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\ ABSTRACT

\
y

This thesis incorporates an explicit depiction of
chemical warfare (CW) in the AirLand Advanced Research Model
(ALARM) being developed at the Naval Postgraduate School
based on the Army's AirLand Battle doctrine. The CW module
centers on a plahnin§ algorithm using‘the generalized value
system (GVS) for future state decision making. The planning
,algoriﬁhm édmpriscs the Commander's Estimate of the -
Situation. The GVS quantifies capabilities and importance
of all battlefield entities. The CW module represents key
chemical staff functions. The.algbrithm'ﬁ decision rule is
' cxtanded; adding aspects of -utility theory. The basic
concepts of the module  are demonstrated in an application
"computer program running a combat sceﬁario. The program
gen’éra‘lizas,' brevious dcvolopment work on the GVS and the
planning algorithnm, prodﬁcing a pian consisting of the
courses of action of greatest value .1n performing the

" mission. TIts interactive structure provides the basis for a

-~
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I. INTRODUCTION

A. PURPOSE
The purpose of this thesis is to extend the development

of the.AirLand Advanced Research Model (ALARM), an on-going
effort at the Naval Postgraduate School, by ihcarporating an
explicit dépiction of chemical warfare (CW). The chemical
module functions as a surrogate for the headquarters
chemical staff sections from battalion through 'corps by
analyzing effects of enemy chemical empioyment, "advising"
the commander of'appropriata actions, vlanning and directing
cw'defense, and planning friendly chemicai retaliation. A
computerized application demonstrates the logic framework of
the module and provides a basis for an interactive'training

and planning aid for field commanders and their staffs.

B. BACKGROUND
1. AirLand Battle ‘

ALARM is a develcpmental model fér new concepts in
combat modeling which can be used in evaluating the US
Army's AirlLand Battle doctrine [Ref. 1]. The Army's
Trairing and Doctrine Command developed AirlLand Battle
doctrine as a response to changing technology and
operational conditions, especially in NATO. The luture
battlefield is envisioned as having relatively indistinct

battle lines, with boundaries between front and rear areas




heing blurred, as attacking forces penetrate or bypass
forward defenses'in order to divide, disrupt, démoralize,
- and quickly defeat their"opponenté. AirLand Battle
postulates the use of depth, initiative, agili;y, and
synchroﬁization to defend againét intense, numerically

superior attaéking forces. Besides holding off attacking

forces in direct contact, operational lével commanders .must

strike .in depth against supporting units or approaching
units that are not yet committed. By delaying, damaging, of
destroying uncommitted units, the enemy's timetable is
upset, Aléernatives afe taken away from the enemy commander,
his organization is disrupted,‘and the attacker's initiative
is lost. Obviously, with limifed assets for such deep
strikes, those enemy units whose deiay or Festruction will
provide the most benefit must be identified, located, and
attacked before others [Ref. 1]. |
2. ALARM
| Initially, ALARM will be ‘a systemic model (no

man-in-the-loop interactidn). This 18_ intended to allow
more consistency, control, and predictability in decision
making and more timely results. It also means that decision
making must emulate, as closely as possible, human decision
processes. As currently being developed, ALARM will model
the BLUE planning and order functions, with interfaces to an
execution model. The as-yet unspecified execution model

will depict the physical conduct of the battle. It will




respond to orders provided by ALARM and provide situation
reports and updates to ALARM for further plannim.; and order
‘preparation. In a sense, then, ALARM will perform multiple
level command and skaff function§ , from battalion through
corps, with the execution model adapted 'g:_o ALARM actually
ngighting" -the battle [Ref. 2].

One of the Akey concepts being developed. for ALARM,
to enakle planning for the batth in general and for the
deep strikes »cal‘led for by' AirLand Battle doctrine, is the
Generalized Yalue System (GVS) [Ref. 3].

The évs has two innovative features upon which. ALARM.
hinges. First, all entities in the model, whether combat
units, sﬁpport units, key terrain, or man-made cbjects, v'tilil

" have comparable units of measure of their value. The common :
unit of value is the Standard Power Unit; or STAPOW. An
entity's total power is the sum of its inherent ahd_ derived

p;wer'. A combat unit has p:edominantiy inherent power, due
to its ability to directly disrupt, delay, or destroy the
pcwer of enemy entities.. 'Suppbrf units and,other.entiﬁies
have mostly derived power based on their ability to incfease
‘or maintain‘the inherent or derived power of other friendly

entities.

The basic power of  each entity is adjusted to
account for such situational factors as personnel and
equipment status, mission, location, and speed of movement. .

Situationally adjusted power allows for the fact that an
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;ntity's value d‘.pends b.n its state, tﬁe 4spcél£ie combat
situation, and the differing perspectives of commanders at
different organizational levels. This common, adjustakle
metric allows the .application of the second feature of GVS:
future stats' decision making. In mcst current rodels, the
only information available *o the human decision maker is
th; brévailing status of engaged combat forces. Then the
decision maker has to project this informatiqn mentally to
compare possible future states in order to plan. The GVS -
provides mathematical ralationships that predict the state
of a;xy en*;ity at any point in time, in STAPOWS. This pakes
it possible to attempt to model decision making based on
AirLand Battle doctrine. ‘
3. ghemical Warfare

Employmenit of chemical ayents by the 4SOViet Union or.
.its surrogates has been documented over much of the world in
recent years.. Soviet doctrine makes CW a standard t;c\ctical
tool for their commanders. Soviet equipmént and training
facilitate its use. Chemical weapons are easily produced
apd their use by Third-World countries suchllas Irag and Iran
has also occurred. The threat to the US and its allies is
clear [Ref. 4].

Two major factors, however, have led the US military
‘to be inadequately prepared to deal with Ci. Firsf, us
forces have not experienced large scale employment of

chemical weapons against them since World War I. Second,
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the effects and rigors .impoud by CW can make thé subject
iocm "too hard." Thus CW has often been put off, assumed
away, or. ignored in m{.litary analysis, planning, and
training in order to be able to deal with other aspects of
warfare.

This situation has typicaily* manifested .itse;f.. in
combat inod.eling in the following ways:

- Ignoring CW;: 'staying conveational,

- Playing CW manually, off-line (especially training
models). . ; ‘

- Adding on inadequate CW modules, after the modal has
been designed, leading to weak interfaces with the rest
of the model and making it easy to "turn off" CW or
‘ignore it, usually with little or no penalty. ‘

- cOnﬁriving special purpose CW nmodele, with  weak
depiction of other aspects, leading to questionable
results and lack of usefulness in combined arms studies.

Failura to include CW conditions in plamﬁng and
modeling where a chemical threat exists is unrealistic and
potentially dangerous. 'CW m'xst ba treategi as. a condition of
the battlefieid to be dealt with along with all other
factors. '

The ALARM ioffers a unique opportunity to integrate
oW ‘beginriing with the model's early development. ' The GVS is
particularly well suited to the -analysis of CW. For
example, future state decision making is specifically
intended for ~allocating scarce aésets such as chemical

munitions and chemical defense vuaits. ALARM will also

eventually permit an analysis orf the effects of CW on

11.
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logistical units and facilities, by using the GVS through
the application of derived power.
A technical and doctrinal summary of chenmical

wvarfare from US ahd Soviet perspectives is at Appendix A.

C. ORGANIZATION OF THE THESIS
1. Methodology |

Kilmer [Rof. 3] provides the b;sic dovglopnant of
the GVS. Using these concepts, Fletcher (Ref. 5] propoics a
planning algorithm for ALARM. This thesis provides 'a

- structure for a chemical varfare functional lodulp available
€0 the planning modules at ohch orqanizationalflovol. The
application example is based on P e‘cher's algorithm, and
extends some of the concopti discussed by Kilmer.

The chenical battle is decomposed into its defensive
and rctaliatofy components. The decision logic required to
survive and fight in a chemical env ronment is 1ncbrpora:nd
into ALARM's planni&é process. In addition:

= Interfaces required with other ALARM modules are
identified. _ , ‘

- Paramotorl‘rcquircd to be included in the input “data
base are identified.

- Mathematical relationships depicting CW effects are
developed from the GVS, gaming, optimization, and
decision thecry techniques.

A computer program is presented domonsﬁratinq the
application of the CW module in a comkat scenario. The
program generalizes Fletcher's program implementing the

ALARM planning module (Ref. %] and adds thevéomponents of

12




'fh; CW module. Usor-ihtoractivc data input represents calls
to the ALARM data basa, other planning funqtions, or other
functicnal modules. This approach provides an additiohal
potential use for the program as the basis for a planning
and training aid for field commanders and their staffs. The
model also extends Kilmer's theoretical considerations of
value by applying them explicitly in Fletcher's decision

rule.

2. Scope and Outling

The chemical module performs CW analysis and
planning at all organizatio'na; ievels depicted by ALARM,
battalion through corps. Headquarters che?ical staff
functions at each leval are modeled, plus physical effects
modeling to. accomplisn the required decision tasks and fned

orders back to the execution model.

Chapter Il provides a dclcripticn'o't ALARH and the
GVS as necessary o understand development and application
of the CW module. ‘ ‘ _ :
In Chapter III the CW module is described with its
application of “he GVS and incorporation into ALARH
' Chapter 1V presents the computerized application of
the module in a combat scenario. Results of the planning
simulation are presented and discussed. These :show the

utility ‘of the program in a scenario incorporating chemical

warfare conditions. .

13
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chapt‘r 'V offers conclusions and discusses
additional work indicated for further development of ALARM
and the CW module. - The results of the application program
indicate thc successful integration of CW into the ALARM
concept. Further work in refining and expanding the CW |
module 4nd dovolopinq the program as a stand-alone
application is indicated. :

Appendix A providu a bacquound sumnary of CW and
the computor progranm application of the nodol is at Appondix
"B,

14



II. ALARM AND THE GVS

A. ALARM .

The AirlLand Advanced Research Model is being developed
as a systemic (no un?in-thc-loop interaction) cprps-lnvol
model. The architcc’éurc allows man-in-the<loop if desired.

The primary purposes of ALARM are to: |

=~ Develop modeling methodology for very large scale and
spirsely populated rear areas.

- Usn the methodology in wargaming and simulation with
initial emphasis on interdiction.

= Perform research on AirlLand Battle concepts. [Ref. 6]

The systemic nature of ALARM d.ccates that its decision
makinq procnssns emulate human decision processes as closely
as possible. A combination of decision nothodoloqicsv
tollowi human decision procedures nore closely than proirious
models. Threshold values are usad to determine when
planning or decision making activities -hoﬁld be executed.
For example, when the difference in power ﬁotween forces
exceeds the faasibi]_.ity threshold, a plan amust be made to
restore feasibility. Decision rules are used to 1limit

alternatives. Network methodologies itemize alternatives

and expected value criteria are used to make a decision.
[(Ref. 2]
Current ALARM development is focused on the planning

model. Command and stalf functions at battalion through

15
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corps are represented. A separate execution model will be
hdaptcd to model the conduct of the battle providing combat
results, battlefield intelligence, and raéponsc to the
planning model. At each organizational level, iho planning
nodol‘}ecoives orders from the next higher level and, using
the assets provided and its perceived situation, prepares a
'ﬁacro"'ﬁlan' for the commitment of units over time to
accomplish the nission; Tho‘nacré plan is used to generate
orders %o the next lcwer organizational echelon. During the
course of the battle, if the macro plan becomes infeasible,
thus threatening defeat, micro planning is accomplished.
Micro lplanniné makes decisions on an immediate basis in

order to .adjust the initial plan and avoid losing the

~battle. If nacessary, assistance is requested from the next

higher level.
Three unique methodologies are used by ALARM to perform
the decision function:
1. A time domain network handles the planning function to-
. develop . high level mission requirements for
subordinate units. Arcs on the network represent the
time required to accomplish the activity represented.
2. A framework of layerdd Ca:tesian space networks
represents physical connections between peints on the
battlefisld. Three networks identified to data are:
- Tarrain and transportation network.
- Communications network.

- Logistics resupply network.

16
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3. .'rho Generalized Value System (GVS) quantifies the
capabilities and importance of all entities on the
battlefield at some future time. [Ref. 2]

The singular thrust of AIARM is to model those
procedures used by real commanders and staffs to develop
plans for the commitment of units and the use of other

assets.

B. THE GVS

This section provides a summary of Kilmer's concepts
(Ref. 3) as expressed in Fletcher's planning méd'el [Ref. 5],
necessary for the development of a chemical module. -
(':oncc;;ts from both efforts are incorporated and extended in
the CW module. Future state decision making using the
Generalized Value System is the key to the plannirig process
in ALARM. The basis for these procedures 1is the
quantification of the capability of .militar.'y organizations
in terms of the power and value of aby entity on . the .
battlefield, in common Standard Power Units, or .S'I"APOWQ.
Based on the current perceived situation, the .power and
value of entities can be forecast over éime, ~using
combinations of exponential tunctions‘ expressing the Igrowth
or loss. of power. These functions include realistic terms
expressing‘ both enemy and friendly influences on a unit's .~
power. |

An entity's total pléwer is the sum of its inherent and
derived power, measured in STAPOWS. Many entities will have

only inherent or derived 'power, others may have both.

17
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Inherent power is the ability'to disrupt, delay, or destroy
the enemy, as direct combat power. 'Dez;ived power' is the.
ability of an entity to change or maintain the inherent
power of other entities. For example, combat units such as
a tank battalion will have inherent powef. Entities such as
b;'idges' or supply units will have deriyed.power.

| Inherent power is expressed in several ways, relating it
to the situation over time. Basic inherent power (BIP) is
the inherent power of a unit at full strength, in position
to accomplish a mission against its most 1likely opponent.
The BIP for each entify is a'dérivéd model 1n§ut [Ref; 3],
such as -firepower scores. Work is planned at the_Naval

Postgraduate School within the next year to systematize and

~quantify a catalog of BIP values. The position at which ‘a

unit achie&es its maximum powar is determined for each
situation based on its missicn and information £from the

t:ansportatidn network. The adjusted basic inherent power -

(ABIP) is the BIP of a unit adjusted for its actual mission

and condition (STATE), discounted to present time (prior;to

the accomplishment of the‘missioh). The function is:
ABIP; = BIPj x (Ky p/DIST;) x £(STATEy) (2.1)

where:

Ki,m is a factor associated with the mission, m,
assigned to unit i1, '

18



5DIST1‘iis the distanca of the unit at the present
time from the position where the mission is
to be accomplished,

EQATEi is the condition of the unit, expressed as a

vector of the percentages of equipment and
. personnel that unit i pcssess at the present

tine, t;, and |
£(STATEj) 1is a function of thae unit's conditicn
resulting in a value betwesn 0 and 1.

The £(STATE;) used in the application later is the
square réot of the product of the percentages of equipment
and personnel on hand as a description of the readiness of
the unit. Tﬁernforn, ABIP is the measure of the power of a
unit at the hbéinninq of the planning time period,
tp < ta,1, where t, j is the time at which entity i is
calculated to arrive in‘position‘to perform its mission.
The time of arrival, ta,i, is given by DIST;/SPEED;, where
SPEEDi'is the average speed at which the unit is able to
move along the minimum time path of the transportaticn
network to its position.

The situaticnal inherent power (SIP) of an entity is the
forecasted inherent‘power_for time, t. It is assumed that,
without atﬁrition, as a unit comes closer to performing its
mission its power increasaes expcnentiaily over time.

i

SIP1’€ = ABIP; x exp(Dy x (t-tp)), tp £t =< té,i (2.2)

where:

19




‘bi is the rate at which power 1ncreaser from tp to

ta’i:

D; = (1n(sxpi,ta'i)ABIP1))/(ta,i'tp) q

(2.3)

Computationally, SIPi'ta i/ABIPi = DISTj. This substitu-
’ '

tion is used in the module applicition computer program.

Similarly, after a unit is in position to acéomplish its

mission, it is assumed that, without resupply

and

again

without attrition, its power will decay oxponentially over

time due to its consumption of resources:

SIPi;t = SIPi,ta

’

where:

Uj,m 1is the resource usage rate of unit
mission m. :

4 x exp(-ttj_,m x(t-ta'i)), t > ta,i

(2.4)

i with

When a4 unit engages an enemy unit jJ, its power is

further reduced by an attrition rate ATTy 4:

SIPj,¢ = ABIP x exp((Di=Uj,p-ATTi 3) X (t-tp)),
tp g t < ta,i

SIPj,¢ = SIPifta,ix exp((-Ui,m-ATTi'j) x (t-ty,

t2t,,1

20 -
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Equations 2.5 and 2.6 are general forms and may be
adjustad for specific cases baséd on tﬁa‘ situation or the
time of application. The exponential factors may be
adjusted with tine as we‘ll. For example, if a unit is
engagaed by more than one enemy entity at various times, the
sum of the enemy units"attriticn ratGS‘is'applied to. the
power compﬁtation at the times at which they apply. The
rosjdurca usage tadtor, U, may be adjusted for various phaseé
of an operation. |

Applying these equations to the development of a unit's

power' over time results in a curve such as the one shown in

Pigure 2-1.

2000

POWER (STAPOWS)

1000

1 1 ! 1 i 1 ] 1
S 10 15 20

Tp Ta Teng " TIME

Figure 2-1 Example of the Power Curve of an Entity
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C. THE PLANNING ALGORITHM

The planning process begins with receipt of an order in
' the form of a macro plan from the next higher organizational
1eve1. Fletcher's planning algorithm consists of a modified
estimate of the situation ueed by Army commanders to decide
'how best to accomplish the mission [Ret. 5]. The steps of
Fletcher's algorithm are: i
- Determine initial hiseion feasibility.
- Designate the decision poirnt.

Develop feasibla courses of action.

Select a course of action to restore feasibility at the
decision point.

Rapeat until feasibility is restored throughout the
planning period. . _

Using theiGVS equations, plan feasibility is predicted
based on friendly (blue) force versus enemy (red) force
power comparisons.i The process alsc determines whether a
plen‘will accomplish the miésion ahd with what combination
ot assets.

Feasibiiity is determined by whether a threshold
interval of the differeénce in power between blue and red is
maintained throughout the planning period, given an initial
commitment of  friendly units to the forward edge of the
hattlé area. The model developed by McLaughlin [Ref. 7]
determines this initial positioning of forces necessary to

fight the battle. For simplicity, each force's power is

22




coﬁputed as the sum of the‘ péwer to subordinate uﬁits;
Although eventually it will be necessary to ascertain the.
nat;ﬁrv of any synargism that. exists among entities in a
force, for the présent this assumption lende consistency and
sinplicity of determination to the model. Over the planning
period from the present time, tp, to its eng, te, each
unit's power is compﬁted using variations of equations 2.2
tolz.s. Summing over all entities in each force results in
a total SIP for each side. The difference between the power

curves are determined for each time step:

DIFFy = SIPy, ¢ < SIPy ¢ B (2.7)

‘whera: s
SIPx,+ is the total power for the blue force at

time, tp £t < ty, and
SIPy,t 1is the power of the red force at t.

This difference is compared to the threghold.#alue dictated
by the mission. If the threshold, T, ‘is violated, ‘the
'iﬁitial plan is infeasible. An infeasible plan |is
illustrated in Figure 2-2. | '

This step of the algorithm is summarized as follows:

- Beginning at the present tlme,.tp, compute all‘SIPi’t
and SIPj te ' .

- Compute SIPx,t(Ei SIPj,t) and SIPy ¢.

- Compute DIFF4.
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Figure 2-2 Example of an Infeasible Plan

- If DIFFge < T, then t = t4, the decision point.

= Increment t, by ¢, the size of the time step, and
repeat until t = tq.

2. Designate the Decision Point
The decision point is the boint in time at which the
difference curve viclates the threshold value. A decision
must be made to commit previously uncommitted units at or

before the decision point in order to decrease red power,

~ delay it, or some combination of both. This will shift the

infeasibility point to the right on the power curve or
resolve it altogether. Therefore, the blue force has a

period of time from tp to tyq in which to decide which
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uncommitted blue asictks) to cbmm;t aqaihs; vhich red units
and at what time, t, in order to restore feasibility at t4.
3. Des “ ) oo

The ‘élanninq algorithm calls for comparing. the
results of targeting each initially uncommitted blue unit
. against each red unit in each time step. It is assumed that
each blue asset can carry out a nisgic':n against only one
target at a time, sdlcach asset-target-time combination is
one possibl;.coursn of action. Obviocusly, all such courses
of action ‘arc not viable, ~however. Deteraination of
- viability inclpdci notificatic;,an& preparation time of the
'subordinatn unit, range to the target, and commitment of the
asset to a pravicusly salectedlcéurse of actién. ' This step:
o£ the algorithm identifies for turther ccnside;ation those

courses of action which are viable:

- Beginning at thae present time, ty, for each blue unit i,
for each type mission, if notification time plus tp is
greater than tg4, go to the next mission type, if" all
missions have been considered go to the next i.

- For each red unit j, if DISTy > RANGEi, go to next J.

- Compute SIPi’t and SIPj,t and store.

= Increment t by At and repeat until notification time
plus t is greater than tg for all i.

From the viable courses of action, those which
restora feasibility to the plan at ty are feasible and are.

retained for further consideration.
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One.of the feasible courses of action is selected to
restore feasibility to the plan at the decision point.
Fletcher's algorithm uses the maximun ratio of red power
destroyed (PDji) to blue pover used (PUi4) as the decision
rule [Ref. 5]: |

' : ne ne .
PDyy/PUy = (SIPy,¢,-SIPg 'Y )/(SIl’i,t.d‘SIPi,td) , (2.8)

vhere 319;? t‘ qnd SIPi‘c"tu are the original power values of
the red target and blue asset, respectively, at the decision
point if Dblue uﬁie i wvere not committed to the course of
actibn; The planning process is thus an”optiuintion of the
form: minimize cost, subject to> a required 'iwol. of
effectiveness. ‘

Once a feasible course of action is selected, new
total power 'cilrvcs' are generated and nuiibnlty over the
entire planning period is checked. If the overall plan is
lstill infeasible, the process is repeated until overall
feasibility is obtained or no assets remain to be committed.
In the latter case, or if the assets available can not be
committed in such a way as to restore feasibility, the next
higher organization is notified. This invckes the micro
planning mechanism at that level. 4

Xilmer ﬁhnorizcd the use of uther value considera-

tions in this decision process (Ref. 3]. He postulated that
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value is relat

ed to the impo:tanco of an intlty in the long

.~ term. Two main reasons for considofing value are:

- To determine which targets shculd bc prosccutmd by a

particular

- To deternmi
target.

Thus a determi
to ého selact
process.
First,
organization {

by’ the use of

asset.

ne which asset should prcsecute a particular

nation of a unit's value is directly relevant

ion of a course of action_ in the planning

the value of each asset type in the
L specified as a function of its current ABIP
utility tunctions. A-luninq that each asset

type in the organization will remain ip the same proportion

throughout the battle, this. provides the 1long term

1mportanéo of the entity, or Usefulness Value (UV):

UV(X) = BIP; x (l-exp(G X X/BIPy))/(1-exp(G]) , (2.9)

where:
.X is
G is

a utility coefficient.

The utility tu#ction for a 'risk profdrrinq' decision maker

has a ¢ > 0,

UV vs. SIP).

line (indifferent) utility curve, and 6 = 0.

esulting in a convex utility curve (plotting
'risk‘nautral' decision maker has a straight

A G < O

results in a concave utility curve, which is 'risk aversa.'
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Next, the usefulness value is scaled to account for
the availability of the asset and to determine thc value, V,
of the entity. The scaling fabtot is the ratio of the
dcsircd proportioh of the entity type to the oxisting‘
pzoportion. The user provides the desired proportion, DP,
-of each asset type to orpose a specific enemy force for.a
given mission. Therefore, DP is_th; desired ratio ofvthe
pover of the type of entity in question to the péwer of the

entire force:
DPy = (#BIP(tch i))/(SBIP(ailvuniFs)) . - (2.10)
The current proportién,_cp, ofitﬂc4assct t/pe is:
CPj = (ZABIP(tYPObi))/(ZABIP(all units)) . (2.11)
The value of an onfity-x of type a is then:
| V(X(t)) .- (DPa/CPa).x uv X(t)) . | | (?.12)
Thus value varies directly with the scarceness of the entity
type. | |
The 1ncorporatioh of Kilﬁer's value equations in the

planning process for the chemical module is described in the

next chapter.
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- III. IHE CHEMJ ;AL WARFARE MODULE

A. CONCEPT
1. Geperal

The ALARM chemical warfare module simulates the
behavior 62 a headquarters chemical staff from battalion
throuqh Corps level. It is one .ot the functional modules
which interact within the planning process to do the
specialized, detailed decision taslu.‘ The functional
. modules work with each other in much ﬁha same way as the
_ functional staff elements in a headquarters organization,
cooi:dinating and sharing information. Thus the CW module
rcc.i,voi inputs from l;nd provides information -to ‘the
inteliigonco, field artiilory, air, supply, and
transportation modules, as well as the exscution nodcl.' It
relies on solutions from the transportaticn and time domain
'nctworks for planning movements and siting of
decontamination assaets. | _

1 The CW module is logically based on the planning
‘algorithm. It allows the model to incorporate the use of
chemical Assets in maximizing future power at the point of
decision. ‘sinco chemical resources are relatively scarce
compared to potential need, ALARM's architecture and future
state decision making are well suited to their

.prioritization and scheduling.
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The chemical function can be organized into two main
areas: (1) retaliatory employment of chemical weapons and
(2) chemical defansc. Chemical §¢£¢nsc can be further
divided into its three doctrinal aspects: (1) contamination
avoidance, (2) protection, and . (3) decontamination.

The overall logic of a basic CW module is depictgd
in the flow chart in Figure 3-1. Based on the logical flow,
a FORTRAN computer prograh demonstrates the application of
the CW module (Appendix B). |

.Tho application program is designed with interagtivo
data input and output to fori'thc basis for development of a
traiﬁing or planning aid for commanders ang staffs in the
f;pld..'xn the éontgxt of ALARM, the terminal prompts and
displays réprgsent calls to other modules rpquosting ‘or
providing information. '
| The program is limited to the types of units used in

the demonstration scenario amd its design is such that the

database can be reﬁdily broadéncd for more general
application. BEach application (iteration) simulates
operation of ‘the planning algorithﬂ at a particﬁlar
organizationai levei'(i.o., that level's subgrdinata units
are the inputs for the p?oblem).

This program extends previous applications of the

GVS in several wéys, " It 1is more generalized than the
specific~-case program§ previously done:; many-on-many
30
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engagements can be modelled, rather than one-on-one; and
Kilmer's value considerations are added to the course of
action decision rule. Where appropriate, the program uses
the ALARM convention of functionalizing vhysical parameters
and computing updated values as needed. This is more
efficient than majntaining large and unwieldy data bases for
teblc-lbok-ups. 4' :

Mission profiles for the blue uncommitted uﬁits in.
the program are as follows: |

- Pield artillery: 1/2-hour fire mission followed by 1/2-
hour displacement, to avoid counter-battery fire.

- Attack helicopter: actual movement time to target, 1
hour on station, movement time to return to the Forward

Afea Refuel and Rearm Point (FARRP), and 1/2-hour FARRP
tinme.

- Armor battalion: movement time to target, engagement to
end of planning period. .

Thus the artillery and helicopter unifs can be committed to
multiplé courses of action.

The main progran contain§ most of the inte;active
input and output controls. Following input of the';ituatiﬁn
(the original plan), subroutine CHDEF .is called. CHDEF
establishes the appropriate Mission Oriented Protective
Posture (MOPP) in chemical protective clothing and equipment
by trading off the chemical threat against the ability to
perform the mission. In so doing, subroutins POWER is
called, which éomputes the power .curves for both sides,

determines the difference between them, and determines the
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plan's fcasibilitj and designates the decision pcint if the ~
plan is infeasible.

Returning control to the main program, if the plan
is infeasible, courses of action are generated to restore

feasibility. Each uncommitted blue unit is paired against

each red unit in turn, beginning in each time step from the

beginning of the planning perioc: to the decision point. If
éed has previously employed chemical weapons and blue has
subsequently been granted chemical employment authority,
each field artillery unit is cycled through the course of
action generation twice. On the first pass, conventional
fire missions are planned. On the second, éubroutine CHEMP
is called to Plan the same missions as chemical strikes and
predict the etfect'on the target.

Viability of each coufse of action is checked
considering raange, previous commitment, and sufficient time
before the decision point. For viable missions, subroutine
POWER is again called to determine whether adding the course
of action.to the plan restores feasibility at the dacision
point. If so, the value of the course of action is
determired and the ratio of red power destroyed to blue
power used is cqméuted with the modifications discussed in
tLe next section. The course of action with the highest
ratio is added to the plan.

If a unit or units have been gontaﬁinated by red

chemical attacks, subroutine POWER calls subroutine CHDCON
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to determine the effect on that unit's power curve of
. withdrawing to the decontamination site and that effect is
incorporated in the course of action determination.

This pracess is 1repeated until feasibility is
restored throughout the plenning period or no uncommitted
ﬁnits are available. 1In aeither case, resuits are reported
and a prompt for a situation update is provided. The user
can then advance the scenario time and re-run the program

with an updated situation or terminate the program.

B. CHEMICAL WEAPONS EMPLOYMENT
1. goncept

The CW module includes the enployment of ehemical
weapons by blue field artillery as one option in the
development of courses of action to restore feasibility to
the plan. 1In practice, chemical tergei: planning begins with
identification and ‘location of a pqtentiai target by the
* intelligence steff. Using weather information and known
(and imputed) target information such as size, protection,

equipment available, and activity, and the desired effects

of the chemical attack, the number of rounds of the type of -

chemical agent required for the mission is obtained from
targeting tables. Proximity of friendly troops or towns is
included as a planning factor. A parallel process 1is
followed in the CW module. |

Target and weather information is received from the

intelligence module. Following preparation of feasible

34

CE S ANERAI L F L ce"e x A NN & 3

-



.courscs ot‘action by a tinid artillery unit (by pairing the
unit. wvith each red target in_ each time step) using
conventional weapons, a chemical employment submodule
(subroutine CHEMP in'the application program) is called and
the process is repeated wiﬁh the same artillery unit using
chemical weapons. Based onlpqrcaivgd target parameters from
" the intelligence module, the submodule determines.the number
of chemical rounds required and the predicted effects on the
target.  These effects are in terms of éasualties and
_ opcra:ional degradation due to the encumbrance of protective
clothing and equipment and having to operate in a protecﬁed
configuration. These effects are applied as the attrition
coefficient in the SI? calculations for fﬁ; target unit.
"he results of these courses of action are then inciuded in
the overall selection of a course of action to restore
feasibility at the decision point. |
2. yalue
Fletcher's decision criterion, red poéer destroyed
to blue power used (PD/PU),fwould treat the conventional and
chemical fire missions the same. sin;e the chemical attacks
generally have a greater effect on the target, these
missions would almost always be selected over conventional
ones by this criterion. This‘aéproach does not take into
account the different natures of the two types of missioné
accomplished by the same entity nor the relative scarceness

of chemical munitions and the requirement to employ a
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comparatively 1argc£'number of them to reach a threshold of
effect. Thus the true relative values are not included in
the course of action determination, nor are the
possibilities of preserving the chemical weapon alioéation
for higher priority targets. Combining Kilmer's value
concept with Fletcher's decision rule offers an approach to
address this problem. Equations 2.8-2.12 are designed to
‘comparo the values of different entities performing
particular tasks. Chemical weapons are reflected as a

mission of a delivery entity. The approach taken héfe is to

add to these equations factors expressing the relative

values of the various missions of an entity. Kilmer's value
is thg_long-term usefulness value (UV) of an entity, scaled
by its scarceness: the ratio of its desired proportion of
power in the force to its current proportion of power

(DP/CP), as giveh by Equation 2.12:

V = (DP/CP) x UV. \ (2.12)

Usefulness value 1is the utility curve: for the

entity:

UV = BIP (1 - exp(G x SIP/BIP})/(1 - exp(G}).  (2.9)

The value of the wutility coefficient, G, used in the

application program is G = -3, reflecting a risk averse
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decision maker. This means that the decision maker prefers
a certain outcome over the chance of even greater gain,'a
cautious approach. The validity of G values is-subject to
further verification during the development of ALARM.
e A factor is then added to the value equation (Egn
. 2.11) to express the scarceness of a mission capability. 1In
-this application the ratio of the desired pro‘portior; of
o ‘chemical gunitions (among all munitions) for a particular
entity to the actual proportién is used (DPchem/CPchem) .
This ratio is added to the entity séarceness factor . in the

-value equation for chemical missions:
V = (DP/CP + DPohem/CPchem) X UV. - (3.1)

Since both of these factors éan take values greater than 1,
' r‘tlecting relative scarcengss,‘they are added rather than
multiplied to prevent a large value in either factor from
"having‘a disproportionate effect.l For non-chemical courses
of action, the complements of the proportions are pse&.in

the ratio:
(1 = DPchem)/ (1 = CPchem) -

For consistency of comparisons in the computer application,
a mission capability scarceness factor of 1 was added for

non-field artillery units, reflecting a balance between
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mission-required resources and availability. In a full
Mplmcntatioh of the model, any entity could add a similar
mission-specific value if needed. .

This expanded value expression is then incorpof#te&
in the decision rule as the ratio of red power destroyed to
blue power used times the value of that, power: PD/(PU x V).
Valus (V) increases as an chtity becomég ~ scarcer.
Therefore, scarcer2ss reduces this ratio. Since the course
of action with the maximum PD/(PU x V) ratio is selected,
inclusion of the value factor can have the affect of saving
a scarce asset or mission capability for a higher priority
target or one with a greater payorf in terms of bower'
destroyed. Additionally, -as chemical rognds are used and
their proportion in the overall stockpile is reduced, the
‘'value of a chemical mission increases. This decreases the
likelihood of a chemical course of action being selected for
a given target in order to conserve the resource.

3. Program Development

For simplicity a 1limited chemical employment
capability is portrayed as shown in Table 3-1. Each of the
factors in Table 3-1 can be expanded by incorporating the
added paraﬁeters in data matrices and in the functional
. determinations. |

One problem cﬁrrently experienced in modelling blue
chemical employment is that existiné target planning manuals

are out of date. New versions are being prepared, but
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TABLE 3-1 ' .
CHEMICAL EMPLOYMENT CAPABILITY IN ALARM CW MODULE

Delivery systenm 203 mm howitzer, battalion fire
Chenical agent Persistent nerve agent, Vi
Effects 30% casualties :

Average movement speed x 0.5

Target parameters Size--choice of 2: Battalion,
Regiment

current, accurate planning factors are not availabla.  For
this project, figures wérq obtained from a dra:t-manual'and
arbitrarily adjusted to avoid security classification.
Partly as a result of this lack of data, weagher and
preclusion of civilian or friendly .casualties are not
included in the program. Weather cffect; are one set of
factors included in targeting data. tables and function
" solutions being developed. Weather information is used with
information from the Cartesian space network éiving' the
distances and directions fo towns and trien&ly ~troop
concentrations, ailowing the consideration ;t precluding |

civilian and friendly casualties.

The chemical effects curves are essehtially flat for
about 16 hours after the attgck, followed by gradual
recovery. Since this is about the length of a scenario run
by the program, only this constant effect is modelled. To
incorporate the wrecovery curve in a longer scenario is a

matter of adding an additional time-dependent factor to the
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o:fccté function. The chenical employment effects are a
combination of lethal and non-lethal casualties, and heat
stress and operational degradation caused by protective
clothing and operating in a "buttoned-up” congiguratibn.
Effects are expressed as percent effectiveness and are
'appliod as the attrition coefficient in the nituational
Iinhcrth; power (SIP) cquaticni (Equations 2.5 and 2.6). The
targeting procedure is to enter the table with the desired
percent casuqltidn and taréot paranotorﬁ to‘dotdrainc the
number of 'roundl‘ to (fire. Then the effects tables or
functions are entered with the nunbcf of rounds, giving the
predicted percent o!tcctivnni'u of which the target unit
will be capable. For the progran, 30 percent casualties
implies 57.5% if&octivgncso. The attrition coefficient is
applied as an oxponenfial function of time in the SIP

equations,

(exp(~ATT % (t = tattack)))s .
‘and {s therefore an hourly rate of power dacline. The field
artillery mission profile in the program uses a 0.5 hour
attack duration. Therefore the effectiveness percentage is

aprlied in the SIP equation as:

ATT = (~-1a 0.575)/0.5. : (3.2)
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.+ Thus, in a 1/2-hour field artillery chemical fire mission,
the target unit's power is reduced by a factor of 0.575.
The target's power remains at this level due to fhc flatness
of the chemical otfacts.curvo,'oubjcct to continuing usage
of resources and subsequent attacks.

In adgition to the effectiveness factor, the target
unit's speed of movement is reduced by half, reflecting the
‘difriculty of operating in a fully pfctcctcd posture. This

' reduces the slope of the target entity's power increase
function as it approaches its mission location and delays
its arrival. Thus a chemical attack both delays and
destroys the farqot‘s power, tending to shift the overall
rad power curve to the right and effectively restoring

feasibility at the decision point.

C. CHEMICAL DEFENSE
1. Concept
Chemical defanse is characterized by centralized
planning and decentralized execution. Execution factors,
which are functions of doctrine, equipment, orqanizgtion and
training, Are reprcsdntcd in the execution model with

- gquidance from and faedback to the ALARM planning model. For

the CW planning module, the approach is to decompose
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chemical defense into its three doctrinal aspects:

L)
lals

o

contamination avoidahca, protection, and decontamination.

i)

o

‘i" '24‘
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As described below, there 1is some ' interdependence and

interaction among these parts.
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2. gcontamination Avoidance N
Contamination avoidance is the most basic aspect of"
chenmical dotinsc. If a unit can avoid becoming contaminated
in the first placi,'thon the casualties, the first aid and
medical treatment problems, the operational degradation due
to the encumbrance of protective clothing and equipment, and
the need to divert assets for dccentaninition are all
averted. cOntanination avoidance is ncconpliihcd largely by
application of the Nuclear, Biological, and Chgmical (NBC)
Warning andvRoportinq 3yst¢g} NBC ;sconnailsanco, and aétivc |
and passive -onitorimg'uling chenical agent detectors and
alirns. NBC reconnaissance is currently receiving much
- } ' attontionvtor the further development og doctrine and force
' structure. Because of its uncertain shape, it is not -
included in this application. HRoéonnais;anco planning can
be incorporated into the CW module when its objectives and
planning roqﬁircmcnts are more settled. The other  two
aspects, the warning and reporting sysfcm and monitoring,
are cohductod as prescr.bed by doctrine and in ﬁho'casc of

monitoring, at the lowest organizational levels. Therefore

they should bo,incdrﬁoratod in the execution model and need

Ry

" not be reflected in the planning model.

3. Protection
Protection from chemical agents is applied both

RS

A

individually and collectively. Collective protéction

o

depends on the availability of equipment and facilities with

AW
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field cxpcdi«ﬂﬁ approaches encouraged. Little, if any,
structured planning at battalion to.cotpa levels is done tof
collective protection. Individual protection is achieved
through the application of Mission Oriented Protective
Posture (MOPP) as described in Appendix A. MOPP is intended
to be a flexible -jstcn of standardizog protection levels
applied at the lowest feasible command level. However, it
is anmenable to ths requirement of specific pinimum
protection levels by higher level commanders based on a
bogtcr perception of the threat. MOPP seeks to trade off
the risk of casualtici from a chemical attack with the
operational degradation and heat casualties caused by
oncapsulatiop in protoctivo.glothing. This is the process
modelled by the CW module. An initial MOPP level is set for
each unit based on the chemical threat perceived by ‘the
intelligence module. The resultant operational degradation
is applied by reducing each entity's state and speed of
' movement appropriately. Then the initial plahitcalibility
check is ﬁado. If the pian is infeasible, MdPP levels are
v feducéd and feasibility reqheckod, iteratively, until
feasibility is achieved or a'prescribed min;ﬁum MOPP level
‘Iié reached. If the plan is still _infoasiblo, then the
planninq process is initiated to restore feasibility._zvnits
which are under chemical attack or are contaminated are
placed in MOPP-4, the highesf level, and remain so until

‘ decontaminatad (see Appendix A).‘ MOPP levels are reviewed
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periodically ahd adjusted as required by a changixig threat
or unacceptable 1loss of operational capability.

Should contamination avoidance fail and protection
succeed, personnel and equipment must be decontaminated.
Hasty decontaminatiorn by individuals #nd crews removes minor
Acontanination and reduces the hazard from more copious
contamination. Deliberate decontamination  supported by
,chcﬁical'companies removes essentiaily all chemical agent or
at least reduces the danger to a level that allows the unit .
to. bs restored to its previous qfato,.uneﬁcumborcd,by nopb.

Chemical companies are in short supply relative to
the possibility 6: many ugits requiring their scrvices in a
short period of 'time. Deliberate decontamination is time

gle oMWW U TIPS - FEEREAMS oS eese e vsSieta oo s o Vo]

consuming, requires a great deai of wataer, and can pose
o security pfoblcﬁs because it concentrates th; unit in a
static, difficult to defend posture. |
The planning task is to position the decontamination
suﬁport assets in the ‘most advantageous 1location and
allocate their .t:ofts in a way ;h&t returns the‘most combat
power to action in the most timely way. The use of future
state decision making in ALARM lends itself to this task.
The decontamination‘sites are located by the Cartesian space
network solver. Decontamination support is scheduled by

incorporating the contaminated units into the course of

LSNPV L L0 SO R P F PRI - LN

action generation in the planning algorithm, Thus the

b

-

TSRO IANT

44

W
(.|
A"
e

RV RV RS SN A N AR ARV LA P LAY AL L PP PR AP LV LELFLITL VLA IPL RIS PO A DA R NS I T S R T BG BRI T ATTR S L S C R ]




-~

e S E AR A E s A STt e B AW B A

5 ——

. =

W

-~ v e

contribution to the force's total power of decontaminating a
particular unit at a particular time- is factored into the
selection of a plan. , | | .

5.  Erogram Development .

In the application program, subroutine CHDEF
performs the protection planninglfuncﬁion'described above.
Another aspocﬁ of CW wheres qﬁantified data arq_lacking is
performance degradation due to MOPP. Data to support a
unit's state and 4speed reduction because of MOPP were
derived from a preliminary effort in this aina (Ref. 8].
This waQ‘donc by averaging the percent effectiveness in MOPP
of several tasks measured in the study that are
representative of the types of tasks units in the program
scenario would be doing. Only one temperature range was
modelled (10°C). Again, this aspect and others such as
variations of workload among types of units and missions can
easily be ixpanded by» incorporating additional data in a
matrixvor an appropriate function as data becom‘ availabie
from studies currently under way. The MOPP degradation
factors used in the program are listed in Table 3-2.

Red chemical weapon effects on blue units were

derived from data used in the Vector-in-Commander (VIC)

corps-level model. This model has been adopted by the
Army's Training and Doctrine Command for corps-level
analyses. Units under persistent agent attack or previously

contaminated are automatically placed in full MOPP level 4
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T TABLE 3=-2
OPERATIONAL DEGRADATION- FACTORS DUE TO MISSION
ORIENTED PROTECTIVE POSTURE | (MOPP)
MOPP level State Speed
b § 1l b §
2 0.95 1
B 0.75 . 0.75
4 0.5 0.5
protection and remain so until decontaminated. Thus they
are already at 50 ﬁercent effectiveness. Additionally, 10

percent casualties are aséessed, im;l
chcmical attack, with a continudus ex
delayed casualties. It is assﬁmed t
percent casualties will occur within 24
factor as a function of time is thus

Thi

exp(=C x 24) = 0.7, s0 C = 0.01047.
in a chemical effect factor multiplie
unit's SIP to determine the effect of th

the time the SIP 1is computed.

recomputation of the unit's state function,

chemical attrition, MOPP degradation, a

unit's original state value:

CHEM EFF = (SQRT(0.9exp(-C(t-té)) X £(ST?
X 0.5/f(STATE)
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hours.

This

diately after the
ponential loss from

that a total of 30

The casualty
derived from: 0.9
factor is included

by a contamir ated
chemical attack at
is

factor a

incorporating

nd dividing out the

\TE) })

(2.2)
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wvhere:

tc 1s the time of the chemical attack, and
t(STA&ﬁ) is the state. function discussed in Chapter II
. (the square root of the product of the
percentages of equipment and personnel on
hand).

‘During the course of action generation, it is
assumed that a contaminatad unit cannot withdraw from its
position t6 move to the decontamination site until another
unit is committed against the red unit or units it opposes.
Thus cdntamihated units are moved to decontamination only in

| courses. of action wherein the uncommitted blue unit is

targeted against the contaminated unit's i:arget unit. The

. uncommitted blue unit engages the target.

) ' Two data structures are used 'to - account for

-contaminated units. The unit identifiers are placed in a

stack by subroutine CHDEF, and at the decontamination site
they are placed in a queue, so that one unit may not begin
decontamination until the unit ahead of it is finished.
When it is decontamiﬁated, a unit's identifier is removed
from the stack. -

_ ‘As a unit moves tol the decontamination site, its
power ié discounted, since it is movi‘ng‘ away from the
ictﬁation where 1ts mission .is performed. During

deicontamination, assumed to 1last 4 hours, its power

increases to a new ABIP based on the distance from the
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decontamination site to the unit's mission~location and the
state resulting from the chemical casualties to that time,
but without MOPP degradation. At the end of
dccontanination;'the unit reverts to MOPP lavel 1 and is
considered an uncommitted unit available to be included in
_course of action determinations. The’power curve‘of a unit
undergoing decontamination is computed by subroutine CHDCON
and ﬁassed bﬁcg to subroutine POWER for inclusion in the
blue force total power curve. A factor expressing the value
of decontamination is . included in the course of action
decision rule. This factor 15 the ratio of the contaminated
'unit'g SIP at the decision point following decontamination
to its SIP at the decision point if it were not
decontaminated. Uncontaminated units have a decontamination
value of 1. The decontamination value is bounded by 0.5 and
1;5 to prevent it from having an overwhelming effect on the
decision ratio. |

The FORTRAN pfogram at Appendix B imélements the
chemical module deécribed in this chapter. The program was
run with a combat scenario‘to deﬁonstrate its application.
The  scenario apd the'results of'the-demonstration run are

described in the next chapter.
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IV. APPLICATION OF THE MODEL
A. BASIC SCENARIO
The chemical warfare module application program was run

using a division-level combat scenario. The scenario

consists of a basic situation and three updates advancing

the planning time and developing the situation.

The scenario concerns a blue armor division in the Fulda
‘Gap region of West Gefmany. Thd'division's mission is fo
defend in sector, preventing attacking red forées froﬁ
crossing the initial division.rear boundary for 48 hours.
Ihis demonstration covers the first 24 hours of the mission.
The .division's thrﬁe brigades afe committed in defensive
Sectors‘against attacking red first echélon motorized rifle
divisions (MRD). One red MRD is attacking each blue
brigade. In addition to the brigades, the blue division has
three uncommitted units: the general support field
artillery battalion,‘an attack ' helicopter company, and an
armor battalion as the division reserve. |

The input parameters réquired by the program are listed
in Tablg 4-1. STATE is the value of thé state function,

f(STATE), the square rcot of the product of the percentages

of personnel and equipment on hand at the beginning of the .

scenario. DIST is the initial distance of the unit from its

battle position. Desired proportion is the fraction of that
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TABLE 4-1
PROGRAM DEMONSTRATION--BASIC SITUATION
TIME = 0 HOURS

:bamrgpz ' ‘'DESIRED CHEM OPP ATT. COEFF.
NO UNIT BIP STATE DIST SPEED PROP. THRT UNIT RED BLUE
1 ARM BDE 4800 1 20 10 .55 3 1 .1 .05
2 ARM BDE 4800 1 20 10 .55 3 2 . .1 .05
3 ARM BDE 4800 1 20 10 .55 3 3 .1 .05
4 PABN 1800 1 20 10 .2 3 N¢* .1 .02
5 HELOCO 800 1 20 40 .15 3 N¢ .2 .1
6 ARM BN 1000 1 20 10 .1 3 N¢ .1 .05
_ RED .

1 MRD 14000 .8 20 10 - - 1 - =
2 MRD 14000 .8 20 10 - - 2 - -

3 MRD 14000 .8 20 10 - - 3 - -
* = Not committed initially

type of unit's power in the total force that the decision
maker would prefer to have availablef CHEM THRT is keyed to
a list of qualitative chemical threat values from which the
user is asked to select.  These data are - entered
interactively byvthe user at the terminal in response to
screen prompts. Information for each blue entity in turn is
entered, followed by each red entity and scme general
information about the scenario. For brevity the entries for

only the first blue and red entities are shown in Figure
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4-1. The key for ‘the Chemical Threat ("CHEM THRT") entry is
shown in Figure 4-1. The initial situation always begins at
plv'anning time T = 0. : .

For blue field artillery units, the program alsoc asks
for the information shcwn in Pigure 4-2 in order to compute
the mission capability value factors described in Chapter
III. | o |

The program first dcterminés the appropriai:e ;!issiop
Oriented Protective Posture (MOPP) levels and checks initial

plan feasibility (Figure 4-3).-

As shown in Pigure 4-3, the initial :ituation’prov.es' to
be feasible. This can be seen by examining the red and blue
total power curves in Figure 4-4. The bluel pl'an is feasible
if the difference between the power curves is greater than
the feasibility threshold throughout vthg planning period.
The feasi'bility threshold for this demonstration is o. »

At this point the diirision plan is passed to the brigade

planners for preparation of thei: own feasible él'ans.

B. 'FIRST UPDATE
| The program next prompts for an update time or the

prvogra.x'n can be terminated (Figure 4-5).
At time T = 2 hours, the intelligence module detects a

second echelon red tank division entering the blue

division's area of interest at a distance of 120 kilometers.

At this point, blue has no‘specific indicators of the red
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To terminate program during data input, enter 999 in
response to any prompt for data.

At time T = 0

Enter the number of blue entities (units):
? .

6

For each Blue cntity, enter the information requested (units
under chemical attack or contaminated should be entered
last).

Blue entity (ID no.) B
Unit Type (enter no. 1-6)
- Armor Div
2 = Armor Bde
3 -~ FA Bn (203-mm SP)
4 - Atk Helo Co
S = Armor Bn
?
2 A
Mission (enter no. 1-2)
1 - Attack
2 - Defend
?
2
) Basic inherent power (BIP) in STAPOWS
4800
.State, at T = 0
2 (SQRT(% personnel x % equipment))
1 ‘ _
R Distance from assigned battle position (km)
20 '
) Average speed of travel (when moving) (km/hr)
10
' Desired proportional power of this type
, unit in Blue force, for this mission
.55

Figure 4-1 Program Data Inputs
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Chemical threat (enter no. 1-6)

'3

1 - None
2 = Unlikely *
3 = Moderate
4 - High
S - Immediate
6 - Under chemical attack/
» in contaminated area
3 ‘ :
Number of Red entities opposing this unit
2 (0 = Not committed)
1
Red entities opposing this unit (ID no.)
(Enter one at a time)
?
1 -
Attrition coefficient for BLUE unit 1
.on RED unit R § L
? -
.1 ‘
Attrition coefficient for RED unit 1
on BLUE unit "1
?2 .
.05
Enter the number of Red entities (units):
?
For each Red entity, enter the information requested
Red entity (ID no.) 1
Unit type (enter no. 1-4)
1 - Tk Div
2 - MR Div
3 - Tk Rgt
4 - MR Rgt
?
2 |
Mission (enter no. 1-2)
1 - Attack
2 = Defend
?
l .
Basic inherent power (BIP) in STAPOWS
? ‘ '
1400

Figure 4-1 (CONTINUED)
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State, at T = 0
, (SQRT(% personnel x $ equipment))
? - .
.8

?
. 20

?
10
Has Red employed chemical weapons (Y/N)?

Distance from battle position .(xm)
Average speed of travel (when novinq)(kn/hr)

b4
Does Blua have chemical omploynont
authority (Y/N)?

Y
Enter mission duration (no. hours from T=0)

?
24
‘Pigure 4-1 (CONTINUED)

) Daily allocation of chemical artillery rounds
500 '

Daily nllocarion of artillery round-
) (all typos)
10000

Desired daily allocation ot chamical
" artillery rounds

1000

Figure 4.2 Additional Information chuirad fnor
ricld Artillery
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Recommended MOPP:

BLUE unit 1, MOPP 1
- BLUE unit 2 , MOPP 1 *
BLUE unit 3 , MOPP 1
BLUE unit 4 , MOPP 1
BLUE unit S , MOPP b §
BLUE unit 6 , MOPP 1
Situation feasible at this time.
Figure 4-3 Result of Basic Situation
g g —— T
& cvenee RED
1
!\~ .
4 o 1 ! | ! 1 1 i L
2. 0 ) 10 18 20
I'd
roe TIME (HOURS)
pot
4
;"4
]
?&4 Figure 4-4 Power Curves, Basic Situation
.
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Enter time of update (hrs since T = 0)
(if nore, enter 999 to terminate program)

?
2 .

At tine T = '2.00000000

Enter the number of bluo'ontities (units):

?
6

Figure 4-5 Pirst Update

tank division's plah of attack. Therefore, the red
division's power is applied uniformly across the blue
division's sector (i.e., one-third of the fcd division'i

pover is applied against iach blue briqadi).' This is

. essentially the LaPlace principle of choice for a decision

under risk: oxboctatipn of equally likely futures. [Ref.
9] The program again asks tér input qt the basic
inforiahion for all entities. This allows for changos in .
the force strgcturcs.or'aliows the user to shift to another
organizational level as will be lncnvin'thc thira update.
The input paramotari are now as shown in Table (-2.

The program again determines the best MOPP level for

each unit and checks feasibility (Figure 4-6). The entry of

the red tank division makes the blue plan‘infcasibio. The
new power curQes‘are shown in Pigure 4-7. The decision
point is at t.me T = 13.5 (when the power curves cross siluce

the feasjibility threshold is a difference of 0).
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TABLE 4-2
- PROGRAM DEMONSTRATION--FIRST UPDATE
TIME = 2 HOURS

BLUE

RO TP L N S W SRR RILISISIN W12 24 S

ID TYPE '~ DESIRED CHEM OPP ATT. COEFF.
NO UNIT BIP STATE DIST SPEED PROP. THRT UNIT RED BLUE
1 ARM BOE 4800 1 0 10 .55 3 i :i .08
2 ARM BDE 4800 1 0 10 .55 3 2 .1 .08
R L] o1 <05
3 ARM BDE 4800 1 0 16 .55 3 3 .1 .05 ]
: ' é "ol «Q5
) 4 PFABN 1800 1 °o 10 .2 3 Nc* .1 .02
.5 HELO CO 800 1 20 40 .15 3 Ne .2 .1
K 6 ARM BN 1000 - 1 10 10 .1 3 NC 1 .05 -
e |
1 MRD 14000 .8 0 10 - = 1 - -
; 2 MRD 14000 .8 o 10 - = 2 - -
3 MRD 14000 .8 0 10 - =. 3 - -
4 TK DIV- 5000 1 120 10 = = 1 - -
E S TK DIV- 5000 1 120 10 = - 2 - -
% 6 TK DIV- 5000 1 120 10 - - 3 - -
® - Not committed initially
57
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Recommended MOPP:

BLUE unit 1, MOPP 1
BLUE unit 2 , MOPP 1
BLUE unit 3 , MOPP 1 .
BLUE unit 4 , MOPP 1
BLUE unit 5 , MOPP 1
- BLUE unit 6 , MOPP 1

Situation infeasible. Preparing feasible plan.

Pigure 4-6 Result of First Update’

i ! : { ; L L 1 1
‘ s 10 15 ' 20 ‘
TIME (HOURS)

Figure 4-7 Power Curves, First Update
The program now begins to search for a feasible plan.
It promj:ts for the attrition coefficients for each

uncommitted blue unit versus each red uhit when it first

.58
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pairs those particular units. The attrition.natrixlis thus

built -interactively but entries are required only for

pairings that are tested, and only the first time each pair
‘ _1. tried. This scheme reduces the overall data input load
for the user. Upon restoration of feasibility, the plan is
di-plﬁyod‘(riguro 4-8).

Peasibility restored by plan:
. TIME BLUE UNIT ON RED UNIT CHEM OR CONV
12.0 4 4 CHEM

FPigure 4-8. Feasible Plan--First Update

As shown in PFigure 4-8; feasibility is restored by blue
unit 4, the field artillery battalion, firing a chemical
mission ag#inst red unit 4, one cf the partial tank

. divisions, at time T = 15. The restoration of feasibility
. is shown by the new power curves at Figure 4-9. Given the

speeds and distances involved, the mission is to be fired at

maximum range, when the red division is still 20 kilometers

from engaging the blue  division. The ALARM planning
algorithm has thus determined that interdicting an
approaching force is the best course of action, a key

concept of Airland Battle.: It can be observed that firing

this mission against any of the partial red tank divisions

gives the same results, since the same parameters are used.

When several feasible courses of action have the same value

- e .

the program reports the first one found.

-
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POWER (STAPOWS)
10000 20000 30000 40000 50000

TIME (HOURS)

Figure 4-9 Power Curves, First Update Plan
Restoring Feasibility

To review how this coursa of gction is selected, the
decision rule is to choose the course of action with ﬁhe
greatest value of the ratio of red power destroyed to blue
power used times the value of blue powér, PD/(PU x V) (see
Chapter III). The computation of this qﬁantity is outlined
below, 'comparing it_ to a possible alternative course of
action that was not selected. The equations are derived
from the general equations described in cﬁaptars II and III,
applied here in the same Ispecific ways that the progranm

does.
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The power of red unit 4 at the decision point, T = 13.s5,
if it were not attacked is derived from equation 2.5, since
it dces not arrive at- its battle position until T = 14

- hours:

8IPR4(nc),13.5 ™= ABIPR4 X exp(Dpq X (13.5-2)).

Equation 2.1 defines adjusted basic inherent power (ABIP)
as: '

ABIP = BIP x (K/DIST) x f£(STATE),

where:

K is the mission factor,

DIST is the original distance from the battle
. ‘ position, and

£(STATE) . is the state function, here the square. root of
the product of the percentages of personnel and
equipment on hand.

Therefore:
ABIPR, = 5000 x 1/120 x 1 = 41.6667.

The computational form of Equation 2.3 for the power growth

' exponent, D:

D = (1n(DIST))/(ty - tp)
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Dpe = (1n(120))/(14 - 2) = 0.3990.

Therefore the power of the target unit at the decision point
if not attacked is:. '

Following the chemical attack at T = 12.5, the power

equation is derived from Equation 2.5 as:

SIPRq,12.5 ™ 2251 X exp((Dpg - ATT)x(0.5)), .

where:

ATT = (-1n(0.575))/0.5 = 1,1068. (3..2)
Therefora:

SIPR4,12.5 = 2251 x exp((0.3990 - 1.1068)x0.5)) = 1580,

and by T = 13.5:
SIPR4,13.5 = 1580 x exp(Dpgx(13.5 = 12.5)) = 1929.
’Therefore the red power destroyed is:

PD = 4096 - 1929 = 2167.
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Blue unit 4 is in its battle position consuming
resources since T = 2, g0 its power at T = 13.5, if it does

not fire this mission is derived from Equation 2.5 as:
SIPp4,13.5 = SIPpg,ta X exp(-Upgg X (13.5 -2)).
Since:

SIPpy,ta ™ BIPpg x Kpgq X £{STATEg,)
= 1800 x 3 x 1 = 5400,

and Upg is assumed to be 0.03:
sfpg;,i3,5 = 5400 x exp(-0.03 x 11.5) = 3824.
Before fifing thevmission at'f = 12: : o _A-
SiPB4,12 = 5400 x exp(=0.03 x (12 - 2)) = 4000.
Féllowing the mission at T = 12;5, blue unit 4's power is:
SIPp4,12.5 = 4000 x exp((-0.03 = 0.02)x(0.5)) = 3902.
‘At the decision point, T §f13.5:
s:p34,13,5' = 3902 x exp(-0.03x(13.5 - 12.5)) = 3786.
The blue power used is:
PU = 1,824 - 3786 - 38.
The usefulness value,' UV, of blue uﬁit 4 is:
UV = BIP x (1 - exp(G x SIP/BIP))/(1 --exp(G)), (2.9)
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80 with G = =3:

-UVgy ™= 1800 x (1 ~ exp(-3 x 3786/1800))/(1 - exp(-3))
= 1891. )

The value of blue unit 4 is:
'V = (DP/CP + DPchep/CPchem) X UV, . (3.1)

- where
CP = ABIPpy/ABIP,); = 270/2700 = 0.1,
Therefore: . ' .
- Vgg = (0.2/0.1 + (1000/10,000)/(500/10,000)) x 1891
= 7563,
In the program, vV is scaled by 1/10,000 to avoid precisicn
problems, so the final value us:

Vgg = 0.7563.

The decision ratio for this course of action is:
PATIO = 2167/(38 x 0.7563) = 75,

For comparison, corzasponding figures for an attack

helicopter mission beginning at T = 12 and ending at T = 13,
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since the mission “profile for <the helicopter company

includes one hour on station, are:

PD = 743
PU = 229
Vps = 0.3682

and
RATIO = 743/(229 x 0.3682) = 8.8.

Therefore even though the value fcr the chemical artillery .

'strike is greater, the differences in red power destroyed

and blue power lost cause the chemical ﬁission to be
preferred. The program determines that this course of
action is in fact preferable to all others, given the

parameters used.

C. SECOND UPDATE

The program again prompts for an update time. At time T
- s‘hours,(stili 8 hours from‘the arrival of the red tank
division at the forward edge of the ba;tié area), the -
intelligence module reports indicatbfs showing that Ehe red
tank division will attack through tﬁe 1st Brigade.sector‘to
create a penetration. Since the other two brigades are

facing their original opponents, their initial plans remain

. feasible. The division now focuses its planning on the 1st

Brigade. The input parameters for this iteration are listed

in Table 4-3.
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TABLE 4-3

PROGRAM DEMONSTRATION--SECOND UPDATE

BLUE
ID TYPE

TIME = 6 HOURS

DESIRED CHEM OPP ATT. COEFF.

NO UNIT BIP STATE DIST SPEED PROP. THRT UNIT RED BLUE

1 ARM BDE 4800 1l

2 FABN 1800 ' 1
3 HELO CO 800 1
4 ’RM BN 1000 1

RED
1 MRD 14000 .8
2 TK DIV 15000 1

*,- Not committed

Again, MOPP levels
/  (Figure 4-10).

Recommended MOPP:
BLUE unit
BLUE unit
BLUE unit
BLUE unit

[CR O N N

Situation infeasible.

0. 10 .55 3 1 .1 .05

2 .1. .05

o 10 .2 3 N* .1 .02
20 40 .15 3 NC .2 .1
10 10 .1 3 N .1 .05
o 10 - - 1 - -
80 10 - | - 1 - -

initially

and feasibility are determined

, MOPP
, MOPP
, MOPP
, MOPP

(TR

Preparing feasible plan.

Figure 4-10 "Result of Second Update
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Inf;alibility occurs at time T = 11.8 hours,” as seen in
the power curves (FPigure 4-11). This is 2 ‘hours earlier
than in the firat ﬁpglato, because red power is more
concentrated and the imbalance -is therefore greater.
Attrition coefficients are entared as requested, and the
plan restoring geasibility is reported out (Figure 4-12).

16000

12000

acxn

" POWER (STAPOWS)

. 4000 -

1 H 1 1 ! L 1 { i ]
8 12 16 ' 20 24

TIME (HOURS)

Pigure 4-11 Power Curves, Second Update

Feasibility restored by plan:

TIME BLUE UNIT ON RED UNIT CHEM OR CONV
10.0 ' 2 1 CHEM
12.0 2. 2 . CHEM

Enter time of update (hrs since T = 0)
(in none, enter 999 to terninate program)

-

10
Figure 4~12 Feasible Plan, Second Update
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To restore feasibility in this more ;oriously unbalanced
situation, both red entities receive chemical fires, with
the appro;chinq tank division .again being fired upon at
maximum range. Restored :ehqibility is shown in the power ' '
curves in Figure 4-13.

16000

12000

S | , L

L Lo

e, |}
."'----.u-" S g
B . - .‘/ \\.'/

~nwmnfsanms)

ol 1 1 - 1 1 1 i 1 :
] 12 1é 20 24
TME (HOURS)

Pigure 4-13 Power Curves, Second Update Plan
chtorinq Feasibilicy
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C. THIRD UPDATE

At time T = 10, with the red tank division now 4 hours

PSR h T

from contact, red fires a persistent chemical agent attack

3; against the 1st Brigade, apparently in preparation for the
. . ‘ .

g arrival of the approaching force. Shifting the planning to
” ,

§ the brigade level, the 1st Brigade has two armor battalions
ﬁ committed, one armor battalion au‘a‘b;igado reserve, and its
4 | |
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direct support field artillery battalion. 1In addition, the
division has allocated its three uncommitted units to the
1st Brigade for planning purposes. The intelligence module
indicates that in addition to the red MRD opposing the
brigade, the red tank division has two tank regiments 40
kilomaters away' with one regiment directed against each o2
the brigadc.'s committed battalions. The red tank division's
remaining units are a tank regiment and a motorized rifle

regiment (MRR), both 60 kilometers ‘away, and both apparently

directed against the battalion that did not receive the

chemical attack. Red has apparently fired the chenmical
mission and will commit one regiment of thc‘ tank division to

fix the flank, with the main attack through the second

'battalion using the remaining three regiments. The input

S

data are listed at Table 4-4.
As before, MOPP and feasibility are determined (Figure
4‘1‘) °

The power curves show that 1nt.asibility occurs at

T = 10 hours, the time of the chemical strike on the blue
armor battalion (Figure 4-15) |

As the progran finds a feasible plan, attrition coetfi-
cients are again entered when requested. In this step,
since a blue unit is contaminated, a dccontaminaﬁion
schedule must also be found. The feasible plan is reported

23 shown in 'Figure 4-16.
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PROGRAM DEMONSTRATION, THIRD UPDATE

BLUE
ID TYPE
NO  UNIT

1 ARM BN

3 FA BN
4 FA BN
5 HELO CO
6 ARM BN
7 ARM BN

A L e W oN
' w3
Q
v

e .

.‘m.l‘-’-v‘.'-..‘-ﬂ‘.'.ﬁ\.‘--‘:‘.‘f‘-. .‘\-’-.I‘ ‘!-'_. l“- '\ .ﬁ‘- .ﬂ“ 'F-..)' . A,l.. 'la,‘l‘.,d. A ’.. K]

TABLE 4-4

TIME = 10 HOURS

DESIRED CHEM OPP
BIP STATE DIST SPEED PROP. THRT UNIT RED BLUE

1000 1 0 10 .4 4
1000 1 s 100 .4 4
1800 1 0 10 .45 4
1800 1 0 10 .45 4
800 .1 20 40 .15 4
1000 1 10 10 .4 4
1000 1 0 10 .4 6
7000 .8 0 10 ' = -
7000 .8 0 10 - . -
3600 1 40 10 - -
3600 1 40 10 - -
| ;660 1 6 10 - -
3000 1 - 60 10 - -
70
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ATT. COEFF.
1 .08
1 .08
1 .05
1 .08
1 .05
a0 .02
1 .02
20 .1
1 .05
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Recommended MOPP:

BLUE unit
BLUE unit
BLUE unit
BLUE unit
BLUE unit
. BLUE unit
BLUE unit

MOPP
. MOPP
MOPP
MOPP
MOPP
MOPP
MOPP.

NOoOUMsWwN KR
® % % %N aN
[ A N SN SNNEYNN)

S8ituation infeasible. Pfeparinq feasible plan.

Figure 4-14 Result of Third Update
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Pigure 4-15 Power Curves, Third Update
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Feasibility restored by plan:

TIME BLUE UNIT ON RED| UNIT CHEM OR CONV
10.0 3 X CONV
T= 10.0000000 , BLUE unit 7
begin move to decon site
10.0 4 2 CHEM
11.0 3 1 CHEM
12.0 3 3 CHEM
15.0 e 3 CONV
12.0 4 4 CHEM

Figure 4-16 Feasible Plan, Third Update

Not surprisingly, since |the contaminated unit is

recommended to move to the decontamination site immediately,

the MOPP degradation and the continuing production of
casualties is stopped soonest, and a :I'iald artillery
battalion takes the cpponling r ‘d force under conventional
fire. A veakness of the program is that it allows a
contaﬁinated maneuver unit to ithdraw for decontamination

upon commitment of any blue unit| to replace it, not necessa-

rily another ground-occupying unit such as armor or infan-'

try. Obviously, the contaminated unit's position (or an

uncontaminated position nearby) must continue to be occupied
to prévent discontinuity in the force's front line. This
plan again interdicts approaching red units with chemical
fires at maximum range. Aft;r three chemical strikes,
however, the value of chemica Imissions increases until
commitment of the brigade reserve armor battalion to the
contaminated ‘battalion’s sector |[at T = 15 hours becomes Ia

better option. This time is significant in that the same

g
|
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red tank regiment opposing this armor battalion would ﬂ;ve
arrived at the battle position at T = 14, but the chemical
strike at T = 12 delayed its arrival, making this the
preferred option. The last course ot‘action required to
restore overall feasibiiity is again a chemical strike since
it is still a better value than the now-remaining courses of
action, given the parameters used in thé selection. The
progranm is terminated at this ﬁoint. -

The scenario demonstrates the use of the ‘cw module
application program in analvzing a situation and, using the

precepts of the GVS, obtaining a plan to restore feasibility

under conditions of chemicai warfare.
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V. CONCLUSIONS AND FUTURE DIRECTIONS

A. CONCLUSIONS
A chemical warfare module for the AirLand Advanced

Regearch Model is described. Basic concepts Qf the cw

module are demonstrated in an application program running a

representayive combat scenario. The module .represents the
key chemical staff functions of planning chemical weapons
employment, determining MOPP guidance, and scheduling and
allocating decontaminatién support. o
‘ The module is centered on the ALARM planning algorithm
proposéd by Fletcher [Ref. 5], suqcessfully adding Kilmer's
value concept {Ref. 3] to the decision rule for course of
action selection. It incorporates the logical basis +to
integrate chemical warfare .conditions fully into the ALARM
planning model.

The application program gexieral;izes previous
implemen’catiohs of the Generalized Value System and the

plénning algorithm. It performs planning at multiple

. organizational levels and for multiple engagements. Its

‘interactive structure provides the basis for develophent of

a staff planning and training aid or decision support

. system.

In terms of further developmeﬁt of ALARM, the program

can assist efforts to obtain data for an eventual
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determination of tﬁo dimensions of derived power of support
entities. This can be done by inferring the effects on
inharont power of supported units by decontamination units.
Thc‘program also supports further studies into the nature of
power synergism among entities by analyzing multiple

ongagements-and comparing results in terms of power..

B. FUTURB‘DIRECTIONS

The loqicgl framework for a chemical warfére module for
ALARM is provided in this‘ -thesis as well as a -.computer
program implementing it. Further development of the module
to give it broader utility could include:

= Addition of NBC reconnaissance rlanning and other
planning aspects of coantamination avoidance when
‘doctrinal and organizational issues are more settled.
An effort might be made to use the CW module and the
application program, with suitable additions, as tools
to investigate reconnaissance issues.

- Addition of other chemical delivery means such as.
missiles and air. This would add a deeper dimension to
the cheémical employment model necessary for a 'full
portrayal of AirLand Battle. .

Full incorporation of the module in ALARM requires the
reflection of CW conditions throughout the planning model
and the preparation of appropriate interfaces with the

module, as follows:.

- The Cartesian space network must record and track
contaminated units and terrain reported by the execution
model and movement planning must account for
contamination. As part of NBC reconnaissance planning,
decisions must be made whether to cross contaminated -
terrain and accept the MOPP degradation, decontamination
regiremencs, and possibility of casualties, or avoid
‘it. These decisions are made by comparing the effects
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of the alternatives on affected units' power functions
using future state dnciqion making.

- The execution model must have a reasonably full,
accurate, and responsive depiction of chemical warfare.
The Vector-in-Commander (VIC) model has a good
developmental chemical module and is a candidate for an -
- execution model in that respect. :

In a wider context, ALARM developments that will enable ..
'1nprovements to the CW module, or that the CW module may
assist in deriving, include:

- The nature of power synergism among entities, =&
discussed in Section A of this chapter. .

- The appropriate value or values for the utility
coefficient G in the Usefulness v:lue equatisn (Egn
2.9).

- The expression and dimensions of derived power as
discussed in Section A of this chapter.

Finally, further development of the application program
requires the following considerations:

- Practical application of the program will require
expanding the number and types of units modelled, and
expanding and adding mission profiles along thé 1lines
that field artillery and attack helicopters are
modelled. ' '

- When updated <chemical employment procedures are
available, weather and collateral damage preclusion
factors can be added.

- As on-going MOPP degradation- studies produce more
complete data, this aspect of subroutines CHDEF and
CHDCON can be expanded to incorporate the new
intormation.

- An expanded program will require further verification
and validation.

- Development of the program as.a training aid or decision
support system will require consistent, verified Basic
Inherent Power (BIP) values for all entities in the
model. Studies planned for the next year at the Naval
Postgraduate School will address this need for ALARM and
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such information can be . adopted for this progran.
Program refinement and preparation of user instructions
would also be required.
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APPENDIX A
SUMMARY OF CHEMICAL WARFARE

A. CHEMICAL EMPLOYMENT |

Chemical warfare (CW) is the direct use of chemical
compouﬁds to kill or injure people, p;ants, or animals, or
to damage or destroy materiel. It is generally practiced in
an anti-personnel role. The compounds used are called
chenical agents, and may be classified in several ways. Thae
most useful classitication is by physiclogical effect. Most
chemical igénts fall into one of the categories listed in
Table A-l.

Chemical agents may be employed as liquids, aerosols, or
vapors, depending on their physical characte;istics‘and the
desired effects. They may also be classified as persistent,
semi-persistent, or non-écrsistant, depending on how long
the agent remains on the target in hazardous concentrati;ns.
Persistent agents like the blister agents and persistent
nerve agents may last for days ’dr weeks. Semi—peréistent
agents may last a few hours. Non-persistent agents usually
dissipate within a few minutes to an hour.

Besides their physiological effects and persistency,
candidate chemical agents must have qualities that allow
them to be delivered to a target. They must be stable in

storage and under delivery conditions. For example, the
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TABLE A-1
TYPES OF CHEMTCAL AGENTS

TYPE EPFECT

Nerve Inhibits the enzyme cholinesterase, causing
general collapse of central nervous systen.
Usually lethal. Long uncertain racovnvy
period for survivors.

Blister Damages body tissue, causing various types of

lesions on skin, damage to lungs and eyes
from vapor. Usually not lethal, but long

recovery required.

Blood Prohibits absorption of oxygen by blood,
causing suffocation. Usually lethal.

Choking Damages lungs, causing fluid buildup, "dry
land drowning." Usually lethal.

lIncapaci-

tating Various mechanisms, reducing ability to
perform normally. Not lethal.

heat and pressures experienced by an artillery round must
not| alter or destroy the agent. It must also be pfactical

to deliver the agent in adequate concentrations to hava the

desired effects on . the target. One problem with chemical
agent delivery in general is that producing the required
conqentration on the target to reach .a threshold of
efféctlveness requires a. relatively large number of
munitlons delivered within a short period of time. It is
often difficult to dedicate sufficient fire support assets
to chemical missions. '

Once an effective concentration is reached, however, the

results can be much greater than those achievable by an
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equal number of conventional munitions. T In addition to
producing casualties, employment of chenicals causes
personnel to don cumbersome protective clothinq and to
operate in a protected posture. This hinders efficient
performance of most tasks,'reducing speed and accuracy. Use
of persistent agents creates a need to spend tim‘ and &ivort
assets for eventual dccontamingtion, turther' slowing the
cnen?'s tempo of oparations. Additionally, casualties who
survive a chemical attack"can have more dftgct on the
opp&sing forca's abi;itY' to operate than those who dio.l
Individuals injured by chemical agents are not able to
perform thair duties and can create a huge drain on medical,
transportation, and supbly support, diverting them from
other tasks directly supporting combat.
Other delivery considerations include weather, terrain,
' vpgetatidn, and human construction. 'These factors can make
target effects very uncertain aﬁd add to the difficulty of
effective employment. S
‘ The U.S. has a no-first-use policy for chémical warfare.
It maintains a stockpile of chemical Qeapons for deterrenée:
to have the ability to respond in kind to alchemical attack
and thus put an enemy under the same difficult conditions.
Should deterrence fail, U.S. policy is to retaliate innkind
in order to encourage the opponént to.cease ﬁse of chemical

weapons as soon as possible.
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The Soviet Union uiﬁtains the most extensive CW
caﬁability in the world. It regularly trains in the use of
chemical 'agonts and is apparently engaged in a continuous
search for new agchts. The ‘U.s; ‘' retaliatory stockpile is
aging and increasingly ineffective, and productic;n of new

munitions has been delayed.

B. CHEKICAI. DEFENSE

Chenmical defense consists of three: aspects:
contamination avoidance, protecf.ion, and decontamination.
Adequate equipment, doctrine, and training ‘must be available
in all three areas in order to minimize t.hc‘ effects of enemy
chemical employment.

COntamination avoidance involves the diligent use of
chemical detection v_ and alarm equipment and chemical
reconnaissance in order to know when and where chemical
contamination is present and thus avoid contact with it.
This is the most basig and ob\;iously cheapest approach to
chemical defense. 1In practi‘ce, it is difficult to determine
the best organization and equipment levels and how best to
employ themn. ’
| Protection is the use of individual or collecti;ze
pr;otective equipment to prevent e:.pos;.lre of the body to
chemical agents. Individual protection is achieved with a
protective mask and hood and chemical protective clothing.

Unfortunately, encapsulation of the body in this way causes

loss of peripheral vision and depth perception, loss of
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physical dexterity, and retention and build up of body hc.t{
'In even moderate weather conditions heat stress can quickly
cause casualties. A flexible system called Mission Oriented
Protective Posture (MOPP) is used to standardize protection

levels and allow a trade~off between the chemical threat ard

mission accomplishment. MOPP consists of‘zivc levels of

protection produced by grzdually donning components of tha

' protective ensemble, thus reducang the amount of time

necessary to achieve coﬁplot. protection in a chemical
attick, but allowing soldiers Fo perform their " duties
without the heat striss of full oncapiulation. ' The MOPP
levels are shown in Table A-2. '

Collective protection ranges from chemical filters and

| envircnmental control systems {n combat vehicles and

.

chomical protective shelters to field prcdicnt shelters

using t;l;.rs and blower systeus in existing buildings.
Decontamination is- the removal or noﬁtralizat;on of
chemical agcnés' from personnel, oquipmont,} or terrain in
order to reduce of remove the hazard and permit operation
without the encumbrance og‘ prot‘ctivok equipment. Hasty
dgconéamination' is the use of individual décontamination
kits by ﬁhc‘soldiér on his own ciothing, skin, and persoﬂal
equipment; the use of crew contamination equipment on
limited aresas of vehicles or crew served equipment; or quick
wash-downs‘yith water 2nd small amounts of decontaminants.

Its purpose is to remove small amounts of contamination or
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TABLE A-2
MISSION ORIENTED PROTECTIVE POSTURE

MOPP LEVEL OVERGARMENT BOOTS MASK,HOOD GLOVES
0 Carried Carried Carried Carried
1 Worn, open Carried Carried Carried
or closed
2 - Worm, open Worn Carried Carried
~ ~ or closed
3 Worn, open worn Worn, hood Carried
or closed . up or down
4 Worn, closed Worn Worn, hood Worn
: . down

reduce the level of contamination in oidot to decrease the

"hazard and permit relaxation of protective posture. Hasty

decontamination is ﬁsually a stopgap measure until more time
is available for more thorough decontamination. Deliberate
dycontamination is essentially complete removal or '
neutralization of cheuical agents supported by a chemical
decontamination unit. It is a relatively time ‘consuming
process involving use of large ‘quantitins of water and
decontaminants. It usually requires the contaminated unit
to move to an. established decontamination sitae.
Decontamination units are in short supply in the U.S.
Army, relative to the possible reqﬁlrement for their
services. Each division (less 1light infantry) has ore
crganic chemical company which also has screening smoke and

reconnaissance missions. Each corps has ona chemical
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conmpany 65 active duty and may be .assiqnod 6n¢ or inofo
reserve companies after mobilization. Light infantry
divisions are supported by chemical companiqs issigned to
the corpﬁ. In operation, the division may ailocato' one

decontamination platoon to support each brigade.
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) APPENDIX B :
APPLICATION - COMPUTER P

- **********************************************************************

*
PURPOSE ; emoﬁbtrate a basic Chemical Module for ALARM, by *
? ying the Generalized Value System and Fletcher's *

anning algor thm in an exam le combat scenario *
gncorporatingh lanning chemical weapons *
employment e de ermination of appropriate MOPP »

- gu:.dance and the allocation and timing of *
contamination support. *

The program uses interactive data input to form the *

basis for a planning/decision aid, as well as an :
*

*

*

*

*

*

*

*

*

*

»*

module.

1/0: Data ingut and results outgut are through the
‘terminal, in order to develop the pro ram as a

deczsion{training Aﬂggrsing ud Adapting the:
program logic to e teminal intérfaces
. regresent calls between modules, For example, .
information about RED entities in ALARM would be
obtained for the planning module by interface with.
the intelligence module.

*********************************************************************

***************************R*********************************** A .

* k%% VARIABLE DECLARATIONS, DIMENSIONS, INITIALIZATION *#%*
****************xx*****x**n****&**x********x*******************

aTEGER NY, XT&P’éO:lO) ,KMISS(10), XTHRT(10), XTG%}g:IO 0:2 3
INTEGER XCOM(O0:1 CFLAG(IO) XKTGIN(10),ITINP,I ,CONFL(10,0:25)

~ INTEGER CHEMFL(10,0:25)
. INTEGER NY,YTYPE(10),YMISS(10),¥TGT(0:10,0:25),YTGIN(10)

INTEGER FEAS,PLAN, BLUE(Z REDéZO) IT4 ITDEC,IT1T, ITT3 ITT4 ITT . ) ,

INTEGER FLAG3(10,0:70), FLAG é oslog COM, F
INTEGER MOPP(10),NCON,CONTAM(10}, nscon BC(Z §,NQ. sracx(lo)

- INTEGER FLAGA(10,10),PRNCT

LEE SRR EE R B PR § R AR

REAL XK(10) ,XBIP(10), XSTATESO 10; ,XDIST(0:10) xspszn(o 10
REAL XDP (10}, %aBIP(0:10),XD(0:10 xr;nc 0,10 4.2
REAL XAT 510 10),XTA(0:10),%XSIP(0:10,0 xs:praélo) xrpélo)
REAL XRNG 10} SABIP(10),XTABIP,CP(10§.v éé 0),XCA
REAL XSTATT 0) DECDIS, XSPEDI(IO),ADSTAT( 10) .XDISTA(10)
REAL XDABIP(0:10),XDDIST(0:10). XDISTI(IO),XCSIP(O:I0,0.S
REAL XTSI5(0:50), xrsrpr(o 50) XSIP1(0:10,0:50),XDD(10)
REAL XSIP1T(0:10,0:50),XKTR(10§,DECVAL,XCSIPI(0+10,0:50)
REAL KMOVE(10)
RZAL YK(10),YBIP(10) ,YSTATE(10),¥D ST(IO& YSPEED(IO% :
REAL YABIP(IO),YD(IOS,YIP§10),YL c(o :50),¥DC(10),¥YTAC(10)
REAL YATT(10,10),vTa(10),vS12(0:10,0:5
REAL YSIP1(0:10,0:50) ysp¢o:§1o YDISTI(IO YDI(IO) YTAI(10)
REAL YSIP1T(0:10,0:50),¥T5IP(0:59),YTSIPT(0+
! REAL TU, TP, TEND,TD, TSTEP,TDEC,G,UV,RATIO, T c:,r:z
~ RZAL POWRAT, END4 , CRDS ,ARDS , DCADS , CPC., DC | CHRDS Tcélo)
REA TX, TDMOVE , DTIME(20) , TBCON(18),TDC(10), TIME(20) , ENGAGE (20)

CHARACTER*1 YCHEM,XEMP,PERS(10)
CHARACTER*4 TYP"(ZO)

DATA TP/O./,TU/O./,TSTEP/O.S/,G/-3./,C/0.0IO47/,NQ/0/

**:k**'*********************************************** e e v 7 e e vk e e sk e de e e sk e v e e e
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%k INPUT SITUATION *sk

Jedfe oo e e e e e e e e sk s sk e e 7 ok e e e e e e e e vk e de
*

*

10

W

20

*kk BLUE **%
RdARRK KKK

PRINT *, 'To terminate program during data ingut, enter 999'
;g%g% :,'in response to any prompt for data.
PRINT *, 'At time T = Q!

DO 30" I = 1,10
TDC

CONTINUE

DO 20 1IIT = 0,50
XTSIPTiITT; = Q,
YISIPT(ITT 0

NTINUE :

"PRINT * . :

PRINT *, 'Enter the number of blue entities (units):'
READ *, NX

IF (NX .EQ. 999) GO TO 1000

PRINT *, ‘For each Blue entity, enter the information requested.'
PRINT *,' (units under chemical attack or contaminated should be'
PRINT *,' entered last)’ ‘ :
DO 100 I = 1,NX

PRINT * .
' Blue entity (ID no.)',I,':s!
' Unit Type (enter no. 1-6)'
! 1 - Armor Div '
: 2 = Armor Bdas !
'
[}

S Sy s s oo

v
x
-
b4
-
IR E R E R E S

PRINT 3 - FA Bn (203-mm SP)!
PRINT 4 - Atk Helo Co!
PRINT S - Armor Bn'

PRINT * 6 = Chem Co (NBC Def)'

READ *, XTYPE(I)
IF (XTYPE(I) .EQ. 999) GO TO 1000

IF (XTYPE(I) .EQ. 3) THEN
XRNG(I) = 20.

ELSE IF (XTYPE(I) .EQ. 4) THEN
XRNG(I) = 60. .

S
XR%?(I) = 5,

END I

PRINT *,! Mission (enter no. 1-2)'
PRINT *,! 1 - Attack!

PRINT *,! 2 - Deferd!

READ *, XMISS(I)
IF (XMISS(I) .EQ. 999) GO TO 1000
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PRI

iy

soim -3

END I

PR%ET . Basic inherent power (BIP) in STAPOWS'
IF (xsip(x) .s& 999.) GO TO 1000

PRINT *,! Stat at T =

PRINT**,' '( SQRT (% Personnel x % equipment))!

READ *, XST
IF (XSTATE(I) .EQ. 999.) GO TO 1000
XSTATI(I) = XSTATE(I)

L d

PR;ET* ’ T(I) Distancs. from assigned battle position (km) ¢
nr xpfsT( .zg 999 ) GO TO 1000 .

' A(I)

PRINT * 0 Averaqe speed of travel (when moving)(km/hr)'

* ~XSPEED(
IF (XSPEE D(I}S'EE 999.) GO TO 1000
XSPEDI(I) = XSPE (
IF gmrs'r(r) .EQ. 01)
ime unit arrived at battle position *
PRINT * (hrs since T = Q) ,

READ
z.“ (xrﬁ(r) .z& 999.) GO TO 10Q0

XTA(I) = (XDIST(I)/XSPEED(I)) +-TP‘

sz
fx%v;s’(rf (IEQ 4) XTR(I) = TP

IF (TP .GT 0.) THEN
Time unit entered scenario (area of'

°RI“* *,' 1nterest)(ewplzc1tly or as part of parent'
P INT *,' unlt) (hrs since T = 0)!
IF (¥TP(I) éQ 99 GO 70 1000

Lstance of unit from battle position at!'
Péﬁpm* ! t time.' ,

o IEF (xoisn(x) éq 999, ) GO TO 1000
xnrsn(x) = XDIST{I)
END IF

IF XSJXDISTI(I .GT, 0.) THE
= (LOG(XDISTI(I)))/(XDISTI(I)/XSPEED(I))

. XD(I) = 0,

END IF

XDI(I) = XD(I)

PRINT *, ' Desired groportzonalfpower of this type !
PRINT *. ! unit in Blue force, fo

r this mission

READ *, XDP(I)
IF (XDB(I) .EQ. 999.) co TO 1000

XTYPE(I) EQ f
g * . Daily allocation of chemical artlllery rounds'
IF CRDS .EQ. 999.) GO TO 1000
PRINT * Dallz allocation of artillery rounds !
PRINT *,° 1 types)!'

READ *, ARDS

IF (ARDS .EQ. 999.) GO TO 1000

PRI Desired daily allocatzon of chemical !
PRINT *"DCR . artillery rounds-

IF (DCRDS FQ 999.) GO TO 1000

CPC = CRDS/ARDS
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DPC = DCRDS/ARDS
END IF

gg%g%-:,: Chemifal threat (enter no. 1-6)'

PRINT *,° 2 - Unlikely'

o 1 j - proenee

PRINT *,° 5 - Ingadiate'

PRINT *,! 6 - Under chemical attack/®
INT *,¢ contaminated area'

REAgT* XTHRT(I)
IF (XTHRT(I) .EQ. 999) GO TO 1000

IF (XTHRT(I) .EQ. 6) THEN
% ( ) Q %erszstent or non-persistent agent (P/N)?'

ERS I .E ‘999'% TO 1000
PERS I .E P!)
Time of chemical attack (hours since T=0)'
IF (rc(r) éQ 999.) GO TO 1000

ELSE
PERS(I) = X!
END I

A PRINT * v Number® of Red entities o?posing this unit'
gEAgT**,' (0 = Not committed

GIN(I
IF (XTGTV(I) SE%. 999) GO T0 1000
IF (XTGTN(I) .EQ 0) THEN

XCOM

XTA(§) = 999.

xco?érl 21 _

PRIN Red entities opposin th§§ unit (ID no.)!
ime

PRINT *.! (Enter one at a
DO 110 J = 1 XTGTN(I)
READ *, XTGT(I,J)
IF (XTGT(I J) .EQ. 999) GO TO 1000
110 CONTINUE
: END IF

DO 130 K- 1,XTGTN(I)
PRINT * X Attrition coefficient for BLUE unit',
PRINT * n RED unit', XTGT(I,K)
READ * XATT XTGT(I ),I
IF (XATT(XTG (1, K) I) LEQ. 999, ) GO TO 1000
PRINT .trztzon coefrlcient for RED unit' ,XTGT(I,K)

PRI NT LUE unit',I

READ * YATT I, XT %

IF IATT(I GT(I K)) Q. 999.) GO TO 1000
CONFL(I K

CHEMFL(1, ) = 0

130 CONTINUE

DO 140 J =1, 25
"XTENG(I, J) = 9999,

140 CONTINUE

100  CONTINUE :
PRINT *,!' Distance from FLOT to dacon site (km)'
PEAD * DECDIS
IF ’DECDIS EQ 999,) GO TO 1000

s Fe e Fe e e ke e Fe Fe Kk e T T A K e

% 23] RED *%*

* Jedesk e ek 5k 7o ek e Aok e
PRINT *
PR;NT * 'Enter the number of Red entities (unlts) 1
READ * NY
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.

IF (NY .EQ. 999) GO TO 1000
PRINT *,'For each Red entity, enter the information requested!
Do 2%?’53 = 1, NY

PRINT *,' Red entity (ID no.)',J,'s"

PRINT *,! ype (en er no. 1-4)!
PRINT *,! - Tk Div!

PRINT *,' 2 « MR Div!

PRINT *, 3 - Tk Rgt'

PRINT 4 - MR Rgt'

READ * YTYP

IF (YTYPE(J) .E . 999) GO TO 1000 ‘
PRINT %, Hission (enter no. 1-2)' -
PRINT * ! l - ack! i
PRINT ,' 2 - Defend'

READ *

YMISS(J)
IF (wMiss(J3) .EQ. 999) GO TO 1000
44 %y(z;)s_(..r)l..zq 1) THEN

ELSE
YR(J) = 3.
END IF L
géINT 2(g Basic inherent power (BIP) in STAPOWS'
IF (YBIP(J) o2 999.) GO TO 1000
?ﬁ%ﬁ:: ‘ St‘“( 8RT(% porsonnel x % equi 0)!
, ersonnel x e men
READ *, YSTATE( P quip
IF (YSTATE(J) .EQ. 999.) GO TO 1000 -
PRINT o1 Distance from battle position (km)®
READ YDIST(J
IF (YDIST(J) +EQ. 999 ) GO TO 1000 '
PRINT *,! verage speed of travel (when moving) (Jm/hr)!
READ *, ' YSPEED( J) ge sP ( 9) e/ )

YSPEED(J 999.) GO TO 1000

YSP DI(J) = %SPEQD(

IF (YDIST(J) .EQ. 01)
RINT * ime unit arrived at battle position '
RINT *0 . (hrs since T = Q)
READ *, 'YTA(J)
IF (YTA(J) .EQ. 999.) GO TO 1000

YTA(J) = (YDIST(J)/YSPEED(J)) + TP .

ENC I
YTAI ; = YTA(J
YTAC? ) = YTA J
IF (TP GT 0.) THEN
Time unit entered scenario (area of'
PRINT *,' lnterest)(explLCLtly or as part of parent!
g&igT**,‘ unit) (hrs since T = 0)! ,

YTP(J
IF (YTP(J) .EQ. 999.) GO TO 1000 .
: 'RE Distance from battle position at that ‘time’

" YDISTI(J
17 (YDISTI(J‘ LEQ. 993.) GO TO 1000

ZLSE
YDISTI(J) = YDIST(J)"

IF (YDISTI(J)
E YD(J) = (LOG(YDISTI(J)))/(YDISTI(J)/YSPEED(J))

YD(J) = 0.
YDI(J) = YD(J)
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TDC(J) @ YD(J)
!TGTNéJ) =0
D0.230 I = 1,NX
DO 24

0 R = 1, XTGTN(I) ;
IF (XTGT(I,K) .E%; J) THEN
GTNSJ;T' YIGIN(J) + 1
Yﬁg;( JYIGIN(J)) = I
240 CONTINUE
. 230 CONTINUE
200 CONTINUE
* e Fe v Je e e ke e e Fe de e v e e e e e sk ke e A
* *kk CW STATUS ***
* e Fe e v e Fe 7 7k e T e e e Fe v e e e de e e e B
PRINT *, 'Has Red employed chemical weapons (¥/N)?'
READ ' (A) ', YCHEM =% - veapons (¥/N)

’
IF (Y +EQ. '999') GO TO 1000
IF (YCHEM .EQ. 'Y') THEN
PRINT *,'Does Blue have chemical employment'
PRINT *,! authority (Y/N)?!
READ '(A)', XEMP :
IF (XEMP .EQ. '999') GO TO 1000
ELSE
XEMP = 'N!
END IF ,
Jedede e dede e dedede de e e de kg e e
kh* TIME SPAN %*%k%* .
Fee e A 7 e Fe v 7 e K T Fe e K A e e e Fe e ke e -

PRINT *,'Enter mission duration (no. hours from T=0)!
READ *, TEND :
IF (TEND .EQ. '999.) GO TO 1000

e sk e e e e e e e s e ek e e e ek e k¢ e 7k e ¢ e e e e K Fe e e T ok e v e e e Tk e e e e e e T e e Fe 7t e e e e e T s e e e e T s e e Fe e e

T e e e sk e e e e e e e e e ke e e e e e e e 7 e e e e e e e e Je ke e e ke e e sk e e e e e e e e e e e e e e e 7 e e e T Kk e e 7k Fe e e

* o Ot% DETERMINE APPROPRIATE MOPP STATUS, INITIAL FEASIBILITY sk
********a*****x*xxw*xxkkx*********************************x********

DO 250 I = 1,NX -
po *%'51 (x"IrY?El(’Ix)TGm(I)s) OR.(XTYPE(I) .EQ. 4)) THEN
‘YS ENG(I,J) = xgrh(z)' ) e

LSE
Etmxrﬁyc(r,.z) = MAX(XTA(I),¥TA(XTGT(I,J)))
251 CONTINUE '
250 CONTINUE

DECON = 0

TDMOVE = 0.

XCATT = 0.

CALL CHDEF (XTHRT,MOPP,C, CONTAM,NCON,NX, XK, XBIP,XDIST, XSPEED,
{STATE , XTGTN, XTGT , XATT, XCOM, XABIP,XSIP,XSIPTA,XTA, .
XTENG,NY, YK ,YBIP,YDIST, YSPEED,YSTATE, YIGIN, YTIGT, YABIP,
YSIP, YATT,FEAS,TD,TP,TEND,TSTEP,TC,PERS,DECDIS, TDEC,
TDMOVE , DECON,NQ, STACK, TDCON, XSPEDI,XSTATI, XD, YD, XTYPE,
XTP,YTP,TU, XDISTI,YDISTI, CFLAG,YTA, TDC, XCATT, CONFL,
CHEMFL,XTSIP,YTSIP,XTR,¥YDC,YTAC,YSPEDI , XMOVE §

IF (FEAS .EQ. 1) THEN
PRINT * . . . . .
PRINT *,' Situation feasible at this time.:

* % N

~NoOnLwWwN

PRINT * L
PRINT *,' Enter time of update (hrs since T = 0)!
EéggT**'ép (if none, enter 999 to terminata program)’

IF (TP .EQ. 999) GO TO 1000
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PRINT *
PRINT *,' At time T = !,TP
. Go TO 10
ELSE

PRINT *
;EINN; *,1 Situation infeasible. Preparing feasible plan.'
END IF
************************************************************************

eesedesede e e de sk Ao e b e e s Je v de e e ek e e e e v s e e e e e T e T e e Ao e S e e Fe e e Fede e Ak A KAk

* *%* PREPARE COURSES OF ACTION TO RESTORE FEASIBILITY **#*
*************x*******x*x**x*******x***************x**********
*

‘ : *hk INITIALIZE **x
* Feded R K Fe K KAk K F KK AR AR

DO 260 N = 1,NCON
DO 261 T = rp TEND. rsrzp
Do B « TrIx
261 oo XCSIPI(CO AH(N) ITT) = XSIP(CONTAH(N) ITT)
560 CoNTINE

TDEC = TD

DO 301 I = 1 ,NX
DO 300 TX = TP,TEND~10.,TSTEP
- ITT = IFIX "X/TSTEP)
. FLAG3SI 1T
FLAG4(I,ITT) = 0
300 CONTINUE
301 CONTINU'

PLAN =
TDECN(PLAN) = TDEC
XTABIP = Q.
DO 310 I = 1,NX
Z(1) =
XTABIP = XTABIP + XABTP(I)
DO 312 T = TP, TEND, TSTEP

IF (XTYPE( ) . Q 4) THEN
XSIP1(I ,ITT) XSIPTA(I)

ELXSIPI(I ITT) = XSIPTA(I)*(EXP( -0.03*(T-XTR(I))))

.

312 - CONTINUE
DO 311 N =
: FLAGA(I, N)
311 CONTINUE

310 CONTINUE

DO 330 J = 1,NY
Do 331 T = TP TEND TSTEP

ITT = I (T/ P)
YSIPL(J 111 = ¥51B(3,17T)
331 CONTINUE
330 CONTINUE
320 POWRAT = 0
FLAGC = 0
DECON = 0
TDMOVE = 0.
DO 400 I = 1,N%
ABIP(I ) = 0.
% e e e 7 Fe e e e e s e e e e v v v e e s v e Fe e ok v A sk
* *%% CHECK VIABILITY ***
* Fe e e e v e Je e e sk ¢ K e sk T o v Fe T g ek ke Tk e K e e

IF (XCOM(I) .EQ. 0) THEN
DO 401 L = ],NX

b
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401
40

* % %

* % %

Iz}{ruéh;z?z‘(z.) .EQ. XTYPE(I)) SABIP(I) = SABIP(I)+XABIP(L)

RTS8 (HOE D

.

J = 1 NY
420 T = TP,TDEC,TSTEP
ITT = IFIX(T/TSTEP)
IF (T .LT. TDC(I)) GO TO 420
YLOC(J,ITT) = YDISTI(J) ~ YSPZED(J) * (T - YIP(J
IF (éL C(J?ITT) .LT.(OZ) YLOC(JSI%T) S 0. N

:gg;:m%‘(?) P 3()xb°:!§‘r((xz?? %)oc.(z 1)) 66 To 420 -

IF (XTYPE(I)
ASI) = (

END4 = XTA

IT4 = IFIX

IF é(m&
GO_TO 420

END IF |

IF (XTA(I) .GT. TDEC) GO TO 410
dede sk dededede e e e e ek e e e e e e e e e e e e e

k%% DESIGNATE MISSION *x**
T dededede R R e R Rk K ek R K e gk ek e e

X'I‘GTN%I) = XTGIN(I) + 1
LKXTGTN(I)) = J

¥T *NSJ%fS TIGIN(J) + 1 _
YTGT(J ,¥YIGIN(J)) = I ‘ .
CONFL(T,XTGIN(I)) = 1 : ‘
CHEMFL(I,XTGIN(I)) = 0

F ((XTYPE(I) .EQ. 3).0R.(XTYPE(I) .EQ. 4)) THEN

:Ls)ét%NG(I,Sﬂ.’)GTN(%)) )’ X’I‘A((I) (1) EQ. 4)) T

XTE?G(I,XTGTN(I)) = MAX(XTA(I),YTA(J))

é&D4/TSTEPi

.EQ. 4) THEN
;moti'r{)f): %g%.)r,frgg)/xsz'szn(r) )+ T
I,ITT).EQ.

) .OR. (FLAG4(I,IT4+1).7Q.1))

XTP(i) = T

IF (FLAGA(I,J) .EQ. 0) THEN _
PRINT *,' Enter attrition coefficient for BLUE unit ',I
PEINT *,! on RED unit ',J

READ *, XATT(J,I)
IF &%ATT(J,I) .EQ. 999) GO TO 1000 )
PRINT *,! Enter attritlon coefficient for RED unit ',J-
PRINT *,! en BLUE =unit ',I -
READ *, YATT(I.J)
If (YATT}I,J) .EQ. 999) GO TO 1090
FLAGA(I,J) =1
END IF

Fevek e e e e e e e e e e e ek ek e e e e e de e e sk ek e sk e e e e e e s e e e e e e e
*** PLAN CHEMICAL STRIKE, IF APPROPRIATE ***
Feesefe ek dede e e KR F R ek e e e e ek sk e A e e e ek e e

IE:AéE}%?C‘.EQ. 1) .AND. (XEMP -EQ. 'Y')) THEN

TX = T
CONFL(I,XTGTN(I g = C
GHEMFL (L XTeIN(L)) = 1

CALL CHEMF(JX,TX,YSPFED, YSPEDI,YDC,YTAC,YLOC,YTYPE,
TSTEZP, CHRDS, IT7, XCATT , YDISTI)
END IF .
e s v de s s e e A A e e T T A T K e e e 3¢ e T e e e v Ik ke e e e Ak e s o e T e A K
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*>%

450

** % :

* % *

* %N

OIOVSWN

Do
DO 450 M= 1 XTG &

CONTINUE

END
CONTINUE

Rk kA
*mm%ii‘il‘éﬁ*g&‘ﬁi&'ﬁ%’i&EESE’.L** .

440 N = 1 N AM(
IFrg('I‘GT(I %%mé ))<EQ. )@GT(CONTAH(N) M)) THEN
D%ﬁ?N = CONTAM(N)

IF (XCOM(CONTAM(N)) .EQ. 0) THEN
SECOM(CONTAN(N)) .EQ. 0)
DECON = CONTAM(N)

****************************a****************ﬁ******

*hk CHECK FEASIBILITY, RETURN NEW T FEAS | ***
*****************************a*********ii****u******

CALL POWE%S?X XK, XBIP,XDIST, XSPESD, XSTATE , XTGIN | XTGT,

TT,XCOM,XABIP,XSIP,XSIPTA,XTA, KTENG, NY, YK,
YBIP,¥DIST,YSEEED, YSTATE, 7TGIN, YIGT, YABIP,
YSIP,YATT,FEAS,TD,TP,TEND, TSTEP,TC, ¢, PERS |
DECDES, TDEC, TDMOVE , DECON, Ng STACK, rocgg
XSPEDI,XSTATI,XD,YD,XTYPE ,XTP,YTP.TU, XDISTI,
YDISTI,CFLAG, YTA, TDC, XCATT , CONFL, CHEMFL,, XTS1P,
YTSIP,XTR,YDC,YTAC, YSPEDI, XMOVE)

******************#*********t*****************x*********** ******

*** TF FEASIBILITY RESTORED AT TDEC, COMPUTE VALUE. OF COA **%

******************x****x********************Ra***x******x* Fekdefedese

2
3

w = XB’P(I)cél -(EXP G

((XSIPliI ITDE Y- (XSIP(T, ITDEC) 1.001))*VAL(I,ITDEC)

IF (TD .GT. TDEC)

To<(E mxir%% FIbEC) /XBIZ(I))))/ (1. (EXR(G)))
(1) a SABIP(I) / XTABIP : :

IF E&m-'uéﬁgﬁgﬁnNéqaqw /10000
XTYPE ( EN )

BELSE IF
VAL(I, IEDEC)=($XDP(I)/CP(I?)+((1 -D?C)/(1.-C2C)))*UV/10000.

zuS”%?I ,ITDEC) = ((XDP(I)/CP(I))+1.) * UV/10000.
IF (DECON EQ. 0) THEN

DECVAL = 1.
ELSE

DECVAL = XSIP(DECON,ITDEC)/XCSIPI(DEON, ITDEC)

END I
IF éDECVAL .GT. 1.53 DECVAL = 1.5
IF (DECVAL .LT. 0.5) DECVAL = 0.5

e e Fe e e e e v T Fe s s e s e 5 e T e e Fe e vk e Kk Fe Je de e

k%% SELECT BEST COA ***
Fede e Fe e Fe R R R e S K ke e e e e de e e e

TIQ = ((YSIPL(J ITDEC) - (¥STP( ITPEC)-1.0 }g)/

IF (RATIO .GT. PCWRAT) THEN
POWRAT = RATIO
BLUE (PLAN) = I
IF (FLAGC .%0. 1) THEN
| TYPE(PLAN) = oHmM!

'conv!

i
E

RED(PLAN) = J

TIME(PLEN) = T

ENGAGE(PLAN) X”ENG(I,XTGTN(I))
DEC{PLAN) = ECON




470

430

461

460

480

420
410

400

* % %

END IF

:

SPLAN =

XDABI DEC PLAN l XABIP DEC PLAN)
XDSTAT(DEC(PLAN)) = XSTA

XDDIST

DEC(PLAN)) = XDIST(DEC( LAN)
XDDXDE (PLAN)) =" XD (DEC(PLAN))
TTD = TP,

TEND
ITID = IFIX(TID/TSTEP)
IN%%SIP(DEC(PLAN) ITTD) = XSIP(DEC(PLAN),ITTD)

TDECN(PLAN) = TD -

430 TT = TP, TE
ITIT = IFIX(TT/T %
INggIPlf(I IT T) = XSI (X,IT1T)

DO 460 JJ = 1
DO 46

1 TT = TS
ITIT = IFIX ;T
YSIP1T(JJ,IT1T) = YSIP(J3 ITlT)

CONTINUE

DO 480 TPOW = TP,TEND,T
© ITEQW = I‘IX(TPOW/TSTEP
XTSIPT{ITPOW; - XTS;Pz
YISIPT(ITPOW) = YTSIP
CONTINUE
END IF
END IF . .
XTGTNng "XTGTN?I;-I'
YTGIN = YIGTN(J)~1

IF (DECON .NE. 0) THEN
XDIST(DECON) KDI:TA(DECON)
XD(DECON) = XDI(D %
XSTALE(DECON) = XSTA* (DECON)

DECON =
TDIOVE = 0
END IF

YSPE§§<3) = YSPEDI )
§) = YDI(

CONTINUE
CONTINUE

g;erP=(I) E%o 3). AND (FLAGC .EQ. 0)) THEN.

&JFDS GE

}igﬁgn 2o’ , . S
ELSE IF ((XTYPE(I) .EQ. 3).AND.(FLAGC .EQ. 1)) THEN
FLAGC = 0
END IF
END IF
CONTINUE
IF (POWRAT .EQ. 0.) THEN
coM = NX
TIMEéPLAN
BLUE (PLAN
RED(PLAN) = 0
ENGAGE (PLAN)

TYPE(PLA&U
GO TQ 900

%POW;

ITPOW)

(o1&
.

IK !

Fe e Fe A Fe Je e vk e e Fe 3 e A e Ao e e e ke s e Tk v T e ek s e ke sk ke e e ok e

*%% IF FEASIBLE, QUTPUT PLAN *%%*
***x****x*x****xx*x**k*x*xﬂ***x****xx*
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490

500

** %

590

561
360

IF (TDECN(PLAN) .GE. TEND) THEN

DO 450 TPOW = TP,TEND,T
ITPOW = IFIX(TPOW/ TSTEP
XTSIP(ITPOW) = XTSIPT
YTSIP ITPOW) = YTSIPT

%POW;
ITPOW) .

PRINT *

PRINT *' Feasibilit restored ‘by plun
PRINT * TIME K x P

RED "NIT CHEM OR CONV'
DO 500 N =1, LAN :
4X F4. %Ygg(IZ (13X,12,13X,M4)", <NGAGE(N),BLUE(N),

D(N),
IF &DEC(N) .NE. 0)
NT %, !T = DTIME(N), BLU! uni“ [ DEC(N)
Pgﬁ?? *, 'begin’'move to decon site'

PRINT *,' BEnter time of update (hrs since T = 0)'
PRINT Al (if none, enter 999 to cerminate program)'

READ *

IF (1P’ .EQ. 999) GO 10 1000
PRINT *

PRINT *,' At time T = ', TP

GO TO 10
e de oo e e e e s e e s e e e s sk Fe e e e e e e e T ¢ e e s e e e e ke e s s e e e e e e

**% TF INFEASIBLE, SAVE BEST COA AND REPEAT *#%*
********************&**x*********x*******************

ELSE N
IF (XTYPE(B LUE(PLAN)) .nQ $) THEN

XCOM(BLUE (PLAN 3
‘H¥TR’BLUE(PLAN) nNGnGE(PLAN)

=
=

.

IF (DEC(PLAN) .NE. 0) THEN
PERS (DE C(PLAN); = ‘X!
= XDABIP(DEC

) 3 XDSTAT(DE
= XDDIST(DEC
XSPEDI(DE
DEC(PLAN

gON(DEC(PLAN))
DTIME (PLAN)
TEND, TSTEP
ITID = IFIX(TTD/TSTED . ' :
' XSIP(DEC(PLAN) ITTD) XCSIP(DEC(PLAN),ITTD)
CONTINUE _
XTGIN(DEC(PLAN)) = 0
IF (NCON .GT. 1) THEN
. DO 560 N = 1,NCON-1
% (CONTAH(N) .uQ{ DEC(PLAN)) THEN
561 M = N
CONTAM(W) <ot w<n+1)
. CONTINUE

END I
CONIINUE
+CON = NCON -1

S¢ACK(SQ) = DEC(PLAN)
ELSE

uug
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F BTN - "« ¢ & ¥ §F ATEESSeAnaSul™ W W W TSRS VN NN N TR TS TN ST WS e W T e & & A T

Ir &XTYPE %BLUE(PLAN) ) .!3@3

3 C
1¥ (CRDS .LE 0 ) CRDS =1,
CPC = CRDS/ARD

DO 53 3 = TIHES?LAN) , (TIME(PLAN)+0.5) , TSTEP
, ITT3 = IFIX§T3/
FLAGaé LUE u%
o Z(BL )) = z(an (PLAN)) +1
530 NTINUE

ITIMP = IFIX(TIME(P /TSTE .
XDIST(BLUE(PLAN)). + YLOC(RED

2 SPLAN) ITI&P%}/% P’ENéBLUééPLAN

}'{334 'gf"xé uﬁ)sm )
Z(BL )) = é(anu%(rLAN)) +1

540 CONTIN
END IF

I? XTYP!(BLUE(PLAN))LA§%

IF Z(BLU! LAN)).
2 cou(an (PLAN

COH .
oo IF XCIOH(I) méQ 1) coM CbH +1

. . = .
NTINUé

GE (S?DECN(PLAN)-TP)/TSTEP))

520
900  IF (COM .EQ. NX) THEN .

DO 910 TPOW = TP,TEND,TSTEP
ITPOW = IFIX(TPOW/ TSTEF%
XTSIP(ITPOW) = XISIPT(I POW;
© ' YTSIP(ITPOW) = YTISIPT(ITPOW
910 CONTINUE

PRINT * '
PRINT * 'Feasible plan not possible. chuest agsistance'
PRINT * o from higher Hg

INT *,' ' Best plan found (but still not feasible): !
PRINT *,° TIME BLUE UNIT ) RED UNIT CHEM QR CONV!
DO 570 N = PLAN

PRINT (4X F4.1 8X IZ 13%,12, 13X ,A4)', ENGAGE(N),BLUE(N),

D(N TYPE( N)
IF (RDEC(N) 0) THEN

' T a ,DTIME(N),', BLUE unit ' DEC(N)
mm;gﬁ?? #*, ibegin move to decon site !

‘570 CONTINUE

PRINT *
PRINT *,! Enter time of update (hrs since T=0)!
géINT *0 (I1f none, enter 999 to terminate program)'
IF (TP Eg 999) GO TO 1000
PRINT * 'At ', T
GO T

END IF

DO 5§10 TT = TP,TEND,TSTEP
IT1 = IFIXSTT/TST {
XSIP1(BLUE(PLAN),ITl) = XSIPIT(BLUE(PLAN) ITI)
510 CONTINUE

Do 580 JJ = 1,NY
DO 581 TT = TP, TEND TSTEP
ITL = IFIX TT/T %
YSIP1(JJ,IT1) = YSI lT(JJ IT1)
581 . CONTINUE
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580 CONTINUE
XTGTNgBLUE PLAN;) - XTGTﬂégLUE(PLAN)) + 1

. YTGTN(RE YTGTN LAN)) + 1 .
XTGT (BLUE PLAN XTGTN aL (PLAN ))'= REDéPLAN)
!TGT RED = BLUE (PLAN)
XTENG(BL (p ) xra x(anuz(p ))) = ENGAGE (PLAN)

Ir TYPE e PLAJ% XTGIN BLUE PLAN)
(BLUé(PLAN’ XTGTN(BL (PLANZ}) =1

ILSE
m;?mm T TR e

TDEC = TDECN(PLAN)
PLAN = PLAN + 1

GO TO 320
END IF
1000 sTOP
SUBROUTINE POWER(NX, XK,XBIP, XDIST XSPEED XSTATE , XTGIN, XTGT, XA
XCOM , XABIP, ¥<IP,XSIPTA,XTA,XTENG YK, ¥BIP,YDIST,YSPEED, YSTATE,

YTGTN,YTGT .YABIP,YSIP,YATT,FEAS,TD f? TEND, TSTEP, TC,C, PERS,
DECDIS, TDEC TDMOVE , DECON, NO, STACK , TDCON , XSPEDI , XSTATI , XD, YD,
XTYPE, XT .TU,XDISTI,?DISTI,CFLAG, YTA, TDC, XCATT, CONFL, CHEMFL,
6 XTSIP, zwsip XIR,¥YDC,¥YTAC, YSPEDE , XMOVE)
**************************************************t************!******

THIS SUBROUTINE COMPUTES THE BLUE AND RED POWER .CURVES AND
DETERMINES FEASIBILITY OR THE POINT CF INFEASIBILITY BY
COMPARING THEIR DIFFERENCE TO THE THRESHOLD VALUE.

e e e e e v e s 7 s T o s e e e e e e s sl e 7 e e s A e o e ke 7 e e s ke A e 7 e e A e A e e e v s e s e ook e e de e e A e de s e

o e T e A e e e T 7k s 7 e e 7 e v s e e e e s e v e T e A A S A A e

* *%% YARIABLE DECLARATIONS #***
Feedededede AR fe AR AR TR KRR R AT R R AR

INTEGER NX XTGTN(IN% ?tcgéo 110, 0:25 sXeou 0:10) ,XTYPE(O: ;
INTEGER CZLAG § & 6310,0125) ) CONFL(10,0125)
INTEGER FEAS, scou ,NQ,STACR(10}, zrr cnzutn(xo 6:25)
REAL xx§1oz xsrp(10) xn:sr(o:1o% ,XSPEED(0+10) , XSTATE(0:10)
REAL ), XAB$P(0:10),X57P(0:10,0:50) XSIPTA(IO)

: [ , KL 3 t
REAL XTEN §° 1o o zs{ XMIN, &STIP(0:50) ,XSPEDL § xgéo 10
REAL - XSTATI(10). xrp( 6),XTA(G:10),XDISTI(10),RCATT,XTR(10

REAL XSIPO,XMOVE(10
REAL . § & YBIP(lO; YDIST(lOI,YSPEED(lO% YSTATE(lgg YABIP(IO)
REAL ¥sSIpP YATgélo 0),YMIN,YTSIP(OQ: &

REAL YSIP A§ , YTA 1 P(10), YDISTI(10),¥DC(1 5, AC(lO)
REAL YSIPO,¥SPEDI(10)

REAL TD,TP,TEND, DIFFéO :50), CHATTSIO% ;10) ,C,TDMOVE

REAL TDCON(10) ,DECDIS, TDEC,ATT(10),TSTER,TU, TDC(10)

CHARACTER*1 PERS(10)
e e e e e e e ve e e e e de e e e e e e e e e e e de sk e e e e e e e sk e e s e e e sk e ek e e e e e de e e e e e e e e e e e e e s
: fadaded goxpugngaégés Ig's POWER GROWTH EXPONENT), TIMES CF ARRIVAL *
**********************ii*,*u********************************************

Do

RRpWN

*Idt&l-
LR R R & )

I
F&msmn;m%r(:f )xxm(cp%% Ty st

END IF
XSIPTA(I) = X3IP(I) * XK(I) * XSTATE(I)
5  CONTINUE

0 15 1,
IF (YDIST (J) .GT. 0.) THEN
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z

YAB}P(J) s ¥YBIP(J) *. YR(J) * YSTATE(J) / YDISTf(J).

END
YSIPTA(J) = YBIP J * YR{3) * YSTATE(J)
18 N (3) (I ) (
A ek e e ek A e ek e

* deddk Kk
AR L RO AL RS LTI Lo R L P

* hhkk BIUE ***
* e T e e Fe o v e de e e g
DO 105 I = 1,NX
CHATT(I) = 1. _
YMIN = 9999 .
: memJ [ c‘rm?gruz&%)(: J)) YMIN = XTENG(I,J)
106 cout:nué e
_ **************************************************
* #%* DETERMINE EFFECT OF DECON, IF NEEDED *##
] **************************************************

PO 115 T = TP TEWD TSTEP
%?(;zgfﬁwm =), ') CHATT(I)®(SQRT(0,9%(EXP(-C*(T-TC(1))))
' ! 3 é (I%&%*O .5/% rar:i ;
I¢ ((DECON .EQ. I).AND.(T .EQ. TOHOVE))

CALL CHDCOH(IX XSTATE , TDCON,DECDIS, XDIST

2 XSPEED,NQ, STACK, TDEC, rnnovs TEND, TSTEP, C,
3 rc XSTATI XSIP,XD,XABIP .
r XBiP,XK,XSPEDI,TP, XTENG,XTGTN,DECON)
IF (DECON .NE. 0) GO TO 105 -
END IF :
x e g e e v 7 s sle s v vl e e e e v e s it i 7 vl e e 7 vl e vle e e v e vl vle v e o e e e T e v e e s v
* #** DETERMINE POWER AT EACH TIME STEP *#% ‘
* *************Rx******t*****************x*******
I (T .LT. TDC(I)) GO TO 115
IF XTGTN(I EQ 0) THEN e
XDISTI(I)" . EQ. x% ZASIP(I - 1 xx( Y*XSTATE (I :
IF Sgnrsr .L ISTI( 1 r) .GT. 0.)) THEN
) = XABIPSI SE (xn 1)* S STI(I)-XDIST(I))
2 ))))* CHAT -
, ELSE
XSIP(I,ITT) = XABIP(I) * CHATT(I)
END IF
GO TO 115
END IF
A’r"( g
12 L = 1,XT6G (1)
° ¥ (xcnu(r) EQ
AXTVEE 3 %. THEN
, (T -CT. % ENG(I L)).AND.(T .LE. (XTENC(I,L)+0. 5)))

ATT(I) a ATT(I) + YATT(I,XTGT(I,L))

ELSE IF (X‘I’YP (1) Ci 4) THEN
F ((T .GT. XTENG( ,L)).AND.(T.L X'I'ENG(I L)+1.)))THEN
ATT(I) a ATT(I) + YATTI(I,XIGT \L 03
. '_END IF
IF (T .GT. X'I‘ENGSI L))
END ATT(I) = ATT(I) + YATT(I XIGT(I,L)) '

END IF

ELSE '
IF (T .GT. X'I'ENGSI ,L)) THE
EN’]?TT(I) = ATT(I) + YATT(I XTGT(I,L))

98



128

[ )]

END IF
CONTINUE

¥ g xglg{PE ) ) THEN
xg (1 =l XSIPTA(I)* CHATT(I)
‘LS‘IE!' IFT( LT o) 3 (T .LT.
)é& IT'I') 8 IP(I?*(EXP(%%;((())&IS‘II(I)-XDIST(I))

s IIP% <-T XABIP(XI'?‘((E)}&(XD(I)*( (XDISTI(I)-XDIST(I))

fxs = %% » x(Te *
XSIP(I, ITT XS 0» EXP XD(I) (T=XTP(I))))*CHATT(I)
::::: :: ?”} = X1 TA?)*& TT(1)
!IP(I (I XSIF&A I)*(E)&(-O 03*(’1’-1&’1(1))))*%‘1’1‘(1)
XSIP(I,IT‘I‘) *&SAI%T(A{)I)*(E}G((-O.O3-3TT(I))*(T-YHIN)))
!ND 1r

Ir Xg (L‘I‘ m(I}ABIP .LT. XTP(I))) THEN

ELSE xs (r CHATT(I)
IP(I zr& = xAB&p:§)*(sxr(xn(:)*(r-xrp(r))))*cuarr(:)
XKTR(1)) - THEN

ELSE IF (r EQ.
P(I ) . xs: TA(I)* (I)
gr & x§ YMIN)) THEN
IP(=,ITT) = XSIPTA(I)*(EXP(-0. 03*(r-xra(z))))*caarr(1)
= * . - A(Ta
XSIP(I,ITT) *ésiglg;r?z()x) (EXP((-0.03-ATT(I))*(T-YMIN)))

END IF
END 93

IF g‘XCOXT(lP) EQ 0) THEN

= I)) m -l)® *
((:TT.)G IP&\I I'I"I'A]..“?D(EXP(LXD(I‘)H*‘I'S'I'EP‘&.zZ CHATT(I)
SE TT)'XSIPTA(I)*(EXP(-O 03*(T- XTR(I))))*CHATT(I)
XSIP(I,ITT) &SIP&I,ITT 1)*(EXP‘( 0.03-ATT(I))*TSTEP

ELSE

X&‘IP(I

EL gguﬁs (XTYPE(I) 4) THE
gs P(I, zrr)axsrr<r ITT-1 )*(EXP(-“TT(I)*TSTEP))*CHATT(I,
iF @? LT. XTP(I;&B
IP(I,ITT) = 1p )*Szxp(xo(r)*s(xnrsrr(z)-xn;sr(:)
E (1 ) Y*XCHATT (I
ELSE IF (T LE % :
XSIP(I,ITT) =é}<{saz (1 mr 1)*(5}{?(}{9(:)*1511-:?))
ELS
Lxszp(r ITT) = xs:pg; ,ITT=1)*(EXP((=0.03-ATT(I))*TSTEP
END IF
%?D IF
(r .LE. XTR(I))
SE IP(I,ITT) = xsrr(z ITT=1)*(EXP(XD(I)*TSTEP) )*CHATT(I)
XSIP(I,ITT) = XSIP(I,ITT-1)*(EXP((~-0.03-ATT(I))*TST
( )*cuArr(f) I Y*(E (f 3 (1)) EP))
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115 CONTINUE
105  CONTINUE

* , Rk dAdek ok
* - Akk RED Rhk
* Fedek ek Rk
DO 155 J = 1,NY \
XMIN = 99

99,
DO 156 I" 1 Y‘I'GTNJ

DO 157 gn)
gl 3 ) 5 - -

XHIN XTENG(YTGT J.1).K)
. _ END IF
1.7 CONTINUE
156 CONTINUE

DO 165 T = TP,TEND,TSTEP
11T = mx(r/rsnp)
Tl =% 1,N%
Ir {r T xnovz R:) THEN
Do (I)
IF (z o
s Y " m:n

I&' ((T .GT XQI'ENG? 1“& . T .LE.
 ATT(J) = ATT(J&&;PH*!%TEQ \.ONFzérHEP?#-XCATT*CHEHFL(I K) )
YgPEED(J ' YSPE I( )/

YD($J = Y‘DC(J)
END

END I
, G ";’(’;Pi&ms@ ANb.(T .LE.
ATT(J) = ATT(_J) + Xg 3 2)*CONFL(I K)+XCATT*CHEHFL(I K)

ELSE S’l’ .GT. X'I'ENGSI X\R‘
ATT(JgNE ATT( ) + XATT(J,I)*CONFL(I, K)+XCATT*CHEMFL(I K)

F (T OT, x'rzncgz,x;) THEN
ATT(J) = A‘I’Té% ;FXA (3, T)*CONFL(I,K)*XCATT*CHEMFL(I K)
_END IF
167 CONTINUE ~ -
. END 1F
166 - CONTINUE
IF g
<x YTA(T)) .AND. (T .LE. XMIN)) TH
IT‘I‘L)T=YABIP(\J) (EXP(YD(J) * (:r - YTP(J))))
(i,

YSIPO = YABIP(J) * YD J xnIN-YTP(Jl)%

YSIP(J ITT) = st o*( J)-AT%&?)) -XMIN)))
ELSE IF (SF EQ. YT

YSIP( TT) = Y
ELSE IF (T E
YSIPQ = YABI (J)*( XP(YD *(XMIN-YTP(J))))
YsSIP(J,ITT) = Ysrpo*ésxr J)Y=ATT(J)) * (T-XMIN))) .
¥YSIPTA(J - Y
BLSE IF (( r LE XMIN))
YSIP(J, ITT) by YSIP A(J) * (EXP * (T - YTA(J))))

§ZES4.P0 = YSIP‘I’A(J% éEXP( 03* XHIN-Y’I’A( )))
¥SIP(J,ITT) = YSIP *(EXP(( .03-ATT(J) ) *(T-KMIN)))

100




165
155

!ND Ir
ELSE

IF (T .LE YTA(J))

ITT YSIP(J ITT- )*(EXP((YD\J)-ATT(J))*TSTEP))

¥S1
::Eé?éﬂsfirﬁ) = Ysz¥(§ ITT-1)*(EXP((-0.03-ATT(J))*TSTEP))

END IF

CONTINUE
CONTINUE

e e e v T e s v T e e i s v 7k T e e e A sk e e e e e e e e ke e e S de e e e e

*

Rokk

MPUTE TOTAL POWER CURVES **%

Fe e e e e e e e T 7 e e 7 e e e Je e de sk e e e v e e dede ek Ak AR KA AR A

DO 205 T = TP TEND TSTEP
ITT = IFIX(T/TSTEP)

218

225

205

XTSIP(ITT) =0.

YISIP ITT - 0.

21

Do
XTSIP(ITT) = XTSIP(ITT) + XSIP(I,ITT)
NTINUE

225

DO J =
YTSIP(ITT) 2 YTSIP(ITT) + YSIP(J,ITT)
NTINUE

DIFF(ITT) = XISIP(ITT) - YISIP(ITT)

-CONTINUE

e e e e i e e v s A e sk e s e e A e e e de e e A A A e e ke A e ke )

*

**%* DETERMINE FEASIBILITY ***

RAKRAKRRIRRIKRRRI R AR KKK A RHAH KRR A
= TP,TEND, TSTEP

250
1000

ITT = IFIX%T;

IF gpIFF(I

TD = TEND

END IF
CONTINUE
RETURN

TSTEP) .

.LE. TU) THEN

END '
SUBROUTINE CHDEF(XTHRT MOPP,C,CONTAM,NCON,NX, XK, XBIP,XDIST, XSPEED,

OOV WN

XSTATE, XTGTN, KTGT ,XATT, XCOM, XABIP, XSIP,XSIPTA,
XTA, XTENG ,NY.YK,YBIP,YDIST, YSPEED, YSTATE, YTGIN,
YTGT, YABIP,YSIP,YATT,FEAS, D, TP, TEND, TSTEP, TC,
PERS,DECDI$, TDEC, TDMOVE , DECON,NQ, STACK, TDCON,
XSPEDI,HSTATI, XD, YD, XTYPE, XT?,Y p,TU, XDISTI,
YDISTI,CFLAG,¥'fA,TDC, XCAIT, CONFL, CHEMFL, XTsip,
YTSIP,XTR,YDC,YTAC, YSPEDI, XMOVE)

*********************************************************************

XN

*

THIS SUBROUTINE USES THE PERCEIVED CHEMICAL THREAT TO
DETERMINE THE APPROPIATE MOPP LEVEL AND THE COMMENSURATE
OPERATIONAL DEGRADATION, CCNSIDERING EFFECT ON THE MISSION,

CONTAMINATED UNITS OR UNITS UNDER CHEMICAL ATTACK

*
*
*
BY COMPARING THE RESULTING POWER CURVES; AND IDENTIFIES :
s
*

e e 7k e s e T e ¢ e e ¢ e e e 3 e e e e Fe e e e e F T T e Tt e e T e T A e Fe F e Fe v e T e S T T e e v e e s e e de Fe e dede e e e ve e e

k**********************************

*%% VARIABLE DECLARATIONS ***
Fee Aok e s dede R Rk A e ek KA K K KKK K KRR Ak ek

Je

INTEGER XTHRT(IO) MOPP(IO) CONT
INTEGER XTGT(0:1
INTEGER NY YTGTV(IO) YTGT(0:10,

1 NX, XTGTN(10)
), XTYPE(0:10)
10,0:25)

’

AM(10),NCON,
0:25), XCOM(O 10),CFLAG{10
0:25),CONFL(
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-
- PR v . H
-

INTEGER FEAS,DECON,NQ,STACK(10),CHEMFL(10,0:25)

REAL  XK(10) XBIP(10) XDIST(0:10) XSPEED(0110) ASTATE(0:10)
REAL gréié 10)(xagzp 0:1 %' % 3,50) ; 10} -
REAL  XTENG(il §125) . RSPED dAARE(10) 4B G 10} “RUOVE(10)

_ REAL  XTB(10), KA (0210 5 RDE0T2 (105 RCATT ATS1P(0150) | KTR(10)
REM.  TK(10),78I2(10), vnxsr(1oz YSPEED 10) YSTATE(10), YABIP(IO)
REAL 10,0150 $1(10)

(10),¥D1
REAL !TSI (o:sé) ¥c{10), éTAC(l& YéPng(l .
TC(10) (€ TOHOVE, TDCON(10), ozcnxs,rnzc,rsrzp

REAL  TU,YTA(10),7D¢(10) " A

CHARACTER*1 PERS(10)
Fefe e s e 2 e T e e e e s Fe e e e Je e e e e T e ke e Je e e e de e e e K e K K e e
# k% SET MOPP INDICATED BY THREAT ***
*****ﬁ************************************

. NCON = o

DO 100 '
IF (XTHRT(I) .EQ 6) THEN

IFN(C%N%S'(y EQ. 'P')- THEN
couwAn(Ncoy) 1

END IF
ELSE IF (XTHRT(I) .EQ. 5) THEN
MOPP(I) = 3
ELSEO IF X‘I‘HRZT(I) .EQ. 4) THEN
=

MOPP
ELSE IF (XTHRT(I) .EQ. 3) THEN
TTMOPB(I) = 1 - (

SE

MOFP(I) = 0
END IF

100  CONTINUE

Jeededededede dededede e e dede dedede dedede Sede e dede dede e e de e ek e dede dedede de
* *** DEGRADE PERFORMANCE DUE TO MOPP *** .
B e P e e B e e A : .

10 DO 200 I =
_ IF (HOPP(I) 'E?(S 4) THEN

xsrarzg g TATxgz * 0.5
XSPEED(I) = XSPEDI(I) * 0.5
'xsrArsérg 2 XSTAT

XSPEED(I) = XSPEDI
zx.s;{Es TIAF_'I z( nIopp(l;() .Eot
xspisné: = ¥SPEDI

ELSE
XSTATEgI; = XSTATI
XSPEED(I) = XSPEDI
END IF .

200 CONTINUE
*****************************************************i*k***‘**

* **% CHECK FEASIBILITY., IF INFEASIBLE, ADJUST MOPP *#*
******************x*****x****************x***********!********
TDMOVE = 0.
DECON = 0

CALL POWER(NX, XK, XBIP,XDIST,XSPEED, XSTATE, XTGTN XIGT, XATT XCoM,
BIP,XSIP,XSIPTA,KTA, XTENG,NY,YK,YBIP, YDIST,YSPEED,
YSTATE, YIGIN, YTGT,YABIP,YSIP, YATT,FEAS, ,TD,TP,TEND, TSTEP,
TC,C,PERS, DECDIS TDEC, TDMOVE  DECON, NQ, STACK, TDCON,
XSPEDI,XS' TI,XD,YD,XTYPE,XTP, VTP, TU,KDISTI,YDISTI,
CFLAG, YTA,TDC, XCATT, CONFL , CHEMFL, XTSIP, YTSIP,XIR, .
¥DC, YTAC, YSPEDI XMOVE)

~NanHWwN
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IF (FEAS .EQ. 0) THEN
ICT = 0
DO 250 I = 1I,NX - -
IF uoppéz\ .LE. 2& ICT = ICT + 1
NT§F XTHRT(f) .EQ. 6) ICT = ICT + 1
IF (ICT .EQ. NX) GO TO 900

DO 300 I = 1,NX
IFf ((MOPP(I) .GT. 2).AND.(XTHRT(I) .NE. 6)) THEN
MOPP(I) = MOPP(I) - 1
END IF
300 CONTINUE -
* GO TO 10
END IF

****************ﬁ*************************

* k%% QUTPUT MOPP RECOMMENDATIONS ***
ARARRKANARRIRRRARIRFRTRRA AR ARA TR RA KR e

900 PRINT * -
PRINT *,' Recommended MOPP: '

DO 400 ‘I = 1 NX ‘ .
PRINT *,'BLUE unit',I ,',',' MOPP', MOPP(I) ,
400  CONTINUE -
SUBROUTINE CHMEMP(J,T,YSPEED,YSPEDI,YDC,YTAC,YLOC, YTYPE,TSTEP,
2 - CHRDS, ITT, XCATT, YDISTI)
e de e A 7 o 7 Je F T Fe s T 7 T e e s T e 7r 7 7 7 e 7 7 e T i T e T 5 e e 7 v T e 7 vk 2k s v v e e e e T e e e e Al e s e g e e S e Fe e e e ek

THIS SUBROUTINE PLANS BLUE CHEMICAL STRIKES. FOR POTENTIAL
gg§g§¥2i5§%§SRHINES NO. ROUNDS REQUIRED, EFFECTS (ATTRITION

T e e T e e e e e e e e e e e A s e ¢ e 7t sk 7 s e e At 7 e e 7 e e e e 7 e e 7 7 s 7k Fe e sk v e e e v ok v e T e de e Ao e e dede A Fe e e dede e

- dedededeedede sk dee A e vk de e ek desk s ok ek Ao e e e e e e e

* **% YARIASLE DECLARATIONS ***
Jee Ao de Aok de e Ak J o R AR R AT K AR A e Fe e e

INTEGER YTYPE(10),IIT
REAL YSPEED(10) YSPEDIélO%,YDC(IO%,YTAC(lgA
REAL ¥LOC(0:10,6:50), TSTEP, CHRDS ,EFF1,T,XCATT, ¥DISTI(10)

DATA. EFF1/0.575/ '
**************ﬁ***********i*******************
* A** DETERMINE NO. OF ROUNDS REQUIRED
**************x********************* Yo 7 Fe ye e A e e de

IFé&Y’DI;YP‘E(iL)‘L.EQ. I1).OR.(YTYPE(J) .EQ.. 2)) THEN

2 2 B R
kAN

ELSE
CHRDS = 108.
~ END IF,
e e Fe e v v 7k Fe F v e e Fe Ar e vk T e 7o J s e A e e s Fe we e e R
* A** DITERMINE EFFECTS ***

Fe e s Fe e e s vk e e T e e Fe 7 v ve de T ve e e ok e A e A e ke A

XCATT = -(LOG(EFF1))/0.5

YSPEED(J) = YSPEDI(J)/2,

IF (YLOC J,IT%& .GT. 0.) THEN
YTAC(J) = (YLOC(J,ITT) YSPEED(J)% + T

Y?g; ) = (LOG(YDISTI(J)))/(¥YDISTI(J)/YSPEED(J))

[
s
SUBROUTINE CHDCON(I,6XSTATE,TDCON,DECDIS,XDIST,

2 XSPEED,NQ, STACK, TDEC, TDMOVE , TEND, TSTEP, C,
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- < . - A

3 C,XSTATI,XSIP,XD,XABIP,
rt XBEP, XK, X$PEDI, TP, KTENG, XTGTN, DECON)

**********************************************************************

® Je
* THIS SUBROUTINE COMPUTES POWER CURVES FOR SELECTED CONTAMINATED*
* BLUE UNITS THROUGH MOVEMENT TO DECON SITE, DECONTAMINATION, AND*
* RESETS PARAMETERS ACCORDINGLY, RESTORING UNIT TO PRE- *
* CONTAMINATED STATE AND MAKING IT AVAILABLE FOR RECOMMITMENT *
: IN FUTURE COURSES OF ACTION. :

Jede e dede fede e e de e de e e e e e e e e A e e e e e e e e e dede e e e e e ek e sk e ¢ e e e e de e de e e e e de e e ek e ke ek

Fedede e dede e e fede e Ao Je ek e ok e ke Fe s Fe e e e de e e e e ke ok

* &k YARTABLE DECLARATIONS ***
FedkA kTR TR RInRIRIKRKIRRAK KRR KKK KA

INTEGFR NQ,STACK(10),ITT,ITP XTGTN(IO) DECON

REAL XBIP(10),XK(10),XSPEDI(10),XT(10 XSTATE(O :10

REAL DECD§ &DIS io xsp z ) 3 %D %ND
REAL TSTEP , CHA g xszp(goio 0:50)
0),XcaBIp(i0)

REAL anxpgo 10) rncou 10) rnscouglo
REAL XTENG(0:10,0:25), éxaszp(i

**********************************************************************

* %k DETERMINE ARRIVAL, DEPARTURE TIMES AT DECON SITE. IF MORE*

: THAN ONE UNIT AT SITE, DELAY DECON UNTIL PREVIOUS UNIT

CL
**********************************************************************

TDECON(I) = (ABS(DECDIS - XDIST(I)))/XSPEED(I) + TDMOVE
IF (N% .GE 1) THEN

iIF 4 & .GE, rnscou(sracx(n))) AND. (TDECON(I) .LT.
2 ncomsmc gr 8 »)
DECON(I) = TDCO (sracx(u))
END IF
10 CONTINUE
END I

TDCON\ ) = TDE”ON(I) + 4.

IF TDCON I) .GT TEND) THEN
TDCON(I TEND
DECON = 0

Jesde e de e de e e e e e e e K e e e e e ek e e e e e ek e e e e e e e e e ek e e e e e e ek e e

* *kk COMPUTE POWER CURVE FOR DECONTAMINATED UNIT *#*

RAARFRKIIRRIARRKRIHKRKFRIARIKRITRA KRR I AR KA K TR IR AR T A
XSTATE(I) = SQRT(0.9*(EXP(- C*(TDECON(I)-TC(I))))*XSTATI(I))

/D0 100 T = TDMOVE TEND,TSTEP
11T = ;FIX(T P)
ChATT( ) = (s%§T<o .9*(EXP(=C*(T- TC(I))))*XSTATI(I)))*O 5/

2
.E
) xgzp(fgrrr))= ¥BIP( *KR(I)*XSTATI(I)*(EXP((-0.03-0.05)*
ELSE IF ((T .LT. TDECON(1)).AND.(T .GT. TP)) THE
KSIP = XSIP(I ITT- 1)* TT(I)*(EXP(~ XD(I)*(T TDMOVE) ))
ELSE IF (T . % cou(z
XDIST(I) = DECD
CXABIP I = XBIP XK (I)*XSTATI(I)*CHATT(I)/(0.5*XDIST(I))
- ﬁg%g%p 1. a XBIP P(I XK(I)*XSTATE(I)/XDIST(I
' LOG XDIST(I) ;/(xnrsr(x XSPEDI(I))
LOG XCABIP(I CXABIP /4.
ELSE I .LE. N(I)

é?IP(I ITT) = CYABIP(I)*(EXP(XT(I)’(T TDECON(I))))
KSIP(I,ITT) = XSIP(I,IFIX(TDCON(I)/TSTEP))

104
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XABIP(I) = XSIP(I,ITT)
END IF :
100 CONTINUE ) .
i 1000 RETURN
END )
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