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ABSTRACT

The U. S, Naval Weapons Laboratory, Dahlgren, Virginia, has
developed a detazlled event type simulation of the Supporting Arms
Phase of an amphibious operation. The model has been developed
for research use in making studies concerning the supporting arms
phase oi sn amphibious operation during the pre-D-day and D-day
(pre-H-hour) time period in a limited war setting, and for Fleet
. Operaters use to determine supporting arms requirements fer an
amphibious assault. Programmed for the IBM 7030 (STRETCH) digital
computer, the model simulates the naval gunfire and air support
porticns of the amphibious operation. Provisions are being made
to simulate attrition to frieundly attack aircraft. The model is
currently operational and provides for considerable flexibility
of inpul data and for a wide variety of studies and applications.
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FOREWORD

The U, 5. Naval Weapons Laboratory, Dahlgren, Virginia, is
responsible for the development and application of computer models
in the field of amphibious warfare. This work is supported and
directed by the Office of the Chief of Naval Operations (OP-06C),
and is currently being conducted under BUWEPS Task Assignment
R520-00-001/210-1/F018-02-01.
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INT.LODUCTION

The Supporting Arms Model is a detailed event-type simulation which
has been formulated to simu.ate, separately or combined, the naval
guafire and air suppert portions of an amphibiou: operation during
the pre-D-day and 0 day (pre-H-hour) time period in a limited war
setting. Artillery fire support has been omitted from the simu-
latior because of the pre-H-hour consiraint I1f this capability is
needed in a special study, it can be played to a limited degree by
inputting characteristics of artillery pieces as characteristics of
firing units on vhipe Provisions are being made to simulate
attrition tn friendly attack aircraft by enemy ground air defense
installaticns during strikes on enemy target- The model has been
programmed {or the IBM 7030 (>TRETCH) digital coa>mpucer,

The purpose of this report is to describe briefly each of the major
portions of the model. to discuss areas of application, and to

inform potential "users" of input requirements ind resulting output,

TYPE OF MODEL

The Supporting Arms Model is what is commonly referred to as an
event type model It contains 28 tables which are used for
descriptive purposes and status updating, and it contaisns 25 events
and two routine- whicih are mathematical repre-entations of ine
various actions which would take place during an amphibious
operation The e¢ltements ot the game (-hips, aircrafts, targets,
etc.) are examined ir detail only at times when these actions,
called event~. take place. When an event (select target, launch
aircraft Jdeliver ordnance, etc ) is initiated, the time to complete
the event is computed, ‘“e effects of this event or any of the
elements of the game ar. determined, and the entries in the corre-
sponding tables are changed to reflect the resalts of this event,
Events can be -tor-d to take place at specific times, but 1in
general, onue the game has started, the event 1n progress generates
future event- which are convequences ot the action taking place,

The model logic arrenges the initiation of “hese future events {n
order of increasing time The tables are, thi- | dvnamic, reflecting
the status of each element 1n the game at all time<. Tt i,
therefore. the rables which are examined to determine the status of
given elements

A print-out ot any table can be ordered at any time during the play-
out of the game For example, a print-out of the output storage
table at time 1400 D-1 indicates those targets which have been
"killed", the c¢upport ship number or aircraft number which "killed"
each target, the amount of ammunition expended by type on each
target, and the time each target was engaged by naval gunfire

and/or air support Arpendix A provides a list ot all tables in




the game, and Appendix B provides a list of all events  Appendix C .
is a flow schematic of the paths the game can take throug" the
various events,

MODEL DOCTRINE

The doctrine upon which the model was written is that contained in
NWIP 22-7(A), NWIP 31-3(A), NWP 41(A), NWIP 22-3(A), NWIP 20-1,
NWIP 22-2, ATP 4, and LFM-8, Doctrine was also discussed with
Marine Corps Officers at the Landing Force Developmen: Ceuter,
Quantico, Virginia, and with Naval Officers at the U, S, Naval
Ampnibious Schools, Little Creek, Virginia.

MODEL CAPACITY

operation. However, the storage capacity of the IBM 7030 digital
computer imposes no reaiistic constraints. The only constraints
in the model are the size of the assault area, limited to 57 x 57
miles, and the number of types of aircrstt and naval ordnance,
limited to nine types each. If necessary, these constraints can
be removed with minor model modification.

DESCRIPTION OF MODEL

a. Operations Area - The operations area is represented in
the first quadrant in a Cartesian coordinate system Both the ’
X and Y axes are scaled in units of 100 yards as shown in Firure 1.
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whore 1, 2, 3, &, . . represent 100, 2006, 300, 400, . . . yards
respectively. The model provides for 999 units on each axis.
Therefore, the operations area represents an area 99,200 x 99,200
yards, which is approximately 57 miles x 57 miles. The beach is
represented by the hovizontal line ¥ = k whe:r k is large enough

to allow all cupport ships and A/C orbit poiunte to be placed
between Y = 0 and 1 = k. The locations of the fire support ships,
A/C orbit pointe and targets are irput parameterc represented by
coordinates (X Y, In this manner, the distance between ships and
targets or orbit pointe and targets can easily be determined. The
distance of aircvratt carriers and land ba-<e: trom the beach are
usually of such magnitudes as to place them outside our coordinate
system (pos:ibly 1in excec< of 100 miles), This poses no real con-
strai=t, for the distan.e of each carrier or land base from the
operations area 13 represented as an input parameter. In this
manner, the flying time between carriers and targets or orbit points
can be determined

Enemy defences are separated into four zones parallel with *&r
beach. These zones are as follows:

(1) Zontact Zone

(2) Direct Support Zone
(3) General Support Zone
(4) Logisric Support Zone

The Jepth of each zone 1s an irput parameter and can be varied for
any particular stud. (See Appendix D, Tab A )

b Targets - tach target is deccribed in a table by the use
of input paramefers Any descriptor pertinent *0 detining the
target must be included. Examples are target size, location, tvpe,
and priority. Alsc, the order of preference of the vairious ordnances
that c¢an be used ettectively against the tarypet must be indicated,
(See Appendix D, Tab E )

Although cach tarxet which will take part in the xame must be
initially described 10 g table, it need not be activated (brought
into the wame) inicially. A tarpet can be activated in one of
three ways:

(1) It can be activated initially

(2) 1t can be activated at a specitic time

(3) 1t van be activated randomiy during the play cf the game.
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By activating targets using (2) or (3) ab ~, surveillance acqui-
sition rates and/or enemy build-up rates can be simulated., Once a
target is activated, it is considered "known" 1t is subje.t to
attack by air and/or naval gunfire.

A target can be given specific coordinates (X, Y), or it can he
assisned random coordinates within its zone of action. A combi-
nation of the two methods can be used in a game, inputing specific
locations for some targets and randomly determining the locations
of others.

¢. Naval Gunfire - Each ship is described in a table by the use
of input parameters as tc the number of independent fire support
systems (callel firing units) on board, coordinates of location,
number of rounds of each type of ordnance, etc. (See Appendix D,
Tab B.) Furthermore, each firing unit is described in a table
indicating the ship number on which it is located, size of ordnance,
maximum effective range, etc, Each type of naval ordnance is also
described in a table as to the nurber of rounds 1o fire for effect
on point and area targets, estimated number of rounds to adjus. on
point and area targets, estimated time required to adjust on point
and area targets, ordnance reliability, etc. (See Appendix D,
Tab J.) Provisions have been made to accommodate up to nine types
of cordnance in a single computer run. [his allows for a variety of
warhead and fuse mixes. For example, the nine types of naval
ordnance played in a pacticular game could be as follows:

Type 1 - 5" Common, base detenating fuse
Type 2 - 5" H, C,, variable time tuce
point detonating tuse
Type & - 6" A, P., base detonating f.se
Tvpe 5 - 7 H, C,, variable time fu:e

Tvpe & - o' H, (.. point detonating base
vp + P >

Type 7 - 27 H, (., base Jdetonating tuse
Tvpe 8§ - 8" H, (,, variable time tuse
Tvpe 9 - 8" H, (., point detonating tuse

The times cach ship is to be activated (brought into the xame) and
the times that each is to be removed are also {nput parameters in
the aforementioned tables. In this manncr, ships van be activated
and removed at predetermined times throughou' the course of the




game, Unce activated, a ship is stationary However , if it 1s
desired to move a ship to a new fire support location at a specific
time, the ship can hbe removed from its old location in sufficient
time to enabie it to arrive at its new locatina, at which time it
can 1gain be activareld,

Times for all active support ships to commence and cease fires are

input parameters. Thus, all nava! gunfire can be stopped at specific
times such as during preplanned air strikes, hou.¢ of darkness., etc.,
and resumed later in the game. (See Appendix D, Tab G.)

When a support ship is activated, either bv single shin activation
or by naval gunfire activation of all active support ships, a
target search is necessary for each firing unit on the ship. The
target search is vased on the following criteria: tarvget priority,
ordnance preference, zone f responsibility in which the larget i-
located, and whether or not the target is in a restrictive fire
zone. That is, cach firing unit searclics for the highest priority
target in its zone of responsibilityv which is not in a restrictive
fire zone against which it< ordnence -an be —sed effectivelv, Once
taryets are selected initiallv for each tiring unit, (he model
gererates new events which are corsequences of the fires for effect
as tollows: Time is updated at rhe end ot each flirve tor effect and

the et "ects are assessed aad vecordod. If the target is destroved,
the firing unit searches for a new tarzet It the tarxet is aot
destrored, the firing unic can fire subsequent rires tor ettect,
bv-pass the target, or transfer the tavset Lo air suppor? T
either ot the latter two decisions are made., the firing uunie
searches tor a new target . This poovess vontinaes 00 ealh firiry

unit on each fire support ship until that <bip is ovt of
removed from the game, or until ail raval puntire 15 ceasel’
maximum number of tires tor etfect to fiv

decisions (o by-pasy the tareel or trdanster 10 10 air support ste o
the maximum number of tires tor cffect are i{.upul parameiers, [ elos

N
functions ot the tarcet tvpe,

do Ay Support - The air support portion ot the model congists
of preplanne | air strikes and alert status air strikes in weneral,

411 pre-U-cav strives will be of the preplunned tvpe white D-dav
strike<s can be of either tvpe., The model Jdoes have the capability
to plav alert status aircratt doring the pre-iD-dav peviod if inis

capability it needed for a specitic study.

ach aidrcratt s described inoa table by the vse 0l inpul parvameters
as to the carrier or land bhase to wh'oh the alrcratt is assiened,
the orbit point, 1t anv, to which this ai-cratt willt be assiened,
time the aircra t should be activated {prought 1nto the gane),
standard ordnance load, aircratil cruising <peed, ceto.  (See

A Tab }




Each type of air ordnance is alsc dest ed in a table as to the

number of ordnance delivered per pass area and point targets,

delivery altitude for point and area tarygets, ordnance reiiability
b P 5 >

etc. (Sec Appendix D, Tab L.) In crder te ailow for a variety of
aircraft ordnance and fuse combinations, provisions have been malde to
accommodate up to aine types in a single conputer run.

The number of aircraft used for a strike on a target can vary from
one to four depending upon the characteristics of the target and
aircraft availcbility, The maximum number and mininum rumber of
aircraft to use for a strike on any target that is subjeci to air
attack ar> input parameters in the target table. When an air
request is received for ground-alert or air-alert aircraft, or

when a pre-planned assignment s made, {f the maximum number of
aircraft specified for a strike against the target is not available
but the minimum number requirement is satisfied, those that are
available are assigned to t"e target.

The times that each pre-planned strike period is to commence,

the number of aircraft to be employed during the strike pe-iod,

and target numbers of specific targets to be attacked are input
parameters. If specific targets are not listed for the pre-planned
strike period, the model will select targets of high.st priority

of those that are active. ir reality, these assignments would take
place sometime prior to the actual strikes based on "known' targets
at that time. TIf this course of action is followed, the time that
the assignments would be made must be specified. (See Appendix D,
Tab F.)

For each pre-planned air strike period, aircraft are launched from
either land bases or aircraft carricrs in sufficient time to enable
them to be over the target area at the time specified. Following
each pass over each target, damage is assessed and recorded and all
pertinent tables are updated. If an aircraft does not make a
successful pass on the target to winich it is assigned, subsequent
passes will be made until the target is destroyed or the aircraft's
ordnance and/or flying time have been exhausted. 1f an aircraft
makes a successful strike on the target to which it is assigned,
and if crdnance lnad and flying time perwmits, other strikes may be
made. Targets for these subsequent strikes will be sclected from
those that are of the highest priority. Following expenditurce of
ordnance and/or flying time, the aircraft is returned to its base,
landing »nly with the orvdnance permitted.

Alert status a‘rcratt are of two types, ground-alert and air-alert,
The difference beiag that ground-alert aircraft await target
assignments at tae base or carrier to which they are assigned while
air-alert aircraft await target assignments at various orkit points
near the “cach. When an air request is received for ground-alert

t




alrcrgfc, aircraft, if avaiiable, are launched and sent directiy to
the target, The procedure is then identical with that followed for
aircraft making a pre-planned air strike.

The time periods when air-alert aircrait are to be on station (at
orbit points) as well a&s the number of alrcraft for each time period
are input parameters. (See Appendix D, Tab H.)

At the beginning of each air-alert time period, the number of air-
craft to be on station, if availeble, are launched. Once on stationm,
these aircraft await target ascignment. When an air request is
received, the available aircraft wirth optimm ordnance load versus
target 1s acsigned to the target, Following each pacs on the target,
damege is ascessed and recorded and all pertinent tables are updated.
If the pass is not cucces<ful, the aircraft makes cubsequent pasces
until the targe” is destrnyed or until ordnance and/or flying time

is exhausted. If the strike is cuccessful and if flying time and
ordnan~¢ permit, the aircraft is returned to its orbit point to await
further target ascignments.

Air alert aircraft, at the end of their combat flying time, are
replaced by ground zslert aircraft If prior to this time an aircraft
expends all its ordnance. another aircraft is immediately launched

to raplace fir.

When an aircraft is returned to {ts carrier or base for rearmament
or refueling. it i¢ placed in an inactive status, The time to
reactivate each aircraft is an input parameter in the aircraft
table. When the reactivation time has elapsed the place is again
placed in an active status loaded with the standard ordnance load
for this aircraft.

In order to insure that friendly attacking aircraft are not hit by
naval gunfire preojectiles, all pre-planned air strikes should be
planned to occur during periods when naval gunfire i: ceased. During
an alert status air strike, a restrictive fire plan i< put into
effect. This restricts firing naval projectiles whirh would pass
through the rectangular parallelepiped in which the attacking air-
craft is maneuvering. The plan is put into effect when the aircraft
arrives in the target area and stays in effect unti! the strike is
completed. The base altitude of the zore is dependent upon the
ordnance being delivered and tle target tvpe. The width and length
of the zone are dependent upon the striking flight path of the air-
craft. These dimensions are input parameters

e. Point Target Hit Assessment - In the computation of the
number of hits inflicted on a point target from an air delivery of
N ordnance of & certain type, the target is placed at the origin
of 8 Cartesian axis Oxy. The shots or bursts are then assumed to




form an uncorrelated bivariate normal ¢ stribution with means

Hx = by = 0 and standard deviations o, and Oy in the x and y
directions, respectively. The dimensions of the target are increased
on all sides by the effective miss distance (EMD) of this ordnance
versus this target, and the target is then projected onto the xy
plane, the projection being a function of the target height and

depth and the angle of fall of the ordnance. This i3 shown in
Figure 2 below,
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D = target depth

E = effective miss distance

§ = ghadow or projection depth

a = angle of tall vf the ordnance




Designating W' = E + (1/2i W, D' = E+ (1/2) D, and S' = § -E, (he
single shot hit probability “»SHF) 1: reprecented by the following

integrals.
! - P2 2
D +W y
1 S %!5}7 T2 i
W /‘; ot ~ 1
Yol W
+S‘E +;§ l . xz V2~‘
Py = T",'l, = ,( / & z -E:x2 T :“"y24 éx dy
C %ty I Jw
yi

If S > E, SSHP = P1 + ?2

If § € E, SSHP = |

The number of reliable ordnance and of thece, the number of hits
are determined by Monte Jarlo sampling

The deflection prcbable errcr (DtF, the range prcbable error
(REP), the angle of fall f»r eath «ir ordnance, and the effective
miss distance EMDW tor ea.t air ordaance versas each type of

point target are input parametevc The DEP, REP, and the angle of
fall are funcrionz oi the .rdnunze type, release altitude, release
speed, direcior -ystem and the angle of delivery. The DEP and REP
are used tc compute 0, toral detiection gispersion and Oy totail
range dispersion as follows:

g =11 .8)(DEF)

o, = (1 48 (REP)

In the computaticn +f the numpber of hit: inflicted on a target

from the delivery of N r~unds of naval gunfire ordnance of a certain
type, the .ame distributior 1s as-umed, but the target is not
necessa.1ly con<idered te be at the origin Oxy. The target is
placed randomly within a circle of radius R centered at the origin.
R is designated as the sp.fter's adjustment limit, for it simulates
the spotter's adjustment of the mean point of impact (MPI) of the

N rounds to within come specified distance from the target. R is

an input parameter and can be ~pecitied as zero, if desired, to
simulate perfect «potter ¢ adju-tment.




Letting h and k tepresent the riandomty placed v ind v coopdinates
of the target, in rclacion to the MPL, the SSHI' is represcoted by
the following integrals:

' w 2 2
\ /k+D+S—E htro %fc + }
PZ * I a ('!y J / € l ® ¥y© 1 dx dy

W
;

I€£ 8§~ E, SSHP = P, + P

1f S £ E, SSHP

i
i)

The number of reliable ordnance and, of these, the number of hits
are determined by Monte Carlo sampling.

There are two major sources of dispersions of naval projectiles, '
ammunition dispersion and firing system dispersion. Awmmunition

dispersion is caused by the heterogerneity of awmunit ion, and firing

system dispersion is cauced by crrors in the five control syston

on the ship, Deflection ammunition dispersion, g, , is assumed Lo

be a constant mil error and is an input parameter for ench size of

naval ordnance. Range ammunition dispersion, Tg1s is .. input

parsmster for each size of naval ordnance in 1000 yard increwments.
Deflection and range firing system dispersion, ¢,y and oy2,

are assumed to be constant mil errirs and are input parameters for
each firing system on each ship. The above dispersions are combined
to yleld ox, the total deflection dispersi n and gy, the total range
dispersion as follows:

The angles of fall are input parameters for each size of naval
ordnance in 1000 ysrd increments., Also, the EMD's for each type
of naval ordnance versus each type of point target are inpu!
parameters.,
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f. Point Tyrget Damage Assessment - Damage to point ‘arpetls
is assessed using the ceaditional kill probability concept. For
each ordnance tvpe {both air and nava! gunfire) versus each
target type, the conditional kill probability, that is, the
probability of kill given a hit, is an input parameter. For each
hit or a point target, determined by the aforementioned methods,
Monte Carlo sampling is employed to determine if any of the hits
is a kill.

g. Area Target Hit and Damage Assessment - The mean area of
effectiveness (MAE} for each type ordnance versus each type area
target is an input parameter. The MAE is assumed square, sand
thus, any round of ordnance fslling within (1/2) VMAE of an area
target is considered a hit, covering or killiing some percentage of
the target. This is illustrated in Figure 3 below.
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a=(1/2) VFKE
D = target depth
W = target width
d = ogrdrance hit point
eXf = area cof target killea by thiz hit
(eXf,/(WXD) = percent ct target killed by thi- hit

The number of hit: inflicted on an area targe: from an air delivery
or naval gunfire delivery of N crdnan.e of a certain type is deter-
mined by increasing the dimenzions of th= target cn all sides by
(1/2) VEKE (as shown iz Figure J}) and then employing the same methods
employed for point target:. The only difference 1< that the heights
of area targets are as¢.med to be zero, and thu¢ there is no pro-
jection onto the xy plane due t0 angle o! impact Each hit thus

determined 1t placed randomly 1n the target area (W+ JEKE» K (D+ JEKE),
and the total area covered or killed 1¢ dersrmined by s.mming the areas
covernd by each hit allowing for overlaps Per:ent coverage 1s then
determined by dividing the area :overed by the area of the target. For
each target the per cent coverage nece~--ary ' kill 1he target is an
input parameter IThe target iz recorded a- killed when the per cent
coverage is greater than or equal to the inpul r:quirement

INPUI REC’ 1REMENTS

Input requirement: for the Supporting Arm- Medel can be divided into
two categories . technical data and ouperatiornal drta

Technical data .an be .,pplied by the ', S, Naval Weapons Laboratory.
Such data include tiring ~y-tem di:per-iovn and ammunition dispersion
data for naval guafire di-per-1on data for air released ordnance,
target vulnerability and weapon lethality data tor both naval and

alr delivered ordrance again-t varicus types of targets, etc. These
data are being : mpiled trom Bureas of Orl.ance and Bureau of Weapons
publications and cther (ertinent rechnical reports lhey will be up-

dated as more valid report- become available and as new ordnance are
developed and report~ -tating their characteristics and effectiveness
become available

"user' or "cuctomer' for a

Operational data mu=t be <upplied by the
particular oreraticn cr plan of action Such data include the
number of fire -~upport =hips by type, in the operaticn and the
amount of ammunition b, type on each ship, the number of aircraft,
by type, in the operation and the <tandard ordnance load for each,

intelligence Jata c¢oncerning enemy targets, ete Appendix D is a

12




detailed listing of operational data needed to exercise the model

for operatiornal use. It should be noted that ir addition to the

data in Appendix D, some liaison will be reguired with the 'customer”
prior to computer runs to insure that the protlem ic understood.

RESULTS

The print-out of ever; table at any given timne yields the status

of each element in the game at that time. Fowever. this it both
costly and time consuming. It is for this reason that several tables
are used to summarize oucput. These output table: contain the
following type of information: the total amcunt of each type of

air and naval ordnance expended, the target numbers of "killed"
targets, the amcunt of ordnance expended on each target, the number
of missions flown by each aircraft, etc

As a means of illustration, one output table the Output Storage
Table, is shown in detai! below  The entries (0Sl) 1n this table
are listed chronologicalily, The infermation in this table is
listed for each navel! gunfire and air mission,

OUTP{"T STORAGE TABLE (0S)

0S1 XXXXX Time this mission was initiated
0s2 XXXXX Time this mis<ion was completed
083 XXX Target number ot the target being attacked in

this mission,.

0S4 XXX Firing unit or aircraft number of .he attacking
element . It 1t was 4 naval guntire attack, the
firing unit number 15 reccorded; 1t 1t was an air
«trike, the lead aivcrait number {: recorded

0S5 XXX 2nd aircraft number

[t 1t was an air strike and
0Sé XXX 3rd aircraft number involved more than one air-

craft, the other aircraft
0S7 XXX 4th aircraft number numbers are recorded here,
0s8 XX Ordnance number of the type ordnance delivered,
0S9 XXX Number of rounds delivered during this mission,
0S10 XXX Number of target hits,




0s11 X, XXX The single shot hit probability (SSHP) computed
in the model tor the ordnance delivered during
this mission.

0s12 XX Gun - target range in 1000 yard units if this was
a naval gunfire mis<ion,

0s13 X S:at.e cf the target at the end of this mission

0 - target active.
1 - +arget killed.

It should be noted with emphac (s that this is a st..chastic model,
The results will vary frsm run t» run with the came input data.
Therefore, the results from any single computer run have little
meaning. Sufficient replications of computer runs must be made to
yield a "good" statistical cample and the resulte muet then be
analyzed by statiztical techniques to determine which output

have statistical wignificance., Of cource further analysis must

be made to determine which of the statictically cignificant results
have military signiticance,.

AREAS OF APPLICATION

The versatility of the Supp-r'ing Arm=s Model provides for a wide
variety of studiers and applicatiom=, Several areas cf appli-
cation are described below:

a. Weapons effects studies can be conducted to determine the
effects of varying the wedapons used against a given complex of
targets, Studier of this kind would provide comparison data of
proposed tables of equipment weapon systems allocations versus
operational table: of eq.ipment weapon sy-tem= allocations
Furthermore, one cordnance would be compared with another as to
the effects each would have on a specific target.

b. Studies~ (an be conducted to examine air delivered ordnance
planning factors which have been described in documented con-
tingency war plans or operat.ons orders for actual mount-out of
amphibicus Marine expenditicnary torces [hi~ means that targets
from the intelligence annex and the air support schedule from the
air support annex wculd be played with various ordnance mixes to
determine the expected number of each type reguired for the
operation,

¢, Similar studies cen be conducted to examine naval
delivered ordnance planning factors or a combination of air and

naval ordnance planning tactors.

14




d. Tt is anticipated that a large and comprehensive parameter
study will be conducted to generate prediction equations which will
serve as an aggregated means of assessing the outcome of various
pessible confrontations of naval gunfire elements and air support
elements with a wide variety of target complexes.

PROBLEM SUBMISSION

All problem submissions should be made to the Chief of Naval Operations
(OP-06C), with a copy to Commander, U S, Naval Weapons Laboratory,
Dahlgren, Virginia (Code: KRW),
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GLOSSARY

ALERT AIRCRAFT STRIKE PERIOD - A time period during which ground or
air alert status aircraft are on station and available for immediate
target essignment.

ANGLE OF FALL - The angle between the prcjectile trajectory at
impact and the horizontal or ground plane.

AREA TARGET - In general a target consisting of several elements
(such as a personnel target) whose dimensions are large compared
with the "damage radiys' of the weapon.

DEFLECTION PROBABLE TRROR (DEP) - The distance on each side of the
line passing through the mean point of impact (MPI), paralle. to
the line of flight, which will, on the average, enclose 50 per cent
of the ordnance impacts, It {s assumed the MPT is on the target.

EFFECTIVF MISS DISTANCE (EMD) - The EMD of an ordnance in causing
a gpecified level of damage to a particular target element '3 the
maximum distance from the target which the o.dnance can hit and
cause the specified level of damage. ;

KILL CRITERION - A definition of the minimum damage level which
& weapon must inflict on a target for the target to be counsidered
{ncapacitated.

KILLED TARGET - A target which is at least damaged by the amount
specified by the kill criterfion.

MEAN AREA OF EFFECTIVENESS (MAE)} - The MAE of an ordnance in
causing a specified level of damage to a particular tarzet element
i{s the area over which that ordnance, on the average <« 1{ll cause
the specified damage te the target.

MONTE CARLO SAMPLING - Sampling simulated by the selection ot
random numbers.

ORBIT POINT - A location near the assault area. out ofi the range
of enemy AA fnstallations, where air alert aircrat: urbit while
awaliting target assignments.

PASS - A single run bv one or more aircraft over 4 targe!

POINT TARGET In general, a target consisting of only one element
whose dimensions are small compared with the '"damage radius’ of
the weapon,

e




“RE-PLANNED STRIKE PERIOD - A time period during which pre-plrnned
air strike« occur,

RANGE PROBABLE ERROR (R¥P} - The distance on each side of the line
passing through the mean point of impact (MPI), perpeadicular to
the line of flight, which will, on the average, enclose 50 per cent
of the ocrdnance impacts. It {2 assumed the MPI is on the target.

STRIKE - The pas= or ,erice of passes made bv one or more aircraft
when attacking a target,




]
>4
[
[}
&
»xi
[
R
<




60
61
62
63
64
65
66
67
68
69

70

72
73
74

75

Future Event

Output Conirol
Miscellaneous input

Battle Area

Support Ship Status

Naval Gunfire {aliber

Naval Ordnance Type

Firing Unit

Inactive Targei Descripticn
Anti-aircraft Working Storage
AA Characteristic

T-rget Description

Alrcraft Characteristic

&4/C Ordnance Characteristic

A/C Type 1 Standard Crdnance
A/C Type 2 Standsrd Ordnance
A/C Type 3 Standard Ordnance
A/C Type & Standard Ordnance
Target Aircraft fssignment
Multiple A/C Activation
Preplanned Air Strike

Naval Gunfire Commencement & (essation
Orbit Point Description
Target Type Characteristic
Target Working Storage
Target Coordinate

Alert Alrcraft Time Period

Output Storage

FE

MIT

BA

T
NO

FU

AW

D
AC
AC
S0l

§02

SOG4

TA

PP

Qop

K

TC

AG
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SA EVENTS

15 Qutput

»6 End Game

50 Target Ordaring

31 NGF Ordnance Delivery and Assessment
BY Ship Accivation and Deactivation

53 AAA Gun Availability

54 Target Availability

55 Target Transfer

S6 Airvcraft Selection
57 Target Assignment
58 Target Selection

59 Multiple A/C Ordnance Delivery and Assessment

60 Single A/C Ordnance Delivery and Assessment

¢l Restrictive Fire Plan
62 Airciaft Reactivating
63 Aircraft Removal

64 Preplanned Strikes

65 Aircraft Launching

66 Aixcraft Activation at Orbit Point

67 Target Activation

68 Naval Gunfire Commencement and Cessation
60 Aircraft Activation

70 Orbit Point Activation

71 Ordnance Load Standardizstion

72 Aircraft Time Period Event

Aree Coverage Routine

A/C Attrition Routine
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SUPPORIING AlMS
EVENT FLOW SCHEMAIZIC

Initial Input Target Selection Event
— . 3

and Assessment Event

Target Ordering Event Naval Ordnance Delivery —f:

ment & Cesgation Event

Naval Gunfire Commence-
~—%+ Area Coverage Routine

L r 3

Ship Activation and
Deactivation Event

Target Availability Event

A
[

T X
H* A/C Attrition Routine
Aircraft Time Period T -
Event
T e — AA  Gun Availability Event
Ln%{ Preplanned Sgrike Event f}a,
X " %i Area Coverage Routine '_:ﬁ;
Ordnance Load Standard-
ization Event | ] Single A/C Ordnance Delivery
and Assessment Event
T x
--§{7Target Assignment EFver:
-a{,A/C Attrition Routine —-—1

Target Activaticr Event 1

T AA  Gun Availability Event
-—){ Aircraft Activat-cn C.:ac
1

y. M Acrea Coverage Routine
Orbit Point Acxiva<i 0 -
Event | | Muleiple A/C Ordnance ‘
T Delivery and Assessment
N N Event
r—-a{ Aircraft Launching Evcii*“-J-
T
Aircraft Selection Event Ké““?‘
Alrcraft Reactiva*ion Fveng Jﬂ.
I Restrictive Fire Plan Event ]
Aircraft Removal Evert ]6— ™
—
Airciaii Activation at
Target Transfer Evert Orbit Point Event
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BASIC OPERATIONAL INPUT REQUIREMENTS FOR THE SUPPORIING ARMS MODEL

The following tables are not nececssarily consistent with the listing
in Appendix A. This is because technical data requirements have been
omitted, and some of the remaining tables have been condensed into
one. Sample data have been included i1n thece tables as 4 means of
illustration. 1In the event that some input values are not known,

NWL will furnish these, subject to the "customer's'" concurrence.

a. Assault Area Diagram - (See Tab A) This diagram should
illustrate the assault land and sea area chowing the enemy defensive
area and sufficient sea area to include all gunfire support stations
and aircraft orbit point:. The assault area should not exceed
57 x 57 miles. Aircraft carriers need nct be included in this dia-
gram, However, their distance from thic area shculd be indicated.

b. Support Ship Status Table - (See Tab B.)

c¢. Aircraft Carrier Table - (See TIab C )

d. Aircraft Characteristic Table - (See Tab D )

e, Target Description Table - (See Tab E )

f. Pre-planned Air Strike Perjiod Table - (See Tab F )

g. Naval Guntire Commencement and Ce-sation Table - (See Tab G.)

h, Orbit Point Description Table - (See Tab H )

i. Assault Area Tabl: - (Sce lab | )

j. Naval Ordnance Table - (See Tab 1)

k. Miscellaneous Input Table - (See lab K )

I. Aircratt Ordnance Table - (See Tab L.)




Enemy Logistic Suppert Zone (Zone &)

Enemy General Suppcrt Zonc (Zone 3)

Enemv Direct Support Zone (Zone 2)

Enemy Contact Zone {(Zone 1)

X1 X2 %3 X4 Xg Xq
r] \ ’ ~ / ’
\ el
‘\ \,, N . , Beach ,
Beach Reference Point , N\ V /
A ) 7/ ~ /
/
\
N ’ N /
N\ , o/
/
DOL S
DD
CAl

A/¢C Orbit Point

/ .
voordinates of all fire support ships, orbit points, and the beuach
reference point should be indicated. Jones of responsibility rov vach
ship should be indicated as above, For example, DDI will onlv tive
between x| and xj: CAL will valy fire between x> and x5, PP owill oontdw
fire between x;, and x,. FEach ship will tire inland as far as the ranye
of the weapons aboard vermit., 1t specific coordinates are not viven to
any enemy tarpets, the model has the capability to place tarsets
randomly within their respective zones, However, if this course ot

action {s taken, the width and depth of each of the tour -sones tndi-
cated above must be specitied (see Tab E and Tab 1),




TAB B - Support Ship Status Table

Each fire support ship should be listed according to number {say, DDL,
pp2, . . ., CAl, CA2, . . ., CLl, CL2, . . ., etc.) and the following
information provided,.

Samgle Data

(1) Ship number . . . . , . . . . . . . . . .. CAl
(2) Number of simultanec.s firing missions which 1 8"/55
can be effected by this ship., . . . . . . . 1 5"/38
(3) Number of ro:nds of each type of ammunition 4500 5" HE
on this ship for pre-D-day and D-day, pre-H- 1500 8" HE
hour destr.ctive fires, . ., . . . . . . . . 500 5" Common
~00 8" AP
(4) Initial fire support position for this ship (a)
Second fire stpport position (if any) . . . (b)
Third fire support position (if any). . . . (c)
Fourth fire support position (if any) ., . . D)

(5) Time this ship is to begin destructive fires

at initial position . . . . . . . . . . . . (a)
at second position (if any) . . . . . . . . (b)
at third position (if any). . . . . . . . . (c) .
at fourth position (i{ any) . . . . . . . . (d)

(6) Time this ship is tc end destructive fires

at initial position . . . , . . . . . . . . (&)
at second position (if anv) . . . . . . . . (b)
at chird positien (if any)., . . . ., . . . . (c)
at fourth position (if any) . . . . . . ., . @)

(7) (See Tab A) (o>rdinates of zones of responsi-
bility for this ship

at initial pesition . o . . . . . . . . . . a) 2 to %5

at second position (1f anv) . . ., . . . ., . {(b) ::: to
at third position (if anv), . . . . . . , . () to
at fourth position (if anv) . . . . . . . . (d) ::: to :::

(NOTE: x; and xg should be expressed in
terms of coordinates as well as the zones
of responsibility for the remaining
positions if thev arce -:sed.)

These data can be arvanged in 4 table simi‘ar o the following one.




SUPPORT SHIP STATUS TABLE

) (2) (32 () (5) (6) (...
CAL | I 87/55 (4500 5" HE |(a) (a) (a) (ay ¥, to *q
1 5"/38 |1500 8" HE |(b) (b) () () — to =
500 5" CommJ{c) {(c) {(c) (¢) __to _
400 8" AP |(d) ___ |(d) @ () T
CA2 | - - - - - - - - - [(a) - - (a) - - (a) - - |(a) - to -
N 1SS T RO T e PN (S Sy
(c) - - () - - () - - () - to -
@ - - @-- [@&-~ - @ - -
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TAR C - A/C Carrier Table

Each aircraft carrier and land base should be listed according to
number (say, CVAl, (vA2, . . ., LB, LB2, . . ., etc., whcre LBl
signifies lard base number 1) and the f~llowing .nformation provided.

Sample Data

(1) Carrier ovr LB number , . , . . . . . . . . .. (val
(2) Number of attack A/(, bv type, con this carrier 24 ALE
or land base ., . . . . . 4 v 4 0 v e e .. 24 AbA

(3) Coordinates of this carrier or land base . .,

(4) Time this carrier is available at the above
coordinates to la.nch attack A/C ., . ., . . . . 0700 D~1

These data can be arranged in a table similar to the following one.

A/C CARKIER TABLE

(1) (2 (32 (%)




TAB D - Aircraft Characteristic Taole

Each aircraft should be listed asccording to number (say, A4LEL, AGE2,
. . ., ABAL, AGAZ, . . ., etc.) and the foliowing information provided,

(1) A/C number . . v v v v et e e e e e e e e e e ABAL
(2) Carrier or base this A/C agsigned te . . . . . . CVA2
(3) Orbit point this A/C assigned to (if any, see Tab H) 0P1

Sy (4) Time this A/C available for target assignment or
station assignmen® . . . . . . . . . . . s . . . 0600 D-day
(5) Turn about Cime . . .+ . . & ¢ v ¢« o o 4 o . o . > hours

{p) Standard ordnence loa. on this A/C . . . . . . . 6 Mk 81 Bombs

8 Zuni Rockets
1 Bullpup A

These data can be arranged in a table similar to the following omne.

a/C CHARACTERISTIC TABLE

HON ) (3) () ©) (&

ROAL CVA2 OP1 0600  Deday 3 hrs. & Mk 81 Bombs
& Zuni Rockets
1 Bullpup A

ABA2 - - - - RS - - - A ——

et¢c. ¢+ ¥ ¥y b a e o~




TAB E - Target Description Table

Each target should be listed according to number (say, T1,
. ., 2tc.) and the following informetion provided,

Sample Data
Target number . . . . . . . . . .. . . T1

Target type by name . , , . , e e e . . . . Pillbox

Target width (£€.). . . o« v v o v v e i . . .'\)

I3

These dimensions need nct be
Target depth (ft.) iven for standard targets
g p g g
such as trucks, tanks, etc,

Target height (ft.). . . . . . . . . . . . ,)

Type of fire specified {NGF or Air).

NGF ordnance preferences . lst choice s
. 2nd choice (if any)
. 3rd choice (if any)
. 4th choice (if any)
. 5th choice (1f any)
. 6th choice (if any)
{NOTE: Only those ordnances listed will be
used ageinst the target.)

Maximum number of times to fire for effect
with NGF . . . . ¢ ¢ @ v v v 4 v o W

Coordinates of target (i{f knowm) ., . , . .

{If the coordinstes of the target are not known

the target will be placed randomly in one of the
four zones shown in Tab A, The appropriate zone
should be listed under (10) beiow,)

Depth zone (not needed if target coordinates are
given in {(9) above) . . . . . .

) Target priority . . . . . . . .

Per cent of lethal cover-ge required to "kill"
area target (not needed for point targets). . .

Should target be turned over to air or by~

passed if NGF fires are ineffective (indicate

Air or Bvpass). (Not needed for targets

originally assigned to air under (6) above.), . Air




(34) Minimum number of A/C to be used for an air
strike against this target . . . . . . . .

{15) Maximum number of A/C to be used for an air
strike against this target . . . . . . .

(16) A/C ordnance preferences. . lst choice
2nd choice (if
3ru cheice (if
4th choice (if
5th choice (if
6th choice (if
7th choice (if
8th choice (if
9th choice (it

{Note: Only those ordnances listed will be
against this target.) '

(17) Time this target will be a "kncwn' target .

{Not needed if this target is considered "known"

o w

any)
any)
any)
any)
any)
any)
any)
any)

used

at the beginning of the operation, By inputing
specific times, surveillance acquisition ratees

or enemy build-up rates can be played.)

Samgle Data

4

Bullpup A

Mk 81 Bomb
Mk 82 Bomb
Mk 83 Bomb
Mk 84 Bomb
Zuni Rocket

1000 D-1

Thesedata can be arranged in a table similar to the following one,
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TAR F - Pre-planned Air Strike Period Table

Each pre-planned air strike period should be listed according to
number (say, Pl, P2, . . ., etc.) and the following information

provided,

(1)
(2)

(3}

(4)

(3

Sample ¢
Data

Strike period number . . . . . . ., . . ., .. Fi

Maximum number of Afrcraft to use during

this perice . . . . . . . . . . . . . . ... 20

Time to commence this air strike period (time
at which Afrcraft will be over target area).. 0700 D-1

Target numbers of specific targets to
be attacked T¢
17
T8
T9
T10

(1f specific targets are not listed, the number
of alrcraft listed under (2) above will strike
tergets of highest priority. 1f this course of
ac.fon is taken, the model simulates the assign-
ment of aircraft to existing targets of highest
priority. Since in reality, these assignments
would take place some time prior to the actual
strike based on "known" targets at that time, the
time auch assignments would be made must be
indicated under (5) below.)

Time aircraft will be assigned to targets (not
needed {f specific targets &re listed under
(4) above .

- Sy |

These data can be arranged in a table similar to the following one.

PRE-PLANNED AIR STRIKE PERIOD TABLE

L el -

(1)

(2) (3) (&)

Pl

20 0700 D-1 Té6
T7
T8
T9
T10

©) -

P2
etc.

10




TAB G -~ Naval Gunfire Commencement and Cessation Table

This table ie needed to commence and cesse firing on all active fire
support ships during the pre-D-day aand D-day, pre-H-hour, destructive
fires. 1t provides for ceasing fire on all active fire support ships
during periods of darkness, preplanned air strikes, etc., and then
commencing fire at some later time. The following information should
be provided.

Sample Data

(1) Time to commence NGF, lst period . ., . . . . 0500 p-1
(2) Time to cease NGF, lst period , . . . . . . 1200 D-1
(3) Time to commence NGF, 2nd period . . . . . . 1400 D-1
(4) Time to cease NGF, 2nd peried . . . . . . . 1900 D-1
(5) Time to commence NGF, 2nd period , ., . ., . . 0500 D-day
(6} Iime to cease NGF, 3rd pericd . . . . . . . 0730 D-day
eéc.

These data can be arranged in a table similar to the following one.

NAVAL GUNFIRE COMMENCEMENT AND CESSATION TABLE

1) 0500 D-1
(2) 1200 D-1
(3) 1400 D=1
%) 1900 D-1
(5) 0500 D-day
(6) 0730 D~day
etc,
11




TAB B - Orbit Point Description Table

Each orbit point should be listed according to number (say, OFl, OP2,
. . ., etc.,). The times that air alert aircraft are to be cn station
at each orbit point as well as the number of aircraft for each time
for each orbit point should be provided,

Sample Data
(1) Orbit point number . . . . s+ . .« . 0Pl

{2) Coordinates of this orbit
peint . . . o e 0 e v s 4 e e e 6

(3) Times that air alert air- (a) 0600 D-~1 to 1800 D-1
craft are to be on station (b) 0500 D-day to 0700 D-day
at this orbit point . . . . . . . . (c)

{4) Number of aircraft to be (a) 4
on station at this orbit (b) &
point at the times listed (c)

under (3) above . . . . . ¢ 4 4 e s .

These data can be arranged in a table similar to the following one.

ORBIT POINT DESCRIPTION TABLE

(1) (2) (3) (4)

oPi (a) 0600 D-1  to 180C D-1 (a) 4
(b) 0500 D--day tc 0700 D-day (b) 4
(c) (e) ___

OP2 -- - - (@) - = - === ~-==---- (a) - - - - -
(B) = - ===~ () - - - - -
(¢} === -~ =-=--- () - - =~ -

OP3

etc.

12
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TAB 1 - Assault Area Table

Referring to the assault area diagrams in Tab A, the follewing infor-
mation should be provided.

Sample Data
(1) Beach reference point coordinates . . . . . . . .
(2) Depth of zone 1 (¥dS.) & v « ¢ v v ¢ o o ¢ o o » 2,000 yds,
(3) Depth of zone Z (yd8.) « v v v ¢ v o o o o o + & 8,000 yds,

{4) Depth of zone 3 (yds.) . . &« v v v 4 v v o o « & 15,000 yds.

(5) Depth of zone 4 (¥yds.) . ¢ ¢« v v ¢ ¢« ¢ o ¢ o o 30,000 yds.
(6) Width of zomes 1, 2, 3, and 4 above (yds.) . . . 21,120 yds.

(Dimensions (2) through (6) above need not be listed
if all targets are given specific coordinates.)

These data can be arranged in a table similar to the follcwing one.

ABSAULT AREA TABLE

(1) (2 (3) (4) (5) O]
2,000 8,000 15,000 30,000 21,120
13
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Naval Ordnance Table

Each type of raval ordnance should be listed by type and the following

(1
(2)

(3)

(4)

(5)

(6)
D)

(8)

(9)

information provided,

Samgle Data

Type ordnance . . « 4 & v « v 4 4 o o« « o o ¢« o o 5"/32 Conmon

Number of rounds to fire for effect on point
EATREES v v 4 o v 4 4 e 0 e e e e e e e e e e 12

Number of rounds to fire for effect on area
targets if different from (2) above , . . . .

Estimated number of rounds to adjust on point
LATBELS & & 4 4 v 4 4 e 4 e ks e e e e e e e e 5

Estimated number of rounds to adjust on area
targets 1f different from (4) above , , . . . .

(In items (&) and (5) above, if a specific number
is not available, an interval of values will be
sufficient, for e¢..ample, 3 to 7 rounds.)

Estimated time to adjust on point targets . ., . . 5 minttes

Estimated time to adjust on area targets if
different from (6) above,

Lstimated time to fire for effect on point
targets . . . . . s 4w e v v e e e e e e e e s . 2minctes

Estimated time to fire for effect on area
targets if different from (8) above , , . ., . .

(In items (v} throuwgh (9) above, if specific times
are not available, an interval of time will be

sufficient,)

NAVAL ORDNANCE TABLE

(G OENOENOEN©O) ) (8) )
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3
e
o]
.
L3}
3
.
.‘
=
.

ARG b i O




TAB K - Miscellaneous Input Table

The following miscellaneous informetion should be provided,

Sample Data

(1) Estimated time between fires for effect on
the same target , . . . . . ¢« v v o o + o . 2 minctes

(2) Estimated time between different firing
missions . . . . & 4 4 v 4 4 4w e e e e 4 minutes

(3) Estimated time to transfer target to air
support if NGF fires for eifect are in-
effective . . o . v ¢ v e s e e e e e s e 3-6 minutes
(In items (1), (2), and (3) abhove, if a specific
time is not available, ar interval of time will
be sufficient, for example, 2 to 5 minutes.)
(4) Length of restrictive fire zone (yds.). . . 17,600 yds.

(5) Width of restrictive fire zone (yds.) . . . 3,520 yds.

(6) Time first ground (carrier) alert aircraft
become available If this concept is employed

(7) Number of days in operation prior to and
including D-day . . . . + . « ¢« + . . .

[

(8) Number of fire support ships tor pre-D-day
and D-day, pre-H-hour fires . . . . . . . . 5

(6) Number of attack aircraft for pre-D-day and
D-day, pre-H-bor support . . . . . . . .. 84

(10) Total number of targets . , . . . . . . . . 600
This information can be arranged in a table similar to the following wne.

MISCELLANEOUS INPUT TABLE

Sample Nata Sample Dita
(L 2 minttes () .
(2) 4 minntos (7) 2
(1) J-6 min:toe (8) 5
(%) 17,000 yd.. (9) S0
(5) 3,520 vds. (10) 600

15




TAB L - Aircraft Ordnance Table

Each type of aircraft ordrance should be listed by type and the following
information provided,

Sample Data

(1) Type ordnance . . . « + 4 « o« & o « o « « o« « + o Mk 81 Bomd

{(2) Number delivered per pass point target . . . . . 2
(3) Number delivered per pass area target if
different from (2) above. . . . . . . . + . . . . &

(4) Delivery altit-de - point target . . . . ., . . . 1000 fc.

(5) Delivery altitude - area target if different
from (4) 8bove L L L. . 0 e h e e e e e e e e 2000 ft,

{6) Ordnance delivery speed . . . . . . . . . . . , . 450 Knots
(7) Ordnance DEP. ., . . . . . v o 4 v v v v v s o o & 110 ft.

(8) Ordnance REP. . . . . . . « . « v v o s v o« v .. 185 ft,

(S) Ordnance reliability {(over-all) . . . ., . . . .. .98
A
(1£ specific values for items (7), (8), and (9) are
not known, existing data at NWL will be used.)
(10) Initial strike run alticude . . . . . . . . . .. LaAY tt,
(11) Angle of deliverv with horizental . . , . ., . . . 30
These data can be arr.unged in a table similar to the following ore
ALRURAYT ORDNANCE TABLE
—> o — s — 3 o e -
{12 5] KEH BECI I RGO ECONS WO SN HEII (S8,
Mk &1 Bomb b 4000 ] 2000 ) G0 kes ] LN 18RS R ey 3o
Bullpup A _ - L R U - - f - - - - - - - -
S Zuni Rochet] | U R SR I U S - - . - - -
o
etc,
le 1
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