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official Department of the Army position unless so designated
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USERS' GUIDE FOR THE NUCLEAR FIRE PLANNING AND
ASSESSMENT MODEL II AND RELATED ROUTINES
(NUFAM II GUIDE)

CHAPTER 1
INTRODUCTION

1-1. PURPOSE. The purpose of this users' guide is to document
information pertaining to the application of the Nuclear Fire
Planning and Assessment Model II (NUFAM II) as well as some of its
external support routines. The related Fire Unit/Target Acquisi-
tion Routine (FUNTAR), Target Coverage Routine (TCR), and asso-
ciated graphic plot routines are described in this guide. Other
support programs such as the Subunit Status File (SUSF) routine
and the Nuclear Requirements Extrapolator (NUREX) Model are refer-
enced to appropriate publications.

1-2. BACKGROUND. NUFAM II is an integral part of the Nuclear Re-
quirements Methodology II (NUREM II). The original NUREM was
promulgated in December 1974 by the US Army Concepts Analysis
Agency (CAA) in response to a study directive, Tactical Nuclear
Weapons Requirement Methodology (TANREM), from Headquarters, De-
partment of the Army, Office gf the Deputy Chief of Staff for Op-
erations and Plans (ODCSOPS).c On 31 January 1978, analysts at
CAA coEpleted the Nuclear Requirements Methodology II (NUREM II)
Study.” That study was conducted to fulfill a requirement from
0DCSOPS (letter, DAMO-SSN, 28 July 1977) to refine Army analyses
of tactical nuclear weapons issues.

1-3. NUREM I1 ANALYSES. The NUREM II processes include, in part,
a conventional war game and nuclear combat sample analyses. An
overview of the NUREM II approaches was published in the NUREM II
Study report. There is no prescribed procedure for conducting the
conventional war game. However, the chosen procedure should have
no larger than daily game intervals to facilitate determination of
the time at which tactical nuclear weapons should be employed.
Additionally, the conventional war game should have resolution to
at least brigade- and division-size units. This level of resolu-
tion is needed to define and reflect changes to unit locations
with respect to population centers and terrain, distributions of
military personnel and equipment, quantities of military personnel
and equipment, and the forward edge of the battle area (FEBA).

The conventional war game used in developing NUREM II was TARTARUS
IV. The use of the TARTARUS IV war game is exp19ined in the
TARTARUS IV N/COCO Players and Technical Manual.” Models and rou-
tines used in the nuclear combat sample analyses include the SUSF
routine, FUNTAR, NUFAM II, and the TCR. The relationships of
these programs are depicted in Figure 1-1.

1-1
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a. SUSF Routine. Once the time for employing tactical nuclear
weapons has been selected, it is necessary to convert the battle-
field representation of units (brigades or divisions) to subunits
normally representing company-size elements. Based on a series of
stylized arrays, assembled on the basis of the conventional war
game, the SUSF routine creates a data file which defines all com-
pany-size maneuver, support, and nuclear-capable subunits under
consideration. Up to 5,000 subunits can be defined to represent
both sides on a hypothesized battlefield. This file can be modi-
fied to reflect terrain orientation of the subunits. The file
created by the SUSF routine is normally in the form of a tape
known as the SUSF data file--an input to FUNTAR. The SUSF routine
requires approximately 60K words of computer main memory for exe-
cution. Explanations and guides for the applications of the SUSF
routine can be found in the Appligations Guide for the Subunit
Status File and Related Programs.”

b. FUNTAR. In order to complete the description of the bat-
tlefield for nuclear applications, the FUNTAR program assimilates
and updates the SUSF with additional data. FUNTAR logic processes
the input data provided by the SUSF, target acquisition, and the
weapons yield files to create a file of specific firing subunits
and subunits which are detected as potential nuclear targets.
This output data file is normally in the form of a tape known as
the FUNTAR data file which is an input to NUFAM II. The FUNTAR
requires approximately 63K words of computer main memory for exe-
cution. Explanations and guides for the applications of FUNTAR
are given in Chapter 2.

c. TCR. This off-line routine was incorporated as part of the
methodoTogy during the NUREM II development. The TCR provides a
listing of potential weapons system/yield combinations which are
preferred for use against specific type targets. The selections
are based on a predetermined required level of target coverage and
damage by tactical nuclear weapons. The TCR logic compares each
weapons system/yield combination to each type target by zone.
Zones are defined as bands parallel to the FEBA. The routine
logic considers such functions as range, radius of effects, circu-
lar error probable (CEP), target location error (TLE), and target
size. The output is a listing of the expected percentage of cov-
erage by target type, zone, weapons system, and yield. The off-
line relationship is preferred because it permits a user to review
the results before application to NUFAM II. The TCR output should
be reviewed against the current targeting doctrine and constraints
to determine firing preference statements for use with the fire
planning and assessment data file. The TCR requires approximately
10K words of computer main memory for execution. Explanations and
guides for the application of the TCR are in Chapter 3.

1-3
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d. NUFAM II. NUFAM II logic simulates tactical nuclear ex-
changes by performing detailed fire planning and damage assess-
ments which are based on information provided by the FUNTAR data
file and the fire planning and assessment data file. The latter
file allows the model logic to respond to predetermined civilian
collateral damage constraints for targets of opportunity and to
estimate the number of civilians placed at risk. Other informa-
tion provided by this data file allows the model to simulate: (1)
varied targeting techniques, (2) types of weapons, (3) weapons
system/warhead combinations, (4) guidances of commanders, (5) pro-
tective postures of personnel, and (6) target aggregations and
offsets of desired ground zero (DGZ). At the conclusion of the
simulation, the model provides information on numbers of nuclear
warheads expended, personnel casualties, equipment damaged, and
other selected information. Fixed targets when defined in the
SUSF can be assessed. On a large scale, the output of NUFAM II
can be coordinated with other models, such as the Flexible Opera-
tional Resolutéon of Combat Air, Strategic and Tactical Model II
(FORECAST I1),° to address more comprehensive assessments of fixed
targets. The quantitative outputs of NUFAM II form a part of the
nuclear combat sample for a representative engagement over a vari-
able period of time by two opposing forces arrayed in specific
conditions. These nuclear combat samples must be converted to
combat sample results through qualitative analysis whenever used
as a method of evaluation in a study. NUFAM II requires approxi-
mately 65K words of computer main memory for execution. Explana-
tions and guides for the applications of NUFAM II are presented in
Chapter 4.

e. NUREX. Two methods are provided by NUREM II to extend the
number of nuclear strike applications. First, the nuclear combat
sample results from one or more iterations of NUFAM II can be ex-
trapolated by using the NUREX Model (see Vol IV, Reference 2).
Second, the NUREM II processes can be recycled by transiating the
combat sample results of the first iteration to impact on an ex-
cursion with the conventional war game or simulate additional nu-
clear strikes without an intervening conventional war game. After
NUFAM I1 has been used repeatedly for all sectors of the hypothe-
sized battlefield, a spectrum of simulations and associated combat
sample results are prcduced. Either a capabilities or a require-
ments analysis, usually at theater-level, can be performed at that
time.

1-4. ASSUMPTIONS. As a part of the NUREM II, NUFAM II processes
are based on the following assumptions:

a. Actions within a combat sample are independent of actions
within other combat samples.

1-4
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b. Military subunits can be placed in geometric arrays which
are representative of conditions on a hypothesized nuclear battle-
field. The arrays can be terrain-oriented and can incorporate
fixed targets.

Cc. Military personnel and equipment (usually resolved to com-
pany-level subunits) can be uniformly distributed within rectan-
gles for assessment purposes.

d. Movement of subunits on the stylized battlefield can be ap-
proximated by:

(1) Updating locations for arrayed subunits (revising the
SUSF data file).

(2) Applying computed target Tocation errors.

(3) Simulating the loss of potential targets of opportunity
(detected subunits).

e. The assessment of damage by a detonated nucliear round can
be estimated by circle/rectangle overlap calculations. The per-
centage of the target rectangle which is overlapped by the effects
circle corresponds to the percentage of the personnel or equipment
losses assessed against the subunit.

1-5. APPLICATIONS. As a part of the NUREM II processes, NUFAM II
is used to conduct the following types of analyses:

a. Requirements. In a requirements analysis, NUFAM II logic
draws from an unconstrained stockpile of warheads during the fire
planning and warhead launch processes of the simulation. The num-
ber of rounds expended to achieve a predefined goal can be used to
determine nuclear requirements for a specific scenario.

b. Capabilities. In a capabilities analysis, NUFAM Il logic
draws from a specified number of warheads during the fire planning
and warhead launch phases of the simulation. The number of rounds
expended are accounted for during the simulation. Based on the
results of the simulation, the capabilities of the specified num-
bers and distributions of warheads can be determined for a spe-
cific scenario.

A

1-5
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CHAPTER 2
FIRE UNIT/TARGET ACQUISITION ROUTINE (FUNTAR)

2-1. GENERAL. The FUNTAR updates the SUSF to generate a FUNTAR
data file for input to NUFAM II. The FUNTAR data file provides
the same basic information as the SUSF plus descriptive informa-
tion concerning nuclear-capable firing subunits and potential nu-
clear targets. FUNTAR logic accomplishes this by applying simula-
tions of the following three broad functions to the SUSF, weapons
yield, and target acquisition data files. A logic flowchart for
FUNTAR is shown in Appendix A.

a. Weapons System and Firing Subunit Identification. Nuclear-
capable weapons systems are identified by side, range, and loca-
tion. The FUNTAR also collates the weapons systems with the
nuclear-capable firing subunits, the numbers of type warheads, and
available yields.

b. Assignment of Subunits to Zones. Subunits in the SUSF are
assigned by the FUNTAR logic to one of four target detection zones
based on the shortest normal distance from the center of the sub-
unit to a series of line segments representing the FEBA. The four
zones, identified in terms of distances from the FEBA, are estab-
lished in the target acquisition data file. These zone distances
are used as a basis for the selection of potential targets.

c. Selection of Potential Targets. Al1 subunits of a given
type designation within each target detection zone are considered
for selection as potential targets. The FUNTAR simulates the net
effects of the target detection process by applying given prob-
abilities of detection for the two opposing forces, by type sub-
unit and zone, using the expected value technique. Probabilities
of detection are expressed as cumulative acquisition levels. In-
tervals (multiple cycles) and cycles from 1 to 24 hours can be
simulated. The probability of detection assumef evaluated target
information. Either Percent of Knowledge (POK)® values produced
by the Office of the Assistant Chief of Staff for Inlel]igence or
Probability of Operational Target Acquisition (POTA)™ data devel-
oped by CAA represents an acceptable format for the application of
target acquisition factors in FUNTAR. Other probabilities of de-
tection are usable when the aggregated expressions are based on:
(1) functions of target acquisition effectiveness for each force,
(2) the type and vulnerability of subunits under surveillance, and
(3) the locations of subunits to be detected with respect to the
FEBA. In FUNTAR, subunits detected in a previous interval are re-
tained on the potential target 1ist for the current interval.

2-1
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Subunits which have been moved by off-line operations between in-
tervals are subjected to revised expected values for detection.
Detected subunits will be identified in the FUNTAR data file for
possible selection as targets in NUFAM II. The following descrip-
tors apply to such subunits:

(1) Perceived location based on input values for error in
distance and direction from the actual location.

(2) Flee time--a predicted time at which the potential tar-
get is assumed to be lost for fire planning and warhead launch
purposes.

(3) Location by side and zone.

(4) Priority for targeting based on predetermined input
data.

(5) Time the potential target was detected based on random
selection.

2-2. LIMITATIONS. The FUNTAR has the following limitations:

a. The routine does not simulate individual target acquisition
systems. Introduction of a new target acquisition system would
require separate evaluation of probabilities of target detection
prior to application to FUNTAR.

b. Flee time is computed from time zero and influenced by a
random factor. This time can preclude fire planning but the ac-
tual location of the subunit does not change before assessment in
NUFAM II.

c. Quality of intelligence is assumed to be such that the po-
tential target size is known for each detected subunit.

d. Programing changes are required to alter the following data
element limitations:

(1) Two sides (Red and Blue).
(2) Four target zones in depths from the FEBA.
(3) Fifty FEBA points for the combat sample.
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(4) Ten types of nuclear delivery systems per side.
(5) Five nuclear yields per delivery system.

(6) Nine launchers/artillery pieces/aircraft per firing
subunit.

(7) One type of delivery system per subunit.

2-3. WEAPONS YIELD DATA FILE. This file provides the basic wea-
pons data for the FUNTAR logic to correlate the firing subunits in
the SUSF with the appropriate weapon systems and warhead yields.
Further, these data control the quantities and yields of warheads
available for use in the simulation. An unclassified version of
this file is stored in the CAA computer (UNIVAC 1108) under file
and element name UNCLASSIFIED*88DATABASE.TARYLDFLE. A classified
version of this file is stored in SECRET*80DATABASE.FUNTARYLDFLE.
Read/write keys are required to gain access to the classified
file. An unclassified sample of this type of file is shown in Ap-
pendix B while detailed information and instructions for its prep-
aration are shown in Appendix C.

2-4. TARGET ACQUISITION DATA FILE. This file provides the basic
information required by the FUNTAR to simulate the target detec-
tion process. These data consist of probabilities and tables re-
quired to make the decisions for selection of potential targets as
described in paragraph 2-1c, above. An unclassified version of
this file is in the CAA computer under file and element names
UNCLASSIFIED*88DATABASE.TARINDATA. A classified version of this
file is stored in SECRET*80DATABASE.FUNTARINDATA. Read/write keys
are required to access the classified file. An unclassified
sample of this type file is shown in Appendix D. Seventeen dif-
ferent types of entries are required to create this data file
which is made in a punch card format. Detailed information and
instructions for the preparation of this file are shown in
Appendix E.

2-5. FUNTAR USERS' RUNSTREAM. The FUNTAR is executed at CAA on
the UNIVAC 1108 computer. The FUNTAR users' runstream is a set of
computer control statements which will initiate the FUNTAR and in-
struct the computer to perform certain required sequential ac-
tions. Therefore, the runstream discussed in this guide is appli-
cable only to UNIVAC systems. The current file element whicii con-
tains the runstream to execute FUNTAR is START*80RUN.FUNTARRUN.
Appendix F depicts the contents of this runstream element. Items
underlined in the runstream must be replaced with the appropriate
information for the particular execution desired by the user. De-
sired options should be entered with the "XQT" (execute) statement

2-3
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of the runstream. A combination of two options is permitted. The
first option may be either "T" or "K"; Option "T" denotes that
target detection probabilities will be in the format of POTA val-
ues. "K" denotes values in the POK format. The second option may
be either "A" or "B"; Option "A" produces a potential target list
on which a given subunit is listed once, regardless of the number
of detections. For Option "B," the potential target list includes
repeated detections of a given subunit. After the runstream and
data files have been created or updated, only four card images are
required to execute the FUNTAR from a demand mode. An example of
these card images is as follows:

@RUN A180,E1821P7167 ,UNCLASSIFIED
@ASG,A START*80RUN

@START START*80RUN.FUNTARRUN

@FIN

2-4
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CHAPTER 3
TARGET COVERAGE ROUTINE (TCR)

3-1. GENERAL. The TCR logic simulates a portion of the fire
planning process by determining feasible weapons/yield combina-
tions based on required target coverage and levels of damage.
Certain characteristics of the weapons system, warhead, and target
are taken into consideration. Coverage is determined by the cir-
cular areas of effects overlapping circular targets which are
equivalent in area to typical type subunits defined in the SUSF.
The TCR provides a listing of the expected percentage of coverage
by target type, zone, and weapon. The user selects desired infor-

mation for incorporation in the fire planning and assessment data
file.

3-2. TCR CALCULATIONS. The TCR program calculates the percentage
of target coverage by comparing the distance (D) between the esti-
mated center of the target (C;) and the estimated ground zero (GZ)
with the target radius (Rt) and the radius of effect (R,). The
estimated center of the target is obtained by measuring the TLE
from the center of the location where the target was detected
(CL). The estimated ground zero is obtained by measuring a CEP
d1stance from the center of the detected location of the target.
The target coverage is considered in four different cases by the
TCR logic.

a. Case 1. The distance between the estimated center of the
target and the estimated ground zero is greater than or equal to
the sum of the target radius and the radius of effects. There is
no overlap in this case as shown in Figure 3-1.

b. Case 2. The distance between the estimated center of the
target and the estimated ground zero is less than or equal to the
difference between the radius of effects and the target radius.

The target in this case is completely overlapped by the circular

area of effects as shown in Figure 3-2.

c. Case 3. The distance between the estimated center of the
target and the estimated ground zero is greater than the normal
distance (X) from the estimated ground zero to a Tine (Y) connect-
ing the two points where the target circle and the area of effects
circle intersect. The overlap in this case is less than fifty
percent of the target area as shown in Figure 3-3.

3-1
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\\ CEP

CEP = circular error probable GZ = estimated ground zero

CL = center of detected target Re = radius of effect
Tocation t = radius of target

Ct = center of estimated target TLE = target location error
location

D = distance between CT and GZ

Figure 3-1. TCR Calculations--Case 1 (Dz(Rt+Re))
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CEP = circular error probable GZ

CL = center of detected target Re
location Rt

Cr = center of estimated target TLE
location

D = distance between Cy and GZ

Figure 3-2. TCR Calculations--Case

et v e e,
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estimated ground zero
radius of effect
= radius of target

target location error

(D<(Rg-Ry ) )
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CEP = circular error probable Re = radius of effect
CL = center of detected target Ry = radius of target
location TLE = target location error
Ct = center of estimated target X = normal distance from GZ to Y
location Y = line connecting points of
D = distance between Cy and €Z intersections
GZ = estimated ground zero
Figure 3-3. TCR Calculations--Case 3 (D>X)
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d. Case 4. The distance between the estimated center of the
target and the estimated ground zero is less than or equal to the
normal distance (X) from the estimated ground zero to a line (Y)
connecting the two points where the target circle and the area of
effects circle intersect. The overlap in this case is greater
than or equal to fifty percent of the target as shown in
Figure 3-4.

3-3. LIMITATIONS. TCR has the following limitations:

a. Targets are approximated by circles as opposed to the rec-
tangular figures in the SUSF, FUNTAR, and NUFAM II.

b. Target coverage plannings for the opposing forces are not
simulated at the same time. Two different executions of the rou-
tine have to be conducted to obtain information for both sides.

c. Only four target detection zones are considered and only
one CEP value is allowed for each simulated weapons system fired
into each zone.

d. Only four personnel protective postures are considered as
opposed to the five postures allowed in NUFAM II.

3-4. TCR INPUT DATA FILE. The input data required by the TCR
consist of the desired percentage of target coverage, numbers of
delivery systems, CEP of delivery systems, effects radii, types of
targets, target radii, and error distances. An unclassified ver-
sion of these data is stored in UNCLASSIFIED*88DATABASE.TCRDATARED,
and an unclassified sample of this file is shown in Appendix G.
Instructions for the preparation of these data are given in
Appendix H.
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CEP = circular error probable Re = radius of effect
CL = center of detected target Ry = radius of target
location TEE = target location error
Ct = center of estimated target X = normal distance from GZ to Y
location Y = line connecting points of
D = distance between Cy and GZ intersections
GZ = estimated ground zero
Figure 3-4. TCR Calculations--Case 4 (D<x)
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3-5. TCR USERS' RUNSTREAM. The following runstream will execute
the TCR in the demand mode on the UNIVAC 1108 computer at CAA.
Items underlined in the runstream must be replaced with the appro-
priate information for the particular execution desired by the
user.

@RUN A180,E1821P7167 ,UNCLASSIFIED
@ASG,A BBTCR.

@ASG,A 88DATABASE.

@ASG,UP 88PRT.

@BRKPT PRINTS$/88PRT

@XQT 88TCR.ABS

@ADD 88DATABASE.TCRDATARED
@BRKPT PRINTS

@FREE 88PRT.

@SYM,S 88PRT.,,PR

GFIN

3-6. TCR OUTPUT DATA. A typical output of this routine is shown
in Figure 3-5.
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COVERAGE OF RED WEAPONS oN BLUE TARGETS
CUTOFF = ,500

TARGET MRCD

IONE WEAPON COVERAG Y YIELD
1 I 1618 1,000 I

}
1 2 1000 1,000
1 k) 68 1,000
] 4 1000 1,000
1 ) 579 1,000 1.000 1,000 1000
] & 1.000 1.000 1.000
) 7 1566 «885 1000 1.000
] '] 0652 1,000 1.000 1.000 1000
1 9 1+000 1+G00 1000 1,000 1+000

RECOMMENDED WEAPQON/YIELD IS 1/ 1

10NE WEAPON COVERAGE BY YIELD

2 1 v520 1.000

2 2 1000 1,000

2 k] 547 1000

2 4 1.000 1.000

2 S 0554 1,000 1.000 1,000 1000
2 6 1.000 1,000 1000

2 7 0532 857 1.000 1.000

2 8 162 1+000 1,000 1.000 1+000
2 9 1000 1,000 1.000 1.000 1000

RECOMMENDED WEAPON/YJELD IS 1/ 1

ZONE WEAPON COVERAGE BY YIELD

3 | 43 1.000

k] 2 1000 1.000

3 b | 425 1,000

J 4 «000 +000

J ) e53) 1000 1.000 1.000 1000
k] 6 1,000 1007 1000

J 7 «504 e8¢ 1.000 1,000

3 ) 0594 993 1000 1,000 1.000
3 9 1000 1000 1,000 1,000 1000

RECOMMENDED WEAPON/YJELD IS 1/ 2

ZONE WEAPON COVERAGE BY YIELD

4 | «000 000

4 2 «000 +»000

4 ) 027) 1.000

4 L] «000 +000

4 5 472 1,000 1,000 1,000 1000
4 6 1000 14000 1.000

'] 7 428 0759 1000 1.000

4 8 519 955 1000 1,000 1000
4 9 «98) 1+0Q0 1+0Q0 {.000 1+000

RECOMMENDED WEAPON/YELD IS 3, 2

Figure 3-5. Sample Qutput of Target Coverage Routine (TCR)
(each column under "Coverage by Yield" represents a percentage
of coverage for one of five yields per weapons system)
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CHAPTER 4
NUCLEAR FIRE PLANNING AND ASSESSMENT MODEL II (NUFAM II)

4-1. GENERAL. The NUFAM II program simulates combat action over
a discrete portion of a tactical nuclear battlefield. Model logic
applies two-sided, discrete event, Monte Carlo gaming techniques
to a combat sample (normally a Blue corps with opposing Red
forces) to simulate tactical nuclear exchanges. Typical NUFAM II
simulations might consist of a Blue corps defending against an at-
tacking Red army. A logic flowchart for the model events is shown
in Appendix A. The seven discrete events in NUFAM II are gener-
ated continuously. These events are scheduled at specified simu-
lation times and executed within the framework of the model logic.
The NUFAM II events are: (1) target of opportunity, (2) immedi-
ately available target, (3) preplanned target, (4) fire, (5) flee,
(6) graphics, and (7) conclusion. At a given simulation time, all
scheduled events are tested for currency. Current events will be
accomplished prior to the advancement of simulation time. Also,
these events will be tested for certain predefined or model gener-
ated conditions which can create a conclusion event to terminate
the execution of the model. NUFAM II logic performs the simula-
tion by applying the input data from the FUNTAR and the fire plan-
ning and assessment data files to accomplish the following three
broad functions:

a. Fire Planning. Simulation of the fire planning function is
accomplished in two separate operations--control of battle scope

and intensity and nuclear fire order generation.

LR A

(1) Control of Battle Scope and Intensity. The primary
method of controlling the scope and intensity of the nuclear ex-
change is through control of the autom:tcod selection of potential
targets of opportunity. The user determines the numbe. and type
of subunits input into the SUSF and uitimately into the FUNTAR.
The target detection parameters, selected by the user and applied
through the FUNTAR logic, control the number of potential targets
from among the SUSF subunits. The number of selected potential
targets implicitly controls the number of nuclear shots the model
logic will attempt to generate against the available set of tar-
gets. The second method for controlling the scope and intensity
of the nuclear exchange is by user introduction of preplanned tar-
gets. Examples of such targets are those selected off-Tine when
simulating the preclusion-oriented method (POM) of targeting.

(a) Target of Opportunity Event. NUFAM II logic treats
the potential target 1ist furnished by the FUNTAR data file as a
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time-sequenced list of external events. A target of opportunity
event will be generated using predetermined priorities and detec-
tion times. The model logic will perform detailed fire planning
within Timits based on predefined parameters. Additionally, the
model logic will attempt to aggregate acquired targets (within
predefined target priorities) in the vicinity of the primary tar-
get wnenever prescribed military effects can be assured without
reducing the specified level of expected damage to the primary
target pelow a set goal. Related logic will then offset the DGZ
from the primary target, as necessary, to meet civilian collateral
damage and troop minimum safe distance (MSD) constraints. As a
result of fire planning, other events can be generated. A poten-
tial target can be cancelled for varied reasons before the simu-
iated warhead is launched. These reasons are described in para-
graph 4-3b.

FUNTAR data file have a simulated flee time. If a fire event can-
not be generated during fire planning or the fire event execution
time is later than the "flee" time, the decision logic of the mo-
del does not allow a nuclear shot to be delivered against that
primary target of opportunity.

(b) Flee Event. All potential targets furnished by the

(c) Preplanned Target Event. This is an external, time-
sequenced event (gamer specified DGZ). Preplanned targets can be
used to strike specific fixed targets or to support preclusion-
oriented targeting techniques. The gamer considers troop safety
and civilian collateral damage avoidance when selecting the DGZ
and weapons system/warhead compinations. The model logic will
generate a fire order. However, target aggregation and DGZ off-
sets will not be attempted. The model logic will not cancel shots
for these targets as a result of estimated civilian collateral
damage or loss of target acquisition (flee event). Preplanned
targets will be cancelled because of unavailable weapon systems or
insufficient quantities of warheads.

(d) Graphics Event. As an option, gamers can use computer
graphics in an interactive mode with the NUFAM II processes. In
essence, the battiefield "snapshots" are generated at either pre-
defined simulation times or model events. The gamer may receive
or enter information by means of a cathode ray tube (CRT) and can
influence subsequent decisions made by the simulation. After
gamer adjustments, controls are returned to the model logic. The
gamer can use the CRT display in the following two graphics modes:

1. Zoom-in Mode. The user can zoom in on a small por-
tion of the battlefield (e.g., a battalion sector) to -interac-
tively observe specific targets. The CRT graphically represents
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targets of opportunity (rectangles), preplanned targets (triangles),
nuclear shots (circles), combat ineffective military subunits (X),
and civilian population centers (pentagons). Using this informa-
tion, the gamer can accept, modify, or cancel a previously gener-
ated fire order. The fire order can be modified by displacing the
DGZ and/or selecting an alternative weapon and/or yield. The user
cannot generate a new fire order.

2. Zoom-out Mode. The user can zoom out to a larger
portion of the battlefield (e.g., brigade, division or corps sec-
tor) to observe the overall situation. The user can determine
geographic areas in which proposed nuclear shots should be can-

celled or modified and review the ibcations of nuclear shots.

(2) Nuclear Fire Order Generation. The number of generated
fire orders is controlled by the input data and model events which
are interrelated as shown in Appendix A. The following activities
can occur as a result of a fire order:

(a) Fire Event. Based on a series of decision rules, the
model logic automatically attempts to generate fire events. To do
this, model logic must first allocate a specific firing subunit,’
weapons system, and nuclear warhead for use against each target.
This determination is governed principally by the characteristics
of the weapons systems, target/weapon system distances, target/
warhead preferences, MSD constraints, and civilian collateral dam-
age avoidance criteria.

(b) Immediately Available Target Event. If a scheduled
shot cannot be delivered (i.e., if the firing subunit is made com-
bat ineffective by the opposing forces or the weapon system fails
reliability tests), the model logic will attempt to locate another
firer and generate a new fire order. This action develops a model
event known as an immediately available target.

b. Damage Assessments. The model logic estimates damage in-
flicted on the subunits and fixed targets on the hypothetical
battlefield by simulating the launch and detonation of each nu-
clear warhead. System set-up time and reliability, as well as
command and control efficiency, govern the launcher respcnses.

The CEP values further compound the uncertainties in the location
of the actual ground zero (AGZ) when compared to the actual loca-
tion of the targeted subunit. Damage to both the targeted subunit
and all other fixed or mobile elements that are within the weapon
effects area are measured through circle/rectangle overlap calcu-
lations. The extent to which each of several particular effects
radii overlap the stylized rectangles, which represent the uniform
distributions of personnel and equipment in subunits, is computed
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as a percentage. The numbers of lost personnel and damaged equ ~ment
are then directly proportional to these percentages. Results of
nuclear strikes on military subunits are described in terms of im-
mediate permanent and immediate transient casualties, military equip-
ment damaged, and combat ineffective subunits. Levels of damage

to fixed targets (points) are commensurate with the associated ra-
dii of effects for the given type targets provided the target lo-
cations fall within the ares of effects for the detonated weapon.

(1) Military Personnel Losses. Two effects radii for as-
sessing military personnel losses are permitted. Normally, imme-
diate permanent and immediate transient casualties are assessed.
Double counting is avoided by automatically subtracting the number
of immediate permanent casualties from the immediate transient.
Casualties against each of the five protective postures given in
FM 101-31-2 are assumed to provide the total loss estimates.

(a) Immediate permanent casualties (8,000 rad) are pro-
duced against personnel in designated postures. Affected person-
nel will be incapacitated within five minutes of exposure and, for
physically demanding tasks, will remain incapacitated until death.
Death will occur in from one to two days.

(b) Immediate transient casualties (3,000 rad) are pro-
duced against personnel in designated postures. Affected person-
nel will be incapacitated within five minutes of exposure and will
remain so from 30 to 45 minutes. Personnel will then partially
recover but will be functionally impaired until death. Death will
occur in from four to six days.

(c) Personnel exposed to Tatent lethality (650 rads) are
not counted because of the time delay before combat ineffective-
ness is manifest.

(2) Combat Ineffectiveness ("“broken" subunit). When the im-
mediate permanent and immediate transient casualties combined
reach a predetermined level for subunits, those subunits which
have excessive casualties are flagged as combat ineffective. When
firing subunits are so affected, those subunits are precluded from
carrying out scheduled fire missions or receiving additional
orders. A different cutoff level can be input, by side, to simu-
late the reactions of defending or attacking forces.

(3) Military Equipment Damage. The assessment process for
equipment damage is essentially the same as that for personnel
loss assessments. However, the hypothetical size of the subunit
can be different for the two types of assessments, and the radius
of effects circle varies to relate the nuclear effects of a spe-
cific warhead to the hardness of the equipment being assessed.
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of effects circle varies to relate the nuclear effects of a spe-
cific warhead to the hardness of the equipment being assessed.

(4) Multiple Target Damages. During the damage assessment
process, the distance from the center of each potential target in
the data base to the AGZ of each shot is computed. If that sepa-
ration distance is greater than the "largest" effects radius, the
damage assessment process is not executed for that target. Other-
wise, the calculations are performed as described above.

c. Civilian Collateral Damage. Based on a series of decision
rules and the population data base, the model logic will observe
civilian collateral damage avoidance criteria and predict the num-
bers of civilians placed at risk during the fire planning phase.
Civilians placed at risk will be assessed after the AGZ has been
determined.

(1) Collateral Damage Avoidance. The model logic accepts
avoidance radii for particular warheads and yields. Normally, all
civilians are assumed to be in the basements of one-story masonry
buildings in an urban environment. Radii are selected to avoid
five percent occurrence of hospitalizing injuries when predicted
by the governing blast, thermal, or radiation values. Shots are
cancelled if, after attempting to offset the DGZ and still attain
prescribed damage to military subunits, civilian collateral damage
avoidance constraints cannot be observed. Preplanned fires, which
are preevaluated off-l1ine by gamers, are exceptions to this logic
and are not cancelled automatically.

(2) Prediction of Civilians At Risk. Generally, the blast
and radiation radii for each nuclear warhead and yield are aug-
mented by a safety distance (e.g., 2 CEP) in order to predict the
number of civilians placed at risk. Population centers (repre-
sented as circles) containing more than a preselected number of
inhapitants are chosen for avoidance of all but a small percentage
of the civilians being placed at risk. These automated risk pre-
dictions are made only for target of opportunity events.

(3) Assessment of Civilians At Risk. For each delivered
simulated round, an assessment is made of the numbers of civilians
placed at risk. The 2-CEP distances, which were added for predic-
tions, are removed, and the blast, thermal, and radiation radii
are applied from the AGZ. The total assessment is based on the
highest of the figures assessed--blast, thermal, or radiation--and
a combined cumulative total for all firings.

(4) Population Distribution. A population data base is es-
sential for the NUFAM II fire planning process. The data, when
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used in NUFAM II, must depict population areas in terms of Pg
circles (the area in which approximately 95 percent of a popu?a-
tion cluster can be found) with an associated population value and
geographic coordinates. When, for example, more than one circle
is needed to cover the built-up area of a city, the population is
divided among the Pgg circles for that city. The fine-grain popu-

latiog data base for the Federal Republic of Germany is frequently
used.

4-2. LIMITATIONS. The NUFAM II has the following limitations:

a. The model Togic does not simulate firing of multiple shots
against a single target of opportunity. However, multiple shots
can be fired as preplanned targets.

b. The model logic does not account for the replacement of
personnel or equipment during a simulation period.

c. The model logic does not consider the effects of rainout or
fallout.

d. The model logic does not assess casualties for cumulative
doses; assessments are Yimited to two individual dose levels.

e. The model logic does not allow the generation of new fire
orders while in the interactive mode.

f. Significant programing changes are required to alter the
dimensions for the following data elements:

(1) One hundred brigade- or division-size units on the
battlefield.

(2) Two sides (Red and Blue).

(3) One hundred types of subunits.

(4) Four target zones in depth from the FEBA.

(5) Ten types of nuclear delivery systems per side.
(6) Five nuclear yields per delivery system.

(7) Nine launchers/artillery pieces/aircraft per firing
subunit.

(8) Five personnel protective postures.
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(9) Fifty FEBA points.

g. Minor programing changes are required to alter the follow-
ing data element limitations:

(1) 5,000 subunits on the battlefield.
(2) 1,000 nuclear fire orders per side.
(3) 60 sets of damage assessment radii.

4-3. FIRE PLANNING AND ASSESSMENT DATA FILE. The fire planning
and assessment data file is the prime input data to NUFAM II.
This file provides the model with the required information for
firing guidance, employment constraints, weapon and warhead bal-
listics, and warhead terminal effects. An unclassified version of
this file is stored in the CAA computer under file and element
names UNCLASSIFIED*88DATABASE.NUFAMDATA. A classified version of
this data is stored in SECRET*80DATABASE.NUFAMINDATA. Read/write
keys are required to access the classified file. An unclassified
sample of this information is in Appendix I, and instructions for
preparing this file are shown in Appendix J. The fire planning
and assessment data file consists of the following data subsets:

a. Firing Guidance of Commanders. This subset enables the
user to control the intensity of the nuclear exchange. The input
parameters for target selection determine the number of detected
subunits to be selected for nuclear fire planning. These parame-
ters include target selection period, firing period, lowest prior-
ity of target to be considered, maximum number of targets to be
considered, and maximum target distance from the FEBA.

b. Fire Planning Data. This data subset provides the model
with preferred weapons system/yield combinations based on existing
doctrine and constraints. Selection of preferred weapons system/
yield combinations for a particular type target is based in part
on the percentage of coverage provided by the Target Coverage Rou-
tine. Any given preference statement provides up to five weapons
system/yield combinations in order of preference. Each target is
associated with a specific preference statement for each target
zone. This association is provided by the weapon/target alloca-
tion data. A given firing preference statement may be associated
with any number of target types. When the model logic selects a
target for fire planning, it will attempt to select a weapons sys-
tem/yield combination from the five preference statements. If
unable to match the target with a weapons system/yield combina-
tion, a cancelled fire event will occur. There are nine reasons
for a cancelled fire event to occur. These reasons are:
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(1) Target is lost to observation during the command, con-
trol, and communications time.

(2) Target is lost to observation after a fire order is
created.

(3) No firer is available for a target of opportunity.
(4) No firer is available for a preplanned target.

(5) No firer is available for an immediately available pre-
planned fire.

(6) No firer is available for an immediately available tar-
get of opportunity.

(7) Target is not engaged because a fire order was cancelled
by the user through the CRT.

(8) Target is not engaged because no firer can be found to
meet civilian collateral damage constraints.

(9) Target is cancelled because no firer can be found to
achieve the required percentage of target coverage.

c. Weapons Characteristics Data. The weapons characteristics
data subset consists of data describing each delivery system to be
simulated by the model. Specific information concerning the de-
livery systems include: range capability, system reliability,
command and control time, set-up time, available yields, CEP,
height of burst (HOB), and troop MSD. This data subset also pro-
vides part of the information necessary for selection or rejection
of a weapons system/yieid combination for engaging a particular
target. A cancelled fire event can also occur based on limita-
tions provided by command and control time and MSD.

d. Graphics. The graphics data subset consists of seven card
images. The first two images control the NUFAM II simulations in
the graphics mode. The subsequent images in the subset provide
instructions concerning use or non-use of the graphics mode, pro-
Jject security classification markings, and graphic plotting sizes.

e. Assessment Data. This data subset provides information to
the model logic concerning personnel protective postures for given
type subunits, radii of effects, subunit breakpoints, and attri-
tion and loss data for casualty and equipment damage assessments.
The model logic calculates the percentage of overlap caused by the
effects circle on any subunits located in the vicinity of the AGZ.
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The program then considers input data from this subset to produce
assessments in the following areas:

(1) Personnel Casualties. Personnel are assessed at two in-
dividual dose levels. Normally, immediate permanent or immediate
transient casualties are estimated based on five personnel protec-
tive postures. The different postures for personnel within a sub-
unit are:

(a) Exposed personnel.

(b) Personnel in open foxholes.

(c) Personnel in armored personnel carriers.
(d) Personnel in tanks.

(e) Personnel in earth shelters.

The sum of the casualties inflicted against personnel in each of
the five postures gives the total number of subunit casualties.

(2) Subunit Breakpoint. When the percentage of personnel
casualties in a given subunit reaches an input breakpoint value,
that subunit is identified as "broken" (combat ineffective). A
"broken" nuclear-capable firing subunit is not permitted to carry
out scheduled fire orders or receive additional fire orders.

(3) Equipment Damage. The equipment damage assessments are
similar to the personnel casualties assessments. The radii of ef-
fects are used to establish the effects circles to determine over-
lap on the rectangles representing the equipment dispositions
within the subunits. The percent of overlap is considered the
damage level. There are seven radii of effects which can be ap-
plied to assess subunit equipment.

f. General Activity Simulation Program IV (GASP IV) Data.
This data subset provides input data for the GASP IV portion of
the model. The GASP IV package of FORTRAN routines comprises the
framework for integrating the FUNTAR output into NUFAM II. Events
(e.g., fire, flee, preplanned target, conclusion, immediately
available target, and target of opportunity) are treated as tempo-
rary entities by the GASP IV simulation until time for execution
of the particular event. The GASP IV program also generates his-
tograms depicting the use of event data storage by event type and
simulation time.
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g. Preplanned Target Data. This data subset allows the gamer
to exercise greater control over the simulation by using pre-
planned fires against mobile targets. Also, model logic allows
nuclear strikes against fixed targets such as bridges, road junc-
tions, railheads, and other fixed point targets, provided such fa-
cilities are predefined in the SUSF. This subset permits gamers
to input DGZ and weapons system choices in support of the POM
method for nuclear targeting. Data required for entering pre-
planned targets are:

(1) Firing side (Red or Blue).
(2) Desired ground zero.
Desired delivery system.

Desired yield.

)

)
5) Earliest nuclear weapons system firing time.

) Latest nuclear weapons system firing time.

) Earliest time a firing subunit can set up to fire at a
target.

4-4, NUFAM Il USERS' RUNSTREAM. NUFAM II is executed at CAA on
the UNIVAC 1108 computer. The user runstream is a set of computer
control statements which will initiate the NUFAM II program and
instruct the UNIVAC 1108 computer to take certain sequential ac-
tions. The current file element, UNCLASSIFIED*72NUFAM, contains
the NUFAM II program. A version of the runstream to execute NUFAM
II, is stored in START*88RUN.NUFAMRUN. Appendix K shows the con-
tents of this runstream element. Items underlined in the run-
stream must be replaced with appropriate information for any par-
ticular execution. There are 19 options which can be used in exe-
cuting NUFAM I1. Desired options should be entered with the "XQT"
(execute) statement of the runstream. Available options with
descriptions are listed in Table 4-1. After the runstream and
model input data have been updated for the appropriate execution,
only four card images are required to execute NUFAM II. Sample
images for a demand mode of execution are as follows:

@RUN A188,E1821P7167,UNCLASSIFIED
@ASG,A START*88RUN.

@START START*88RUN.NUFAMRUN

@FIN
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4-5. NUFAM II OUTPUT DATA. Outcomes from the detailed fire plan-
ning and damage assessment routines of NUFAM II are reported in
several formats. First, the SUSF data are updated to reflect
given subunit losses of personnel and equipment and a designation
as to whether or not that subunit has been made combat ineffec-
tive. Second, printed output prcvides data by sides and by units--
divisions or brigades. Comparative quantities of personnel and
selected equipment are given for prestrike and poststrike condi-
tions. Casualties (by type), equipment damaged (by type), and the
subunit effectiveness of preselected types of subunits are re-
ported. Further, the percentages of personnel casualties and
equipment damaged, as a result of a specified weapon system/war-
head combination, are given. Most of the preceding data elements,
except for percentages, are also aggregated by target detection
zones; the results from preplanned fires are segregated from the
zone summaries. In addition, civilian casualty reports provide
predictions and assessments of civilians placed at risk in centers
rated as above or below a predetermined population threshold.
Weapon system performances (e.g., shots programed or cancelled)
are recorded.
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Table 4-1.

Available Options for NUFAM II Executions

Option

Description

™ >

mm

—

TOoOX

Limit the number of rounds a system can fire.

Limit the number of rounds a firing subunit can
fire.

Interject an interrupted firing period after a
certain number of rounds.

Continue the simulation without printing inter-
mediate results.

Punch AGZ cards for the AGZ plot routine.

Punch AGZ and weapons cards for use in the
FORECAST II Model.

Do not print the current unit status report.

List omitted fires.

Adjust strengths of personnel and equipment in
subunits prior to firing. This reflects at-
trition from causes external to the NUFAM II
logic.

Consider the numbers of civilians predicted to
be placed at risk as a constraint for Red
firings.

Consider minimum-size population centers.

Of fset the DGZ for aggregation, if possible.
Consider the numbers of civilians predicted to
be placed at risk as a constraint for Blue

firings.

Use interactive graphics mode.

Check 1imits for the maximum numbers of civil-
ians predicted to be placed at risk per shot.

Check 1imits for the maximum cumulative numbers
of civilians placed at risk by side.

Search model queue for the number of targets
used with multiple detection cycles in
FUNTAR.

Do not print GASP IV summary and histogram
data.

Write program debug statements.
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CHAPTER 5
GRAPHIC PLOT ROUTINES

5-1. GENERAL. Several mechanical plotter products are associated
with the NUREM II processes. The plot routines give analysts fur-
ther insights to the outcomes of simulated combat. In particular,
such information is essential to the final determination of the
combat sample results from NUFAM II, analysis of the distribution
of potential targets, and the evaluation of the impacts of nuclear
strikes on the maneuver capabilities of major units. Further, the
Detected Target Plot (DETGTPLOT) and Population Center Plot (POPPLOT)
routines can be used to support the POM nuclear targeting tech-
niques for which preplanned targets must be developed off-1ine by
the gamers. These two plots illustrate the selected potential
targets and the contents of the population data base over speci-
fied geographic areas. By analysis of likely avenues of approach,
troop safety distances, and civilian collateral damage avoidance
criteria, the desired yield/delivery systems and DGZ for pre-
planned targets can be developed for input to NUFAM II. The Ac-
tual Ground Zero Plot (AGZPLOT) routine can be employed to facili-
tate poststrike analyses of the NUFAM II outcomes. Other plots
associated with the SUSF enhance gamer perceptions of the opposing
forces deployed to company level.

5-2. DETECTED TARGET PLOT. a. This routine results in plots of
potential targets (detected subunits) over predetermined geo-
graphic areas and at varied map scales. Plots of multiple geo-
graphic areas are permissible. Al1 or portions of the potential
targets selected by the FUNTAR logic can be plotted. The number
of potential targets to be plotted can be controlled through input
data entries--the lowest priority of potential targets to be con-
sidered and the time of detection. Geographic locations of these
detected subunits are based on the perceived locations established
in the FUNTAR data file. The file element
UNCLASSIFIED*72PLOT.DETGTPLOT contains the current program. A
version of the runstreams to execute this routine is stored in
file element START*88RUN.DETGTPLOTRUN.

b. At least one set of cards (data images) is required by this

routine. The set consists of three plot cards and a terminator
card, all of which follow immediately after the "XQT" statement in
the runstream. Card formats are:

5-1
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First Plot Card

Column Entry
2-12 UTM grid coordinate of point 1. (see note)
14-24 UTM grid coordinate of point 2. (see note)
27-32 Plot length in meters.
33-39 Map scaie.
40-63 Any desired title or comment.
Note: The distance in meters between points 1 and 2 must not exceed

scale x 28
39.37

The area to be plotted would be on the left hand if one were to
move from point 1 to point 2. The length leg is normal to the
line 1-2 at point 2 and extends to the left.

1 TG et e s wm— e
l
Plot area :
|
2
length
Second Plot Card
Column Entry
11-14 Earliest time of detection for which subunits are to
be plotted.
17-20 Latest time of detection for which subunits are to be
plotted.
5-2
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