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Ni;val Postgraduate School based on the Amy's AirLand Battle doctrine. 
The CM module centers on a p a,nning algorithm using the generalized value 
system (GVS) for tuture stat 1 decision making. The planning algorithm 
comprises the Commander's Es imate of the Situation. The GVS quantifies 
capabilities and importance f all battlefield entities. The Ch' modula 
represents key chemical staf functions. The algorithm's decision rule is 
extendedi adding aspects of tility theory. The basic 'concepts of the 
'module are demonstrated in a application computer program running a com- 
bat scenario. The prcgram a neralizes previous development work on the 
GVS and the planning producing a plan con.sisting of the courses 
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2 
This  t h e s i s  incorporates  an e x p l i c i t  d e p i c t i o n  of  

chemical warfare (CW) fn t h e ~ i r ~ a n d  Advanced Research Model 

being devel  o p d  Naval School 

based on t h e  Army's AirLand B a t t l e  doct r ine .  The CW nodule 

ca ters  on a plann& algorithm us ing  t h e  genera l ized  va lue  

1 
ayrtem (GVS) 

, . 
f o r  f u t u r e  s t a t e  dec is ion  making. T h e  planning 

algori thm comprises t h e  Conmandarts Est imate o f  the 

S i tua t ion .  The GVS quan t i f i e s  capabi  l i t i e s  and importance 

of  a11 b a t t l q f i e l d  e n t i t i e s , .  The CW module r e p r e s e n t s  key 

chemical s t a f f  f u m t i o n s .  The a l g k r i w  l s d e c i s i o n  ntle is 

extended, adding aspects  of u t i l i t y  theory. The b a s i c  

concepts of  the module a r e  demonstrated i n  an a p p l i c a t i o n  
, . 

computer program running a co@at scenario.  The program 

gcr i&l ize i  previous development work on the GVS and t h e  

planning algorithm, producing a p lan  c o n s i s t i n g  of t h e  

course* of a c t i o n  of ' g r e a t e s t  value i n  performing the 

mission. Its i n t e r a c t i v e s t r u c t u r e  provides t h e  b a s i s  f o r  a 
I /  s t a f f  t r a i n i n g  a i d  o r  decis ion support  system. . - 

, , C(,# . t  + > ,  * :- Ils 
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A. PURPOSE 

The purpose of this thesis is to extend the development 
I 

of the .AirLand Advanced Research Model (ALARM), an on-going 

effort at the Naval Postgraduate School, by incorporating an 

explicit depiction of chemical warfare (a), The chemical 

module functions as a surrogate for the headquarters 

chemical staff sections from battalion through corps by 

analyzing effects of enemy chemical employment, "advisingM 

the comander of appropriate actions, planning and directing 

CW defense, and planning friendly chemical 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. m d  Battl~ 

ALARM is a develcpmental model for new concepts in 

combat modeling which can be used in evaluating the  US 

Amy's AirLand Battle doctrine [Ref. 11. The Army's 

Training and Doctrine Command developed AirLand Battle 

doctrine as a response to changing technolow and 

operational conditions, especially in NATO. The Ature 

battlefield is envisioned as having relatively indistinct 

battle lines, vith boundaries between front and rear areas 



being blurred, as attacking forces penetrate or bypass 

forward defenses in order to divide, disrupt, demoralize, 

and quickly 'defeat their ' opponents. AirLand Battle 

postulates the use of depth, initiative, agility, anC 

synchronization to defend against intense, nuinerically 

superior attacking forces. Besides holding off attacking 

forces in direct contact, operational level ~ommanders~must 

strike i n  depth against supporting units or approaching 

units that are not yet committed. By delaying, damaging, or 

destroying uncommitted units, the enemy's timetable is 
. - 

upset, alternatives are taken away from the enemy commander, 

his organization is disrupted, and the ,attackergs initiative 

is lost. Obviously, with ' limited assets for such deep ' 

strikes, those enemy units whose delay or destruction will 

provide the most benefit must be identified, located, and 

attacked before others [Ref. 11. - 
2. ALARM 

Initially, ALARM will be a systemic model (no 

man-in-the-loop interaction). This is 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 unspocifiea 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 planning and. order 

preparation. In a sense, then, ALARM will' perform mltiple 

level command and skaff functions, from battalion through 

corps, with the ,execution model adapted to ALARM ,actually . , 

@f ightingn -the battle [Ref. 2 1. ' 

One of the key concepts being developed for ALARM, 
,, 

to anahle planning for the battle in general and for the 

deep strikes called for by AirLand Battle doctrine, is the 

Generalized Value System (GVS) [Ref. 31. 

The GVS has two innovative features upon which ALSLRM! 

hinges. First, all entities in the model, whether combat 

units, support units, key terrain, or man-made objects , will 
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 and derived 
.. 

power. A combat unit has predominantly inherent power, due 

to its ability to directly disrupt, delay, or destroy the 

pcwer of enemy entities. Support units and other entities 

have mostly derived power based on their ability to increase 

or maintain the inherent or derived power of other friendly 

entir ies . 
The basic power of each entity is adjusted to 

account for such' situational factors as personnel and 

equipment status, aission, location, and speed of movement. 

Situationally adjusted power allows for the fact that an 
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mtity's value depends on its etate, the speclfic combat 

mituation, and the differing perspectives of commanders at 

different organizational levels. This comon, adjlutabto 

utric allows the application of the second feature of GVS: 

future stat; decision making. In mcst current ~odels, the 

only information available to the human decision maker is 

the prevailing status of engaged combat forces. Then the 

decision maker has to project this information mentally to 

compare possible future states in order to plan. The OVS 

provides mathematical relationships that predict the state 

of any entity at any point in time, in STAWWS. This makes 

it possible to attempt to model decision making based on 

AlrLand Battle doctrine. 

Employment of chemical agents by the Soviet Union or. 

its surrogates has been documented over much of the world in. 

- recent years. Soviet doctrine makes CW a standard tactical 

tool for their commanders. Soviet equipment and training 

facilitate its use. Chemical weapons are easily produced 

and their use by Third-World cauntries such as Iraq and Iran 
. , 

has also occurred. The threat to the US and 'its allies is 

clear [Ref. 4 1 .  

Two major factors, however, have led the US militaj 

'to be inadequately prepared to deal with GI. First, US 

forces have not experienced large scale employment of , 

chemical weapons against them since World War I. Second, 
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tho effects and rigors imposed by CW can make the subject 

meun *too hard," Thus CW has often been put o f f ,  assumed 

away, or ignored in military analysis, planning, and 

training in order to be able to deal with othe aspects of 

warfare. 

This situation has typically manifested iteelf in 

combat modeling in the following ways: 

- Ignoring CW; staying conventional. ' 

- Playing Cd 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 tho model and making it easy to %m' offt1 CW or 

a 

'ignore ,it, usually with little or. no penalty. 

- Contriving special purpose &I niodele, with 'weak 
depiction of other aspects, leading to questionable 
results and Lack of usefulness in combined arms studies. 

Failure to include CW conditions in planning and . 

modeling where a chemical threat exists is unrealistic and - 
potentially dangerous. CW must ba treated as a condition of 

the battlefieid to be dealt with along with all other 

factors. 

The ALARM offer3 a unique opportunity to integrate 

CW beginning with the model I s  early development. The GVS is 

particularly well suited to the analysis of CW. For 

example, future state decision makirig is specifically 

intended for allocating scarce assets such as chemical 

munitions and chemical defense mits. A m  . will also 

eventually permit an anallsis of, the effects of C I J  on 



the appl icat ion 'of  darfved p a r . -  

A technical  and doctr inal  summary of chunical 

warfare from '3s &fd Soviat p.rspactivas is a t  Appendix A. 
C 

C. ORCANfZATION OF THE THESXS 

1 . 
Xilmar fRlf. 3)  providas the  b a d a  davalopmant of 

t ha  CVS. Using thasa concepts, Flatchar [Raf. 5) propose. a 

planning algorithm f o r  ALARM. This t h a s i s  providas a 

s t ruc ture  f o r  a chanical warfafa functional modu1,a avai labla  

t o  t h e  planning modules a t  each organ!.zational laval .  Tha 

application exampla is basad on ?fd.char'm algorithm, and 

extends soma of t h s  concept; discumed by Kilmar ., 

Tha chanical b a t t l e  i8 decomposed i n t o ' i t s  dafensiva 

and r a t a l i a to ry  componants. Tha dacision log ic  raqulrad t o  

murviva and f igh t  i n  a chanical an*. ..tonmane is incorporated . 
i n to  ALMH's planning procasr. In additionr 

- Intarfacas  requirad with othar A U R M  modules a r a  
ident i f ied.  

- Paramatera required t o , b e  ir.cluded i n  the input ."data 
bsaa a r e  ident i f  led. 

- Mathamatical relat ionships depicting CW a f f e c t s  a re  
developad from the  GVS , gaming, optimization, 'and 
dacision theory techniques. 

A comptar  program is presented demonstrating the  

application of the CW module in  a comtat scenario. The 

program generalizes Fletcher 's  program implamenting the 

ALARn planning module (Ref. S ]  and adds the components of 
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the CW module. User-interactive data input represents calls 

to the A U w i  data bama, other planning functions, or other 

functional modulu . This .approach providu an additional 

potential use for tho  program as tho basis for a planning 

and training aid for field connuandorm and thoir staffs, The 

model also extends Xilmerts theoretical considerations of 

value by applying them explicitly in ?letchar's decision 

The chemical module performs CW analysis and 

planninq at a11 organizatio'nal ievols depicted by ALARM, 

battalion through corps. Headquarters chemical staf f 
.. 

functions at each levrl are modeled., plus physical effects 

modeling to, accomplish the required dechio.n teikir and feed 

orders back to the exicution model.. 

Chapter XI provides a description 03 ALARM and the 

GVS as necessary -,o understand developaent m d  application 

of the CW module. 

In Chapter I11 the CW module is described with its 

application of the GVS and incorporation into ALARM. 

Chapter IV presents the computerized application of 

the module in a combat scenario. Results of the planning 

simulation arci presented and discussed. These show the 

utility of the program in a scenario incorporating chemical 

warfare conditions. 
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Chaptar V offar8 conclusions and discusvas 

additional work indicatad for furthar davalopmant of ALARM 

and the CW modula. - The ramultm of the application program 

indicate tha aucca.rsfu1 intagration 02 CW into tho ALARM 

concept. Furthar work in refining and axpanding the CW 

module and davaloping tha program 8s 8 stand-alona 
1 ,  , 8  

application is indicated. 

Appendix A provfdas a background mumnary of Cw and 

tha computar program appllcation of tha modal is at Appendix 

B. 



A. ALARM 
# 

Tho AirLand Advanced Research Model is being developed 

as 8 systemic (no man-in-the-loop interaction) corps-level 

modol. Tho architecture allows man-in-tho-loop if desired. 

Tho primary purposes of AfdRM are to: 

- Dovelop modeling methodology for vary large scale and 
spzrsoly populated rear areas. 

- U*O the methodology in wargaming and simuldtion wiCh 
initial emphasis on interdiction. 

- Perform research on AirLand Battle concepts. [Ref. 61 

- The systemic nature of ALARM diclates that its decision 

making processen emulate human decision procdsses as closely 

. a8 possible., , A combination of decision methodologies 

followe human decision procedures sore closely than 
- models. Threshold values are usad to determine when 

planning or decision making activities rhould be executed. 

For example, when the difference in power between forces 

exceeds the feasibility threshold, a plan milst bo made to 

restore feasibility. ~ecision a l e s  are used to limit 

alternatives. Network methodologies itemize alternatives 

and expected value criteria are used to maka a decision. 

[Ref. 2 )  

current A W W  davelopment is focused on' the planning 

model. Command and sta:f functions at battallon through 
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corps are represented. A separate execution model will be 

adapted to modal the conduct of the battla providing combat 

results, battlefield intelligenca, and response to the 

planning model. At each oqanizational level, the planning 
# 

modal receives orders from the next higher level and, using 

the assats provided and its perceived situation, prepares a 

'macro'' ,dl*- for the co~itment of unit* over t i m e  to 

accomplish the mission. The macro plan is usrd to generate 

orders to t+ next lcwar organizational~echelon. During the 

course of the battle, If the macro plan becomes infeasible, 

- thus threatening defeat, micro 'planning 2s accomplished. 

Micro 'planning makes decisions on an finmadlate basis in ' 

order to , adjust the initial plan and avoid loaing the 

battla. If n?cessary, assiatancr i,s requested, from the next 

higher leval. 

Three unique mathodologier are used by ALARH. to perform 

the decision function: 

1. A time domain network handles the planning functioq to 
develop, high level mission requirements for 
subordinate units. Arcs on the natwork represent the 
time required to accomplish the activity represented. 

2. A ,  framework of layerad Cartesian space networks 
represents physical connections between pcints on the 
battlefisld. Three networks identified to dat3 are: 

- Terrain and transportation network. ' 

- Communications network. 

- ,Logistics resupply network. 



3. The Generalized Value System (GVS) quantifies the 
capabilities and importance of all :entities on the 
battlefield at some future time. [Ref. 21 

The iingular thryst of ALARM is to model those 

procedures used by real commanders .and staffs to develop 

p l m 8  for the commitment of units and the use af other 

This section provides a s'auaary of Kilmer's concepts 
, , 

[Ref. 3J'as r-xpressed in Fletcher's planning model [Re?. 51, 

necessary for the development of a chemical module. 

Concepts from both efforts are incorporated and extended in 

tho Cw module: Future state decision making using the 

Generalized Value System is the key to the planning process 

in ALARM. The basis for these procedures is the 

quantification of the capability of military organizations 

in terms of the power ' and value of any entity on, the - 

battlefield, in common Standard Power Units, or STAPOWs. 

Based o,n the current perceived situation, the .power and 

value of entities can be forecast over time, using 

combinations of exponential functions expressing the growth 

or loss. of power. These functions include realistic terms 

expressing both enemy and friendly influences on a unit's 

power. 

An entity's total power 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. 



Inherent power is the ability ' to disrupt, delay, or destroy 

the enemy, as direct combat power. Derived power is the 

abiiitg of an entity to change or maintain the inherent 

power of other entities. For example, sombat units such as 

a tank battalion will have inherent power. Entities such as 

bridges' or supply units will have derived 

Inherent power is expressed in several ways, relating it 

to the situation over time. Basic inherent' power (BIP) is 

the inherent power of a un,lt at full strength, in position 

to accomplish a mission against its .most likely 'opponent. 

The BIP for each entity is a derivid model input [Ref. 3 1, 

such as .firepower score$. '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 achieves its ,maximum powx is determined for bach 

situation based on its missicn and information from the 
. - 

transportation network. The adjusted basic illherent power 

(ABIP') is the BIP of a unit adj,usted for Its actual mission 

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

the accomplishment of the mission). The function is: 

where : 

Kifm is a factor associated with the mission, m, 
assigned to unit i, 



. .  . DISTi is the distancu of tde unit at the present 
time from the position where the orissfon is 
to be accomplished, 

STATEL is the condition of th;e unit, axpressed as a 
vect~r of the percentagss of equipment and 
personnel that unit i pcssess at the present 
t h e f  tp, and 

f(STATEi) is a function of the unit's condition 
resulting in a value between 0 and 1. 

!Rm f(STATEi) used in the application later is the 

square root of the product of the percentages of equipment 

and personnel on hand as a description of the readiness of 

the unit, Therefore, AEIP is the measure of the power of a 

t unit at the beginning of the planning time period, 

tp < tatif where tali is the time at yhich entity i is 

calculated to arriva in'position to perform its mission. . .-. 

The time of arrival, tat it is given by DISTi/SPEEDi, where 

SPEEDi is the average speed at which the unit is 'able to 

move along the minimum t h e  path of the transportaticn 

network to its ,position. 

The situational inherent power (SIP) of an entity is &e 

forecasted inherent' power for tima, t. It is assumed that, 

without attrition, as a 'kit comes closer to performing its 

mission its power increasss exponentially over time'. 

I 

SIPi,t = ABIPix exp(Di x (t-tp)), tp s t l  titi (2.2) 

where : 



Di is the rate at which power increase 
ta, i: 

from tp to 

Computationally, SIP1 , ta ,i /ABIPi = DISTi. Th: 

tion is used in the module application computer 1 

I substitu- 

:ogram. 

~mplish its 

and again 

ially over 

Similarly, after a unit is in position to ac a 4 
' mission, it is assumed that, without resuppl 1 

vi  thout attrition, its power will decay .xponenb 

time d*.ae to its consumption of resources: I 

where : 

i with Ui,rn is the resource usage rate of unit 
mission m. 

When o unit eng9ges an enemy unit j, i t 4  

. 

power is 

further reduced by an attrition rate ATTi,j: I 
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Equations 2.5 and 2.6 are general forms and may be 

adjustad for specific cases basiad on tha' situation. or the - 

time of application. The exponential factors may be 

adjusted with tine as well. For exzmple, if a unit is 

ongagsd by more than one enemy entity at various times, the 

su31 of the enemy units* attrition rates is applied to, the 

power cornpitation at tha times at which they ?pply. The 

resource usage factor, U, may be adjusted for various phases 

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 

'Figure 2-1. 
, I 

Figure 2-1 Example of the Power Curve of an Entity 



Thu planning process 'begins w i t h  receipt of an order in 

the form of a macro plan from the next higher organizational 

level. Fletcher's planning algorithm consists of a modified 

estimate of the situation used by Army ccmmanders to decide 

'how best to accom~lish the aissi on [Ref. I] . The steps of 

Fletcher's algorithm are: 

- Determine initial mfssion feasibility. 
, , - Designate the decision poi&. , 

- Develop feasible courses of action. 
- - Select' a course of action to restore feasibility at the 

ducision point. 
t ,  - Rspeat until feasibility is restored throughout the 

planning period. 

Using the GVS equations, plan feasibility is predicted 

based on friendly (blue) force versus enemy (red) force 

power comparisons. The process also determines whether a 

plan will accomplish the mission and vith what combination 

of assets. 

1. . D e t e r m f n e s i o n  Feasl ilitv 'b , 

~oasibiiit~ is determined ' by whether a threshold 

interval of the difference in power between blue and red is 

maintained throughout the planning period, given an initial 

commitment of friendly units to the foward edge of the 
0 

battle area. Th,e model developed by McLaughLin [Ref. 71 

determines this initial positioning of forces necessary to 

fight the battle. For simplicity, each force's power is 
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computed as the sun of the power to s&ordinate units; 

Although eventually it will be necessary to ascertain the 

nat& of m y  synergism that exists among antities in a 

force, for the present this assumption lend. consistency and 

simplicity of determination to the model. Over the planning 

period from the present the, tp, to $ts and, t,, each 

unit's power is computed using variations of equations 2.2 

to 2.6. Summing over all entities in each force results in 

a total SIP for each side. 'The difference between the power 

curves are determined for eech time step:' 
8 .  

where: s 

SIPx,t is the total power for the blue force at 
time, tp t s te, and 

SIPyft is the powar of the red force at t. - . 

This difference is compared to the threshold value dictated 

by the mission. If tha threshold, T, -is violated, the 

, initial ,plan is infeasible.. An infeasible plan is 

illustrated in Figure 2-2. , , 

This step of the a.'.gorithm is summarized as follows: 

- Beginning at the present time, tp, compute all SIPi,t 
and SIYj t. 



Figure 2-2 Example of an Infeasible Plan 

- If DIPIt < T, then t = td, the decision point. 

- Xncrexnent t by t, the size of the t h e  step, and 
repeat untif t - te. 

me decision point is the poiat in time at which M e  

difference c u m e  violates the threshold value. A decision 

must be made to commit previously uncommitted units at or 
I 

before the de~ision point in order to decrease red power, 

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

infeasibility point ta the right on the power curve or 

resolve it altogether. Therefore, the blue force has ' a 

period ~f time from tp to td in which to decide which 

24 



and a t  w h a t  time, t, h order  t o  r e s t o r e  f e u i b l l i t y  a t  td. 

The planning algorithm calls f o r  comparing., t h e  

r e s u l t s  o f  t a r g e t i n g  each i n i t i a l l y  uncomxuitkd b l u e  u n i t  

a g a i n s t  each red  u n i t  in  each time s tep .  It is assumed t h a t  

each b lue  asrat can arry ou t  a missibn against o n l y  one 

target a t  a t he ,  so' uck asset- target- t ime a m b i n a t i o n  i s  

one poss ib le  coursa of act ion.  Obviously, al l  such courses  

o f  a c t i o n  a r e  not  v iable ,  .'however. Detersfnatf on of  

v i a b i l f  t y  includes notf  f i c a t i o n  . and prcpar3tion tima o f  ' the 
, , 

subordinate  u n i t ,  range t o  the t a r g e t ,  and conmftment o f  the 

a s s e t  t o  a j r e v i o u s l y  se lec ted  course of action. This s t e p ,  

, ,  o f  t?m algori thm i d e n t f  f i a s  f q r  Zur+hae consideratfon those 

courses  of ac t ion  which a r e  v iable :  

- Beginning a t  t h e  present  the, tq,  f o r  each blue. unf t it 
f o r  each typa mission, i f  n o t i f ~ c a t i o n  tine p l u s  tp is 
g r e a t e r  than t d , ,  go t o  the next  mission type, i f  a l l  
missions have been considered go t o  the  neuct-f. 

- For each red  u n i t  j, i f  DISTj > RANGEL, go t o  nex t  f. 

-,Computg S I P i , t  and S I P j , t  and s to re .  

- Increment t by A t  and repeat  u n t i l  
p l u s  t is g r e a t e r  Llan t d  f o r  a l l  i. 

n o t i f i c a t i  on 

From the v i a b l e  courses of ac t ion ,  those  which 

r e s t o r e  f e a s i b i l i t y  t o  the plan a t  t d  a r e  feasible an4 are .  

r e t a i n e d  f o r  f u r t h e r  considerat ion.  



Ono . of tho foamlblo coursos of action is aoloctod , to 

reator. foamibility to tho plan at the docimion point. 

?lotchor*s algorithm usor the uxfmun ratio of rod powor 

domtroyod (PDji) to blue powor cuod (Hlij) as tho docimion 

rulo [Rof. 5):  

rhoro 81?;ft and ~IP? arm tho oripinrl powor valuos of 
d ,  t t t !  

tha,ro6 targot and blue amaot, rmsp.ctivoly, at tho dacimion 

point If blue unit i wore not coaarrittad to tho course of 
. . 

. action. Tho planning proca.8 is thua an optimization of tho 
8 .  

form: ninimizo cort, rubjoct to a roquirad lovol of 

Once a feamiblo courso of action is aolactod, now 

total power ctirvor ara gonoratod and faamibility over the 

ontlro planning pariod is chackod. If tho ovorall plan im 

rtill infaasibla, tho procarm is repeated until overall 

faarfbility 10 obtainod or no asrats remain to ba comittod. 

In tho lottar caso, or if tho asrats avsilablo can not ba 

committed in such a way a. to rartoro faarlbility, tho next 

hlghar organization im notified. This invoke8 tho micro 

planning rnachanism at that laval. 

Kilmar theorizad tha us@ of other value consfdera- 

tions in this decision procesm (Rof. 3 1 .  Ha postulated that 



valua is ralaiod to tha Apoztanca of an &itp in tha long 

- To no which targets shculd bo prosocutad by a 

no which assot should prcsocuto a particular 
targot. 

of a unit's valuo is directly tolovan+, 

a courso of action-in tho planning 

valuo of oach assot type in tho 

as a function of it. current ABIP 

Assuming that oach asset 

in tho ma10 proportion . . 
throughout d o  battle, this. provides tho long t o m  

1 

importance of ho entity, or Usofulntms Value (W): 1 .  

The utility fubction for a 'risk prefe'rring* decision maker 

whore: 

. X is 

G is 

has a G > 0, esulting in a convex utility cuwe (plotting i 

SIPi, g , and 
a utility coefficient. 

W vs. SIP). 'risk neutral' decision maker has a straight 

line. nt) utility curre, and i; - 0 .  A G < 0 

results in a cdncave utility curve, which is 'risk averse. ' 



a Next, the usefulness value is scaled to account for 

the availability of the asset and to determine the value, V, 

of tho entity. The scaling factor is the ratio of the 

desired proportion of the entity type to the existing 

proportion. The user provides the desired proportion, DP, 

-of each aaset type to oppose a specific enemy force for a 
8 1  

given mission. Therefore,' DP is the desired ratio of the 

power of the type of entity in question to the power of the 

entire force: 

DPi - (CBIP(typ8 i))/(ZBIP(all units)) . (2.10) 

The v a l k  of an ontity X of typo a is then: 

Thus valua varies directly with the scarceness of the entity 

The incorporation of Kilmerls valua equations in the 

planning process f ~ r  the chemical module is described in the 

next chapter. 



111. cFqJ'- 

A. CONCEPT 

1. Canclral 

The ALARM chemical warfare moduh simulates the 

bahavior of a headquarters chomical staff from battalion 

through Corps lovel. It is one of the functional modules 

which interact within tho planning procsss to do the 

specialized, detailod decision task.. The functional 

modules work with each other in much tha rame way as the 

functional staff elemonts in a haadquarters organization, 

coordinating and sharing information. Thus the CW module 

recoivos inputs from and provides information to the 

intelligence, fhld artillery, air, #upply, and , 

transportation modules, as well as the execution model. It 

relies on solutions from the tra.tuportation and tim* domain 

networks for planning movoments and siting of 

decontamination assets. 

The CW module is logically based on the planning 

'algorithm. It allows the model to incorporato the use of 

chemical assets in maximizing future power at the saint of 

decision. Sinco chemical resources are relatively scarce 

comparad to potential need, ALARM'S architecture and future 

state decision making are well suited to their 

.prioritization and scheduling. 



The chueical function can ba organized into two main 

areas: (1) retaliatory employment of chemical weapons and 

(2) chuufcal defansc. Chemical defense 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 depicted 

in the flow chart in riguri 3-1. Based on the logical tiow, 

a FORTRAN computer progrA demonstrat.8 the application of 

the CW module (Appendix 8). 

The application program im'designed with interactive 

data input and output to fom'the bamis for development of a 

training or planning aid for commander$ and staffs in the 

fi.ld. ' In the eontext of h, the terminal prompts and a 

displays ripresent calls to other modules requesting o r  

providing information. 

. The program is limited to thm types of units used in 

the demonstration scenario amd its design is such that the 

database can be readily broadened for more general 

application. Each application (itoration) simulates 
I 

operation of the planning algorithm at a particular 

organizational level (i. a. , that level r sukiordinate units 

are the inputs for the prob,lem). 

This program extends previous applications of the 

GVS in several ways. ' It is more generalized than the 

specific-case programs previously done: many-on-many 
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Figure 3-1 Logic Flow Chemical Warfare Model 



engagements can be modelled, rather than ' one-on-one; and 

Mlmar's value considerations are added to the course oC 

action decision rule. Where appropriate, the program uses 

the ALARM convention .of faactionalizing physical parameters 

and computing updated values as needed. This is more 

efficient than maintaining large and unwieldy data bases for 

tabla-look-ups. 

Hission profiles for the blue uncommitted units in 

the program are as follows: 

- Field artilMry: 1/2-hour fire mission followed by 1/20 
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 
Area Refuel and Rearm Point (FARRP), and l/2-hour FAR- 
time. 

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

Thus the artillery and helicopter units can be committed to 
I 

I ' 

multiple courses, of action. .' 

The main progran contains most of the interactive 

input and output controls. Following input of the situation 

(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 abiljty to 

perform the mission. In so doing, subroutins POWER is 

called, which computes the power curves for both sides, 

determines the difference between them, and determines the 



,plants feasibility and de~ignates We decision pcint if the 

plan is infeasible. 

Returning control to the main program, i'f the plan 

is infeasible, courses of action are generated to restore 

feasibility.. Each uncommitted blue unit is paired against 

each red' unit in tam!, beginning in each time step from the 

b&inning of the planning prrioc to the decision point. If 

red 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, subroutine CHEMP . 

is called to plan the same missions as chemical strikes and 

predict the effect on the target. 

Viability of each course of action is checked 

considering range, 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 decision 

point. If so, the value of the course of action is 

determi~ed and the ratio of red power destroyed to blue 

power used is computed with the modifications discussed in 

the next section. The course of action with the highest 

ratio is added to the plan. 

If a unit or units have been contaminated by red 

chemical attacks, subroutine POWER calls subroutine CHDCON 



to determine the affect on that unit's power cume of 

. withdrawin,g to the decontamination site and that effect is 
incorporated in the course of action determination. 

This prticess is repeated until feasibility is 

restored throughout the planning period or no uncommitted 

units are available. In oither Case, results are reported 

and a prompt for a situation update is provided. The user 

can then advance the scenario time and re-runsthe program 

with an updated situation or terminate the program. 

B. CHEMICAL WEAPONS EMPLOYMENT 

1. - 
The CW module 'includes the employment of chemical - 

weapons by blue field artillery as one option in the 

development of courses of action to restore feasibility to 

the plan. In practice, chemical target planning begins with 

identification and location of a potential target by the 

, intelligence staff. 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 requirsd for the mission is obtained from 

targeting tables. Proximity of friendly troops or towns is 

included as a planning factor. A parallel process is 

followed in the CW module. 

Target and weather information is received from the 

intelligence module. Following preparation of feasible 



. . : .  
- .  

' courses of action by a field artillary unit (by pairfag the 

unit vith each red targot in- each t h e  s=ep) using 

conventional weapons, a chemical employment submodulo 

(subroutine CHEKP in the application program) is celled and 

tho process is repeated with tho same artillery unrt using 

chuairal weapons. Based on , perceived target parameters from 

the intelligence modulo, tho'submodulo determines the number 

of chemical rounds required and the predicted effects on the 

target. These effects are L? term of casualties and 

operational degradation due to the encumbrance of protective 

clothing and equipment and havigg to operate in a protected 

configt.ration. These effects are applied as the attrition 
I (  

coefficient in the ST2 calculations for the target unit. 

The results of these courses of action are then included in 

the ,overall selection of a course of action to restore 

feasibility at the decision point. 

2 -  Valus. 
Fletcher's decision criterion, red power destroyed 

to blue power used (PD/W),'would treat the conventional and 

chemical fire missions the same. Since the chemical attacks 

generally havd a greater effect on the target, these 

missions would almost always be selected over conventional 

ones by this criterion. This approach does not take into 

account the different natures of the two typss of missions 

accomplished by the same entity nor the relative scarceness 

of chemical munitions and the requirement to employ a 



comparatively largor'nurnber 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 

poaaibilities of preserving the chemical weapon allocation 

for higher priority targets. Combining Kilmerls value 

concept with Fletcherls decision rule offers an approach to 

address this prob1-L ~quation8 2.8-2.12 are designed to ' . 

compare the value. of different entities performing 

particular task.. Chemical weapons are reflected as a 

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

add to these equations factors expressing the relative 

values of the various nissions of an entity. Xilmerls value 

is the long-term usefulness value (W) 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 given by Equation 2.12: 

Usefulness value is the utility curve. for the 

entity: 

W - BIP (1 - exp{G x SIP/BIP))/(l - exp(G)) . (2.9). 
' .  

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

application program is G = -3, reflecting a risk averse 



t 

decision W a r .  This means that the decision maker prefers 

I -  
a certain outcoma over tha chance of even greater gain, a 

cautious approach. The validity of G values is-subject to 

further verification duri~g the development of ALARM. 

A factor is then added to the value equation (Eqn 

2.12) to express the scarceness of a mission capability. In 

-this application the ratio of the desired proportion of 

chemical munitions (among all munitions) for a particular 

ontity to the actual proportion is used, (DPa&CPchem). 

This ratio is added to the entity scarceness factor. in the 

,value equation for chemical missions: 

Since both of these factors can take values greater than 1, 

reflecting relative scarceness, ' they are added rather than 

multiplied to prevent a large value in either factor from 

,having,a disproportionate effect., For non-chemical courses 

of action, the complements of the proportions are used. in 

the ratio: , . . 
' . I  

For consistency of comparis~ns in the computer application, 

a mission capability scarceness factor of 1 was added for 

non-field artillery units, reflecting a' balance between 



mission-required resources and availability. In a full 

implementation of the model, any ontity could add a similar 

miasion-specific value if needed. 
. . a  

This expanded value exprassion is then incorporated 

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). 

Value (v) increases as an entity becomes scarcer. 

Therefore, ucarcmass reduces this ratio. Since the course 

of action with the maximum PD/(PU x 9) ratio is selected, 

inclusion, of the value factor can have the iffect of saving 

a scarce asset or mission capability for a higher priority 

tarbet or one with a greater payoff in terns of power 

destroyed. Additional1y;as chemical rounds 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 -  Bocrrggl Develo~ment 

For simplicity a limited 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 parameters in data macrices and in the functional 

: determinations. 
One problem currentlv experienced in modelling blue 

chemical employment is that existing target planning manuals 

are out of date. New versions are being prepared, but 

3 8 



TABLE 3-1 

. =CAL EMPUYMENT CAPABILITY IN ALARM CW MODULE 

Mlivery systm 203 mm howitzer, battalion fire 

Chunical agent Persistent nerve agent, V): 

Ef f acts 30a casualties 
Average movement speed x 0.5 

Target parameters Size-choice of 2: Battalion, 
Regimmt 

current, accurate planning factors are not available. lor 

this project, figures were obtained from a draft manual,' and 

arbitrarily adjusted to avoid security classification. 

Partly as a result of this lack of data, weather and . 
preclusion of civilian or friendly . casuaities are not 

included in the 'program. Weather effects are one sot of 

factors included in targeting data tables and function 

solutions being developed. Weather information is used with 

information from the Cartesian space network giving the 

distances and directiorrs to towns and friendly troop 

concentrations, allowing the consideration of precluding 

civilian and friendly casualties. 

Tne chemical effects curves are essentially flat for 

about 16 hours after the attack, followed by gradual 

recovery. Since this is about the length of a scenario rur! 

by the program, only this constant effect is modelled. To 

incorporate the Yecovery curve in a longer scenario is a 

matter of adding an additional time-dependent factor ta the 



affactm function. Tho chamical amploymant atfacts ara r 

combination of lathal and non-lethal casualtiam, and haat 

rtrarm and oporational dqrrdation caumad by protactiva . 
clothing and oparating in a nbuttonad-upw configuration. 

tifacts arm axpraamad as parcant affactivanarm and aza 

appliad am tha attrition coefficient in the mituational 

, iqh-ant m a r  (SIP) aquationm (Equation. 2.5 and 2.6) . Tho 

,targating procadura fr to mrar tha tabla with tha darirud 

I percant camualtiam and targat parapaatarm to datamine tha 

number of 'roundm to f i r  Than the affactm tablam or 

functionm are antsrad with tha numbor o f  roundm, giving tha ' 

. . 
predictad Wrcant affactivonaim of which tha targat unit 

will ba capabla. ?or tha program, 3 0  .parcant casaalti8m 

impliem 57.59 effectfvanamm. Tha attrition coaf ficiant im 

applied am an axponantial runction of tima in tha SIP 

aquat 1 on., 

and im therefor. an hourly rat. of power decline. The field 

artlllary mission prof110 in tho program uaem a 0.5 hour 

attack duration. Thetafore the affectfvenaas percaniaqa is 

appliad in the SIP aquation as: 

ATT = (-la O.S73)/O. 5 .  



Thus, in a l/2-hour field artillery chemical fire mission, 

tha target unit '8 power is reduced by a factor of 0.575. 

Tho target's power remains at this level due to the flatness 

of tha chemical effects curve, subject to continuing usage 

of resources and subsequent attack.. 

In addition to the effectiveness factor, tho target 

unit's speed of movement is reduced by half, railacting the 

difficulty of operating in a fully protected posturm. This 

reduces the mlope of the target entity's power increase 

function as it approaches its mission location and delays 

its arrival. Thus a chemical attack both dmlays and 

destroys tho target's power, tanding to shift .tho overall 

rad power curve to the right and effectively restoring 

feasibility at the decision point. 

C .  CHEMICAL DEFENSE 

Chemical defcrnso is charactarized by centralized 

planning and dacentralizad exacutiori. Exacution factors, 

which are functionm of doctrine, equipmint, organization and 

training, are reprasented in the execution model with 

guidance from end feedback to the ALARM planning model. For 

the CW plbnning module, the approach is to decompose 

chemical defense into its three, doctrinal aspects: 

contamination avoidance, protection, and decontamination. 

A s  described below, there is some interdependence and 

interaction among these parts. 



, 

- .  

3. * 7 

contamination avoidance is the most basic aspect of' 

c h d c a l  dafanse. If a unit can avoid bocoming contaminated 

in the first place, than the casualties, the first aid and 

modical treatment problems, the operational degradation due 

to the encumbrance of protective clothing and equipment, and 

the need to divert asseta for decantani~tion are a11 

averted. Contamination avoidanc8 is accomplished largely by 

appl ication of tha Nuclear, Biological, and Chemical (NBc) 

Warning and Reporting System, NBC reconnaissance, and active 

and passive monitoring tuing chamical agent detactors and 

a l a ~ .  NBC reconnaissance is currently receiving much 

attention for the further devalopment of doctrine and force 

structure. Wcause of its uncertain shape, it is not 
$ 

included in this application. Raconnaiasance planning can 

ba incorporated into the CW nodule when its objactives and 

planning requirements ate more settled. Tha other two 

aspects, the warning and reporting system and monitoring, L 

are conductad as prescrLbed by doctrine and in the case of 

monitoring, at the lowest organizational levels. Therefore 

they should be incorporated in the execution model and need 

not be reflected in the planning model. 

3 -  - 
Protection from chemical agents is applied both 

individually and collectively. collective protection 

depends on the availability of equipment and facilities with 

42 



field urpedient approjaches encouraged. Little, if any, 

structurad planning at battalion to corps levels is done for 

collective protection. Individual protection is achieved 

through the application of Mission Oriented Protective 

Posture (MOPP) as described in Appendix A. MOPP is intended 

to ba a flexible system of standardized protection levels 

applied at the lowest feasible command level. However, it 

is amenable to tha raquiremant of specific minimum 

protection levels by higher level comnderr based on a 

better perception of the threat. MOPP soew to trade off 

the risk of casualtias from a chemical attack with the 

operational degradation and heat caskties caused by 

ancapsulation in protective.(=lothing. This is the process 

modelled by the CW module. An initial MOPP level is #at for 

each unit based on the chemical thraat perceived by the 

intelligence module. The resultant operational degradation 

is applied by raducing each entity's atate and speed of 

movement 

check is 

appropriately. Then the initial plan feasibilit.= 

made. If the plan is infeasible, MOPP lavels are 

reduced and feasibility rechecked, iteratively, urrtil 

feasibility is achieved or a prescribed minimum MQPP level 

is reached. If the plan is still infeasible, then the ' 

planning process is initiated to restore Seasibility. Units ' 

which are under chemical attack or are contaminated are 

placed in MOPP-4, the highest level, and remain so until 

decontaminated (see Appendix A). MOPP levels are reviewed 



gmriodically ahd adjusted as required by a changing threat 

or unacceptable loss of operational capability. 

4, 4 .  

Should contamination avoidance fail and protection 

succeed, personnel and equipment must be decontaminated. 

Hasty decontamination by individuals and crews removes minor 

contamination and reduces the hazard from more copious 

contamination. Deliberate decontamination support,ed by 

chemical companies removes essentially all chemical agent or 

at least reducer the danger to a level that allows the unit 

t 0 . h  restored to its previous state, ,unencumbered ,by MOPP. 

Chemical companies are in short supply relative to 

the possibility of iany units requiring their services in a 

short period of 'time. Deliberate decontamination is time 

consuming, requires a great deal of water, and' can pose 

security problems because it concentrates the unit in a 
, ' 

static, difficult to defend posture. 

The plannlng ta'sk in to position' the decontamination 

support assets in e most advantageous location and 
, . 

allocate their efforts in a way that returns the most combat 
' I 

I ,  

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 

action generation in the planning algorithm. Thus the 



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. . Dev- 

In the application ptogram, subroutine CHDEF 

performs the protection planning function'described above. 

Mother aspect of CW where quantified data are lacking is - 
performanc~ degradation due to MOPP. Data to support a 

unit's state and speed reduction because of MOPP were 

derived from a preliminary effort in this area [Ref. 81. 

Tbis was done by averaging the perceht 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 (loOc). Again, this aspect and others such as 

variations of workload among types of units and misaions can 

easily be expanded by incorporating additional data in a 

matrix cr an appropriate function as data become available 

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 bas' 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 



-. TABLE 3-2 

OPERATIONAL DEGRADAT1ON.FACTORS TO MISSION 
ORIENTED PROTECTIVE 

MOPP level State 

protection and remain so until decont 

are already at 50 percent effectivenes 

parcent casualties are assessed, iE 

chemical attack, with a continudus e: 

delayed casualties. It is assumed 

percent casualties will occur within 24 

factor as a function of timi is thus 

exp(-C x 24) = 0.7, so C = 0.01047. Th: 

in a chemical effect factor multiplie 

unit's SIP to determine the effect of tl 

the time the SIP is computed. 

recomputation of the un.ites state fun' 

chemical attrition, MOPP degradation, I 

unit's original state value: 

CHEM EFF = (SQRT(0. 9exp(-C(t-tC) ) x f (ST 

X O.S/f (STATE) 

Speed 

minated. Thus they 

I. Additionally, 10 

adiately after the 

ponential loss from 

bat a total of 30 

hours. The casualty 

derived from: 0.9 

a factor is included 

I by a contamirated 

a chemical attack at 

This factor is a 

tion, incorporating 

nd dividing 9ut the 



whore : %. 

tc i8 the time of the chemical attack, and 

f (STAG) is the state. function discussed in Chapter I1 
(the square root of the product of the - - - - -  

percentages of equipment- and personnel on 
hand). 

'During the course of action generation, it is 

aesumed, that a contaminated unit cannot withdraw from its 

position to move to the decontamination site until another 

unit in committed against the red unit or units it opposes. 

Thun contaminated units are moved to decontamination only in 

courses. of action wherein the uncommitted blue unit is 

targeted against the contaminated unit's target unit. The 

move to the decontamination site com6nces when the 

uncommitted blue unit engages the target. 

Two data structures are used *to account for 

contaminated units. The unit identifiers are placed in a 

atack by subroutine CHDEP, and at the decontamination site 

they are placed in a queue, no that one unit may not begin 

decontamination until the unit ahead of it is finished. 

When it is decontaminated, a unit's identifier is removed 

from the stack. 

A s  a &it moves to the decontamination site, its 

power is discounted, since it is moving away from the 

Ic<=ation where its mission is performed. During 

decontamination, assumed to last 4 hours, its power 

increases to a new ABIP based on the distance from the 

4 7  



docontamination aite to the unit's mission-.location and .the 

ntato resulting from tho chemical casualties to that timo,' 

but without MOPP degradation. At 'the and of 

decontamination, 'the unit reverts to MOPP level 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 passed back 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 is the ratio of the contaminated 

unit's SIP at the decision point . following decontamination 
I ,  

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 affect on the 

decision ratio. 

The FORTRAN program at Appendix B implel~ents the 

chemical module described in this chapter. The program was 

run with a combat scenario to demonstrate its application. 

The scenario and the results of the demonstration run are 

described in the next chapter. 



N* -ON OF 

A -  BASIC SCENAR1:O 

The chemical warfare module application program was run 

awing a division-level combat scenario. The scenario 

conaists of a basic situation and three updates advancing - 
the planning time and developing the situatioa. 

The scenario con'cerns a blue armor division in the Fulda 

'Cap region of West Germany. Thd division's mission .is to 
, , 

'daf end in sector, preventing attacking red for& from 

crossing the initial division rear boundary for 48 hours. 

This demonstiation covers the first 24 hours df the mission. 
. . 

The ..division's three brigades are committed in defensive 

sectors against attacking red first echelon 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 attackmhelicopter company, and an 

armor battalion as the division reserve. 

The input parameters required by the program are listed 

in Table 4-1. STATE is the value of thb state function, 

f (STATE) , th,e square root 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 

4 9  



TABLE 4-1 

FROCRAM.DEMONSTRATION--BASIC SITUATION 

TIME = 0 )ram 

BLUE 
1b TYPE 'DESIRED am OPP ATT. COEFF 
NO UNIT BIP STATE DIST SPEED PROP. THRT UNIT RED BLUE 

1 ARM BDE 4800 

2 ARM BDE 4800 
- - 

3, ARM BDE 4800 

4 FABN 1800 

6 ARM BN 1000 

RED 

1 , MRD 14000 

2 MRD i4ooo 

* - Not committed initially 

type of unit's power in the total force that the decision 

maker would prefer to have available. 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 by the user at the terminal in response to 

screen prompts. Information for each blue entity in turn is 

entered, followed by each red entity ' and some general 

information about the scenario. Forbrevity the entries for 

only the first blue and red entities are shown in Figure 



4 1  Tha key for 'the Chemical Threat (~~~ TBRTw) entry is 

shown in Figure 4-1. The initial situation alwaya begins at 

planning time T = 0. 

 or blue field artillery units, the program also a s h  

for the information shcwn in Figure 4-2 in 0rd.r to compute 

the mission capability value fagtors described in Chapter 

 he program s t  detaminbs the approprittte Mission 

Orientod Protective Posture (MOPP) levels and checks initial 

plan feasibility (Figure 4-3). . 

As shown in 'Figure 4-3, the initial situation proves to 

be feasible. This can ba seen by examining the red and' blue 

total power curves in Figure 4 - 4 .  The blue plb fa fiasible ' 

if the difference between the power curves is greater than 

the feasibility threshold throughout the planning period. 

The feasibility threshold for this demonstration is 0. 

At this point the division plan is passed to the brigade 

planners for preparation of thei: own feasible d~ans. 

B. ' FIRST UPDATE 

The program next prompts for an ' update time or the ' 

program can be terminated (Figure 4-5) . ' , 

~t time T = 2 hours, the intelligence mdit~e detects a 

second echelon red tank division entering the blue 

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

At this point, blue has no specific indicators of the red 



EXECUTIOH-BEGINS. . . 
To tormihato progra. during data input, ontor 999 in 
rosponso to any prompt for data. 

-tor tho number of bluo ontities (units): 
3 

lor oach Blue entity, onter the information requested (units 
under chemical attack or contaminated should be entered 
last). 

Bluo entity (ID no.) -3, t 
Unit Type (enter no. 1-61 

1 - Armor Div 
2 - Armor Bde 
3 - FA Bn (203-mm SP) 
4 - A t k  Helo Co 
5 - Armor Bn 

Mission (enter no. 1-2) 
1 - Attack 
2 - Defend 

Basic inherent power (BIP) in STAPOWS 

State, at T = 0 
(SQRT ( a  personnel x l equipment) ) 

Distance from assigned battle position (km) 

Average speed of travel (when moving)(km/hr) 

Desired proportional power of this type 
unit in Blue force, for this mission 

Figure 4-1 Program Data Inputs 



Enter the 
, ? . 
3 
Far each 

mica1 threat (enter no. 1-6) 
1 - None 
2 - Unlikely . 
3 - Moderate 
4 - High 
5 - Immediate 
6 - Under chemical attack/ 

in contaminated area 

bar of Red entities opposing this unit 
( 0  - Not committed) 

entities opposing this unit (ID no.) 
(Enter one at a time) 

rition coefficient for BLUE unit 
RED unit : 1 

rition coefficient for.RED unit 
B r m  unit - 1 

number of 3ed entities (units) : : ad entity, enter the information requested entity (ID no. ) 1 :  
Unit type (enter no. 1-4) 

1 - Tk Div 
2 - KR Div 
3 - Tk R g t  
4 - KR R q t  

Mission (enter no. 1-2) 
1 - Attack 
2 - Defend 

Basic inherent power (BIP) in STAPOWS 

I '  Figure 4-1 (CONTINUED) 



. . 
. , 

State, at T = 0 
(SQRT(8 personnel x equipment)) 

3 .  
8 

Distance from battle position - ( h a )  
3 
20 

Average sped of travel (when moving) (k/hr) 
3 
10 
Bas Red unployed chomical weapons (Y/N) ? 
Y 
k o s  Blua have chomical mployment , I 

authority (Y/N)? 
Y 
Enter mission duration (no. hour8 froa -0) 
? 

Daily allocation of chemical artillery rounds 
? 
500 

Daily allocation of artillery round. 
(all types) 

10000 
Desired daily allocation of charnick 
artillery rounds 

? 

Figuro 4.2 Additional Infnrmation,Requirad for 
Field Artillary 



Figure 4-4 Power Curves, Basic Situation 
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Enter t h e  of update (hrs since T - 0) 
(if none, enter 999 to terminate program) 

3 
2 

At time T = 2.00000000 

Enter the number of blue 'entities (units) : 
3 
6 

Figure 4-5 First ' Update 
- 

tank division ' 8 plan of attack. Tharefore, the red 

division's power is applied uniformly across tha blua 

division's sactor (i.e., one-third of the red division's 

power is applied against each blue brigade). This is 

essentially the LaPlace principle of choice for a decision 

under risk: axpactation of equally likely futuras. [Ref. 

9 1 Tha program again arks for input of the basic 

inforution for a11 entities. This allows for changes in 

the force structures or allowe the user to shift to another 
a organizational level as will be saen i n  the third update. 

Tha input paramater. are now as shown in Tabla 4-2. , 

The program again dkterminer tha best MOP? lava1 'for 

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

tha red tank division makes tha blua plan, infeasible. The 

new power curves ,are shown in Figure, 4-7. The decision 

point is at t ~ m a  T - ml3.5 (when the power curves cross silrce 

the feasj.bil,ity threshold is a difference of 0). , 



. - 
TABLE 4-2 

- TIME - 2 HOURS 

BUfE 
ID TYPE DESIRED 
NO UNIT BIP STATE DIST SPEED PROP. 

2 ARM BDE 4800 1 

3 ARM BDE 4800 1 

4 FA BN MOO . 1 

S H E L O C O  800 1 

6 ARM BN 1000 1 

RED 

1 MRD 14000 . 8  

2 MRD 14000 .8  

3 MRD 14000 .8  

4 T K D I V - 5 0 0 0  1 

5 TK DIV- 5000 1 

6 TX DIV- 5000 1 

- Not committed initially 

OPP 
UNIT 

1 
4 

2 
5 

3 
6 

NC* 

NC 

NC 

1 

2 

3 

1 

2 

3 

ATT. COEFF. 
RED BLUE 



Racomended MOPP: 
BLUE unit 1 , HOPP 
BLUE unit 2 , MOPP 
BLUE unit 3 , MOPP 
BUJE unit 4 , XOPP 
BLUE unit 5 , MOPP 
BLUE unit 6 , MOPP 
Si tuation infeasible. , Preparing f easibla plan. 

Figure 4-6 Result of First Update' 

TIME (HOURS) 

Figure 4-7 Power Curves, First Update 

The program now begins to search for a feasible plan. 

It prompts for the attrition coefficients for each 

uncommitted blue unit versus each red unit when it first 



pairs those particular units. T3e attrition matrix is thus 

built -interactively but entries are required only for 

pairings that are tested, and only the first time each pair 

is tried. This schomo reduces the overall data input load 

for the user. Upon restoration of feasibility, the plan is 

displayed (Figure 4-8) . 

Feasibility restored by plan: 
, TIME BLUE UNIT ON RED UNIT CHEM OR CONV 
12.0 4 4 CIIEM 

Figure 4-8. Fearribla Plan-First Update 

A. shown in Figure 4-8, feasibility is restored by blue 

unit 4, the field artillery battalion, firing a chemical 

mission against red unit 4, one cf the partial tank 

divisions, at time T = 12. The restoration of feasibility 

is 8hown by the new power curves at Figure 4-9. Given the 

8paeds and distances involved, the mission is to ba 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 

the program reports the first one found. 



nME (HOURS) 

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

To revi,ew how this coursa of action is selected, the 

decision rule is to choose the course of action with the 

greatest value of the ratio of red power destroyed to blue 

power used times the value of blue power, PD/(PU x V) (see 

Chapter 111). The computation of this quantity 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 chaptars 11 and 111, 

applied here in the same specific ways that the program 

does. 



The power of red unit 4 at the decision point, T 13.5, 
, 

if it were not attacked is derived from equation 2.5, since 

it doas not arrive at- its battle position until T = 14 

hours : 

Equation 2.1 defines adjustad 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 h e  battle 
position, and 

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

Theref ore: 

The computational form of Equation 2.3 for the power grawth 

exponent, D: 



. . .- 
, - . - 

giver : 
- 

Therefore the power of the target unit at the decision point 

if not attacked is: 

PoLlowing the chemical attack at T = 12.5, the power 

equation is derived from ~qr?ation 2.5 as: 

where : 

ATT = (-ln(0.575))/0.5 = 1.1068. (3.. 2) 

Therefore: 

and by T - 13.5: 

Therefore the ~ e d  power destroyed is: 



.. * . . . 
. - ...- . . 

Blue unit 4 is i n  its battle position consuming 

resourca8 since T = 2, so its power at T = 13.5, if it does 

not fire this mission is derived from Equation 2.5 as: 

S%4,13.5 = SfPB4,ta x .xp(-Ugq x (13.5 - 2 ) ) .  

Since: 

and U B ~  is assumed to be 0.03:. 
, . 

sGB4, 13,5 = 5400 X eYp(-0.03 X 11 .5) 3824. 

Before firing the mission at T = 12: 

Following the mission at ,T = 12.5, blue unit 4 's .power is: 

'At the decision point, T = 13.5: 

The blue power used is: 

PU = 5824 - 3786 = 38. 

The usefulness value, W, of blue unit 4 is: 



Tho valuo of blue unit 4 is: 

Therafore: - 

In the program, V is scaled by 1/10,000 to avoid precision 

problems, so the final value us: 

vB4 0.7563. 

The decision ratio for this course of action is: 

PATIO = 2167/(38 x 0.7563) = 75. 

For comparison, carzzsponding figures for an attack 

helicopter mission beginning at T = 12 and ending at T = 13, 



since the miasion 'profile fox the hey-icopter company 

include. one hour on utatiotz, are: 

and 

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

Therefore even though the value fcr the chemical artillery 

utrike irr greater, the differences in red power destroyed 

and blue power lost cause the chemical mission to be 

preferred. The program determines that this course of 

action is in fact preferable to all others, given the 

parameters used. 

C. SECOID UPDATE 

The program again prompts for an update'time. At time T 

= 6 hours (still 8 hours from the arrivalL of the red tank 

division at the forward edge of the battle area), the 

intelligence modula reports indicators showing that the red 

tank division will attack through the 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 Tabla 4-3. 



TABLE 4-3 

PROGRAM DEMONSTRATION--SECOND UPDATE 

TIME = 6 HOURS 

BLUE 
ID W E  DESIRED CHEM OPP ATT. COEFF. 

, NO UNIT BIP STATE DIST SPEED PROP. THRT UNIT RED BLlJE 

1 ARM BDE 4800 1 . 0 .  10 -55 3 1 ' .1 .05 
2 -1.- 05 

RED 

1 MRD 14000 .8 0 10 - - 1 - - 
2 TK DIV 15000 1 , 80 10 - - 1 - - 

* - Not committed initially 

, Again, MOPP levels and feasibility are determined 

(Figure 4-10). 

Recommended MOPP: 
BLUE unit 1 , MOPP 
BLUE unit 2 , MOPP 1 
BLUE unit 3 , MOPP 1 
BLUE ' unit 4 , MOPP 1 

Situation infeasible. Preparing feasible plan. 

Figure 4-10 'Result of Second Update 



.. . ' . - . . 
Infeasibility occurs at t h e  T = 11.5 hour.,'.. seen in 

the power curves (Figure 4-11). This is 2 hours earlier 

than in the firut update, bacause red power is more 

concentrated and the imbalance ' .i 8 therefore greater. 

Attrition coefficients are entered am reque.ted, and the 

plan restoring feasibility is reported out (Figure 4-12). 

8 
' 

st. 

TIME (HOURS) 

Figure 4-11 Power Curres, Second Update 

Feasibility restored by plan: 
TIME BLUE UNIT ON RED UNIT CHEM OR CONV 
10.0 2 1 CHEM 
12.0 2 2 CHEX 

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

? 

Figure 4-12 Feasible Plan, Second Update 



. . - .  .... 
, - - .  

TO rutore feasibility in this lor. &ioualy unbalanced 

.itrution, both r8d entities receive chemical fires, with 

th. approkhing tank division again being fired upon at 

=axhum range. Reatored feasibility is shown in the power 

curves in Figwe 4-13. 

Figure 4-13 Power Curvem, Second Update Plan 
Restoring Feaaibfllty 

C. THIRD UPDATE , 

At time T 10, with the red tank division 'now 4 hours 

from contact, red fires a perniatent chemical agent attack 

against the 1st Brigade, apparently in preparation f?r the 

arrival of r?e  approaching force. Shifting the planninu to 

the brigade level, the 1st Brigade has two a m o r  battalions 

committed, one armor battalion au a brigade reserve, and its 



direct support field artillery battalion. In 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 EIRD opposing the 

brigade, the red tank division has two tank regiments: 40 

kilomatars away with one regiment directed against each 02 

the brigade'. 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 die not receive the 

chamical attack. Red has apgayently firid the 'chemical 

mission and will commit one regiment of the tank division. to 

fix the flank, with the main attack through the second 
I ,  

'battalion using the remaining three regiments. The input 

data are listed at Table 4-4. 

A. before, MOPP and 'feasibility are detarmined (Figure 

4-14) 

The power curves .how that infeasibility occurs at 

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

A s  the program finds 'a, feasible plan, attrition coeffi- 

cients are again entered when requested. In this step, 

since a blue unit is contaminated, a decontamination 

schedule must also be found. The feasible plan is reported 

a3 shown in'.Figurs 4-16. 



TAB= 4-4 

PROCI'RAM DEMONSTRATION, THIRD UPDATE 

ID TYPE DESIRED CHPf  
NO UNIT BIP STATE DIST SPEED PROP. THRT 

1 ARM BN 1000 1 

2 ARM BN 1000 1 

3 FA BN 1800 1 

4 FA BN 1800 1 

5 HEX&CO 800 . l '  

6 ARM EN 1000 1 

7 ARM EN 1000 1 

RED 

1 HRD- 7000 08 

2 HRD- 7000 .8 

3 TK RGT 3600 '1 

4 TK RGT 3600 '1 

5 TK RGT 3600 1 

6 MRR 3000 1 

OPP 
UNIT 

2 
4 
5 
6 

NC 

NC 

NC 

NC 

NC 

1 
3 

7 

1 ,  

7 

1 

1 

1 

ATT. COEFF. 
RED BLUE 



Recommanded HOPP: 
BIDE unit 1 0 MOPP 2 
BLUE unit 2 , , MOPP 2 
BLUE unit 3 8 MOPP 2 
BLUE unit 4 0 MOPP 2 
BLUE unit 3 , XOPP 2 
BUJE unit 6 , MOPP 2 
BfaE unit 7 , MOPP 4 

Situation infeasible. Preparing feasible plan. 

Figure 4-14 Result of Third Update 

0 I 1 I I I 1 

12 I6 20 24 

TIME (HOURS) 

Figure 4-15 Power Curves, Third Update 



feasibility restored by plan: 
TIME BLUE UNIT ON 
10.0 3 

T = 10.0000000 , B m  uni 
b q i n  move to decon site 

I 
I 
I 

CHEM OR CONV 
CONV 

CEIEM 
CHEM 
CHPI 
CONV 
CHPI 

better option. This time 

Figure 4-16 Feasible lan, Third Update 

Nat surprisingly, since contaminatad unit is 

racomended to move to the deco site immediately, 

the MOPP degradation and th production of 

casualties is stoppad artillery 

battalion takes the 

fire. 

is significant in that the same 
! 

to prevent discontinuity in the force's front line. This 

plan again interdicts approaching red units with chemical 
I 

fires at maximum range. Aftdr three chemical strikes, 

however, the value of chemica missions increases until i commitment of the brigade resefve armor battalion to the 

contaminated battalion's sector at T = 15 hours becomes a 



0 

! 
t . - - 

red tank regiment opposing this armor battalion would have 

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 of action required to 

restore overall feasibility is again a chemical strike since 

it in still a better value thanthe now-remaining courses of 

action, given the parameters used in the selection. The 

program is t.minated at this doint. 

The scenario demonstrates the use of the CW module 

application program in analyzing a situation and, using the 

precepts of the CVS, obtaining a plan to restore feasibility 

under conditions of chemical warfare. 



V. CONCLUSIONS AND F'UTURE DIRECTIONS 

A. CONCLUSIONS 

A chemical warfare module for the AirLand Advanced 

Reecearch Model is described. Basic concepts of the CW 

I module are demonstrated in an application program running a 

representative combat scenario. The module >epresents the I . .  
key chemical staff functions of planning chemical weapons 

employment, determining MOPP guidance, and scheduling and 
- -  

allocating decontamination support. 

I t ,  

The module is centered on the ALARM planning algorithm 

I progosed by Fletcher [Ref. 51, successfully adding Kilmer's 

I value concept [Ref. 31 to the decision rule for course of 

I action selection. It incorporates the logical basis to 

~ integr,ate chemical warfare .conditions fully into the ALARM 

~ planning model. 

The applica'tion program generalizes previous 

implementations of the Generalized Value System and the 

planning algorithm. It performs planning at multiple 

organizational levels and for multiple engagements. 1ts 

interactive structure provides the basis for development of 

a staff planning and training aid or decision support 

, system. 

In terms of further development of ALARM, the program 

can assist efforts to obtain data for an eventual 



dotormination of tho dimensions of derived powor of support 

entities. This can bo done by inforring the affects on 

inhoront powor of. supported units by docontamination units. 

Tho program also supports further studies into the nature of 

powor synergism among ontities by analyzing multiple 

engagements and comparing results in terms of power.. 

B. FUTURE DIRECTIONS 

Tho logical framework for a chemical warfare module for 

ALARM ir provided in this thesis as wall as a .computer 

, . program implementing it. Further development of the module 

to give it broader utility could Include: 

- Addition of NBC r&connaissance planning and other 
planning aspects of contamination avoidance when 
doctrinal and organizational issues are more settled. 

'I An affort might be made to use the CW module and the 
application program, with suitable additions, as tools 
to ifivestigate reconnaissance issues. 

- Addition of other chemical delivery means such as' 
missiles and air. ' This would add a deeper dimension to 
the chemical 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 
reg~iremencs, and possibility of casualties, or avoid 
it. These decisions are made by comparing the effects 



of the alternati ves on affected units * powor functions 
, using futura utato decision making. 

- Tha execution model must have a reasonably full, 
accurate, and responsive depiction of chemical warfare. 
Tho Vector-in-Commander (VIC) modal has a good 
dovolopmental chemical modulo and is a candidate for an 
axecution model in that respect. 

In a wider context, ALARM developments that will enable 

improvements to the CW module, or that the CW module may 

asuist in deriving, include: 

- The nature of power synergism among entities, a -  , 

diecussed in Section A of this chapter. 

- Tho appropriate value or values for the utility 
coefficient G in the Usefulness Value aquatian (Eqn 
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 the lines 
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 
information. 

- kn 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 !?ewer (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 



auch information han bo , adoptod for this program. 
Program refinement and preparation of usor instructions 
would a180 be required. 



A* -CAL EMPLOYMENT 

Ch.Pieal warfaze (CW) is the direct use of chemical 

compounds to kills or Injure people, plants, or animals, or 

to damage or destroy materiel. It is generally practiced in 

an anti-personnel roe. The compounds used are called 

chemical agents, and may ba classified in several ways. The 

most useful classification is by physiological effect. Most 

chemical k n t s  fall into one of the categories listed in 

Table A-1. 

Chesical agents may be-employed ast liquids, aemrols, or 

vapors, depending on their physical characteristics and the 

desired effects. They may also be classified as persistent, 

semi-persistent, or non-persistent, depending on how long - 
the agent remains on the target in hazardous concentrations. 

Persistent agents like the blister agents and persistent 

n a m e  asents may last for days or weeks. Semi-persistent 

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 CEWTCAL AGENTS 

Inhibits the wzymcr cholinesterase, cauoing 
genoral collapse of central nenrous 8yst.m. 
Usually lethal. Long uncertain racovery 
poriod for survivors. 

Damages body tissue, causing various types of 
lesions on skin, damage to lungs and ayes, 
from vapor; Usually not lethal-, but long 
recovery required. 

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

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

Incapaci- 
tating Various mechanisms, reducing ability to 

perform normally. Not lethal. 

and pressures experienced by an artillery. round must 

alter or destroy the agent.' It must dlso be practical 

sliver the agent in adequate concentrations to hava the 

red effects or, . 'the target. One problem with chemical 

: delivery in general is 'that producing the required 

intration on the target to reach a threshold of 

ltiveness requires a relatively large number of 

ions delivered within a short period of time. It is 

difficult to dedicate sufficient fire support assets 

emical missions. 

nce an effective concentration is reached, however, the 

ts can be much greater than those achievable by an 

79 



. 
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equal number of conventional munitions. In addition to 

producing casualties, employment of chemicals causes 

personnel to don cumbersome protective clothing and to 

operate in a protected posture. This hinders efficient 

performance of most task., reducing speed and accuracy. Use 

of persistent agents creates' a need to spend timi and divert 

assets for eventual decontamination, further slowing the 

many' s tempo of operations. Additionally, casualties who ' 

survive a chemical attack can have more effect on the 

opposing force's ability to operate than those who die. 

Individuals injured by chemical agents are not able to 

perform their duties and can create a huge drain on medical, , 

transportation, and supply support, diverting them from 

other tasks. directly supporting combat. 

Other delivery considerations include weather, certain, 

* vegetation, and human construction. These factors can make 

target effects very uncertain and atid to' th. difficulty of , 

effective employment. 

The U.S. has a no-first-use policy for chemical warfare. 

It maintains a stockpile of chemical weapons for deterrence: 

to have the ability to respond in kind to a chemical attack 

and thus put an enemy under the same difficult conditions. 

Should,deterrence fail, U.S. policy is to retaliate in kind 

in order to encourage the opponent to. cease use of chemical 

weapons as soon as possible. 



. . ,.. - .  . - 

Tho Soviot Union maintains tho moot oxtensiva CW 

capability in tho world. It regularly train8 in tho iaso of 

chunical agents and is apparently ongaged fn a continuous 

ooarch for now agents. Tho'U.S. retaliatory atockpilo is 
# 

aging and increasingly ineffectivo, and production of new 

munitions has boen delayed. 

8. -CAL DEFENSE 

Chemical defense consists of threo. aspects: 
,/. 

I - contamination avoidance, protection, and decontamination. 

Adequato equipment, doctrine, and training'must be available 

in all three areas in order to minimize the affects of onemy 

chemical employment. 

Contamination avoidance involves -the diligent use of 

chemical detection and alarm equipmdnt and chemical 

reconnaissance in order to know when and where chemical 

contamination is present and thus avoid contact with ' it. - 
This is the most basic and obviously cheapest approach to 

chemical difense. In practice, it is difficult to determine 

the best organization and equipment levels and how best to 

employ them. 

Protection f.s the use of individual or collective 

protective equipment to prevent e:.posure of the body to a 

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 ho,t. 

In w e n  moderate waather conditions heat stress can quicHy 

causo casualties. A flexible systun called lfission Orientad 

Protective Postura (MOPP) i s used to standardize protection 
& 

levels and allow a trade-off between tho chemical threat ard 

mission accomplishment. M03P consiits of five h w l s  of 

protection produced by gradually doming components of thr 

protective ens.mble, thus reducrng tho amount of tine 

necessary to' achieve complete protection in a chemical 

attack, but allowing soldiers to porform their duties 

without the heat strks of full .ncapsul,ation. The MOPP 

levels are shown in  able A-2. 

~ollactive protact ion rangas from chuical f iltars ane ' ,  

anvironmcntal control systams in combat vehicles and 

chemical protective aheltors to field expadient shelters 

using filters and blover system in existing buildings. 

Decontamination is- the removal or neutralization of 

chemi cal agents from personnel, equipment , or terrain in 
order to reduce of remove the hazard and permit operation 

without the encumbrance of protective eqyipmerit. Hasty . , 
' I 

decontamination is the use of individual decontamination 

kits by the soldier on his own ciothing, akin, and personal 

equipment: the use of crew contaminktion equipment on 

limited areas of vehicles or crew served equipment: or quick 

wash-downs with water znd small amounts of decontnminants. 

Its purpose is to remove small amounts of contamination or 
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TABLE A-2 

MISSION ORIENTED PROTECTIVE POSTURE 

XOPP LEVEL OVERGARMENT BOOTS MASA,HOOD GUVES 

0 Carried Carried Carried Carried 

1 Worn, open Carried Carried 
or closcrd 

2 Worn, open Worn Carried 
or closed 

3 Worn, open Worn Worn, hood 
or closed up or down. , 

4 Worn, closed Worn Worn, hood 
. down , 

Zarried 

Carried 

Carried 

worn 

reduce the leva1 of contamination in order to decrease the 

hazard and permit relaxation of protective posture. Hasty 

decontamination is usually a stopgap measure until more time 

. is available for more thorough decontamination. Deliberate 

decontamination is es8entially complete removal or 

neutralization of chemical agents supported by a chehical 

dacontamination unit. It is a relatively time consuming 

process invol-~ing use of large quantities of water and 

decontaminants. It usually requires the contaminated unit 

to move to an established decontamination site. 

Decontamination units are in short supply in the U.S. 

Amy, relative to the possibta requirement for their 

services. Each division (less light infantry) has o m  

organic chemical company which also has screening smoke and 

reconnaissance missions. Each corps has one chemical 



t . . 

company 6n active duty and may be asaignod on. or more 

roaorvo companiaa aftor mobilization. Light infantry - 

diviaiona aro oupported by chemical companies aasigned to 

tha corps. In operation, the division may allocate one . 
docontamination platoon to mapport each brigado. 



APPENDIX B 
APPLICATION - COMPUTER P R O G W  

* * ,  PURPOSE a 

* * * * * * * * * 

n 

Denofstrate a basic Chemical Module fo r  U, by 
plying the Generalized Value System and F1etcher1,s * 

g a m i n g  algorithm in an exam 1e combat scenario * corporatin the lannfn o?chemical wea ons 
employment, ?ha. de$ennina&on of appyopria!e HOW * 
p d a n c e ,  and-the allocataon and t m n g  of * 
econtamlnation SUJ o r t .  rl 

The program uses anferactive data input, to forr imthe * 
bas is  fo r  a planning/aecirion aid,  8s well as an * 
ALARM module. * 

A 

........-......--.....- * *** VARIABLE DECLARATIONS DIMENSIONS, INITIALIZATION *** 
***********************x**x****A***********x******************* 

i:!TEGER NX,XTYPS 0 ~ 1 0 )  ,XMISS(lO) ,XTHRT(IO),,XTGT 0~10,'0r25 6 INTEGER XCOM 0:l ) CFLAG(lO),XTGTN(10),ITIMP,I , C O N R ( l  ,OrZS) 
INTEGER ~ ~ ~ d ~ ( 1 0 . 6 ~ 2 5 )  & b 

REAL 
REAL 
REAL 
REAL 
REAL 
REAL YK(10) ,PBI?(10) YSTATE(l0) ,YDIST(10 ,YSPEED(lO 
REAL YABIP(IO) . Y D ( ~ o ~  ,YTP 10) ,YLOC(O:iO :SO) ,MC(1 ) ,YTAC(lO) 
REAL , YATT(lO,lO),YTA(lO), i ~1~(0:10,0:501 6 b 
REAL YSIPl 0 :10,0 :SO) YSPEDI 10 ,YDISTI(10 ,MI(lO) ,nAI(10) 4 REX PSIPI (O:10,0:50~ ,YTSiP[O:&O) ,YTSIPT( b 150) 
BEAL 

DATA TP/0./,TU/0./,TSTEP/0.S/,G/-3./,C/0.01047/,NQ/0~ 

........................................................................ 



............................... 
*** INPUT SITUATION *** 

Mi***************x************* 
a *** BLUE *** * ************* 

PRINT *, 'To terminate program dur in  data inyut ,  e n t e r  999' 
PRINT *,'in response t o  any prompt Per data. 
PRINT * 

DO 20 Irr = 0.50 
XTSIPT XTT - 0. 
nSIPT{ITT] = 0. 

CONTINUE 
PRINT * . 
PRINT *, 'Enter  the  number of blue  e n t i t i e s  (un i t s ) : '  
READ *, NX 
IF  (NX .EQ. 999) GO TO 1000 
PRINT *.  o or each Blue e n t i t y  e n t e r  the  information requested. 
PRINT *. : (un i t s  under chemical a t t a c k  o r  contaminated should b e  
PRINT *, entered  l a s t )  * 

100 I = 1,NX 
PRINT * 

2; : Blue 
PRINT, *, ' 
PRINT *, 
PRINT *, ' 
PRINT *; ' 
PRINT *, 

'RIPPT' * 
READ r n E ( 1 )  
IF (.*E(I) .EQ. 

e n t i t  (ID n 0 . ) ~ , 1 . ~ . t ~  
Unit Type (en te r  no. 1-6)l 

1 - Armor Div 
2 - Armor Id. 
3 - .FA En 203-m SP) 
4 - Atk He o Col 
5 - Armor En1 

6 - Chem,Co (NSC Def)' 

8 999) Go TO 1000 
IF  (XTYPE(1) .EQ. 3) THEN' 

.EQ. 4) THEN 

ELSE 
XRNG(1) = 5. 

Em IF 
PRINT *, I . n i s s ion  (en te r  70. 1-2) '  
PRINT *, ' 1 - Attack 
PRINT**, I 2 .- Defer.dl 
READ XMISS(1) 
IF ( m i s s ( 1 )  .EQ. 999) GO TO 1000 
IF  (XMISS(1) .EQ. 1 )  THEN 

XK(1) = 1. 
ELSE 



PRINT * , . Basic inherent  power (BIP) i n  STAPOWS1 
READ * xBIP(1 
IF (XB~P(I) .Eh.  999.) w 1 0  1000 
PRINT *, I S t a t e  a t  T = 0 '  
PRINT *, I (SQRT(% personnel  x 8 equipment) ) 
READ *, XSTATE(1 
I F  (XSTATE(1) .I&. 999.) GO To 1000 
XSTATI ( I ) = XSTATE ( I ) @ 

PRINT *, I Distance. from assigned b a t t l e  p o s i t i o n  (h 
READ ,* 1 XDIST(Z) 
IF XDIST(I) .E 9 9 9 . ) ~ 0 ~ 0 1 0 0 0  . 4 . ' 

XDI T+(I) = XD&) 
PRINT *, I Average speed of  travei (when m o v G )  (@/hr) 1 
READ * XSPEED(1) 
IF X S ~ E D ( I  999.) GO TO 1000 , 

xs& ( 1 ) = Li% ( 1 ) . . 

I F  XDIST(1) .EQ. 0. THEN k P INT *,I dime u n i t  a r r ived '  a t  b a t t l e  p o s i t i o n  
PRINT *, I ( b r s  s ince  T = 0) 
READ * xrA(1 
IF (xT&(I) .E&. 999.) GO TO ION 

ELSE 

IF  (TP .GT. 0.) THEN 
PRINT *, I Time unit 'enter 'ed scenar io  
PRI?!? *. interest) (e-xpl ic i t ly  o r  a s  

-.--, ,..rs i l n c e  T = 0') 
 RE^-*, ' XTP I )  
IF (rn(1) .fQ. 999.) GO TO too0 
- - - - - . - . , Drstance of  unat from b a t t l  
P 

XDISTI(1) = XDISTfI) 
END I F  

THEN 
I)))/(XDISTI ( 

( a rea  of 
p a r t  of  paren 

.e p o s i t i o n  a t  

PRINT *,.I . Desired ropor t ional  over of t h i s  type 
PRINT * , I  u n i t  i n  glue fo rce ,  &r t h i s  mission 
READ *, XDP(1) 
IF,(XDP(I) .EQ. 999.) GO TO 1000 
IF  XTYPE(1) .EQ.3 THEN ' 1 P R r d  * 

arnn' + nanc 
Dai y a l loca t ion  of chemical a r t i l l e r y  r 

nunu - -  L ~ Y  J 

IF  cR& .EQ. 999. ) ,GO TO 1000 
PR16 Dall  a l loca t fon  of  a r t i l l e r y  rounds 
PRINT *: (ax1 types) 
READ *, ARDS 
IF (ARDS .EQ. 999.) GO TO 1000 
PRINT *, Desired d a i l y  a l l o f a t i o n  of  chemical 
PRINT *, I a r t i l l e r y  rounds, 
READ *. DCRDS 

CPC = CRDS/ARDS 

8 7  



DPC = DCRDS/ARDS m IF 
PRINT - * , I Chemical threa: (enter no. 1-6) 
PRINT *, I 1 - None 
PRINT * # I 2 - Unlikely1 
PRINT *, I 3 - Moderate' 
PRINT *, 4 - High' 
PRINT *, I 5 - Imdiate' 
PRINT *, 6 - Under chemical attack!' 
PRINT * #  I in colltaminated area 
READ *, X!CHRT(I) 
IF (XTHRT(1) .EQ. 999) GO TO 1000 
I? XTHRT(1) .EQ. 6) k PINT*' Persrstent or non-persistent agent (P/N 
READ ' A)' PERS(IT 

~ E R S  I 4999' GO TO 1000 ; P I  : :  'PI) 
P INT , The of chemical attack (hours since 
READ* TCI) 
1 (TC(I) 4 .  999.) To loo0 

END IF 
ELSE 
PERS(1) = ' X I  

. END It 
PRINT *, I Number'of Red entities oaposing this unit' 
PRINT * , I (0 = Not committed) 
READ *, XTGTN(1) 
IF (XTGTN(1) .EQ. 999) GO TO ,1000 I #  

ELSE --- - 
XCO# I 
Pard i . 7  ' Red entities opposin thif unit (ID no.)' 
PRINT *, I (Enter one at a !he) 
DO 110 J = l.XTGTN(1) 

READ *, X~GT(I,J) 
IF (XTGT(1,J) .EQ. 999) GO TO 1000 

110 C3NTINUE 
END IF 
DO 130 K 1 1 ,XTGTN(I) 
PRINT *, I Attrition coefficient for BLUE unitt 
PRINT *, ' 

I 
on RED unitt ,XTGT(I ,K) 

READ *, XATT XTGT(I,K),I) 
IF (XILTT(XTG (I,K),I) .EQ. 999.) GO TO 1000 
PRINT *,I Attrition coefficient for RED unitt, 
PRINT *, I on BLUE unit ,I 
READ *, YATT I,XTGT(I,K ) h 

. , 

IF mTT(I,XIGT(I.K)) . P. 999;) GO To iooo A CON L(1,K mm-m(r,k)='o 
CONTINUE 

#I 

XTGT 

DO 140 J = 1,25 
140 

,XTENG( I, J) = 9999. 
CONTINUE 

100 CONTINUE 
PRINT * , I  Distance from FLOT to dccon site' (km) 
READ *, DECDIS 
IF (DECDIS .EQ. 999.) GO TO 1000 * ***************** * *** RED %** * ********%*A****** 

PRINT * 
PRiNT *.IEnter the number of Red entities (unitr)tCt 
READ *, NY 



PRINT *,'For each Red entity, enter the information 
DO 200 .J = 1,NY 

PRINT * 
PRINT *,I Red entity (ID no. ',J,'s! 
PRINT *, I 
PRINT *, I 2 Unit type (enaef. no. 1-4)' 
PRINT *, 1 

1 - Tk Div 
PRINT *, I 

2 = HR Divl 
PRINT *, I 3 - Tk Rgt: 

4 - KR Rgt 
REXD * m E ( J  
IF (&E(J) . E d .  999) Go To loo0 
PRINT &, I Mission (enter yo. 1-2) 
PRINT *, I 1 - Attack 
PRINT *, I 2 - Defend1 
READ *, YnISS(J) 
IF (YHISS(J) .EQ. 999) GO TO 1000 
IF YnISS(J) .EQ. 1) THEN 

L(J) ,= 1. 
ELSE 

YK(J) = 3. , 

ENI) IF 
Basic inherent power '(BIP) in STAPOWS1 
999.) Go TO to00 

PRINT ' *, . State at T = O1 
PRINT *, I {SQRT (% personnel x % equipment) ) I 
READ *, YSTATE(J) . 
IF (YSTATE(J) .EQ. 999.) Gb TO 1000 . 
PRINT *, Distance from battle ,position (km) '1 
READ *, YDIST(J) 
IF (YDIST(J) .EQ. 999.) GO TO 1000 
PRINT *, I Average speed of travel (when moving) (km/hr ) I 
READ *, YSPEED(J) 
IF YSPEED(J4 . E g .  999.) GO TO 1000 , YSP 4 DI(J) SPE,D(J) 

at battle position 

IF (TP .GT. 0.) THEN 
?RIPIT *, I Time unit entered scenario (area of1 
PRINT *, I mterest) (expllcltly orl as part of parent1 
PRINT *, unlt) (hrs slnce T = 0) 
READ *, YTP(J) 
IF (YTP(J) .EQ. 999.j GO TO 1000 
PRINT *, ' Distance from battle position at that,timet 
'READ *, YDISTI(J) 
IF (YDISTI(J) .EQ. 999.) GO TO 1000 

ELSE - - - 

YDISTI(J) = YDIST(J) 
END IF 
IF (MISTI(J) .GT. 0.) THEN 

YD(J) = (LOG(YDISTI(J)))/(YDISTI(J)/YSPEED(J)) 
ELSE 

M(J) = 0. 
END IF 
YDI(J) a M(J) 



YDC(J) YD(J) 
YTGTyJ) - 0 
DO23 I-1,NX 

DO 240 K = l,XTGTN(I) 
IF XTGT(1,K) .E J THEN 

~ G T N  J = PTG?N(J)) c I 
mT&m(J)) = I 

END IF 
CONTINUE 

CONTIMlEI 
CONTINUE 

....................... 
*** CW STATUS *** . ...................... 

weapons (PIN)?' 

IF (Y 
IF YCHEM .EQ. 'Y') THEN k P INT *, 'Does Blue have chemical employment' 

PRINT * authority (Y/N)? 
READ '(A)', XEm 
IF (l[EMP .EQ. '999' ) GO TO 1000 

ELSE 
XMP = 'N' 

END IF 

*** TIME SPAN *** , ....................... . 
PRINT *, Enter mission duraf ion (no. hours from T=O) 
READ *, TEND 
IF (TEND .EQ. ,999. ) GO TO 1000 

* *** . DETERYINE .APPROPRIATE MOPP STATUS INITIAL FEASIBILITY *** 
********x*****x***x*xx**x*****************A************************ 

W 250 I = 1,NX 

XTENG(I,J) = H;~X(XTA(I),YTA(XTGT 
EIJD IF 

CONTINUE 
CONTINUE 
DECON = 0 
TDXOVE = 0. 
XCATT = 0. 
CALL CHDtF(Xr:.fRT,MOPP,C,CONTAM,NCON,NX,XX,XBIP,XDIST,XSPEED, 

2 :~STATE,irTGTN,XTGT,XATT,XCOM,XABIP,XsIP,xsI?TA,xTA, - 
3 XTENG,NY,YK,YBIP,MIST,YS?EED,YSTATE,YTGTN,YTGT~,YABIP,, 
4 YSIP,YATT,FEBS,TD,TP,TEND,TSTEP,TC,PERS,DECDIS,TDEC, 

5 TDMOVE,DECON,NQ,STACK,TDCON,XSPEDI,XSTATI,XD,YD,XmPE, 
6 XTP,YTP,TU,XDISTI,YDISTI,CFLAG,YTA,TDC,XCATT CONFL, 
7 ~MFL,XTSIP,YTSIP ,XTR,YDC,YTAC,YSI)EDI ,XMOVE~ 
IF (FEAS .EQ. 1) TtiEN 

PRINT * 
PRINT *,' Situation feasible at this time.' 
PRINT * 
PRINT 5 ,' Enter time 'of update (hrs since T = 0) 
PRINT (lf none, enter 999 to termmate program)' 
READ *, TP 
IF (TP .EQ. 999) GO TO 1000 



PRINT ;: , 
PRIAYT - G Q T O I ~  

ELSE 
PRINT * 
PRINT *, I 
PRINT * 

END IF 

Situation infeasible.  Preparing feasible plan. 

* * *** INITIALIZE *** ***************** 

S I P  (CONTBn(N) , ITT) 

TDEC = TD 

TSTEP 

PLAN 0 1 8 c  

TDECN(PLAN) = TDEC ' 

XTASIP = 0. 

DO 330 J = I,NY 
DO 331 T = TP,TEND,TsTEP 

ITT = IFIX(T/TSTEP) 
YSIPl(J,ITT) = YSIP(J,ITT) 

C3NTIMrX 
CONTINUE 

FLAGC = o 
DECON = 0 
TDilOVE = 0 

*** CHECK VI+BILITY *** 
**********x****x***x********* 

IF (XCOM(1) .E . 0) THEN 
DO 401 L = ?,IJX 



&J 420 7---TP,TDEC,TSTPP 
ITT = IFIX(T/TSTEP) 
IF (T *LT. TDC(1)) GO TO 420 

6 aoc J,ITT) - YDISTI(J) - YSPZED(J * (T - m(q) IF ( OC(J,ITT) .LT. 0.) YLOC(J,I 4T ) = 0. 

END IF 

IF (XTA(1) .GT. TDEC) GO TO 410 
................................. 

*** DESIGNATE MISSION *** ............................... 

IFhLTcjpf) *.LP 3)*OR*(XNPE(I) .EQ. 4))  THEN 
ELSE 

GTN( j) = XTA~I) 

IF FLAGA(1,J) .EQ. 0) THEN 6 P. INT *, ' Enter attrition coefficient 
PRINT *, on 3ED unit ,J 
READ *, XATT(J,I) 
LF #TT(.',i) .EQ. 999) GO TO 1000 
PRi *,: Enter attrit~on coefficient 
PRINT *, cn BLUE %nt , I 
READ *, YLTT(1.J) 
IF (YATT 1,J) .EQ. 999) GO TO 1000 
FLAGA(1, ) = 1 

END IF 
S 

for 

for 

BLUE unit 

RED unit 

.................................................. 
*** PLAN ChZNICAL.STRTKE IF APPROPRIATE **% 

***************irirx**x****x*~*****x****ir******x**** 

IF (FLAGC .EQ. 1) .AND. (XEHP .EQ. 'Y')) THEN 
JL = J 
TX = T 



"* DESIGNATE WITS NEEDING DECON *** 
*M*rM****************************+**: k** 

IF XCOH(CONTRn(N)) .EQ. 0 )  TIEN &ova = r 
DECON = CONTAn(N) 

m IF 
CONTINUE 

*** CHSCK FEASIBILITY RETtrRN NGW TD FEAS 
************************A****x*********A****,t 

CALL 

........................................................ 
*** IF FEXSIaILITY RESTORZD AT TDEC COWUTE VALUEOF CO 

*************************************A******x**x********** 

IF (TD .GT. TDEC) THEN 
ITDEC = IFIX TDEC TSTEP) 

CV = XBIP(I)* 1.-(EXP(G J XSI~(~,IIDEC)/XBIP(I))))/,(~.-(E 
= smIP(1) / x r m p  

IF W E  I) .ZQ. 3).AblD.(Ft;r~C .E 1)) TEE 
v&(I,ITLc) = ((mP(I)/cP(I))+(D$c/CPc))*t 

ELSE IF XTYPE(1) .E 3) THEN 
VAL(I,!TDEC)=( [XDP(I)/CP(I?j+((l .-OBC)/(l.-c?C)))*II 

ELSE 

IF (DECON .EQ. 0) THEN 
DECVAL P I. , 

ELSE 
DECVAL a XSIP(DECON,ITDEC)/XCSIPI(DECON,ZTD 

EP.9 IF 
IF DECVAL .GT. 1.5 DECVAL=I.~ . 
IF [DECVAL .LT. 0.51 DECVAL = 0.5 
******x********xx************ 

*** SELECT BEST COA *** 
.............................. 

RATIO = ((YSIPl(J,ITDEC) - (YSIP(J,ITCEC)-1.0( 
( (XSIPILI, ITDE .')- (XSIP(1,ITDEc)-1.001))*vAL(1 ,IT~EC) 

DE CVAI, 
IF (RATIO .GT. PCWRAT) THEN 

POWRAT = RATIO 
BLUE(PLi3N) = I 
IF (FLAGC .EQ. 1) THEN 

TY?E (?LAN) = CHEII1 
ELSE 

TYPE(PLM4) = 'CONV' 
EIlD IF 

THEN 

3T1, 
XTSIP, 



CON 

DO 430 TT = TP ,TEND ,TSTEP 
ITlT = IFIX(TT/TSTEP 
XSIPlT(1, ITlT) = XSI (1,ITlT) 

CONTINUE 
b 

W 460 JJ = 1 NY 
DO 461 TT =*TP,~D,TsTEP 

ITlT = IFIX TT TSTEP) 
nIm(JJ,dir{ = ysn(J3, 1 m )  

CoN'rINVS 
CONTINUE 

D3 480 T P O W  = TP,TEND,TSTEP 
' ITFOW = IFIX(TPOW/TSTEP 

XTSIPT ITPOW = XTSIP I 4 POW 
YTSIPT[ITPOW] = YISiP[ITPOW] , 

CONTINUE 

YSPEED(J) = YSPEDI : J) 
Y T A p  = YTAI(J), 
YD( ) YDI(J) 

CONTINUE 
CONTINUE 

.El. 3).AND.(FLAGC .EQ. 0)) THEN. 
CRDS .GE. 08.) TEEN 

C ~ - - T O  40- 
END IF 

ELSE IF ((XL"YPS(1) 
FLAGC = 0 

EM) IF 
END IF 

CONTINUE 
IF (POWRAT .EQ. 0.) 

COM = NX 

RE - . - -- - . 
ENGAGE ( P ~ Y )  -= 0. 
TYPE (PLAN) = UNK 
GO TO 900 

END IF 

THEN 



I? (TDECN(PLAN) .GE. TEND) THEN 
DO 490 TPOW =,TEND ,TSTEP ,. ITPOW - IFIX(TPOW/TSTEP 

XTSIP ITPOW 0 XTSIPT I 1 POW 
. 

m s r p I m o V l  0 YTSIPTIIZPOW] . 
CONTINUE 

PRINT * 
PRINT *, F e a s i b i l i t  res tored b plan: 
PRINT *, ' TIME &UE UNIT 08 RED CWIZ OIEn OR CONV 
DO 500 N * 1,PLAN 

PRINT ' 4X F4.1 bY 12,13X,12,13X,A4)", iNGAGB(N),BLUE(N), 
2 ,  

I, 
L ( N )  ,maikN 

IF  DEC(N) .NE. 0) 
P INT *, 'T ',DTIME(N),', BLUE yi: ',DEC(N) 
PRINT *, 'begin move t o  decon s i t e  

END IF 
CONTINUE 

PRINT * 
PRIM *, Enter t h e  of update (hrr s*ce T - 0 ) '  
PRINT & , I  ( if none, en te r  999 t o  Lennmate program)' 

.READ *, TP 
IF TP*.EQ. 999) GO 10  1000 mb 
P3INT *, , A t  time T = ,TP 
Go TO 10 

..................................................... 
*** IF INFEASIBLE SAVE B E S T  COA AND REPEAT *** 

********************A**x***************************** 

CLSE . 
IF (XTYPE BLUE(PLAN)) .ZQ. 5 )  THEN I XCOH(BL E ( P M  ) = 1 

XTR (BLUE ( P e i )  1 = ENGAGE (PLAN)  
END IF 

' P L A N )  , I T T D )  

XTGTN(DEC(PLAN)  ) = 0 
IF (NCON .GT. 1) T I E N  

DO 560 N = 1 , N C O N - 1  
IF (CONTAM(N) DEC(PLAN)) THEN 

30 561 M = i[%CO?J-L 
CONTW.I(X) = CONTLY(H+l  ) 

co:JT1m 
EN3 IF -~ - - -  

CON r INUE 
.;CON = NCON - 1 
!%AZKT&; DEC (PLAN) 

E L S E  
NCON = 0 

En3 IF ' 

END IF 



IF Z (BLUE PLAN) ) . GE . ( TDECN(PW) -TP) ITSTEP) ) ' 
t kcoM(BLL(xiw)) = \  

con = o ' 
DO 520 I 1,NX 

Ir xcon(1) .EQ. 1) con = con + I 
CONTI Id 

- 
W 910 TPOW TP,TEND,TSTEP 

ITPOW = I,FIX(TPOW/TSTEF 
XTSIP. ITPOW = XTSIPT I PCW I 1  1 
msIP Inow = yTsIpT{mow] 

PRINT * 
PRINT *,'Feasible plan not ossible. Request assistance1 
PRINT ;, : from higher HE. 
PRINT 
PRINT * I ' Best lan found but still not feasible) r : 
Prrm *; nm B!E WIT oIS RED WIT am OR com  
DO 570 N = 1 , P W  

PRINT '(4X.F4.1,8X 12,13~,12,'13~,~4)', ENGAGE(N),BLVP:( 
RED(N) ,TYPE(N) 

IF DEC(N) .NE. 0) THEN 
P k INT *, IT = ,DTIHE(N), 1 ,  BLUE unit ,BEc(N) 
PRINT .*, .'begin move to decon site ' 

END IF 
CONTINUE 
PRINT * 
PRINT * Enter time of update (hrs since T 0)' 
PRINT**:' (If none. enter 999 to termmate program)' 
REAIj TP 

' ,  IF (TP'.E 999) co TO 1000 
PRINT *,1k the T = I .  TP 
CO TO 10 

END II 
DO 5i0 TT = TP,TEND,TSTEP 

IT1 * IFIX TT/TSTEP 
xsIPi(Bm[Pm) .IT1) = XSIPlT(BLVe(2WI) .ITl) 

CON'rI~IUE 
DO 580 JJ = 1,NY 

DO 5A1 TT = TP,TEND,TSTEP 
IT1 = IFIX TT/TSTEP I b YSIP~(JJ,I 1) YSI lT(JJ,ITI 

CONTINUE 



580 CONTINUE 

=&me 
CONFL(BLUE PLAN XTGTN BLUE PLAN) 
a(eWPt(BLII$ (PLAIkj , XTGd(BLII$ (PLAN1 ])==lo m IF 

T D ~  = TDECN(PLAN) 
&JN PLAN + 1 

STOP 
END 
SUBROUTINE POSJER(NX,SOt,XBIP,WIST,XSPEED,XSTATE,XTGTN,XTGT,U~, 
2 XCOM,XABIP,XCIP,XSIPTA XTA,XTENG,NY YK,YBIP YDIST,YSPEED,YSTATE, 
3 YTGTN,YTGT,YABIP,YSIP,~ATT,FEAS,TD +P,TEND,+STEP TC,C,PERS, 
4 DECDIS , TDEC , TDMOVE , DECON ,N ,STACK, +DCON, XSPEDI , XSTATI , W,YD , P 5 XTYPE,XTP YTP,TU,XD1STIftfD STI,C.FLAG,YTA,TDC,XCATT,CON~,CHEMn, 
6- XTSIP .YTS~ P, XTR ,YDC ,YTAc ,YSPEDI , f[MOVE) 

* * * T?tIS SUBROUTINE COWPUTES THE BLUE AND.RED POWER.CURVES AND * * DETERMINES FEASIBILITY OR THE POINT CF INFEASIBILITY BY 
COMPARING THEIR DIFFERENCE TO THE THRESHOLD VALUE. * 

C * 
.................................. 
* *** VARIABLE DECWTIONS *** 
************x****rt**x***n********* 

INTEG~~ 
INTEGER 
INTEGER 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL . 
REAL 
REAL 
REAL 
REAL 
RE.U 

NX XTGTN(IO YTGT 01io,o:25) xcon O~~O),XTYPE(O~~O 
6 6 C P ~ G  10) ,~:!T!TG~~~o~~YTGT(~ ;lo, 125) CONFL(10.0: 5) 

FEAS, ECON,NQ,STAC (1 ,ITT,CHEHFL(~O,~:~~) 
1 

TD,TP,TEND,DIFF O:SO),CHATT 10 ,TC lO),C,TDMOVK 
TDcoN(1o),DEcDI I ,TDEc,ATT(l 6 1  ) ,  sTE 4 ,Tu,TDc(lo) 

* *** COMPUTE ABIP'S D $POWER GROWTH EXPONENT), TIMES OF ARRIVAL * AT B A T m  Po.sIiIoNs* * 
*************************x*>4******************************************** 

D O 5  I=l,NX 
XDISTI(1) .GT. O.).AND,(CFLAG I) .EQ. 0 ) THEN 

END IF 
L lPd$tp(I) = mIP(I) * xK(I) * xsT TE(I) I kIsTI(1) 

XSIPTA(1) = WIP(1) * XK(1) * XSTATE(1) 
5 CONTINUE 



YABIP(J) WIP(J) * YX(J) * YSTATW) / YDISTI(J) 
END IF 
YSIPTA(J) = YBIP(J) * YP.(2 * YSTATE(J) 

1 CONTINUE 

* *** COMPUTE INDIVIDUAL POWER CURVES EACH ENTITY *** ......................................................... 

IF (DECON .NE. 0) GO TO 101 , -  
END IF * ................................................ ' * *** DETERMINE P0WE:i AT EACH TIME STEP *** \ 

* ************xx************************x******* 

ELSE 
XSIP(1,ITT) = XRBIP(1) * rnCHATT(l) 

END IF . , 

GO TO 115 
END IF 
ATT(I4 = 0. 
DO 12 L = l,XTGTN(I) 

IF (XCCM(1) .EQ. 0) THEN 
IF XTYPE(1) .E 3) THEN 

1 e mf G .  E G ( 1 L ) T  .LE. (xTENC(I.L)+O.S))) 
& L l & I .  

ATT(1) a ATT(1) + YATT(I,XTGT(I,L)) 
END IF 

ELSE IF (XTYPE(1) .E . 4)  THEN 
IF ((T .GT. XTENG( 1 ,L)).AND.!T.sE. %TENG(I,L)+~.)))THEN 
ATT(1) = ATT(1) + YXT(I.XTGT(I.~))+ 0.03 

END IF 
C T  e? 
SYJE 

IF (T .GT 
ATT(1) 

END IF 
END IF - - 

ELSE 
IF (T .GT. XTENC 1,L)) THEN 
m(I) m(IJ + Ym(I.mm(*.L)) 

END IF 



, 

END IF 
ELSE 

T .LT. XPR(1 ).AND. T .LT. XTP(1))) TIEN 
IF I& P(1 ITT) s $, BIP I) r CEATT(1) 
ZLSE IF (T .LT. XTR I) THEN 

XSIP(I I ~ J  = xw P I)*(ExP(xD(I)*(T-XTP(I))))*CHBTT(I) 
ELSE IF (T . Q. XTR I) -THEN i XSIP(I ITT) = XSI TA(I)*CHATT(I) 
ELSE IF _( T .GT. XTR I)) .AND. T .LE. WIN)) THEN I 6 SIP( .,h) XSIP A(I)*(E (-O.O3*(T-XTX(I))))*CHBTT(I) 
ELSE 

XSIP(1,ITT) XSIPTX(I)*(EXP((-0.03-ATT(I))*(T-PllfN))) 
*CHATT(I) 

END IF 
SND IF 

ELSE 
XSIP(1,ITT) XSIP 1,Im-l)*(EXP((-0.03-ATT(I))J*rSTEP 

))*CWL I T(I) 
arm 7s . . . . 
G&.U A E  

ELSE IF (XTYPE(1) .EQ. 4) THE'S 
XSIP(I,I'iT)~XSIP(I,ITTIL)"(EXP(-ATT(1) 

-0 -- 

. . 
ELSE 

XSIP(I,ITT)'= XSIP 1,ITT-l)*(ED((-0.03-ATT(I))*TSTEP I ))*QiA T(1) . . 
END IF 

END IF 
ELSE 

IF (T .LE. XTR(1)) THEN 
XSIP(1,ITT) XSIP(1,ITT-l)*(EXP(XD(I)*TSTE?))*CHATT(I) 

ELSE 
XSIP(1,ITT) XSIP(1,ITT-l)*(EXP((-0.03-ATT(I))*TSTEP)) 

"CHATT ( I ) 
END IF 

END IF 
Em IF 



DO 155 J = 1,NY 
XnIN = 9999. 

2 
END IF 

' CONTINUE 
CONTINUE 
DO 165 T = TP,TENLI,TSTEP 

ITT * IFIX(T/TSTEP) 

END IF 
CONTINUE * 

END IF 
CONTINUE 



IF (T .LE. PLIA(J)) THEN 
YSIP(J ITT = YSIP(J,ITT-l)*(EXP((YD d a L s g  IF (T T. YTA J )  THEN - YSIP(J,I~T) = YS&!J.ITT-~)*(ExP((.o 

END IF 
END IF 

165 CONTINUE 
155 CONTINUE 
*******A******************************* 

* *** COMPUTE TOTAL POWER CURVES *** I I 

*********************************A***** 

DO 225 J = 1,NY 
YTSIP(1TT) = YTSIP(1TT) + YSIP(J, ITT) 

225 CONTINUE * 

DIFF(1TT) r XTSIP(1TT) - YTSIP(1TT) , 

205 CONTINUE .................................. 
* *** DETERMINE FEASIBILITY *** .................................. 

DO 250 T = TP TEND,TSTEP 
ITT = IFIX T TSTEP) 
IFpm(rIT] . L E . m ) m  

F-AS = O 
TD = T 
GO TO 1000 

ELSE 
FEAS = 1 
TD = TEND 

END IF 
250 CONTINUE 
1000 RETURN 

END 

rc THIS SUBROUTINE USES THE PERCEIVED CHEMICAL THREAT TO * * DETERMINE THE APPROPIATE HOPP LEVEL AND THE COMMENSURATE * * * OPERATIONAL DEGRADATION, CONSIDERING EFFECT ON THE MISSION, 2 * BY COMPARING THE RESULTING POWER CURVES: AND IDENTIFIES 
CONTAMINATED UNITS OR UNITS UNDER CHEllICAL ATTACK * * * 

.................................... * *** VARIABtE DECLARATIONS *** 
*********x****x*x****x************* 

INTEGER XTHRT(~O),MOPP(~O),CONTAM~~O),NCON,NX,XTGTN 10) 
INTEGER XTGT(O:10,0:25),XCOM(0:10),Ci;LAG{1O),XrYPE( :lo) 
INTEGER NY,YTGTN(1O),YTGT(O:10,0:25:,CONFL(lO,O:25) 

6 



INTEGER VEBS,DECON,NQ,STACK(~O) ,OIEHFL(~O,O~~S) 
REAL XK 10 XBIP(10 XDIST 0810 ,SPEED OalO),XSTATE(OrlO) 
REAL xA 16 10) d i p  02i51.xs1P 0110 6 ,SO) ,xsmA 10 
REAL XTEN&~O;I.O,~~Z LPED 10 ~TAT~(10),XD60a1C~,dOVE(10)' . 
 pa^ =P(I ) , m ~ ( ~ ~ l b j  ,WIST~(I~~ ,xcBn,mn( a501 ,~R(Io) 

REAL T~,TP,TEND,TCIO C,TDHOVE,TDCON(~O),DECDIS,TDEC,TSTEP - m,m(lo) ,mf (lbr 
CHARACTER*% P E W  ( 10 ) .......................................... 

a *** SET MOPP INDICATED BY THREAT *** ......................................... 
- NCON m 0 

m--jF--~. - , 
ELSE IF XTHRT(1) .EQ. 5) THEN 

MOPP(1 = 3 
ELSE IF XTHRT(1) .EQ. 4) THM 

MOPP(1 2 
ELSE IF XTHRT(1) .EQ. 3) THEN 

MOPP(1 1 = l  - - .  . . 
'ELSE 

MOFP(I) = o 
END IF 

100 CONTINUE 
************************************hi******* 
rs *** DfGRADE PERFOWCE DUE TO MOPP *** 
***************************************x***** 

. . . . 
ELSE 

XSTATE 1 
XSPEED I r = XSTAT1 XSPEDI I7 I 

* 0.5 * 0.5 
rnEN * 0.75 
*'0.75 
THEN * 0.95 

. . . . 
END IF 

200 CONTINUE - -  - - - -  ............................................................... * *** W E C K  FEASIBILITP. IF INFEASIBLE ADJUST MOPP *** 
******************~~f*****~****************irA*~f*********x******** 

TDMOVE 0. 
DECON 0 I .  

CALL POWER NX,XK,XBIP,XDIST,XSPEED,XSTATE,XTGTN,XTGT,XATT,XCOM, 
2 L ~ I P , x s I P , x s I ~ T A , m A , m E ~ G f m , ~ ~ , Y ~ I P , ~ I s T . ~ s P E E D ,  
3 YSTATE,YTCTN,YTGT,YkBIP,YSIPIYATT,FEAS,TD,TP,TE~,TSTEPl 
4 TC,C,PERS,DECDIS,TDEC,TDMOVE,DECON,NQ,STACK,TDCON, 
5 XSPED1,XS: TI,XD,M,XTYPE,XTP,YTP,TU,XDISTI,MISTI, 
6 CFLAG,YTA,TDC,XCATT,CONFL,CHEHFL,XTSIP,YTSIP,XTR, 
7 MC,YTAC,YSPEDI,mOVE) 



ZF (FEAS .LQ. 0) THEN 
ICT = 0 
DO 250 1 = l,,NX - 

.L&. 2b ICT = ICT + 1 
.EQ. ) ICT = ICT + 1 

2?0 CONTI 
IF (ICT .HQ. NX) GO TO 900 

b W300' It1,NX 
IF (MOPP(1) .GT. Z).AND.(XTHRT(I) .N8. 6)) THEN 

MLPPP(1) I LIOPP(1) - 1 
END IF 

* 300 CONTINUE - GOT010 
END IF ........................................ * *** OUTPUT MOPP RECOMMENDATIONS *** 

.......................................... 

900 PRINT * 
PRINT *, ~acodrnded UOPP I 
W 400 1 = 1,NX 

PRINT*,fBLUEunitf,I ,f,f,f UOPP1,HOPP(I) , 

400 CONTINUE 
RETURN 
END 
SUBROUTINE ~(JlT,YSPEED,YSP2DIlYDC YTAC8YLOClPPYPE,TSTEPl ' 

2 OIRDS , ITT, XCATT ,YDISTI) 

* * mis SU~ROUTIN~ PWS B L U ~  ~ I U L  STRIKE$. FOR POTENTIAL ,, ; 
* TARGETS, DETSRHINES NO. ROUNDS REQUIRED, EFFECTS (ATTRITION 

COEFFICIENT). , * 
* ,  * ........................................................................ 
**********A************************ * *** VARIASLE DECLARATIONS *** ................................... 

, ' INTEGER PPYPE (lo), IT7 
REAL YSPEED(10) YSPEDI 1.0 ,!?DC(10 
REAL YLOC(OI~O,~~SO) ,T I TE b ,CHRDS, TT,YDISTI(TO) 
DATA, EFFl/O. $751 

.............................................. * *** DETERNINE NO. OF ROUNDS REBUIRED *** ********+*****%********************* ***%***** 
YTYPE(J) .EQ. I').OR.(*ZPE(J) .EQ. 2)) THEN 

I I IF &DS = 144. 
ELSE 

CHRDS * 108. 
END IF. .............................. a 

IC *** DETERMINE EFFECTS *** ' ............................... 
xcAn = - (LOG(EFFI) ) 10. s 

END 
SUBROUTINE CHDCON(I,XSTATE,TDCON,DECDIS,XDIST, 

2 XSPEEC,NQ,STACK,TDEC,TDMOVE,TEND,TSTEP,C, 



3 TC XSTATI,XSIP,XD,XABIP, 
4 X B ~  P , XK, XSPEDI , TP , XTENG, XTGTN, DECON) 

* THIS SUBROUTINE COMPUTES POWER CURVES FOR SELECTED CONTAMINATED* * .  BLUE UNITS THROUGH MOVEMENT TO bECON SITE, DECONTAMINATION, AND: * * RESETS PARAMETERS ACCORDINGLY, RESTORING UNIT TO PRE- 
* CONTAMINATED STATE AND MAKING IT AVATLABLE FOR RECOMHITMENT * 

IN FUTURE COURSES OF ACTION. * .  \ * * 
................................... * ** VARIABLE DECLARATIONS *** - **********%************A********** 

INTEGFR NQ,STACK(lO),STT,ITP,XTGTN(lO),DECON 
REAL 
REAL 
REAL 
REAL 
REAL ...................................................................... * * *** DETERMINE ARRIVAL, DEPARTURE TIMES AT DECON SITE. IF MORE** 

* THAN ONE UNIT AT SITE, DELAY DECON UNTIL PREVIOUS UNIT 
CLEAR *%* ..................................................................... 

TDECON(1) = (ABS(DECD1S - XDIST(I)))/XSPEED(I) + TDMOVE 
' (N .GE. 1) THEN 
DO 1 0 M = l , N  

.GE. ~~EcoN(sTACX(M))).AND. 
IF TDEcoN(I) 1~:81&$~~ D o (sTAcx(N)) m* 
END IF 

CONTINUE-- 
END IF 

.GT. TEND) THEN 

END IF ........................................................ 

DO 100 T = TDMOVE,TEND,TSTEP 
ITT a iFIX(T/TSTEP) 
CtiATT(1) (S R'i<O.S*(E'XP(-C*(T-TC(I))))*XSTATI(I)))*O.5/ 

2 XS%r;rI(I) 
IF (T .EO. 7-P) TwW 



IUBIP(1) XSIP(1, ITT) 
END IF 

100 CONTINUE 
1000 RETURN 

END 
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