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ABSTRACT

Thi s handbook presents the design criteria for training facilities other than
buil'dings, and is intended for use by design engineers for desi?n of new

facilities and major rehabilitation of existing ranges. Range facilities are
for use in training personnel in weapons firing. Wapons include snall arms,
aircraft, and ground weapons systems used by Navy and Marine Corps. Criteria

for support facilities, parade and drill fields, end training course
structures are presented.
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FOREWORD

Thi s handbook has been devel oped from an evaluation of facilities in the shore
establishnent, from surveys of the availability of new naterials end
construction nmethods, end from sel ection of the best design practices of the
Naval Facilities Engineering Command (NAVFACENGCOM, other Gover nment

agencies, and the private sector. This handbook was prepared using, to the
maxi mum extent feasible, national professional society, association, and
institute standards. Deviations fromthis criteria, in the planning

engi neering, design, and construction of Naval shore facilities, cannot be
made without prior approval of NAVFACENGCOM HQ Code 04.

Design cannot remain static any nore than can the functions it serves or the
technologies it uses. Accordingly, reconmendations for inprovement are
encouraged and shoul d be furnished to Commanding Oficer, Southern Division,
Naval Facilities Engineering Conmand, Code 04A3, P.QO. Box 10068, Charleston
SC 29411-0068; tel ephone (803) 743-0458.

TH'S HANDBOOK SHALL NOT BE USED AS A REFERENCE DOCUMENT FOR PROCUREMENT OF
FACILITIES CONSTRUCTION. IT IS TO BE USED I N THE PURCHASE OF FACI LI TI ES
ENG NEERI NG STUDI ES AND DESI GN (FI NAL PLANS, SPECI FI CATI ONS, AND COST
ESTIMATES). DO NOT REFERENCE I T IN M LI TARY OR FEDERAL SPECI FI CATI ONS CR
OTHER PROCUREMENT DOCUMENTS
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Section 1: DESIGN CRI TERI A

1.1 _Scope. This handbook provides guidance for design of small arns
ranger, aircraft and gunnery ranges, range towers, parade and drill fields
training course structures, and support facilities. "Range" is used

t hroughout the handbook to identify areas for weapons firing for personne
training (not ordnance test ranges).

1.2 Cancel lation. This handbook cancels and supersedes
M L- HDBK- 1027/ 3A, _Range Facilities and Mscellaneous Training Facilities O her

t han Buildings, of 31 January 1989, and Notice 1, of 31 Decenber 1989.
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Section 2:  SMALL ARMS RANGES

2.1 I ndoor Small Arnms Weapons Ranges

2.1.1 Pl anning Factors. Ranges and other facilities designed and
constructed using previously published criteria need not necessarily nmeet the
requirenents of this handbook. Wien rehabilitation is acconplished, criteria
in this handbook shall be applied. Wen full conpliance cannot be
acconpl i shed, an operational plan can often be devel oped that will offset the
non-conpliance condition. Any such operational plan will be devel oped by the
user and submtted to the Chief of Naval Operations (CNO for approval.

2.1.1.1 Design (bjectives. Small arms are defined as handguns, riotguns
(12 gauge shotguns), rifles up to 7.62 mm and machine guns to 50 cal
Al though the basic training element is the outdoor range, severe weather or
safety limtations in the locale may nmake an outdoor range unusable. The
mssion of the activity may dictate that an indoor range be provided. The
range design must pronote safe, efficient operation and yet be affordable to
construct and maintain. Wwere the safety of personnel is in question, the
desi gner shall take into account the safety value of range administrative
controls to mtigate the need for overly stringent design parameter8 and
thereby keep the project within budgetary limts. Wen considering size and
selecting materiels, consider that a small arns range shoul d be capabl e of
providing training for all appropriate mlitary weapons assigned to Host and
Tenant commrends. The indoor range could be an existing building, a new range
énlirseparate buil ding, or a new range as just one part of a larger new

ui | di ng.
2.1.1.2 Range Type and Size. Indoor ranges are designed for use of handguns
firing both lead and ball amunition up to and including .357 magnum cal. 45
automatic and 9 mm Rifle cartridges will normally be limted to |ead cal

.22 rinfire. The use of any type of arnor piercing amunition shall be
prohibited. Not every range will be designed for M14 and M 16 firing service
amunition or shotgun. In |ocations where adequate outdoor facilities do not
exist, the indoor facility nmay be upgraded to permt the use of 7.62 nm M 14,
and 5.56 nm M 16 service rifles with ball amunition. This requirenent nust,
be identified during planning. The designer nust secure design criteria for
structural, equipment, and safety related requirements before designing a
range for automatic weapons, H 14, H 16 using service amunition, and shotgun
Capacity of ranges will be deternmined in accordance w th NAVFAC P-80,

Facility Planning Criteria for Navy and Marine Corps Shore Installations.

2.1.1.3 _Local Qperating Procedures. Safety of personnel and property cannot
depend upon design features alone; proper operating procedures and discipline
nust be established and enforced at all times. Local standard operating
procedures which allow a waiver of design manual criteria shall be approved by
Chief of Naval Qperations (CNO.
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2.1.1.4 Lead and Its Effect Upon Range Users. A clean, hazard-free, air
environment is an essential design requirenent for an indoor shooting range.
had is a toxicant which will cause |ead poisoning in humans exposed to
excessive amounts over a period of time. The Qccupational Safety and Health
Adnmini stration (OSHA) has established limts of exposure to |ead dust at 50

m crograns/cu mhr average for an 8-hour day (total daily exposure may not
exceed 400 mcrograns). For trainees and others who are exposed |ess than 240
hours per year, this total daily dosage may be absorbed at a rate of up to 200
m crograns/cu m hr without the benefit of respiratory protection

Admi nistrative controls should require the we of respiratory protection for
full-tine range personnel or lint their daily exposure to the hazard to not
more than an B-hour Tinme Weighted Average (TWA) of 50 micrograms/cu nhr
However, because range operation is intermttent, exposure to |ead dust by
shooters, instructors, and maintenance personnel is somewhat |ess than a full-
time eight-hour day. Although design criteria could be based upon such
anticipated range usage, the initial design goal for |ead dust exposure is 30
40 mcrograns/cu mhr TWA with an acceptable linmt of 50 mcrograns/cu nhr
TWA. Refer to Cccupational Safety and Health Admi nistration (OSHA), Departnent
of Labor Handbook, CFR Title 29-1910.1025c.(1) and (2) and e. (1) (ii). If
subsequent testing establishes that this design |imt is not achievable, an
adj ust nent of operating hours or individual exposures as shown in Table 2
shoul d be considered. Design criteria should be based upon anticipated range
usage end | ocal operating procedures.

2.1.2 Physi cal _Feat ures. I ndoor ranges shall be housed in a building
furni shed with heating, lighting, ventilating, air conditioning (if required
by criteria for confort control in the locale) and water, sewer. and electric
services. Fire protection features shall be in accordance with M L- HDBK-
1008, Fire Protection for Facilities Engineering, Design and Construction
Portabl e water dispensers, portable toilets, or use of existing facilities
wi || be acceptable when defined as a requirement during project planning
stage. Refer to DM 3.03, Heating Ventilating, Air Conditioning and
Dehum di fying Systenms, for criteria pertaining to air conditioning.

building material surfaces will be selected to facilitate housekeeping
procedures for the removal of lead dust. As an exanple, a range floor shoul d
not be swept, but should be vacuumed with a vacuum cleaner designed for safe
collection of range materials, washed down, or danp mopped. Building |edges
must be mininized to reduce surfaces where |ead dust will collect. The floor
shall slope to floor drains |ocated approximately 20 ft (6.1 m downrange from
the firing line for range washdown purposes. Floor drain8 are desirable, but
not required for existing structures or for new structures not identified
during planning to have piped water. Floor drains shall be designed to
mnimze the possibility of ricochet. Drains nust connect to the
treatment/filtration systemor to a "sedinent trap" so as not to pollute |akes
or rivers.

2.1.3 Construction Materials
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2.1.3.1 Sheathing and Baffles. WId shots that do not hit the backstop nay
occur on any range. It is necessary to sheath the walls, Ceiling, and
possibly the floor to contain wild shots. The anount of protection is
dependent on the type of building construction. A suggested sheathing
material is tw layers of 3/4-in. (19 mm particleboard backed w th one |ayer
of 3/8-in. (9.5 nm) plywood when the range is intended for .22 LR cal. rinfire
only. Four layers of 3/4-in. particleboard backed with one |ayer of 3/8-in
pl ywood is adequate if .45 ACP hardball is the cartridge used. Al non-

bul  etproof walls, ceilings, and possibly floor8 downrange nust be either
sheathed with bullet-containing material or baffled to divert stray bullets
beck into the range. Sheathing should be installed behind acoustic materiel

Downr ange projections such as pilasters or colums shoul d be
mnimzed, or protected with sheet nmetal baffles placed at 30 to the line of
fire. Downrange el ectrical and mechanical installations such as |ights
pi pes, and ducts, shall be protected by sheet nmetal baffles which will divert
a stray bullet beck into the downrange area where its energy can be expended
toward or into the backstop

Sheet netal baffles should be constructed of sheet nmetal covered
with plywod. Wod covering tends to reduce ricochets and backsplatter. The
gauge or hardness of the netal required is dependent on the caliber to be used
and the angle at which the baffles are installed. Ten or twelve gauge hot
rolled sheet nmetal is usually sufficient if the angle of fire is 30 degrees or
less. Tests have shown that 10 gauge steel set at right angles to the firing
line and covered with 2 in. (50.8 nm of soft wood will stop bullets up to .45
cal. At 30 the stopping/deflecting effect would be greeter with |ess damage
to the baffle. No metal should be placed at right angles to the line of fire
without adequate wood covering

2.1.3.2 Bulletproof Materials. Walls, floors, and roof construction nust be
bul l etproof. Concrete masonry (gravel filled) or concrete walls, reinforced
concrete floors, and flat concrete slab construction for ceilings is the
preferred type of construction. Oher construction materials, if used, which
wi Il not provide equival ent protection, and buildings of wood shall have
protective steel plates or sandw ch panels in walls, floor, and ceiling. Wen
selecting materiels, consideration will be given to the requirements for
acoustic treatnent, ventilation, lighting, target carrier nechanisnms, and |ead
dust clean up.

2.1.3.3 Ceilings. Ceilings above firing line will be covered with a
protective shield suitable for the nost powerful cartridge authorized for
range use. Shield shall extend a mninumof 12 ft (3.66 m) in front of firing
line for all ranges and 3 ft (0.914 m behind the firing |ine when occupied
roons are above. On existing ranges, the openings in this shield for

lighting, ventilation, and target carrier nechanismshall be kept to a

mnimum  The remai nder of the ceiling fromthe and of the shield to the
bullet trap may be treated in the follow ng ways:
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a) Continuous flat steel plates all the way to the trap;

b) Ceiling baffles to protect overhead projections and joists;

d) Conbinations of theme treatnents

)
c) Continuous ceiling of sandw ch construction; or
)

Fi nal design should provide protection fromstray bullets
penetrating wood ceiling menbers and prevent ricochet fromwood joists, stee
bar joists, and concrete pen construction.

2.1.3.4 Floors. The preferred material is flat concrete slab or equivalent.
Cover non-bul | et proof floors of converted buildings with protective shield
suitable for the nost powerful cartridge authorized for range use. This
coverage shall extend a mninumof 12 ft (3.66 m in front of the firing line
for all ranges, and 3 ft (0.914 m) behind the firing |ine when occupi ed roons
are below. The remainder of the floor fromthe end of this shield to the
bullet trap may be covered with steel plating or suitable sandw ch
construction.

2.1.3.5 Wlls. The preferred material is flat reinforced concrete or
corefilled masonry. Cover non-bull etproof walls of converted buildings with a
protective shield suitable for the nost powerful cartridge authorized for
range use. Shield shall extend a mninmumof 12 ft forward of the firing line
for all ranges and 3 ft behind the firing |ine when occupied roonms are
adjacent. The renami nder of the non-bulletproof wall extending to the bullet
trap may be treated with a conmbination of flat steel plate, baffles, or
sandwi ch construction. Cover the sidewalls at the bullet trap with steel

plate of sanme thickness as the bullet trap for a distance of at |east 2 ft
(0.61 m forward of the leading edge of the bullet trap

2.1.3.6 Protective Steel Plate. Cover non-bulletproof floors and sidewalls
of converted buildings with steel plate or bullet absorbing sandw ch panels.
Provide safety baffles set at 30 degrees to the line of fire across the range
at intervals down the range ceiling to provide protection from stray bullets.
penetrating wood ceiling nmenbers and to prevent ricochet fromwood joists,
steel joists, and concrete pan construction. Thickness of steel plate or
sandwi ch panel shall be able to withstand the nost powerful cartridge to be
used on the range. Conmmercially available baffles may be used. The angle of
i npact upon the plate will be the determining factor in selecting plate
thickness to prevent penetration. Use of range for 5.56 mmand 7.62 mmrifle
service anmunition nmust be deternined during plumng phase. Were there are
roons above, below, or beside the range, mnimum plate thickness between the
range and the roons, in accordance with the angle of inpact the bullet
trajectory makes with the surface, shall be as shown in Table 1.




M L- HDBK- 1027/ 3B

2.1.4 Environmental Factors. A range formng part of another building
must provide for the follow ng:

a) Separated heating and ventilating systens for range (and air
conditioning, if required).

b) Effective noise reduction frompistol and rifle firing for other
roons in building and outside areas.

Locate range on outside wall of existing building. Design
consi deration shall be given to noise transm ssion and structural inpact
effect of bullets striking bullet traps and netal baffle plates. Consider
i ncor porating danpeni ng pads under supports for bullet traps if required by
structural analysis. Refer to DM3.10, Noise and Vibration Control for
Mechani cal Equi prent; NAVFAC DM 1.03, Architectural Acoustics; and M L- HDBK-

1002/1, Structural Engineering Ceneral Requirements.

2.1.5 Bull et Traps. Ricochet end backsplatter are two products of bullet
projectiles that must be controlled by utilizing a properly designed and
constructed bullet trap.

In existing or converted facilities, bullet traps may be steel plate
set at 30 degrees to the line of fire for 5.56 mmor 7.62 mmrifle amunition
and all pistol anmunition, or 42 degrees to the line of fire for pistol only,
both types with a water/send pit. Commercially available "escalator" or
"venetian blind" bullet traps will normally neet all requirements provided
sufficient space is available for installation. Solid wood, stone, concrete
or brick bullet stops cause richocets and are prohibited. The range nust be
designed to withstand the nmost powerful cartridge authorized for use on the
range. New indoor ranges will normally be designed to withstand use of .357
magnum and 9 nm anmunition.

The ventilation system nmust be designed to renove all contam nates
In the bullet trap area including silica dust if a sand trap is provided. Two
comrercially available types of bullet traps are

a) Reverse Escalator Plate Type. The commercially avail abl e,
reverse "escalator" plate type bullet trap with dry lead catcher is preferred
for mlitary ranges. The bullet trap will be selected to accommodate the nost
power ful weapon and ammunition to be used at the range, but no Arnor Piercing
(AP) ammunition. The space behind the bullet trap shall be accessible for
mai nt enance and repair of facilities.
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Table 1
Materiel Specification Options for Baffles and
Non-Bul | et proof Surface Protection (Note 1)

Angl e of I npact

Cal i ber 90 degrees 42 degrees 30 degrees
Not es Not es Not es
.22 LR Rinfire 2-12 2-12 2-12
.38 Ball or \adcutter 3-11 3-11 3-12
.45 Ball or Wadcutter 3-11 3-11 3-12
. 357 mag/ 9mm 4-7, 9-11 4-7, 9-11 3-7, 9-11
.44 mag 4,57,9-11  4,5,7,9-11 4-7, 9-11

5.56 nmm Bal | 4-7, 9-11 4-7,9-11 4-7,9-11

7.62 nmm Bal | 4,57 4,5,10,11 4,5,10,11

Cal .30 (30-06) Ball 4,5,7 4,5,10,11 4,5,10,11
NOTES:

1. Installed behind and in addition to desired acoustic materiel.

2. Two layers of 3/4-in. (19 nm particleboard backed with one |ayer of
3/8-in. plywood.

3. Four layers of 3/4-in. (9.5 m) particleboard backed with one |ayer of
3/8-in. plywood.

4, 12 in. (0.3 m) corefilled masonry.

5 8 in. (203 mm concrete slab.

6. Sandwi ch conposed of 3/4-in. exterior grade plywood and 9 gauge, |ow
all oy ASTM A607 HS, Steel Sheet and Strip H gh-Strength Low Al |l oy Col unbi um or
Vanadi um or Both Hot-Rolled and Col d-Rol | ed: steel, plywood, steel.

7. Sandwi ch conposed of 3/4-in. exterior grade plywod and 9 gauge ASTM A
607 HS, lowalloy steel: steel, plywod, steel, plywod, steel.

8. 10 gauge steel covered with 2 in. nominal of soft wood.

9. I/4-in. (6.35 nmm) steel plate with mininum 3/4-in. wood facing.

10. 3/8-in, steel plate with mninum 3/4-in. wood facing.

11. Steel plate appropriate for caliber fromTable 1 with mnimm 3/4-in.
wood facing (a costly, conservative design).

12. 12 gauge steel covered with 2 in. (50.8) nomnal of soft wood (while

protection is adequate,

anmuni

Note 8 is preferred for ranger where use of .45 cal.

tion is expected to be heavy).
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b) Venetian Blind Type. Were space is limted, the comrercially
available, "venetian blind" type bullet trap may be used. |If necessary to
prevent backsplatter and reduce |lead dust flow, provide comercially available
target backing curtains of rubber or cloth, |oose hung in front of the bullet
trap. Types and caliber of ammunition which can be contained by backing
curtains nust be in accordance with reconmendations of curtain manufacturer.
Curtains also provide sound reduction of noises emanating fromthe bullet trap
ar ea.

2.1.5.1 Bullet Trap Steel Specifications. Different types of steel for use
in bullet traps have been nentioned in various reports and manuals. The type
of steel used in existing facilities in present backstops may be unknown. The
use of "regular quality" steel plate or carbon steel plate confornming to

American Society for Testing and Materials (ASTM A36, Standard Specification
for Structural Steel, is not reconmended for backstops. Were this steel has
been used, rapid deterioration (pitting with resultant backsplatter) has been
experienced even with the use of only .22 cal. rinfire amunition. Sinilarly,

Hi gh-Strength Low Alloy (HSIA) steels conformng to ASTM A242/ A242M _Standard
Specification for Hgh Strength lLow Al loy ructural Steel., A441/ A441M

Specification for Hagh Strenoth Low Alloy Structural Muonesium Vanadi um Steel,

and A572/ A572M Standard Specification for H gh-Strength Low Al l oy Col unbi um
Vanadi um Steels of Structural Quality do not have sufficient pitting

resistance to provide an adequate backstop. Steel specifications shall
conformto the followi ng:

a) "Arnor plate" steel conforming to ML-S-16216 J(1) perforns
satisfactorily but is not readily available fromordinary conmercial sources.
Manuf acturers of commercial backstops and bullet traps use an alloy steel
known as ARMCR 46 (refer to ML-A-12560 (1) Arnor Plate, Steel, Wought,
Hompbgeneous (For Use in Conbat-Vehicles and Amunition Testing)), that has
been heat-treated to a range of 340 to 440 Brinell Hardness Number (HN).

b) Abrasion-resistant carbon steel rated at 225-285/BHN is suitable
for backstops where firing is linmted to .22 cal. rinfire ammunition. This
steel requires special welding techniques, and mght not be readily available
in sone areas.

c) Possibly the best steel for .22 cal. rinfire amunition (not
magnuns) conforns to ASTM A514/A514M Specification for H gh-Yield-Strength
Quenched and Tenpered Alloy Steel Plate. Suitable for Wlding. Surface

hardness will vary from 235 BHN to 293 BHN. This steel is readily available
under various trade names from major steel manufacturers and has good

wel dabi lity, when | ow hydrogen conditions are maintained, and recomrended

el ectrodes are kept dry. The "Stringer-bead technique" is preferred wth heat
input limted.

d) For center fire pistols the steel should be abrasion resistant
conformng to BHN 320, BHN 360, and BHN 400, with such trade names as Joal | oy
AR-320 (Jones & Laughlin Steel Co.), X-A-R15 (LTV), T-1 type A321 (USX), SS
AR-321 (ARMCO and RQ 32l A (Bethl ehem steel). Steels which have higher

8
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degrees of hardness are available, such as Joalloy AR-360 or Joalloy AR-400.
QO her steels are available and other steel conpanies have equival ents. Such
steels are normally stocked by jobbers supplying mning, heavy engineering
and highway construction trades. Welding requirements remain the sane as for
ASTM A514/ A514M

The desi gn engi neer should specify the ASTMor M| -reference nunber,
grade of steel and other qualities, and hardness for the specific application.
To ensure that the grade of steel needed is obtained, the purchaser should
deal only with a reputable supplier. Wile steel plates | ook alike, there are
significant differences in backstop performance spending upon the hardness
and quality of alloy.

A 3/8-in. (9.5 m) steel plate treated to 440 BHN when set at an
angle of 42 degrees is sufficient for all handgun cartridges including .44
magnum A 3/8-in. steel plate treated to 500+BHN when set at 30 degrees will
accommodat e cal. 30 (30-06), 7.62 nm and 5.56 nmball ammnition, as well as
all pistol calibers.

2.1.5.2 Bullet Trap Plate Thickness. Mninum plate thicknesses shall be as
given in Table 2. Plate joints shall be flush and either buttwel ded ground
smooth or butted and bolted to a beck plate on the rear with countersunk heeds
on the face. No joint should be horizontal or |ocated directly behind a
target.

Table 2

M ninmum Bul l et Trap Plate Thi ckness

ANGLE FROM  AMMUNI TI ON STEELPLATE ARMORPLATE STEEL PLATE
(cali ber ML-S-16216J M L-A-12560G 440BHN  550+BHN
(degrees)
42 .22 LR rinfire 1/4 (6 mm) 1/4 1/ 4 1/ 4
42 .38 Ball/Wadcutter 1/2 (13 mm 3/8 (10 mm) 1/ 4 1/ 4
42 .45 ACP/ Wadcut t er 1/2 3/8 1/4 1/4
42 .357 mag/9 mm. 30 1/ 2 3/8 1/ 4 1/4
cal . “Carbine

42 .44 g 1/2 1/2 3/8 3/8
30 5.56 mm NR 1/2 NR 3/8
30 7.62 mm NR 1/ 2 NR 3/8
30 Cal .30 (30-06) NR 1/ 2 NR 3/8

NR - not reconmended.

2.1.5.3 Sand Pit. In an existing facility using an inclined plate bullet
trap, a sand pit directly in front of the metal plate bullet stop may be used.
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The pit should be 6 to 8 in. (152.4 to 203 M) deep and approximtely 8 ft
(2.44 m wide. The pit extends the full width of the range. If silica dust
cannot be elimnated by the ventilation system or by the use of wetted send,
the sand pit is prohibited.

2.1.5.4 Water Pit. A water pit may be constructed using the same di nensions
as a sand pit except deep enough to hold 10 to 12 in. (254 to 304.8 m) of
water for pistol calibers and a mnimumof 24 in. (609.6 nm) of water for
centerfire rifle calibers. Wter is safer froma |ead and silica-dust

pol lution standpoint. Consideration should be given to the addition of comon
| aundry bleach to the water to retard algae growth

2.1.6 _Equi pnent

2.1.6.1 _Communication System This systemw || comunicate between range
officer and shooters. A wireless systemuses a standard two-way public
address systemin conjunction with headsets serving al so as ear protection.
ptions include booth-nounted, wired, two-way speaker systems. A mninal
systemw ||l be a two-way speaker systemwith one speaker serving every four or
five firing stations.

2.1.6.2 Target Carrier Systenms. Conmercially available retractable target
carrier systens elimnate the hazard of anyone going downrange during range
operation and inprove range operating efficienc@arrier and target systens
may be manual, of a type that can be converted to electric when funds becone
avai | abl e.

2.1.6.3 Shooting Booths. Commercially available shooting booth partitions
provide for safety of the shooter. Shooting booths shall not extend nore then
18 in. (457.2 mm behind the firing line to avoid restricting the view of the
range officer.

2.1.6.4 Turning Targets. Automatic target turning mechanisns shall have
provisions for progranming any tine limt for target exposure tines including
3, 5, 10, 15, and 20 seconds. Manually controlled targets are acceptable for
infrequently used ranges.

2.1.6.5 Additional Building Facilities. The followi ng shoul d be consi dered

a) Toilet facilities when piped water and drains are available.
b) Drinking fountain.
c) Bulletin board.

d) Range control roomor platform control consoles, chairs, and
benches.

e) Energency eyewash, if weapons cleaning capability is included.

10



M L- HDBK- 1027/ 3B

f) Storage closet for equipnent.

2.1.7 Safety Standards. A safe range is defined to be a facility that

will contain all bullets withinits walls, ceiling, and floor when operated by
a qualified range officer who follows a standard operating procedure
specifically tailored for the range. Safety standers described in pares
2.1.7.1 through 2.1.7.3 shall be observed

2.1.7.1 Firing Points. Space firing points for pistol ranges and rifle or
rifle-pistol range8 as follows.

a) Pistol Ranges. On ranges used exclusively for pistol firing,
firing points shall be placed a mnimumof 4 ft (1.22 n) (preferably 4.5 ft)
(1.5 m, on center.

b) Rifle or Rifle-Pistol Ranges. On ranges used exclusively for
rifle, or rifle end pistol firing, firing points shall be placed a m ni num of
4 ft (1.22 a), preferably 5 ft (1.52 m on center.

2.1.7.2 Qpenings. No door, window, or other opening, except any required
for forced air ventilation, is allowed forward of the firing line. Were an
existing building is converted, all such openings must be brick or nmasonry
filled, and doors and w ndows securely bolted fromthe inside or protected by
steel safety baffles. In new buildings, conceal all pipes and conduits in the
wall's, ceiling, and floors. Protect exposed pipes in converted buildings with
steel plates to match design requirements for the nost powerful cartridge to
be used. Commercially available safety baffles may be used. In sone
situations fire doors may be required downrange. When fire doors are

required, they nmay be opened only from the range side

2.1.7.3 Protective Baffles. Downrange projections shall be nminimzed in new
construction. Al beans, colums, lights, or other projecting surfaces
downrange of the firing line shall be protected. This protection can be a
steel plate to match the nost powerful cartridge used or a conmercially
available safety baffle providing conparable protection. Sheet netal baffles
placed at 30 degrees to the line of fire to protect lighting fixtures ny be
constructed to thickness shown in Table 1 or may be conmercially avail abl e
safety baffles. Resign of baffle should not create a problemwi th vision

l'i ghting.

2.1.8 \Ventilation. The supply and exhaust air systemdesign is critica

to the proper operation of an indoor range. Provide a positive exhaust
ventilation systemfor renoval of airborne |ead dust (and silica dust in the
case of an existing range using sand traps). A slight negative air pressure
should be maintained in the range. This can be acconplished by exhausting
three to seven percent nore air than is supplied. Air inlets nust have
danpers or other volunme control devices which can be adjusted to retain proper
air balance. Consideration should be given to energy recovery systens because
of the large volunes of air being exhausted.

11
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2.1.8.1 Ar Flow Air flowof 75 ft per/mn or 1.25 ft/sec (22.86 mmn or
0.38 nisec) across the firing line is recomended, and a m ni mum accept abl eai r
flowis 50 ft/mn (15.2 mMmn). At a point approximately hal fway between the
firing line and the bullet trap, the air flow should be maintained at 2 to 30
ft/mn (6.1 to 9.14 nimn). The flow should be evenly distribute past the
shooter. It Is inportant to have the required velocity w thout it being
excessive at any shooting position. The design engineer should avoid
excessive entrance air velocity and keep the sonic exposure fromthe
ventilation system below 85 dBA.  For initial design, the mnimmquantity of
total ventilation for a range shall be the greeter of the cross sectional area
at the firing line times the maxi numdesign velocity, 75 ft/mn, or the
average range cross-sectional area (downrange of the firing line) times the
maxi num downrange velocity of 30 ft/mn. In calculating the cross sectional
area at the firing line, it should be assumed that shooting booth doors are
open.

2.1.8.2 Air Distribution. A perforated rear wall will provide uniformair
distribution to ensure diffuse, nonturbulent airflow toward the firing line
and | am nar airflow downrange to sweep contanminants away fromthe firing |ine.
A mininum di stance of 15 ft (4.57 nm) fromthe firing line to the perforated
rear wall should be provided. Ceiling supply systens are pernmitted in
existing facilities provided the mnimmflow of 50 ft/mn (15.2 mnin.) at
the firing line is naintained; however, a beck wall supply is preferred. A
mnimumof 20 ft/mn (6.1 mmn.) must be maintained downrange for
satisfactory visibility. To maintain the downrange velocity econonically
where construction pernmts, an 8-ft high (2.44 n) cross section (under any
protective baffles) is reconmended. See Figure 1 for indoor range
ventilation. |If separate supply air and exhaust air fans are used, they shall
be interlocked to prevent independent operation.

2.1.8.3 Exhaust Qpenings. An optional set of exhaust openings may be

| ocated approxi mately 15 ft (4.57 m) forward of the firing line (not over the
firing line) to exhaust not nore than 25 percent of the total airflow The
remai nder of the exhaust openings will generally be located at the apex of the
bullet trap area. Mdification of existing ranges to this design is not
required so long as a flow of 50 ft/min is naintained at the firing line.

2.1.8.4 Cross-Contanination. The exhaust discharge fromthe range nmust be
separated fromthe supply air intake to prevent cross-contam nation of |ead

fumes unless the exhaust air is filtered prior to discharge. |If range is a
pert of a larger building, exhaust air discharge will not be |ocated where
cross contamnation of general building air can occur. |Intake air should be

|ocated to avoid recirculation of exhaust air.

2.1.8.5 _Ventilation Criteria. For design of the ventilation system refer
to DM 3.03 and American Conference of Governmental Industrial Hygienists,
Industrial Ventilation Manual Refer to DM3.03 for criteria for inside
confort conditions.
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2.1.8.6 Filtration to Renove Airborne Lead. Filtration of exhaust air to

the outside wll be designed I n accordance with current OSHA and | oca

regul atory requirements. Recirculation of range air is permtted only if it
Is properly filtered for airborne range contam nants and includes dirty filter
indication. If required by Governnent or |ocal regulations, H gh Efficiency
Particulate Air (HEPA) Filter shall be provided. Provisions should be made in
the design for increasing fan horsepower and static pressure in the future for
HEPA installation if not an initial design requirement.

2.1.8.7 O her Techniques/Controlling Airborne Lead. There are techniques
for controlling airborne lead such as building a wall in front of the firing
l'ine and shooting through 18 in. dianeter (457 mm ports, thus separating the
muzzle from the face of the shooter. Another technique is shooting through a
cylinder which has an exhaust connection to renove airborne lead as it |eaves
the nuzzle. Electronic |lead dust collection plates will be considered for
heavily used ranges where the savings generated by |ess frequent changes of
the expensive HEPA filters will offset the cost and the equi pment costs.

Uni que and unusual installations are outside the scope of this manual

Approval fromthe using activity must be obtained before using these
techniques. Criteria nay be obtained fromthe National Rifle Association or
other expert authority.

2.1.8.8 Lead Dust in Existing Ranges. The use of special training

amunition may be considered to reduce the cost of rehabilitation of an
existing ventilation system only if conmend assurance is provided that al
users of the range will use this type ammunition. An existing indoor range
with a |ead dust |evel in excess of nornsl exposure limts may be operated
following the restricted criteria found in Table 3. Table 3 is devel oped and
used by the US Arny and the National Guard. Any constraints on range use mnust
be in witing end included in the Standard Operating Procedure for the range.

2.1.9 Sound Reflection Reduction. Noise reduction in the range and noise
transmssion out of the range are two different design considerations. Mss
and linpness are the two desirable attributes for a sound transm ssion
barrier. Heavy masonry walls are generally the most econom cal method for
isolating the range. Qher types of construction such as gravel or grout.
filled concrete block will provide mass. Absorptive acoustical surfacing wll
reduce the noise level in the range but will have little effect on
transmssion outside the range. Blown-on acoustical material is not
permtted. Conventional acoustical treatnent is encouraged behind the firing
line. Downrange acoustic treatment nust be conmpatible with the planned | ead
dust renoval process. Do not paint downrange block walls or acoustic tile
sound absorbing walls; this significantly degrades the sound absorbing
qualities of the materials. Existing ranges may continue use of painted
surface.
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Table 3
Maxi mum Al | owabl e Exposure Limts for Intermttent Atnospheric Lead

Al RBORNE MAXI MUM HOURS OF ALLOMBLE EXPOSURE
LEAD CONCENTRATI ON FIRING 30 OR MORE  FIRING LESS THAN 30
(mcrograms/cu m DAYS/ YEAR DAYS/ YEAR
Hr s/ Week Hrs/ Day Hrs/Week  Hrs/Day
0 - 0.03 40 8 40 8
0.03 - 0.05 24 8 32 8
0.05 - 0.10 12 6 18 6
0.10 - 0.15 8 4 12 4
0.15 - 0.20 6 3 9 3
0.20 - 0.25 4 1/2 2 1/2 7 1/2 2 1/2
0.25 - 0.30 4 2 6 2
0.3 - 0.4 3 11/2 4 1/2 11/2
0.4 - 0.5 2 1/2 1 3 1
0.5 - 0.7 1 1/2 1/2 112 1/2
0.7 - 1.0 1 1/2 1 1/2
1.0 - 2.0 1/4 1/4 1/2 1/ 4
2.0 - 4.0 1/ 4 1/4 1/ 4 1/ 4
4.00 0 0 0 0

Val | treatment should be installed in not larger than four foot wide
panels to facilitate replacement after damage. Install. acoustic wal
treatment on furring strips spaced away fromthe wall. Ventilation duct
openi ngs shoul d have noise traps to reduce noise transm ssion to outside or
ot her occupied building areas. The floor area behind the firing line may be
covered with acoustic material that can withstand the chosen |ead renova
process. Wiile carpet is not recomended, it need not be removed from
existing facilities. Airborne noise can be reduced by sealing off air |eaks.
Doors shoul d be solid core, weather stripped. Provide double doors (air |ock
arrangement) when connecting directly with another pert of a larger building.
Doubl e gl azing of windows into control rooms will reduce transm ssion.
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2.1.10 Lighting;. Provide general downrange lighting for safety and cl eanup
purposes as well as for general range illunmination. The preferred nethod is a
continuous bank of fluorescent lights wth supplenental hal ogen or a

conbi nation of lights running the full width of the range. Light intensity at
target face should be between 85 to 100 footcandl es neasured 4 feet (1.22 m
above the floor at the target. The ideal l|ight wavelength is 550 plus or
mnus 50 nanoneters. Range should have dinmmer or lighting to satisfy various
training requirements of using activities.

2.1.11 Range Design Review. For weapons to be fired, weapons type
amunition to be fired, and distances of firing line to targets nmust be
determned during the planning phase. Qher design considerations include:
nunber of firing points; lighting possibilities; nmanual and automatic target
carrier/turning mechanisms; offices or at least tables for adnministrative
support; shooting benches; clocks and timers; ventilation; ease of |ead dust
cleanup; spectator safety; acoustics; |ead dust control; |ead removal from
lead dust collectors and bullet traps. A range which adjoins a classroom
requires soundproofing. Gass walls separating firing points fromwaiting
areas may be used to reduce noise and | ead dangers to spectators or waiting
shoot ers.

During the planning phase, the weapons officer, range officer, range
training officer, safety officer, industrial hygienist, and public works
engi neer shoul d review the design requirenent before construction draw ngs are
started. \Wen the station or design agent is unable to proceed with
preparation of construction drawings in accordance with the criteria of this
mlitary handbook, requests for deviation nust be addressed to Comander,
Naval Facilities Engineering Command, Code 15C, 1510 G lbert Street, Norfolk
VA 23511-2699. During the design phase, submittal reviews by the appropriate
Naval Industrial Hygienist are required in accordance with NAVFAC Instruction
6260.2, Reviews for Health Hazards During Facility Design Process, and may be
required by the appropriate Engineering Field Division (EFD) or Engineering
Field Activity (EFA) in accordance with EFD or EFA published instructions.

2.2 Qutdoor Smal| Arns_Ranges

2.2.1 Planning Phase. The weapons officer, range safety officer,
industrial hygienist, activity planner, and public works engineer (and others
who may have interest) shall review the proposed range usage and resulting
design requirenents for conpatibility before construction draw ngs are
started. Plot the proposed Surface Danger Zone (SDZ) on the activity Genera
Devel opnent Map (GDM to confirmthe lack of conflicts. Check aircraft
operations. Note that the Federal Aviation Adm nistration (FAA) has
jurisdiction if there is a vertical weapon conponent that exceeds 500 feet.
Consul t NAVFAC publication P-80 for guidance on the nunber of personnel to be
supported and the size of the range
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Note that rifles, pistols, and shotguns produce greatly varying
amounts of projectile energy to be controlled by range structures. Design
range conponents to acconmodate the maxi mum energy anti ci pat ed.

If the following criteria can be met, request site approval under
nornmal conditions through the cognizant EFD or EFA. Refer to NAVFAC
Instruction 11010.44E, Shore Facilities Planning Manual: A Systemfor the
Planning of Shore Facilities. Deviations fromthis criteria cannot be nade
without prior approval of NAVFACENGCOM Code 15C. The point of contact is:

Conmmander

Naval Facilities Engineering Command

Attn: Code 15C

1510 G lbert Street

Nor fol k, VA 23511-2699

Tel ephone:  Conmercial (804) 322-4205
DSN 262- 4205
Fax: (804) 322-4416

2.2.2 Application. These paragraphs (par. 2.2 inclusive) apply to new
construction and any rehabilitation or repair of existing ranges.

2.2.3 Record of Conpliance. After construction is conplete, a Record of
Conpliance is required from NAVFACENGCOM Code 15C before the range is
authorized to operate. Coordinate through the cognizant EFD or EFA

2.2.4 Design Policy. Design the range such that the SDZ is unoccupi ed by
any personnel, livestock, vehicles, facilities, etc., which may be danaged.
The SDZ is any area that may reasonably expect projectile inpact resulting
fromdirect fire (DF), including msdirected and accidental discharges (MAD),
and ricochets (RC). The SDZ is only in force when weapons are being fired
The U S. Navy and Marine Corps through the Range Safety Officer (RSO shal

mai ntai n conplete control over the SDZ. The entire SDZ nust be either U S
CGovernnent owned or legally authorized for Government use as a small arns
range (SAR). The maxi mumrange of the nost powerful cartridge to be fired
shal| be used in calculating the linits of the SDZ. Select the |onger
distance if potential weapons are close in maxi numrange (as 45 cali ber

select 9 mm. Maxinmum ranges for various small arns ammunition are shown in
Table 4. Required SDZ footprints (based on soil type and range inprovenents)
are shown in Figures 2.2-1 through 2.2-5. Wen two or nore ranges are |ocated
contiguous and parallel , use the | ongest maxi mum di stance to plot one
conposite symetrical SDZ. If land area for a full SDZ is unavailable then
various inprovenents (baffles) shall be constructed to contain the
projectiles. Alternative designs producing smaller SDZ's are presented
starting in par. 2.2.6. Note that the land available for the SDZ directs the
design effort.
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Table 4
Maxi mum Range of Small Arnms Anmunition
Cal i ber Cartridge Max. Range 1 n neters
.22 long rifle . . : : : : 1400
.38 revolver . Ball, Ml . : : 1600
.38 revolver . Ball, PGJ12/8 . . : 1900
.45 pistol . . . : : : 1500
.45 submachi negun . . : : : : 1600
. 357 magnum . : . . : . . 2160
9 mm pistol . : . : : : : 1740
9 mm submachi negun . : : : : 1840
.44 magnum . . . . . . . 2290
shotgun, 12 ga . 00 buckshot : . . 600
.30 riflel/machi negun Ball, M33 : : : 3100
.30 rifle/machinegun AP, M2 . . . . 4400
.30 carbine . : : : : . : 2300
5.56 nmrifle (M16) Ball, M9 . : . : 3100
7.62 mmrifle/ machinegun Ball, MO . . . : 4100
7.62 mmriflel machinegun Match, M18 : . . 4300
. 50 nmachi negun . Ball, M3 . : . : 6500
.50 nmachi negun . AP, M2 . : . : 6100

2.2.4.1 Qher Publications. The joint Arny Regul ation (AR) 385-63 and MO
P3570. 1A, Policies and Procedures for Firing Ammunition for Training, Target
Practice, and Conbat are coordinated with this mlitary handbook.

2.2.4.2 Environnmental Concerns. Environmental regulations will become nore
stringent. Design and site the range considering future cleanup efforts in
the intended inpact areas and other areas where MAD and RC nay land. Avoid
shooting over flowi ng water courses or into wetlands. Nearby communities will
conpl ain about noi se.

2.2.5 Best Managenment Practices

2.2.5.1 Lead. Lead (and other associated projectile components) is a

hazar dous heavy netal that may adversely affect humans when finely divided
dust is taken into the body or lead particulate is transported into a drinking
water supply. The followi ng procedures will keep the lead on the range, treat
it to be chemcally harmess, and recycle it when safety requires its renoval.
The procedures involve soil anmendments, vegetation managenent, engineering
controls, contam nant monitoring, reclaimng, and recycling.
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2.2.5.2 Soil _Amendnents. Soils should be tested for pH levels every 2
years. Consult local agricultural extension agents. The desired pH levels is
in the neutral range of 6 to 8. The pH level can be raised if necessary by
adding hydrated, crushed, or pulverized |inestone.

2.2.5.3 Veget ati on. Mai ntain vegetation on berns and drai nageways.  Turf
grasses do an especially good job of retaining water and sedinent on site.
Choose a grass with nmininal watering and fertilizer needs. Rework the
projectile pocket in the berm by adding soil and grass often. Use non-nitrate
based fertilizer. Mniml anounts of nitrate based fertilizer nay be used
during the initial growin period. Renpve any decaying wood or other plant
life on the range, particularly on the bermface and in the SDZ i n near
proximty to the berm back.

2.2.5.4 Engi neering Controls. Prevent stormmater runoff from inpact berns
fromflowing directly into surface water environnents. Divert surface water
runoff within the range (including the SDZ) to a vegetated detention basin or
infiltration area. Provide straw bales, geotextile fabrics or other erosion
controls in drainage areas. Slow the runoff and provide sedinent traps.

2.2.5.5 Contami nant _Monitoring. The nonitoring programis to provide early
indications of lead noverment. Sanple the surface soil, surface water, and the
ground water for soluble lead, dissolved lead, total |ead, and nitrates. The
sanpling cycle should be based on range usage and site geohydrol ogi cal
conditions. Monitoring wells should be correlated with other existing wells
on the activity. NMnitoring wells are not required if the ground water table
is 20 feet or greater below the range surface. On deep water tables note the
tests derived from the other activity wells, Contact the activity
Environnental Engineer for support.

2.2.5.6 Recl amation and Recycling. Renove lead in the berm face when there

is a noticeable lead mass that is causing RC. The lead is to be sifted from

the soil on site. Place the soil imediately back on the berm face. Send the
sifted lead in containers to the, local recycling contractor or snelter.

a) Health and Safety Plan. Develop a site specific Health and
Safety Plan in cooperation with the local industrial hygienist before
excavating or renoving any |ead contam nated soil. OSHA regul ations 29 CFR
1910. 1025 and 29 CFR 1926.62 apply.

2.2.6 Surface Danger Zones Over \Water. If the SDZ is to be oriented over
navi gabl e water , obtain prior approval of the plan from CNO (Code N 411E).

a) To obtain approval the followi ng SDZ controls are required. The
SDZ's shall be included in construction drawings and witten into the range
standard operating procedures (SOP):
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(1) Limts of the water inpact area shall be drafted so the
limts can be transferred onto local navigation charts as a SDZ in the US
Arny Corps of Engineers (COE) application. Refer to par. 2.2.6(2)

(2) At least two poles shall display "holiday" size red flags
when the range is "live." Flags shall be visible fromall points of entry
into the SDZ. Provide either a red or white strobe light to call attention to
the flag at night. Flags shall be placed wherever there is a conspicuous
| ocation. Cceanside requirenents are different from swanp- and canal -side
requirenents.

(3) Provide marking buoys at the outer limts of the SDZ
Abnor mal depths or extensive ship traffic may require other procedures.
Submit alternate proposals for marking [imts to NAVFACENGCOM Code 15C if
buoys are inpractical

(4) A lookout having direct comunication with the firing line
(to stop the firing if the SDZ is entered) shall be maintained. A high
observation tower could be provided for this lookout. High speed vessels may
be required to police the SDZ if there is significant water traffic.

b) After receiving CNOs approval, file an application for a SDZ
with the COE District Engineer having jurisdiction in accordance with 33 CFR
Part 344. Verify that the COE has communicated with the U S Coast Quard to
publish an announcenent in the "Notice To Mariners" routinely to warn nariners
to "stand clear" when the range is in operation.

2.2.7 Local Qperating Procedures. Safety of personnel and property is
paramount.  Proper range operation procedures and discipline will be required
for safe usage. The designer shall include in the general notes on the
construction drawings the pertinent design paraneters such as: weapons,

ammuni tion, target types, SDZ's, property lines, and aircraft flight paths to
assist the RSO in witing the SOP manual .

2.2.7.1 \Warnings. Warning signs shall be provided on the approaches to the
range and the perineter of the SDZ, if access is not otherwise restricted.

Red flags and/or rotating, flashing red lights shall be provided at
appropriate locations to signal when the range is in use. Refer to the
information listed in the following table and AR 385-30, Safety Col or Code
Markings and Signs for guidance. Fencing may be required when there are no
other entry restrictions.
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WARNI NGS LOCATI ONS
Danger--Firing in Progress Approach Roads
Wien Red Flag is Flying
Danger--Firing Ranges Fencing and Barriers
Do Not Enter
Danger - - Laser Entry road and 100 feet (30.5 m

intervals on perimeter fencing

2.2.7.2 Wnd Drection, Onrifle ranges, provide flags on poles at each end
of the inpact bermor target line and at each firing line to indicate w nd
direction to the shooters. This could be the same flag called for in par.
2.2.6.a)(2).

2.2.8 Site Requirenents. The site selection should address the follow ng
i tens.

2.2.8.1 Location. Sites should be renote from comunities to avoid
interaction with residents and allow for future devel opment of the range. The
SDZ shall be recorded on activity GMs. The following itens shall be
addressed when selecting a |ocation:

a) Site shall be accessible by road.

b) Site shall have natural drainage, but no flow ng water courses
near the range floor or inpact berm

¢) Take advantage of any natural barriers or base restricted
areas to prevent access by personnel and animals to the SDZ. Mst activities
have boundary conditions such as runways, magazine areas, and perinmeter
fences.

d) Take advantage of any natural backstops that may exist for both
cost savings on berm construction and noi se abatenent.

e) Locate so as to mninmze the anmount of lead (MAD and RC) that
will Tand in adjoining waterways, wetlands, etc. Use a nininum setbhack from
these features of 30 neters on either side of the range and 60 meters behind
the inpact berm

f) Avoid areas that are subject to flooding. Ceanup costs for
bernms that have been washed away by floods are becom ng prohibitive.

g) Avoid locating the range upwind (prevailing) of residential
areas, if possible.
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h) Direct the line of fire away fromresidential areas, if
possi bl e.

2.2.8.2 Characteristics. The following criteria should be considered when
locating a range on a site:

a) Range floor should require mninal grading to produce a snooth
surface of honogeneous material. A rocky surface will increase RC and enlarge
the SDZ (see Figure 2.2-2).

b) Trees are allowed downrange of the inpact bermin the SDZ, on
exterior faces of the inpact bermand side berns, and in the side SDZ's.

c) Vehicle access inside the range is required to ease maintenance
operations and grass now ng

d) If possible (safety and site considerations holding priority),
the range should be oriented to elinnate firing into the sun. Backlighting
the target line may cause aimng problems. [In the northern hem sphere, north
to northeast direction is preferable. Overhead baffling may provide
sufficient shading on the targets to renove the backlighting

e) The following utilities should be provided in the area:

(1) Electricity - size service to acconmodate power
requirements for lighting, comunication systenms, target nanipul ation and
control, etc. Locate wiring aboveground in conduit on any available structure
or berm not exposed to DF. Many ranges are experiencing trouble with
groundwat er when new connections are made to upgrade systemns.

(2) Tel ephone or radio commnication - needed for communication
if there is a range energency or accident. User can supply handheld units

(3) Water - if available provides service for fire protection,
drinking, and sanitary uses. If not available, comment in design paraneters
so operators will provide required portable fire extinguishers and drinking
and handwashing water. Handwashing water is required on the range.

f) There should be sufficient parking of appropriate surface to
accomodate the anticipated vehicles.

If requested by the user, provide toilets and a storehouse to be
used for ready amunition storage, target storage and repair, first aid area,
etc. User may prefer to provide portable toilets. On rifle ranges consider
placing target storage and sone toilets at the ends of the target butts.
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h) Consider a built-in comunication system so the RSO can
comunicate with all parts of the range. The user may prefer to furnish
portable radios and battery operated |oud hailers.

i) Provide a weapon clearing barrel at the exit fromthe firing
line. See Figure 2.2-20 for details.

2.2.8.3 Vertical COearance. On nost weapons, DF could reach 1500 neters
vertically. RC could reach 300 meters. Normal range clearance for planning
(assumng proper range control) would be 500 neters.

2.2.9 Types of Ranges. The three basic types of outdoor SAR s are

a) Open (0) has an uncovered firing line(s) and, highly
recommended, but not required at this time, an inpact structure to concentrate
cleanup efforts. SDZ distance of 100 percent of the maxi mumrange of the nost
powerful cartridge to be used; see Figure 2.2-1, 2.2-2, or 2.2-3. Note that
"0" SAR s have wider fans and increased |ateral spacing as opposed to baffled
ranges. No effort is made to contain DF or RC. "0" SAR's are generally
required for noving target systens; see Figure 2.2-3. There nust be
sufficient land available for a full sized SDZ

b) Partially baffled (PB) has a covered firing line(s), side
contai nnent, overhead baffles (OB), and inpact structure. SDZ distance of 50
percent of the maxi numrange of the nmost powerful round to be used; see Figure
2.2-4.  Additional conponents are provided to prevent escape of DF. From
what ever |ocation a weapon may be expected to be discharged, "the weapon can
see no blue sky." Available land area will not support a full sized SDZ
Placing a noving target systemin a "PB" SAR creates nunerous technica
problenms (SDZ fan and OB colums). Consult w th NAVFACENGCOM Code 15C if
nmoving targets are required

c) Fully baffled (FB) has a covered firing line(s), side
contai nment, OB, ricochet containment, a clean, smooth floor surface, and a
covered inpact structure or bullet trap. The SDZ is 45 neters; see Figure
2.2-5.  Additional conponents are provided to prevent escape of RC as well as
DF. Available land area is extremely limted. Type "FB' SAR s generally
cannot be used for noving targets or rapid fire (machine guns) because of
baffl e colums and RC geonetry.

2.2.10 Geonetry. Vertical control is based on the firing line floor
surface (FLFS) equals 0.00 neter, (refer to par. 2.2.11.1). Horizonta
control is based on neasurenents taken fromthe rearmost firing line (FL).
The various range conponents (par. 2.2.11) are located as foll ows:
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a) The center of the target shall be at an el evation between the
upper limt of fire (ULF) (standing: plus 1.85 neters above FLFS) and the
lower limt of fire (LLF) (prone: plus 0.15 neter above FLFS). The entire
target face shall be fully displayed to the shooter

b) The range floor (RF) (par. 2.2.11.6) shall be a m ni num of
mnus 0.03 meter bel ow FLFS

c) Transverse spacing for firing lanes for rifles shall be 2.75
meters center to center; see Figure 2.2-6. Firing lanes for pistols and
shotguns shall be 1.50 meters center to center; see Figure 2.2-7.

d) The length of the range (distance between the farthest spaced
firing and target lines) shall be as appropriate to the weapon being used and
the desired training; from3 meters to 550 meters. Normally there will be
several different firing lines to target distances on the sane range.
Training requirenents will dictate the distances.

e) Ranges may be located parallel to one another in conpliance with
Figure 2.2-8 for separation.

2.2.11 Range Conponents. Depending on the restrictions of the SDZ
selected itens of the follow ng conponent list will be conbined to formthe
operating range.

2.2.11.1 Firing Line Items. Provide the follow ng conponents:

a) Floor Surface. The FLFS elevation is the range controlling
elevation. The surface shall be smooth, firm and graded to drain away from
the targets. Side to side grading should be mniml. Transverse firing line
grading should match target line transverse grading. Fore and aft distance
shall be sufficient to support the type of training conducted. Firing |anes
shall be clearly marked on the surface to match the targets. Depending on the
number of personnel to be supported (and their confort) and the funds
avail able, the follow ng surfaces should be consi dered:

(1) Gound, firmy conpacted with nown grasses. Railroad ties
could be used for |ane marking

(2) Sand or fine gravel (prone firing could be unconfortable).

(3) Wod decking of sufficient thickness and supporting menbers
to avoid movement.

(4) Concrete topped with appropriate cushioning naterial

b) Overhead Containnent. For Types "PB' and "FB' ranges a
bal l'istic canopy shall be provided over all |ocations where a weapon may be
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expected to be discharged (firing line by definition). This canopy shall
begin at least 1.0 neter behind the firing line. CGeneral structura

requi rements may dictate nore distance. The canopy shall extend forward a
distance (4 meters mininunm) that will work geometrically with the first OB in
preventing a weapon fromfiring directly out of the range. See Figure 2.2-9.
Note the prone firing location (LLF). The canopy shall be constructed of
ballistic material with sacrificial cladding as defined in par. 2.2.11.8.
Sound reduction ceiling waffles should be considered. The mininum el evation
of the lowest point is to be 0.60 neter above UFL (plus 2.45 nmeters FLFS)
Weat her roofing is required above the ballistic material. Slope roof to
drain.

¢) Benches. Continuous benches or individual trays may be provided
to hold ammunition and weapons. Do not place the trays in a position to
encour age unsafe weapon handl i ng.

d) Partitions. Partitions between shooting positions may be
provided if the user requests.

e) Shed Roof. On Type "0" ranges any structurally sound roof may
be provided for weather protection if the user requests.

f) Visual Area. The RSO shall have unrestricted view of the entire
firing line from his control position.

2.2.11.2 Side Containnent. For range types "PB" and "FB'" (Figures 2.2-4 and
2.2-5), the top elevation of the side containnent shall geonetrically mate
with the overhead baffles to be high enough to prevent any direct fire from
exiting the range. Full height side containment will extend 1.0 neter to the
rear of the FL. Locate the side containnment at |east 3 meters outboard of the
centerline of the outernost firing lane. Construction may be in the follow ng
f or ns:

a) Earth Berm Construct to an inside side slope of 1.0v to 1.5h.
If native soil characteristics will not produce a stable slope at this angle,
provi de geotechnical fabric reinforcenent in the fill. Top width of berm
shall be 3 neters. No rocks are pernitted in the top 1 neter of the inside
surface. Slopes on the outside may be whatever is consistent with the native
soils. Vegetate appropriately for erosion control and maintenance
Generally, earth berns cannot be used on Type "FB' SAR's, however berns are
permssible if the SARis snmall and the overhead baffle and berm geonetry
intercept RC

b) Continuous Valls. Construct of ballistic material (par.
2.2.11.6) and structurally capable of w thstanding | ocal weather and seismc
conditions. Provide sacrificial cladding (par. 2.2.11.8) to 4 meters forward
of the FL and 1 meter behind the FL. Continuous walls are preferred for Type
"FB" ranges.
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c) Wng Walls. Wng walls (side baffles) are discontinuous side
protection set at 45 degrees to the line of fire. Locate the wing walls such
that they are overlapped by 0.15 neter based on any line of fire that may
strike the wing walls. Construct of ballistic material. Provide sacrificia
cl adding on wing walls closer than 10 neters to the FL. Wng wal | s assi st
cross range ventilation.

d) End Walls. My be constructed at the firing | ane edge on the FL
inlieu of side containnment extending 1.0 neter behind the FL. \alls shall be
| ong enough to close off any Iine of sight between the end of the side
containnent and the rear 1 neter mark. The end walls shall be constructed of
ballistic material with sacrificial cladding extending fromthe canopy to the
FLFS.

2.2.11.3 Querhead Baffles (OS). The |owest elevation of the bottomof an OB
shall be plus 0.15 neter above the ULF (plus 2.0 neters, FLFS). The OB shall
be |ocated such that no direct fire can exit the range fromany firing
position (LLF usually is the controlling position). The first OB shall be
geonetrically coordinated with the firing line ballistic canopy (par.
2.2.11.1.b). The top elevation of the top of each follow ng baffle shall be
0.15 neter higher than a line of fire that just clears beneath each preceding
baffle. OB should be the sane height; space them apart down range to achieve
the required geonmetry. The last baffle shall be placed such that the |ine of
fire will strike the inpact structure (par. 2.2.11.4) no higher than 1.5
meters bel ow the top elevation of the structure. See Figure 2.2-9 for profile
guidance. On a Type "FB" range, the last OB shall be over the last target

l'i ne.

a) The OB shall extend laterally to within 0.3 neter of the side
containment (par. 2.2.11.2). On Type "FB' ranges the OB shall tie into the
side containnent.

b) The vertical dimension of a OB when it is vertical varies with
the nunber and spacing of the baffles. Normally the height is between 1.25
and 2.5 meters when considering structural support size and costs.

c) The baffles shall be constructed of ballistic material (par.
2.2.11.7). Baffles within 10 meters of the FL shall be covered with
sacrificial cladding. See Figure 2.2-10 for possible configurations

d) Space the structural colums as far apart laterally as possible
to open firing lanes. If possible do not construct colums within the range.
Design colums or beans to withstand local wind and seismc |oads. Provide
protective steel plate on the faces of the colums exposed to the FL in
accordance with Figure 2.2-10. Provide sacrificial cladding if the colum is
within 10 meters of the FL.
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e) The OB may be placed on a flatter slope and overlapped to
function as FL canopies if multiple FL's are to be used. See Figure 2.2-11.
This arrangenment is cost effective for baffled conbat [anes.

2.2.11.4 Ricochet Containment. On Type "FB' ranges, construct non-ballistic

panelling in accordance with Figure 2.2.12. Alternative materials and methods
to prevent RC fromleaving the range may be presented to NAVFACENGCOM Code 15C
for prior approval.

2.2.11.5 Inpact Structure. The structure varies depending on the type of
range. Acceptable structures by range type are |listed below Alternative
met hods nmay be presented to NAVFACENGCOM Code 15C for prior approval.

a) Type "O' Ranges. The top elevation of the inpact structure
shoul d be plus g.o meters FLFS for ranges 92 neters or greater in length and
plus 5.0 neters above FLFS for ranges 50 neters or less in length. The inpact
structure shoul d extend 45 neters beyond the target line ends for 92 neter
ranges and 15 neters for 50 neter ranges, or until joining with the side
containnment, if provided. Locate the beginning of the structure as close to
the last target line as possible.

(1) Earth Berm The suggested elevation may be met by
designing a conbination of earth berm and vertical baffle (Figure 2.2-13).
The earth bermportion should have a top elevation of plus 5.0 meters above
FLFS. The vertical baffle shall be constructed of ballistic material (par.
2.2.11.7) and designed to withstand local seismc and wind loads. This
conbi nation arrangement woul d reduce the footprint and the amount of materi al
in the earth berm The slope of the inpact face should be no lower than 1.0v
to 1.5h. The top should be 3 neters wide. The inpact slope should be
constructed with a 1 meter layer of easily filtered soil (to reclaimthe |ead
rounds) with no rocks, sticks, etc. The inpact face of the bermwll be
periodically mned for spent lead, so consider maintenance when designing.
The rear slope should be appropriate to the native soil and mai ntenance
requirements. \Vegetate appropriately to prevent erosion.

(2) Reprocessed Rubber Products. New products are comng to
the market. Their use is encouraged if appropriate and cost effective.
Contact NAVFACENGCOM Code 15C for prior approval.

b) Type "PB" and "FB' Ranges. The top elevation wll vary
depending upon the OB and inpact structure arrangenent. The inpact structure
for Type "PB' can be: standard berm bullet trap, or hybrid. For Type "FB"
the inpact structure shall be a bullet trap. In all instances, the inpact
structure will connect to the side containment.

(1) The standard earth berm shall have slopes and width in
accordance with par. 2.2.11.5.a)(1). Provide geotextiles as necessary to
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achieve the slope. The top of the berm shall be at an elevation that is 1.5
meters above the point where the highest Iine of direct fire can strike the
berm

(2) Qutdoor bullet traps can be constructed by placing the |ast
vertical OB over the last target line and placing a sloped baffle to connect
fromthe top of the earth bermto the back of the last vertical OB. The
bottomof this |ower sloped OB shall be 0.50 neter above the highest point on
the berm where DF might strike. Vegetation will not grow on the bermso nore
frequent maintenance will be required. See Figure 2.2.14 for material and
construction details. Address rainfall runoff from sloped baffle onto berm

(3) Hybrids may be possible. Any neans of providing slope
stability, round and ricochet control , and surface screening may be presented
to NAVFACENGCOM Code 15C at an early design stage for approval and comments.

Sone nethods are: (1) gabions to make the berm surface vertica
faced with two overlapping rows of autonobile tires stacked on top of each
other to elevation plus 2.0 meters FLFS; or (2) constructing a "Venetian
blind" bullet deflector made fromsteel supports wth interchangeable stee
slats set in a concrete floor slab; or (3) comercial available steel bullet
traps or reprocessed rubber products

2.2.11.6 Range Floor. The surface shall be graded snooth and sl oped for
storm drainage. The floor should be graded side to side at between 1 and 2
percent. Use very shallow swales in the surface area. Place culverts and
pipes in protected locations with collection points where runoff can be
nmonitored and controlled for lead contamination, if required. Consider
subdrains. Provide erosion control vegetation that can be maintained at a | ow
height. Refer to par. 2.2.5.3.

a) Types "0" and "PB" ranges may use a 100 mm thick pea grave
surface

b) Concrete wal ks with edges exposed to the FL are discouraged.

ég Type "FB' ranges require a clean, smooth surface that mnim zes
deflected RC. The RCis intended to end up in the bullet trap. No large
foreign objects are permtted. Entire surface may be 100 nmthick portland
cement concrete

2.2.11.7 Ballistic Miterial. The purpose of this material is to absorb
deflect, or fragnent the rounds. Material for baffles on Types "PB' and "FB'
ranges is shown in Figure 2.2.10. Wod that is used shall be of niddle grade
exterior timber or plywood. Tinber in contact with the ground shall be
pressure treated for the purpose. Avoid exposed connectors if possible.
Alternative comercial products may be used, contact NAVFACENGCOM Code 15C
Refer to Table 5 for thickness of various materials.
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2.2.11.8 Sacrificial dadding. Provide 19 nmthick plywood in front of a 19
mmair gap on any surfaces (baffles, wing walls, netal connectors, etc.) that
are within 10 neters of the FL to prevent backsplatter. Size panels for easy
repl acement of danaged areas.

a) Canopies shall have sacrificial cladding from1 neter behind the
FL to 4 meters forward of the FL.

b) Various reprocessed rubber products for sacrificial cladding use
are comercially available. Contact NAVFACENGCOM Code 15C

2.2.11.9 Target Line and Mechanisms. Conponents will be as follows:

a) Target line bases shall match grading with the FL. Mechanica
target support bases shall be protected fromthe direct line of fire. They
may be buried flush with the ground or placed behind a protective wall. Note
that a small raised earth bermat this location generates significant RC. The
conplexity of the mechanism will dictate the protection requirenent. See
Figure 2.2-15 for wall or trench protection of high cost target |ine
mechani sms.

b) Target supports can be made of steel angles and channels, PVC
pipe or wood. Do not use netal parts within 10 meters of the FL where DF
strikes are anticipated. Discharging weapons close to metal surfaces is
extrenmely dangerous. Present the smallest surface area that is structurally
sound to the line of fire to mnimze RC. Design the target holders for easy
and inexpensive replacenent. This is one area to "keep it sinple." Skidable,
sel f-supporting 2 by 4 wood frames or 2 by 2's placed into buried PVC pipe
work well on sinple ranges. Note: the full face of the target shall be
visible to the shooter. The target components are at the user's discretion
based on his training requirements. Consult with the RSO for his needs
Provide necessary conponents.

¢) Turning targets and the display tine are at the discretion of
the user. Commercially available, electrically notorized target carrier and
el ectronic scoring systems shoul d be considered when the econom cs of training
warrant .

d) See Figures 2.2-16, 2.2-17, 2.2-18, and 2.2-19 for rifle butts
and targets. Rifle target frames shall be 1.2 neters by 1.8 neters high for
use to 274 meters and 1.8 meters square at greater distances

2.2.12 Miltiple Firing Lines Versus Target Lines. On Type "PB' or "FB
ranges, in nost instances, a single FL with multiple target lines wll produce
the nost cost effective range because of the FL canopy. An extrenely advanced
target mechanismnay be sufficiently nore expensive than multiple canopies to
shift the advantage. On Type "O' ranges the single target line with mltiple
FL's is preferred; especially on rifle ranges where butts are required.
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2.2.13 Conbat Ranges. Forward moving (run and shoot) courses can be
constructed with the above criteria. On a Type "PB"' or "FB' range, any

| ocation where a weapon is discharged shall have a ballistic canopy and the
required geonetry of baffles. See Figure 2.2-11. It is possible that latera
personnel movement with targets at varying distances on adjoining firing |anes
will provide a cost effective alternative. However, the training procedure
may encourage a two |ane nulti-canopi ed range al ongside a conventional nulti-

| ane single FL, multi-target line range. Required firing position barricades
will be provided by the user.

2.2.14 Shooting Houses. Wthout overhead containment the SDZ is 360
degrees at the maxi numrange of the weapon being used. If DF and RC are
contained by a ballistic canopy the SDZ woul d be 50 meters at 360 degrees.

One nethod is to provide a ballistic canopy 3 meters above the "house" and
construct an earth berm 0.5 meter higher than the canopy around the "house."
Anot her nethod is to extend the roof below the top of the side walls. The
roof end should be 1 meter below and 1 nmeter away fromthe side wall to allow
for air nmovement. Houses are made of ballistic material. Enclosed roons are
consi dered as indoor ranges, refer to par. 2.1.

2.2.15 Skeet and Trap Ranges. Refer to ML-HDBK-1037/3, Qutdoor Snorts and
Recreational Facilities. SDZ distance is 275 neters.

2.2.16 Existing Type "FB' Ranges Wth Gound Baffles. These ranges can
continue to operate as is but the ground baffles should be renmoved as they
require nmaintenance. Gound baffles are a major contributor of RC. Provide a
concrete range floor. Note that Type "FB" ranges require overhead ricochet
cont ai nment because of the RC caused by the surfaces of the colum sides
regardl ess of the presence of ground baffles.

2.2.17 Machine Gun Ranges. The standard distance between the FL and the
target is 25 neters. The range is Type "0" with the SDZ shaped as

Figure 2.2-1, 2.2-2, or 2.2-3. Targets are chosen and placed to satisfy loca
condi tions and training requirements by the user. An inpact structure 8
meters high is required

2.3 Conposite Ranges. Wiere site conditions permt, shotgun, pistol
rifle, and machine gun ranges should be |ocated close to each other to better
utilize supporting facilities. The SDZ's should be a common area

2.4 Conbat Villages. Conbat villages nay be designed using the

i ndi vidual paragraphs (par. 2.2 inclusive) that apply to the particular course
of fire or training. The SDZ is based on the nost powerful round and
direction of fire
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Table 5
Ballistic Material Thickness

Mat eri al

Concrete (5000 psi)
Gout-filled CMJ s
Broken Stone

Sand

d ay

Earth

Cak Logs

AR-500 (BHN) Steel Plate
Auto Tires/Earth Filled

Cal I ber

.45/9 mm 5.56 mm 7.62 mm
100 mm 130 mm 160 mm
200 mm 300 mMm 300 nmm
350 mm 350 mMm 500 nm
600 nmm 600 mMm 900 mm
1100 mm 1100 mm 1650 mm
900 mm 900 nm 1300 mm
700 mm 700 mm 1000 mm
6.5 mMm 10 mMm 10 mMm
1.5 dia 1.5 dia 1.5 dia

50

300 mm
600 nm
760 mm

1200
2540
1700
1400
none
none

3333
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TARGET LINE(S) ———\ /

ok
g\ /
\ /

MAXIMUM RANGE OF MOST POWERFUL CARTRIDGE USED TABLE 4 ————

IV —

\ / FORWARD MOST
| FIRING LINE
REAR MOST /
FIRING LINE
100 m ‘! —
RANGE WIDTH - -
Figure 2.2-1

Surface Danger Zone for Small Arns Weapons Firing at
Fixed Gound Targets - Qpen Range (Type "0")
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TABLE 4

MAX. RANGE OF MOST POWERFUL CARTRIDGE USED

~ 30
TARGET LINE
FORWARD MOST ] FIRING 100 YD OR m
FIRING LINE I~ LINES @ - 200 YD OR m
300 YD OR_m
] 400 YD OR m
REAR MOST 500 YD OR m
FIRING LINE | | 0
RANGE
WIDTH

Figure 2.2-2
Surface Danger Zone for Small Arns Wapons Firing at Fixed Gound
Targets - (pen Range (Type "0") Wth Rocky Soil or Target Causing Ricochet
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1/2 DISTANCE OF MAXIMUM RANGE OF MOST POWERFUL CARTRIDGE USED (TABLE 4)

IMPACT BERM
’lOL-.—‘
/-—Lu
— TARGET LINE(S)
— AS REQUIRED
§
OVERHEAD BAFFLES -
AS REQUIRED N ‘
FIRING LINE—HELD CONSTANT ————
45 m—=f |
—e— ~——RANGE WIDTH

Figure 2.2-4
~ Surface Danger Zone for Small Arns \apons Firing
at Fixed Ground Targets - Partially Baffled Range (Type "PB")
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K
4O m
BZzz457223 ¢ TOP OF IMPACT BERM
V
/I
% %
4 TARGET LINES
AS REQ'D
4
/
//
g
% %
#
/ OVERHEAD BAFFLES
AS REQ'D
4 / — FIRING LINE—HELD
/ CONSTANT
RANGE WIDTH -
Figure 2.2-5

Surface Danger Zone for Small Arns \Weapons Firing
at Fixed Gound Targets - Fully Baffled Range (Type "FB'")
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IMPACT BERM IF REQUIRED
NOTE 3-—

TARGETS AND TARGET—

FRAMES ON TARGET
CARRIERS

NOTES:

1. TARGET/OR FIRING LINES
AS REQUIRED BY ACTIVITY

2. FIRING LINE AND TARGET
LINES ARE PARALLEL.
FIRING LINE POSITIONS
ALIGNED WITH TARGET POSITIONS

3. MINIMUM DISTANCE BETWEEN
TOE OF IMPACT BERM AND
TARGET PIT, WHERE PERSONNEL
PULL TARGETS SHOULD BE
25 m.

4. REFER TO FIGURE 2.2-1, 2,
5 & 6 FOR SURFACE DANGER
ZONE.

|
|

FIRING LANE

IS,
L|NE OF TARGETS [‘_—]<—STORE HOUSE BEHIND

WIDTH OF RANGE

17

DIRECTION OF FIRE

TARGET MECHANISM
PROTECTIVE BERM

TARGET BASE PROTECTION

100
m or yd

FIRING LINE

200
m or yd

300
m or yd

400
m or yd

2.795 m

500
m or yd

600

m or yd

Figure 2.2-6
Qutdoor Rifle Range Layout
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IMPACT BERM IF REQUIRED 2 m MN
|:|||:|ll:|HEH:HEm:ll|:H|:l|l:l|E|H:HEH[:H:H|5H:HElH:HlEJH:HE
TARGET LINE
15 m 50 m or yd
(MIN)

NOTES:
1. TARGET/OR FIRING LINES
AS REQUIRED BY ACTIVITY

2. FIRING LINE AND TARGET
LINES ARE PARALLEL.

FIRING LINE POSITIONS

ALIGNED WITH TARGET POSITIONS

3. REFER TO FIGURE 2.2-1, 2, 3
4, 5 & 6 FOR SURFACE
DANGER ZONE

TARGET BASE PROTECTION

1.5

FIRING LANE

m

NON—TURNING TARGETS
(1000 m RIFLES ONLY)

TURNING TARGETS (25 m or yd)

(TARGET PROJECTIONS
MUST BE REMOVEABLE)

N-TARGET BASE PROTECTION

A~

DIRECTION OF FIRE

/——FIRING LINE

RANGE WIDTH

~=—— CONTROL TOWER OR GROUND
LEVEL CONTROL BOOTH

Figure 2.2-7

Qut door Pistol Range Layout
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/ IMPACT BERMS‘7\

Cﬂl._lll_lll_lll_lllzl =l = === =
N A5 mlli N
] ( ATIT A L)
| | i
taiinan T TARGET LINE
] ( 1 x {
TARGET BASE
PROTECTION all A
( ] ( ] (
— 30 30"~ —='5 ~| || S
e FIRING LIN/E7
O ] ] Ly 1]
I I 1 T

G WITHOUT @ WITH @
BERM DIRECTION BERM
OF FIRE

1m—>| "__ 15

_/MRADE

|~—VARIABLE —]|

———C¢ OF EMBANKMENT

VARIABLE HEIGHT AS REQUIRED
TO PROTECT ADJACENT FIRING
POINTS (MIN. 4.3 m ABOVE FLFS)

SECTION A—A

NOTE: SAFETY ARCS FOR PARALLEL UNBERVED RANGES MAY OVERLAP

AS, SHOM, BUT NOT CLOSER THAN 45 m TO THE ENTRY PO NT FOR
THE TARGET PITS ON THE ADJACENT RANGE ANOTHER SPACE. WHEN TH S
|'S NOT POSSI BLE AND THE REQUI REMENT EXI STS FOR SI MULTANEQUS
CPERATI ON. OF ADJACENT RANGES, A SEPARATI NG WALL OR ENMBANKMENT
WLL BE REQU RED. THE LENGTH OF THE WALL OR EMBANKNVENT

SHALL BE F THE MOST DI STANT FIRING LINE TO THE TARCGET PI TS.
THE WALL MAY BE 200 nmm THI CK CONCRETE, 300 nm

TH CK CONCRETE MASONRY- GROUT FI LLED OR EQUI VALENT.

Figure 2.2-8
Paral | el Ranges
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6-¢'¢ 8inb 4

CANOPY

SEE DETAIL "A’

OVERHEAD BAFFLES

0.15 m

IMPACT POINT: 1.5 m
MINIMUM BELOW TOP OF
BERM FOR PARTIALLY
BAFFLED, 0.5m FOR
FULLY BAFFLED

IMPACT BERM

~—FIRING LINE

NOTES

1.
2.

PROFILE BASED ON A LEVEL RANGE
OVERHEAD BAFFLES 1.25 TO 2.0 m

1.25 TO 2.0 m BAFFLE——

SET 0.15 m ABOVE UPPER FIRING LIMIT

HORIZONTAL SPACING AS REQUIRED TO BRING BULLET
INTO BAFFLE AT POINT NOT LESS THAN 0.15 m BELOW

TOP OF BAFFLE FRONT FACE.

SEE FIGURE 2.2—-12 FOR FULLY BAFFLED RICOCHET CATCHERS

=
HIGH, BOTTOM \

/
—1 -
——
/{
UPPER LIMIT OF FIRE LOWER LIMIT OF FIRE

| NOTE 3

=—TARGET LINE

/
-
UPPER LIMIT OF FIRE

DIRECT FIRE TRAJECTORY FROM

015 m (TYP.)

‘T

LOWER FIRING POINT LIMIT

DETAIL "A’
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/—WOOD CAP /WOOD CAP

BZIN
5
N = =
ZIN
/N
%
o PN=+—.019 m PLYWOOD (SACRIFICIAL) *|=—0.10 m PRECAST
n N Y 019 m AR SPACE «|  CONCRETE
W oo MUN AR500 STEEL PLATE g
z "7
S e UN AR SPACE
o VN BETWEEN COLUMNS
N7
~ UN .08 m LUMBER
5 WITH HORIZONTAL :
\ JOINTS — =
N A
n’
BOTTOM 4 m RECEIVES
MOST HITS. SECTION
BAFFLE FOR EASY
REPLACEMENT
—~——— COLUMN
~——COLUMN
DIRECTION
OF FIRE
0B—1 0B—2
AR500 STEEL AR500 STEEL
PLATE \: PLATE
TN COLUMN CROSS— o
45" MIN.— SECTION & MATERIAL
VARIES

NOTE: SEE TABLE 5 FOR THICKNESS OF STEEL

Figure 2.2-10
Overhead Baffle
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NOTES:

1.

0.10 m THICK PRECAST CONCRETE SLABS

(COULD BE STEEL PLATE
PER FIGURE 2.2-10)

THIS IS A PICTORIAL GUIDE. NUMBER OF
BAFFLES AND SPACING WILL BE ENGINEERED
FOR EACH RANGE LOCATION AND RANGE
MAXIMUM DISTANCE

RECOMMENDED ANGLE TO MINIMIZE SURFACE
DAMAGE

ROOF
B — 0.15 m MINIMUM
SEFREN | canopy [f_ 25 (SEE ADDITIONAL BAFFLES
SHIELD P - NOTE 2) \\t\\\ \AS REQUIRED
- " AN
CONCRETE |, P — L
SURFA?i;7 - ¥ IMPACT BERM
{ ¢ 1l { ¢
)‘ 37
—2 m MINIMUM |~ TARGET LINE

~—FIRING LINE

ABOVE FLFS
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BAFFLES
2 LAYERS

2 LAYERS
19mm PLYWOOD 19mm PLYWOOD

NOT IN LINE OF

DIRECT FIRE——7

2 LAYERS
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OVERHEAD
BAFFLES

DIRECT FIRE
LINE
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8.0 m ABOVE FLFS OUTLINE OF EARTH
LAST /— N BERM. SEE NOTE 1
TARGET 15
LINE ——— /
1 l ~——BAFFLE PER FIGURE 2.2—-10
DIRECTION SEE NOTE 2
OF FIRE . L | AN
/ —~ - 30 m N
5.0 m ABOVE FLFS FOR "O"‘ GEO TEXTILE
IF REQ'D

ADJUST FOR "PB"

EARTH BERM

%E VARIES
i | 1

1 m ROCK FREE SOIL

NOTE
1. QUTLINE OF | MPACT BERM | F ALL EARTH BERM IS USED IN LI EU

OF COVBI NATI ON EARTH BERM BAFFLE.
2. BALLISTIC MATERIAL TO SPAN FULL HEl GHT.

Figure 2.2-13
I npact Berm for Types "0" and "PB" Ranges
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——

Fig. 2.2—10
10 GA. STEEL PLATE FOR

DIRECTION
OF FIRE

TARGET

O.H. BAFFLE —— -1 m*

1/4" AR500 STEEL PLATE FOR RIFLE

4.0 (VAR.) m/0
1 LAYERS 3/4" PLYWOOD

W/ WEATHER PROOFING

BEAM
Ve

FOR ROOF RUNOFF
NEED GUTTER & DOWNSPOUT

PISTOLS

2.0 m/0 2
. \—CONC. FND.

LINE

COORD——FLFS=0%08=0"

Figure 2.2-14
Bul let Trap
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NOTES 1. 3/8" STEEL PLATE TO PROTECT TOP OF WALL AND WOOD
2. DIMENSION DETERMINED BY THE PROTECTIVE

REQUIREMENTS OF FURNISHED EQUIPMENT

DIRECTION OF FIRE T
- NOTE 2 )
| LEVEL GRADE
LINE OF SIGHT WORST CASE ' ‘
iy _— | | SLOPE TO DRAIN
- = 1
—_— !
TARGET NUMBER SR
* —
—_— — —_ [T, —_ 4

Ei
4" THICK CONCRETE WALL
(CAN BE PRECAST) FACED
w/ 3" THICK TIMBER OR

{1

FIGURE 2.2—15A (CAN NOT STACKED RAILROAD TIES.

USED ON TYPE "F.B." RANGES)

FREE STANDING TURNING
OR POP—UP MECHANISM
OR MOUNTED ON FACE

OF CONCRETE WALL

NOTES 1.
2. DIMENSION DETERMINED BY THE PROTECTIVE

REQUIREMENTS OF FURNISHED EQUIPMENT

STEEL OR ARMOR PLATE SELECTED FROM TABLE 1.

DIRECTION OF FIRE AN
- NOTE 2 ( : \
LINE OF SIGHT WORST CASE NOTE 1 || VLEVEL GRADE
— L | SLOPE TO DRAIN
— - 1)
TARGET NUMBER T N
[T - —
— — - — {

FIGURE 2.2—158B 12" SOFT SAND PIT

FREE STANDING
TURINING OR POP-UP
MECHANISM

NOTE
1. DEPTH AND WIDTH OF TRENCH DETERMINED
BY TYPE OF MECHANISM INSTALLED

GRADE TO DRAIN AWAY
FROM TRENCH. KEEP

DIRECTION OF FIRE
- SLOPE AT MINIMUM

;E

LINE OF SIGHT WORST CAS

—_—

TARGET NUMBER

FREE STANDING TURNING OR
POP—UP MECHANISM IN
TRENCH WITH DRAIN

FIGURE 2.2-15C

Figure 2.2-15
Ballistic Protection of Target Mech

41e

ani sm




M L- HDBK- 1027/ 3B
Change 1, 30 June 1995

- L € OF TARGET FRAME
g9’ TARGET FRAMES AT 9' OC 2" CONCRETE
—]

4" x4" ~
CONTINUOUS =

78" \ [4— UARIES, = NOT / 7 PLANKING

CONTINUOUS N y /
34 N

EXPANSION )
JOINT '

i
|

12!4” l Z' xB“ . <—3 4"
4" CINDERS  MIN —= —~=——CONCRETE OR |E2)(TQATNS|ON
OR GRAVEL ———* MASONARY WALL —————® JOI

VARIES — NOT
OVER 2'————f=

STEPS FORMED FROM
2"x10" CONTINUOUS
SET VERTICALLY AND
HELD BY 2"x4"x2'6"
STAKES 3' OC

ELEVATION AND A-2

2'—8" MIN UNDER FAVORABLE SOIL (SAND)
s CONDITIONS WITH NO EROSION INCREASE
2'x8' CONTINYOUS AS REQUIRED FOR SOIL AND EROSION
WITH 1/2°_x8

BOLTS AT 4' OC
|, 8'—6" \

2" SLOPE
4"x4” CONTINUOUS WITH 1/2"_
x8" BOLTS AT 4" OC

T TOP BRACE—OMIT IF
BACK BRACE IS USED

=TTy -3 /8
0 / 8’'x8" PIERS SPACED 3'8"
EACH SIDE OF TARGET

'N\b FRAME IF BACK BRACE

N IS USED
LR

4 = 14 i
Z {\ _3.r\\/’
CONCRETE CARRIER FOQTINGS
WALL —

4" CINDERS \VARIES — AS DIRECTED

OR GRAVEL
SLOPE 1/7" HOLD TO MIN.
PER FT

FIRING DIRECTION |:>
3/8'¢ BOLTS 4:

SHEATING
WALL F MASONRY .
UNITS ARE USED
MASONRY BLOCK

UNITS TO BE SOLID

2" DRAIN AT
10" OC

4"

4”)(4‘” 3 ] » 1 4
U POST -4 6 4
f—6 — SECTION THROUGH BUTTS
, VARIES |
| -
o 1
—=—3 /4" PLYWOOD e—2x12 LEG 22]
—
OR GALV. METAL X |
ROOFING i B U L U
SQUARE SHAPE — 1" _ELEVATION BRACE
PREFERRED LENGTH OF BENCH TO BE DETERMINED
TARGET NUMBER BY CONTRACTING OFFICER
1,_3"
NUMBERS TO RUN CONSECUTIVELY FROM
1 TO 60; EVEN NUMBERS SHALL BE PAINTED ,
BLACK ON A WHITE BACKGROUND; ODD NUMBERS -4 1" x4"
SHALL BE PAINTED WHITE ON A BLACK BACKGROUND

TARGET NUMBER DETAIL BENCH DETAILS-

Figure 2.2-16
Target Butts Details
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f /—NATURAL GRADE
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SECTION NO. 1
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1X3 SOFT PINE —™

1X2

CONCRETE BLOCK
EACH SIDE

RCHANNEL

SOFT PINE

DIRECTION OF FIRE j

—_
-~ 5 ——

TARGET FRAME

9-1/2" —=

6" PULLEY

o 62” —_—

SLIDING TARGET
FRAME CARRIER

WOOD FRAME H
SUPPORT TO
ACCEPT TARGET

FRAME IN
RECESS ——— ™

18"

=
N
AN

BRACKETS

——— POSTS —™™

2”X4”E—/~
PINE

BRACKETS 2"x4"
INSIDE DIMENSION

==

1l FRONT VIEW

L

ES]

L SIDE VIEW

NOTE: ENTIRE TARGET IN RAI'SED POSI TION MUST BE
VI SI BLE FROM EVERY SHOOTI NG PO NT AND
EVERY FIRING PCSI TION

Figure 2.2-18
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WOOD FRAME SUPPORT TO ACCEPT |
TARGET FRAME IN RECESS ;%F;?T%IJN VERTICAL
SAME AS FIG 2.2-18

TARGET INCLINED IN
DOWN POSITION

DIRECTION OF FIRE

IMPACT BERM

TARGET NUMBER COUNTER WEIGHT

NOTE 4 |
=0
, NOTE 3 =i
CONC. RET. [
WALL v
SEE FIG 2.2—-16 & 17 ]
POST 2 m NOTE 1 | NOTE 2

NOTES:

1. DI STANCE AS REQU RED BY CARRIER MECHANI SM
HOLD TO M Nl MM
2. DISTANCE TO ALLOW EQUI PMENT ACCESS FOR
MAI NTENANCE OF CARRI ER AND SLCPE
3. MECHANI SM STOP TO ALIGN ALL TARCGETS AT
CORRECT HEI GHT
4. MAKE PROVI SIONS FOR DRAI NAGE
5. ENTIRE TARGET MJST BE VI SI BLE FROM EVERY SHOOTI NG
PO NT AT EVERY FI R NG PCSI TI ON

Figure 2.2-19
Paral eg Target Carrier
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LID FOR DRUM

4" PVC PIPE 6" [IN LENGIH
PVC COMMODE FLANGE
WTH 4" CUT-OoUT .\ /

DRUM MATTI NG, FLOOR RUBBER
1/4” TH CK, 18" x 16" LONG

DRUM  SHI PPI NG AND

STORAGE, 30 GAL.
18.25" DI AVETER X 26.99"'————J
DEEP

PEA GRAVEL FOR BARREL

Figure 2.2-20
Weapons Clearing Barrel Parts List
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Section 3: COVWMON RANGE FACILITIES

3.1 Siting. Range geonetrics and surface danger zones given in the
design manual reflect ideal siting. Small arns ranges require point targets
and prepared firing positions. Heavy weapons ranges are area oriented, have

| onger distances, and require mxed targets in target areas. Combining the
use of surface real estate and joint use of support facilities in conjunction
with a range conpl ex or new weapons on existing range nust be considered on an
individual basis. Conmon inpact areas and overlapping surface danger zones of
adjoining ranges nmay be allowed if weapons system characteristics are
conpatible and training requirements are not conpromsed. As an exanple,
artillery firing points should not be located adjacent to rifle ranges as the
noi se detracts from live-fire training. The station Explosive O dinance

Di sposal (EQD) officer and the Safety O ficer nust be included in any
discussion of inpact area safety. (Quidelines for siting ranges are as defined

in paras. 3.1.1 through 3.1.6.

3.1.1 Location. Safety is the prime consideration in locating a range.
The characteristics and ballistics of the weapons systems for which the range
is designed determne the selection of the site. The use of training

anmmuni tion versus use of service ammunition will determne size of area
required. Range design objective is to contain the firing amunition and

expl osives within the range real estate during training and target practice.
The locations of the firing points, inpact areas, and surface danger zones for
t he weapons to be used nust be laid out to forma ground footprint on the
station maps. Then the aerial easenents, approach altitudes, and run-in lines
for aircraft ranges nust be superinposed on the ground footprint to confirm
appropriate siting. Determne acceptable noise |evels on adjacent inhabited
areas. Consider the added risk of accidental msdirected firing into adjacent

ar eas.

Locate aircraft ranges and gunnery ranges so that firing and inpact
areas are at least the sane distances fromamunition and gasoline storage as
is required for inhabited buildings. Wwere available areas are limted, these
di stances may be reduced to that required for public highways. For purposes
of maintaining safe distances, routes for public land and areas of
intermttent public use (such as ceneteries, outdoor recreational areas, and
private utilities) shall be treated the same as inhabited buil dings:

Navi gabl e waterways and railroad lines shall be treated the sanme as public

hi ghways.  For required Explosive Safety Arcs frominhabited areas and public
hi ghways, refer to NAVFAC P-80 and NAVSEA OP-5, Amunition Ashore Handling,

St owi ng and Shi ppi ng

Surface danger zones nust be under U.S. Governnent control. If not
under total Government control, area access shall be limted to prescribed
tinmes for commercial activities such as fishing, grazing or mning, or firing
shall be limted to prescribed tines.

Selection of the site will also consider the follow ng:
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a) The effect that range construction and range operation wll have
on endangered species of wildlife (if any) and on proper |and use policies.

b) Preservation of inportant survey nonunents in the area
especially those of U S. Coast and Geodetic Survey.

c) Common use of roads, messhalls, other training facilities
applicable to several ranges.

d) Decontam nation of unexpl oded ordnance and cl eanup of inert
debris.

e) Target setup, maintenance, and repair.

3.1.2 Oientation. Al firings shall be conducted in a direction away
from ammunition and gasoline storage and inhabited areas. Trajectories shall
not pass over an ammunition or gasoline storage area. Orient the range so
that gunners will not be firing into rising or setting sun.

3.1.3 Terrain. Firing into upward sloping land and land with natura
backstop of hills or muntains is recommended. Land with good natura

drai nage and which is nostly barren of ignitable grass, tinber, and underbrush
is preferable. Firing platforms, access and range roads, and targets are to
be elevated above flood level. The line of fire in rough terrain should be
perpendicular to high ground. The line of fire on flat terrain should be free
of knolls, ridges, and trees which reduce visibility. Known distance ranges
shoul d be as horizontal as possible. Firing points may be bel ow the target
provi ded the grade between the points and target does not exceed two percent.
Ri cochet cannot be conpletely elimnated, but can be reduced by level terrain,
soft soil, and elimnation of hard objects. For heavy weapons, inpact areas
nmust be clear of target debris and old projectiles. FEarth berns should be
used to the rear of target areas. Earth berms may be used on sides of the
range to protect timnmber, game, recovery nmetal salvage, and possible reduction
of inpact areas.

Roads used for setting and servicing targets in inpact areas and for
mai nt enance of earth berm sl opes may be graded pathways. Roads in areas not
subject to disturbance such as vehicle parking area, projectile weapons firing
and maneuvering areas, and roadways behind firing line or out of range of
weapons, Wi ll be inproved road of conpacted subbase with conpacted gravel
base, or conpacted gravel or crushed stone on conpacted cement or asphalt
stabilized sand, designed for anticipated vehicle weight and usage. Layout
for tank trails and roads for other heavy tracked or |ugged vehicles should be
pl anned to avoid damage to inproved roadway surfaces

3.1.4 Access and Range Roads. Provide access roads for transporting
personnel, supplies, and equipnent to ranger and to service targets within
target areas. Refer to NAVFAC DM 5.4, Pavenents, and Arny TM 5-822-2, Genera
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Areas, for criteria for paverrents and roads. Access roads to ai rcraft weapons
ranges will be run diagonal to the aircraft run-in |ines.

3.1.5 Restricted Area Airspace. For restricted area airspace criteria to
be Applied to target and range requirenents for aircraft weapons, refer to
NAVFAC P-80. Requests for designation, alteration. establishment. or
revocation of speci al e airspace shall follow the procedures outlined In
OPNAVI NST 3770. 2G _Arspace Procedures Manual . The Federal Aviation Act of
1958 charges the Federal Aviation Admnistration (FAA) with ensuring the safe
and efficient use of the nation's airspace by mlitary as well as civilian
avi ation.

3.1.6 Range Design Review. Range facilities shall be built in accordance
with current safety standards at tine of design. This is particularly

i nportant because of new weapons constantly comng Into the weapons arsenal
and personnel training is often performed on existing ranges devel oped for

ol der weapons and ammunition. \Were existing range construction and surface
danger zone characteristics are not in conformance with design criteria
requirements, range eval uation and design reconmendations nay be obtained by
requesting assistance from COVNAVFACENGCOM

3.2 Security. Provide manned or unnanned barriers to prevent passage of
personnel or vehicles through the range during operation. Display red flags
during firing and provide blinking red lights to supplement red flags at

night. Install signs warning of danger, trespassing, and renoval of itenms on
ranges. Include security precautions for areas made hazardous because of
jettisonned casings and links fromaircraft firing at ground targets.
Coordinate range security with explosive ordnance removal operations. At
remote or unmanned equipnment installations, security fencing may be necessary
to protect Against vandalism and trespass. Wien security fencing is required,
refer to NAVFAC DM 5.12, Fencing, Gates, and Quard Towers.

3.3 Support Facilities. Facilities which may be conmon to all ranges
include the follow ng:

a) Targets (expendable, not pert of design criteria).
b) Target storage.

c) Bunkers, trenches, and protective barriers for protection of
per sonnel .

d) Range control towers.

e) Firing and maneuvering platforms for heavy weapons.
f) Toilets.

g) Range poles, banners, markers, and signs.
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h) Communi cations systens.

i) Boat docks for water target areas.
j) Access and range roads.

k) Parking areas.

|) Bivouac facilities.

n) Potable water.

n) Denolition facilities.

0) Range grounds nmaintenance equi pment.
p) Target maintenance.
q) Ammunition supply and service facilities. For arns and

amunition storage requirenments refer to OPNAVINST 5530. 13, Physical Security
Instruction for Sensitive Conventional Arns, Amunition and Expl osives, and

M L- HDBK- 1013/ 1, Design Quidelines for Physical Security of Fixed Land-based
Facilities.

r) Vehicle service facilities.
s) Fire protection,
t) First aid-anbul ance energency service.

3.4 Design of Support Facilities

3.4.1 [llumnation. If the ranges are used for night training, provide
illumnation for the aimng points and operational instruments, such as target
rakes And plotting boards (if scoring is manual).

3.4.2 Uilities. Wility designs shall conformto the requirenents of
NAVFAC DM 3.01, Plunbing Systens; M L-HDBK-1004/1, Prelimnary Design
Consi derations; and M L-HDBK-1005/3, Drainage Systens.

3.4.2.1 Eectric Power., Were comercial power is unavailable, power
generation equipnent shall be provided.

3.4.2.2 Water Supply. Potable water is desirable at ranges and ot her
training facilities; however, water supply provisions will be a site and
project specific consideration. Al water supply devel opment shoul d consider
criteria contained in ML-HDBK-1005/7, Water Supply Systens.
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3.4.3 Structural Design. The design of structures required for ranges
shall conformto the applicable sections of M L-HDBK-1002/1, Structural
Engineering Central Requirenents.

3.4.4 Mechani cal Requirenments. Refer to NAVFAC DM 3.03 for nechanical
requirements criteria.
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Section 4: Al RCRAFT WEAPONS RANGES

4.1 Descriptions. Aircraft weapons ranges will be designed to provide
areas and facilities for the training of air crews in gunnery, bonbing,
rocketing, mssile delivery, strafing, mne laying, and close air support.
Distances related to aircraft weapons ranges are given in nautical mles.

4.1.1 Restricted Area. This is an airspace identified by an area on the
ground and prescribed height within which the flight of aircraft, while not
whol |y prohibited, is subject to restriction.

4.1.2 Surface Inpact Area. The surface inpact area is designated for the
i npact of ordnance material. henpassing is prohibited in this ground because

of immnent danger. The inpact area is within the approved surface danger
zone which contains inpact areas, appropriate ricochet areas, and secondary
danger areas (when required) which are located around the inpact area and are
provided to contain ricochet projectiles and fragnents fromitems exploding or
ricocheting on the edges of the inpact area

The size of the appropriate surface danger zone wll be determ ned
during the planning phase. The surface danger zone nust be under U S
Government control. There are differing safety problens for inert and live
amunition and explosives on a design project. On live fire ranges, the
handl i ng of duds affects range clearance, setting of targets, and types Of
targets

4.1.3 VWater Danger Area. This is an area of water in which all craft
operating on or beneath the surface, while not wholly prohibited, are subject
to restrictions.

4.1. 4 Air Space Requirenents. The limtation on usable airspace is a
maj or factor in planning aircraft weapons ranges. area requirenent is based
on the operational requirenents for aircraft to conplete firing runs involving
tinme and speed, target tow ng and towtrack deviation, projectile envel ope,

and safety buffer zone. The restricted airspace established for the range
must be coordinated through the Navy representative to the FMin the

cogni zant region in accordance wth OPNAVINST 3770.2G

4.1.5 Ri cochets. Inert training weapons including rockets and bonbs, pose
problems that full-scale weapons usually do not. An inert weapon creates
ricochet problens when the mssile hits the ground at shallow or flat inpact
angles. (One type of practice bonb includes water-sand fills that simulate the
size, weight, and shape of general all-purpose bonbs. The heavier Bomb Dunmy
Unit (BDU) say be 500 to 2,000 Ib (227 to 909 kg) and after initial inpact,

the BDU still has nost of its inpact velocity. Wen defining the safe area
where rel ease of the heavy inert general purpose bonbs is planned, the

ricochet potential may dictate the deciding distances.
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There is little docunentation on ricochet phenonenon except from
certain weapons testing ranges (usually larger than air crew training ranges).
Information received from Naval Weapons Center, China Lake, CA is as follows:
For 20 mmamunition fired at 10 to 30 degree attack angle on air-to-ground
targets where the target area contains rock, boulders, hard pm or where
targets are hard, such as arnored tanks, the maximum expected downrange
ricochet distance is 12,000 ft (3657.6 m) fromcenter of target, the maximm
expected side-range ricochet distance is 4,000 ft (1219.2 n), from center of
target, and maxi num expected ricochet height is 3,500 ft (1066.8 m).

Were the target area is loose sand, soft clay or a material that is
free fromrocks, boul ders, and large quantities of spent amnmunition, the
maxi mum expect ed downrange ricochet distance is 9,000 ft (2743.2 m) from
center of target, the maxi num expected side-range ricochet distance is
2,700 ft (823 nm), and the maxi mum expected ricochet height is |ess than
3,500 ft. Current information should be obtained when designing ranges. The
use of frangible bonbs has been tested, but econonmic or other factors may
preclude their general use on all ranges

4.2 Siting. Aircraft ranges should be located within a maxi mum 100 m
(160.9 km distance from the supporting air installation.

4.3 Strafing Range. A strafing range is used for air-to-ground firing
O aircraft weapons such as 20 mm automatic cannon

4.3.1 Site. The strafing range shall consist of a restricted airspace
Wth a mninumradius of five nautical mles, and a surface-inpact area
measuring 1 by 1/2 m (1.6 kmby 0.8 knm) located in the center of the
restricted area. See Facility Plate No. 179-10, Sheet 1, for strafing range.
The restricted airspace is needed to enconpass the flight pattern of high-
speed jet aircraft during approach, recovery, and circling for new approaches
to the target. The surface inpact area should be sited in all areas approved
by Station ordnance officer and in a renote |ocation where ricochets, strays,
and falling brass and links will not jeopardize surrounding property or
personnel. Periodically sanitizing the inpact areas is required maintenance.

4.3.2 Targets. Design criteria for strafing targets vary according to

| ocal training programs. See Facility Plate No. 179-10, Sheet 2, for
acoustiscore strafing target. Targets may consist of automatic recording
targets, simulated gun enplacenents, aircraft, or portable target panels. For
a typical strafing target, see Facility Plate No. 179-10, Sheet 3.

4.3.2.1 Cease Fire Point. A cease-fire point for strafing runs shall be
indicated either by a 15 x 600 ft (4.57 x 183 m) white "foul” line on the
ground or by pylons (with height and color readily visible to pilots) spaced
600 ft apart. The foul line or pylons shall be on a line projected fromthe
control tower and perpendicular to the aircraft run-in line.
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4.3.2.2 Target. The target proper shall be |ocated at the center of the
surface inpact and shall be placed 1,200 ft (365.7 a) behind the foul line and
on its perpendicular bisector

4.3.2.3 Run-in Line. The run-in line shall be marked between the foul line
and the target by placing a 2 ft wide (0.61 an stripe on the ground al ong the
perpendi cul ar bisector. The stripe nmay be broken with alternate 100 ft
(30.48 m lines and 50 ft (15.2 nm) spaces

4.3.3 Control Tower. The control tower shall be situated so that
unobstructed vision of the target area and of the aircraft using the range is
assured. The tower floor shall be at least 15 ft (4.57 nm) above the ground
and shal |l provide adequate weather protection for operating personnel and

equi pment.  Provide the control tower with a water supply system sanitary
facilities and storage space for maintenance equipment. Air Conditioning my
be necessary for equipnent, if not for human confort. Locate the tower

1,000 ft (304.8 m from and on a line perpendicular to, the run-in [ine. The
perpendicular line will be located 1,200 ft (366 m) ahead of the target.

4.3.4 Equi prent. The control tower shall be equipped for two-way radio
comuni cation with aircraft and with tel ephone or radio communication with the
supporting station, and shall house the recording portion of the renote
scoring device so that information regarding hits can be relayed to the pilot.

4.4 H gh-Altitude Level- Bonbing Range. The high-altitude |evel-bombing
range provides facilities for pinpoint bonmbing at altitudes up to

approxi mately 50,000 ft (15 240 m) in level flight, with or without altitude
maneuvering devices.

4.4.1 Site. The high-altitude |evel-bonmbing range shall conprise a
restricted area having a mnimumradius of 5 m (8.05 knm) and a centra
surface inpact area with a radius of 3 m (4.8 km

4.4.2 Targets. Criteria for designing targets are described in paras.
4.4.2.1 through 4.4.2.5

4.4.2.1 Almng Point. Locate the aimng point to provide a |ine of sight
froman aircraft 10 m (16.09 km) away, approaching at an altitude of
50,000 ft (15 240 m.

4.4.2.2 Pyramds. Provide and |ocate mobile radar-reflective pyramds for
of f set - bonbi ng exerci ses at established geographic positions as required by
| ocal range operations.

4.4,2.3 (Cdear Area. Provide a clear area having a radius of 1,500 ft
(457.2 a) with the aimng point as its center. The area shall be free from
vegetation and topographic features that can obstruct visibility fromthe
control tower and from spotting towers
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4.4.2.4 Typical Aining Point. A typical aimng point is a solid-white
circular area on the ground, the size of which varies as visibility
requirements change. Illunminate the aimng point for night training

4.4.2.5 Trailer. The range area should al so contain suitable locations for
a radar-reflective trailer to be placed up to 10 m (16.09 km) fromthe target
for use as an offset aimng point in offset-bonbing exercises.

4.4.3 Initial Points. The initial points of aimshall be radar-reflective
pyram ds, either fixed or nobile, depending on |ocal requirenents, and shal

be el evated above any vegetation or obstruction so as to be clearly visible to
pilots of approaching aircraft. A typical initial point should be pyranid
shaped, of frame construction, painted international orange, 6 ft high

(1.83 m) with a 6 sq ft base (0.56 sq n). (See Facility Plate No. 179-10
Sheet 4.)

4.4.4 Control Tower. Locate the control tower outside the 3 m (4.8 km
radius of surface inpact, on a line projected through the rining point, and
perpendicular to the primary run-in line. Requirenents for the control tower
shal | be the sane as those for the strafing range control tower.

4.4.5 Spotting Towers. \Were renote spotting devices are not used, two
spotting towers are necessary. Spotting towers shall neet the same
requirements as the control tower regarding elevation, visibility, weather
protection, and distance from the aimng point. The spotting towers on
Weapons | npact Scoring Set (WSS) instrumentation ranges will contain cameras
and will be unmanned.

4.4.6 Equi prent. Criteria for equipping the control tower and spotting
towers are given in paras. 4.4.6.1 and 4.4.6.2. The designer shoul d request
appropriate Commander, Space and Naval \arfare Systens Conmmand

( COVSPAWARSYSCOW) criteria fromthe user for radio and tel ephone comunication
provision to be included.

4.4.6.1 Communi cation. Were a renote controlled spotting device is used,
the control tower shall be equipped with two-way radi o conmunication with
aircraft. and with tel ephone or radio comunication with the supporting
station, and el ectronic equipment to record the position of bonb inpacts.

Wien manned spotting towers are used, the control tower shall be provided with
addi tional equipnent to provide tel ephone or radio comunication to the
spotting towers.

4.4.6.2 Range Instrunmentation Equipnment. The control tower may serve as the
command and control center for the range or range conplex. It may house the
equi pment to integrate all electronic scoring, data nanagenent, and

communi cation with the air crews. The unmanned spotting towers will contain
closed circuit television cameras remotely operated, sending signals to the
control tower.
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4.5 Mil ti purpose Target Range. The multipurpose target range is used
for training in conventional dive bonbing, high-altitude dive bonbing, glide
bombi ng, strafing, and in firing air-to-ground 2.75 (FFAR) folding fin
aircraft rocket, or 5.0 FFAR Zuni rockets. [Inert training weapons are
normal |y used with small charges to facilitate spotting. See Facility Plate
No. 179-10, Sheets 5 and 6, for Miltipurpose Target Lunges.

4.5.1 Site. The range shall consist of a restricted area with a m ni num
radius of 5 m (8.5 km) and a surface inpact area with a radius of 1-1/2 m
(2.41 km) in the center. See Facility Plate No. 179-10, Sheet 6, for

Mil tipurpose Range.

4.5.2 Targets. Provide a clear area having a radius O 1,500 ft

(457.2 m), with the aimng point as its center. The aimng point shall be a
solid white circular area on the ground with a radius of 10 ft (3.05 m.
There shall be a method of illumnating the aimng point for night training.
The area shall be fully visible fromthe control tower and spotting towers.
See Facility Plate No. 179-10, Sheet 7, for Miltipurpose Target and Facility
Plate No. 179-10, Sheet a, for Alternate Miltipurpose Target. For an
alternate rocket target, see Facility Plate No, 179-10, Sheet 10.

4.5.3 Initial Points. Depending on local requirements, initial points of
aimshall be either fixed or mobile. Wen visual reference is necessary, the
point shall be el evated above any vegetation or obstruction so as to be
clearly visible to approaching pilots for a distance of 5 mi (8.5 kn). Each
range shall have available a supply of both radar-reflective and nonreflective
initial points.

4.5.4 Flight Path Markers. The flight path may be nmarked at 500 ft
(152.4 m intervals for 3,000 ft (914.4 m) on either side of the aimng point.
The markers may be 5 sq ft (0.46 sqg m) whitewashed rock or three, painted,
earth-filled oil drums |ashed together

4.5.5 Control Tower. The control tower shall conformto the requirenents
for the strafing range control tower. Locate the tower a mninmumof 4,000 ft
(1219.2 m (6,000 ft (1828.8 m is desirable) fromthe aimng point and on a
line projected through the aimng point perpendicular to the primry run-in
l'i ne.

4.5.6 Spotting Towers. The spotting towers shall neet the same
requirements as the control tower regarding elevation, vision, and weat her
protection. Criteria for spotting towers requirements are described in paras
4.9.6.1 and 4.5.6.2.

4.5.6.1 Ar-to-Gound Range. Two spotting towers for the rocket range wll
be located on a line perpendiiular to and 1,500 ft (457.2 nm) on each side, of
the flight path. The perpendicular line will be located 1,500 ft ahead of the

target
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4.5.6.2 Bonbing Ranges. Two spotting towers will be |ocated a m ni mum of
4,000 ft (1219.2 m fromthe target and approxi nmately equally spaced from each
other and the control tower.

4.5.7 Rake Shacks (For Manual Scoring). Locate two rake shacks as shown

for spotting towers in Facility Plate No. 179-10, Sheet 5, for rocket bonbing
target

4.5.8 Dive Bombing Range. Milti-target flight path is shown In Facility
Plate No. 179-10, Sheet 11. See Facility Plate No. 179-10, Sheet 12, for dive

bonbing range. The target for mininumaltitude release is shown in Facility
Plate No. 179-10, Sheet 13.

4.5.9 E%uipnent. Criteria for equipping the control tower and spotting
towers are described in paras 4.5.9f1, i?5.9.2, and 4.5.9.3.

4.5.9.1 Comnunication. Provide two-way radi o comunication with aircraft.
t el ephone conmunication with the spotting towers, and tel ephone or radio
communi cation with the supporting station

4.5.9.2 Plotting and Recording (For Manual Scoring). Provide a dive-angle
"harp" to obtain data during dive-bonbing exercises, a theodolite or target
rake for neasuring the angul ar displacement of the bonb inpact fromthe target
center, and a plotting board for marking inpacts as they are called in from
the spotting towers. Equip each spotting tower with a target rake and a

tel ephone for reporting to the main control tower.

4.5.9.3 _Electronic Scoring. Refer to Hgh-Atitude Level-Bonbing Range for
equi prent for a WSS instrunentation range

4.6 Loft - bonbi ng. Loft Bonbing enables a pilot to release a bonb
in such a manner as to loft it, thus gaining tine for the aircraft to escape
from the inpact area at low altitude. The |oft-bonbing range is highly
Instrumented for practice bonbing with simulated nucl ear weapons and ot her
conventional weapons. The |oft-bonbing range provides training in self-
protection against nucl ear-weapon effects (and special conventional weapons),
detection, and retaliatory ground fire. This facility is used for training in
the | owlevel delivery of special weapons, end is to include |oft, toss, and
over-the-shoul der techniques. See Facility Plate No. 179-10, Sheet 14, for
Lof t - Bombi ng Range.

4.6.1 Site. The loft-bonmbing range conprises an extensive area.

4.6.1.1 Restricted Airspace. The restricted airspace includes a five rile
radius from target center, fromsurface to 24,000 ft (7315.21 ) above target,
and multiple approach corridors extending 25 m (40 hr) fromtarget center. A
6 m (9.66 km) width is required when alternate |eft or right escape maneuvers
us performed. O earance above the corridors is 3,000 ft (914.4 m) for the
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first 10 m (16.1 km) of the approach, 5,000 ft (1524 m) for the next a m
(12.8 km, and 9,000 ft (2743.2 m for the remaining two mles to the airspace
cylinder around the target center. See Facility Plate No. 179-10, Sheet 15

4.6.1.2 Inpact Area. The surface inpact area has a mnimumradius & 1-1/2
m and is centered on the target.

4.6.1.3 Single D rection Approach. The requirenent for a single-direction
approach to the target is a rectangular area one mle wide by 20 m (32 km
long, preferably having its length aligned with the prevailing wind. This
area i s necessary to enconpass the approach, pullup, and recovery of high
speed jet aircraft using the range. See Facility Plate No. 179-10, Sheet 16
for flight path profile. The first 10 m (16.1 km) of this primary approach
lane is to permt speed stabilization of the aircraft before beginning the
actual bonbing run. The second 10 ni (16.1 km) of the primary approach is for
recorded practice bonbing runs, which necessitate installation of
instrumentation and markers along the flight path.

4.6.1.4 Milti-Direction Approach. A nulti-direction approach may be
considered in range planning to avoid the detrinental effect on pilot training
caused by frequent repetition of the single-direction approach. A mnimum of
two secondary approaches to the target is desirable, each neasuring 1 x 20 m
(1.6 kmx 32.18 kn). See Facility Plate No. 179-10, Sheet 17, for flight path
profile for primary and secondary approach. The two approaches shall be from
directions as widely divergent as local conditions permt and shall be
oriented to prevent training aircraft from passing over the control tower or
spotting towers. Flights over the secondary |anes are not recorded except for
the point of bonmb inpact; however, initial point nmarkers are required at
specified locations on the approach lanes. For one type of bull's-eye
lighting for target requisition, refer to Appendix A Figure A 12.

4.6.2 Targets. Provide a clear area having a mninmumradius of 1,500 ft
(457.2 m, wth the aimng point as its center.

4.6.2.1 Alm ng-Point Elevation. The aimng point shall have an elevation
sufficient to provide a line of sight to it froman aircraft 50,000 ft

(15 240 m away, approaching at an altitude of 100 ft (30.4a nm) above the
extant terrain.

4.6.2.2 Amng Point Construction. A typical aimng point in flat, open
country should consist of three walls, each 30 ft high by 60 ft long (9.1 m by
18.3 m, forming an equilateral triangle. See Facility Plate No. 179-10

Sheet 18, for vertically-developed target. It should be of frane

construction, painted international orange, and oriented so that the prinary
run-in line forms the perpendicul ar bisector of one leg of the triangle.

4.6.3 Initial Points. Initial points of aimshall be either fixed or
mobi | e, depending on terrain conditions and |ocal requirements, and shall be
el evated above any vegetation or obstruction so es to be clearly visible to
pilots O approaching aircraft.
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4.6.3.1 Spacing. Initial points shall be placed on each run-in line at
10,000, 15,000, 20,000, 30,000, 40,000, and 50,000 ft (304a, 4572, 6096, 9144,
12 192 and 15 240 m) fromthe target. The points on the primary run-in line
shell be radar reflective. Al others shall be nonreflective

4.6.3.2 Details. Details of typical initial points shall be the sane as for
the H gh-altitude Level-bonbing Range. (See Facility Plate No. 179-10
Figure 3.)

4.6.4 Di stance Markers. The primary aircraft approach lane is nornally
marked, in the last 10 m (16.09 km) to the target, every 5,000 ft (1524 m
with 8 x 12 ft (2.44 x 3.66 m) markers. The nuneral indicating thousands of
feet is7 ft (2.13 m high. (See Facility Plate No. 179-10, Sheet 19.)

4.6.5 Control Tower. The loft foot bonbing range control tower shall be
| ocat ed approximately 20,000 ft (6096 m fromthe primary run-in line on a

| i ne perpendicular thereto and a maxi mum of 12,000 ft (3657.6 n) ahead of the
target. The tower floor shall be approximtely 70 ft (21.34 n) above the
ground.

4.6.6 Spotting Towers. Three spotting towers shall be located at 120
intervals on a circle 6,000 ft (1828.8 m) in radius, having the target as its
center and the spotting tower furthest fromthe control tower being on a line
perpendicular to the primary run-in line at the center of the target.

4.6.7 Equi pnrent. Provide the |oft-bonbing range with electronic scoring
equi prent .

4.7 Aerial Mning Range. An aerial mning target range is used for
training proficiency in the release of mnes fromaircraft. A water danger
zone, as shown in Facility Plate No. 179-10, Sheet 20, is assigned for this
purpose and only training shapes are used. Fleet operations using aeria

m nes during maneuvers have special areas designated by the Fl eet Conmmander
for a tenporary period. The planning infornmation contained herein pertains to
training facilities associated with fleet Support air stations. The water
depth and bottom conditions that apply to fleet operations are not applicable
to a normal aerial mning range training facility.

4.7.1 Site. The airspace-restricted area shall measure a mnimumof 3 x 8
m (4.82 x 12.87 km) and shall be coincidental with the surface-inpact area on
the water. The length should be parallel to the coastline for maxinum
visibility fromthe control tower and spotting towers.

4.7.2 Targets. Nornmally, the target area should be |ocated along an
irregular coastline having readily identifiable Iandmarks. Specific pinpoint
targets, if desired, shall be constructed and |ocated recording to | ocal range
requirements. For typical water target, see Facility Plate No. 179-10,

Sheet 21. For typical water target details, refer to Facility Plate No. 179-
10, Sheet 22.
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4.7.3 Initial Points. Initial points of approach may be prom nent

| andmarks.  Redar-reflective initial points may be used recording to |oca
range requirements in lieu of, or in addition to, these |landmarks (fixed or
nobi | e).

4.7.4 Control Tower. The control tower shall conformto the requirenents
for the Strafing Range Control Tower (SRCT). Locate the control tower on the
shoreline, a mninumof 3,000 ft (924 a) outside the surface danger area and
as close as practicable to the nmdpoint of the length of the area.

4.7.5 Spotting Towers. Locate the spotting towers on the shoreline a

m ni mum of 3,000 ft (914 m) outside the surface danger area and as close as
practical to opposite ends of the longer dinension of the area. The spotting
towers shall meet the same requirenents as the strafing range control tower
regarding elevation, visibility, and weather protection.

4.7.6 Equi prent. The equi pnent required for the control tower and
spotting towers shall be the sanme as that specified for the H gh-altitude
Level - bonbi ng Range (refer to para 4.4).

4.7.7 Small Boat Dock. If the range is located in a renpote area, a snal
boat dock may be required for one or nore 45 ft (13.72 nm) picket boats. Refer
to ML-HDBK-1025/6, General Criteria for Waterfront Construction

4.8 Cose Air Support and Combat Training Area. A live ordnance |npact
area is used for close air support training with live ordnance of various
types, including high explosives, air-to-ground guided missiles, napal mbonbs
and parachute flares.

4.8.1 Site. The range shall have a restricted area keeping other aircraft
out with a mninumradius of 25 nautical m. A rectangular surface-inpact
area of 16 x 20 nautical mles shall be located in the center of the
restricted area. See Facility Plate No. 179-10, Sheet 23, for |ayout.

4.8.1.1 Description. Training ares will include renotely controlled pop-up,
vehicle silhouette targets, and scored fire suppression strafing burners. The
actual size pop-up targets should be consumabl es constructed of |ocally
procured materials reproduced from centrally distributed patterns. The
targets and pop-up operating mechani sm shoul d be nmobile for redepl oynent
within six hours. The pop-up mechani sm shoul d be buried and only the actuator
arm(s) exposed to direct fire, inert practice ordnance (5.56 to Sin

FFAR/ 155). Fire suppression/strafing banners should be scored, fixed sites.
The banners should allow scoring over a 150 degree arc. This engagenent
latitude is necessary to properly score attack helicopter running fire
(aircraft flight path different fromturret firing direction), attack aircraft
strafing engagements as well as suppressing fire fromground convoys and

hel i copter door gunners.
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4.8.1.2 Surface Designation. The corners or extremties of the surface
danger area shall be marked by pernanent radar-reflective markers to
facilitate positive identification fromthe air.

4.8.1.3 Fire Protection. In an area which is wooded or covered with other
flammabl e vegetation, firebreaks shall be provided as required by the |oca
fire protection engineer.

4.8.2 Targets. The inpact area should enconpass various types of terrain
to provide nore realistic training. [Individual targets shall be determned by
the | ocal commands and may sinulate the follow ng: convoys, gun enplacenents.
nortar pits, airstrips, tanks, troops, and parked sircraft. Typical close air
support targets are shown in Facility Plate No. 179-10, Sheet 24. For details
of various targets, see Facility Plate No. 179-10, Sheet 25

4.8.3 Control Tower. Provide one control tower for each target site.
Control towers shall conformto the requirements for Strafing Range Contro
Towers with nodifications as followin paras 4.8.3.1 through 4.8.3.4.

4,8.3.1 _\Water and Sanitary Systens. |If a range is operated on a full time
basis, a water supply system and sanitary facilities shall be provided. Al
wat er supply and pollution control system devel opnent should consider criteria
contained in ML-HDBK-1005/7, \Water Supply Systens, and M L-HDBK- 1005/ 8,

Pol lution Control Systens.

4.8.3.2 Security. Provide for locking and securing the tower if it is to be
vacated for prolonged periods of time. In renote areas, provide fencing
around tower to reduce tower access and control vandalism

4.8.3.3 Safety. Locate towers to provide maxi num safety for operating
per sonnel

4.8.3.4 Visibility. Locate towers to provide naxinum visual coverage of
range areas consistent with local topography and vegetation

4.8.4 Spotting Towers. Provide two spotting towers for each designated
target site. The spotting towers shall meet the sane requirenents as those
specified for control towers

4.8.5 Firehouse, In an inpact area which is wooded or covered with other
fl ammabl e vegetation, provide one building to house firefighting equipnent.

It shall neet the same requirements as those specified for control towers
concerning weat her protection, personnel safety, water supply, sanitary
facilities, and locking and securing

4.8.6 Equi pnent. For control towers and spotting towers, provide the sane

equi pment as specified for Hgh-altitudes Level-bonbing Ranges (refer to para
4.4). If the firehouse is not imediately adjacent to the control tower, it
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shal | be provided with tel ephone or radi o equipment for comunication with the
tower. Provide the type and number of pieces of firefighting equipnent in
accordance with local range requirements.

4.9 Quided Mssile Range. The air-to-ground guided nissile target range
is used for training in controlled air-to-ground mssiles. Refer to NAVFAC
P-80 for airspace and inpact area requirenments and to the close air support
and conbat training area for target, towers, and equipment requirenents. See
Facility Plate No. 179-10, Sheet 26, for typical restricted area.

4.10 Air-to-Air Wapons Range. An air-to-air gunnery and rocket firing
range is a rectangular area, preferably over water. Gound personnel and
structures are not required. Refer to NAVFAC P-80 for surface inpact areas.
Facilities will be designed if requirenents include Tactical Aircrew Conbat
Training System (TACTS). The TACTS provides real time nonitoring and

post exerci se eval uation of aircrew performance in air combat maneuvering,
sinulated air-to-air and air-to-ground nmissile firings, no-drop bonmb, and
aerial ninelaying scoring. Banner drop areas and cable cutter are areas where
towed aerial targets may be released and land to be retrieved and used again
Criteria for locations of area nust be requested from user.

4.11 Radar Bonb Scoring (RBS) Facility

4.11.1 Layout. The nobile RBS equipnent includes the operation trailer
acquisition radar, tracking radar, maintenance and spare parts trailer. power
trailer, and trucks. Fixed RBS systems utilizing permanent structures may be
situated at aircraft ranges or at renote sites. A permanent power supply of
|15/208 V, 3-phase, 4-wire, 60 Hz, 100 kWwith capability of converting up to
35 kWfrom60 to 400 Hz elimnates the power trailer requirenments. See
Facility Plate No. 179-70, Sheet 1, for Radar Bomb Scoring (RBS) Facility and
Facility Plate No. 179-70, Sheet 2, for RBS typical |ayout. Designer should
request fromthe user the latest information on required equi pment when
designing a facility.

4.11.2 Function. The RBS facility provides for the evaluation of weapons
delivery under realistic conditions. RBS is a technique for predicting the
theoretical inpact point of a bonb with respect to a target by neans of a
ground-based radar and conputer system The systemtracks the aircraft. The
system conputes the theoretical trajectory and permanently records pertinent
data including the mss distance and deflection of the predicted inpact or
burst fromthe position and velocity of the aircraft at the release time of a
radio signal to the ground. Because it is not necessary to release an actua
bomb, sinulated attacks against realistic targets (such as cities, bridges,
and factories) can be scored. The nobile RBS equipment allows for a variety
of targets conparable to those which would be inposed under actual conbat
condi tions.
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Section 5: RANGE TONERS

5.1 Function. The operational tower is used as an observation station
at aircraft gunnery, bonbing, and rocket ranges for scoring and control of al
range activity. Included under operational towers are control (or main) tower

and spotting (also called side, rake, or flank) towers

5.2 Location. A control range operations tower and at |east one
spotting tower shall be |ocated so that accurate three-dinensional rake
information can be obtained. Refer to paras. 4.7.1 and 4.7.4 through 4.7.6
for tower locations at the various ranges. Towers shall be sited so as to
obtain an unobstructed view of the target areas and aircraft using the range.

5.3 Architectural Requirenents. Refer to Facility Plate No. 179-35,
Sheet 1, for one type of control tower. layout should be planned to take into
consi deration proper egress and fire exits particularly where bunking
facilities are required (refer to ML-HDBK-1002/1). Towers may contain range
and bearing radar equi pment, photo-electric or mechanical timng devices,
target rakes or theodolites, a dive-angle "harp" to obtain data during dive-
bonbi ng exercises renote scoring device recorders, plotting boaré& radio

equi pnent for two-way comunications with aircraft, and tel ephone or radio
equi prent for conmunications with the supporting station. One type of nanned
spotting tower is shown in Facility Plate No. 179-35, Sheet 2. Size and

hei ght of towers for electronic scoring systens depend primarily upon

equi pment  requirenents. These facilities are generally unmanned but must be
air conditioned because of the electronic equipment. Towers should be
fireproof and provided with snoke detectors. Requirenents for security should
be determined during planning stage. Criteria to be followed should be

request ed.

5.3.1 El ectronic Scoring Systens. The Wapons | npact Scoring Set (WSS)

I's a manned video scoring set which scores the inpact of air-to-ground
delivered ordnance within a 4,000-ft (1219.2 m) radius of a defined |and

target under day or night conditions. The inpact results are passed to
aircrews by UHF communi cation and/or recorded on a conputer printout. WSS
spotting tower will house TV cameras and conmunication equipnent for reporting
to the range control center. Were |ocated in renote and inaccessible areas,
the towers will be fenced for security (refer to NAVFAC DM5.12). (@dass for
canera portholes shall be bullet-resistant to rifle ammunition

5.3.2 Support Facilities. For ranges which do not use the electronic
scoring systens, facilities should be sized for personnel as described in
Tabl e 6.

5.4 Mechani cal Requirements. Refer to NAVFAC DM 3.03 and Facility Plate
No. 179-35, Sheet 3, for criteria for plunbing, heating and air conditioning
requi rements.
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5.5 Electrical Requirenents. Refer to ML-HDBK-1004/1, for electric
power criteria, and to Facility Plate No. 179-35, Sheet 3, for electrica

requirenents.

Table 6

Range Types and Facility Sizing for Tower Personne

Type of Range Control Tower Spotting Tower

Strafing Two nen (m ni mum

H gh-al titude bonbing

and aerial mning Two nen (nininum Two men

Mil ti pur pose target Four men (m ni num Two nen

Loft bombi ng Six men (mninum Two nen

C ose air support and

combat training area Three men (m ni mum Two nen

Firefighting Varies according to amount and type of
equi pnent .
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Section 6: PRQJECTILE RANGES

6.1 Related Criteria. The designer of projectile ranges and ranges
outlined in Sections 7 and 8 nust apply the requirenents contained in MO
P3570. 1A. Policies and Procedures for Firing Ammunition for Training, Target
Practice and Conbat. MCO P3570.1A includes ballistic data affecting surface
danger zones.

6.2 Design Factors. Areas within the total surface danger zones
applicable to ranges for field artillery cannon, tank cannon, antiaircraft
cannon firing at aerial targets, air defense weapons firing at aerial and
ground targets, nortars, rocket launchers, recoilless rifles, field artillery
trainers, and cannon |aunched guided projectiles are described in the text.
See Figure 9 for a conposite diagram of various ranges which shows the firing
line, inpact areas, and target area that nust be considered in laying out a
range or a conplex of ranges. The designer nust refer to MO P3570 1A for
specific range dimensions. Area Ais the lateral danger area. Area B is the
downrange danger area. A and B are naned secondary danger areas for direct
fire node. Area Cis the danger area adjacent to the near edge of the inpact
area. Area C may be named a secondary danger area for indirect fire nmode
Area Dis the danger area |located between danger Areas Cand E. Area Eis the
danger area located inmediately in front of the firing positions. Distance X
will be equal to the maxi numrange of the weapon at the elevation to be fired
and for the charge used. Paras. 6.2.1 through 6.2.4 contain descriptions of
the areas in Figure 9.

6.2.1 _Target Area. Wdth of target angle and target area depend8 on

nunber of stationary target8 or traversing distance of roving targets. The
far edge |imt of the target area is net by nmaxi numrange of weapon or maximum
range of weapon at maxinum al | owed quandrant elevation. The near edge limt

of the target area is set by mninmum range of weapon. Provide Z-marked
stationary target8 within target area of known distances fromfiring line to
use as zeroing targets.

6.2.2 Inpact Area. Inpact area includes the target area of required
target angle and depth expanded in w dth and depth In terms of Probable Error
(PE) of weapon (see Figure 9), to provide safety factors for inpacts outside
the target area because of mechanical errors, gun instability, and ordnance
di spersion. For noving targets the inpact area includes additional latera
areas withinright and left limt angles. For firing in direct node, the

i npact area includes additional lateral ricochet areas.

6.2.3 Firing and Maneuvering Area. The size and shape of firing and
maneuvering areas depend upon the nunber of weapons, types of weapons, and
nature of firing exercises. Ranges shall accommodate nmore than one type of
weapon, and the firing and maneuvering area shall be sized and shaped for the
most space- demanding firing exercise

a) Firing circle for single cannon or single tank firing and
maneuvering.
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b) Firing line for row of weapons firing forward.

c) Rectangular area for nmaneuvering and firing short-range at
cl ose-up stationary or noving targets inmediately in front of firing and
maneuvering area, or may be for maneuvering and firing at |ong-range targets.

6.2.4 Buffer Area. Firing on adjacent or or superinposed range may
necessitate buffer area inmrediately in front of firing and naneuvering area
and clone-up target area to protect personnel occupying firing and nmaneuvering
area.

Unpr ot ect ed personnel occupying the nmaneuver and firing area or Area
E, nust be separated from engaged targets by a m ni mum di stance equal to the
engagenent distance given In Table 11-1, MXO P3570.1A. This serves as a
buffer area to protect personnel from hazardous fragments fromthe firing of
hi gh expl osive projectiles at hard or fragnent-producing targets.

6.3 Cannon Maxi num Range. For & imting safety tones, consider
approxi mat e maxi numranges for standard firing-table conditions. Local
conditions may dictate sonme departure from these.

6.4 Cannon Except Tank and Aircraft Cannon. Criteria for &signing
projectile ranges for cannon except tank and antiaircraft cannon, nortars,
rocket launchers, and recoilless rifles are given in follow ng paragraphs.
Included are: Howitzer, 105 mm Howi tzer, 155 mm gun, 175 nm gun, 8 inch;
gun, 90 nm (firing antipersonnel-type "Beehive" cartridges); How tzer, 105 mm
(firing antipersonnel -type "Beehive" cartridges); Field artillery trainer, M1
(firing 14.5 mm anmunition with charge 1 propellant); and M 12 cannon-| aunched
guided projectile (Copperhead).

6.4.1 Definitions. See Figure 9 for general |ayout applicable to field
artillery cannon ranges and to projectile firing weapons. Design first
requires an avail abl e surface danger zone |arge enough to acconmodate the
required inmpact area for the planned exercise with the weapon (or the several
to be used) that requires the greatest firing angle and the | ongest maxi num
range (distance X).

a) Area A and B. Area A provides |lateral buffer area;, Area B
provides depth buffer area around periphery of inpact area.

b) Area C. Borders the near ride (the mninumrange edge) of the
I npact area and ray be occupied by protected personnel during indirect firing
of field artillery cannon. Use of Area C nust be wholly in control of the
Navy Range O ficer.

c) Area D A mninal danger area over which field artillery cannon

may be fired in Indirect rode while area is occupied. Use of Area D
must be wholly under U'S. Government control.
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d) Area E. Applies to field artillery cannon. Hazardous during
indirect firing because of overpressure, noise, and ground and nuzzle debris.
Area E shall be unoccupied during all conditions of direct fire. During
indirect firing, personnel nust be protected by splinterproof cover.

a) Area F. Subject to hazards fromback blast fromrecoilless
rifler, rocket |aunchers, and mssiles.

6.4.2 Surface Danger Zone. For firing at fixed or noving terrestria
targets, the surface danger zone consists of the inpact area and the areas in
Figure 9 as AL B, C Dand E Figures and tables are reference8 to MO
P3570.1A. Variations in dinmensions A, B, C, and E for 105 mm howitzer, 155 mm
howi tzer, 175 nmgun, and (1-inch gun are given in Table 11-1

Surface danger zone criteria and variation8 in distance "X' and
dimension "Y' for 90 nmgun and 105 nmm howi t zer firing antipersonnel -type
"Beehive" cartridges are given in Figure 11-4 and Table 11-6. Surface danger
zone criteria and variations in dimension "A" (lateral ricochet distance) and
di mension "B" (downrange ricochet distance) for M31 field artillery trainer
firing 14.5 mmamunition with charge 1 propellant are given in Figure 11-5
and Table 11-7.

Surface danger zone criteria for M 12 cannon |aunched guided
projectile "Copperhead” are shown in Figure 11-6 and Figure 11-7

6.4.3 Impact Area. For field artillery cannon firing in direct or
indirect node, the dinensions of the inpact area shall be not smaller than
plus 8 and minus 12 range probable errors in depth by plus or mnus 8

defl ection probable errors in width, neasured fromthe perineter of the target
area. For this conmputation, use the probable errors contained in the firing
tabl e corresponding to the range and related to the center of the inpact area.

6.4.4 Maxi num Range. Distance X for field artillery cannon shall be not
| ess than the maxinmum range of weapons to be fired. In lowangle fire, this
di stance shall be not |ess than the range of the weapon corresponding to an
el evation of 15 degrees (267 nils) for the charge used.

6.5 Tank Cannon. Criteria for designing projectile ranges for tank
Mb51, and CEV-nounted projectile firing weapons are given in the follow ng
paragraphs for 90 mm 105 mm and 152 mm (conventional amunition) guns;

152 mm SH LLELACH ni ssile; and 165 mm Conbat Engi neer Vehicle (CEV)

6.5.1 Surface Danger Zone. The requirenments for inpact areas, danger
areas, and ricochet areas for tank, M51, and CEV-nounted cannon vary

consi derably fromthe range requirements for any other type of weapon because
of the flatter trajectory and high nuzzle velocity of tank cannon. Deternine
surface danger zone for 5 degrees (89 nils) maxi num quadrant elevation for
type of weapon to be fired. (See Figures 12-1, 12-2, 12-3, and 12-4, MO
P3570.1.A)
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6.5.2 Tank Genade Launchers. See Figure 12-5, MO P3570.1A, for surface
danger zone guideline8 and personnel cover requirenents.

6.5.3 Tank Cannon. Refer to Table 12-1, MXO P3570.1A, for surface danger
zone dimension guidelines for tank cannon: Dinmensions A B, X and direct
fire safety distance8 for unprotected personnel.

6. 5.b4 f Ammuni tion. The Range O ficer shall authorize types of ammunition
to be fired.

6.5.5 Subcal i ber Tank Wapons. Refer to Table 12-2, MCO P3570. 1A, for
surface danger zone requirenents.

6.5.6 Inpact Area and Maxi num Range. The length of the Inpact area,
distance X for one or nore tank8 firing on the nmove or for single tank cannon
direct fire froma static position or for tank cannon crossfire shall be not

| eas than the maxi mumrange of the tank cannon firing the | ongest range TP or
service projectiles permtted to be fired at an elevation of 10 degrees

(178 mls). Refer to Table 12-1, MXO P3570 1A. for the maxi mum ranges of tank
cannon, for 105 mm gun, 152 mm gun, and 165 nm gun. Thin restriction shall
not apply to tank-nounted machi neguns; the maxi numrange of these weapons is
such that they will fire within the tank cannon safety limts when fired at
any elevation. Refer to Table 12-2, MCO P3570. 1A, for dinensions of surface
danger zone for subcaliber tank weapons.

6.5.7 Qher Requirenents. Place targets no that no tank cannon will be
fired at elevations greater than 5 degrees (89 mls) with the horizontal. The
limtation of the length of the inpact area to that required at 10 degrees
(178 m|s) maxi mum angle of elevation, for the |ongest range anmunition to be
used, does not preclude the use of the higher angles of fire that are possible
by using reduced charges or by other neans within range linitation.

6.6 Air Defense Weapons Firing at Aerial Targets. Criteria for
designing a projectile range for air defense weapons firing at aerial targets
are shown in Figure 14-1, M2O P3570.1A. and is established for 20, 30, and
40 mm guns.

6.7 Air Defense Wapons Firing at Gound Targets. Criteria for
designing a projectile range for air defense weapons firing at ground targets
are shown in MCO P3570. 1A, Figure 14-2, and in established for the 20, 30, and
40 mm guns. See Figure 14-2, MO P3570. 1A, for surface danger zone and refer
to Table 14-1 for maxi mum range.

6.6 Mrtars. Criteria are established in MO P3570. 1A for 60 nm 81 mm
and 4.2 in. nortars; see Figure 10-1 for surface danger tone, and for danger
area di mensions, refer to Table 10-1. D nensions A and B.

6.9 Rocket lLaunchers. Criteria are established for 35 nm X73 practice
rocket, 66 nmm M/2 Light Antitank Weapon (LAW rocket, 66 mm M4 incendiary
rocket, and 3.5-in. rocket.
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6.9.1 Surface Danger Zone. Requirements for surface danger zone for
rocket firing differs fromother weapons in that a danger area exists to the
rear of the launcher as shown in Figure 9, Area F, of this handbook. For
danger area dinensions and design criteria for designing range for rocket

| aunchers, see Figure 8-1, and refer to Table 8-1, MO P3570. 1A

6.9.2 M ni num Range. Provide mninmum range (see Figure 9) fromfiring
point to nearest target of at least 70 m (230 ft).

6. 10 Recoilless Rifles. Range design criteria are established for the
57 m 75 mm 90 nm 105 mm and 106 mm recoilless rifles.

6.10.1  _Surface Danger Zone. Requirenents for Surface danger zone for
recoilless rifle firing differ fromother weapons in that a danger area exists
to the rear of the recoilless rifle as shown in Figure 33, Area F. Refer to
MCO P3570. 1A, Figure 9-1, for firing at quadrant elevation of 15 or nore, and
Figure 9-2 for firing at quadrant elevation of |ess than 15, and Table 9-1 for
danger area dimensions and design criteria for recoilless rifle ranges.

6.10. 2 Firing Points. For row of firing points with weapons firing
forward, place firing points at least 65.6 ft. (20 n) apart

6.10.3 M ni num Range. Provide mninmumrange fromfiring point to nearest
target of at least 1312 ft (400 m) for weapons to 90 mmcaliber, and of at
| east 1804 ft (550 m) for weapons 90 nm caliber and greater.

6.11 Field Artillery Trainer (Air Pressure). The mninmum radius of
surface danger zones shall be 13 yd (12 m) plus the distance necessary to
provi de safety fromthe ricochet of projectiles, as determ ned by actua

exam nation of terrain by the local authority. For increases in air pressure
increase the danger area. |f an observation post is located close to the line
of fire, occupants nust be protected by a sloping roof of suitable naterial

6.12  Protection of Persons Near Firing Point. Wen high-explosive
ammunition with fuses not classified as bore safe is fired in cannon,

protection shall be provided agai nst premature burst in or out of the bore.

6.12.1 Safe Distance. Provide positive protection for all personnel wthin
the follow ng distances fromthe firing post: 200 yd (183 m) for all calibers
up to and including 3-in. (76.2 nm), and 300 yd (274 a) for all caliber8 over
3in. (76.2 m), up to and including 105 nm

6.12.2 Positive Protection. Positive protection shall consist of one of
the follow ng forns:

a) Sandbags. Provide two thicknesses of filled sandbags for al
calibers up to and including 3-in. (76.2 nmm; use four thicknesses for al
caliber8 greater than 3 in. Height8 shall be sufficient to provide cover for
personnel standing erect.
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b) Trench. Provide a narrow trench of sufficient depth for proper

cover; for cannon detachments, the trench shall be perpendicular to the line
of fire and to the rear of the cannon.

c) Concrete Walls. Make walls at |east one foot thick (0.3 m and
of sufficient height to provide cover for personnel standing erect.

d) Tractors. Goup tractors to afford proper protection
(tenporary).
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Section 7: FLAME THROAERS AND GRENADE RANGES

7.1 Fl ane Throwers. For design criteria, see Figure 14-2 of MO
P3570. 1A
7.2 Genades. Range design criteria for hand grenades, rifle grenades,

grenade |aunchers, and tank grenade launchers are as & ined in paras. 7.2.1
through 7.2.5.

7.2.1 Burning Type Hand G enade. Wen fired in place, at least 10 m
distance for quick retreat of firer to avoid incendiary particles and fumes
and at least 10 mthrowing distance will be provided.

7.2.2 Fragnentation-Type and Bursting-type Hand Genades.  Trench or
protective barrier equivalent to a screen of sandbags 0.5 m (20 in.) thick
will be provided for personnel wthin 150 mthrow ng of bursting point of HE-
| oaded-type hand grenades. Figure 7-1 of M2O P3570.1A shows surfaces danger
zone for designing fragmentation grenade range. Design distances are:

a) At least 100 m between unprotected personnel and bursting point
of white phosphorous burning-type M5 and M34 hand grenades.

b) At least 25 m between unprotected personnel and detonation
poi nt of bursting-type riot control M5 hand-grenade.

7.2.3 Rifle Genades. Rifle grenades are fired from behind protective
barrier equivalent to a screen of sandbags 20 in. (0.5 m) thick. At |east
200 m between detonation point and unprotected personnel wll be provided.
Figure 7-3, MO P3570.1A, shows surface danger zone for designing rifle
grenade range.

7.2.4 G enade Launchers. At least 300 mwill be provided between
unprot ected personnel and grenade detonation point. Figure 7-2 of MO
P3570. 1A shows surface danger zone for designing ranges for 40 mm grenade
| auncher 1479 and X203 firing MK19, 40 mm M5 (grenade).

7.2.5 Tank G enade Launchers. Design criteria for range design is
established for M76, M26, and 14239 grenade |auncher8 in para. 12-7 and
Figure 12-5 of MXO P3570. 1A
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Section 8: LASER RANGES
8.1 Citeria. Refer to Table 19-1 of M2O P3570.1A for a list of |aser

devices for which range design criteria are established. Figures and Tabl es
in this section are referenced to MO P3570. 1A

8.1.1 Planning Factors. Special ternms and considerations particularly
applicable to laser range design criteria are as foll ows:

a) The distance within which the collimted | aser bean present8 a
potential eye hazard, the Nom nal Ccular Hazard Di stance (NOHD) nonmagnifi ed,
I's conparable to the maximum range of projectile firing weapons

b) The NOHD is greatly increased when viewing the collinmated |aser
beamw th a tel escope and is termed the nmagnified NOHD

c) Horizontal lateral buffer zones and vertical buffer zones at the
periphery of the target area will be determ ned to accommodate inherent
aimng accuracy and stability of laser device being used.

d) Buffer zones should be greatly expanded for situations |iable
to involve inexperienced personnel, inproper target selection, or inaccurate
target designation.

e) Use of natural backstops (mountains, hills, and treelines) is
especially desirable to limt length of Laser Surface Danger Zone (LSDZ).

f) Airborne |aser operations will require LSDZ to be clearly marked,
visible, and recognizable from lasing aircraft.

g) The many types of |aser devices and uses in conjunction wth
range firing, troop exercises, tank maneuvering, and operations outside range
areas necessitates careful planning for location and delimting of target area
and LSDZ for each individual exercise.

h) Steps nust be taken to avoid indirect lasing from specul ar
(mrror-like) targets or icy or snowy ground surfaces

i) Area Sin Figures 19-5 and 19-6 is defined as the 100 ft. (30.5
m radius around the target fromwhich all specular surfaces should be
removed, covered, painted, or destroyed

j) Area T in Figures 19-5 and 19-6 is defined as an area distance T
fromlaser firing point within which no targets will be |ased.

8.1.2 Design Steps. The target area will be large enough to acconmodate
| aser range danger fan for type of |aser device to be used and type of
exercise and maneuvering. \Wen the |aser device to be used is known, T, S
and NOHD and horizontal and vertical buffer zones can be determned from
firing tables. Use of current firing range surface danger zones, in general,
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wi |l provide conditions and area adequate for safe ground-to-ground lasing if
the beam inpacts within range inpact area. For design criteria refer to the
fol | ow ng:
a) Laser Surface Danger Zone (LSDZ) (refer to Table 19-1).
b) Laser Range Danger Fan (see Figures 19-5 and 19-6).

c) Backstops for Laser Ranges (see Figures 19-7, 19-8, and 19-9).

100



M L- HDBK- 1027/ 3B
Section 90 PARADE AND DRILL FIELDS

9.1 Siting and Dinensions. The terrain should be relatively flat, wth
a slight slope for drainage. Consideration should be given to using the
parade and drill field for athletic and other recreational activities.
Criteria for parade and drill fields follow.

9.1.1 Naval Training Station. Drill field will be 500 x 1,200 ft
(152.4 x 365.76 n), centrally located within each 5,000-man group.

9.1.2 Marine Corps Recruit Depot. Parade and drill field will be

900 X 2,500 ft (274.32 x 762 m), adjacent to the troop billeting areas. A
drill field within each reginental area will be 500 x 1,200 ft

(152.4 x 365.76 .

9.1.3 Major Marine Barracks. In the billeting area, an adjacent field
will be 1,000 x 3,000 ft (304.8 x 914.4 nm). In each reginental area, the
drill field will be 500 x 1,200 ft (152.4 x 365.76 n.

9.2 Types of Surface. Were erosion is not a serious problem a well-
turfed field is preferable. Water outlets will be located every 250 ft (76
along each side of the field. For pavenent criteria, refer to NAVFAC DM 5. 4.
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Section 10: TRAINING COURSE STRUCTURES

10.1 Obstacl e Courses. Figure 10 shows a typical layout of an obstacle
course. Small crushed gravel should be added to the entire length of the
course to a depth of 2 in. (50.8 mm to provide a firmall weather footing.
Retails of individual obstacles are shown in Figure 11.

10.2 Confidence Courses. The course will be approximtely 200 yd (183 m
long, with obstacles spaced at equal distances along its length. Typica
details for confidence courses are shown in Figure 12.

10. 3 Conbat Towns. Construction will be repairable construction, such as
|'i ght wei ght precast concrete which will withstand projectile inpact. Qher
materials will be acceptable. Conbat town provides instruction and practica
experience in cordon, search, clearing, and entry techniques in built-up areas
or for use in training in controlling civil disturbances.

10.3.1 Size. Area is determned by training requirenents, usually severa
intersecting streets and several multi-story buildings, including maneuver
areas extending 300 yd (274.32 m in all directions fromcenter of facility.

10.3.2 Locations. If live fire exercises are to be conducted (denolition
or small arns), appropriate safety zones and inpact areas nust be designated.
Firing inside the structures is permtted if bullets inpact approved

backst ops.

10.3.3 Construction. Structures will be designed to support floors, walls,
roofs, and sandbags around doors and wi ndows. Electric utilities at doors and
windows will be required if electric/electronic target/&coring systems are
used.

Gound level units may be concrete block construction. Upper stories
my be wood. Interior will be sheetrock/plywood construction.

10.3.4 Warnings. Red flags or red flashing lights should be provided
during daylight hours and red flashing lights fromsunset until sunrise from
flagpol es approximately 200 yd (183 m fromfacility during use of live
amuni tion.

10.4 Conbat Hut. A "combat hut" provides an opportunity for instruction
in, and devel opment of, advanced live fire techniques and execution of cordon
search, clearing, entry. and hostage recovery scenarios. Live-fire scenarios
must be designed to be as realistic as possible. Design guidance may be
received from FBI Acadeny, Quantico, VA, Federal Law Enforcement Acadeny,

@ ynco, GA; National R fle Assn. (Range Devel opment Dept.), Washington, D.C;
NAVFACENGCOVHQ Al exandria, VA, Weapons Training Dept., US. Naval Station,
Annapol i s, MD.
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APPENDI X B:  ADDI TI ONAL | NFORVATI ON AND SUPPLI ERS LI ST

1. The National Rifle Association publishes information on the design and
construction of small arnms shooting ranges and other information. Range
suggestions may be obtained from the follow ng point of contact:

National Rifle Association
Range Devel opment Depart nent
1600 Rhode Island Avenue
Washi ngton, DC 20036

(202) 828-6190

2. The following partial list of suppliers is provided as an aid to the range
designer in making initial contacts during the planning phase of range design.

Bul l et Stops, Target Carriers, Turners

Anerican Target Conpany
1346 South Jason Street
Denver, CO 80223

Anerican Training Aids
750 O enson Rd.
Col unbi a, SC 29206

Caswel | Equi prent  Conpany, Inc.
1221 Marshall Street, NE
M nneapol is, M 55413

Dent am Cor poration
1346 South Jason Street
Denver, CO 80223

Dept. of the Arny

Corps of Engineers

Construction Engineering Research Lab
P. O Box 4005

Chanpai gn, |IL 61820

Phone:  1-800- USA- CERL

Detroit Bullet Trap Corporation
2233 North Pal ner Drive
Schaunmburg, 1L 60172

Di xi - USA (Machine Tool) Corp.

1455 Vet erans H ghway
Hauppauge, NY 11787
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Pol ytroni c- ABA, Inc.
P.O Box 500
Pi nellas Park, PL 34290

Range Lighting

The Il lum nating Engineering Society
345 East 47th Street
New York, NY 10017

Ver d- A-Ray Cor poration
1120 Connecticut Ave., N W
Washi ngt on, DC 20036

Range Ventilation Consultants

ETC, Inc
3513 Leith Lane
Loui sville, KY 40218

Safety Curtains, Backsplatter Protectors

Li natex Corporation of America
P.O Box 65
Stafford Springs, CT 06076

Sound Attenuation Mterial

11 bruck/ USA
3800 Washi ngton Avenue, North
M nneapol i s, RN 55412

Lam nations Corporation
2254 Harrison Road
Neenah, W 54956

Dixi S A /Usine 1
Rue de la Cote 35
CR-2400 La Locle
Switzerl and
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APPENDI X C. QUTDOOR SMALL ARMS RANGE CRI TERI A CHECKLI ST

1. The follow ng checklist is intended for use as an aid during field
| valuations of an existing range. It nmay be nodified and/or adapted to neet
site-specific conditions during a field evaluation.

Design criteria are referenced to paragraph nunbers and figures in
M L- HDBK- 1027/ 3B, _Range Facilities and M scellaneous Training Facilities O her
Than Buildings. This is intended to provide a basic reference; other

paragraphs and figurer in M L-HDBK-1027/ 3B may be applicable.

The formis self-explanatory except for the follow ng points.
"Description" means type of range, firing distances, fixed or noving targets,

and simlar descriptive information. "Known Interference" means a statenent
relating to encroachnent, such as operation of adjoining range, waterborne
traffic in nearby waterway, lowflying aircraft, or other. [If none, insert
“none. "
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GUIDOOR SMALL ARMS RANGE CRIIERIA CRECKLIST

Location: Anthorized Firing: Most Powerful Weapon: Project:
Description: ] Ritle T Inspector: .
Pistol Rionin I nterlévence: Uravings Attached Ve JW{")
Other: _ Date:_
mmenitlon: T Sheet Number of .
sEe s - - owpt lince
Plysical Fealures . | ¥/ Reemts,
Wo. W&~ | Masic Requlreweinti " vy nnnv-1027/34 1es| No /A | Comwents/Recomendat fons
| Surface I!inger 2one | Under Navy Control 922.2.1; 2.4.1
 § fopact Ares
Oipen Range and S deg. LIL. & RL. Timit :Tige 2y 28
With Impact Berm of lire .
Nith Side Protection| 50 gds. LIL, & L. Vimit ; Mg. . 2b
of Fire .
3 ricoclnt Ares .
Open Range and S deg. 1L, & RL. fmpact ‘g, 24,28
With impact Berm aed :
With Side Protection | S deg. Lrt. 8 AL, of 50 yd. | Ti8+.2
With Overhead Boffle S’dﬁ. Lfit, & RL, of limit rig. 2¢
of fire
With Grownd Baffles 5:: yds. LELt. 8 RL. by 300 rig. 24
yds.
4 [Secondary Danger Ares | U deg. § 10U m LIt. § AL, |Fig.2,27
of ricochet area
] #an"el Ranges Safety arc mot closer than [92.3.1,rig. 8
S0 yds. of target pits, or
8 ft. high min, wall or berw
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Sheet Number of

114 ¢

"ol lance
Physical Feateres —_ w/Requts.
" s Basic Reaulianents —~ ~ lorimnx. 10727315 |No /A | Coments/Recomendations
¢ _|rarget Line Spacing same as firing line | rsg.'6, 8
twplacement berms Mrotection of mechanisms 92.2.8.rg. &
Spacing Rifles9 ft.; Pistol=5 1L, 92.3.4;2.4.)
Cerrier .- Full face of target visible |92.).4.3:2.4.3
from firing positions
Torget Butts 2.1.5,
1 ig.A-5.A-4
Torning Targets Hsually plistol only 2.2.10,
, rig.>s
7 VFliring Line
Spacing 9 ft. rifle, 5 ft. pistols |ris. 6.8
Canvpy 12 1L, forward firing Vime [92.5.2 )
Clectronic scoring 92.3.1.4
8 [impact Berm Fell width fwpact ares °2.3.7 2.4.5
Carth Slope 1/1 2.3.2.1,
. "1.0‘..7
Open Range: S ft. sbove top of terget [92.3.2.2
¢ 15 fL, earth or vertical
' balfle
Safflied Range: S ft. above highest point (92.3.7.2
of fmpact ¢ 15 L. earth
or vertical baffle
Bellet cotch If stope less then /1 9°2.3.2.3
Eyebrow catch ‘When bullets ere leaving 92.3.2.3,
range . Fig.A-5
9 [Side Pretection Eorth berms, contimmwus 0°?.5.5
walls, ving walls
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Sheet wbder of

- ﬁaamm
Physical Features w/Requts.
| Wo. 1lem Basic Requirements Dpacing-1nz773a]tes [No R/A] Comments/Recomeendations
Llo joverhead Saffles 92.5.3
Geometry Nintnize projectile leaving 192.5.),r2g. 3
range .
Materfals Awpropriste to weapon and |92.5.8,(ig.
amwnition A-6,A-7
In [crownd Baffles .| mormntity pistol onty 2.5.4
12 [Stte Characteristics '
Grade nle:een 18 8 2% side to 92.2.4.2
s
Elevation Firing/target - same 92.2.4.2
elevation
Oralinage Vo impounded aress
“) [Range Floor Clear of trees, free of 92.2.4.2
rocks
R T DeTernl gy N
¢ [Rondscoping 0°?.2.%
Grass cover Te prevent erosion 12.2.5.1
Walks 9°2.2.5.6
IS [Comunications On Firing Vine, between 12.2.11.1
firing Vine and target pits
ps Safety Cquipeent 2,2,2; 2.2.3
Norning signs Oenger firing in progress, [93.2,
and flags approach roads, barriers Apendix A
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Sheet Nuwber of

Compliance
Plysical Features ) w/Reqats.
 No. Ttew Basic Requirements [tonnox-107773n | Yes| No Fi/K| Coments/Recomsendations
17 [Support Facilities 3.3
Control tower Hefght to allow full view 92.2.2
of danger 0n¢, if surface
danger area over water
Height to see target & 92.9.2
personnel
Access roads 13.1.4
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REFERENCES
NOTE:  THE FOLLOA' NG REFERENCED DOCUMENTS FORM A PART OF THS MANUAL TO THE

EXTENT SPECI FIED HEREIN. USERS OF TH S HANDBOOK SHOULD REFER TO THE LATEST
REVISIONS OF CI TED DOCUMENTS UNLESS OTHERW SE Di RECTED.

‘ Z1 A\
MANUALS, AND P- PUBLI CATI ONS:

Unl ess otherw se indicated, copies are available fromthe Naval Publications
and Forns Center, Standardization Docunents O-der Desk, Building 4D, 700
Robbi ns Avenue, Philadel phia, PA 19111-5094.

M LI TARY SPECI FI CATI ONS

M L-A-12560G 1) Arnor Plate, Steel, Wought, Honogeneous (for
Use in Combat Vehicles and for Ammunition

Testing), 12 February 1985.

ML-S 16216J(1) Steel Plate, Alloy, Structural, Hgh Yield
Strength (HY-80 and HY-100), 16 August 1982.

HANDBOOKS

M L- HDBK- 1001/ 1 Basic Architectural Requirenents and Design
Consi derati ons.

M L- HDBK- 1002/ 1 Structural Engineering General Requirenents.

M L- HDBK- 1004/ 1 Prelimnary Design Considerations.

M L- HDBK- 1005/ 3 Drai nage Systens.

M L- HDBK- 1005/ 7 Water Supply Systens.

M L- HDBK- 1005/ 8 Pol lution Control Systens.

M L- HDBK- 1008 Fire Protection for Facilities Engineering,
Design, and Construction.

M L- HDBK- 1011/ 1 Tropi cal Engineeri ng.

M L- HDBK- 1012/ 1 Electronic Facilities Engineering.

M L- HDBK- 1013/ 1 Design Cuidelines for Physical Security of Fixed
Land- Based Facilities.

M L- HDBK- 1025/ 6 General Criteria for Waterfront Construction.
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M L- HDBK- 1037/ 3 Qut door Sports and Recreational Facilities.
M L- HDBK- 1190 Facility Planning and Design Cuide.
DESI GN MANUALS

DM 1. 03 Architectural Acoustics.

DVt 3. 01 Pl unbi ng Systens.

DMt 3. 03 Heating, Ventilating, Air Conditioning, and
Dehum di fyi ng Systens.

DM 3. 10 Noi se and Vibration Control for Mechani cal
Equi pnent .

DM5 Series G vil Engineering.

DM 5. 4 Pavenent s.

DM 5. 12 Fencing, Gates, and Guard Towers.

DM 7. 02 Foundations and Earth Structures.

P- PUBLI CATI ONS
NAVFAC P-80 Facility Planning Criteria for Navy and Marine

Corps Shore Installations.
OTHER GOVERNMENT DOCUMENTS AND PUBLI CATI ONS:
NAVY
OPNAVI NST  3770. 2G Ai rspace Procedures Manual .

OPNAVI NST  5530. 13 Physi cal Security Instruction for Sensitive
Conventional Arms, Anmunition, and Expl osives.

NAVFACI NST 6260. 2 Reviews for Health Hazards During Facility
Design Process.

NAVFACI NST 11010. 44E Shore Facilities Planning Manual: A System for
the Planning of Shore Facilities.

NAVFAC MO 100. 1 Nat ural Resources Land Managenent .
NAVSEA CP-5 Vol . 1 Amuni tion Ashore Handling, Stow ng, and
Shi ppi ng.

127



M L- HDBK- 1027/ 3B
Change 1, 30 June 1995

(Unless otherwise indicated, copies are available fromthe Naval Publications
and Forns Center, 700 Robbins Avenue, Building 4D, Philadel phia, PA
19111-5094.)

ARMY
AR 385-30 Safety Color Code Markings and Signs.

AR 385-63 Policies and Procedures for Firing Amunition
for Training, Target Practice, and Conbat.

T™ 5-822-2 CGeneral Provisions and Geonetric Design for
Roads, Streets, Walks, and Qpen Storage Areas.

(Unless otherwise indicated, copies are available fromU S Arny Adjutant
CGeneral, Publications Center, 1655 Wodson Road, St. Louis, MO 63114.)

FEDERAL AVI ATI ON ADM NI STRATI ON ( FAA)
Federal Aviation Act of 1958

(Unl ess otherwise indicated, copies are available from Federal Aviation
Admi ni stration, 800 Independence Avenue S.W, Washington, DC 20590.)

MARI NE CORPS
MCO P3570. 1A Policies and Procedures for Firing Amunition
for Training, Target Practice, and Conbat,
15 Cct 83, effective 15 Nov 83.

(Unless otherwise indicated, copies are available from Commandant Marine
Corps, Code HQSP-2, Headquarters, USMC, Washington, DC 20380-0001.)

OCCUPATI ONAL SAFETY AND HEALTH ADM NI STRATI ON ( OSHA)
Departnent of Labor Handbook, CFR Title 29-1910. 1025

(Unless otherwise indicated, copies are available from Cccupational Safety and
Heal th Adm nistration, 1700 Constitution Avenue, N. W, Washington, DC 20402.)

NON- GOVERNMVENT PUBLI CATI ONS:

AVERI CAN CONFERENCE OF GOVERNMENTAL | NDUSTRI AL HYA ENI STS (ACG H)

Industrial Ventilation Manual, 18th edition
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(Unl ess otherwi se indicated, copies are available from Arerican Conference of
Covernnental Industrial Hygienists, Bldg. D7, 6500 denway, G ncinnati, OH
45211-4438.)

AVERI CAN SOCI ETY FOR TESTI NG AND MATERI ALS (ASTM

ASTM A36/ A36M 87 Standard Specification for Structural Steel
(DOD adopt ed)

ASTM A242/ A242M 87 Standard Specification for H gh-Strength Low
Alloy Structural Steel (DOD adopted)

ASTM A441/ 1441M 85 Specification for H gh-Strength Low Al oy
Structural Manganese Vanadi um Steel (DOD
adopt ed)

ASTM A514/ A514M 87 Specification for H gh-Yield-Strength,

Quenched and Tenpered Alloy Steel Plate,
Suitable for Welding (DCD adopt ed)

ASTM A572/ A572M 85 Standard Specification for Hgh-Strength Low
Al'l oy Col unbi um Vanadi um Steels of Structural

Quality (DOD adopted)

ASTM A607- 85 Specification for Steel, Sheet and Strip,
H gh-Strength, Low Alloy, Colunbium or
Vanadi um or Both, Hot-Rolled and Col d-Rolled
(DOD adopt ed)

(Unless otherwise indicated, copies are available from Anerican Society for
Testing and Materials (ASTM, 1916 Race Street, Philadel phia, PA 19103.)

CUSTODI AN PREPARI NG ACTIVI TY
NAVY - YD NAVY - YD
PRQJIECT NO
FACR- 1088
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GLOSSARY

Chief of Naval Operations.

U.S. Arny Corps of Engineers.
Direct Fire.
Fully Baffled.
Firing Line.

Firing Line Floor Surface.

General Devel opnent Map.

Lower Limt of Fire.

M sdirected and Accidental Discharges.
Overhead Baffles.
Partially Baffled.
Ri cochets.
Range Fl oor.

Range Safety Oficer.

Smal | Arnms Range.

Surface Danger Zone.

Standard Qperating Procedures.

Upper Limt of Fire.
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