectiles within the SDZs. A downward slope also
aids visibility, target acquisition, and projectile at-
tenuation. Fire-and-movement ranges should have
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both natural and man-made cover and concealment
islands. Vegetation should be removed only if
needed to provide a clear view of targets. Planners
must balance the need for realism with unit training
objectives. A land maintenance plan provides for
regrading revegetation, and erosion control to main-
tain training realism and reduce long-term main-
tenance costs.
Water areas contribute to training and increase com-
bat realism. Reflections and temperature variations
over or near water create unique conditions that can
only be learned about through experience. However,
unexploded (dud) ammunition embedded in shallow
water could hamper future land clearing and decon-
tamination operations. In addition, lead can leach
into ground water systems. If lasers are used on a
range, the reflection of laser beams on water is a
potential hazard. Water areas should be sited to
provide good drainage for runoff, and appropriate
erosion-control measures should be included in the
range design. Range sites should support training
operations during periods of reduced visibility and
during-whatever weather conditions prevail locally.
Range Impact Area Requirements
Impact area requirements vary with training require-
ments and with SDZs. New contaminated impact
areas will not be created unless an exception to policy
is approved per ARs 200-1,210-20, and 210-21. Con-
veniently located hill masses or other natural terrain
features may significantly reduce real estate require-
ments for SDZs. Ranges should be sited so that they
do not restrict maneuver areas. Refer to AR 385-63
for the requirements to reduce SDZs. Impact area
requirements are based on —

The number and type of ranges required.
The SDZ for each type of weapon.
The use of common impact areas, if possible.

Dismounted Gun-Target Line
The gun-target line (GTL), also referred to as the line
of fire, is an imaginary line drawn from a weapon
system to a target. For efficient small-arms range
operations, it is best to orient the GTL to the north-
east in the Northern Hemisphere. This places light
on the face of the target for the longest part of the
day. Orient small-arms marksmanship ranges so that
soldiers are not required to fire into the rising or
setting sun. However, direction of fire is not as im-
portant as accessibility, security, and safety.

Consider terrain configuration when orienting the
GTL in order to reduce the area covered by the
SDZ. If a site is on rough terrain, the GTL should
be perpendicular to high ground. Since small-arms
ranges are usually on flat terrain, the GTL should be
horizontal or slightly below horizontal. Range plan-
ners must avoid sites requiring the GTL for direct-
fire, line-of-site weapon systems to pass over public
roads or navigable waters. If firing over installation
roads is unavoidable, it is mandatory that these firing
areas be marked with appropriate signs and separate
warnings and closed during firing periods. Indirect
artillery firing over public access areas must comply
with procedures in DA Pam 385-XX.
Vehicle-Mounted Gun-Target Line
Planning GTLs for vehicle-mounted weapon systems
presents a greater challenge. Vehicular weapon sys-
tems such as tanks or Bradley Fighting Vehicles re-
quire that GTLs be planned for multiple targets from
stationary firing points and for single and multiple
targets from a moving tank or BFV.
Firing on the move requires planners to analyze a
series of GTLs from various firing points along the
path of the moving vehicle or within designated
“firing boxes.” Multiple tiring scenarios for combat
vehicle ranges that include both stationary and
moving firing vehicles and stationary and moving
targets require a series of GTLs with their respective
SDZs superimposed over common terrain.
Set safety requirements for moving-vehicle firing
exercises by laying out a course with sequential
firing points perpendicular to the target area. This
arrangement may require several kilometers for for-
ward travel when training with high-speed vehicles.
The net result is a range that needs more depth than
one with the vehicle firing from a freed point. A
course on which a vehicle is required to change direc-
tion frequently more closely represents tactical con-
ditions. It also increases land requirements since it
requires wide SDZs. Refer to DA Pam 385-XX for
procedural guidance on this type of GTL and SDZ
planning.
SDZ Requirements
In the most economical layout for a range complex
the impact areas of SDZs overlap, but the maneuver
or firing areas themselves do not. This reduces the
overall acreage needed for the range system, which
conserves land and minimizes contaminated impact
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areas. Some ranges should be sited close together,
such as 25-meter zero ranges and record-tire ranges.
Other ranges, however, are incompatible for con-
tiguous siting. For example, field artillery firing
points should not be located next to rifle ranges since
the field artillery noise detracts from rifle marksman-
ship training. Refer to Appendix E for a discussion
of using baffles to reduce SDZ requirements in areas
where limited land restricts availability of impact
areas.
Extent of Construction
Terrain configuration will influence the extent of con-
struction and the cost required to transform land into
a usable range. Contour profile, soil content, traf-
ficability, and requirements all affect the extent of
moving and other clearing work needed. Sites re-
quiring minimal earthwork to create level trails,
visible targets, and good drainage are preferred.
Target Area for Collective Training Facilities
Once the range layout is approved, planners must
design and develop the target area. Target areas on
ranges used for soldier and collective training should
provide realistic training and meet gunnery qualifica-
tion requirements.
Targets
Target arrays must –

Reflect current threat doctrine.
Meet size, quantity, and distance require-
ments of gunnery manuals.
Make logical use of terrain for target arran-
gement.
Provide a combination of fire and maneuver
when necessary to meet training require-
ments.

Appendix B describes targets and target equipment.
Appendix D provides information on programming
scenarios used with RETS- equipped ranges.
Visibility. Firing points must be located so that the
maximum number of targets can be engaged by
weapon systems. Planners must position targets
within safe limits and be sure they are visible from
firing points, positions, or lanes. Simulation of com-
bat situations is important. When threat forces are
portrayed on a range, targets will appear in groups
that may be visible to personnel in several tiring
positions at the same time. If visual obstacles are
used, they should be placed to allow for reasonable

target exposure time. The key is to provide an en-
vironment in which correct gunnery techniques can
be exercised using realistic battlefield obstacles and
target speeds.
Accessibility. Complex target-elevating mechanisms
are maintained most economically in central
maintenance facilities that are equipped for the
task. Vehicle routes are needed for access to target-
elevating mechanisms so that they can be removed
from the range for maintenance.
Distance. Targets should be placed at distances from
firing points that match guidance in appropriate
training documents, taking advantage of visibility,
cover, and concealment. Visual landmarks at the
target location, such as vegetation, stumps, or shell
holes, help soldiers estimate distance to a target.
Small-arms targets are placed 10 to 1000 meters from
firing points. On large direct-fire ranges, such as
antiarmor or tank gunnery ranges, most targets are
placed 500 to 2000 meters from firing points. Ap-
propriate gunnery manuals, Chapter 6 of this training
circular, and US Army Engineer Division, Huntsville
(USAEDH) 1110-series design manuals
(CEHNDM) provide guidance and/or specific dis-
tance requirements for target placement by the type
of range.
Protection. Stationary target-elevating mechanisms
and moving target carriers need protection from
damage. Target emplacements prepared during the
construction process protect target mechanisms.
Natural terrain can also provide additional protec-
tion. This reduces the expense of the extensive earth-
moving operations needed to construct large
protective berms.
Gun-Target Engagement Sequence. Develop and
plot gun-target engagement sequence capability to
ensure that all weapons fired can be contained within
the designated impact area without endangering per-
sonnel or creating a hazard to property or facilities.
When it is obvious that firing from a given position
could result in a projectile going beyond an SDZ,
relocate the target location, the firing position, or
both; or take other action to ensure safety. Although
primarily used on multipurpose range complexes
(MPRCs), a gun-target engagement sequence matrix
is a valuable tool that helps determine target array
options on any range. The matrix lists all targets that
can be engaged from each firing position and the
distance to each target. It identifies the primary
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targets for each scenario. An example of a gun-target The project summary includes general information
engagement sequence matrix is illustrated in Figure concerning design and construction. Materials
6-32, Chapter 6. specified for use must conform to local construction
PRELIMINARY DOCUMENTATION
After the site selection process is complete, the
range-planning team prepares a preliminary range
site layout. The layout shows a draft diagram (rough
sketch format) of the site outline, downrange area,
firing line and maneuver boxes, and support facilities.
The team prepares perimeter descriptions and
layout maps following guidance in AR 210-20, AR
210-30, and AR 415-20. Perimeter descriptions and
layout maps show the proposed range area with all
existing or planned facilities. A precise site descrip-
tion may also be needed for environmental impact
assessments and statements per AR 200-1 and AR
24)0-2. The planning team coordinates all require-
ments incorporated into the development project,
such as construction, equipment, facilities, and
safety, with the installation —

DEH.
Safety office.
Public affairs office.
Other appropriate staff offices.

Perimeter descriptions and layout maps portray the
proposed training area with all existing and planned
facilities. Planners assist in preparing the project
summary. A preliminary construction layout is in-
cluded in the project summary to show the proposed
training area in relation to troop housing areas, road
networks, existing ranges, and maneuver areas.
Layouts will use the most current mapping data avail-
able and may require supplementation with aerial
photographs to help identify unusable terrain that
may permit reducing SDZs.
PROJECT SUMMARY
Once the target area is designed and developed, it is
added to the preliminary layout and project sum-
mary. Trainers assist engineers in preparing the
project summary. A preliminary construction layout
is included in the project summary to show the
proposed range in relation to troop housing areas,
road networks, existing ranges, and maneuver areas.
All layouts should be keyed to United States Geologi-
cal Survey (USGS) maps and supplemented with
aerial photographs to help identify terrain that may
permit reducing SDZs.

policies. Grading must be held to a minimum. Nor-
mally, it is used only to provide adequate drainage,
increase target visibility, prevent ricochets, and meet
other engineering requirements. A program for
seeding, sodding, and other soil erosion control
measures should be established to reduce main-
tenance costs and enhance operations. Compaction
requirements (embankment, drainage, and general
cleanup) must meet minimum Corps of Engineers
(COE) standards. The next step is approval of the
project summary by the Installation Master Planning
Board (IMPB).
PROJECT DEVELOPMENT BROCHURE
After approval of the preliminary construction
layout and project summary, a project develop-
ment brochure (PDB) is prepared according to
TM 5-800-3. The PDB includes a formal request for
a military construction appropriation on a DD Form
1390 or 1391. A complete set of programming docu-
ments is developed and presented through channels
to the Office of the Secretary of Defense (OSD), the
Office of Management and Budget (OMB), and sub-
sequently to the Congress for authorization and
funds appropriation. When completed, the DD
Form 1390 or 1391 is included as an attachment to
the PDB. If land acquisition is required as a part of
the range development project, a separate DD Form
1390 or 1391 must be developed to request an ap-
propriation. The two requests may be submitted
together.
Engineers also develop a complete set of program-
ming documents, which are presented to Congress
annually for authorization and funds appropriation.
The project design must be at the concept comple-
tion stage, that is, at least 35 percent complete, before
the request for authorization is presented to Con-
gress. The entire process takes approximately five
years. The project design must be at the concept
completion state, that is, at least 35 percent complete
for OSD or OMB approval. The design must be at
least 95 percent complete before the request for
authorization can be presented to Congress. The 35
percent and 95 percent designs are developed after
receipt of HQUSACE Directive Code 2 and Code 6
approval, respectively (per AR 415-20); these
designs are funded by HQUSACE. When Congress
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authorizes and appropriates the funding, range con-
struction begins.
The PDB includes a set of documents which describe
the project in detail:

Functional requirements summary
Range objective.
Space or land usage requirement.
Facilities description.
Summary of future changes and impacts.

Facilities requirements sketch.
Documentation checklist:

Cost estimates.
Telecommunications system coordination
with the supporting signal command.
Economic analysis of alternatives.
Installation staff coordination.
Required completion date.
Site development plan.
Architectural and structural documenta-
tion, including an evaluation of existing
facilities (if any) and the availability of a
standard design or site-adaptable designs.
Mechanical, electrical, and utility systems.
National Environmental Policy Act
(NEPA).

Technical data checklist
Construction phasing requirements.
Equipment in place and justification.
Fire protection.

Attached documents:
DD Forms 1390 (Military Construction
Program) and 1391 (Military Construc-
tion Project Data) with cost estimate and
project justification.
Site location map with proposed and exist-
ing SDZs.

TM 5-800-3 outlines PDB preparation and submittal
procedures. Instructions for preparing DD Forms
1390 and 1391 are in AR 415-15. Predesign prelimi-
nary documentation is now complete. The facility
engineer (master planner) and district engineer
begin formal documentation of the design and con-
struction phase of the range development process by
preparing the concept design and submitting project
cost estimates for funding.

PROGRAMMING RESOURCES
Range planning must follow the Army Planning,
Programming, Budgeting, and Execution System to
ensure that appropriate and sufficient funds are
authorized for range construction, equipment,
operations, and maintenance. Resource managers
must participate in planning to ensure that budgeting
procedures are followed, milestones are established,
and required actions are completed in a timely man-
ner. AR 1-1 establishes and describes the PPBES.
AR 415-15 and AR 415-35 detail procedures for
requesting funds for Military Construction, Army
(MCA) projects. It is helpful to understand the
relationship between the PPBES and the major
events in the MCA process. Under the PPBES, pro-
gram and budget resources are allocated to projects
described by management decision packages
(MDEPs). The PPBES architecture distributes
MDEPs among five management areas:

Missions of tables of organization and equip-
ment (TOE) units.
Acquisition, fielding, and sustainment of sys-
tems.
Activities of the support and mobilization
base.
Operations of Army installations.
Special functional areas; for example, pro-
gram and budget packages that cut across two
or more other management areas.

MDEPs have two components:
The budget increment package (BIP), cover-
ing the prior year, current year, and budget
year.
The MACOM program objective memoran-
dums (POMs), covering five program years.
Military construction requirements to sup-
port an MDEP area are identified in the POM
under the MCA appropriation.

MCA program events are normally accomplished
over a period of five to six years:

The guidance year, when Army guidance
documents and HQDA current policies are
provided. Included is program dollar
guidance for each MACOM MCA program.
The design year immediately follows the
guidance year.
The budget year follows the design year. It is
the year in which the Army defends the
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Military Construction Program before OSD,
OMB, and Congress. It is also the year during
which final design of an MCA program must
be substantially completed.
The program year (or program execution
year) is the year in which funds become avail-
able for construction. It is the first year for
executing the Military Construction Program.
Depending on its size and complexity, the
program may require more than one program
execution year. Multipurpose range com-
plexes, for example, normally require two
years to complete construction.

The PPBES and MCA budget and program years
coincide. However, a project conducted under the
Military Construction Program that starts planning
during the current fiscal year must pass through the
milestone events of both the guidance year and the
design year before it reaches the budget and program
years. For example, an MPRC project for which
planning starts today may not be operational until up
to six years from now. Table 4-1 depicts the major
events, activities, and time lines for MCA range
project development.
FUNDS
There are three basic funds used for constructing,
equipping, operating, and maintaining ranges. They
are Military Construction, Army (MCA), Other
Procurement, Army (OPA), and Operation and
Maintenance, Army (OMA). At the installation
level, OMA funds are handled through various
operating function accounts. Funds for engineering
operations include the K-account for maintenance
and repair work not exceeding $1,000,000 and the
L-account for new construction work that does not
exceed $200,000. Installation resource managers are
familiar with the various funding procedures and
provide valuable assistance to planners and trainers
in preparing requests for funds.
Military Construction, Army
MCA funds are used for major construction projects
that exceed the L-account limit of $200,000 for new
work. MCA funds are also used for maintenance and
repair work that exceeds the K-account limit of
$1,000,000. MCA funds are used for MCA design
projects and for construction of ranges, access roads,
and support facilities. Congress authorizes and ap-
propriates MCA funds. They are included in the
Appropriation Act signed by the President of the

United States. Related to the regular MCA program
is the Minor Military Construction, Army (MMCA)
Program. The MMCA program provides a means of
funding construction projects costing less than the
maximum amount specified bylaw for minor military
construction (10 USC 2805). Currently, MMCA
project costs are in the $200,000 to $1,000,000 range.
MMCA funds may be used for unspecified minor
military construction that cannot be delayed for in-
clusion in a future MCA program request without
adversely affecting the military mission. AR 415-35
provides MMCA project approval criteria and pro-
cedures.
Other Procurement, Army
OPA funds are used to procure and install targetry
equipment, training devices, threat simulators, and
instrumentation that have a cost greater than $15,000
per unit. OPA base-level commercial equipment
(OPA-BCE) funds are generally used to purchase
range supplies, equipment, target devices, and
mechanisms not centrally managed or purchased by
the Army. The US Army Armament, Munitions, and
Chemical Command (AMCCOM) procures RETS
equipment centrally using OPA funds included in the
MDEP for RETS fielding. OPA funds may also be
used to purchase some equipment through the
Productivity Capital Investment Program (PCIP).
AR 5-4 provides detailed instructions for requesting
PCIP approval.
Operation and Maintenance, Army
OMA funds are used for normal operation and
maintenance of existing ranges. OMA L-account
funds may be used for construction of ranges with
new work estimated to cost less than $100,000.
OMA K-account funds may be used for maintenance
and repair work that does not exceed $1,000,000.
Both the K- and L-accounts could be used to fund a
project that includes both new work and main-
tenance and repair work, so long as the combined
limit of $1,200,000 is not exceeded. OMA funds may
also be used to purchase targetry equipment with a
cost of less than $15,000 per unit.
RC Funds
The National Guard and Army Reserve have
separate funds for their training range needs. RC
funds are used to construct, develop, and modify
ranges, training sites, armories, and weekend training
sites. RC OMA funds are known as Operation and
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Maintenance, Army National Guard (OMARNG)
and Operation and Maintenance, Army Reserve
(OMAR). These funds are used for routine opera-
tion and maintenance of existing ranges, minor range
construction, and purchase of targets and training
devices. When OMA funds are used for range con-
struction, any requirements for RETS targetry
equipment must be submitted through the MACOM
to USATSC (ATIC-RTS) for inclusion in the Army
Master Range Plan.
BUDGETING STRATEGIES
Budgeting strategies for range construction and
maintenance vary as much as the funds available.
The type of fund used for a project determines the
procedures required. Planners, trainers, and en-
gineers must work closely with installation resource
managers to ensure proper procedures are followed.
After identifying a need for a new or renovated range,
the user submits a request on a work order to the
installation DEH. The DEH determines if the re-
quest is valid. If it is valid and the estimated cost of
new work is $200,000 or less, the request remains as
a work order. It is then submitted to the New Work
Planning Board (NWPB). Once approved by the
NWPB, the project is placed on the annual engineer
plan at the installation. Construction proceeds using
installation OMA funds. Time required for con-
struction depends on priorities established by the
installation commander, but it should normally not
exceed one year.
If the cost of new work exceeds $200,000, the request
is put on a DD Form 1391. This form is submitted to
the Installation Master Planning Board. If approved
by the IMPB, the project is consolidated in the five-
year MCA program, which lists all major construc-
tion projects at an installation. Since this program is
not restricted to range projects, these projects must
compete with all other installation MCA require-
ments for priority. The five-year MCA program is
submitted annually to the MACOM.
Each MACOM consolidates its MCA priority list
and submits it to HQDA Office of the Assistant Chief
of Engineers (OACE). MACOM engineers serve as
the focal point and coordinators for range program
development before submission of the list to HQDA
OACE.
The MACOM list of prioritized range projects is the
basis for the AMRP. This plan is used by the HQDA

(DAMO-TRS) representative to provide range
prioritization guidance to the HQDA Construction
Requirement Review Committee (CRRC). AR 210-
21 describes the process for developing the AMRP.
The CRRC provides recommendations to the Assis-
tant Secretary of the Army (Installations, Logistics,
and Environment) for MCA projects. The CRRC
also advises the HQDA Program Budget Committee
on MCA programming and prioritization in POM
building years. The POM documents the Army pro-
gram. It is submitted to OSD for review. AR 415-15
describes the MCA program development flow.
OMA or OPA funds for targets and equipment must
be programmed at the right time so that equipment
delivery coincides with range completion. The direc-
torate responsible for installation ranges must in-
clude requirements for targetry and devices in
command operating budgets submitted for the ap-
propriate program year. Refer to Table 4-1 for help
in determining the fiscal year during which a specific
range project is programmed. Resource manage-
ment officials can help determine the appropriate
funds for purchasing targets and equipment.
Occasionally, a new range may be built for testing and
evaluation of weapon systems, equipment, or training
concepts. MCA funds might be used initially to
equip the range with new targets. Subsequent range
maintenance and procurement of new targets, how-
ever, may require OMA and OPA funding.
PRODUCTIVITY CAPITAL INVESTMENT PRO-
GRAM
The Productivity Capital Investment Program
provides readily available funds for projects that in-
crease productivity, reduce costs, and improve
operations. To qualify, projects must pay for them-
selves through savings or cost avoidance within a
specific period of time. Table 4-2 lists the four capital
investment subprograms. Savings from these
programs are retained at the installation. Savings
and cost avoidance must be auditable. Refer to AR
5-4 for complete details on PCIP subprograms.
WEAPON SYSTEM INFORMATION
Support for developing weapon systems must be
planned in advance. Two sources of information
provided at the installation level describe the weapon
system, its technical characteristics, and its implica-
tions for the facility.
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Army Modernization Information Memorandum PROJECT DESIGN AND CONSTRUCTION
(AMIM) (DA Pam 5-25) The design portion of MCA project development
The AMIM specifies when divisions or brigades will
receive new weapon systems, training and doctrine
requirements, and supply and maintenance require-
ments. The AMIM should specify the training
facilities needed to support these new or modern-
ized systems. The AMIM also specifies resource
requirements for force modernization. The AMIM
is updated on a biennial basis; the process is
described in DA Pam 5-25.
Support Facility Annex (SFA)
The SFA is an annex to the Integrated Logistics
Support Plan for selected major and directed ac-
quisition programs published by HQUSACE. The
SFA provides a general description and charac-
teristics and identifies facility implications associated
with material fielding. The SFA also includes train-
ing facility considerations. It is continuously updated
as the weapon system matures in the material acquisi-
tion process. SFAs are developed in coordination
with the materiel system program evaluation office
project manager and TRADOC system manager.
They are available to installations and MACOMs via
the programming, administration, and execution
(PAX) system under the facility planning system
utility.

normally includes three phases: concept and
preliminary design, final design, and construction bid
package. Depending on design complexity and other
factors, some agencies elect to add a 65 percent
design review phase.
Concept and Preliminary Design
On receipt from HQUSACE of Directive Code 2
(authorization for the concept and preliminary
design of a new MCA project), the design agency
district engineer (DE) for MCA-funded projects
(the facility management officer [FMO] for NGB-
funded projects) initiates action to get engineering
support. A commercial architectural engineering
(AE) firm usually supplies this support. Depending
on the work load, DEs may elect to use in-house
resources for design. Using the latest approved DD
Form 1391, the appropriate design manual, and input
from the using agency, the AE firm develops the
concept and preliminary design package. This pack-
age contains approximately 35 percent of the total
design. It should include –

Site topographic data.
Target emplacements.
Firing points.
Roads, trails, and building layouts.
Electrical and data distribution systems.
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Design analysis and guide specifications.
A construction cost estimate as of the 35 per-
cent design stage.

The cost of the package should not exceed 25 per-
cent of total design cost. When complete, the pack-
age is distributed to the DA Program Manager for
the Range Modernization Program (USATSC
[ATIC-RTS]), the MACOM, the USAEDH Range
Mandatory Center of Expertise, and the using agency
for review and comments.
Final Design
After satisfactory resolution of all concept and
preliminary design issues and receipt of Directive
Code 6 authorization from HQUSACE to proceed
with the final design, the agency directs the AE firm
to produce the final design package. This package
includes a complete, detailed design of all facilities
with specifications and the final construction cost
estimate. The package is distributed to the reviewing
agencies listed above for review and comment. After
comments have been received from reviewers, the
design agency determines the need for holding a final
review conference. An intermediate review at the 65
percent design stage is an option. This review is
recommended for large, complex ranges.
Bid Package
Issues concerning the final design are resolved and
incorporated into the drawings and specifications.
These revised drawings and specifications along with
other bid documents make up the final bid package.
This package is not usually sent out for general
review.
Range Construction
The construction portion of the project development
process normally starts with the awarding of a con-
tract by competitive bids to a construction contrac-
tor. Range construction may also employ troop
labor. This can reduce construction costs and pro-
vide training opportunities for engineer units. Con-
struction periods for specific projects vary from one
to two years, depending on the complexity and size
of the range. DE representatives monitor the MCA
construction process; usually an AE firm monitors
NGB-funded projects. When construction is satis-
factorily completed and accepted, the range is turned
over to the installation to await RETS target equip-
ment installation.

Installation of RETS target equipment is the respon-
sibility of AMCCOM. It is performed by an equip-
ment contractor. The installation period may range
from 30 days (for a standard 16-lane infantry range)
to 60-90 days (for a full-size MPRC). Once equip-
ment installation is complete and the equipment is
certified by acceptance tests, the total range is signed
over to the installation, which is responsible for
operating and maintaining the facility.
QUALITY ASSURANCE PROGRAM
The Range Modernization Quality Assurance (QA)
Program monitors the range development process
from initial planning through target equipment in-
stallation and operation. This assures that training
facilities constructed throughout the world are as
similar as possible in order to train and qualify all
military personnel to the same standards. Also,
electrical and data interfaces that support operation
of target equipment must be planned and installed
correctly. The DA Program Manager directs the QA
program.
Range Planning
The QA program begins at the earliest stages of
range planning with the furnishing of design manuals
that provide guidance on siting, facility requirements,
and preparation of DD Forms 1390 and 1391. On
request and subject to availability of funds, the DA
Program Manager makes range assistance visits to –

Analyze the requesting installation’s overall
training requirements.
Determine the existence and adequacy of
present facilities.
Provide recommendations on new or
upgraded facilities needed to meet shortfalls.

Additional assistance is available for individual range
projects to help resolve training, engineering, and
environmental questions such as range type, number
of lanes, safety fans, SDZs, noise impact, land use
conflicts, etc.
Design Stages
After the services of an AE firm have been acquired,
a preconcert design conference should be held. This
conference is attended by the DA Program Manager,
USAEDH, AMCCOM, the MACOM, the installa-
tion, the DE or FMO design agency, and the AE firm.
Items to be addressed include –
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Training requirements for the type of range
under design.
Evaluation of site conditions.
Review of target equipment interface details.
Special design considerations resulting from
lessons learned during development of other
range projects.

These areas are addressed again during the concept
and final design reviews.
Construction Stages
After the construction contract has been awarded, a
preconstruction conference is held. This conference
is attended by the DA Program Manager, USAEDH,
AMCCOM, the MACOM, the installation, the con-
struction contractor, the DE or FMO construction
agency, and the architectural engineer. Details of the
construction drawings are reviewed with the contrac-
tor to assure proper interpretation of the design.
Specific critical items concerning target equipment
protection and interface requirements are pointed
out. When construction has progressed to 60-70 per-
cent of critical equipment interface items being com-
plete, a construction compliance review (CCR) is
scheduled. As a minimum, one of each type of tar-
getry emplacement must be complete. A QA team
visits the site to conduct the review. This team in-
cludes —

The DA Program Manager.
USAEDH.
AMCCOM.
The MACOM.
Representatives of the construction agency,
installation, construction contractor, and
(where appropriate) the AE firm.

The primary purpose of the review is to ensure that
equipment and materials furnished by the contractor
meet contract specifications and that the range is

constructed according to the contract and acceptable
standards. Items reviewed include —

Data and power cables.
Target emplacements.
Cable junction boxes.
Tower junction boxes.
Roadbed ballast for moving targets.

Conducting reviews at this stage allows adequate
time for the contractor to make corrections or adjust-
ments before completing construction.
When construction is complete, the DA Program
Manager, USAEDH, AMCCOM, the MACOM,
and the target installation contractor conduct a tar-
get interface inspection (TII). Other agencies may
observe this inspection as necesary. The inspection
is needed to determine if all equipment interfaces
have been satisfactorily completed and if they will
support target equipment installation and opera-
tions. After completion of this inspection and resolu-
tion of any deficiencies, the project is approved for
the installation of targetry equipment. AMCCOM
oversees the installation carried out by the equip-
ment contractor. The final check and operational
testing of the installed equipment is conducted under
the direction of AMCCOM, the installation, the DE
or FMO, and the equipment installation contractor.
Upon successful demonstration that the equipment
is operationally ready, the project is considered com-
plete, and the range is turned over to the installation
for operation and maintenance.
NEW EQUIPMENT TRAINING
The MACOM provides new equipment training
(NET) for operation and maintenance of RETS
equipment. Installations and MACOMs coordinate
directly with AMCCOM, ATTN: AMSMC-MAO,
Rock Island, IL 61299-6000, to schedule training re-
quirements.
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CHAPTER 5

RANGE OPERATIONS

INTRODUCTION
Installation or community commanders will establish
range-control and safety programs according to AR
210-21 and AR 385-63. They will appoint range-con-
trol personnel to supervise all weapons fining on the
installation and enforce safety and operational re-
quirements. The command safety manager monitors
the effectiveness of the installation range safety pro-
gram. This chapter describes the range-control or-
ganization and its responsibilities for scheduling
ranges and maintaining positive control over range
activities. It describes procedures to follow during
live-fire and lasing operations. Refer to Appendix C
for a checklist to use during these operations.
THE RANGE ORGANIZATION
The installation or community range management
function is organized as prescribed in AR 5-3. This
function is normally assigned to a division or divisions
of the Directorate for Plans, Training, and Mobiliza-
tion or G-3. If all of the installation range and train-
ing functions were consolidated under a single
division, it would be titled the Range, Training, and
Training Support Division; however, the functions
are typically assigned to separate training and range
divisions. If a range division is not warranted, a
training support division performs range functions
and acts as a point of contact (POC) between the
installation and USATSC.
The Range Division plans, controls, and supervises
all weapons firing on the installation. AR 5-3 lists the
specific duties of a range division. Among these
are —

Directing and enforcing range and training
safety regulations pertaining to firing on ran-
ges.
Planning, scheduling, and operating the
installation’s ranges.
Planning, scheduling, and supervising use of
facilities, training areas (including restricted
airspace), and supporting weapons.
Developing, publishing, maintaining and en-
forcing range and training area regulations,

standing operating procedures (SOPs),
airspace procedures, and firing bulletins.
Requisitioning, storing, and issuing targets,
target materials, and equipment.
Ensuring that ranges are maintained and
capable of meeting training tasks.

The DPTM/G-3 Training Division plans, coor-
dinates, and supervises the installation military train-
ing program. Many of its duties are directly related
to the range program. Among these are —

Implementing and supervising training
programs that increase training effectiveness
through substitution, simulation, and mini-
aturization.
Planning and coordinating implementation of
competitive marksmanship programs.
Implementing, supervising, and evaluating
soldier and collective training for garrison
units.
Supervising and managing battlefield simula-
tion war games.
Preparing the installation range development
plan.

Another DPTM/G-3 division with duties that relate
to the range program is the Mobilization Division.
This division develops plans for range and training
area requirements during mobilization. This division
should also assist the Range Division in developing
the installation’s land use requirements study
(LURS) for postmobilization training requirements
(see TC 25-l).
DA Pam 570-551 gives staffing guidance for a
DPTM/G-3 range organization. Local appraisal
determines the specific personnel requirements of a
range organization. Table 5-1 shows the type of per-
sonnel that may be required.
RANGE CONTROL AND SCHEDULING
Coordination and integration of installation
training and firing activities requires effective
range control and scheduling procedures. These
procedures must be augmented with communica-
tions resources to ensure safe, efficient live-firing
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activities. Range control begins with development
and publication of the installation range regulation.
This regulation prescribes policies and procedures
for conducting range activities consistent with safety
and environmental regulations. AR 210-21 describes
the subjects that the range regulation should address.
SOPs applicable to individual facilities within the
installation training complex augment the regulation.
The minimum content requirements for an SOP are
described in AR 210-21.

A major feature of an effective range control pro-
gram is the range scheduling system. Scheduling
systems are based on range throughput capacities,
usage rates, limitations or restrictions applicable to
individual ranges, and special training needs iden-
tified by unit commanders. A critical scheduling
consideration is the potential for conflicts. If
shooters on one range fire into a second range, the
second range must not be scheduled for use at the
same time. By the same token, if the second range is
scheduled, then the first range must not be scheduled
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for that time. Plots of surface danger zones
(described in DA Pam 385-XX) are the primary
determinant of potential conflicts. They play an im-
portant part in the scheduling process. Vertical
danger zones should also be computed and con-
sidered when scheduling ranges to accommodate the
ballistic trajectory and ricochet characteristics of
weapons and ammunition that will be used. The
scheduling system should incorporate checks to en-
sure that two or more units are not scheduled on the
same tiring range at the same time without the coor-
dination and concurrence of the commanders con-
cerned. Periodic scheduling conferences should be
conducted to correlate all major training activities
with the available training facilities and to reconcile
nontraining requests for range use with the estab-
lished range schedule.
The Range Facility Management Support System
(RFMSS) is an effective, automated management
tool for range scheduling. An RFMSS data base
allows the installation to enter specific data about
ranges, training areas, firing points, range conflicts,
and using units. SDZs can be generated on a plotter
as overlays to range maps to illustrate scheduled
activities. Using a module for scheduling allows the
user to display schedules for up to 20 training areas
over a period of 14 days.
Remote access to RFMSS by modem permits unit
training personnel to identify available resources and
submit schedule requests. The system generates
schedule bulletins and charts showing approved
range requests for any date, unit, or range. The
system can also be used to track range use data,
scheduled and unscheduled maintenance activities,
and ammunition expenditures.
An effective communications system is essential to
control range operations. A communications system
is used to control firing, coordinate requests for
medical assistance, and announce unsafe conditions.
Two-way communications must be maintained be-
tween the range control organization and using units
during all firing and weapons training periods. If
communications are disrupted, the unit must cease
fire or suspend operations until communication is
reestablished. A range-control communications net-
work normally consists of–

An FM radio range-control firing net.
An internal FM radio range-control ad-
ministrative net.

A radio or telephone backup range-control
firing net.

The network must provide communications between
the range-control network and each tiring range,
weapons training facility, and training area within the
installation training complex. The primary com-
munications system may be either FM radio or
telephone. The using unit must report all firing posi-
tion openings, closings, and changes in firing status
immediately to the range-control communications
center. If the RFMSS is used, a communications
(COMM) program is available to automate the
recording of event data. The range-control com-
munications operator can enter reports received into
the RFMSS data base simply by pressing the ap-
propriate function key on the RFMSS computer ter-
minal. Range openings, closings, and firings are
recorded and, if necessary, printed out to provide a
detailed reconstruction of all calls and events.
LIVE-FIRE OPERATIONS
Safety is paramount during all live-fire and laser
operations. Using-unit commanders (bat-
talion/squadron) will ensure that the officer in charge
(OIC) and the range safety officer (RSO) receive an
installation or community safety briefing or course
prepared according to AR 385-63 before obtaining
battalion/squadron commander safety certification.
The safety certification programs will train and
qualify personnel in OIC and RSO duties for firing
exercises or maneuver operations.
The officer in charge will be a commissioned, war-
rant, or noncommissioned officer in grade E7 or
above, or a civilian in grade GS-09 or above, per Table
1-1, AR 385-63. The OIC is responsible for overall
safety of training and proper use of the training
facility. The OIC must be weapon-system-qualified
and have satisfactorily completed a standard pro-
gram of instruction in OIC duties. The OIC for a
battalion or larger-sized CALFEX will be a field
grade officer. The OIC will be physically present on
the training complex during training.
Before firing, the range OIC ensures that –

Required medical support is available.
The correct firing point or position is oc-
cupied.
The impact area is clear of unauthorized per-
sonnel; safety measures directed by the instal-
lation commander have been taken.

5-3



TC 25-8

Required communications are established
and maintained.
Only authorized ammunition, including
proper fuzes, is used.
Ammunition is within prescribed safe operat-
ing temperatures.
All firing precautions and prefire checks have
been performed.
Immediate clearance to fire has been ob-
tained from range control.
Special-use airspace, if applicable, is clear for
firing.
Local range regulations and SOPS are fol-
lowed.

During firing, the range OIC ensures that –
Personnel do not move to or from the firing
line on small-arms ranges and crew-sewed
firing positions without permission of the
range OIC or RSO.
Material is not removed from the firing line
without permission of the range OIC or RSO.
The surface danger zone is monitored to en-
sure it remains clear.
Projectile impacts are observed to determine
if they are within prescribed SDZs.
Weapon systems are cleared and checked
during temporary suspension of firing.
The type and quantity of ammunition fired
and the number and approximate location of
unexploded ordnance (UXO) are recorded.
Data from these records is communicated to
the range-control agency immediately after
firing ends.
Misfires, hangfires, and cookoffs are handled
according to pertinent technical and field
manuals for each malfunction and reported
per AR 75-1 or AR 385-40.
Firing ceases promptly when any unsafe act is
observed or reported or when communica-
tions with range control are lost.
Local range regulations and SOPS are fol-
lowed.

The range safety officer will be a commissioned,
warrant, or noncommissioned officer in grade E6 or
above, or a civilian in grade GS-07 or above, per Table

1-1, AR 385-63. The RSO is responsible for the final
determination to fire. The RSO must be weapon-sys-
tem-qualified and have satisfactorily completed a
standard program of instruction in RSO duties. The
RSO must be physically present on the training com-
plex and have no other responsibilities or duties.
The RSO ensures that –

Local range regulations and SOPs are fol-
lowed.
Weapons are properly positioned.
Authorized ammunition and explosives, in-
cluding proper charges and fuze settings, are
used.
Firing settings and weapon systems are
verified and within prescribed safety limits.
SDZs are clear of non-mission-essential per-
sonnel.
Proper hearing protection is worn by person-
nel in noise hazard areas (contours).
Permission has been granted from range con-
trol to commence training or live firing.
An immediate cease fire or check fire is or-
dered when any unsafe condition is observed
or when communications with range control
are lost.
After completion of firing, weapon systems
are reported clear to the OIC.

During laser operation, the RSO ensures that –
Local range regulations and SOPs are fol-
lowed.
Unit personnel who employ lasers are
thoroughly briefed, including an explanation
of laser-related hazards and safety equip-
ment.
Azimuths and elevations of each laser range,
firing position, and target are known.
Units comply with SOPs for laser operations
and training exercises.
All personnel engaged in laser operations,
including personnel in target areas, maintain
continuous communications. If communica-
tion is lost, the RSO orders lasing to stop.
Lasing stops immediately if positive control of
the laser beam is lost.
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CHAPTER 6

CURRENT ARMY RANGES

INTRODUCTION
This chapter describes standard ranges currently in
the Army inventory. The descriptions include no-
tional drawings based on current training materials
and methods. All ranges should be site-adapted.
The DA Range Program Coordinator (ATIC-RTS)
is tasked with developing standard designs for all
Army ranges. Design manuals are normally
prepared for RETS-equipped ranges and for other
priority ranges as directed by the HQDA Range
Requirement Review Board per AR 210-21. Request
standardized drawings from the design manuals
through district offices of the Corps of Engineers.
When there is a conflict between the standards
USAEDH has published and those in this training
circular, this circular takes precedence.
This training circular deletes the following ranges
that were included in FM 25-7 (Training Ranges):

MOUT tire house.
Tank crew combat firing course (replaced by
multipurpose training range).
Machine gun (M60 and M2) field-fire range
(replaced by multipurpose machine gun
range).
Tank platoon battle run (replaced by multi-
purpose range complex).
Live overhead-fire range (replaced by in-
filtration range).

The above ranges were originally designed to meet
training requirements for specific weapon systems.
However, they do not meet current criteria for Army
standard ranges, even though some of the weapon
systems may still be in the Army inventory. Installa-
tions with training requirements for nonstandard
ranges should staff designs through the DA Range
Program Coordinator (ATIC-RTS) to the DA Re-
quirements Review Board per AR 210-21.
Identify individual soldier and collective tasks to
be trained on ranges by referring to the ap-
propriate weapon system gunnery manual. DA
Pam 350-38 includes types of ammunition and am-
munition requirements for specific ranges. Table 3-8,

Chapter 3, of this circular provides guidelines for the
number and type of ranges needed by a division or a
training installation in peacetime. Mission and train-
ing throughput requirements determine the specific
ranges required.
RANGE GROUPING
When possible, group all related ranges in the same
area. For example, grouping rifle marksmanship
ranges, hand grenade ranges, antiarmor ranges, and
tank gunnery ranges reduces transportation costs,
increases range use, and cuts down on facility re-
quirements. When ranges are grouped properly,
training can proceed in a concurrent, progressive
fashion. Soldiers can move from range to range,
using consolidated storage, maintenance, dining, and
parking facilities. Grouping is the most economical
way to plan ranges.
ARMYWIDE STANDARD RANGES
The following matrix descriptions, and illustrations
(Table 6-1, Figures 6-1 through 6-44) provide in-
dividual and collective ranges (and selected training
buildings) designated as Armywide standard. In
some cases, the facility is also modernized with state-
of-the-art equipment. Modernized facility standards
have been designed to optimize manpower, real
property, targetry integration, and O&M costs.
Modernized facility standards also allow integration
of training devices in lieu of live-fire engagement.
Commanders have the flexibility to make minor
modifications for mission training requirements.
Publication of this matrix does not constitute
authorization or sole justification for initiating con-
struction projects. When planning identifies and jus-
tifies a facility shortfall per AR 210-20, AR 210-21,
and this training circular, modernized facilities are
highly recommended over those that are merely
standard. The matrix –

Lists range facilities by type and function.
Gives the Army’s five-digit facility category
code per AR 415-28.
Indicates the type of facility design that cur-
rently exists:
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- S = Armywide Standard. -  * = Candidate for modernization; con-
-  M = Modernized Armywide Standard. struction category code not assigned in

AR 415-28.
Lists figure numbers for illustrations.
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Figure 6-17. Light  antitank  weapon (LAW) M72 range
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Figure 6-18. Scaled range, 1:30 and 1:60 scale
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APPENDIX A

Range Selection

This appendix identifies primary and alternate specific weapon systems and weapons, based on ap-
ranges used for training and qualification with plicable field and gunnery manuals.
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APPENDIX B

RANGE EQUIPMENT

Figures B-1 through B-85 illustrate targets and tar- information, contact USATSC Directorate for Ran-
getry equipment currently used to support ranges. ges, Targets, and STRAC, ATTN: ATIC-RTSR, Fort
Marksmanship targets are discussed further in FM Eustis, Virginia 23604-5166, AUTOVON 927-
23-9, armor targets in FM 17-2-7. For additional 2084/2970. -
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APPENDIX C

LIVE-FIRE CHECKLIST

Officers in charge, range safety officers, and unit
trainers should use the following checklist to prepare
for and conduct live-fire training. The five-part
checklist is notional; it should be supplemented by
local range regulations and SOPs.

Part I. PREPLANNING FACTORS

A. Mission analysis
1.

2.

3.

4.

5.

6.

7.

Units firing on the range
Unit(s) -

Number of soldiers
Weapons and course/table to be fired
Weapons(s)
Course/table
Range requested
Range name/number
Date of scheduled operation
Date(s)
Ammunition requisition
Type(s), quantities required
Date requested
Attend range-control safety briefing
Date
Targets ordered
Date

REMARKS Y N NA

B. Administrative requirements
1.

2.

Sufficient ammunition has
been requested

Range facilities are adequate
to conduct desired training

REMARKS Y  N NA

3.

4.

5.

Sufficient time has been
scheduled to complete
training
Firing periods coordinated
with Range Control
Range-scheduling conflicts
have been resolved

C. Personnel requirements
1.

2.

3.
4.
5.
6.
7.
8.
9.
10.

OIC
attended safety course
briefing
completed unit
certification
RSO
attended safety course
briefing
completed unit certification
Assistant safety officers
Medical support
Ammunition detail
Assistant instructors (AIs)
Range guards
Range/target operator
Maintenance personnel
Target detail

D. Equipment requirements
1. Range packet/clearance

form received
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REMARKS Y N NA REMARKS Y N NA

2.

3.
4.

5.
6.
7.

8.
9.
10.

Safety fan diagram/
range overlay on hand
firing points
firing lanes
firing boxes
target locations
Radios
Range flag and light (night
firing)
Vehicle flag sets/lights
Safety paddles
Medical support equipment
ambulance or designated
vehicle
litter
backboard
aid bag, complete
other equipment prescribed
in local guidance
Earplugs
Master score sheet
Scorecards

11. Armorer’s tool kit
12. Weapons-cleaning equipment
13. Fire extinguishers
14. Repair parts/spare weapons
15. Training publications
16. Report folder
17. Life saver procedures
18. Toilet paper

Part II. RANGE OCCUPATION

A.

B.

C.

D.

E.

F.
G.

H.
L
J.
K.

L.

Establish communications with
Range Control
Prepare designated areas
1. Ammunition point
2. Medical station
3. Concurrent training
4. Parking
5. Armorer
6. Water point
7. Mess
Range OIC brief
1. RSO
2. Safety assistants
3. AIs
4. Vehicle commanders
Conduct range inspection to
ensure targetry is present and
operational
Verify impact area clear of
unauthorized personnel
Raise range flag
Check ammunition

No live-fire ammunition on
nonfiring range
Receive firing units
Range guards briefed and posted
Conduct safety checks on weapons
Conduct safety briefings
1. Dud orientation
2. Noise hazard briefing
3. Misfire Procedures
Organize personnel into firing
orders (keep unit integrity, if
possible)
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REMARKS Y N NA REMARKS Y N NA

M.

N.

O.

Medical support is present or
1.

2.

3.

4.

5.

Medics have communications
with treatment facility
Medics have strip map from
range/training area to treat-
ment facility
Medics (off-site) have
communications with range/
training area
Medics (off-site) have strip
map to range/training area
Medics, in coordination with
Range OIC, select and clear
air evacuation site near the
range.

For tanks and BFVs, inspect
DA Form 2408-4 (Weapon
Record Data) for each main
gun to be tired
Request clearance from Range
Control to commence firing

Part III. CONDUCT OF FIRING OPERATIONS

REMARKS Y N NA

A.

B.

C.

D.
E.
F.

Communication maintained
w/Range Control IAW local
SOP

Ammunition accountability
maintained
Personnel accountability
maintained
Guards on duty/alert
Earplugs in use
Weapons cleared before
departing firing line on
small-arms ranges

G.

H.

I.

J.

Surface danger zone is
monitored to ensure it
remains clear
Weapon systems are cleared
and checked during temporary
suspensions of firing
Cease-fire is called when
unsafe act is observed or
reported or when communi-
cation with Range Control
is lost
Handle misfires, hangfires,
or cookoffs IAW pertinent
technical manuals

Part IV. POSTFIRING OPERATIONS

REMARKS Y N NA

A.

B.

C.

D.

E.
F.

G.

H.
I.

All weapons cleared before
leaving range or training
facility
Conduct brass/ammunition
check
Close down range IAW local
SOP
Firing status of range or
vehicles reported to Range
Control
Conduct police of range
Perform maintenance tasks
as required by local SOP
Request range clearance
from Range Control
Debrief unit personnel
Submit after-action report
IAW local SOP
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REMARKS Y N NA REMARKS Y N NA

1.

2.
3.

4.
5.
6.

Number of rounds fired by
caliber
Throughout
Number and approximate
location of unexploded
ordnance
Weapons malfunctions
Safety hazards
Communications losses

Part V. LASER OPERATIONS

Laser devices may only be used on those ranges
that the installation commander has approved
and established for such use. The following check-
list is used in planning for and conducting laser
operations.

REMARKS Y N NA

A.

B.

c.

D.

Verify survey of proposed lasing
and, target area
Right and left laser safety limit
stakes designate right and left
limits of lasing at local training
areas
Warning signs and barricades
posted to prevent unauthor-
ized entry
Warning signs posted at
entrance to the range
(Figure C-1)

E.

F.

G.

H.

I.

J.

K.

L.

M.

N.

O.

Verify impact area clear of
unauthorized personnel
Sweep range area to remove all
specular (mirror-like) material
prior to lasing
Target materials are non-
secular surfaces — card-
board, wood, or lusterless metal
Recommended target areas are
free of specular surfaces
(glossy foliage, raindrops, and
other material objects are not
considered pecular surfaces)
Laser devices are not lased
at specular reflective surfaces
Unprotected personnel are not
exposed to either the direct
beam or the beam reflected
from a specular surface
Personnel within the LSDZ
are wearing protective eyewear
(Table C-1)
Laser devices listed in Figure
C-2 are not used in two-sided
tactical exercises
Appropriate laser safety
filters are placed in daylight
optical devices used to observe
targets during lasing
Recommended target areas
are free of calm, smooth water,
and clean ice
Laser safety orientation is
provided to all personnel
who work with or use lasers
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Appendix D

REMOTED TARGET SYSTEM PROGRAMMING

This appendix describes control modes, program-
ming statements, and print options used to develop
remoted target system computer programs. This
information will help unit trainers develop scenarios
from which RETS computer programs can be
developed. Understanding the modes, statements,
and options will enable scenario developers to pro-
vide necessary information to computer program-
mers.
RANGE CONTROL MODES
The RETS range control station (RCS) transmits
command and control signals to targetry equipment
and receives hit signals from hit sensors attached to
the targets. There are two modes for controlling
targetry movement:

Automatic mode (AUTO) runs a
preprogrammed, time-driven scenario. The
program gives commands to raise or lower
targetry mechanism it commands moving
target carriers to move forward, to reverse,
or to stop. Programmed scenarios are
reusable.
Manual mode (MAN) allows individual target
mechanisms or groups of targets to be raised
or lowered on command of the RCS operator.
Alibi engagements can be fired when the sys-
tem is in the MAN mode.

PROGRAMMING STATEMENTS
Programming statements are used to establish the
conditions for firing engagements. The following
statements may be included in the RETS program:

The depth statement assigns targets or target
arrays into groups or zones. In a training
scenario, depth can be used to evaluate the
firing element’s best zones of engagement.

Example:
Near 0-500 meters
Medium 500-1200 meters
Far 1200-2300 meters

No more than five depth statements can be
used in a program. Each target may be as-
signed to only one depth.

The attrition statement assigns targets to a kill
group. Attrition statements are used in
scenarios to simulate enemy withdrawal after
sustaining a predetermined percentage of
losses.

Example 1:
ATTRITION STATEMENT:
5 targets presented — 3 total hits are required
to kill or lower targets
RESULTS:
3 of 5 targets receive 1 hit each — all targets
are lowered
Example 2:
ATTRITION STATEMENT:
5 targets presented — 8 total hits are required
to kill or lower targets
RESULTS:
4 of 5 targets receive 2 hits each — all targets
are lowered

The scenario developer determines the num-
ber of hits required to kill a particular group
of targets. A target cannot be assigned to
more than one kill group and need not be
assigned to any kill group. In the MAN mode,
the RCS operator cannot override an attrition
statement that has been programmed into the
scenario.
The hold statement suspends target activity.
Since it is impossible to predict the time re-
quired for a firing element to maneuver or
move into position, hold statements are used
to suspend the scenario after the last com-
mand is executed. The RCS operator must
depress the CONT key on the RCS computer
keyboard to allow the program to continue.
The operator may override the program in the
AUTO mode by depressing the HOLD key.
The computer will complete execution of the
last command before suspending the
scenario.
The withdraw statement designates the end of
the attack phase of the scenario and the
beginning of the withdrawal phase. The pro-
gram will run only an attack phase unless a
withdraw statement is included.
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Print statements command the computer and
printer to provide report printouts. A print
hold statement may be included following
engagements to suspend the scenario and
provide a report. The RCS operator presses
the CONT key to continue the scenario after
the report is printed.

PRINT OPTIONS
Seven report formats are currently available. The
type of scenario and the information desired will
determine the report required. The available reports
are —

Score Summary Report.
Phase Summary Report.

Infantry Score Summary Report.
Armor Target Score Summary.
Diminishing Force Score Summary Report.
Diminishing Force Scenario Summary
Report.
Armor Diminishing Force Score Summary
Report.

Examples of these reports are shown in Figures D-1
through D-7. With the introduction of new and im-
proved equipment, additional report formats may be
available.
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RANGE BAFFLES

RANGE BAFFLES
A baffled system consists of a series of overhead
barriers, sidewalls, and a bullet stop to contain the
trajectory and ricochet of small-arms rounds. Use a
baffled system when an installation does not have
enough available land to provide impact areas behind
or adjacent to a firing range. Baffles are frequently
used when converting an existing KD range into an
AFF, ARF, MRF, or CPQC, since KD ranges are built
with a bullet stop at the end of the range.
Installation range planners should consider the cost
of a baffled system versus the availability and cost of
purchasing additional land. Baffled systems are
designed and site-adapted for each individual range.
Before construction the baffling system design must
be certified by the command safety officer to ensure
that the baffles will capture all rounds. Estimated
maintenance requirements and baffle replacement
should also be included in the cost comparison. Baf-
fling is expensive. Use it only when it is cost-effective.
Range baffles are designed to capture M16AI/A2
and pistol rounds fired under normal conditions
throughout the length of the range. Soldiers can fire
the SAW and the M50 MG 10m course on an ap-
propriately designed baffled range by firing within 10
meters of the bullet stop.
A bullet stop and sidewalls are included in converted
KD ranges or newly constructed ranges to guard
against shooting through the range. Overhead baf-
fles must be built to catch ricochets for targets placed
along the entire length of the range floor. The size
and location of intermediate baffles are determined
by–

The sheath of fire (1.5m above and below the
center of mass of an E-type target).
A 40° trajectory of an overhead ricochet from
the range floor.
The percentage slope of the range.
The amount of impact area available, if any.

This information will also be used to determine the
size of side walls and side baffles. The height of the

Appendix E

AND FIGHTING POSITIONS

sidewalls determines the height of overhead baffles
above the range floor.
Figure E-1 illustrates a notional baffled system on a
KD range. It may be desirable to incorporate side
baffles into the side berms to further avoid ricochets
escaping the range. Figure E-2 depicts a notional
bullet catch.
FIGHTING POSITIONS
Fighting positions enable troops and vehicles to
engage range targets with direct-fire weapons, pro-
vide necessary protection for personnel, and still
allow for fields of fire and maneuver. Several option-
al variants of fighting positions are available for con-
struction on ranges. The commander’s intent and
training requirements will determine the type of posi-
tions selected.
Available options are illustrated in Figures E-3
through E-12.
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NOTE: A circular precast concrete side pipe should have a minimum diameter of 48
section may be used for the foxhole. The inches.
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Light Infantry and Dismounted Infantry Ranges
Light infantry and dismounted infantry ranges such
as the MPRC, MPTR, ISBC, and IPBC may use
different types of fighting positions. Three examples
follow:

Prone position (hasty). The prone fighting
position serves as a good firing position for
the soldier while providing protection against
direct fire. Soldiers should select positions
throughout the course using natural cover
and concealment.
Two-man deliberate position. The basic two-
man position is a side-by-side entrenchment.
The basic position can be modified by extend-
ing one or both ends of the entrenchment
around the sides of the frontal cover. The
modification is generally necessary in close
terrain where grazing fire and mutual support
extend no farther than one adjacent position.
Modification is also necessary to cover dead
space in close terrain immediately in front of
the position.
Machine gun position. Fighting positions for
machine guns are constructed to fire to the
front or obliquely. The primary sector of fire
is usually oblique so that the gun can fire
across the unit’s front. The hole is shaped so
that the gunner and assistant gunner can fire
to either side of the frontal cover. The height
of the gun is reduced by digging down so that
the tripod platform is lowered as much as
possible. The gun traverses the entire sector
of fire. The tripod is normally used on the
side of the position designated as the primary
sector of fire. Bipod legs are used in the
second sector. The tripod is left in place
when moving the machine gun from the
primary to the secondary section.

Tank and Bradley Crew, Section, and Platoon
Gunnery Qualification
Deliberate fighting positions are required to protect
vehicles from kinetic-energy, hypervelocity projec-
tiles in combat. Positions normally consist of three
sections: hull defilade, access ramp, and turret
defilade. All fighting positions for tanks and Bradley
Fighting Vehicles on ranges are preplanned. For
administrative requirements, see applicable field
manuals.

Deliberate vehicle fighting positions dimensions and
specifications are shown in Table E-1 and Figure
E-10 for specific weapon systems. Two additional
versions of defiladed positions are shown in Figures
E-11 and E-12.
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GLOSSARY

AAR
AA

AASLT
AC
ADF
admin
AE
AFF
AGR
AI
AIT
AMCCOM
AMIM
ammo
AMRP
AMTC
AP
approp
approx
ARF
ARNG
ARTEP
ATA
ATSC
attn
ATWESS
auth
AUTO

BATS
BCE
BCTP
BFV
BIP
BMD
bn
br
btl
btry

assembly area
after-action review
air assault
Active Component
air defense firing
administrative
architectural engineering
automated field fire
aerial gunnery range
assistant instructor
advanced individual training
US Army Armament, Munitions, and Chemical Command
Army Modernization Information Memorandum
ammunition
Army Master Range Plan
armor moving-target carrier
armor-piercing
appropriation
approximately
automated record fire
Army National Guard
Army Training and Evaluation Program
air traffic and airspace
Army Training Support Center
attention
antitank weapons effect signature simulator
authorization
automatic mode

ballistic aerial target system
base-level commercial equipment
Battle Command Training Program
Bradley Fighting Vehicle
budget increment package
ballistic missile defense
battalion
branch
battle
battery
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c
Cal
CALFEX
CB
CCR
cdr
CEHNDM
CEV
CL
cm
CMTC
co
COE
comm
comp
cent
CONUS
CPQC
CPT
CRRC
Cs
Css
CTC

cy
CTF

DA
DARR
DCSOPS
DE
def
DEH
dia
dim
DPTM
DRC

ea
EOD
equip

FAA
FCX

civilian centimeter
caliber
combined arms live-fire exercise
control box
construction compliance review
commander
Corps of Engineers, Huntsville Division, manual
combat engineer vehicle
centerline
centimeter
Combat Maneuver Training Center
company cold
Corps of Engineers
communications
complete
continued
continental United States
combat pistol qualification course
captain
Construction Requirement Review Committee
combat support
combat service support
combat training center
collective training facility; combined training facility
cubic yard

Department of the Army
Department of the Army Regional Representative
Deputy Chief of Staff for Operations and Plans
district engineer
defense
Directorate of Engineering and Housing
diameter
dimension
Directorate of Plans, Training, and Mobilization
Directorate of Reserve Components

each
explosive ordnance disposal
equipment

Federal Aviation Administration
fire control exercise
flame field expedient
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FIFV
fig
FMO
FP
FRG
ft
FTX
FY

G3
gal
GEN
GIS
GRASS
GTA
GTL

HE
HEP
hex
HFS
HG
HQ
HTA
hvy

IAW
ID
IET
IHFS
IMPB
IMT
IMTC
IN
inst
instr
IPBC
ISBC
ITAM

JAAT
JB
JRCT

future infantry fighting vehicle
figure
facility management officer
firing position
Federal Republic of Germany
foot
field training exercise
fiscal year

Assistant Chief of Staff, G3 (Operations and Plans)
gallon
general
geographic information system
geographic resources analysis support system
Grafenwoehr Training Area
gun-target line

high explosive
high-explosive plastic
hexagon
hostile-fire simulator
hand grenade
headquarters
Hohenfels Training Area
heavy

in accordance with
identification
initial-entry training
infantry hostile-fire simulator
Installation Master Planning Board
infantry moving target
infantry moving-target carrier
infantry, inch
installation
instructor
infantry platoon battle course
infantry squad battle course
Integrated Training Area Management (Program)

joint air attack team
junction box
Joint Readiness Training Center
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KD
km
kmh

LAW
LD
LFX
lg
LH
LID
LLLSS
LOMAH
LSDZ
Lt
LTA
LURS
LZ

m
MAC   
MACOM
maint
MAJ
MAN
MCA
MCAR
MCNG
MDEP
mech
METL
mg
mi
MILCON
MILES
min
mm
MMCA
MOUT
MPB
MPFQC
MPH
MPMG
MPRC
MPRC-H

known distance
kilometer
kilometers per hour

light antitank weapon
line of departure
live-fire exercise
long
light helicopter
light infantry division
low-light level sight system
location, miss, and hit
laser safety danger zone
lieutenant
local training area
land use requirements study
landing zone

meter
Military Airlift Command; MOUT assault course
major Army command
maintenance
major
manual mode
Military Construction, Army
Military Construction, Army Reserve
Military Construction, National Guard
management decision package
mechanized
mission-essential task list
machine gun
mile
military construction
multiple integrated laser engagement system
minimum
millimeter
Minor Military Construction, Army
military operations on urbanized terrain
Master Planning Board
military police firearms qualification course
miles per hour
multipurpose machine gun
multipurpose range complex
multipurpose range complex - heavy
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MPRC-L
MPS
MPTR
MRA
MRF
MSD
MTA
MTP

NA
NBC
NCO
NEPA
NET
NGB
nm
No.
nom
NTC
NWPB

OACE
O&M
ob
obj
OC
OCE
OCONUS
OD
off
OIC
OMA
OMAR
OMARNG
OMB
OPA
OPFOR
OPTEMPO
OSD

PAO
PAX
PCIP
PDB

multipurpose range complex - light
missile-proof shelter
multipurpose training range
maneuver rights area
modified record fire
mortar simulation device
major training area
mission training plan

not applicable
nuclear, biological, chemical
noncommissioned officer
National Environmental Policy Act
new equipment training
National Guard Bureau
nanometer
number
nominal
National Training Center
New Work Planning Board

Office of the Assistant Chief of Engineers
operation and maintenance
observation
objective
observer-controller
Office of the Chief of Engineers
outside continental United States
outside diameter
offense
officer in charge
Operation and Maintenance, Army
Operation and Maintenance, Army Reserve
Operation and Maintenance, Army National Guard
Office of Management and Budget
Other Procurement, Army
opposing force
operational tempo
Office of the Secretary of Defense

Public Affairs Office
programming administration, and execution (system)
Productivity Capital Investment Program
project development brochure
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PECIP
PEO
PIF
plt
PM
POC
POM
PPBES
pre-const conf
PZ

QA
QRIP
qty

RC
RCMAT
RCS
RDP
REFORGER
RETS
RFMSS
RSO
RTLP

SAAD
SAT
SAW
SDZ
SFA
SGR
SIT
SJA
SMR
SOP
SP
sq
STRAC
STX

TAC
TADSS
T&EO
TASC

Productivity-Enhancing Capital Investment Program
program executive officer
productivity investment funding
platoon
project manager
point of contact
program objective memorandum
planning, programming, budgeting, and execution system
preconstruction conference
pickup zone

quality assurance
Quick Return on Investment Program
quantity

Reserve Component
radio-controlled miniature aerial target
range control station
range development plan
return of force to Germany
remoted target system
Range Facility Management Support System
range safety officer
Army Range and Training Level Program

small arms air defense
stationary armored target
squad automatic weapon
surface danger zone
support facility annex
scaled gunnery range
stationary infantry target
Staff Judge Advocate
scaled mortar range
standing operating procedure
static position
square
Standards in Weapons Training Commission
situational training exercise

Tactical Air Command
training aids, devices, simulators, and simulations
training and evaluation outline
training and audiovisual support center
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TBD
TC
TCPC
TES
TD
tgt
THM
THP
TII
TOE
TOW
TP
TP-T
TR
TRADOC
TRC
typ

UCOFT
USAASO
USACE
USACERL
USAEDH
USAR
USAREUR
USATSC
USGS
USMC
UXO

v
VAC
VDC
veh
VIP

w
WET
WETS

yd

to be determined
throughput capacity
Tank Crew Proficiency Course
tactical engagement system
target detection
target
target-holding mechanism
take-home package
target interface inspection
table(s) of organization and equipment
tube-launched, optically tracked, wire-guided
target practice
target practice – tracer
throughput requirement
US Army Training and Doctrine Command
training readiness condition
typical

unit conduct of fire trainer
US Army Aeronautical Services Office
US Army Corps of Engineers
US Army Construction Engineering Research Laboratory
US Army Engineer Division, Huntsville
US Army Reserve
US Army, Europe
US Army Training Support Center
United States Geological Survey
US Marine Corps
unexploded ordnance

volt
volts alternating current
volts direct current
vehicle
very important person

with
weekend training
weekend training site

yard

Glossary-7



TC 25-8

REFERENCES

SOURCES

These are the sources quoted or paraphrased in this publication.

AR 1-1. Planning Programing and Budgeting Within the Department of the Army. 9 Jul 86.
AR 5-3. Installation Management and Organization. 10 Nov 86.
AR 5-4. Department of the Army Productivity Improvement Program (DAMRIP). 18 Aug 76.
AR 5-20. Commercial Activities Program. 21 Oct 86.
AR 75-1. Malfuctions Involving Ammunition  and Explosives. 1 Mar 89.
AR 210-20. Master Planning for Army Installations. 12 Jun 87.
AR 210-21. Ranges and Training Areas. 1 Apr 82.
AR 385-40. Accident Reporting and Records. 1 Apr 87.
AR 385-63. Policies and Procedures for Firing Ammunition for Training Target Practice, and Combat.

15 Oct 83.
AR 415-15. Military Construction, Army (MCA) Program Development. 1 Dec 83.
AR 415-20. Project Development and Design Approval. 28 Mar 74.
AR 415-28. Department of the Army Facility Classes and Construction Categories (Category Codes).

1 NOV 81.
AR 415-35. Minor Construction. 15 Sep 83.
AR 700-127. Integrated Logistic Support. 16 Dec 86.
ARTEP 7-8-DRILL. Battle Drills for the Infantry Rifle Platoon and Squad. 22 Jan 90.
ARTEP 7-8-MTP. Mission Training Plan for the Infantry Rifle Platoon and Squad 30 Sep 88.
ARTEP 71-2-MTP. Mission Training Plan for the Tank and Mechanized Infantry Battalion Task Force.

3 Oct 88.
ARTEP 7-20-MTP. Mission Training Plan for the Infantry Battalion. 27 Dec 88.
DA Pam 5-25. Army Modernization Information Memorandum (AMIM). 1 Apr 86.
DA Pam 350-9. Index and Description of Army Training Devices. 9 Dec 88.
DA Pam 350-38. Training Standards in Weapon Training. 9 Sep 88.
DA Pam 385-XX. Training Ranges, Range Safety Standards. [to be published]
DA Pam 570-551. Staffing Guide for US Army Garrisons. 21 Jan 72.
FM 17-12-7. Tank Combat Training Devices. 28 Sep 88.
FM 25-100. Training the Force. 15 Nov 88.
JCS Pub 1-02. DOD Dictionary of Military and Associated Terms. 1 Dec 89.
TC 25-1. Training Land. [to be published]
TM 5-800-3. Project Development Brochure. 15 Jul 82.

REQUIRED DOCUMENTS

These documents must be available to users of this publication.

DA Form 2028. Recommended Changes to Publications and Blank Forms. Feb 74.
DA Form 2408-4. Weapon Record Data. Jan 79.

References-1



TC 25-8

DD Form 1390. Military Construction Program (LRA). Dec 76.
DD Form 1391. Military Construction Project Data (LRA). Dec 76.
NGB Pam 415-11. Construction Standards. 31 Aug 84.
NGR 415-5. Standard Operating Procedure for Military Construction Army National Guard Programs

(MCARNG) Major and Minor Projects. 27 Feb 81.
NCR 415-10. Installations and Facilities Construction Standards. 26 oct 84.
TB MED 501. Occupational and Environmental Health: Hearing Conservation. 15 Mar 80.

RECOMMENDED READINGS

These publications contain relevant supplemental information.

AR 40-5. Preventive Medicine. 1 Jun 85.
AR 40-46. Control of Health Hazards from Lasers and Other High Intensity Optical Sources. 6 Feb 74.
AR 95-2. Air Traffic Control, Airspace, Airfields, Flight Activities and Navigation Aids. 15 Sep 88.
AR 140-478. Facilities, Projects, and Programs. 15 Apr 82.
AR 200-1. Environmental Protection and Enhancement. 15 Jun 82.
AR 200-2. Environmental Effects of Army Actions. 23 Dec 88.
AR 210-20. Master Planning for Army Installations. 12 Jun 87.
AR 350-1. Army Training. 1 Aug 81.
AR 350-2. Opposing Force Program. 15 Jun 83.
AR 350-42. Nuclear, Biological, and Chemical Defense and Chemical Warfare Training. 14 Oct 88.
AR 385-10. Army Safety Program. 23 May 88.
AR 385-30. Safety Color Code Markings and Signs. 15 Sep 83.
AR 385-64. Ammunition and Explosives Safety Standards. 23 May 87.
AR 385-65. Identification of Inert Ammunition and Ammunition Components. 15 Apr 83.
AR 415-17. Cost Estimating for Military Programming. 15 Feb 80.
AR 420-40. Historic Preservation. 15 Apr 84.
AR 420-74. Natural Resources: Land, Forest, and Wildlife Management. 1 Jul 77.
AR 920-30. Rules and Regulations for National Matches and Other Excellence-In-Competition (EIC) Matches.

15 Aug 85.
DA Pam 350-39. Standards in Weapons Training (Special Operation Foxes). 31 Jul 87.
CEHND 1110-1-7. USACE Design Manual for Military Operations in Urbanized Terrain (MOUT)

Training Complex. Aug 91.
CEHND 1110-1-15. Design Information for Remoted Target System (RETS) Equipped Ranges: Sniper Field

Fire Range, Multipurpose Machinegun Transition Range, Combat Pistol Range. Jul 89.
CEHND 1110-1-16(DRAFT). USACE Design Manual for Remoted Target System (RETS) Equipped

Ranges. Jun 91.
CEHND 1110-1-18. USACE Design Manual for Indoor Firing Ranges. Jun 90.
CEHND 1110-1-19. Design Manual for Infantry Squad Battle Course (ISBC). Feb 90.
FM 1-140. Helicopter Gunnery. 23 Oct 86.
FM 5-25. Explosives and Demolitions. 10 Mar 86.
FM 5-34. Engineer Field Data. 14 Sep 87.
FM 5-102. Countermobility. 14 Mar 85.

References-2



TC 25-8

FM 6-30. Observed Fire Procedures. 17 Jun 85.
FM 7-90. Tactical Employment of Mortars. 11 Jun 85.
FM 9-15. Explosive Ordnance Disposal Service and Unit Operations. 20 Mar 89.
FM 9-16. Explosive Ordnance Reconnaissance. 30 Jul 81.
FM 17-12-1. Tank Combat Tables, Ml. 3 Nov 86.
FM 17-12-2. Tank Combat Tables – M48A5/M60A1. 27 Jan 87.
FM 17-12-3. Tank Combat Tables M60A3. 3 Nov 86.
FM 19-10. Military Police Law and Order Operations. 30 Sep 87.
FM 20-32. Mine/Countermine Operations. 9 Dec 85.
FM 20-33. Combat Flame Operations. 16 Jul 70.
FM 23-1. Bradley Fighting Vehicle Gunnery. 30 Sep 87.
FM 23-8. M14 and M14A1 Rifles and Rifle Marksmanship. 15 Apr 74.
FM 23-9. M16A1 Rifle and M16A2 Rifle Marksmanship. 3 Jul 89.
FM 23-11. 90-MM Recoilless Rifle, M67. 6 Jul 65.
FM 23-14. Squad Automatic Weapon (SAW), M249. 10 Dec 85.
FM 23-27. MK 19, 40mm Grenade Machine Gun, MOD 3.27 Dee 88.
FM 23-30. Grenades and Pyrotechnic Signals. 27 Dec 88.
FM 23-31. 40mm Grenade Launchers M203 and M79. 1 May 72.
FM 23-33. 66-MM HEAT Rocket, M72A1, M72A2 (Light Antitank Weapon). 20 Apr 79.
FM 23-34. TOW Weapon System. 30 Sep 87.
FM 23-35. Combat Training With Pistols and Revolvers. 3 Oct 88.
FM 23-41. Submachineguns, Caliber .45, M3 and M3A1. 28 Jun 74.
FM 23-65. Browning Machinegun, Caliber .50 HB, M2. 19 May 72.
FM 23-67. Machinegun, 7.62-MM, M60. 29 Feb 84.
FM 23-85. 60-MM Mortar, M19. 2 Feb 67.
FM 23-90. 81-MM Mortar. 25 Feb 72.
FM 23-91. Mortar Gunnery. 7 Oct 85.
FM 23-92. 4.2-Inch Mortar, M30. 10 Jun 70.
FM 25-100. Training the Force. 15 Nov 88.
FM 44-1-2. Air Defense Artillery Reference Handbook. 15 Jun 84.
FM 44-4. Operations and Training Chaparral. 2 Nov 84.
FM 44-5. Operations and Training Vulcan. 29 Sep 78.
FM 44-62. Air Defense Artillery Automatic Weapon Gunnery. 6 Aug 69.
FM 44-102. Procedures for Ballistic Aerial Target System. 30 May 74.
FM 90-10 (HTF). Military Operations on Vrbanized Terrain (MOUT) (How to Fight). 15 Aug 79.
FM 90-10-1 (HTF). An Infantryman’s Guide to Urban Combat (How to Fight). 30 Sep 82.
HNDM 1110-1-5. Design Information for Infantry Rifle Marksmanship Ranges: Defense Test, Fire and

Movement, Modified Field Fire, Automated Field Fire, Automated Record Fire, Modified Defense Test,
Modified Record Fire. Sep 88.

HNDM 1110-1-6. Design Information for Multi-Purpose Range Complex. Sep 88.
HNDM 1110-1-7. Design Information for Military Operations in Urbanized Terrain (MO UT) Training

Complex. Sep 88.
HNDM 1110-1-8. Design Information for Multi-Purpose Range Complex (Light Infantry). Sep 88.
HNDM 1110-1-9. Design Information for Range Control Facility. Sep 84.

References-3



TC 25-8

HNDM 1110-1-10. Design Information for Battle Simulation Centers. Oct 84.
NGB Pam 25-1. Training Site General Information Summary. 1 0ct 85.
STP 7-11BCHM14-SM-TG. Soldier's Manual, Skill Levels 1/2/3/4 and Trainer’s Guide, CMF 11, Infantry.

30 Sep 88.
STP 7-11C14-SM-TG. Soldier's Manual, Skill Levels 1/2/3/4 and Trainer’s Guide, MOS 11C, Indirect Fire

Infantryman. 30 Sep 88.
STP 21-1-SMCT. Soldier's Manual of Common Tasks (Skill Level 1). 1 0ct 87.
TC 5-117. Combat Engineer Vehicle Operations. 3 Oct 88.
TC 6-40. Field Artillery, Manual Cannon Gunnery. 27 Dec 88.
TC 23-2. 66-MM Rocket Launcher M202A1. 7 Apr 88.
TC 23-14. Sniper Training and Employment. 14 Jun 89.
TC 23-24. Dragon Medium Antitank/Assault Weapon System M47. 30 Aug 74.
TM 9-1300-206. Ammunition and Explosives Standards. 30 Aug 73.
TM 9-6920-203-40&P. General Support Maintenance Manual Including Repair Parts and Special Tools List

for Target Holding Mechanism, M30, M31A1, and Aiming Device. 14 Apr 86.
TM 9-6920-363- 12&P. Operator and Organizational Maintenance Manual (Including Repair Parts and

Special Tools List) for Conversion Kit (Cal .22 Rimfire Adapter) M261 for Rifle: 5.56-MM, M16 and
M16A1. 29 Sep 80.

TM 9-6920-742-14&P-2. Operator, Organizational, Direct Support, and General Support Maintenance
Manual Including Repair Parts and Special Tools List for Radio Controlled Armor Moving Target
CarrierAssembly System 17-131. 2 Feb 88.

TM 9-6920-742-24&P. Organizational, Direct Support, and General Support Maintenance Manual (Including
Repair Parts and Special Tools List) for Remoted Target System (RETS)...Range Control Station.
12 Aug 86.

References-4



TC 25-8

INDEX

Index-1



TC 25-8

Index-2



TC 25-8

Index-3



TC 25-8

Index-4



TC 25-8

Index-5



TC 25-8

Index-6



TC 25-8

Index-7



TC 25-8

Index-8



TC 25-8

Index-9



TC 25-8

Index-10



By Order of the Secretary of the Army:

TC 25-8
25 FEBRUARY 1992

GORDON R. SULLIVAN
General, United States Army

Chief of Staff

Official:

MILTON H. HAMILTON
Administrative Assistant to the

Secretary of the Army
00679

DISTRIBUTION:

Active Army, USAR, and ARNG: To be distributed in accordance
with DA Form 12-11E, requirements for TC 25-8, Training Ranges
(Qty rqr block no. 5064).

✩ U.S. GOVERNMENT PRINTING OFFICE: l992-627-027/401 45


	change1 c19970326 [1].pdf
	toc c19970127 [61].pdf
	TABLE OF CONTENTS
	Change 1
	Illustrations
	Tables
	Preface
	Introduction
	CHAPTER 1. MODERN RANGES
	Introduction
	The Range Modernization Program
	Future Outlook
	CHAPTER 2. TRAINING AREAS AND CENTERS
	Introduction
	Local Training Areas
	Major Training Areas
	Combat Training Centers
	Training Area Functional Uses
	CHAPTER 3. RANGE REQUIREMENTS
	Introduction
	Determining Training Requirements
	Assessing Range Needs
	Range Availability
	Scheduling and Utilization
	Quantifying Range Requirements
	Throughput Calculations
	Armored Vehicle Gunnery Requirements
	Range Selection
	Notional Range Requirements
	CHAPTER 4. RANGE DEVELOPMENT
	Introduction
	Planning
	Project Initiation
	Site Analysis and Selection
	Preliminary Documentation
	Project Summary
	Project Development Brochure
	Programming Resources
	Funds
	Budgeting Strategies
	Productivity Capital Investment Program
	Weapon System Information
	Project Design and Construction
	Quality Assurance Program
	New Equipment Training
	CHAPTER 5. RANGE OPERATIONS
	Introduction
	The Range Organization
	Range Control and Scheduling
	Live-Fire Operations
	CHAPTER 6. CURRENT ARMY RANGES
	Introduction
	Range Grouping
	Armywide Standard Ranges
	APPENDIX A. RANGE SELECTION
	APPENDIX B. RANGE EQUIPMENT
	APPENDIX C. LIVE-FIRE CHECKLIST
	APPENDIX D. REMOTED TARGET SYSTEM PROGRAMMING
	APPENDIX E. RANGE BAFFLES AND FIGHTING POSITIONS
	GLOSSARY
	REFERENCES
	INDEX
	AUTHORIZATION LETTER

	illus c19970127 [151].pdf
	3-1. STX attack - infantry platoon
	6-1. Combat pistol qualification course (CPQC)/military police firearms qualification course (MPFQC)
	6-2. Multipurpose indoor range (small arms)
	6-3. Basic 25-meter firing range (zero)
	6-4. Automated field-fire (AFF) range
	6-5. Automated record-fire (ARF) range
	6-6. Modified record-fire (MRF) range
	6-7. Sniper field-fire range
	6-8. Night-fire (small-arms) range
	6-9. Known-distance (KD) range
	6-10. Machine gun 10-meter range
	6-11. Multipurpose machine gun transition range
	6-12. Multipurpose gunnery range (MK-19)
	6-13. Hand grenade familiarization range
	6-14. Hand grenade qualification course (nonfiring)
	6-15. Grenade launcher range
	6-16. Recoilless rifle (90mm and 106mm) range
	6-17. Light antitank weapon (LAW) M72 range
	6-18. Scaled range, 1:30 and 1:60 scale
	6-19. Scaled gunnery range, 1:5 and 1:10 scale
	6-20. Stationary gunnery range
	6-21. Antiarmor tracking and live-fire range
	6-22. Light demolition range
	6-23. Infiltration course
	6-24. Bayonet assault course range
	6-25. Target-detection (TD) range (nonfiring)
	6-26. Military operations on urbanized terrain (MOUT) assault course (MAC)
	6-27. Gunship harmonization range
	6-28. Flame operations range
	6-29. Mortar scaled range
	6-30. Mortar range
	6-31. Field artillery 1:10 scaled range
	6-32. Field artillery indirect-fire range
	6-33. Multipurpose training range (MPTR)
	6-34. Combat engineer vehicle (CEV) range
	6-35. Air defense firing range
	6-36. Helicopter gunnery range
	6-37. Fire and movement range
	6-38. Squad defense range
	6-39. Infantry squad battle course (ISBC)
	6-40. Infantry platoon battle course
	6-41. Multipurpose range complex-heavy (MPRC-H)
	6-42. Multipurpose range complex-light (MPRC-L)
	6-43. Platoon defense against aircraft range
	6-44. Military operations on urbanized terrain collective training facilities (MOUT CTF)
	B-1. 25-meter zeroing target for M16A1 rifle (standard sights)
	B-2. 15-meter qualification zero target
	B-3. 25-meter zeroing target M16A2
	B-4. 25-meter scaled silhouette timed-fire target
	B-5. 25-meter scaled silhouette slow-fire target
	B-6. 75-meter feedback target
	B-7. 175-meter feedback target
	B-8. 3D personnel target
	B-9. Basic 25-meter firing range (zero) target
	B-10. Zero targets (4) on E-type silhouettes in locally manufactured frame
	B-11. E-type silhouette
	B-12. F-type silhouette
	B-13. E-type silhouette with reflective material
	B-14. Small area target
	B-15. Standard 25-meter automatic rifle target
	B-16. 25-yard pistol range bull's eye paper target
	B-17. 25-meter alternate course "C" record file
	B-18. 50-foot slow-fire pistol bull's eye paper target
	B-19. 50-foot timed and rapid-fire pistol bull's eye paper target
	B-20. 50-yard pistol target
	B-21. 50-foot indoor rifle target
	B-22. Army Rifle Target A, 200-300 yards
	B-23. Navy and Marine Corps Rifle Target A, 200-300 yards
	B-24. Army Rifle Target B, 600 yards
	B-25. Navy and Marine Corps Rifle Target B, 600 yards
	B-26. Army Rifle Target C, 1000 yards
	B-27. Navy and Marine Corps Rifle Target C, 1000 yards
	B-28. Army Rifle Target D, prone
	B-29. Navy and Marine Corps Target D, prone
	B-30. Basic M60 machine gun marksmanship target
	B-31. Double E-type silhouette
	B-32. Recoilless rifle targets
	B-33. 25-meter recoilless rifle subcaliber-firing moving target
	B-34. Target for zeroing exercises (Table I)
	B-35. Target for adjustment exercises (Table II)
	B-36. Target for Table III
	B-37. Samples of impact targets in 1:20, 1:30, and 1:60 scale
	B-38. Zero and boresight panel
	B-39. Boresight and zero target for the cupola-mounted machine gun
	B-40. Reference points and targets for scaled ranges
	B-41. RCAT MQM-33 (QQ-19) light target missile (Creeper)
	B-42. MQM-34D (Firebee)
	B-43. Ballistic aerial target system (BATS)
	B-44. MQM-107 variable-speed training (Streaker)
	B-45. Radio-controlled miniature aerial target (RCMAT)
	B-46. T-72 front target
	B-47. T-72 flank target
	B-48. T-72 partial defilade target
	B-49. T-72 turret target
	B-50. HIND front target
	B-51. BMP 1981 front target
	B-52. BMP 1981 flank target
	B-53. BRDM front target
	B-54. BRDM flank target
	B-55. ZSU-23/4 front target
	B-56. ZSU-23/4 flank target
	B-57. BTR-series front target
	B-58. Truck U-375 front target
	B-59. Truck U-375 flank target
	B-60. BMD front target
	B-61. BMD flank target
	B-62. T-12 antitank gun front target
	B-63. Composition of scaled range target portable system for 1:30 and 1:60 scale
	B-64. Composition of scaled range target portable system for 1:20 scale
	B-65. Target-holding mechanism, train fire
	B-66. M31A1 target mechanism for 1:15 and 1:10 scale
	B-67. Small-arms, night-firing target mechanism, M41
	B-68. Infantry target mechanism (RETS)
	B-69. Infantry hostile-fire simulator (RETS)
	B-70. Night muzzle flash simulator (RETS)
	B-71. Infantry moving-target carrier (RETS)
	B-72. Range control system (RETS)
	B-73. Armor moving-target carrier with lifting device
	B-74. Target-holding mechanism, tank gunnery
	B-75. Sliding combination target frame for known-distance range
	B-76. Target pasters
	B-77. Paraleg target carrier for known-distance range
	B-78. Details of paraleg target carrier
	B-79. Range interior limit markers
	B-80. Range outer limit marker
	B-81. Range lane markers
	B-82. Calibration panel
	B-83. Screening test Target No. 1
	B-84. Screening test Target No. 2
	B-85. Screening test Target No. 3
	C-1. Laser warning sign
	C-2. Laser devices prohibited in two-sided tactical exercises
	D-1. Score Summary Report format
	D-2. Phase Summary Report format
	D-3. Infantry Score Summary Report format
	D-4. Armor-Target Score Summary format
	D-5. Diminishing Force Score Summary Report format
	D-6. Diminishing Force Scenario Summary Report format
	D-7. Armor Diminishing Force Score Summary Report format
	E-1. Notional baffled system
	E-2. Standard bullet catch
	E-3. CEHND standard design-profile
	E-4. CEHND standard design-top view
	E-5. Walk-in position-profile
	E-6. Walk-in position-top view
	E-7. Prone position (hasty)
	E-8. Two-man deliberate position
	E-9. Machine gun position
	E-10. Vehicle fighting position (deliberate)
	E-11. Defilade position No. 1
	E-12. Defilade position No. 2

	intro c19970127 [1].pdf
	pref c19970127 [1].pdf
	tab c19970127 [16].pdf
	3-1. Missions and collective tasks
	3-2. Collective and individual tasks
	3-3. Individual tasks and training ranges
	3-4. Range availability (days)
	3-5. Tank gunnery tables-time requirements (in minutes)
	3-6. BFV team/squad gunnery tables (armor-piercing only) and exercises - time requirements (in minutes)
	3-7. BFV seciton/platton gunnery tables-time requirements (in hours)
	3-8. Notional range requirements
	4-1. MCA range project development events
	4-2. PCIP subprograms
	5-1. Notional range staffing guide (DA Pam 570-551)
	6-1. Training range matrix
	A-1. Range selection
	C-1. Protective eyewear data
	E-1. Vehicle fighting positions (deliberate)

	ch1 c19970127 [3].pdf
	ch2 c19970127 [4].pdf
	ch3 c19970127 [13].pdf
	ch4 c19970127 [15].pdf
	ch5 c19970127 [4].pdf
	ch6 c19970127 [64].pdf
	appa c19970127 [8].pdf
	appb c19970127 [62].pdf
	appc c19970127 [5].pdf
	appd c19970127 [9].pdf
	appe c19970127 [9].pdf
	gloss c19970127 [7].pdf
	ref c19970127 [4].pdf
	ind c19970127 [10].pdf
	auth c19970127 [1].pdf

