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contract t.u a spectrum of range plannin g, operations, and training problems.

The range safety areal descriptors discussedI.heraiS~Iare contours about the

target , orit’nted with respect to the direction of weapon delivery , which des-

cribe an area expected to contain at least a specified percentage of all initial

impact points plus ricochet impact points for weapons delivered against the

specified target with spectfi~d delivery 
tactics. The report has been designed

f , l make usable the currently existing areal descriptors when used as reproduced
t ransparent plastic overlays or traced on clear plastic, and to provide a frame-

work for plaCing at the disposal of the users any future descriptors as they are

di’vt.lop~d and any modificat ions 
to the methodology.
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S~~~ARY

This report has been1 prepared to prov ide range
commanders and range planners with a readily applied method-

ology for addressing lana use planning and land use conflict
problems arising from ttie use of various ordnance types on the

U.S. Air Force flight ~est and tactical training ranges. The

methodology described 1
tn this report presents a means for

using the products de’i~eloped under the Range Compatible Use
Zone Program .

The methodology )onsists of a step-by-step procedure for

applying the range s4fety areal descriptors to a spectrum of

range planning , oper~tions , and training problems . The range

safety steal descrip~ors discussed herein are contours about

the target , orientedf with respect to the direction of weapon

delivery , whi ch desc~ribe an area expected to contain at least
a specified percent4ge of all initial impact points plus

ricochet impact poiT~cs for weapons delivered against the

specified target wilh specified delivery tactics .

The repor t ha~ been designed to make usable the currently
existing areal deEIc~iptors and to provide a framework for

placing at the disp~\sal of the users any future descriptors

I as they are develo/ed and any extensions or modifications

to the methodolo~~(.
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SECTION I 

—

INTRODUCTION

1. RACUZ BACKGROUND
A continuing long term respons ib i l i ty  ol the U . S . Air

Force is the ope ration and maintenance of the USAF f l i g h t  t e s t

and t raining ranges . Meeti ng this respons ib i l i ty  r equires a
conti nuing planning and evaluat ion a c t i v i t y  to assure that  the
long term mission requirements can be met and to assure an
ade qua te  marg in of s a fe ty  for the peop le and property located
on or near the ranges. Histor ica l l y ,  the la nd area :tssoci .ited
wi th  t hese ranges has been s u f f i c i e nt  to provide the required
assurances . However , as the weapons and del ivery t a c t i c s  have
become more sophist icated , and as the populat ion has continued
to encroach on the range boundaries , the ra nge planning and
a rea adequacy evaluation ac t iv i t i e s  have become increasing ly
more d i f f i c u l t .  To aid these planning and evaluat ion activ-
i t ies , t he Air Fo rc e established a Range Compatible Use Zone
(RACU Z) program .

A key objective of the R.ACUZ program is to develop a
q u a n t i t a t i v e , r e l a t ive l y simple and direct method for des-
cribing the land area required to contain a given percentage
of ordnance expended dur ing test  and t r a in ing  ac t iv i t ies .
This methodology is to f i t  within the overall planning frame-
work , is to be ap p l icable  to both cu rrent  and p lan n ed ra nges ,
and is to address the en t i r e  spectrum of current and planned
weapons. The methodology is to provide the range planner wi th
a mechanism to ident if y possible incompat ib le  land usages on
current ranges and to avoid , dur ing the planning process , the
crea t ion of land use conf l i c t s  on fu ture  ranges . The method-
ology is also to provide the various range commanders wi th  a
mechanism for assessing the land area adequacy,  f rom a

I
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safety point-of-view , of .t given range for a specified mission .

The produc t developed to meet t h i s  key objective of the
RACUZ projec t consists of: .l) a set of mun ition impact point

containment contours (art’.il descriptors), and (2) a se t of
rules detailing the proper application of the areal descriptor s

to range planning and range operation problems . The set of

areal descr ip tors for unguided ordnance and the techniques for [I
their generation were developed as part of a previous study

performed under Contract No. F08t~~S-74-C-0029 .

The purpose of this report is t o  p lace the presently
developed descri ptors and the rules for their proper application

a t the disposal of r ange  p l an n e r s  and range cortnnanders. The
report ~iiso provides ,i f r a mework for  p lacing a t the disposal
of these use rs any new d e s c r i p t o r s  as they are developed .

2 . REPORT ORGANIZATION

The contents  of th i s  report  are designed to provide the
user w i t h  the necessary background understanding and a s tep-by-
step process for app lying areal descriptors to a variety of

r an g e operations and range p lanning problems . Although the

contents of eac h Section deal exp licitly with the areal descrip-
tors which have been dev eloped for ungu ided mun itions delivered
using modern delivery tactics , i t  is anticipated that the

conten ts will apply with equa l validity to descriptors developed

for advanced guided weapons .

This report is divid ed into three sections plus an appendix.

The three sections describe (1’~ the RACUZ descrip tor me thodology
terms , interpretation , and spectrum of app lications , (2’ the

appl ica tion process , and (i’s the limitations on descriptor

applica tion process. The appendix contains a brief discussion

for each of the range safety areal descriptors , and plotted

graphs scaled for use w ith range maps.
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wood or earthen structures. Hard t e r r a i n  contains large rocks

or concrete or is a hard packed surface; soft terrain is a

sandy or oleared plowed surface .

Ou t L i . er  Impact - An our h e r  impact is an impact ut the weapon

tha t occurs 51t  an unusually large miss distance from the

intended target. (A l a rg e  “iis s distance generall y means more
than 2000 feet.)

Land Use Conflict - Land use conflict refers to those actua l ,

plann ed , or potential uses  of  an ar ea  which are not compatible ,

for reasons of safety, with their use as an ordnance testing

or tra ining area .

Conflict Areas - A conflict area is an area either on or off

the range for which a land use conflict has been identified.

b . Discussion of Definitions

The areal requirement for safety for weapon testing

or training exercises is described in terms of a potential

hazard area . This hazard area may he determined through use
of the areal descriptors for each weapon/tactic/target cotnbi-

nat ion of interest. The hazard associated with ordnance

testing and training exercises is assumed to arise from impacts

of the weapon . As a consequence , the areal descriptors have

been des igned to describe an area expected to contain specified
percentages of the impac t points. Var ious percen tages of
containment are defined to permit the user to select those

containment criteria most applicable to his particular problem .

Two types of weapon impacts are considered in the

areal descriptor definition : the initial impacts of the

weapon and subsequent ricochet impacts.

The three primary factors which determine the size of

an areal. descriptor are the delivery tactic, the weapon type,

and the target/terrain composition. These parameters are used

to specify a given areal descriptor and are discussed in

greater detail in Section III .
4
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2. ADDRESSABLE/NON-ADDRESSABLE PROBLEM CATEGORIES

The RACUZ Descriptor Methodology is not designed to solve
all range planning and range operation problems . Instead , it

is designed to furnish an initial approach to identifying or
avoiding potential land use conflicts from a safety point—of-

view. It is important for the user to understand when a

• problem can be addressed using the methodology and when a

probl.an resolution will require a more detailed analysis.

a. Addressable Problem Categories

The categories of problems which can be addressed
using the RACUZ Descriptor Methodology all involve either the

identification of or the avoidance of land use conflicts. The
methodology is no t designed , excep t in the mos t simple cases ,

to resolve the conflicts. Specifically , in suppor t of range
operation efforts , the techn ique for identifying hazardous
areas can be used to:

(1) assess the adequacy of range land area to suppor t
or accept future planned missions ,

(2) identif y weapon/delivery tactic combinations which
are permissible on a given range area ,

(3) identif y, for a given range and specific missions ,

the existence or non-existence of land use conflicts.

Example: Land use confl icts which are readily
identified are the location of manned facilities
within a hazard area and the identification of
a hazard area that extends beyond the range
boundary .

In support of range planning efforts , the techni que
can be used to avoid the creation of land use conflicts by

(1) identifying the suitable locations for range

faci l ities such as ins trumentation sites , access roads , and
targe ts ,

(2) specif ying for the planned range the permissible
weapon/delivery tac tic combina tions , and

_ _ _ _ _ _ _  —.- -. - . - . - - .. ,. , - .,. ~~~~~~~ 
----- - - .  — . ~~~~~~~~~~~~~~ -- ~~~~~~~~~~~~~~~~~
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( I )  I f  given the des ired mission , specif y the land
area required to support the mission from a safety point-of-

V I ew .

In support of both r ;I ng t ’  operations and range planning

ci  forts , the RACU ’/. Descri p tor Methodology may be app lied either

t o  the total mission or t o  parti cular subelements of the

mission .

b .  Non-Address,ible Problem Categories

The RACUZ Descri ptor Methodology is not design ed to

resolve a l l  range p l a n n i n g  and operation problems regarding

land usage . Specificall y, when a land use conflict is identi-

lied , the formulation and selection of alternatives may depend
upon nume rous factors in addition to safety and , hence , wil l
require a more detailed analysis . Th is analys i s comes dur ing
the planning process . Furthe r , the RACIS TZ me thodology is based
upon the app lication of specific itrea l descriptors. When a

problem is f ormula ted for wh ich there exists no areal descrip-
tors , then obv iou sly the me t hodology is no t appl icab l e .

A particular aspect that must  be addressed in

resolvi’ig land use conflicts is the risk to personnel , proper tY ,

and environs. Areal descriptors cannot be used to determine

risk levels. They can , however , he used to identify problenu

a rea s  for which a detailed zinalysi :: should be considered to
quantif y the magnitude of the risk.

6
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SECTION I l l

RACUZ DESCRIPTOR APPLICATION METHODOLOGY

1. STEP-BY-STEP APPLICATION PROCESS

The step-by-step procedure for app lying the RACUZ a real

descrip tors to a range p lanning or range opera tio n pr obl em is

shown in Figure 1, pg. 8. Fi gure 1 is broken in to f our
sections corresponding to the four top-level steps used in

determining the areal adequacy of a ran ge to suppor t a given
mission . These top-leve l steps are:

Step 1 - Statement of the problem , data collection , and

selection of approp r ia te  descriptors .
Step 2 - Applicat ion of the descr iptors  to def ine  the

poten t ia l  hazard area for the spec trum of
weapon s , t ac t i cs , and targets  which comprise
t he miss ion de f in i t ion .

Step 3 - Iden t if ica tion of any la nd use c o n f l i c ts  asso-
cia ted wi th the ac tual or planned activities.

Step 4 - The determination that the land area is adequate

for safety or the determination to seek the

al terna t ive solu tions and the specif ica t ion of
appropria te decision ac tions and suppor t ive
anal yses.

Each substep of the application process shown in Figure 1.

is numbered to fu rn ish an i den ti fy ing key. The iden ti f ied
substeps are discussed in subsection 2 of this section . The
steps are identified again in an illustrative examp le given
in subsection 3 of this section . Use of the referenced sub-

sec t ions wi l l  insure that the user is con ti nual l y aware of
any restrictions , limitations , or assumptions relevant to

his par t i cu la r  problem .

v—. -*
~~
-

~~~~~ 
-.

~~ ~~~~~~ —-  ~~~~~~~~~~~- - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - - -



r

step I Pr oblem D.finitioii and
Deecri p tor S.l.ction Step 2 Ha&eid Area Det.rmlna tion

START

Rt.p 2. 1,

Designate p lanned wapon
Step Ii I 

L 

pith on map and include maximum
Define Problem and A e c erta in

t hat It fill. in one or ~~r. o t
th, Addres. gbl . V roblcm Catigori.. 

______________________________________

(I) D e f i n e  Range Area on Map 
- 

tu f t  and r igh t  deviation ’ 

I

St D lb
S t O 1~ 2b~~~~~~~~~~~~~~~:~~~~~~o4 

S

arget Lo
(2) D ef I n e  Target l.ocationa or

Ta r get  C.~mp2sit  Area
(3) Detin. Tea t or Training

M Ixeton Parameter .
( 4 1  Spe.l t y Ih,aired l evel of

Camp lixSin g l e Target

St a Ic ‘1101) le

Ori ent cc App topr iat. th.int er D esc r iptor S.l.ction
Compo site Deacripto r orMatri x with Miss ion

each Separate De scrip torDe f i n i t i o n  Pa r am et.r.
u. IO,Ig IIc~udIng .,f Maximum(Weapo n/Terge t/Ta c t t c Data)

___________________________________ 
I.et t Devi a tio n with

Deecriptor Orig in over
Targe t Location

AreStep ld~~~~~~~~~~tr.d Area~~~~~~~~
__ _

~_ 

i c  Achieved

Step 2~Ies cri pt o rs R.ferencud ________________________________

in Matrix ?
Ro tit e De cri pto r Clockw ise

u r , t i l  Orientation with
Hex (mum Right Heading

Step I. __________________ __________
Step 2.

I 

Select Appropriate An al D..eni~~to~
j  

Orient a’ Appropriate the
from Append ix Composite Deec n ipt o r or

_____________________________________ each Separate Dicer ip tor
along h ea l in g of Maximum

Left Dev iation of Flight Path
and Trans late t).ecriptor Origin

Rep eat thi s Step for Maximum
Dee 1 Right Deviation .

s t e p  ____________

Sing le

Compoa tte
I f  or 

____________

aroun d Target Comp lex Per imeter .

Deacr Ip t or

e p 2 t

Recotd the Maximu m Out l ine of
the Descriptor Perimet er locations.

The A rea Containe d w ithin the
Deve lop Compo site D .acrip tor Composite Outline Perime ter ii

by Overlayin g the Descriptor, and the Compueite Po ten t ia l Raxar d Area 
~~~~~~~~~~~for  the Sp .cif lid Weapon.Align i ng the Origin, and Axe.

Fix Orientation of D .,cntptor , ~~~~ Del ivered .~alnst the Target or
with Piper Clip, or Tape . Target omp hex w i th the

p.eifie d Tactic.

Figu re 1 Step-by-Step  Procedure
for Apply ing the R.ACUZ area Descriptors

8

&

•~.4~~~~
I

- .~-- -~~~ ~~~~~~~~~~~~:~
r— —

~~
—- 

_______



-~~~~ -- _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~

Sc .p 3 Land Use Conflict Identi ficat ion Step 4 Alter native s and Decision Actions

Lt.wi. I.. Step 1.u

Locate on thu Range Map the RACUZ Descriptor Methodo logy
Location of all Item, of Concern is not Applicable . Contact

suc h as Buildings . Fac il i t t ea ,
Instr umentation Site . . Population f r Force Engineering Serv rc e Center
Conc entrations . Range Boundaries . Tyndall AEB , Fl.

etc .
for As. t s tance

1~C~~~N D D

Step 3b
Are

Items of
Conce rn in

Hazard
Area?

Step 4c Step 4b
Can ~c.

NO tSW5 of ~~~R.coumend Relocition YES Concern beof Item s Re locat ed to
of Concern Resolve

Problem?

NO

Step 4e

Step 4d Can
Reconsit end ission be
Mission S Modified to

Modificatio n Resolve
Probl em?

Ste 4 NO

‘ 

Conduct Further Range Ste 4
Planning and Detailed

Rick Anal ysi s RACUZ Descri ptor Methodology Results
are not S u f f i c i e n t  to Assure that

Ste< 

°

~ 

END 

Area R equirements for Safety are
S a t i s f i e d .

Does
Hazard Area

Ex tend Beyond 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Range B~~~~~~~y? 
YES 

Resul ts of the RACUZ Des cripto r

rep 4h

NO
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Methodology are Suff icient to
Determine that Are al Requtrementa

for Safety are Sa tiafied .

_________________________________________________________ 

II

Figure 1 C~~~~~~
ND 

~
)

Step-By-Step Procedure
for Applying the RACUZ Area Descriptors (concluded)

9

_______ _ _ _  
5~~~ ’~~~~~~~~~

:T~~~~~~~~~~~~~
-’-r.-



2. REVIEW OF DESCRIPTOR APPLICATION STEPS

STEP 1 - Problem Definition and Descriptor Selection

The first top-level step in applying the RACUZ
descriptor entails seven substeps.

Step la - The pr obl em must be s ta ted expl ic i t ly
to assure that it falls in one or more of the addressable
problem categories described in Section II.2.a.

Step lb - The relevan t data must be collected

to provide a clear  d e f i nit i o n  for  the following items :
(1) Range area - The range area must be c lea r ly

defined on a map the scale of which is compatible with the
scale o f th e desc r ip to rs  presented in the Appendi x .  The scale
used on the descriotor s in the Appendix is 1:62500. However ,
tu ture desc r iptors  may require  a d i f f e r e n t scale .

( 2) Ta rgets - The locat ion of each targe t or
planned target comp lex mus t be accuratel y speci f ied on the
range map. The composition , the target type , and the te r rain
type in the v ic in i ty  of the target must also be specified.

( 3) Mission - The spec i f i c  mission must be
defined in terms of the type of weapon or weapons , the intended
delivery tactics , the intended delivery headings , and the
maximum deviation from the intended delivery headings. The
delivery tactics are defined in terms of the delivery speed ,

dive angle , and altitude .
(4) Containment Level - The desired containment

percentage of initial impact point plus ricochet impacts must
be selected . The choice as to what level of containment is
appropriate is a command leve l decision . However , the decision
is generally based upon consideration of such factors as
available range area , population locations/concentrations ,
lethality, perception of risks , and frequency of event occur-
ence. The actual quantification of these factors requires

10
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a detailed risk analysis. howeve r , if a hig h leve l of concern
exists for any of tnese factors , a hi gh level of containment
should be specified. Containment level specification should
be conmtensurate with level of concern . Descriptors are

provided for 99.99 , 99.9 , and 99.5 percen t containment levels ,

however , the various containment levels must not be mixed ,

interpolated , or extrapolated .
Step lc - The mission , target , and cont ainment

level data collected in Step lb are used in conjunc t ion with

Table A-i , pg. 2o , to identif y th e descri p tors r equ ired f or the

solution of toe given problem .
Step ld - If descr iptors for the defined mission ,

target , and containment level are not referenced in the

descrip tor selection matrix , then the me thodology is not

applicable and the user should proceed to Step 4a.

St~p le - If all of the required descriptor s

are referenced in the descriptor selection matrix , the
required descriptors should be traced on clear p lastic for usage

as overlays on tue actua l range maps.
Step if - In some ins tances , it is appropiatc

to overlay the resulting descriptor transparencies one on the

other with axes and origins al igned. This is done t o  simp l ify

their applica tion and is not a required step . Combining

descri p tors is approp ia te and usef ul wh en di f f eren t weapon s
are to be used against the same target and delivered within

similiar envelopes . Fur ther , if  one is evalua ting an exp licit

mission involving multiple weapons and tactics , the compos ite

descrip tor provides a quick look capabilit y . If manipulation

of any of tue mission parameters is anticipated in order to

arrive at a safety solution , the descri p tor s should be app lied
one at a time . 

11 
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Step lg - If it is determined that descriptor
composition is desirable , the composite descriptor is formed
by overlaying the descriptors one on the other with origins
and axes aligned. This orientation may be fixed using tape ,
paper clips , or other appropriate method . The composite
outline at the specified containmen t level is the composite
descriptor , and should be traced on a separate sheet of clear
plastic for use in later steps.

STEP 2 - Hazard Area Determination
The second top-level step is to determine the

hazard area for the defined problem . This step has six

substeps.

Step 2a - Rela tive to each of the intended
targets or target complexes , designate the maximum left and
right deviations from the nominal delivery heading. These
lines will be used to properly orient the areal descriptors
for application to the particular mission . F

Step 2b - A sli ghtly different treatment method

is used if the targets are to be located within a target
complex area as opposed to a specific location . Choose the
appropriate branch of the logic sequence.

Step 2c - For a spec i f ic target  locat ion , the
composite descriptor or each separate descriptor is placed on
the range map with the origin over the target and the axis
oriented along the direction of maximum righ t heading devia t ion.

Step 2d - Rotate the descriptor or descriptors

abou t the targe t in a clockw ise direc tion un ti l the descrip tor
axis is ali gned with the direction of maximum left heading
deviation . Proceed to step .~f to determine the actual hazard

area.
Step 2e - [f a target complex is being considered ,

the composite descriptor or each separate descriptor , as

12
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appropriate , is applied to the perimeter of the ta r get comple x
instead of to individual target locations. The descriptor
axis is oriented along the direction of maximum right deviation
and the descriptor origin is translated around the target
complex perimeter. This step is repeated with the axis
oriented in the direction of maximum left .ievjatjon .

Step 2f - Record the maximum outline described
by the descriptor boundaries as they were app lied in steps 2c ,

2d , and 2e. The area contained within the composite outline
is the potential hazard area for the defit ‘~l problem , tha t is

for the specified weapons , tactics , target ; , and del ivery

envelopes.

STEP 3 - Land Use C o n f l i c t  l d en t i f i ca t ~ on

The third top—level step is t \ identify possitle

land use conflicts. The criteria used for ibis determination

are the presence of manned or high value d f~ , ’i1ities within

the hazard area or the overlapping of a rang~ boundary by the
ha zard area . This st ep cons is t s  of three sut .;teps .

Step 3a - Part of the probl em d~ finition step

en ta i l ed  the iden t i f i c a t i o n  ~f all populat ion~ c on c en t ra t  ion s

buildings , f a c i li ties , and manned instrumentat on sites . This

step requires the location of all these items of concern on

the range map . Some of the locations may he t~’,r consideration
purposes only, for example , alternative bu ildit~ sites.

Step 3b - If any of the items of ~~ncern are
located in the hazard area they constitute a lan , use conflict

and a decision must he made as to how the confl1~ can he’

resolved. This is addressed in Step 4h.

Step 3c — If the hazard area ext end - beyond the

range boundary , that  por t ion  of the  hazard ar e’ .I out  side of the

ra nge c o n s t i t u t e s  a p ot en t i a l  land use eot~ 11 jet . This con ~ ii et

is addressed in Step 4d.
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‘the tour th top - i e’ve 1 s tep  i s t o  make t he Jet er —

ni iua t ton  as to whether ot net  t h e ’ .wge are ’a  t s  sut I icient to

as sum ‘ s:I let v . i t  I ht’ ~iet e flu i i t a  io n  c’St\ he’ made within the ’
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for spec [ftc user requirement s
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the land use conflict can he’ relocated outside of the hs:ard

area , then the land use cen t i t ~~ e’tn be resolved.
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‘ once’ rn

can  resolve the land use con Il I c’t , the relocation shou 1 ~t be’ *

recommended .

St ep 4d — If re’ b eat ion is not poss (hIt’ t hen
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Step 4& — Once the resolution of the ide’nt I lied land use’

conf l i c t s  has been detez~~ined to he ou ts ide ’  the .  .~ d’ d~~~ e’ of the

RACUZ Descriptor Methodology , other analysis and planning

effort s must be used . These e’ I fort s t~ equ I r e the lo rmu t a t  ion

of the decision alternat ives and the evaluation of th~~ e’

alternatives. One of the eva luat ion t echo i que s a~’a 11 ab l e  is

risk level assessment , AFL’8C can provid e’ t he user with sos lv
t teal assistance in per forming cIe’t~% I led r isk 1 eve’ 1 ana l vs is

Step 4h — If  Steps 3h and 3~’ do not ident I t v  any  land

use conflict areas , then the area  requirements t o r  sat ety arc

sat isf led .



3. ILLUSTRATIVE EXAMPLE

The following range planning example problem is given to

illustrate the various steps used in the RACUZ Descriptor
Methodolo gy.

Step 1. Example Problem Definition

Assume the following hypothetical situation :

It is desired to locate a new set of targets for both bombs
and rocke ts within a curren t ly existing target complex area
located on an existing range . Soft targets will be emplaced •

for bomb drops and hard targets for rocket shots. The suit-
ability of the target complex area is to be examined for
accepting the new targe t emplacements. It is also desired to

determine a suitable location on the range for a new manned

radar facility to be used in conjunction with the exercises.
Because of the population encroachment problems around this
range , the Commander desires to determine if the range has
suf f ic ien t  area to assure a high level of impact point contain-
ment. As a consequence of his concern , it is specified that

planning efforts will assure containment levels of 99.99 percent.

The primary delivery tactics are to be low

altitude (300 to 1500 ft.), high speed (450 to 520 knots), and
low dive angle (0 to 20 degrees) deliveries. The delivery

flight azimuths are restricted because of physical constraints
( i . e .  , mountains) to plus or minus 15 degrees of the nominal

delivery direction (due east).
De termina tion of me thodology app licabili ty is

made by de termining whe ther or no t range safe ty areal descrip-
tors exist for the specified mission . In particular , descrip-

tors are required for :

(1) GP Bombs
Low Al titude
High Speed
Low Dive Ang le

(2) 2.75-Inch Rockets
Low Al titude
Low Dive Ang le
Hard Structure Targets
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When the descriptor selection matrix (Table A-i ~ is entered

with these parameters , the two descriptors shown in Fi gures

A-I and A- 7 are ident I t~ ied . The requi red d e s c r i p t o r s  are
available and hence the me t hod is  app licable.

Since the same t ar~’et comp lex arc:i is t o  be

examined for both t argt’ t s and Si nec t he ~ie ii very enve1~rncs art’

o he similar , combining the ~Iescript ors for both weapon cat ~‘-

or ies into a sing le compo~ i te dlcscr iptor will s imp i i fv the

mechanics o I ha .~ a rd a rea  tie t erinina t ion The conipo s i t  e

descriptor is shown in Figure 2 .
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Step 2. Hazard Area Determination
The descriptor for 99.99 percent containment is

now applied to the per imeter of the target complex . It is

app lied to the perimeter since the targets may be located any-

where within the complex . The application of the descriptor

reflec ts both the maximum left and right deviations from the
intended delivery heading . The result of this process is

shown in Figure 3. P.
Step 3. Conflict Area Identification

In F igure 3 , it is seen that a portion of the

hazard area overlaps the range boundary . The area off range

is a confl ict area since it has po tential uses no t compa tible
with ordnance impacts. Additionally, in Figure 3 the two
proposed sites for the radar are shown . If the radar were to
be located at the site marked unsui table , a conflict area

would be crea ted since this would require the loca tion of equip-
men t and personnel within a hazard area. If the unsuitable

location is the most desirable from the mission support point-

of-view , the decision to locate the facility within a hazard

area should be suppor ted by a de tailed r isk anal ys is (s tep 4g ) .

Step 4. Identification of Decision Alternatives

The location of the manned radar site is straight-
forward . Results of the RACUZ me thodology app lication favor
recommendation of the site marked suitable . This recommendation

would be made for reasons of personnel safety .

Resolution of the off range conflict area is more
diff icul t because more dec ision al ternatives exist , and the
choice of the most appropriate alternative cannot be made
strictly from the RACUZ methodology application results.

Among the alternatives that should be considered
are:

(1) Restrict the target locations to sites in the

targe t complex behind the indicated dotted line .

18 
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(2) Res tric t the del ivery head ing devia tion to
the left to within 5 degrees of the nominal.

(3) Acquire the off range land or otherwise

acquire control of the area during the test and training

exercises.

(4) Accept the risk of not controlling the area .

Ra tionale for choos ing be tween these choices and poss ibl y
others requ ires anal ysis beyond the scope of the RACUZ Descr ip-
tor Methodology and recommenda tions should be made to perform
the additional studies.

t’iaximum %kight
Heading.. Deviation

Suitable — 
—

Unsuitable — — —

Ha zard Area

Target Comp lex 

Nomi na ’
- Delivery Heading

T ar R e t  A rea 

i
~~~~~: - - - - -

— — 
-
‘ S flcgre; Left

R 
.‘ - - _ _ - Heading Restriction

4~~~~~~2~~~dar ~~ar 
~~~~~~

. - .
.

~~ximum Left
Heading Deviation

Figure 3. Hazard Area Determination and
Conflict Area Identification
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SECTION IV

ASSUMPTIONS AND LIMITATIONS ASSOCIATED

WITL1 THE RACUZ DESCRIPTOR USAGE

1. REQUIREMENT FOR ASSUMPTIONS

The RACUZ descriptor methodology is designed to be a
relatively simp le and ea si ly  applied techni que for address ing
problems requ iring the iden ti f ica tion of the land requirements
for safe operation over air-to-ground ordnance delivery ranges.

In order to develop this simple methodology , many assumptions
were made and the acceptance of some limitations was necessary .

Within these limitations , however , .~ maximum effort was made
to assure the technical validity of the process. Where

assumptions were made , the phys ics , statistics , and opera tional
aspec ts were carefully examined to assure that the derived
resul ts  would be conservative . Where restrictions and limita- F
tions were accep ted , they were accepted in order to permit the

development of a methodology applicable to the majority of the

pr oble ms which are expec ted to be encoun tered . It is recog-

nized that one of the main uses for the RACUZ Descriptor

Methodology will be the identification of specific problem

situat ions which requ ire de tai led hazard analyses and risk
assessments in order to properly develop a defendable solution .

2. SPECIFIC ASSUMPTIONS

The spec if ic assump t ions wh ich were required in order to
develop the RACIJZ methodology can be grouped into the follow-

ing categories: tactics and mixes , targe t types , terrain
types , physical parameters , and da ta base adequacy.

Some of the assump t ions have much more influence on the
val idity of the methodology than do the others , bu t in all
instances , the user ol this methodology should be aware of the

underlying assumptions in order to avoid unwarranted or

L 

inappropriate app lications .
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a. Tactics ançl Mixes

Numerous tactics and combinations of tactics are used
in the delivery of unguided air-to-ground ordnance. The choice

of which tac tic is employed has a great influence on the
distribution of initial impact points , whether or no t ricoche t
occurs , and , if so, how far the ricochet travels. In the
derivation of the RACUZ areal descriptors , only those tac tics
defined in Table A-l , pg. 26 , were used . The statistical
distr ibutions used for the tactics definition parameters and
the log ic used for mixing them were developed in a previous

stud y prepared under Contract No. F08635-74-C-0029.

b. Target and Terrain Types

The target composition and the terrain surrounding the

target have a profound effect on weapon ricochet. Hard terrain

and hard struc tured targe ts cause a higher frequency of ricoch~.~.s
and a greater angular dispersion of ricochets . In add ition ,

ricochets from hard surfaces travel further than do ricochets

from soft targets or soft terrain . In the derivation of the

RACUZ descr iptors , it was assumed that hard structured targets

would not be used for tactical dive bombing training exercises.

Therefore no descriptors were developed for bombs against hard

targets. Further , it was assumed that hard structured targets

would be used for rocket and gunnery training . Therefore ,

descr iptors for both hard and sof t targe ts were developed for
those munitions .

The terrain surrounding the intended target influences

the nature of the weapon ricochet in several ways. First , the

irregularities of the terra in surface influences the direc tion
of weapon ricoche t . Second , hard sur face s, like hard targe ts ,

cause more frequent and longer flight ricochets than do soft
surfaces .  Additionally ,  when soft  ter rains are assumed ,
impacts will be absorbed . However , every time a round is
absorbed , the probability that a succeeding round will strike

21



Fi ure 1 Step-by-SteP Procedure

for App ly ing the R.ACUZ area Descriptors
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an imbedded round increases. A ricochet off an imbedded round
is similar to a r icochetof f a hard structure target. In the
derivation of the RACU Z descriptors , it was assumed tha t this
event would occur less than ten percent of the time.

c. Physical Parameters
Quantitative values were required for a large number

of physical parameters . These values included estimates for
ballistic coeff icients , critical ricochet angles , weapon
dimensions and weights.

d. Data Base Adequacy

Many sources which contained historical impact point
data for unguided weapon deliveries were surveyed during the
RACUZ data base development. The data sources reviewed were
limited to fair ly recent data . Sources reviewed inc luded the
Rand Corporation Southeast Asia Combat Data Archives and their
Air-to-Ground Weapons Delivery files ; Nellis AFB and the
Armament Development and Test Center (ADTC) libraries; and the
SANDIA Corporation files on tactical nuclear weapon deliveries.
The ADTC survey included data from Eglin AFB tests , data avail-

able from or generated through Joint Munitions Effectiveness

Manual activities , and data for large caliber weapons tested
at Ballistics Research Laboratory.

Of the bomb impact point data sources surveyed , mos t
of the data sets were deemed unsuitable for inclusion in this

study since the extreme miss distances were either not scored
because they were out of the field of view or they were p laced
into a single category as being greater than some preassigned

distance . The data sources which contained both the extreme

miss data and normal delivery da ta have been compiled into a
single comprehensive data base to support the RACUZ study.
The data on level tactical nuclear deliveries have been

incorporated into the RACUZ data base to provide sample points
for high speed , low level delivery tactics. The RACUZ data

22 
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base is maintained at AFESC/RDV1J , Tyndall AFB , Florida .

The size of the RACUZ data base is sufficiently large
to make statements which are statistically valid at the 95 per-
cent confidence leve l regarding the distribution of initial
impact points. However , similar statements cannot be made
regarding the ricochet impact points since the ricoche t contri-
bution to the overall distribut ion was derived using simulation
techniques rather than data sampling techniques.

3. LIMITATIONS

There are a few explicit limitations of the RACUZ method-
ology of which the user must be aware in order to avoid
improper or invalid applications .

a. Resolution of Land Use Conflicts

The RACUZ Descriptor Methodology can identif y those

land use conflicts which arise as a result of the areal require-
ments for safety. The descriptors are useful in identifying
possible alterna tives which can be pursued to resolve the
conflicts. However , the descriptors are not applicable to the

process requ ired to evalua te the level of ri sk with in either
the hazard area as a whole or in a conflict area .

b . Appl icabl e Tac tics
The RACUZ areal descriptors were derived using a

specified set of tactics defined in terms of weapon delivery
parameters . During the descriptor development process , assump-
tions were made which necessitated the restriction of
descriptor validity to only those described tactics in the
data base. These tactics are described in Table A-i in the
Appendi x , and application of the descriptors to other possible

tactics is not valid .

c . Containment Level
The descriptor s for unguided a i r - to-ground ordnance

L 
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were derived for three specified levels of containment for
user convenience. The descriptors must not be extrapolated
to estimate containment contours for higher levels of
containment . The descriptors as presented contain insuffi-
cient data to permit interpolation and extrapolation with any
meaningful level of confidence.

All of the individual descriptors used for the
construction of a composite descriptor should use the same
specified level of containment.
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APPENDIX

RANGE SAFETY AR EAL DESCRIPTORS

A .l AREAL DESCRIPTORS FOR UNGUIDED AIR-TO-GROUND WEAPONS
This appendix provides a set of range safety areal

descriptors for the class of inert unguided air-to-ground
weapons delivered using modern tactical delivery practices .
The descriptors are scaled for compatibility with standard
r ange maps having a sca le of 1:62500. As new descriptors are
developed , other scales may be appropriate. The guide for
selecting the descriptors required for a specific problem is
provided in Table A-i , pg. 26. Caution should be exercised
should copies be made of the descriptors since many copying
machines produce copies with a slight geometrical magni f ica t ion .
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A .2 AREAL DESCRIPTORS FOR DIVE BOMBING

The range safety areal descriptors for dive bombing
are shown in Figures A-l through A-3. The scale for these
descriptors is 1:62500. The descriptors are for containment
levels of 99.5 percent , 99.9 percent , and 99.99  percent at
the 95 percent statistical confidence level in the underlying
initial impact data . These data are meant to be interpreted
in the following way: the 99.9 percent containment descriptor
has 0.95 probability of containing at least 99.9 percent of
al l  initial impacts. A conservatively simulated ricochet
distance for weapons delivered under the captioned tactics has
been statistically added .
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A.3 AREAL DESCRIPTORS FOR 2.75-INCH ROCKETS

Dive angle is the primary parameter which affects the

frequency of ricochet for 2.75-inch rockets. Since the
distribution of initial impacts is relatively insens it ive to
delivery velocity , only two sets of range safety areal
descriptors have been developed. One set is for high d ive
angle deliveries and the other is for low dive angle deliveries.
In both categories , areal descriptors are provided for both

hard and soft targets and for 99.5 percent , 99.9 percen t , and
99.”~ percent cot- i inment. No delivery velocity breakout is

required . These areal descriptors are shown in Figures A-4 P
through A-7.
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A .4 AREAL DESCRIPTORS FOR GUNNERY

Descriptors were developed for both 20-.nun and 30-mm

gunnery. The initial impact point data for 30-mm gunnery

were extrapolated from 20-mm due to an inadequate 30-mm data

base. For both weapon categories , ricochet is the primary
determining factor for the descriptor dimensions . All rico-

cheting rounds were assumed to ricochet in a near trim and

stable mode . This assumption increased the maximum ricochet

distance by nearly a factor of two . The muzzle veloc ities f or
both weapon categories mask the effects of delivery velocity

variations . Also , the descriptor dimension differences due to

dive ang le were small when compared with the overall descriptor
dimensions . Therefore , the various descriptors have been
combined into a single set of descriptors for each weapon .
Each set contains descriptor s for hard and soft targets for
99.5 percent , 99.9 percent , and 99.99 percent containment of
all  impacts plus ricochets at the 95 percent confidence level.
These descriptors are shown in Figures A-8 through A-li.
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